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PREFATORY NOTE. 

The Report of the U. S. Coast and Gt"'o<fotic Survey for the fiscal year 1891 is the 
first one in which the text hai,; been arranged for p11blication in two parts. 

Part I is in quarto form and contains the historical portion. It states progress in 
field a.Dd office work, gives el.'ltimates for f'uture progress, and a report of expendi
tures during the fiscal year. It is accompanied by maps of general progress and by 
progress sketches more in detail. 

Part II, it will he observed, is in octavo, and includes the professional papers 
relating to the methods, discussions, and results of the Survey which have been 
approved for publication during the year. Such illustrations as a.re needed accom
pany them. 

The octavo form is more convenient and suitable for the scientific and professional 
papers, while the quarto form appears to be demanded for the statistical matter and 
the progress sketches. Since the latter a.re of less general interest than the former, 
in the future distribution of the Report Part II only will be sent, as it is believed 
that this will include all that is generalJy desired and in a much more compact and 
convenient form than that of the old quarto. 
~ Jn special cases, where both parts are desirable, they will be sent. 

T. c. MKNDENHAJ,L, 

Superintendent. 
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APPENDIX NO. 1-1891. 

APPROXIMATE TIMES OF CULMINATIONS AND ELONGATIONS AND TH~ 
AZIMUTHS AT ELONGATION OJ<' POLARIS .FOR THE YEAR~ BETWEEN 
1889 AND 1910. 

Submitted for publication as a Bulletin November 21, 1889, by CHARI.ES A. SCHOTT, 

Assistant, and Chief of the Computing Divit>io11 1 and tir~t published 
February 18, 1890 ... 

These tables of the times of culmination and of elongation of the 
Pole star and of its azimuth at elongation, for any time between the 
years 1889 and 1910 and for any place within the United St.ates betwPen 
latitudes 25° and 50° north, are designed for the use of the surveyor, 
to facilitate the determination of a, meridian line and of the magnetie 
deeltnation (variation of compass) by simple instrnnumtal means and 
by a method easy of a1)plication. For this purpose the tables aftord 
sufficient accuracy. They will also be fouud useful when preparing 
for or laying out work for a more refined det,erminatiou of the astro
nomical azimuth as well as for the measure of the value of an eye
piece micrometer. 

"Since these tables will be serviceable for their purpose until the year 1910, it lrns 
been deemed desirable to republish them iu this annual repox·t. 
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8 U. S. COAST AND GEODETIC SURVEY. 

Loca1 mean ( astrmunnical*) Ume _of the oulmin.atfons and elongations of 
Polaris in tlte year 1889. 

[Computed for latitude + 4U0 and lougitmle 6h west from Greenwich.] 

Date. r East elong'n.1 ~r~~~~--i~Vest :J~n~~.r--cl~f£~~-. -
--11-~l-~'~-~-l--1 

r889. 
1 

h. m. \ h. m. h. m. j h. m. 
Jan. I /' o 3fr2 / 6 31·0 12 25'7 18 29·1 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

I~ I' 
15 ' 

I I, 
15 !; 

I 

15 
I 

15 : 
I 

15 i 
I t 1 

I 
I~ I 
15 

I 

15 

23 37·0 
22 29·9 
21 34·6 
20 39·4 
19 44·4 
18 37·4 

11 42·4 I 
16 39·5 I 
15 44·6 
14 37·9 
13 43'0 
12 40·4 

II 45"5 
JO 39.0 
9 44·1 
8 37·5 
7 42·6 
6 39·7 

5 44·7 
4 37·9 
3 427 
2 39·7 
I• 44·4 

5 35·7 
4 28·6 

3 33·3 
2 38·1 
I 43·1 
0 36·0 

23 37· I 
22 34·2 
2 1 39·3 
20 32·7 
19 3rs 
18 35·2 

17 40·3 
16 33·8 
15 38·9 
14 32·3 
13 37'4 
12 34·5 

II 39'5 
IO 32·7 
9 37'5 
8 34·5 
7 39·2 

JI 30·4 
IO 23·3 

9 28·1 
8 32·8 
7 37·7 
6 30·7 

5 35·7 
4 32·9 
3 38·0 
2 31·3 
I 36'4 
o 33·8 I 

23 35·0 
22 28·4 
21 33·5 
20 26·9 
19 32·0 
18 29· I 

17 34·1 
16 27·3 
15 32·2 
14 29·2 
13 34·0 

17 33·8 
16 26·7 
15 31 ·4 
14 36·2 
13 41·1 
12 34·1 

I I 39·0 
JO 3fr I 

9 41·2 

8 34·6 
7 39·7 
6 37·1 

5 42·2 
4 35·7 
3 40·8 
2 34·2 
I 39·3 
0 36-4 

23 37·6 
22 30·8 
21 35·6 
20 32·6 
19 37·3 

It will be noticed that, for the t.ahnlar year two eastern elongations 
occur 011January10 and two western elongations on July 9; there are 
also two culminations on April 10 aud on October 10. 

The lower culmination eitl1er followR or precedes the upper culmina
tion by 11 h 5gm ·l. 

· .f:i"or other dates and positions than those implied by the table we 
need to apply the following corrections: 

To refer the tabular times to any year subsequent to the tabular 
year (1889) add om ·33 for every additional year. 

To refer the tabular times, corrected as above, to any year in a 
quadriennium, observe that for first year after a leap-year the table is 
correct; for second year af'ter a leap-y(~ar, add 0 00 ·9 to the tabular 
value; for third year after a leap-year add 1 ru ·7 to the tabular value; 
for leap-yea1· before March 1, add 2m ·6 to tlte tabular value; for leap
year from and after March 1 subtract 1 m ·2 fro1i1 the tabular yaluH. 

To refer to. any calendar day other tlia.n the first and fifteenth of each 
month, subtract 3m -94 for every day between it and the preceding 

•Counted from noon and from zero to twenty-follr hours. 



 

REPORT FOR 1891-PART II. 9 

Approximate time.~ of culminatimu: and elongations of Polaris~ ctc.-cou
t.iuued. 

tabular day, or add 3m ·94 for every day bet\n~en it and tile sueeeeding 
tabular day. Tlie longitude corredion will arnonut to Orn ·lu subtract
ive for each 11our west of (;h, 

To re.fer to any other than tlH' tabular latitude bet\Yeen the limits 
of 250 and 50C north, add to tlte time of west elongation 0°1 ·1~~ for 
every degree south of 400~ arnl ;-;nl>trad from the time of west elon
gation 0 111 

• 18 fbr every <lt-~gret.~ 1w1·th of 400; reyerse tLese signs flH' 
corrections to times of east elo11gatiou. 

It wiH be important to direct attention to the fact that tl1e year 1900 
is not a leap-year, and this must be kPpt in view 'vheu deali11g with 
dates from and after lHareh 1 of that ;\'ear. The twentieth century 
begins after the expiration of December :Jl, 1900. 

The deduced tabular timPs may generally l>e depeutletl upon, 'Yitll uo 
greater e1Tor than + 0 111 ·~. 



 

10 lT. S. COAST AND GEODETIC SURVEY. 

I.-Az·im utlu~ of Polaris ichen a.t elongation for a.ny year between 

0 0 /0 /0 /0 /0 /0 /0 /0 /0 /0 ,o, 

30 
31 
32 
33 
34 

35 
36 
37 
·;:8 i 
J9 i 

i 

40 I 
41 I 
42 i 
43 r 

44" 
I 

45 ,. 
46 

:~)I 
49 

50 l 

I 24·6 
25·3 
26·0 
2Cr8 
27·6 

28·5 
29"4 
30·4 
31·4 
3 2 '5 

33·6 
34·8 
36-0 
37·3 
38·7 

40·1 
41·6 
43·2 
44·9 
46-6 

48·5 
50·5 
52·5 
54·6 
56-9 

I 24·3 
25·0 
25·7 
26-5 
27·3 

28·2 
29· I 
30·1 
JI· I 
32·1 

33·2 
34·4 
35·6 
36·9 
38·3 

39·7 
41·2 
42·8 
44·4 
46·2 

48·1 
50·0 
52·0 
54·2 
56·5 

l 23·9 I 2J'6 
24·6 24·3 
25'4 25·1 
26-2 25·8 
27·0 26·6 

27·8 
28·8 
29·7 
30·7 
31·8 

32·9 
34·0 
35·2 
36·5 
37·9 

39·3 
40·8 
42·4 
44·0 
45·8 

47·6 
49·5 
51·5 
s:n 
56·0 

27·5 
28"4 
2 9'3 
30·3 
31·4 

32·5 
33·6 
34·8 
36·1 
37:5 

38·9 
40·4 
42·0 
43·6 
45·3 

47·1 
49·0 
5r·o 
53"2 
55·5 

I 23·2 
2 3'9 
24·7 
25·4 
26·3 

27·1 
28·0 
29·0 
30·0 
31·0 

32·1 
33·2 
34·5 
35·7 
37·1 

38·5 
40·0 
41·5 
43·2 
44·9 

46·7 
48·6 
50·6 
52·8 
55·0 

I 22'9 
23·6 
24·3 
25·1 
25·9 

26-8 
27·6 
28·6 
29·6 
30·6 

31·7 
32·9 
34· 1 

35·3 
3fr7 

38·1 
39·6 
41· I 
42·7 
44·4 

46-2 
48·2 
50·2 
52·3 
54·5 

I 22·6 
2J'2 
24·0 
24·7 
25·5 

26-4 
27'3 
28·2 
29·2 
3o·3 

3 1 '3 
32·5 
33·7 
34·9 
36-3 

37·7 
39·2 
40·7 
42·3 
44·0 

45·8 
47·7 
49·7 
51·9 
54' 1 

I 22'2 
22·9 
23·6 
24·4 
25·2 

26·0 
26-9 
27·8 
28·8 
2 9'9 

31·0 
32·1 

33·3 
34·5 
35·9 

37·3 
3~M$ 
40·3 
41·9 
43·6 

45·4 
47·3 
49·3 
51·4 
53·6 

I 21·9 
22·5 
23·3 
24·0 
24·8 

25·7 
26-5 
2 1·5 
28·5 
29·5 

30·6 
31·7 
3 2 '9 
34·1 
35·5 

36-8 
38·3 
39·8 
41·5 
43·1 

44·9 
46-8 
48·8 
50·9 
53·1 

I 21·5 
22·2 
22·9 
23·7 
24·5 

25·3 
26-2 
27·1 
28·1 
29·r 

30·2 
31·3 
32·5 
33·7 
35· 1 

36-4 
37·9 
39·4 
41·0 
42·7 

44·5 
46-4 
48·3 
50·4 
52·6 

I 21·2 
21·8 
22·5 
23"3 
24·1 

24·9 
25·8 
26-7 
27·7 
28·7 

29·8 
30·9 
32·1 
33·3 
34·7 

36-0 
37'5 
39·0 
40·6 
42·3 

44·0 
45·9 
47·9 
49.9 
52.1 

I 59·3 I 58·8 l 58·4 1 57·9 I 57·4 I 56-9 I 56-4 I 55·9 I 55·4 I 54"9 I 54·5 
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1889 anll 1910, and for any latitude between +25° and +50°. 

1901·0 1902·0 1903·0 1904·0 1905·0 1906-0 1907·0 1908·0 1909·0 1910·0 l_fot. I 
0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 

I 20·8 I 20·5 I 20·1 I 19·8 I 19"4 I 19· I 1 18·7 I I S·4 I 18·1 I 17·7 +z5 
21·5 2 l •I 20·8 20-5 20·1 19·8 19"4 19· I 18·7 18"4 26 
22·2 21·9 21 ·5 21·2 20·8 20·5 20·1 19·8 19'4 19·1 27 
23"0 22·6 22·2 21·9 21·6 2r·3 20·9 20·5 20·1 19·8 28 
23·8 23"4 2]"0 22·7 22·4 22·1 21·7 21·3 20·9 20·5 29 

24·6 24·2 23·9 23·5 23·1 22·8 22·4 22· I 21·7 21·3 30 
25·5 25·1 24·7 24•4 24·0 2j"6 2'",.2 

.) 22·9 22·5 22·2 "'I .) 

26-4 26-0 25·6 25·3 24·9 24·5 24·1 23'8 23·4 23·1 ; ,, 
..)-

27·3 27·0 26-6 26-2 25·9 25·5 25·1 24·7 24·3 24·0 33 
28·4 28·0 27·6 27·2 26·9 26-5 26·1 25·7 25·3 25·0 34 

29·4 29·0 28·7 28·3 2 7"9 27·5 27·1 26-8 26·4 26·0 35 
30·5 30·1 29·8 29·4 29·0 28·6 28·2 27·9 27·5 27·1 36 
31·7 31·3 30·9 30·5 30·1 29·7 29·3 29·0 28·6 28·2 ;., 

.JI 

33·o 32·6 32·2 31·8 3r4 31·0 30·6 30·2 29·8 29·4 38 
34·3 33·9 3Y5 33· 1 32·7 32 ·3 31 ·8 31·4 31·0 30·6 39 

35·6 35·2 34·8 34·4 34·0 33·6 33·2 3248 32·4 32·0 40 
37"1 36·7 36-2 35·8 35"4 35·0 34·6 34·2 33·8 33·4 41 
38·6 38·2 37·7 37·3 36-9 36-5 36·0 35·6 35·2 34·8 42 
40·2 39·8 39·3 38·9 38·5 38·1 37"6 37·2 36-8 36-3 43 
41·8 41·4 41·0 40·5 40·1 39·7 39·2 38·8 38·4 37·9 44 

43·6 43"2 42·7 42·3 41·8 41·4 40·9 40·5 40·1 39·6 45 
45·5 45·0 44·6 44·2 43·7 43"2 42·7 42·3 41·9 41·4 46 
47·4 46·9 46·5 46-0 45·6 45·1 44·6 44·2 43"7 4...,..,., 47 .} ::> 

49·5 49·0 48·6 48·1 47'7 47"2 46-7 46-3 45·8 45"3 48 
51·7 51·2 50·7 50·2 49·8 49·3 48·8 48·4 47·9 47·4 49 

I 54•0 I 53"5 I 53·0 I 52·5 I 52·0 I 51·5 I 51·0 I 50·6 1 50·1 I 49·6 50 
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The preceding· table is computed witlt the mean declination of Polaris 
for each year; a closer rei:mlt 1vill be obtained by applyiHg to the tab
ular values the following correctiou, which depeuus on the difference 
of the meau and the appareut place of the star: 

The deduced tabular a;,,irnuth (counted from the north) may gen
erally be depended up011 with no greater error than :±: 0'·~. 

In computing the tables, the mean placeH of Polaris were first accu
rately deduced from Newcomb's Catalogue of 1098 standard clock aud 
zodiacal stars, "\Vashington, 1881 ( "), for fi. ve equidistant epochs, viz: 

a 0 

h. 111. s. 0 fl 

1890 I 18 31·13 88 43 18·39 
1895 20 30·08 44 52·68 
1900 22 33"76 46 26-66 
1905 24 42·48 48 00·31 
1910 26 56·58 49 33·61 

From these derived fiuulamental places those for each year were 
readily found by interpolation to third differences. 

Among the simple nwthods for tracing out on the ground a true 
north and south Hue, nn<l one demanding only a very slender iristru
meutal outfit, il'l that given in Lalan<le's Astronomie and used by 
Andrew I1Jllicott in hjs boundary survey in 1785, and again recom
mended iu the present century by Dr. Oharles Davies.• It con· 

*:For reference ancl practiPa1 bintH to ·the surveyor, see "Davies's Surveying," Van 
Amringe's editiou of 1888, or the fast eclition of W. M. Gillespie's "Treatise ou 
Land Surveyiug;" also ini;tructious by the General Land Office to surveyors-gen
eral. [NOTE.-Oue of Ellicott';i original notebooks, containing reference to the 
method, was ins1lect.e1l by the writer Fehruary 25, 1890. E11icott remarks: "\Ve 
learn from De 1a L~ud that the star e Ursoo Majoris passed the meridian with the. 
Pole star in.July, 1751, and that it" gained of the said Pole star 1' 13" 30111 of time in 
ten years.'1-J•{ote added Sq;kmber 191 18.92.] The problem involved is readily so.lved 
by first considering the sphe1·ical triangle, pole, Polaris, and second star, iI1 which 
is given the angle at the pole or the difference of right ascensions of the stars and· 
their polar dh1tances, whence we deduce the angles at the stars. The condition 
of verticality demands that one or the otheT of these angles (according aa we deal 
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Azimuths f~f Polaris uclwn a,t elongation, ctc.-Coutinned. 

sists in '\V.,atching for the time when PolariR and a given bright star 
come to the same vertical, arnl then, after a short lapse of time, given 
in a table, Polaris wi11 be fouucl exactly on the -meridian, and hence 
can he referred to the lwrizun or to a mark plaee'l tltt•re. 

The verticality 1nay he ascertained by a plumh li1w or by the vertkal 
thread of a transit i11 strlmien t; the method dernaBds neither a grad H

ated circle, nor a chronometer, nor a.u exact knowledge of the local 
time, an ordinary watch being; suilicieut to mea:-;ure the short tabular 
inte.rval. 

Early in the preF:eut C(•ntnry the star Alioth (s Uri-:.re l\Iajoris) was 
favorably situated for use of the method; l10wever, in J8il0 the interval 
between times of verticality and of cn1rnination already amounted to 
17 minnteR, whieh interval .Jr now ( 18!10) has grown to :!7m·S for I1ower 
Culminatio11 aud to ~gm.8 for Upper Culmination; hence this star is 
no longer suitable, and ~ Urf'>a> l\l~l:iorh; or i'i Cassiope~e should now he 
substituted for it, both lwing- iu very favorable P,OSitious. ~ Ursre 
:M.ajoris or .Mizar is the middle one of the three stars iu the tai1 of the 
Great Bear, and (~ Cassiopca~ is at the bottom of the first stroke of the "r as frequently imagined to connect roughly the five brightest stars 
of this constellation. At rn-cRe11t tlH' Pole star culminates not (]Uite 
one minutt~ before it comes to the ~mme vertical circle with ~ Ursre 
Majoris, a fact indicatecl by a negative sign of J r; but tl1e two stari.;; 
will culminate together two and a half years from now, with an annual 
increase of the interval of ()m·35. 

We have, with sufficient accuracy, for any latitude iu the United 
States between, say, cp = 24° ancl 49°, and for either the Up1)er or the 
Lower Culmination of these bright stars, the value of .J .-, as follows: 

For C" U rsre Majoris in 1890 
in 1900 

For a Cassiopere in 1890 
in 1900 

11h 

annua increase m. · o - 0·9 } 1. 0 3-+ 2·6 . . . . 

anuu· u1crease m·u + O· l } al . 0 ... 3 + 3·4 . 

In the higher latitudes, the Lower Culmination is preferable to the 
Upper, but in all cases special attention is to be p:i\,d to the adjustment 
of the vertical thread of the telescope and to the horizontality of it8 
transverse axis, which is best done by sighting- up and dov'n a fine 
thread or wire from which a plummet is freely su~pended. 

with Upper or Lower Culmination) when subtracted from rr should be a given 
angle in a second spherical triangle formed by the zenith, the pole, and one of 

·the two stars, in which there is also known the co-latitude and the polar distauce; 
sol~ng it, we get the hour a.ngle of Polaris. 
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APPENDIX NO. 2-1891. 

ON THE DETERMINATION OI'' A;>\ AZL'\fl'TH YROM MICRO:~IETJU(' 

OBSERVATIONS OF A CLO~E CIH(Tl\Il'OLAH S'L\H. XEAR ELOXGATION 
BY MEAN~ OF A MERllHA~ TRXI'\::.;;.JT,' OH, BY ME.A~S OF A THEOD
OLITE ""ITH EYE-PIECE :Ml('l{OMETER 

Submitted for puhlication ae. a Rnlktin Dcecmllcr 12, 1890, and fir;.t. pnlilished 
Fdlninry :!fl, l f;~l1. t 

Report on method and examplP of l'OlllJHttatioH l•y CHARLE1" A. f'CTIOTT, Assistant, 
an(l Chiefoft,he l'muputil1g J)i·dtiion. 

Observations lly A. T. Mos:\IAN, Assistm1t. 

Thii:i method il"i capable of g-reat accuracy of result, but demands that 
an elongation mark he ~et up in the direction of a vertical plane pas~
ing through a close circumpolar ~tar when near elongation, and that an 
instrument, with an eyepiecP microm<>ter, be available to measure 
micrometrica11y the angle between the vertical planes passing through 
the mark and star. Polaris is generally selected for this purpose, and 
~wen two elongation marks, one east and the other west of th(' meridian, 
may· be set up fbr a double tletermination of thl.:' azimuth, i11 whieh case 
any small error in the star's declination as well as in the time and lati
tude of the place ·will be eliminated. It will he advautageom.; to locate 
the mark nearly in the direction of elongation so as to make the sum 
of the plus and minus micrometer measure!' balance as near as may he; 
the distance of the mark toihould be great enoug-11 not to require the 
sidereal focal ad.instment of the teleseope to be changed when pointing 
to it, and the appearance of the artificial light in size aud intensity 
should resemble tl1at of the star as nearl~r as poio:;sible. Before com
mencing observations the rotation axis of the telescope should be 

""Davidson's Meridian antl Equal Altitude Instrument (now g:e11Pra1!)· known on 
the Survey aH the Meridian Transit) is especially well adaptetl fr•r this appli<'ation. 
It is describctl and figured in A11pe11dix No. 8, Com;t Survey Report for 1l<fl7 (Plate 
No. 28); it is ahm shown on Plate No. 64, Appendix No. 14. Coast and GNHlf'tic 8ur
vey Report for 1880. As used on t.I1e Snrvoy it is mad•' in two sizes; its principal 
characteristics ;ue the split or double base frame, and the folding Y's, which give 
great portabilit,y to the instrument. . 

t The republication of thiR paper in ibl present form is owing to its permanent 
valn.4' a.s ~ e:x:vosition of one of the methods of the Survoy. 
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leveled, the collimation of the telescope adjusted, and the two parallel 
vertical micrometer threads or lines adjuste~ to focus~ and set truly 
vertical. To secure the horizontality of the axis either a spirit level is 
used or the star i.s observed alter11ately direct and reflected in mercury. 

Though the method was unclcrl"tood and actually put in practice on 
the Survey as early as 1844, it does not appear to have come into gen
eral use, and Assistant J\Iosman devised it independently in Septem
ber, 1880. lt is uot 1-1pedally rnentioned in tl1e collection of azimuthal 
methods given in Appendix No. 14, Uoast and Geodetic Survey Ueport 
for 1880. Thi:-; limited use of the method may 1iave been due to unfa
vorable (~onditions for locating the mark. Tf1e present aceount of it l.tas 
been written with the view of bd11ging H anew to the atte11tion of the 
observer. It may he remarked that the use of a collimator in the place 
of tlw mark war:. tried at an early time of the Survey (in 1844), and 
again later (in 1876), with an improved collimator, but it.~ use never 
gaVf.\ satisfa('tion, and its instability, on mountain tops especially, was 
plainly apparei1t. 

The value of one turn of the micrometer may he determined, as usual, 
by obserYinp; the tranRitr:. of a culminating star over the movable mi 
crometer thread Ret al1ead of the star successively by a small fraction 
of a turn 011ly. As but a limited part of a turn is ever used by this 
method we w•ed only the value of that part of the screw actually used 
in the observations for azimuth. Let 6 tor T=the observed interval 
of time, i11 seconds, corresponding to one turn and .v=the star's declina
tion; the11 cou.sidering the small range for which the micrometer is 
needed, we have, with sufficient accuracy, 1 turn = 15 T cos a , ex
pressed in seconds of arc. Att,ention should be paid to the transit 
level, which should not change during the observations, or else is to 
be corrected for change; also a correction for rate of chronometer on 
siden:al time may be needed. 

We have the hour angle t0 and the azimuth (counted from the north) 
A 0 at elongation, by 

cos t 0 = tan <p cot iJ and sin A 0 = sec 'P cos tJ 

d th l t t . i· \ 'v 1 t· h an e c tronome er nne or t E e onga ion = a_'.:: t(, + c ronometer 

correction to sidereal time, ±when { !fo~; of siderea.I time 

where '/' = latitude of the place and a and ;; the apparent right ascen
sion and declination of the star at the time of elongation. For this 
time we have also the zenith distance from 

cos C = sin '11 cosec ~ 

We find first the angle between the mark and the line of collimation, 
the reading of the latter being known after inversion of telescope on 
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On the deter1nination of an azfrnuth frmn micrometric observa,tion.-; of a 
close circumpolar star; etc.-continued. 

the mark; next we measure micrometrically the angle between the ver
tical plane through the line of collimation and the star (Polaris mmally); 
to reduce the latter ul'easure to the plane of the horizon let 6 = the 
angular difference in divisions of the micrometer and n =the value of 
one di vision in se,conds of arc; then the angle in question referred to 
the horizon becomes n 6 cosec ~. Tlie al.~rehraie sum of these two 
angles gives the azimuthal difference between the mark and star. 
The correction for deviation of leYI'~ ' ' 

~[(1r+ 1l'')-("'+ t' 1)J 1-'in h see <p 

where d = value of one di vision of leYel in seconds of arc. 1r and e the 
readiugs of the west and east ends of the bubble befun'; and 1c 1 and e' 
similar 1eadings after inversion of tLe telescope; for the t~1ctor 
sin h sec <p we may substitute its approximate value tan SC· 

When a number of micrometer n_ieasures of the star near elongation 
ai·e made they 1nay be approximately reduced to the elongation by 
means of the simple formula 

2 sin 2 1-=- tan .A.,/~i11 1" 

where T = t,,, - t Or the difference bet\H'Cll the Chronometer time Of 
-elongation and the time of observation. For PolariR this expression, 
will answer with sufficient. aeeuracy for the limit r = 15 or 20 minutes, 
an{l roughly even for half an hour before or after elongation. A far 
more rigorous formula was develop0d in 1855 by l\fr .• James Main, for
merly a member of the Computing Division;* it is as follows: 

. ., 2 sin z! r . 
A,,, - A= Slll A 8 cos A 0 cosec~ t0 sin 1 i', (1+ cot te sin r) 

where the result is expressed in seconds of arc; this formula will give 
results true within 0" ·05 for lh 30m from elongation for latitude 400 
north. The rough expression 

(2 sin2 ~ -r /sin 1") tan Ae 
as well as the better expression 

sin (Ae - A) =tan Ae sin2 o 2 sin2 .g. -r 

given in 0. L. Doolittle's Practica,l Astronomy (New York, 188il), how
ever, take no,, notice of the inerpu1lity in the azimuthal effe<~t for the 
same value of T befQre and afte'l'· elongation. The most convenient and 
accurate form may be given as follows: 

9. • z 1. 

Ae - A= tan Ae sin2 i!J":: ~ml.~ T (l +cot fe sin<) 
Sln 

.. Between Novemher1 1851, an<l :March1 1881. 

ll. Ex. 43, pt. ~3 
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The values of log. (2 sin2 ~ -r / sin 1 11
) are found tabulated jn many 

works on Practical Astronomy and Geodesy, e. g., in Ohauvenet's 
.Manual on Spherical and Practical Astronomy, Volume n, where they 
are given up to half an hour. Tables of greater extent up to 1 11 401.U 
will be found in Dr. T. Albrecht'!'; collection of formulre and tables.* It 
is importau t to note that cot te sin r changes sign acconliug to the 
observed time being before"" or after elongation, viz: 

• S before W d 
"1s + 1 ft"" • an l a .,_.r { 

after E El t• before · onga .ion. 

The effect of this term may be seen in the following short table, which 
refors to r.p = 330 38'·5, and to observations of Polaris, Se1,teml>er 14, 
1885: 

Reduction to Eastern Efongativn for-

F.
-~--~-. ~--, 

Before ! After · 

.. -~lon~~tion. i ~~nga_ti~n~-
// // 

5 12·85 12·88 
20 22·83 22·90 
25 35·65 35·79 
30 51·29 51·53 
45 115·06 115·88 
6o 203·81 205·74 
75 317·07 320·80 

The mean of the several measures reduced to elongation when alge
braically combined with the angle, mark and star, will give the 
azimuthal angle DA between star and elongation, and consequently the 
azimutµ of' the mark = Ae ± 6 A. 

The sign of 6 A will depend on the relative position of the mark and 
the vertical plane through the st.ar supposed at east or west elongation, 
as the case may be; a rough diagram or projection of the hemisphere 
upon the plane of the horizon may be useful. 

To (11.)t EXAMPLE OF RECORD AND REDUCTION. 

<:p = 38° 381 301/ . 3 

Sept. 14, I 885, 4th set. 

A. T. M., Observer. 

Polaris near Ea3tern Elongation. 

STATION GoULD, OHIO (occupied eccentrically). 

{

Instrument, the Meridian Telescope, No. 7; value 
of one division (IOO d =I tum) of eyepiece 
micrometer Q'/ ·7830, and of one division of 
transit level 1n ·40 

-----------------------~--------------
.. Formcln und Hi.ilfstafeln fii.r geogra.phische Ortabestimmungeri, etc., von Dr. 

Theod. Albrecht; Leipzig, 1873; see also "Nautisohe Tafeln," Pola, 1885. 
tSee arrangement of A.pp. No. 14, Bep. for 1880. 
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On the determina.tinn of an azMn'.uth from, micrometric obsert•ations of a 
close circ1mqJolar star, etc.-continned. 

Level. 
;Time by sicl. T' f R d . t j Pos'n Micrometer reads-
: chron'r H. ime r?m .... e uct1~n o [of tele

elongat1011. elongat10n. 
--~----i~_3_8_7_·-~, __ --~--····· 

1 

·---------;-s_c_op_e_._ 

I 

On mark. I- -- o~~--

w. E. 

d. d. 
2]"0 29·0 
30·2 22'0 

29·8 23·0 
22·3 3o·5 

I 

I 

I t. d. 
l E. 36·5 i 15 
I 36-0 

I 
35·5 
36·0 

I 

I 
36·5 

I \ 
I 5 36- I l 

I 
:\lean 

I 
I // I 

1 ·· 
t. d. I !Jl. s. ! l 

· h. m. s. 

1 

i 
I 

19 34 40-5 
35 27·5 
35 49·5 
36 09·0 
36 35·0 

j 
' I 
i 

14 00·9 
14 47·9 I 

15 09·9 
15 2 9'4 
15 55·4 

u·25 E. 15 36-0 
I 12·54 36-0 
I 

i 3-r7 37·o 
13·74 37·5 
14·52 39·o 

I 
Mean 15 37·1 

r 19 40 40·0 l 20 00·4 
4° 58·5 

I 
20 18·9 

41 15·0 20 35·4 
41 306 20 5 r·o 
41 48·2 21 08·6 

22·92 
2]'63 
24·27 

i 
24·89 
25·60 

I 

I 

I 
! 
I 

I 

"\V. 15 36·5 
36·0 
35·5 
34·0 
34·0 

I 

Mean 18-65 ! Mean 15 35·2 
I 

Telescope east, mark. 
Telescope west, mark. 
Collimation reads. 
:Mark east of collimation. 
Telescope east, collimation-star. 

Telescope west, star-collimation. 

w. 15 49·0 
49·0 
50·0 

49·0 
48·0 

- I 
/Mean 15 49·0 J 

t. 
15·3610 
15·4900 
15·4255 

·0645 = + 50·05 
+ 15·4255 
- 15·3710 

+ 0·0545 
- 15·4255 
+ 15·3520 

- 0·0735 
Star east of collimation y~ 
Star east of mark. 

(5° ·45 - 7'1 ·35) x 1·003 t-~ - 0"·95 

Reduction to east elongation. + 
6-oo 

18·65 
1·4 

Correction for level= -1r (rn5·3 ·- 104·5) x 0·80 = + 0·11 

Star at east elobgation, east of mark. + 12N·7 6 
A.. at east elongation. I 0 40,. 10·97 

. Mark east of north. 1 39 58·21 
To which the correction for diurnal aberration or+ o"' ·31 is yet to be applied. 

. CA.& ---------- --~.~------------------------~---- -- ·---·----------------
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APPENDIX NO. 3-1891. 

THE SECULAR VARIATION AND ANNUAL CHANGE. OF THE MAGNETIC 
FORCE AT STATIONS OCCUPIED BY E. I>. PHESTOK, A8.S1~TAXT U. S. 
COAST AND GEODETIC SURVEY, 1N CO!\.NECTION \YITH THE U. S . 
. ECLIPSE EXPBDITION TO THE WEST VOAS'l' 0.F AFRICA, IN 18!59-'90, 
IN CHARGE OF PROF. D. P. TODD. 

Discussion and report l)y C. A. SCHOTT, aRsistant, ann chief of the Computing 
Division. 

Submitted for publication March 16, 1891. 

The records of the magnetic observations made by Assistant Pre,ston 
during this expedition were turned over to the Computing Division of 
the Survey for reduction, and the results (deduced by J\Ir. L.A. Bauer, 
of the Computing Division) were reported by rue nuder date of February 
18, 1891. These results are given in Table TI, f()llowiug, and comprise 
declinations, dips, and intensities at fourteen .-.itati011s. :For special in
formation about instruments, descriptions of stations, and sketches of 
localities, the reader is referred to the report of Assistant Preston, pub
lished as Appendix No. 12-1890. with the title: ''Determinations of 
Gravity and the Magnetic Elements in connection with the U. S. 
Scientific Expedition to the West Coast of Africa, 1889-1890." Bul
letin No. 22, published in June, 1891, may also Le consulted. 
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TABLE I.-Geographical position:•; of rnagnetic stations occupied by 
Assistant E. ~D. Preston in 1889-1890. 

Name of station. Latitude. Longitude. 

--~--------

0 
I \Vashington, U. S. Coast and Geodetic a , 0 , 
I 

I Survey Office, District of Columbia. 38 53·2 N 77 00·5 \V. from Gr. 
I Horta, Fayal Island, Azores. 38 31·8 N. 28 38·9 w. 
2 

I 
Porto Grande, St. Vincent Island, Cape 

Verde. 16 53·3 N 24 59·4 w. 
3 I Freetown, Sierra Leone, \Vest Coast of 1 

I 
Africa. 8 29·8 N. 13 14·7 w. 

4 Elmina, Guinea, \Vest Coast of Africa. 5 04·8 N. I 20·3 \\'. 

5 Loarida, Angola, VI/est Cuast of Africa. 8 48-8 s. 13 14·0 E. 
6 I Cabiri, Angola, \Vest Coast of Africa. 8 47 S. 1~ 59 E. 

I 
J 

7 Cape Town Observatory, Cape of Good 
I Hope, west station. 33 56· I s. 18 28·7 E. 

8 j Cape Town Observatory, Cape of Good 
Hope, southeast station. 33 5fr I s. 18 28·7 E. 

9 I Jamestown, St. Helena. 15 55·0 s. 5 43"7 w. 
I 

Longwood, St. Helena. 56·7 s. \V. [0 I 15 5 41·5 
l I I Georgetown, Ascension hland. 7 55·5 s. 14 25·0 \V. 
12 I 

Green Mountain, Ascension Island. 7 56-7 s. 14 21·5 \V. 

13 I 
Bridgetown, Barbados. 13 04 N. 59 36' \V. 

14 I Nonsuch Island, Bermuda. 32 20·6 N. 64 39·2 w. 



 

T.ABLE II.-Results of magnetic observations for declination, dip, horizontal mul tof<tl fotew;ity (in dyne.'i). 

-:-,.~::1- I Me. llccH nation :- - . --

_, -· ;····- ···--- '~---------- ·-----~--------- --

Name of place. I late. Dip. Date. 

··--·· 

Hori- Total 
wntnl in- intensity. 

, tensity. 
I 

0 Wioshington. 18891 Sept. 24, 25,26 : 15·; IV. Sept. 
1 Horta. 1889 Nov. 2_. 3 1 25 52 W. Nov. 
2 Porto Grande. 1889 Nov. II 20 45 W. Nol". 
3 Freetown. I 1889 Nov. 19 19 17 W. Nov. 
4 Elmina. 1889 Nov. 27, 28 17 IO \Y. ~ov. 

5 Loanda. 
4

1 1889 Dec. 14, 15, 16 17 46 \\'. Dec. 
6 Cabiri. II 1889 Dec. 22, 23 18 13 W. Dec. 
7 Cape Town, west station. 1890 Ja.n. 21. 22, 23 29 32 \\'. Jan. 
8 Cape Town, southeast station.j 1890 Jan. 31, Feb. 1 29 40 \\-_ Jan. 
9 Jamestown. · j 1890 Feb. 24, 25 23 57 W. Feb. 

10 Longwood. 1890 71-for. 3, 4, 5 24 36 W. i\lar. 
II Georgetown. 1890 \far. 21,22,23 22 36 \V. Mar. 
12 Green:Mountain. 1890 Mar.30.31,Apr.1 23 24 W. Mar. 
13 Bridgetown. 1890 May 2,4,8,9 I 12 W. '.\lay 
14 Nonsuch Island. 1890 May 23, 24, 25, 26 8 04 \V. May 

0 

24, 25, 26 1· 70 
2, 3 64 

II 42 
r9 i 5 

27,28!0 

q, 15, 16 34 
22, 23 33 

21, 22, 24 57 
31. Feh. r 57 

24. 25 29 

3, 4, 5 : 31 

?5·8 .... : '-'t"'ri( 
... ·'. I • I • 

IJ8 N. I I\ov. 
12·3 N. Nov. 
24·2 N. Nov. 
35·4 N. N'civ. 

24,25,26 
2,3 
II 

19 
27, 28 

w·9S. Dec. 14,1,S.1\• 
53'4 S. Dec. 21, 22 
15·2S. Jan. 21,22,23 
15·3 S. Jan. 31, l'eb. I 

39·0 S. Feb. 24, 25 

0·20121 
0·2073 
0·2738 
0·3193 
0·3ro2 

0·26" .)J 

0·26'" ,)) 

0·1916 
0·1919 
0·2493 

11·0 ~- Mar. 3, 4, S 0·2287 i 
20,21,22 II 37·9:-;. Mar. 21,22,23 O'Zi55 1 

29,JO,JI 12 1q S. Mar. 29,Jo, 31 0·2676: 
I, 21 4 43 08·2 ~· i :\lay I, 2, 4 0·3023 i 

21, 22, 23 64 47'6N. 1 Ma~-:~23,~~· 25-~·2333 I 

-The reBnlts l'tfer to tlu; mean rnlne of th1J day. 

0·6007 
0·4768 
0·3696 
0'"', 12 JJ 
o···ro"' J ,) 

o·~t8"' ,) ,) 

O'_)lj4 

0·3542 
0·3548 
0·21i69 

0·2672 
0·2813 
0·2738 
0·4143 
0·5478 

~ 
_,_ ~ 
~· o:i 
~ 

<'li c 
o~ 
~ ..... .... ~ 
~ 'i 
~~ 
c·~ 
::e-- ~ 
~;::. 
. ·-,...,..,, 
~~ 
<So~ 
~
(":) ~ 

"--' ::::--
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I11 onlt•r to fadlitate the appli('ation of t11e ahove rNmlts, and to 
incren,,...;p tl1eir 11~efuluess, it will be necessary to comp;ne them with 
t-meh older observations at these stations as niay have been made, and 
to deduce from these comparisons tl1e la'v of secular variation, or in 
ca~es of iusnfiicient observations to determine the annual change. 'J'he 
results wi11 then he directly available, and will ai<l in the construction 
of jsomagnetic curves for any reeent epoeh over tl1e region of the 
)forth and South Atlantic covered hy our observations. 

'rl1e writer is aware of the incompleteness of the older re:-:mlts here 
<~olleetPd, as must ueeessarily be the case in any attempt involving 
foreign stations, but it is to he hoped that those having local knowledge 
or better facilities for collection may he induced to contribute some
thing towards the general stock of information. 

"Ve shall take up the stations in the chronological order given in the 
table, hnt discnSH separately the declination, dip, and intensity changes. 
Beginning with the dt~clinations, this part will simply fonn an addition. 
to my pa,per on the Secular Variation of the :Magnetic Declination in 
the United States and at some foreign stations, "Appendix No. 7, 
Report for 18887 Washington, 1890," aud the results when generalized 
will thus extend over a largely increased area. For the annual changes 
of dip arnl intensity 'vitl1in the United States the reader may consult 
Appendix No. 6, Report for 188•>. For treatment and notation see 
these appendices. 

(o) lVashington, D. 0.-Position of Coast and Geodetic Survey Office, 
cp = + 330 53'·2,). = 770 00'·5 ''r· We have 34 values between 1750 
a.nd 1889, as given in Appendix No. 7, Report for 1888. This includes 
Mr. Pre8ton's station an<l gives for the annual increase of west decli
nation 2 '·'1 for the e1)och 1890, and 2' ·O for the epoch 1895, according 
tothef<1rmu1aD = + 2°·73 + 2·57 Hin (1·45m - 210·6) +0·07sin(12m + 
27°), which <lifters slightly from that given on p. 225 in the coefficient 
of the second periodic term, the preRent value being preferred. \.Ve 
have as usual ni = t -1850·00. 

(1) Horta, Fayal Island, Azore.~.-Position of Castle of Santa Cruz, 

<P = + sso ~n '·8, ). = 280 38'·9 w. 
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The secular and annual changes of the magnct:ic force at .'5fations occupied 
i-u connection with the Eclipse E;t:pedition, 18(:)9-'90, eto.-coutiuned. 

We have the following data: 

No. I Date. 

-~_~j- 1497 or 1498. 

i 

I 589, Sept. 13-22. 

2{! 
1600. 

1610. 

3 1700. 

4 1775, July 14. 

5 1829. 

6 1842. 

7 1889, Nov. 2, 3. 

Declination. I Observer. 

Small east Sebastian Cabot noted " no variation " in a 
dec~ination. position on the meridian I io miles we.~t of 

the island of Flores [and in estimated lati
tude 46° or 47°.-Sctt.], U. S. Coast and 
Geoddic Survey Bulletin No. 6, May, 1888. 
[.i:\either Martill B;;;haim, the cartogr3pher, 
who resided sevcral years (between 1486 
and 1492) at Fayal, nor Christopher Colum
bus, who was at Santa !\.laria in February, 
1493, have app:uenOy left any information 

0 I 

3 o5 E. 

0 00 

I 40 E. 
5 10 \\'. 

22 07 \\'. 

25 55 w. 

27 oo W. 

25 52 W. 

respecting the Yariation at these islands.
Sen.] 

E. \Vright, at Fayal. Untersuchungen uher 
den Magnetismus der Erde von Christopher 
Hansteen, Christiania, 1819. [Hansteen·s 
isogonic chart for 16oo gives I H 0 east, and 
according to the Arcano del Mare the east-
erly declination about 16 30 was small.-ScH. J 

At Flores hland: llansteen's J\>lagnetisn.1us 
der Ertle, 1819. 

J. lJavis, at Santa Maria Island. 
1:dm. Halley, Tabula Nautica, Var'm Mag'm 

Index (Greenwich astronomical observations 
for 1869). 

Capt. Cook, at Fuyal. Hansteen's ~fagnetis
mus der Er<le, 1819. 

Capt. Liitke, at Fayal. Sir Edw. Sabine in 
Phil. TraRs. Roy. Soc., Vol. 165, for 1875, 
London, 1876. 

Capt. Vidal, at Pico. [Vidal found 27° 30' 
W. at Flores in 1844, hence the declination 
at Fayal in 1842 could not have differed 
much from 27° \V.--SCH.] 

E. D. Preston, assistant U.S. Coast and Geo-" 
detic Survey, at Horta. [The declination 
is reduced to mean of day, as at all his 
other stations.-Sctt.] 

N. B.-A chart of the Azores, published by 
the U.S. Hyclrographic Office in July, 1890, 
states "variation decreasing 3 1 annually." 

The observations are represented by the formula: 
D = + 120.4a + 14·97 sin (0·750m + 88°·6) 

a positive sign of D indicating west deelination; the observed aml 
computed values compare as follows: 

0 

I 1589·7 3·09 
2 16o5·0 o·8' ,) 

3 1700·0 + 5·17 
4 1775·5 +22·12 
5 1829·5 + 25·92 
.6 1842·5 +z7·00 
7 1889·8 +zs·S7 

----~--~-

0 

- 1·91 
-- 2·4~ 

+ 6-37 
+20·51 
+z6·76 
+2r28 
+zs·6o 

0 

~1·18 

-+ 1·65 
- ·-1 ·:20 
+1·61 
-0·84 
~0·28 

+0·27 
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Aecording to our formula the period is 480 years, the maximum east 
declination occurred aboat 1612, amount :J0·5, aull the maximum wei;;t 
in 1852, amount 27 0.4. Annual decrease ill 1890, 5 1 ·6, and in 1895, 6 1 ·3. 

(2} Porto Grande, St. Yincent Tsland, Gape Venle Islands.-Position 
of Porto Grau<le 

<p = + HP 53' ·3 A. = 24° 59' ·4 \'V. 

We have the following data: 

I I 

I I I No.. Date. 
j ___ _I __ 

\ \ 

I 
I 
I 

1 · 2 

3 

4 

5 

6 

7 

1615 (about). 

1700. 
1822. 

1873, Ju1y 31, 
Aug. 2. 

1876, Apr. 19. 
Apr. 22. 

1884, Nov. 10. 

1889, Nov. IT. 

l>eclination. Ol1server. 

0 , 

o [ .-\ ccording to the Arcano <lel Mare, the dec-
lination at these islands ·was about zero in 
1615 ± 15 years, as estimate<l by me; be
fore this date the declination was easterlv, 
as shown by Hansteen's chart for 1600 . ..:...... 
ScH.] 

3}4:' \V. Edm. Halley, Tabula nautica, etc. 
15 03 \Y. Duperrey, at San Antonio Island. This isl

and is close to St. Vincent bland, hence the 
declination may also be used for the latter. 
Phil. Trans. Roy. Soc.,VoL 165, 1875; Lon
don, 1876. [The observations at Porto 
Praya, St. T ago Island, indicate an increase 
of west declination between I 822 and 1843 
of about 2" per annum.-Scu.J · 

18 '\V , {At Porto Grande, Voyage of H. M. S. Chal-
':-0.8 \v' J lenger, Vol II, pp. 27, 58. (Second value 

1 7 9 · I not used.-ScH.J 

I I At St. Vincent, swinging. 
19 54 \\~. On, St. Vincent l

7

sland, voyage '?,f H. M. S. 
18 52 \\ . Challenger, \. ol. II, pp. 4_,, 46, 70. , I L . [Second value no~ u~ed.----:Scu.] . 
19 47 \\. Lleut. J. D. Adams, l1. S.S. l\.earsarge, m lat· 

itude -+- 16° 19' and longitude 24° 49" \V. 
Naval Prof. Papers No. 19: \Vashington, 
1886. 

20 45 \V. E. D. Preston, Assistant, U.S. Coast and Geo
detic Survey, at Porto Grande. 

The above observations are represented by the fi.wmula 

D = + 10° ·51 f- 10·27 Rin (0·590 m + 440 ·O) 

and the observed and ~omputed values comvare al'< fol1ows: 
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The secular and anmwl chanf/lc.o.: <~l ilH< ·nwgnetfr force at ."<tatious occupied 
·in comwctfon with the JiJclip:•w E.tpetlition, 1889-'YO, etl'.-Contiuned. 

According to the formula the ])('riod is <HO year.-;, bnt tltis is yery 
uncertain, sill('I':' neither the lai.;t miliimnn1 west Hor the maximum wt•st 
(as experted) has be<~orue kHowu; in faet, tb<· expreRf::.lion iH hut a 
rongh approximatiou. · 

The maximum east occurred about 162:1, amon11t oo ·2 eirnt; the max
immn west i~ expected about 1928, a11wn11t 20° ·8 west. A.uuual in
crease in 1890, 2 1 ·4, a lJ(l in 18!l:':i, 2' ·l. 

(3) Freetou:.n, Sierra Leone.-Positiou 

~ = + so·29 1 ·8 le = 13'-::i 14' ·7 W. 

'Ve liave the fol1ow j 11g oh8ervati011~: 

! I I \~o. --~-D---a-te_. ___ \ -~e-c-linat.ion. T .. -- ___ -----~~-se_r~er. 

I 

2 

3 

1826. 
1836. 
1836. 
1889, Nov. 19. 

0 , 

r8 48 W. 
1923\V. 
19 36 w. 
19 Ii \V. 

I 

I 
Capt. (.!~ven } Sir Edw. Sab_ine. in I'hil. 
Capt. \-1dal Trans. Roy. ::ioc.,\ ol., 165, 

I Capt. Denham_ for 1875-: Lo11don. 1876. 
i E. D. Preston, Assistant, l.'. S. Coast and Ceo-
. <letic :->un·ey; at Freeto·wn. 

The above data are insnffieieut to dednt•e any valne for annual 
cbaug·e. 

(4) Elmina., Goltl Ooast.-Position of Fort St. George 

<f' = + 50 04.'·8 A.= 10 20'·3 ,v. 
We 1rn.ve the following observations: 

No. Date . Declination. Observer. 

• 
0 , 

I 1838. 20 II \V. Capt. Vidal, Phil. Trans. Roy. Soc., Vol. 165, 
for 1875: J ,ondon, I 876. 

2 1889,N'ov.27,28. 17 10 Vv. E. D. Preston, Assistant, U.S. Coast and Geo-
<letic Survey. 

------ -~--

No deduction for a.unual change can be ma9,e from these data. 
(5) Loanda, .A.ngola.-Posit.ion of St. Paul de Loauda, flagstaff Fort 

Sau Mig·uel 

f'J = - so 48' ·3 

and of magl}etic station 

'P = - 80 48' ·8 

l = 130 13' ·1 east 

A.= 130 14' ·0 east. 
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\Ye have the f{>lluwing observations: 

. I I I '. _~ ~ J ____ i __ J_a_te_. ____ l~)-e_c_']-in_a_ti~:~_ i -C-)J-1s_e_.r_v_er_. ___ _ 

I 
l i 

2 

0 , 

22 00 \V. Captaiq Owen, Phil. Trans. Roy. Soc., \'ol. 
167, Part 11: London, 1878. 

17 46 'y. E. D. Preston, Assistant, LT. S. Coast and Geo
detic Survey. 

No deduction ean be made from these data respeetiug the annual 
chaug·e, although the thrt'e £\._frican stations, No:-;. 3, 4, and 5, all appar
eutly point to a deereasiug; we:-;t df'cliuation for the preseut t.hue. 

(6) Cabiri, A ngola.-Po:-;ition 

<f = - 80 47' ,( = 130 59' J<J. 
At this place we have only Assistant Preston's observation in De

cember, 1889, already given. 
(7, 8) Oape Town, Oape of Good Hope.-Position of astronomieal oL

servat,>ry 
'f = - 33° 56' ·l A = 18° 28' ·7 E. 

At this station ·we 11a.ve tb e folJowing observations: 

I No. I Date. 
I I 
i-·--~~· 

I ~ 
1605 
16o9 
1622 
1675 
1691 I 5 

u 
1 

1700 
1751 
1775 
1788 
1792 

II 1818 
12 1836 
13 1839 
14 1841·5 

15 * 1842·5 

16 1843·5 
17 1844·5 
18 1845·5 
19 1846-5 
20 1847·5 

21 1848·5 
22 1849·5 
23 1850·5 
24 1857·5 
25 1873"9 
26 1890·1 

Declination. 

0 , 

o 30 E. 
o 12 W. 
2 00 Y.l. 
8 14 w. 

l I 00 W. 

IO}<( W. 
r9 15 W. 
21 14 \V. 
24 04 \V. 
24 31 \V. 

26 31 w. 
28 30 W. 
29 09 w. 
29 06·2 \V. 
29 05·9 w. 
29 o6·oW. 
29 06-2 \V. 
29 o7·4 \V. 
29 08·7 w. 
29 12·4 \V. 

29 14·0 w. 
29 16-2 \V. 
29 r8·8W. I 
29 34 w., 
30 04 w. 
29 32 W.

1 

Ob!server. 

The observed values are taken from "Cape Observations, 
Mag'c and Met'c, Vol. I, p. Ix," as given by Walker in 
his "Terrestrial and Cosmical Magnetism," Cambridge 
(England), 1866, excepting values Nos. 6, 24, and 25. 
See also Encyclopredia Britannica, 9th edition, 1883, 
Art. Meteoroloi,,•y, 

Edm. Halley; Tabula Nautica, etc. ..... 

British Colonial Magnetic Obs.ervatory, Cape of Good 
Hope. The decliuations for the years 1841-1850 differ 
but slightly from the values given by Walker, who de
duced bis rei:::ults for 1841, 1846, and 1850 from obser. 
vations of 9, 7, and 8 months, respectively. 

Austrian frigate Novara. 
H. M. S. Challenger Narrative, Vol. n, p. 29. 
E. D. Preston, Assistant U. S. Coast and Geodetic Survey. 

The result at the western station. 

·--------···---··-··-···--·--·---------------1 
* &lcher's observation of l8i2, 2..'1°10 1 W., wu.a not used, thsObservatory ntlu(; being preferred.-SCil. 



 

REPORT FOlt 18!L--PART It. 

The 1;ecula r nnd rrnn nal clurnrfC.'1 of the mnr111.etfr fora nt sfo.finns rwr·upinl 
in connection with the Edi]>iff' B.cpeditirm, 188.4-'fW, etc,-L'outiuued. 

The8e observation;-:. are :-;at.i;-:.tied by the t'onnula: 

D = + 140 ·lj;~ + 1.-)0 ·00 8ill (lHHOm + 77., ·7) 

aR Rhown by the follo\Ying eompa.riso11 of observed anrl computed 
valtte8: 

/ 
1 i Ot <l C 1 ii 1 

' Obsen·ed I No l nate ' )Serve : om- i 0-C ;: No. i Date. 
I. 'I . i D. puted n.: I' ' J). 
I I ! ' ___ :i 

~1~,:oss I -;·so 1-+~-:-.4-1-1 -0·91 .. i,-1-4-1·-·1-8-'4-1--5-

2 ! 1609·5 + 0·20 I 0·62 I -0·42 : 15 1S42·5 
3 1622·5 2·00 l'SO ! +0·50 ! 16 1843'5 
4 1675'5 8·23 I 7'43 I +0·80 i 17 1844.·5 ' 
5 1691·s 11·00 1 9·j4 I +1·26 i xs 1845·5 1 

6 
7 
8 
9 

10 

tt 

12 
13 

t700·0 
1751·5 
1775·5 
1788·5 
I 792·5 

1818·5 
1836·5 
1839·5 

I 
,, 
" 11·00 -0·75 

19·16 +0·09 20 

~::~i i =~:~~ :i ~~ 
to·25 
19·25 
21·23 
24·08 i 

24·521 

26-52 I 

2s·so I 
+29·1s I 

24·79 I ~0·27 ii 23 

27·43 

1

, -0·91 :i 
28·69 I -0· 19 /:.· 
28·84 +o·u 

v !I 

1846·5 
184}'5 
184S· 5 
1849·5 
1850·5 

1857·5 
1873·9 
1890·1 

0 

+29·10 
29·10 
29·10 
29·10 

29·12 

29·14 
29·21 
29·23 
29·27 
29·31 

2~··57 
30·07 

+z9·53 

C'nm
puted D. 

0 

+z8·94 
28·9~1 
29·03 i 

29·08 
29· I 2 

29· 18 

29·20 

29·24 
29·27 
29·30 

29·50 
29·62 
29·29 

I 
0-C i 

I 

·-··--~-1 
+0-16 I 
+0·11 ' , I 
+-0·07 i 
+0·02 ! 

o·oo j 

-0·04 
.j-0·01 
-0·01 

o·oo 
+0·01 

+0·07 
-~-0"45 
+0·24 

The formula demancls a period of 590 years and gives a nutximum 
east declination about 1575, amount -0°·3, and a. maximum west clec
lination in 1870, amount + :m0 ·ti. The annual decrease in 18VO is 2'·0, 
arnl in 1890 2'·5. 

(9, 10) St. Helena.-Position of anchorage, oft' Jamestown: 

and of the Magnetic Observatory near TJongwooc.l, established by the 
British Government, 

'P = -15956' ·7 A. = 50 41' ·J west. 
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\Ye have the following observed dee1inations: 

--------------------·--,------., ----------------------:: 
?\o. lJate. 

1610. 
2 1677. 
.-; 1691. 
4 1724. 
5 1775. 
6 1789. 
7 I 796. 
8 1806. 

1836. 

9 1839. 
IO 1840. 
I I 1845. 

12 1846. 
1890, Feb. 24, 25. 

Declination. j 
~ 

Observer. 

0 

7 
0 

7 
12 
15 
15 
I 7 
18 

22 
22 
23 

23 
23 

/ 

13 E. 
40E. 
oo\V. 
30\V. 
18 
30 
48 
18 
00 

17 
53 
15 

11 

57\V. 

1 Dads 
Halley 
I Iallcv 
J\fathew 
\Vules 

l 
I 
c 

Hunter l 
l\lac<lonald J 
Krusenstern 

These values are taken from 
" Magnetical and l\1eteoro
logical Observations," St. 
Helena, 1844-1849,Vol. II, 
p. vi, London, r86o. By 
Maj. (;.en. Edw. Sabine. 

Fitzroy: Phil. Trans. Roy. Soc.,Vol. 167,Part 
II, p. 478, London, J 878. [Not used; lo
cally affected.-ScH.] 

Du J'etit Thouars} . 
] • Authority as for Nos.I- 8. -..._oss 
At Ll)ngwood Ub;;ervatory the total change in 

declination observed between 1840 and 
1845, inclusive, was 23° 27/ - 22° 53-'=341', 

or annual increase 7-', nearly; hence interpo
lated value for I 845, from Ross's observa
t io11s, 23° 27-', and from Bcrard's observa
tions, 23° 04-', mean 23° 15 1 west adopted. 

Berard, authority as for I\"o. 10. 

E. V. Preston, A:csistant U. S. Coast and Geo
detic Survey, at Jamestown . 

. --·---~--~-----------~-----------' 

These observations are satisfit•d by the equation: 

D = + so ·90 + HP·:n sin (0·618111 + ,;,30 ·l) 

and the observed aud computed values compare as follows: 

1845·5 
1846-5 
1890·1 

+23·25 
+23·19 
+23·95 

22·45 
22·53 
24·21 

+0·80 
+0·66 
-0·26 

The formula demands a period 
of 582~ years and gives a 
maximum east declination 
about 1599, amount 6°·4 E., 
and a maximum west decli
nation in 1890, amount 24°·2 
\V. The annual change in 
1890 was nearly zero ; in 189 5 
it will be a decrease of 0'·5. 
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The scculnr ruul annual changes of the mar111cticforN' at stations occupied 
in connection 1cith the EcUp8c Expedition: 1!'·<89-'YO, ctc.-Cuntinued. 

(11, l:!) .Ll8ee1udon Jsland.-Po:-;itiou of Georgetown. 

<p = - 70 5,y.5 

aud of G recn .l\J onntain: 

At thi~ it-1laud the local di:..;t.nrbanee~ iu the magnetic di:::;trihntion are 
very great. 

'Ye have the fr}llowing 0Lsc1Ta.tiont4, viz: 

I 

N' i 
l 0. i Date. Declination. , 

i 
( )bsen-cr. 

--------- - -" - ---- -- - ----- --- -- - - -"---------~·-·--- ----·-~ --------· ~----- -

i 

I
I 1700. 

1830. 
l I 1836. 
2 I 1839. 
3 i 1842. 
4 I 1846. 
5 i 1861. 

611 

1863. 
\ 1876, March 29. 

7 i'> 1876, Mar.ch 30. 
:f 1876, April 3. 
i\1890, Mm·ch 21--23. 

8 ;., 1890, March 30, 31, 
I~ Apnl I. 

0 / 

2 o F. Halley. in his" Tabula ~autica,"' etc. 
20 Io \\'. Fo,.,te1:. l 
17 36 \V. Fitz Ruv. Cen. Sir Fr\w. Sabine in 
18 31 \\-. Du l'et(t Thouars. 

t: '" Berard. t PI1il. Trans. R0y. Soc., 1 9 1 ) · \-ol. 167, part 1!, Lon-
19 16 \\'. j Belcher. d 8-8 

\\- I 1 on, 1 c f . 
21 45 ·. 1 kn 1am. 
21 38 \V. ) H. !IL S. llecat<'.·. J 
23 06 \V. :fII. M. S. Challengcr,~At c;e('rgetown. 
22 32 \\'. i' Nar~ative, Vol. II, 'r;\t c;reen }lo:in:ain. 
22 41 \V. I~ p. 4_,. t At :>ea, s" mgmb. 

i 22 36 \\'. 1) E. D. Preo;ton, assi:4ant ~t 1 . t 

I 
23 24 \V. )1:. U.S. Coast and Geo-·- ·:~orge 0 'vn, . 

') 1 t. L' (·At (11een ]\fountain. ; \ e !(: ,-,lffVCY. 
I • 

--------- -,---~~~--·-T--·---~-~~-~~~-~ -- ,~--------~-----·---~~--,_..,_.....~----- ------~ 

Captain :Fostp1·'s value of 18:30 would i-;eem to he afff•eted with a 
deflection of about :3°, and the discrepancy in the ohRcrvatious by the 
Challenger and by l\Ir. Preston is likE.'wise due to Jocal irregnlarity; prob
ably values at Green :Mountain are more nearly 11orurnl tl1an the values 
at Georgetown, aH we may judge from the result of the Challeugm· 
when Kwinging; mean valueR~ however, were preferred for the present. 

The expression n = + :wo<H + 0·142 m - O·OO:!O m} represents the 
observations, as follo\YS: 

i 
No.j I ,_ 

' 

I \ 
2 
3 
4 

Observed 
n. 

-~--~ 

0 

+ 1•;-6o 
18·52 
19·27 
19·27 

Compute<l i 
D. i 

____ .. __ o 1-

+ 18·06 
18·63 . 19·16 
19·82 

I 

--- -
I I o ~ I: N' _ .-C. !1~ 0.1 

! I 
----i

1
~r 

0 

-0·46 I, 5 " -0·11 q 6 
+0·11 

II 
7 

-0·55 8 

l Observed I Computed 0.-C. D. D. 
I 

----~--

0 0 0 

+ 21·75 + 21·71 +0·04 
21·63 21·89 -0·26 
22·77 22·69 +0·08 
23·00 22·82 +0·18 

I 

The maximum west declination, accordingly, occurred in 1885; 
atnmmt, :!2°•9 W. The annual decrease was 1' ·1 for 1890, and for 1895 

. it will be. 2' ·3. 
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(13) Bridr1ctown, Barbado.o;;.-Position of Riekett'!-1 Battery: 

cp = + 130 O;Y ·7 

and of magnetic station: 

(p = + l:V' OJ' A.= 59° 3W vV. 

Tbe observations at thi;-; island will be :frmnd colleett~d and diRcus:-scd 
in Appendix No. 7, Coast arnl 0<·ndP1ie Survey Heport for 1888. The 
changes made in the table on p. :!Jti (ibid.) a.re the introduction of the 
value 5~ 0 eaRt for 1700, accordi11g to Edm. Halley's 1Tabnla Sautiea, etc., 
a11d tl1e suuRtitntiou of J\1r. Preskm's value of 1890 fiH' the value of 
1884, which latter had only been used temporarily in the absence of a 
later value. 

'l'he expression D = - 1° ·88 + 2 ·s:; sin (0·93 m + :!1G ·li) rc11rcsc11ts 
the observations as follows: 

Year. I Observed ' Computed i () (' 
I D. t D. I .- . 

--'----! ,----
1700·0 -

0

5·33 l -:·38 I - 0~95 
1726'5 I -J"92 l -4-7J i -1 0·79 
1760·4 -4·50 ! -4·34 i - 0-16 
I 761 ·3 - J"78 - 4'32 i + 0-54 
1833·5 - 1·48 - 1·44 1 - 0·04 

1839·5 
1846·5 
1871·5 
1890-3 

_ 1·22 _ 1"17 I - 0·05 
- 1-45 ~- 0·85 l --- 0·60 
-o·ss I +0·12 - 0·70 
+ 1·20 I + 0·64 + 0·56 

l 

The formula supposes a period of 379 years, -with a maximum weKt 
declination in 1919, amount 1°·0 W. In 1890 the annual change wai:; 
1' ·3; in 1895 it will be 1' ·1, increasing west. 

(14) :Non~;uch Island, Berrniula.-I,osition of tlw island: 

cp = + 320 20' ·6 ;t = 640 39'·2 W. 

The observations made in the B~muda Islands will be found collected 
in Appendix No. 7, Coast and Geodetic Survey Report for 1888, pp. 
222, 223. To these we ad<l Mr. Preston's determination of 1890. The 
Jocal disturbances of the Bermudas were investigated b,y Staff Com
mander E. W. Creak, R. N., in 1886, but his researches do not extend 
over the eaHtern part of the group of islands. No correction for local 
deflection can therefore be a-ssigned, and we "shall use the value as 
obseJ;ved.: 

The expression 

D = + 6° ·926 + 0·0107m + 0·00045m2 

represents the ol,)servations very well. It is, liowever, inadmissible, for 
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Tlte secular and. annu({{ cltan.<;es <~(the mu11nctfo fort'f' at station.s oe<;11pi,•d 
in cmmection 1rith the Ecl.ipsc BxpccUtion, 1889-'~Jf), dc.-ConU11111·1l. 

the reason that it dema11ds a, westeru miuimnm a bout l.S:3t>, twiotrnt 
ti 0 ·8H we8t. A miuimum ahont this time is coutradi('.ted b;v a11 :-;nr
roun<liHµ: :4atiorn.i., ·whieh 8how tltat it 111u:st have take11 pla(·e- mneh 
f:adier and iu the prec'.ediug eeutury. The cnn·atn1·(~ lwing t:1light and 
in t-he wnmg direetion, there remaim., only a repreiseutatiou l>,r a 
straight line for the present. I adopt t l1ei-efore: 

D = + 'j'.) ·OS + O·O:!O:!m, 

whieh repre:-;eub the oh:.;cn·a.tion:-; a~ fo1lowr-;: 

U.-C. Year. 
< lh,.:l'rved Curnpnte11 

D. D. 

0 

1831·5 i +6·98 
1837·5 fr67 
1845·8 7·02 

1846·5 6·8X 
1873·3 7'21 
1876· 5 7·75 
1890·4 + 8·07 

--------
0 

+- 6-70 
6·83 
7'00 
7·01 
7· 55 
7·~)J 

+ 7·9o 

0 

+ ·28 
-·16 
-+· ·02 
-- . I 3 
--- ·34 
+·14 
+ ·17 

The annual increaRP of west dee1iJiation is l' .2, hut for 1895 it will 
probably he 1' ·5. 

In the following table I have brought together some of the prinl'i pal 
rel';nlt~ obtained in the dh,em_;sion of 1888 and in the prpsent iuve~ti
gation. 

Station. Long. Declination,+ west, -east. I
• Annual cliani:rc. 

[+ increa8i.ng 
\vest.} 

' NORTH ATLANTIC. II 
I <> o 

Halifax, Nova. Scotia.1 44 39·6 N. , n3 35·3 V{. 
I ' Horta, Azores. i 3S 31'8 K. ' 28 38'9 \V. 

St.Georges, Bermuda. 32 22·6 N. 1 64 40'6 \\". 

Savannah, Ga. 3~ 04'9 N. 81 05·5 \\". 

I \11rto _Grande, Cape t6 53'3 !'. 24 5,,-.4 W. 
I ; Verde. 

Bridgetown, Barba
dos. 

SOUTll ATLANTIC. 

59 37·3 w. 

·--·--~--~---------------- ---

<> I 

D=-\--16"10+ 4·53sin(1·oom -+-4ii'1>i +c··3 j 
D ==-+- 12·43 + i.j'97 sin (0'75orn-+ 88'n) 1 -s·n 
n = -·t- 708 + o.0202m +1·2 

D=- 2'13-f-2·55sin(l'4om -40·51: +3·6 
D = + 10·51 + io·27 sin (0·59om + 44'ol' +2·4 

I 

D = - x'88 + -z·S3 sin (0'95m 

Georgetown,Asccn- 7 55·5 S. 
•ion. 

r.i 25·0 \V. , D = -+- 20·34 -+- o· I.42m - a·cxnom2 

I 
s 4-i.'5,V,1 D = + s-go --i-- 15•:;1 sin (0·6i81n--\ 65·,) o·o 

~ lena.. 
Rio de Janeiro, Bra- 22 54·8 S. 43 og·s '\'. D = + 2'19+ 9.91 sin (o·Bom -- 10'4), +1·7 

zil. 
Cape Town, Ca{le of 33 56•1 S. 18 28'7 E. D = + i4·63 + 15·00 sin (0·61om + 77·7)' -:.?-o 

Guod Hope. 

H. Ex. 431 pt. 2-a 

---a~ r 

-6-3 I 
(-71 ~·1 
+:l' ~ i 
+'2·1 ! 

+·.I 
r 

--2·3 : 
I 

--o·s I . ' 

i 
+1·s ! 

-2·5 r 
' \ 

--~l 
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Compared \vith similar expressions for stations on our Atlantic sea
coast, between Eastport, MP., and Savannah, Ga., the 1nost not·l-t ble, 
feature of the above stations located in the North and South Atlantfo 
is the widely enlarged secular motion, both in raug(• ancl in period. 
The averag;e rauge for our Atlantic coast stations is about twice 30, 
whereas the averag·e range for stations in the Azores, Cape Verde, St. 
Helena,* at Rio de .Janeiro, and at Cape Town is twice 13~0, or 42 times 
as great. Again, for our coast stations a equals about 1·350; for the five 
Atlantic stations a equals, on the average, O·G74; in other words, for our 
coast the pt.~riod ofa complete angular swingwould be267 years; whereas 
for the islands and the coast stations in South America. and Africa 
the period demanded h.; ;>;34 year:-; on the an~rage, or just (accidental1y 
so) twice as long·. This change in thP characte.r of the secular motion, 
ai'\ depeuding on p;eographical pmdtion, is very ;.-;ignificant. rrhongh its 
meaning is at pre;-:.eut Rhronded in myHtery, it ma.y tur11 out to be au 
interfermice phenomenon clue to several causes. It will also be noticed 
that l\f r. Preston':-; observations, falling iu a time not very n'\nIOte 
from tlie western extreme of tl1e ~ecular motion, will greatly assist 
iu defining the extreme magnitudes of the deeli11ations for that epoch. 

"'ith rm;pect to early obf>mrvation:-:. of the <Hp at our stations, there 
appears to be but little material in existence; a11cl as to observations 
for horizontal or total intensity, there are but a very f~:nv, a8 might have 
been expected from the circumstance that jn the first third of this 
ceutury it was not known bow to (~xpress either i11 absolnk meastue. 

The colleeted dips are given below 'vithout att{~mpting to defiue their 
annual change, for which latter the observations are far too scm1ty. 
The di:-;cussiou of the dip observations at lVa.«kington, 1). C., will he 
found iu Appendix No. 6, Coast and Geodetic Survey Re1)ort for 1885, 
page~ 1~30-155 and pages 259-264. To thiR collection we can no'Y add: 

Date. Dip. 

-1 ~-·----------~ 

I 0 

1886'5 I +10·51 I 
I 

1887·6 I +10·45 

1888·4 
I 
j +10·42 

18~9-7 
! 

+10·43 

Observer. 

C. A. Schott and E. D. Preston, at magnetic observa
tory on First street SE. 

J. B. Baylor, at Coast and Geodetic Survey Office sta
tion, between New Jersey avenue and South Capi
tol street. 

J. B. Baylor, same locality. 
E. D. Preston, same locality. 

'r11e annual diminution of the dip for 1885 was given .as ~~' ·5. This 
HeemH uow somewhat too large, but not enough time haH elapsed since 
that date to make it worth while to reconstruct the exponential 
formula given on page 2t>3 of the Report. 

·~---- -· ~·----

*The Ca.nary Islands ma.y also he adtlecl to this group, though not her~ discussed. 
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Tlie sec1llar (t,nd munw.l clurn.gcs of the niagnetfo force at f>!fa.fions occupied 
in connection with the Eclip.r.;e Bxpcditfon, 1889-'~10, efo.-Coutinuc<l. . 

.At Ji'fiyal Island we have three ob~ervatforn,, viz: 

I Date. 

J~-1 

Date. 

1841 
1841 
1842 
1853 
1876-3 
1889·9 

1 
l 
I 

~I 

Dip. 

0 , 

-t 7 I DI 

+65 53 
-j 64 13·8 

Dip. 

0 , 
+48 44 
+48 56 
+45 35 
+48 33 
+43 o6 
+42 12·3 

I 
I 

I 
I 

Observer. 

Cook. 
H:M. S. Rattlesnake. 
E. D. Preston, United States Coast an<l Geodetic 

Survey. 

St. Yincent Island .. 

Fishbourne. 
Trollope. 
Allen. 
Trollope. 

Observer. 

H. M. S. Cha1lenger, 42° 52' when swinging. 
E. D. Preston. 

For comparison we may add here observerl nips at Porto Pl'o,11rr. 
(cp = 14° 5!', i\. = 2;:>0 80' \V.), Cape Verde It-ilaIHb . 

.. 

Date. Dip. I Observer. I 
' 
I 

0 , 
1822 +45 26 Sabine. 
1826 +45 45 Dumond d'Urville. 
1836 +45 46 Fitz Roy. 
1840 +45 22 Ross and Crozier. 
1843 +44 52 Belcher. 
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Date. 

1841 

1842 

1842 
1843 
1844 

1845 

1845 
1846 
1847 
1848 
1849 
1850 
1851 
1857 
1873·9 
1890· I 

U. S. CO.AST AXD GEODETIC SCH.VEY. 

Gape Town. 

Dip. I Obsen-er. 

"---"--i-------
0 / ,',i 

-53 09 

--SJ II 

-53 12 
-53 19 
-53 36 

-53 32 

-53 30 
-53 33 
-53 41 
-53 47 
-SJ 52 
--53 58 
-54 02 
-54 36 
-55 56·3 
--57 15·2 

At magnetic observatory. The Ency. Brit. (9th ed.), 
art. Meteorology, gives "- 53° 09,,·1. 

At magnetic obser-vatory. The Ency. Brit. (9th ed.), 
art. Meteorology, gives ""- 53° I 5/. 3. 

Belcher. 
Atrnagneticobservato1-y. Ency.Brit.gives - 53° 20'·2. 
At magnetic observatory; mean of 3 values. Ency. 

Brit. gives - 53° 29'"4. 
At magnetic obsen·atory; mean of 4 value.:;. Ency. 

Brit. gives -" 53° 29""3· 
Moore. 
At magnetic oliscn·atory. 

,. 'j. '' .. .. 
" .. " 

" .. " 
Frigate Novara. 
H. M. S. Challenger, at observatory. 
E. I>. J>reston, u '~ 

It would appear that the negative clip at CaJH~ 'I'own, hetween 184:1 
and 1851, iucreased at an annual rate of 5 1 ·:~. hetwee11 1851 au<l. 187 4 at 
a rate of 5'·0, aull !Jetween 1874 and 18HO at a rate of 4'·9. 

St. Hdrna. 

Date. Dip. Observer. 

0 , 
1840 -2I 15 
1841 -21 26 

At magnetic observatory, Longwood. 
,, (ol '' 

1842 -21 25 " " .. 
1843 -21 45 H " .. 
1844 -21 56 " .. " 
1845 -21 55 " " " 
1846 -"22 14 " .. " 
184j ·-22 37 .. " " 
1848 -22 49 
1890·1 -31 I 1·0 

" " .. 
E. D. Preston .• at Longwood. 

"_J _ "" ______ 

Between 184-0 atHl 1848 the annual increase of negat.ive dip was 111·7, 
and between 1848 and 1890 it was 11' ·9. 
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The 8ccular wul ffnnual changes l!( the 1nagnetic force at 8iation8 oecupierl 
fri connection with the Eclipse E.v-pedUion, 1889-'.90, etc.-Contiuued. 

The local distm·hances at the island are very prominent; for the an
chorage aud vicinity of J(unextown we have: 

Date. 

1839 
1840 
1842 
1K+6 
1890·1 

Dip. 

0 I 

--17 55 
-18 21 
--17 OI 

~19 2~ ·' -29 39 

Observer. 

Du Petit Thouars (anchora~e). 
Ross ~Sister's \Valk). 
Bekher (Sister's \Valk). 
Srnythe (Sister's \\'alk). 
E. D. Preston, Jamestown. 

Between 1839 a.ud 18!.)0 the average a,11 nua.l j 1H~1·ease iu uega.ti ve (lip 
was 1:3'·8 about. 

Date. 

1834 
1~36 
1839 
1842 
1863 
1864 
1876·2 

1890·2 

A8cen.'?ion Island. 

Dip. Observer. 

o I 

+ 57 Allen. 
+ 39 Fitz Roy. + o 06 Du Petit Thouars. 

o 08 Allen. 
4 47 H. M. S. Hecate. 
5 57 ! Rockeby. 
7 56-1 i "\. H M S Ch 11 {at Georgetown. 
9 57·2 . J · • • ' • a enger at Green Mountain. 

---11 37·9 i} E D p -t {at Georgetown. , . . res on .. ..,
1 

. 
--12 11·7 j at Green.~ ountaJn. 

--------------------· 

At thi~ Rt.ation the average annual inerease of negative dip l>etween 
1834 aud 1890 has beeu about 14' ·5. 

Date. Dip. Observer. 

1890·3 +4; 0;·2 I E. D. Preston, at Bridgeport. 

---------~ 

* For ousen·atione of 1835, 1836, ancl 15!6 11ee Appendix No. 6, Report for 188;;, page 24.6. 

Bermuda.t 

_n_a_t_e. __ I _ ~·~--1----------0-b_s_e_r_v_e_r. _________ _ 

I +.: .;-6 1 E. D. Preston, at Nonsuch JslanJ. 

. .~ ·- ·---.··------·-·--··--- ' 

' tFor.early observatious (18'.H t-o U7:l) aee A.ppandix No. G, Jteport far 1885, pages 247, 248. 
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As a general result we note that at all stations for the present (and 
for a number of years paKt) the dip, where pqsitive (north end dipping), 
is decreasing, or, what is the same, where negative (south end dipping), 
is increasing. 

The magnetic intensities given below are all that could be found for 
the stations visited by l\Ir. Preston. 

The observed and computed values of the horizontal component (H) 
and for the total amount (F) of the magnetic force at Washington will 
be found in Appendix No. 6, Report for 1885, pages 150-1551 267-271. 
To this collection we can now add: 

Year. 

i 

I 
1886·5 

I 

I 
1887·5 

I 188r6 
1888·5 
1889·7 

1842 
1844·5 
1845 
1845·5 
1857 
1873·9 
1890"1 

. 

1840 
1840 
1840 
1846 
1890·1 
1890·1 

H. H " I I' 
in Brit .. d · r . ts , u1 ynes. 

Ulll • I : 
4·403 I 

! 4·406 ! 
4·361 1 

4·359 
4·364 

4·45 
4·46 
4·46 
4·50 
4""47 
4·314 
4·155 

5·66 
5·96 
5·96 
5·93 
5·407 
4·g6o 

" 
0·2030 

0·2031 
0·201 I 
0·2010 
0·2012 

I 
I 

! 

0·2887 L 
0·2738 li 

1: 

0·2053 
It 
'I 

0·2056 
0·2057 
0·2077 
0·2059 
0·1g.89 
0·1916 

0·2612 I 
0·2749 
0'2f49 
0·2736 
0-2493 
0-2287 

F. 
in Brit. F. Observers. in dynes . units. 

0·6084 C. A. Schott and } At Magnetic Observa-13·194 
E. D. Preston tory,on First st. SE. 

----- - ··--- C. A. Schott Magnetometer No. 7. 
IJ"OJI I 0·6008 ] . B. Baylor} At Magnetic station of Of-
IJ'006 0·5997 J.B. Baylor fice; l\Iagnetometer·No. 3. 
13·028 j 0·6oo7 E. D. Preston, at Magnetic station of Of-

fice; Magnetometer No. I 1. 

St. Vincent Island. 

8·577 
8·016 

T43 
7·51 
7·50 
7·58 
7·71 
7·704 
7·682 

6·08 
6·28 
6-28 
6·29 
6·222 
5·795 

0·3955 Challenger expedition. 
0·3696 E. D. Preston, at Porto Grande. 

Cape Town. 

I 
0·3426 Belcher. 
0·3463 At Magnetic Observatory. 
0·3458 Moore. 
0·3495 At Magnetic Observatory. 
0·3555 Austrian frigate Nov.zra. 
0·3552 Challenge~· expedition. 
0·3542 E. I). Preston, at Observatory. 

St. Helena. 

0·28o3 Ross, at Longwood Observatory. 
0·2896 Crozier, at Sisters Walk. 
0·2896 Ross, at Sisters Walk. 
0·2900 Smythe, at Sisters \Valk. 
0·2869 · E. D. Preston, at J ainestown. · 
0-2672 E. D. Preston, at Longwood Observatory. 

I 
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Tlte ·"'ec·ular and annua.l chrw.ges of the magnetic force at sta.tfons occupied 
in <~onnection ·witlt the E'clipsc f).rJH~d ition, 1889-'90, etc.-Co11ti1111P(l. 

I-I. i 
in Brit. I Year. i 

1---~1-
II. 

i in dynes. 
units. · 

1842 I 
1863 
.1864 
1876-2 
1876·2 
1890·2 
1890·2 

6·61 
6-o() 

6.29 
6.075 
6·125 
5·975 
5·804 

0·3048 
0·2793 
0·2902 
0·2801 
0·2824 
0·2755 
0·2676 

[ 1890·3 I 6·556 0·3023 
I ~- ____ L ___ _ 

A seension Island. 

F. F. I 
in Brit. C )bservers. 
units. : in dyne;;. j 

fr61 
6·08 
6-33 
6·133 
6·217 
6.101 
5·938 

8·985 

0·3048 
0·2803 
o· 2() I 8 
0·2828 
0·2867 
n·2813 
0·2738 

i 

Belcher. 
ll. :M. S. HcYate. 
Rockehv. 
Clta!ien,~o· expedition, at Georg-etown. 
(.n,,/!t·n/terexpediti;)n,atGreen Mon ntai n: ' 
E. 1 >.Preston, at Georgetown. 
E. U. Preston, at Green .Ylountain. 

·-• ·•-· •• • ·-• ~-----· c>o• ~--.~ 

Rarbwlos. * 

0·4143 E. D. Preston, at Bridgetown. 

Bt'rmnda. t 
--------------,.,.----·--·--·--· ----

1 '890.4 I. 5 ·o6o 1 0.2333 ll • • 8~ : 0.54181 E. D. P<e>ton, at N °'"'" h hland._ .. • ~ 
t For early obf!<'rvat.iomi and at various localities, see Ap1iemlix Ko. 6. Heporr. for 11'85. pp. :.!4(',_24:;, 

We note a systematic decrease, both in tlw horizontal componeut 
and in the total force, between the latest dateg at the following place:-:.: 
At Barba(los, at the Cape Y erde Islands, at Ascension Island, at St. 
Helena, and at Cape Towu. 



 

Blank page retained for pagination 



 

APPENDIX NO. 4-1891. 

RESUI,TS OF THE OBSETI.YATIU~:-\ HECORDEJ) AT THE U. S. COAST AND 
GEODETIC ReRVEY MAUNETIC OB~ERV ATOHY AT LOS AXGELE . .:.:. CAL., 
IN CHAHC:E 8UCCE~SI\0ELY OF MAHCl'S BAKEH, .ACTING ASSI~TANT, 
CARLISLE TERRY, JR., SUBA~SI:-<TANT, AND RICHARD E. HALTEH, 
A:-O:~ISTAXT, BETWEEN THE YK\ Rt; 188:! AND H<89. 

PART lll.-RESULTS OF THE DIFFERENTIAL MEASURES OF THE 
HORIZONTAL INTENSITY. 

Discussion an<l report l•y CHARL1':s A. SCHOTT, Assistant. 

[Submittetl for publication December 31, 1891.] 
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(2) Semianmrnl iue(] t1a1ity of the tliurnal variation of the horizontal for!·(• . 75 
(3) Total solar-diurnal variation during summer, winter, anrl wl101e ye;:;i.r . . 76 
(4) Diurnal variation, in direction and intensity, of the im1ar deflecting fon'c 

in the plane of the horizon . . . . . . . . . . . . . . . . 80 
(n) Annual iuequalit.y of the solar deflecting force . . . . . . . . . . . . . 80 
(6) Total an<l uormal solar.diurnal variation at different seasons . . . . . . . H5 
(7) Copy of bifilar trnce;i, Rh owing the great <listurhm1ce of Nov"m her l7-20, 

1882 . . . . . . . . • . • • . • • • . • . . . . . . . . . . . . . . . 96 
(8) Lunar-tliurnal variation of the horizontal force, C'Ompnrat'ive for thr<-e 

North American stations . . . . . . . . . . . . . . . . . . . 103 
(9) Lunar-diurnal deflecting force from three years of ol1servatio11s . • lOn 

(10) Lunar effect wit.h reference to phases and declination . • • • • • • 108 

IN1'RODUCTORY NOTE. 

The general plan and object of these magnetic observations has been 
exphtined in the preceding Parts I and. II,*" and the instniment.R both 
for absolute and differential measures have there been described. rn1e 
present or third part deals with the reduction, analyi;;is, and dis<mssion 
of the hourly measures of the horizontal force from continuoni;i, photo
graphic registration during seven years by an A.die rnagnetograph. 
The method of reduction lwing, creteris paribu.11, the san.1.e a.R tilrn.t em
ployed in Part II for the differential m('ttRnres of the declination, no 
further exposition of it win 11ere be needed. 

THE BIFILAR MAGNETOMETER • . 
The adjustment of this instrument llas remained undisturbed t from 

the time it was set up to the close of' the obAervationR, and it.~ seale 
value was determined at leaRt once a year. The magnet and ap· 

.. U. S. Coast a.nil Ge-Odet.ic Survey Report for 1889...:190~ Appendices Nos. 8 and 9. 
t Excepting a small change on 1-'chruary 13, 1889. 
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pendages were suspended by two threads each composed of six single 
silk fibers. The scale is mounted on the reading telescope, and iR 
exa.ctly like the scale of tlw unifilar magnetometer; it is placed with the 
zero division towards the north, hence, with the fiye hundredth (or 
last) division towards the south, the numbers as see11 tllrongl1 the 
telescope appear erect and increase from left to riglit. 

The magnet is Hnspeuded in the magnetie prime vertical with its 
north (seeking) end to the west, and increasing ~cale readiBgR indicate 
a movement of the west (or uorth seeking} enll of the magnet towards 
the north, hence correspond to increasing horizontal force. 

The suspension thread consists of double, untwisted, raw silk fiber, 
of six parts; the length is 14·1 inelwR, or 35·8l('m. The distance between 
the suspension fibers at the upper end is 0·242 of an inch or 0·615cm, 
and at the pulley of the lower end 0·374 of an inch or 0·950'"m. 

The torsion head of the bifilar is exactly the same a8 that of the 
uuifilar in size and graduati011. 

The angular value (a) of a division of the scale is found as follows: 
Length of a division of the scale, l = 0·0197 of an inch or 0·05cm, front 
edge of rim of scale to mirror, 41·38 inches; or 105·105cm; thickness of 
rim, 0·065 of an inch or 0·165crn; two-thirds of thickness of mirror, 
O·OG7 of an inch or 0·170cm ;_hence r = 105·44cm, which, when multiplied 
by cos 2i0 in consequence of slant measure,* becomes 105·32cru. 

a= 8437·75 2lr = 0'·8160, which has been adopted. 

To determine the corresponding space on the cylinder through wl1ich 
the luminous dot will move, we have given: the distance from i·ecording 
cylinder to face of mirror, ;)7·84 inches (146·91 cm) +two-thirds thickness 
of mirror, 0·067 of an inch (0·170cm) = 147·08 cm; hence, corresponding 

. O•Oi'i + 14 7 ·08 
spa.ce on cyhnder = --1-r)f.-3

•>. ___ = 0·06982cm or 100 scale divisions 
·'- ... J. ,.;,,J 

equal to G·98cm measured perpendicula.rly to t.he base of the bifila:r 
trace. 

SCALE VALUE IN TERMS OF THE HORIZONTAL FORCE. 

For determining the value of a st•,ale clivh~ion in terms of tlH, forc.e, 
three methods are available; they have all be.t:m employed at l-'os 
Angeles with closely concurrent re:omlts. 

First method (torHion angle).-By this method we have the scale co
efticient 'k expressed in parts of the horizontal component B of the 
force given by 

k =~:=a (n' - n) cot 1' 

, "Mr. Ba.kel" points 011t -that the inclination of the scale to the 110rizoutal plane 
passing thi"ot1gh the certt.er (i)f the mirror should be taken into account in the value 
of :r, in the ca.~e of the bifilar as well a.s of tlrn unitihu-. The scale is 2 iuchea 
(5-@ui),a.bove this plane, and the angle is about 2t0 • 
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where a = t11e value of one division of the scale in radians 
0·8160 . 

= 34;37;75 = 0·00023737 

n' and n =any two scale readings, and 
v =angle of planes of detorsion (in the magnetic 

prime vertical) and of suspension. 
First determination made on September 21, 1882, :rtf. Baker, observer. 

Tlte biiilar magnet was first suspended in the magnetic meridian and the 
plane of detorsion Ukewise was placed, by trial, into the same plane; 
the torsfon bead tlrnn read 60o 30'. A repetition of thiR operation on 
the next day gave 600 32' ·5; the .s:cale l,'ead 254·4. The magnet was 
then removed and a brass weight (to weigh the same as the magnet) 
inserted in its place; the scale then read 126·0; the difference, 128·4, or 
its angular value 0·816 x 128·4 = 1° 44' ·8, is the angle between the 
magnetic meridian and the plane of detorsion; the latter plane lies 
consequently N. 1° 44' ·8 W. from the magnetic meridian. The plane 
of detorsion when in the magnetic meridian reads, therefore, at tbe 
to1·sion J1ead 600 321 ·5 + 1 o 44' ·8 = 620 17' ·3. The bifilar magnet was 
next put in position with the torsion head to read 267° 00', hence 
we have 900 + v = 620 17' ·3 + 3600 00' -267° 001 =1550 17'·3 and 
·v = 65° l 7'·3. 

Putti~1g n 1 - n = 1 for one division, we get 

k = 0·00023737 cot 65° 17'·3=0·0001092. 

Second method (by 1veiglit1J).-By this method we ascertain the clmnge 
of scale readings by the addition of a given weight, say of Tio part of 
the combined weight of the magnet, stirrup, pulley, mirror, and i sus
pensiou. On August 30, 1882, the weight of magnet and appendages 
was found to be 1 7~~0 grains (112·10 grammes), and the weights of the 
two small braRs weights were actually or ostensibly"" the 1 -lro part 
of this. 

The pulley used was the middle-sized one. On September 22, 18S2~ a 
set of observations was made with weights alternately off and on, with 
the mean effect of a diminution of the scale reading with weight on of 
91 ·08 scale divh~ions; hence 

0·01 
k= 91 ·08 = 0·0001098 

Tliird method (by deflections).-For this a special apparatus is pro
vided. A deflecting magnetD, held horizontally in the magnetic merid

. ian, is placed consetmtively at a given convenient distance, and end on 
to the nort~ and to the south of the middle of the biftlar magnet, and 
the deflections of the latter are observed; it is next placed Iiorizontally-

* 'l'hepa..;ticula:r 1mlley referred to is not specified, but~e weigher, Mr. J. J, Clark, 
Oftlce of Stand~d Weights and Measures, was to use the medJum,sized oue.-[Sca.] 
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in the mag11etic prime \'('rt.i,·.al, ernl on to the middle of the unifilar 
rnaguet and at the same distance from it, a8 i11 the ease of the bitilar 
magnet to the east, a11d 'n•st of it, mHl t1H· dt"fieetion of the nniiifar 
magnet is noted. Let n = 1111tnlwr of ~ea.le di\:iRions which the bifilar 
is <letleeted and u =the augle through which the unitila.r is U.etlected, 
then 

tan u 
k=-- -n 

011 September 2!!, 18~:!, a set of detlecti011R was made at a distance 
of 1 foot and 11 indie:-:, or 5H·4:!0

", aIHl it \Ya:-o frm11d that n = 148·77 
scale divisions and u = 68·8:J seale divisions= ti8·8:! x 0'·7H4 = ;)cJ/ 3811 ·6; 
therefore 

RECAPITULATION OF V AI.r:J<~B DE'l'ElDH?-.'ED NEPTEMBER '.!:!, 1882. 

11'irst method (torsion) k = O·OOOlO!l:J t 
Second mdhod (weight~) 10H8 ( nu•an value, 0·0001086 
'l'hird method (deflectiouH) lOtiH) 

It wai-; deemed umH·ce:-;sary to give in detail the obKcrYationR for 
scale values subsequently made; they were all l>y the method of de
flections a.nd at three distances betweeu the extremes, :!·000 a11d 1·8~~3 
feet* (60·96 aud 55·87c01

}, the accord iu the results by tlic several dis
tances is so close tliat we only prPseut here the mean values. 

Synopsis of results for value of one di'.v'isfon of scale of tltc u(/Ua.r, -
expre.r;;sed in 1wrtH of tlte lwrfaon.tal force. 

Year, Month and Observer. I day. 
----- I 

I 

1882 Sept. 22 M.B. 
1882 Oct. 31 M.B. 
1883 Aug. I M.B. 
1884 July 22 M.B. 
1885 July I C. T. 
1886 June 25 C. T. 

1887 Jarr. 4 C. T. 
1887 June 24 R. E. I-L 
1887 Dec. 29 R.E.H. 
1888 June 26 R.E.H. 
1888 Dec. 20 R. E.IL 
1889 Oct. l R.E.H. 

I 

Mean 

I -----

k I'..e marks. 

0·0001086 :Mean fr0m 3 methods. 
2 methods. 

eflections. 
1094 l\fean from 
1082 3 sets of d 
1086 " " " 
1102 " " .. 
1089 " " .. 
1094 I " .. .. 
10:;9 ) " " " 
1097 " .. " 
J IOI " .. " 
1098 " " " 
1091 " .. .. 

0·0001093 
+1 

" .. 
•• 
.. .. .. 

• Tha defieotingmagnet pulls the Lifil:u magnet entirely oft' the sea.le at a distaD6ft 
· , <>f:l ·7,5 feet. ·· . 
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which value ha~ been adopted. The value of k is practically constant 
throughout the period of observations, and would also indicate that 
there was no appreciable loss in the magnetic moment of the bitilar 
magnet. 

The reading of the traces wa8 effected similarly to the method 
employed for reading the uriitilar traces; the hourly tabulation of the 
readings uncorrected for effect of changeH of temperature was made by 
the respective observers. Interpolations were ma<le by me by the 
method already indicated, aoirl such value:-; are given within brackets . .. ,, .. 
DETER~IINA'l'IO.N OF THE TEMPERATURE OF THE HORIZONTAL AND 

VERTICAL .FORCE MAGNE'.rS AND METHOD 01'' ltEDUCl'ION OF OB

SERVATIONS TO A UNIFORM TEMPERATURE.* 

For determining the correction which the tabulated scale readings of 
the horizontal and vertical force magnets require, the following. provi
sions were made: (1) Under each bell glas;:-; near to and parallel with 
the magnets were placed stanclar<l mercurial (centigrade) thermome
ters and read daily at stated times. (2) In the northwest corner oithe 
magnet room, on a shelf about a meter above the tloor, was placed a 
clock and thermograph, as devised by 1\-Ir. WerHer Sue8s, mechanician 
to the Survey, for continuous automatic record of the tempera,ture of' 
the room.t This arrangement consists in a device whereby a need1e 
point is moved with variations of temperature, and depending upon the 
inequality in the coefficients of expansion of zinc and glass, along the 
surface of a revolving cylinder, around which is wrapped a sheet of 
soft paper. Every l1alf hour the clock automatically closes a circuit 
acting upon an electromagnet, by means of which the needle point is 
ma<le to prick a hole in the paper. With unvarying temperature these 
holes are found in a straight line, bnt with varying temperature they 
form curves, the amplitudes of which are proportional to the variations 
of temperature. The clock wa~ placed in position in October, 1882, 
and regular observations commenced November 5, 1882. Prom an in-' 
spection of the curves produced it became evident that the magnet 
room was coldest at about 8 a. m. and warmest a.t about 5 p. m. Or1 
February 1, 1883, systematic observations of the temperatures indicated 
by the thermometers under the bell glasses at a.bout these hours of the 
llay were commenced, thu·s furnishing complete data for the tempera
ture corrections. .After reaching Washington in September, 1884, l'ffr. 
Baker, with the aid of Mr. J. W. G. Atkins, set to work to tabulate the 
thermogr?ims and to deduce the mean daily and hourly temperatures 
of the magnets. From several measures by himself and_ Mr. Terry it 
was fouud that on the time scale (a German silver ruler) 4·648 inches 

*This paragraph is taken from Mr. Baker's record with but slight modification. 
t A description and drawing of the instrument is on file in the Office, viae Mr. 

S11ess'sreportof .Janna.Ty 7, 1883, to the Su[)erintendent, on the mounting and adj~ 
fog of the Adie mu.guetograph at Los Angeles. 



 

REPORT FOR 1891-P _\RT ll. 47 

Rcsuirs of the <liife-rential mcas-nres of the lwrizont4,l intcnsit.11 froni 
obxen;ations recorded at Lo.'! ..Angfllcs, Cal.-Continued. 

or 11·81 cm. repre8euted 24: hours. The ordinate i:-;cale eo11sists of a 
triangle of German silver graduated into equal (but ~ubitrary) i::.paces. 
Thi~ unit space was k of an inch (.:>l'i'i) c~n:), and it was subdivided in 
halves. The numbers, each of 1~; of an inch, range from 7 at the base 
to 36 at the top of the triangle, and in rea:ling the fifteenth line of the 
l'!oale was made to coincide. with the bai-~m line ou the thermogram. 
\Yith this arrangement fric1·easlng 11umbL _s correspond to diminishing 
temperatures. Tenths of divisions were estimated. 

To determine the mean daily and meau hourly temperatures of the 
force maguet.s from tllis tabulation the observer proceeclt•d as follows: 

Let 8 1 ~ s3 _. _ ••• 824 be the scale readings at the hours 1, 2, 3 ... _ .. 24 
and s1n the mean scale reading of the day= -.}4- (·~1 + x:i + s3 f- .. _ ... 824); 
Jet t 1 f 2 t 3 • _ .•.• f'2 4 be t,he temperature of the bifilar (or vertical force) 
magnet. at the hours 1, 2, 3. - . - - . 24 and tm the mean daily temp(>.ra.ture 
or .}4 (t1 + f'1- + t 3 + .. --.. t24), of whieli f11 and f 1; are the only values ob
served; then, ass11ming the variations of the scale rertdings to be pro
portional to the changes of temperature, we have 

whence 

in degrees centigrade. 
Froin this formula the mean daily temperatures of the force magnets 

may be computed. 
To determine the mean hourly temperature for each 'nwnth, let 

8 1 8 2 S 3 . __ ••• be the mean scale readings for a month at the- respective 
hours, and Sh the general symbol for any hour; also let T 1 Tz T 3 • _ •••• 

he the mean temperatures for a month of the bitila.r (or vertical force) 
magnet at the respeetive hours atHl Th the genera,! symbol for any 
hour; then, ab before, 

T = m + (S _ S ) Tn - Ts 
1i .Ls h a .r.J S 

iv11 - 8 

T11-Ts . 
where 

8
- -----8-, is constant for any one month. 
17 - I.I 

The hourly tabulation of the thermograph and the bi-daily readings 
of the bell~glal'ls thermomete1·s were continued ·up to May 10, 1885, 
wben tbe thermograph was discontinued in consideration of the fact 
that the daily range of the temperature of the magnets was quite 
small and the law of its hourly variation well understood. 

As it would serve no particular purpose to encumber this report 
with the hourly 1·ecord of the temperature of the magnet, it will suffiee 
to present here a table showing the diurnal variation of the tempera.
tare of the magnet for the monthly a,verages. The table was taken 
from the ()bserv~s computation. 
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Abstract uf mean hourly temperature of the bijilar magnet. 

[In degrees <'entigrade.] 

1883. 

Local 
Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. Oct. Nov. Dec. 

hours. 
----~----~~~ 

0 0 0 0 0 0 0 0 0 0 0 

I 18·55 21·7 I 21·12 23·36 26-90 28·77 29·02 30·28 25·33 23·17 21·99 
2 18·40 21·62 ;w·98 2_)'28 26·79 28·65 28·87 30·18 25·24 23·03 21·84 
3 18·26 21·55 20·88 23~20 26·70 28·57 28·75 ~0·06 

.) 25·18 22·93 21·74 
4 I 18· 15 21 "46 20·81 2J'l6 26-61 28·49 28·65 29·97 25·r3 22·85 21·62 
5 I 18·06 21·40 20·7 I 2J"09 26-54 28·42 28·55 29·90 25·09 22·76 21·52 
6 17·98 21·32 20·62 2]'07 26-47 28·37 28·45 29·83 25·07 22·67 21·42 

7 1- ----- 17-90 21·28 20·56 2]'06 26-45 28·34 28·42 29·79 25·07 22·61 21·31 
8 17·86 21·27 20·58 23·16 26-56 28·36 28·47 29·77 25·10 ~2·56 21·22 
9 I 7-91 21·33 20·72 23·31 26·75 28·44 28·62 29·85 2s-21 22·57 21·19 

lo 18· 19 21 ·51 20·98 2.r55 27· 12 28·69 28·97 30·02 25·39 2277 21·30 
I I 18·35 21·57 21·09 23·63 27·21 28·81 29·18 30·14 25·48 22·92 21·45 

Xoon. ------ 18·65 2r67 21·25 2J'76 27·32 29·02 29·45 30·35 25·63 23·14 21·7 I 

13 ------ 18·90 21·82 21·45 23·89 27"49 29·28 29·71 30·63 25.79 23'45 21·99 
I4 I l)" I 5 22·01 :21·64 23·99 27·65 29·51 29·99 30·85 25·92 23·75 22·23 
15 19·36 22·16 21·75 24·03 27·74 29·64 30·17 :31·02 26·02 23'97 22·48 
16 19·52 22·28 21·86 24· 11 27·82 29·74 30-26 JI ·15 26·08 24·15 22·65 
17 19·63 22·33 21·92 24·13 27·89 29·80 30·34 31·25 2fr14 24·29 22·80 
18 19·68 22·36 21·99 24·15 27'99 29·83 30·40 31·33 26·22 24·35 22·84 

19 19·64 22·32 21·97 24·13 28·03 29·85 30·40 31·29 26·15 24·25 22·77 
zo 19·5 I 22·23 21·89 24·03 27·95 29·75 30·26 JI' I., 26-00 24·08 22·62 ,) 

21 19·36 22·1 I 2175 23'92 27·78 29·53 "'O'Ol 30·89 25·81 2j"89 22·46 .) 

22 19·17 21·99 21·59 23'76 27·59 29·29 29'74 30·66 25·63 23'68 22·30 
2' 18·99 21·87 21·44 23·62 27·40 29·07 29·53 30·48 25·49 23·46 22·12 ,) 

I 1\lidn't. 18·80 21·75 21·27 23·48 27·23 28·90 29·31 30·30 25·34 23·29 21·97 
! 
1----~-

I .Means. ; ______ 18·75 21·79 21·28 2]'62 27·25 29·05 29·40 30·46 25·56 23·36 21·98 
I 



 

REPORT FOR 1891-PART II. 49 

Results of the d(tfcrentfol measures of tlte horizontal ·intensity 
obsenia.tions recorded at Los Angeles, Oal.-Continueil. 

from, 

.Abstract of m.enn hourly t-empera.ture of the bijilar magnet. 

[In degrees <'entigrade.) 

l.884. 

Local Jan. Feb. 1\·far. Apr. . May. June. July . Aug. Sept. Oct. Nov. Dec. hours. 

0 0 0 0 0 0 0 0 0 0 0 0 

I 20·08 20·54 20·89 21·02 2J'08 25·69 28·37 29·40 27"26 24·86 23·33 21·08 
2 19·93 20·45 20·78 20·93 23·00 25·60 28·24 29·29 27·11 24·75 23·22 20·99 
3 19·1:\o 20"42 20·67 20·87 22·96 25·51 28·16 29·17 27·00 24·65 23·13 20·91 
4 19·70 20·34 20·61 7.0'79 22·92 25·43 28·05 29·12 26·91 24·55 23·06 20·83 
5 19·64 20·27 20·53 20·72 22·87 25·37 27·95 29·or 26-85 24·44 22·98 20·74 
6 19·57 20·21 20·47 20·68 22·85 25·31 27·86 28·93 26·80 24·32 22·91 2:)"65 

7 19·49 20·14 20·40 20·63 22·84 25·28 27·81 28·86 26-75 24·24 22·84 20·57 
8 19·42 ::w·o8 20·41 20·67 22·88 25·34 27·85 28·89 26·76 24·19 22·81 20·51 
9 19·43 20·10 20·44 20·96 23'17 25·73 28·16 29·23 26-93 24·35 22·92 20·52 

IO 19·57 20·18 20·68 21·45 23·32 2576 28·25 29·29 27·05 24·47 23'04 20·68 
II 19·65 20·27 20·76 21·45 23·34 25·84 28·37 29·41 27·22 24·65 23·24 20·87 

Noon. 19·88 20·43 20·89 21·46 23·40 25·95 28·56 29·57 27·41 24·89 23·50 20·84 

13 20·14 20·61 20·99 21·55 23'50 26-03 28·72 29·74 27·58 25·1 I 23·80 21·05 
14 20·43 20·82 21·11 21·64 23·61 26-I I 28·91 29·93 27·75 25·31 24·13 21·26 
15 20·67 21·00 21·18 21·71 23·69 26-16 29·05 30·05 27·87 25·47 24·35 21·45 
16 20·90 21·18 2l"25 21·76 23·77 26·22 29·14 30·17 28·00 25·60 24·55 ZJ·62 I 
17 21'1 I 21·29 21·30 21·84 23·85 26·29 29·25 30·22 28·11 25·71 24·66 21·74 I 
18 21·24 21'40 21·38 22·00 23'95 26·40 29·38 30·29 28·17 25·79 24·75 21·87 I 

I 

19 21·18 21·36 21·38 21·93 23·90 26·39 29·35 30·25 28·15 25·75 24·62 21·81 I 
20 21·01 21·23 21·31 21·81 23·80 26·33 29·25 30·17 28·03 25·6o 24·37 21·64 
21 20·77 21·07 21·21 21·64 23·68 26·24 29·08 30·06 27·88 25·43 24·10 21·47 ! 
22 20·59 20·94 21·o8 21·47 23·56 26-10 28·90 29·89 27·69 25·23 23"84 21·30 ) 
23 20·43 20·80 20·95 21·33 23'43 25·97 28·72 29·73 27·51 25·06 23·65 21·14 

Midn't. I 20·27 20·68 20·82 21·23 2J'Jl 25·86 28·50 29·58 27·35 24·90 23·50 21·01 
I 

Means. I 20·20 20·66 20·89 21·31 23·36 25·87 28·58 29·59 27·42 24·97 23·64 21·10 

U. Ex~ 43, pt. 2 4: 
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Abstract of memi hourly temperature of the &ijUar magnet. 

l.885. 

Local 
hours. 

2 

3 
4 
5 
6 

7 
8 
9 

10 
ti 

Noon. 

I 
I 

I 
I 

I 
I 

I 
I 
I 

Jan. 

0 

20·60 
20·45 
20·37 
20·28 
20·21 

20·14 

20·04 
19·95 
19·95 
19·99 
20·17 
20·42 

Feb. March. 

0 0 

22·14 23·94 
21·97 23·83 
21·87 23·75 
21"79 23·64 
2r71 23·59 
21·59 23·53 

21·48 2]"48 
21·41 23·49 
21·37 23·67 
21·48 23·80 
21·70 23·96 
21·98 24·21 

April. ] 
Local 

Jan. Feb. March. April. hours. 
-1 

24~90 I 
0 0 0 0 

lJ 20·73 22·29 24·47 25·17 
24·78 14 21·07 22·61 24·72 25·26 
24·68 15 21·34_ 22·89 24·84 25·31 
24·6o 16 21·53 23·07 24·93 25·38 
24·53 17 21·70 23·27 25·02 25·41 
24·48 ( 18 21·83 23."44 25·16 25·45 

24·42 I 19 21·77 23·42 25·15 25·45 
24·41 I 20 21·56 23·24 24·99 25·42 
24·60 I 21 21·33 23·02 24·77 25·35 
24·73 I 22 • 21·13 22·76 24·58 25·22 
24·91 23 I 20·97 22·55 24·37 25·12 

25·03 l~fj~-D~~~(!. 20·79 22·35 24·20 25·01 

I Means. 20·76 22·31 24·25 24·98 
I 

The average daily range of the temperature of the maguet is as 
follows: 

0 0 

In January, 1·85 C. In July, 1·54 C. 
February, 1·74 August, 1·70 
March, 1·25 September, 1·49 
April, 1·28 October, 1·38 
May, 1·10 November, 1·86 
June, 1·35 December, 1·50 

Average daily range during the year, 1°·JOC., whieh .-;ma.ll variation 
is, in a great measure, due to the equable di mate of the place and the 
protection afforded hy the double walls of the observatory. The dif
ference of the mean temperatures of the warmest and coldest month is 
likewise small, viz, 90.2 C., on the average during seven years. 

Temperat·u,re coefficient of the bi.filar tnagnet.-Tbe effect of a change 
of temperature of the magnet on its magnetic moment was determined 
in two ways: First, by direct observations, alternately heating and cool
ing the magnet; a.nd, seconclly, by extracting from the (lifferential series 
of observations themr;elves the required temperature correction. 

(a) The direct observations of September 7and11, 1882, by means of 
deflections were made in accordance with "Directions for measurement 
of terrestrial magnetism," Appendix No. 8, Coast and Geodetic Survey 
Report for 1881, pages 155, 156. The biftlar magnet was J)laood south 
end eastward iu a copper box on deflecting bar 2 feet east_.of the uni
filar magnet, and then alternately heated and cooled by means of warm 
wa«~r and ice. Special readings for changes of declination during 
these observations were made with Magnetomet-er No. 8, but .these 
subsequently proved anomalous,• and the average diurnal law of 
change during October was substituted in their place, retaining only 
the first and last readin,g-s. . · 

.,. Supposed dne to the (levelopment of fursion in the en.spension while the temper-
,atnre of the air·'\'VM rapidly ehanging.-So.u. · 
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Results of the d(fferential nieasures of the ki>rizontal i1itensity from 
· observations recorded at Los .Angeles, Cal.-continued. 

The results, however, did not prove satisfactory, as may be seen 
from the observations of September 7, viz: 

Observations for teniperature· ooeffident, q =a: ~o~ u of tlie horizontal 

force mag-net September 7, 1882. 
[Observers: Baker and Suess.] 

I l Read. Local 
Corr'n I Corr'd 

Temp. 
No. I of Unif. 

for l d" d' 1 I rea 1ng time. Mag. iurna UM 
change .• ! · ag. 

(Fahr.). 

h. m. d. d. d. 
I I 00 326-0 +0·1 326·1 0 

------
12 00 I 127·1 +1·6 128·7 35·8 

33 2 127·4 +1·7 129·1 49·5 
50 3 l28·o +1·8 129·8 53.0 

13 05 4 128·5 +1·8 130·3 65·8 
24 5 128·8 +1·6 130·4 71·5 
40 6 129·7 +1·3 131·0 79·0 
50 7 130·2 +1·1 131·3 89·5 

14 o6 8 130·4 +o·8 131·2 81·0 
22 9 130·4 +o·6 I 131·0 70·4 
36 IO 130·21 +0·21 130·4 6o·8 
50 II 130·4 -0·1 130·3 54·3 

15 05 12 130·6 -0·41 130·2 49·0 
35 13 129·8 1 -1·2 128·6 33·0 

-----
I 16 15 328·1 -2·0 ! 326-1 

j 

Combina- U.M. Temp. t-tn reading A ti on. (mean). (Fahr.). (Fahr.). 

d. 0 d. 0 

1 and 13 128·65 34·40 +1·61 +28·61 
2 12 129·65 49·25 +0·61 +13·76 
3 II t30·05 53·65 +0·21 + 9·36 
4 IO 1 3o·35 63·30 --0·09 - 0·29 

s 9 130·70 70·95 --0·44 - 7·94 
6 8 131·10 8o·oo -0·84 -16-99 

7 131·30 89·50 -1·04 -26·49 

Means. l:t %1* 130·26 63·01 
. 4·84 103·44 = s7°·47 c . 

t AU 'values of • and of t- to being ta.ken positive. 

, d. d, O/ 

•=0·794 (326·:r -130·26) = 2 35·5 
·a =0·79413437·75-0'000231 

··~ g = 0·000430 

IDd 1 .. · ·. 3".95. scale divisions of &e horizontal fO£Ce instrument. 
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This value is rather large, and the observations of September 11 give 
a still larger value for q/k, nearly 7 scale divisions; neither· set was 
satisfact-0ry to the observer, hence we have recourse to the method-

(b) Determination of the value of q from the differential observations 
themselves. This is the better method, as it takes in all circumstances 
attending changes of temperature and, in particular,.changes in sus
pension of magnet. For this purpose the series from February, 1ssa, 
to April, 1885, was selected as the interval for which the temperature 
of the magnet was best known. The photographic traces were then 
examined and the dates noted when the traces were smooth and appar
ently normal. ~rhe daily mean t('rnperature (t111 ) corresponding to these 
quiet days and their daily mean scale readings (s111 ) were tabulated for 
each month, and a value for q fl<>duced as follows: The rnonthJy data 
were arranged in two groups, one of days with mean temperature 
above, the other with mean temperature below the average; for each 
group the mean temperature (t) and the mean scale readings (s) were 

taken; hence, q =~~in scale divi8ions, for 1 o C. The following ex

ample will show the process: 

Date. I 

I 
2 

3 
7 
8 
9 

IO 

II 
21 
22 

OCTOBER, 1883. 

----~-~ 

I 
Bm tm Group. Date. I . Bm tm 

! 

I 
d. 0 

I 
d. 0 

315·03 28·49 I 23 318·32 26-81 
316-04 26-76 I 24 321·00 26-46 
319·38 27·07 I 27 325·70 24·00 
322·38 24·82 II 28 329·00 23·42 
322·38 25·14 II 29 328·32 ::?4·45 
321·73 25·73 I 30 323·38 25·58 
322·10 25·78 I 31 324·40 25·31 
321·59 26·04 I 
319·43 25.22 II Mean. 25·66 
319·75 25·14 II 

d. 0 

For Group I we have s=319·40 and t=26-64 C. 
For Group II we have 323·86 24·79 

l::,.8= 4·46 6t= 1·85 
hence q= 2·41 divisions. 

Group. I 
I 

I 
I 
II 
Tl 
11 
II 
II 

The number of quiet days in a month vary from 8 to 19; but 'two 
months, June and July, 1883, failed t-0 give admissible values for q, viz, 
tJ-5 and 4·7, which are abnormally large and were rejected. 

Becapitula-tion of resulting values for q. 

ti. d. ti. d. ti. 
Feb. 1883, 2·57 Sept. 2·93 Feb. 3·09 July 2·00 Dec. 2·04 

·Mar. 2·86 Oct. 2·41 Mar. 2·57 Aug. 2·31 Jan. 1885, 1·71 
Apr. 3·41 Nov. 2·81 Apr. 1·73 Sept. 1·75 Feb. 1·66 
May 3·00 Dec. 3·00 May 1·67 Oct. 2·34 Mar. 2·68 
Aug. 1·37 Jan. 188.J. 2·47 June 3·13 Nov. 3·73 ,Apr. 2·70 
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Results of the di.ffcrent,ia.l measures of tlw lw)·izoutal intensity frmn 
observatfons recorded at Los Anyeles, Oa.l.-Continued. 

]\:lean of 25 values q =2·48± 0·08 scaJe divisions, which value has 
been a1lopted; it is equal to 0·000 2H9± ·000 009 part of the horizoutal 
force.* 

r.rhe next step in the reduction consisted in the application of a cor
rection to each hourly scale reading for difference in temperature of the 
uitilar magnet from an adopted mean or standard temperature To, for 
wl1ich we take 230.6 O., as derived from the monthly mean values for 
temperature of the intensity magnets duriug seven years and given in 
the followi11g table: 

l\:Ionthly mean values of tl1e temperature of the bifilar aud the bal
ance magnets derived from the rf',ading·s of t11e thermomet~rs under the 
bell gJasses of tlie magnetometers, 1882-'89. 

Month. \i Bif. Bal. !Jiff. :J :Month. 
1

1 Bif. 

·----1_-~~----'I ~-·-----1,1 o 

October. 
N oven\Ler. 
December. 
January. 
February. 
?-.larch. 

0 0 0 ,, ' 

25·4 
22·9 

21·2 

19·6 
20'1 
21·2 

24·7 
22·2 
20·6 
18·9 
19·4 
20·5 

1 ApriL 
i! 1\1 ,, 1 ay. 
I' J 
l.11 une. 
I July. 
;I August. 
I September. 
ii 

22·2 

23'6 
26·0 
28·1 

28·8 

28"4 

Bal. 

0 

21·6 
22·9 
25·3 
27·3 
28·0 

27·6 

A verap:e :nrnual tem1wratnre of l•ifi Jar mag·netometer 
Average aunnal temp_erature of lmlanee rnaguetometer 

Di ff. 

0 

o·6 
0·7 
0·7 
o·8 
o·8 
o·8 

0 

2:~·9G C. 
23·2G 

Meau, To 23·0() 0. 
The co1rntant difference (0° ·7) between the temperatures of the mag

nets is due to the circumstance that the hell glass of the bifilar instru
uwnt was high an<l. i·eceivetl more heat from Tadiation of the lamps 
than the low glass cover of tlw balance mag11etornetPr. 

To reduce tlie scale reading (.<;) corresponding to a fr•mpnrature (t) of 
t11e magnet to wliat it would be if the maguet were at the standard 
temperature T 0 , we have, accordingly, the cornw,ti011, .::1 s = 2·48 (t -
To), which correction has Ileen applied tu the tabular hourly :r.·eadings 
for the whole seven-yea.r sei·ies. 

This important but laborious work was entrusted to Mr. J,;. A. Bauer, 
and such aid given him as could be had at tbe time. A full account of 

"After the instrument had been transferred to Sa.n Antonio, Tex., Assistant A. 
Braid made two sets of direct observations f01· q by means of deflect,iona and with 
readiugs of a unifilar IU&gnet. February 19, 1890, from 11 readings, ext•mtling over 
6 hours, and temperature changes of the bifila.l' magnet lwtween 2° and f)()° C.~ he 
fhuucl <1=-0·000193; again, on l<'ebrmny 24, 1890, from 21 readings during 8 hours 
and with t.empura.ture11 varying from oc"5 to 41 o C., he found q =O-<)()() 240 part of the 
horizont.al force. Tb is would itHlicatu that out' adopted value is within the limits 
of uncertainty iru:idental to direct obse1·vation. 
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the detail of tltis process will be found in the footnote•, and appears 
over his own signature. 

,. Re<luction of b~filar scale-readings to stwula1·d tempnYtture, f1So·6 C.-We have from 
above, the correction : 

6 8 =2·48 (t-1'o) (1) 

A8 the hourly thermogram-reading8 tabulated by the observer are not given in 
degre<"s centigrade but in arbitrary scale-divisiomi, it was found most convenient to 
express T 0 = 23'="6 C., as nearly as conhl be, iu thermogram scale-divisions and 
adapt formula (1) accordingly. 

Let m =value of one thermogram scale-divisiou in degrees centigr~de, s1
1 s/ s:/ .. s''.14 , 

the hourly thermogr:im scale-readings, awl S,/ = T 0 exp'ressed in thermogra.m scale_ 
divisions, tlwn we have t =ms' and To= mS0

1
, snhstituting w~ich in equation (1) 

t,bt~re resnltH : 
6 s = 2·48m (s1 -8o') (2) 

To fiud ni and 801 we proceed as follows: 
If t8 and t17 be the readings of the centigra1le thermometer under the bifilar bell

glass at the hours of 8 an<l 17, s's and s'm the corresponding thermogram scale-read
ings, and assuming tha.t the variations of the thermogrn.m readings are proportional 
to the cha11ges in temperature of the magnet, we have: 

or 

and as 

1 . 
So'=8 1s + • 28u ·6-ta) 

'llt \ (3) 

For every day on which the thermob"raph was opernted aud readings of the ther
mometer nnde1· the bell-glnss taken, we shall have one value of m and one of s

0
1 • 

Thia was done from J<~ebruary 1, 1883, to May 9, 1885, inclusive, or 828 days (one day 
having been missed, viz: February 14, 1884). Ouly the mean monthly values wer" 
compnted, however, as it was found that the daily values were subject to consid
erable variation, cl1iefly due to variability of base line of thermogram, necessitating 
a small daily correction to any mean value of m anrl 8 0 ' that might be adopted; 
hence, only approximate values were wanted. 

The mean monthly values are: 

I 1 ! I . I 
: Month.I m: S..1 l,I Month.I m S..' Month.i 
i---1-----

1883 
Jan. 
J•eb. 

.-.1 1---------! ----
d 1883 1 ° d . 1884 'i' " d 

Nov. 1
1 

-0·76 18'2 ' Aug. +o·,6 u· 1 
17·5 Dec. • '67 17·9 . Sept. : ·68 rn·7 

Mar., 
Apr. 
May 

June 
July 
Aug. 
Sept. 
Oct. 

"76 19'0 I 
'83 18·7 I 
·n 19·0 I 
·n 19·3 i 
•75 18·9 I ·-----\ 

1884 
Jan. 
Feb. 
Mar. 

Apr. 
May 
June 
July 

'74 17·7 ' 
·78 is·o : 
•75 18'3 ! 

i 
I ·5a , 7 ·s I 

•67 18·0 ! 

I 
·68 1s·5 I 
"67 19'6 ! 

, I 
l-V~ is·_.• 

l 

Oct. I 
Nov. 
Dec. 

1885 
Jan. 
Feb. 
Mar. 
Apr. 
May 

·7r xo•9 
"6q JI '2 

·74 u·5 

·73 u·6 
·76 u·6 
·73 11'4 

•74 u"1 ! 
·79 u·1 ------

0·1; ., .• 
[Of all.} 

Prom Febr11ary, 1883, to 
.July, 1884, inclusive, de
creasing scale-readings 
corre.sponded·to i·ncrea~
ing temperatures, but in 
August, 1884, the base 
line was changed so that 
increasing s ca 1 e - read
ings corresiwnde<l to in
m•etl8iRf1 temperatures. 
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Results of the d(tferential niea.su.res of the lwrizonta.,l 1"ntensity from 
obserNitions recorded at Los Angeles, CHl.-Continned. 

We adopt theu: 

1-''ebruary, 1883-July, 1884 
Angnst, 1S84-May, 1885 • 

Substituting these va.hwi-l in eqnatiou (2), we get: 

11l 
0 

-0·73 
+o·73 

FeL., 1883-Jn1y, 188-i 
Aug., 1884-May, 188r> 

6 :-:; =-2·48 X 0·73 (s' -18·4) =-1·8 (s 1 -18·4) 
6 S=2··U~+ x0·73 (s'-11·2)=+1·8 (s'-11·2) 

The correctiou obtaine<l from these equa.tions constituteB the primary fomperature 
correction to which a small secondary correction has to be applied, due to variabil
ity Qf base line of thermogram :.uHl to re.<luction of temperature of thenuograph, or 
room, to that of the bifilar magnet. This secondary correct.ion is obtained by noting 
the tlifferences in the co1Tections at Sil and 1711 , as derived fron1 ahove formnhl:. aud 
as derived from the absolute ternperatnre-readings a.t these hours autl llit'.ltri!Jnti11g 
these differences uniformly over the interval. This secondary correetiou may 
amount to 3 bifilar scale-di visions, but is generally less than 2 (on the average 
about 1), whereas the primary may amount to ~O; the average tota.l c9rrection for 
the seven years i10 about ± 6. Conveniently arranged tables were then constructecl 
&nd the tmnperat1ire correction supplied in this way from February, 1883, to May 9, 1885. 
For 8h and 1711 the corrections were obtained from the absolute temperature read
ings. For this portion of the work the data for supplying the· temperature eorrec· 
tion were best knowu, and hence these two years form the strongest part of the 
series. On May 10, 1885, the thermograph was discontinued and only the tempera
tures of the thermometers under the bell-glasses at g1i and 171>. were observed, these 
being very nearly the hours of minimum a.ud maximum temperatureti. 

Method of Bupplying tcmperat1u-r. correction from May 101 18851 to September, 1889.
From a discussion of the complete series of hourly temperature correction>; for the 
two years beginning with February, 1883, and ending F~bruary, 1885, the following 
tables we1·e drawn up: 

Diu·1~nal i•ariatioti of temperature cm·rectio~. 

[Expressed in bifilar scale-divisions, one division being equal~ 0.000109 in parts of II. A. plus sign 
indicates greater, a minus sign lesR t.emperature than mean of day.] 

Hour. 

Feb.• Feb., I I Mean. 
1883, 1884, Mean Sum- Winter 

to to of I mer th Hour. 
Feb., Feb., a years.lmonths. mon s. isa,.. 1885. Apr. to Oct. to' 

------·--- Sept. Mar. I 
··~::-1· -a•56 -a«.p lj -0·,.9 I -0·66 -0·32 l--1-3h-

6 -0·8:1 · -0·68 -0·75 I -0·87 -0·63 I[ 14 

-0·92 I -o'g8 -1·11 -0·85 ;( 15 3 

• 
5 
6 

1 
8 

9 
lO 

II 

Noon 

-1·04 

-1"18 

-1'45 
-1·&.t 
-1·6g 
-1·72 

-1·52 

-o·95 
-0·68 

-0·18 

-1·oS -1·13 -l":U -1·05 i! 16 
'I 

-1·29 -1·37 -1«•1 -1·26 11 17 

-1·41 -1·541-t.·64 -··«\I di 
-1·62 -1·65 -1·12 -1·5s 1j r9 

-1·6..f. -1"68 I -1·63 -1'73 11 

-1·17 -1'35 -1·09 -1·61 11 

20 

2J: 

22 -0·85 -0·90 -0•55 -1·25 i 

-0"58 -0'63 -0'32 -0·94 ii 113 

-0'18 -f-o'o6 -o· '41 :; ~lldn't 
)I 

Feb., 
1883, 

to 
Feb., 
188 •. 

+•·38 
+o•9; 
+1·31 
+1·62 

+i:·S6 
~-Oll 

+•'99 
+1·64 
+1·16 

'+o•6q 
+o·25 

-0·18 

Feb., 
188.41 

to 
Feb., 
1885. 

+o•27 

+0·69 
+1·o6 

+x'36 
+1·6o 

+x·86 

+1·73 

+:1··1 
+1·02 
+o·rn. 
-t-o"l>Q 
-g·1:1 

Mean. 

Mean Sum- ,,.. t 
of mer '• in er 

2 yea.rs. month, months. 
Apr. t~· Oct. to 
Sept. .M11.r. 

+0·32 +0·52 
+o·S1 I +o'90 
+1·18 

+1 ·49 
+1•73 
+1·9'4 

+1·82 

+i·53 

+n'9 
+o·66 

+1·18 

+1·39 
+1·&, 
+1·81 

+1·76 

+1·511 

+t'o8 

-J:-o'63 

+o•13 
-to·,,. 
+1·18 
+1·58 

+1·86 

+2•07" 
+r89 
+1·54 
+i•gg 

-to·"68 
+o·114 +o•:12 +0·25 
-0· 15 -o· 18 -c.·:r:• 
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Hours of minimum and maximum temperatures for the ·varioul! montha. 

Month. 
Minimum. Maximum, 

I I883. 1884. ;885. 1883. 1884. 18~5. 
,--
I 
I h. h. h. h. h. h. 

Jan. I 8 8 18 J8 

Feb. I 8 8 9 18 18 18 
i Mar. 8 7 7 rS 18 18 I Apr. 

I 
7 7 8 is 18 18'5 

. :\iay 7 7 18 lB 
June I 7 7 19 18'5 

July 7 7 19 18'5 

Aug. 7 7 18 18 

Sept. ~ 7 18 18'5 

Oct. 7 8 18 18 

Nov. 8 3 iB 18 

Dec. 9 8 18 t8 

~-·---

From the foTf•going tabh·s an<l curves constructed from them we l~arn the fol
lowing: 

1. Tlw 11ii11imu.m ternpm·at111·e of day oPcurs n.t aho.nt 7h 30m a. m., on the yearly aver
ag<', happening ahont half an honr earlier in Rnuuner and half an hour later in 
winter. 

2. The maximum tempcrat11re occurs at abont 6 p. m. both in winter and snmruer, 
and is alJout 0°·1 C. higher tlian at 17h, as re«onled by observer. 

3. Tim te1nperatures at 171• aucl HJh are very nearly the same. 
4. The law of change between 8 11 and 17" can be taken as a linear one, the mean of 

these l1onrR occnrriug at alrnut 1211 30111 • 

5. The mean of 17li and 8" (of next day) occurs at about 23.5h, the law of change 
\)(>tween the time of thit-i mean a.nrl 19h :u1d 7h (of 11ext, da.y) being very nearly a 
linear one. 

The ahove <\eduetiona were tit.ilized as nearly as could be in supplying the tem
perature corrections at a1l hours other than 8h and 1711, which, as befol'e, were 1leriveu 
from the ahsolnt.e temperature readings. 

Te1npe1·atur<: <:orrcdion for October, 188.JJ, to February, 1883.-Tbese fonr rnontlu;i re
quired special treatment, antl coulil not be handled until after the dh~cnssion of the 
complete two-year !:!cries of hourly temperature corrections, as giveu ithove. As 
tlrny form the beginuiug- of the sevPu-year series, the data for supplying the temper
ature eorree.t,ion '\Vt-re, neces~mrily, 1uore or less incom1)letc. 

:F'or October tlie ab:-;olute temperature reading of tlrn magnet was taken once a day, 
and occasionally twice, giving om.~ or two corrections every day. The diurnal law 
of change, as determined from the mouth~ of Cktoher, 1883 and 1884, was then ap
plied diffe1·entially to the ,i,solitary correct.ion. Similarly the first four day1:1 in 
November had to he treated. Ou November 5, 11 a. m., the thermogra.m readings 
hegan and a solitars reading of the thermometer nuder the bell glass taken, g(>nerally 
at 9 a. rn. OccasionaJJy, lwwever, two readings were taken. Prom this tlay to .Feb
ruary 1, 1883, the method, as explai1wd in the first part of this paper, was followed. 
These four mont.hs constitute the weakest part of the series. 

The temperature correctionsohtainerl h,v 111e, as explained in the preceding remarks, 
were applied to the ollserver's ta.hu1ated 11ifilar scale readings, and a new copy fur
nished by Mr. W. C. Maupiu, of the computing divi::iiou. The revision of his work 
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.Results of tile d(fferenHa.f measures of tlte ltorizontal -iutensity from 
observations recorded at Lm; .Angeles, CltJ.-cont.inued. 

and the :furnishing of the monthly hourly means was intrusted to Mes1;rs. James 
Page and J.B. Boutelle, both or the computing di dsiou. Tbe daily aud nwutbly 
weans were snp1•lied with the aid of a comptometer. 

An approximate check upon the work was ohtained by a comparison of the 
monthly hourly means with the ollSl'ITer·s, approximately corre<:te<l for tempera
ture. The close agreement of the t·wo mouthly means derived from the hourly and 
from the daily means 1$ervc.d as a further check against gross error1:1.-[L. A. HAlJER, 

April 1, 1891. 
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AND GEODETIC $UR VEY, LOS ANGELES, CAL. 

component of the mag1iet-ic force. 

for each month, 1882 t-0 1889. 200 diYi>1iont,1 +tabular quantity; one division of scale equals 0·000109 of 
divisions indicate inc1-easiug force.] 

1311 1411 151.t 1611 171> 1811 19u 2oh 21b 2211 23.ll Midn't Mean. 

---·-

124·9 124·9 126·8 126-0 126·1 127·4 128·0 126-9 127·2 129·5 128·1 129·9 127·9 
I J6·4 116·8 IJ7·3 118·6 u9·3 117·2 120·2 118·4 l l9·2 I J 8·5 I19·5 ( 21·9 119·2 
125·5 I 27·8 129·3 129·9 130·8 130·2 129·8 n8·3 128·9 129·7 129·5 130·4 130·0 

130·0 133·3 134·6 135'0 134·6 135·0 135·1 134·4 133·8 133·8 134·7 134·4 134·2 
129·4 130·2 131·2 130·2 130·3 130·9 130·5 130·8 131 ·2 131·4 133·2 132·9 132·8 
133·0 134·5 135·4 136·4 135·8 134·2 134·5 133·7 134·6 135·3 135·5 136-9 135·7 
136·2 135·7 137·4 138·2 137·4 137·2 i3r6 139·0 139·8 139·8 140·4 140·5 138·8 
143·2 143·3 142·5 141·4 140·3 139·6 140· 3 . 140·7 140·9 142·0 142·1 143·9 142·2 
142·6 142·5 141·5 138·2 137'2 138·3 138·1 140·2 14.0·5 142·2 142·4 142·4 141·4 

136·9 136·6 134·2 134·2 133·0 133·5 133·8 133"9 134·6 135·5 t36'3 136-3 136-1 
137·1 137·8 138·0 138·2 136·9 137·6 137"7 138·7 139·2 139·0 139·8 140·1 l38·3 
128·9 130·2 131·4 131·1 129·8 129·2 130·1 130·1 129·0 128·2 129'7 129·9 129·7 
123·3 124·5 124·3 124·9 124·5 125·3 125·9 125·8 126·3 126·0 125·1 126-8 124·9 
119·3 120"1 120·4 I 19·7 120·2 120·8 119·8 I 19·7 119·7 120·2 120·8 120·1 120·5 
115·6 117·6 119·3 120·0 120·4 120·2 120·0 119·7 119·5 l 19·5 I 19·0 I 19·8 119·5 

114·4 I 17·7 120·8 122·1 121·7. 121·8 121"9 121·7 121·0 120·9 121·0 121·6 120·3 
116·8 117·1 I 18·4 120·0 120·5 121·7 121·8 121·3 120·3 120·6 121·1 122·0 122·2 
l19·4 121·5 122·6 122·4 121·9 120·8 121·2 122·0 121·9 123·2 122·9 123·7 122·5 
124·3 125·4 126-3 125·9 124'5 124·4 125·0 125·4 126-9 127·1 I 2fr7 127'6 126-4 
133·0 133·3 131·5 130·5 129·3 129·5 130·1 130·8 131 ·7 131·8 132·7 133·2 132·0 
132·8 132·3 130·8 129·1 127·9 127·9 129·0 129·2 129·8 130·3 130·6 131·0 130·9 

127·5 126·5 125·5 123·6 122'2 122·9 124·1 124·7 125·0 125·1 126-8 127·0 126-0 
123·3 122·9 122·9 122·5 122·6 124·5 124·7 124·9 125·2 125·4 125·4 u5·5 124·3 
118·5 I 19"1 118·3 118·2 I 18·1 118·4 117·9 l 18·7 119·5 u8·7 119·7 l 19·6 118·8 
113·3 114·0 114·5 114·4 113·8 IJ3·8 112·8 112·3• 112·6 113·3 IIJ"5 I 14·4 I 14·2 
109'"3 110·6 II 1·7 I 12·7 112·7 113·6 113·0 113·1 t 12·5 · 112"'2 I 12· 3 112·9 113·3 
109·3 IIJ"O I u·5 113·6 I IJ'7 l 13·5 112·6 lII'J II 1·3 II 1·7 l l 1'2 111·9 112·7 

108·3 109·8 110·9 111·1 111·0 111·9 111°8 111·7 112·2 I 12·0 I 12"2 I 11·8 I l 2"1 
1o8·2 1o8·5 t09·3 109·2 109·8 rn9·7 l [0'5 109·6 110·2 110·0 110·4 110·7 110·5 
105·1 1o6·4 108·7 109·7 109·4 109·5 109'5 109·8 109·5 109·6 lo~r9 110·6 109·6 
111·0 111'0 lll"5 II 1·9 112·1 I I 1'2 110·5 109·6 109·4 109·5 109·8 I 10·3 I I0·8 
10~;-5 109·0 1o8·2 107·0 105·7 1o6·6 1o6·9 1o6·7 107·1 107·6 107·0 109·1 109·2 
110·6 109·7 1o8·9 1o6·7 104·9 104·5 105·1 1o6·1 1o6·3 107·2 108·3 1o8·3 108·1 

110·8 110·6 107'9 105·9 105·1 104·8 106·1 1o6·2 1o6·0 rn7·4 108·2 109·5 108·2 
10'2·6 102·8 IO:&·o 99·9 98·7 99·0 99·4 100·6 rno·8 100·5 102·5 103·3 101·7 
94·3 g6·1 96·3 95·4 95·5 . 95·7 95·8 96·0 95·4 96·0 9')·2 97·6 96-4 
94·5 95·3 95·5 95·3 95·6 95·6 94·4 94·9 94·7' 94·2 95·1 95·6 95·2 
go-6 91·7 93·::z 94·0 94·5 94·2 94·2 93·6 93·2 92·8 93·4 93·6 94·1 
90"5 90"8 92·4 92·8 93·2 92·8 92·6 92·3 92·5 92·6 91·8 92·2 93· 1 

84·0 85·3 87•1 88·4 88·6 88·4 88·2 87·6 87·7 88·0 88·1 89·1 88·9 
89·9 89·s 89·7 90·5 91·3 91·9 90·8 90·6 91·2 90·9 90·9 91·0 92·3 
86·4 88·1 89·7 88·0 89·0 88·1 89·4 89·6 89·0 89·6 89·7 90·3 90·1 
88·5 89·1 89·7 88·8 88·8 87'2 88·3 89·7 87"5 89·2 89·5 89·5 89·6 
92·1 92·0 91·7 89·6 88·4 88·0 88·3 89·0 90·4 90·3 92·3 93·1 91·5 
95·5 93·7 90·3 87·9 88·0 87·6 89·2 90·0 90·4 90·8 91·9 93·5 92·4 
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MAGNETIC OBSERVATORY OF THB COAST 

D~fferenUal observations of the lwrizonta.l 

{Recapitulation of mean hcnn·1v valn('s of reduced scale-readings for magnet at normal tom11crnture 
· horizontal force. lucrea8iug scalu 

I 
Year. [~Ionth.1 1h zh 3h 4h 511 6h 7h Sh 9h 1011 I Ill Noon 

I 
~-- i----~i ----··-~~---c~•·-·--~~-··-----

I 
1886. l July i 90·7 90·9 90'4 90·4 90·5 91·3 89·6 8]'4 srs 87·7 88·7 89·6 

Aug. 90·0 90·2 89·9 89·6 90·3 89·7 87 5 84·1 8]"6 84 .. ~ 86-2 87·5 
Sept. , 87·8 88·6 89·3 89·6 90·0 89·4 86-5 84·0 82·3 83· I 84·7 86·4 
(kt. I 83·7 84·4 84·0 85·1 85·1 85·1 83·9 79·7 78·1 79·5 8 ..... 9 80·8 

I !'ov. 78·2 78·1 78·9 79·2 79·7 80·0 79·8 79·1 77·1 75·5 75·0 73"7 
' Uec. 75·7 75·8 76· I 76·5 77·6 77·6 78·5 79·2 79·5 77·3 73·4 72·3 

1887.J Jan. 74·9 74·5 74·6 75·3 76-3 76-4 77·0 76-9 76-6 72·9 67·2 66·2 
Feb. 7_r6 74·o 75·o 75·7 76·2 76·4 77·4 78.6 78·0 76-0 72·5 71·4 
Mar. 76·1 77·2 78·3 77·4 77·5 77·1 77·5 76·6 77·2 77·0 75·9 75·6 
Apr. 77·2 77·1 78·2 78·1 78·7 78·6 77·0 75·1 74·7 74·1 73·6 72·9 
May 76·8 77·2 76·8 77'3 77·6 77·1 76-1 74·9 75·1 74·9 74·8 74·6 
Jnne 79·2 79·o 79·6 79·1 79·1 79·8 78·7 76-8 76·3 76·5 76-5 77·3 

July 78·0 78·5 79·1 78·8 79·1 79·1 77·5 74·6 74·4 75·9 77·0 78·0 
Aug. 74·7 75·4 75·7 75·7 75·7 75·4 73'5 71·9 72·1 73"3 73·3 73'9 
Sept. 71·8 71·4 72·3 72·9 1 2 ·5 72·1 70·3 68·6 ·u8·o 68·8 68·6 68·7 
Oct. 68·8 69·6 70·1 70·4 70·6 70·5 69·9 68·5 66·1 64·9 66-4 66-9 
Nov. 65·8 67· I 66-4 66-8 6]"3 67·5 68·1 67·2 66·1 64·8 63·3 63'7 
Dec. 62·9 63"4 63·8 64·4 65·0 65·5 65·9 66·0 65·3 63"5 61·5 59·4 

1888.1 Jan. 59·3 59·1 60·6 61·9 62·2 63'1 6]'6 63·7 62·7 60·0 55·7 56·0 
I Feb. 6]"8 64·4 65·5 65·9 66·4 66-4 65·8 65·6 65·3 64·6 64·0 63'8 

I Mar. 66·6 66·9 67·5 68·3 67·9 67·5 67·2 64·9 64·0 63·2 62·3 61·8 
I Apr. 67·6 68·<; 68·8 68·6 69·0 69·3 68·3 66·5 65·5 63·9 63'6 63·4 
j .\Jay 68·1 68·7 68·7 68·4 68·7 68·5 67·4 66-2 66·7 66-9 66·9 66-3 
I 

fune 69·1 68·7 69·2 69·2 69·5 69·7 68·2 67·1 66·7 68·0 68·4 69·2 i -
I July 67·6 67·6 68·0 6q·4 68·0 68·2 66·9 65·I 64·5 65·1 66·3 67·0 

I 
Aug. 64·9 65·5 65·9 65·9 66-o 65·8 63·8 60·7 60·3 61·2 62·8 64·5 
Sept. 62·3 62·2 6j"I 63'4 63·8 63·0 60·4 58·1 5T6 59·3 59·6 60·1 
Oct. 59·7 6o·1 61·1 61·2 61·2 60·9 60·4 58·5 56·8 56-5 56·8 57·4 
Nov. 56-1 57·2 58·0 57·7 58·2 58·7 58·7 59·3 59·3 57·3 55·3 54·8 
Dec. 56-3 57·6 58·3 58·7 59·1 59·8 59·9 6o·5 59·7 58·2 55·8 54·2 I 

i 
1889. Jan. 56-0 56·3 56-7 57·0 5T6 58·4 59·0 59·5 58·9 56·5 53'6 53·2 

Feb. 55·5 55·9 56·0 56·6 56·9 5M•o 56·8 57'3 57·1 55·6 54·3 53·7 • I 
Mar. 59·8 60·4 6o·7 60·9 61·0 60·6 6o·5 60·0 59"7 60·4 59"7 59·4 
Apr. 66·4 66-4 t.6·4 66-4 66·6 66-4 65·5 64·1 63·8 63·5 6]"8 64·3 
May 66·9 67·1 67·2 67·3 67·2 67·2 66-1 65·2 65·8 66-5 66-9 67·4 
June 71·5 71·7 71·9 71·8 71·8 71·6 71·2 71·3 717 72·1 72·2 72·0 

July 73'1 73·3 73·5 73·4 73'2 73·1 72·3 71·5 71'4 72·0 72·5 72·9 
Aug. 72·8 13·2 73·2 73·2 72·9 73·0 71·8 70·4 70·7 7 I 'I 7i·9 72·3 
Sept. 71·6 71 ·7 72·2 71·7 71·6 7 I ·t 69·7 68·0 6]'5 67·7 68·0 69·0 
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component •if the magnet,ic force. 

for ea.ch month, 1~8Z t.o 188!!. :?On divisions+ tabular fJ lta11t.it~·; onr. 1lidi'!ion of sC'a.1<> P<Jnals 0·000109 or 
di\·io;ioni;; imlkate iur-reiio;i11g forC'e. J 

r3h 14h 15" 16" ti' i8h 19h zoh 21h 22h 23b Midn't 11ean.1 

88·8 88·2 87·8 86-2 84·6 84·8 86·5 87·3 88.7 88·7 89·4 89·6 88·6 
I 

8S·o 87·5 86-5 85·6 84·9 84·5 84·5 85·9 86·2 86·7 87·8 88·9 87·1 
86-3 8fr4 85·3 84·8 84·9 86-1 87·3 86-8 87·2 8fr I 86·1 87·9 86·5 
81·3 79'7 80·7 80·9 81·2 151·5 80·9 81 ·7 80·8 81 ·8 g.., . ., 83·3 81·9 
7~·2 .) 73'3 73·5 7 5· I 76·7 77·6 77"2 76-2 76·9 77·0 76-5 78·2 76·9 
70·6 71 ·7 72·7 74·2 75·0 74·4 74·5 73·5 74·0 i3"9 74·5 74·2 75· I 

68·1 70·1 72·7 74·3 74·2 74·1 73'9 74·1 72·9 73'5 73·3 73·8 73·5 
71·6 1 r ·s 70·9 71·0 7' ·7 72·3 71·8 72·0 7 I ·8 71 ·9 72·1 72·6 73·6 
75·5 76·0 75·8 74·7 75·4 75·1 75·1 74·8 75·5 75·) 75·2 75·7 76·2 
74·2 75·4 75·2 75·2 74·1 7 3" .3 7 3·5 73·0 73·4 74·8 75· 1 75·2 75·3 
75·2 75·4 75·3 74·0 72·7 72·0 71·8 73·0 74·2 73·8 75·8 76-3 75· 1 

77·5 77·7 76-9 75·9 74·4 74·4 75·3 75·7 76·4 77"4 76-9 78·6 77·3 

78·6 78·1 76-3 74·3 73·8 74·3 74·9 75·5 75·8 76-4 76-5 77·4 76·7 
7 3·1 71·3 70·5 69·5 69·3 70·8 71·6 70-7 71·4 72·0 72·8 74·9 72·9 
68·4 67·7 67·4 6j'4 67·5 67·9 69·4 68·3 70·.., ."> 69·0 69·4 70·3 69·5 
67·3 6r5 67·2 68·4 68·4 68·6 68·2 68·2 68·4 68·3 68·1 68·7 68·3 
64·0 64·2 65·1 65·1 65·5 6y4 65·5 65·0 64·4 64·6 64·6 64·7 65·5 
58·9 59·4 61 ·1 62·3 62·3 62·8 61·8 61·2 61·4 61·9 61·9 62·9 62·7 

57·2 58·4 59·9 60·5 59·9 60· ... 60·5 60·2 59·1 59·4 59·6 59·2 60·1 
-~ 

64·8 64·7 64·0 63·9 64·2 63·8 63·2 63·7 64·3 63·9 63·8 63'7 64·6 
62·5 64·0 64·7 65·2 65·1 65·3 65·1 64·7 64·7 64·9 65·4 66·9 65·3 
65·7 66-2 66-5 67·3 66·6 66·6 65·3 65·6 65·6 67·2 66·8 67·2 66·6 
67·5 67·0 65·6 64·2 63·6 64·3 6.n 64·5 64·1 64·9 66·5 67·0 66-4 
68·2 67·0 66·3 65·0 64·4 64·2 65·4 65·9 66-7 66-8 67·5 68·3 67'4 

6ro 66·7 65·2 6T5 61·9 63·2 6]"8 65·1 65·4 66-o 66-1 67·1 66-o 
65·5 65·2 64·0 62·0 61·9 62·5 62·6 62·8 63·0 6]'5 64·1 64·5 63·7 
60·7 61·0 60·3 59·8 59·0 5g-6 60·4 60·7 60·9 61·1 60·8 62·5 6o·8 
57·1 57·4 57·4 57"9 58·5 57·8 58·3 5TO 56·7 57"4 58·0 59·0 58·5 
53·8 54·4 56-6 57·1 5fr9 56-5 56-4 56-0 55·8 56-1 55·6 55·5 56·7 
54·4 56-0 57·5 58·4 58·2 58·2 57'4 56-0 55·1 54·8 55·6 56-2 57·3 

55·3 57·1 57·6 58·1 57'3 56-4 56·2 55·8 55·9 55·6 55·4 55·5 56-6 
53·9 55·0 55·7 5fr6 56-6 56-2 56-0 55'3 55·0 55·0 55·1 55·2 55·8 
59·6 6o·o 6o·1 60·4 60·5 60·4 59·7 59·5 59·7 59·5 59'9 59·6 60·1 I 
65·0 65·8 6fr2 65·8 65·7 65·3 64·5 64·5 65·0 65·6 65·8 65·7 65·4 
67"4 67·4 67·0 66-6 66·3 66-6 66·2 66-3 66-6 66-6 66·6 67·1 66·7 
71·8 71·1 70·7 70·7 70·6 71·0 71·3 71·5 71·6 71·7 71·9 71·8 71·5 

73·1 72·3 7r-6 71·5 71·4 72·3 72·1 72·4 72·4 72·8 72·7 72·9 72·5 
72·4 72·4 72·1 72·2 72·2 72·5 72·4 72·5 72·2 72·4 72·5 72·6 72·3 
69·7 70·2 70·4 70·3 70·6 70·9 70·9 71·0 71·5 71·7 71·2 71·6 70·4 
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General examhiation of tlte differential series for changes in the hori
zontal force.-Looking over the values of monthly means, they a1~e 
seen upon the whole to diminish, as might be expected from our knowl
edge of the secular diminution of the horizontal component. Closer 
inspection, however, reveal8 tbe fact of several anomalomo: values at 
tlrn beginning and at the end of the series, while between these limits 
the descent is gradual, wHh an exhibition of six minor undulations 
corresponding to the annual variation. 

The daily means for October and November, 1882, are broken and 
very irregular. The extremes for October originate in three breaks of 
the zero of the scale, for which corrections have been applied. These 
irregularities I attribute to twist in the suspension .fibers under the 
influence of variations of lieat and moisture, to which they had not 

0

been subjected before. The apparent irregularities in November are 
due to the great magnetic storm, already referred to in Part II. 

Between th13 middle of February, 1889, and the close of the series 
in September following there is an anomalous rise, but coupled with 
the fact of a very feeble and almost obliterated diurnal variation, 
pfainly showing. that the motion of the magnet was resisted, probably 
by spider threads. On February 13, 1889, the observer notieed that 
something was wrong and turned the mirro~, which demanded a cor
rection of -16 divisions to all subsequent readings. Omitting- these 
defective months, also October aud November, 1882, our series extends 
from December, 1882, to February, 1889, inclusive, or covers six years 
and three months. During this period· tliere is but one day (July 3, 
1884) without observation, and a1togetber there are but a few hourly 
gaps in the hourly tabulation. These gaps were filled up by inter
polation with due regard t,o the diurnal variation (during tlrn month) 
aud with regard to any progressive change at the time, as explained in 
Part II. 

Such interpolated hourly coordinates are djstinguished by brackets 
in the tabulation. 

Connection of th.e d~fferential series ·u itli tlie absolute measures.-For 
this connection there al'e available 225 determinations of H, with cor. 
responding scale readings (s) during the period December, 1882, and 
February, 1889. The time of reference (lo) will be the middle of the 
series, or .January 15, 1886, for which epoch we have the mean monthly 
sea.le reading less 200, or s0 = 96·1 divisions. Dividing the seventy.five 
months into six ,groups and taking for each the oorresponding values 
of H from Pa.rt I and s from Part III, the absolute measures when 
referred to t0 become as follows: 
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Re.sul-ts of the differential measures of the horizontal intensity .from, 
observations record,e,d at Los A·ngeles, Cal.-continued. 

Group. I I. l IL I III. 1 IV. \ V. \ VI. 

! i I I I I 
Period. { :Dec.,I 882• iy 88 'Y 88 !y 886 ]y 88 j Jan., 1888• ;10Dec.,'83.I' ear I 4.i ear I 5·i ear I . ear I 7. to Feb.,1889.' 

; ! • I 
~ 1 ; 

Mean of H (dyne). ! 0·27308; 0·27296
1 

0·27272 0·27262 0·27265 0·27255 
Mean of s (divisions)~ 131 ! 120 j 100 !' 86 72 61 
s - so. ! + 35 + 24 I + 4 - IO - 24 - 35 I 
-0"000109 (s - s0 ).

1 -0·003821-- 0·002621- 0·00044 + 0·00109
1

+ 0·00262 + 0·00382! 
Same in dyne. I - o·oorn4:-0·00071!- 0·00012j+ 0·00030.+ 0·00071 + 0·00104: 
H_ at to. / 0·27204j 0·27225i 0·2726ol 0·27292/ 0·273361' 0·27359, 
Difference from mean j + 0·00076j + 0·0005 5 i + 0·00020 - o·ooo 121- 0·00056 - 0·000791 

Heneetherelation: Ils = 0·27280 + 0·0000297 (s - 296·1), expressed in 
dynes. 

The small differences between the reforrt''l values, though systematie, 
must be attributed to the absolute measures aud perhaps some small 
part may be due to other causes. 

By means of the above formula we obtain the resulting annual values 
of H as depending 011 tile montlaly mean scale readings, viz: 

Year. Sy Hy 

1883·5 332·8 0'2iJ89 
1884·5 3z2·0 357 
1885·5 304·1 304 
1886·5 286·7 252 
1887·5 272·2 20<} 
t888·5 ?-62·8 181 

-

Annual change of the lwrizont.a.l cvmponent of the force.-The annual 
change of B, which is the effect of the secular variation during one 
year, may be exhillited in two ways; first by means of monthly differ
ences, s11owing t.he greater or Jess unifor1nity in tlie annual change (a) 
when brought out for each month, and secondly by deducing a from 
the annual means. 
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The following table contains for each month the differences of scale 
readings for the years 1883 aud 1888, for the years 1884 ancl 1887, and 
for the years 1885 and 1886; hence in the aggregate uine times the 
annual change. 

i I L1s 

I Month. i 1883 

-'88 

L1s LJs 

1885 
-'86 

9a a 

I
I Month. I L1s L1s L1s I 

1883 1884 1885 )' 
-'88 -'87 -'86 I 

a 

~----------- -------- --------1·----~---1 

Jan. 
Feb. 
Mar. 
Apr. 
M.ay. 
June. 

I 74·1 

/ 68·2 
J 70·4 
! 72·2 

i 75·8 I 74·0 

46-8 
48·6 
46-3 
51· 1 

56-9 
53·6 

23·2 
18·2 

19·5 
21·2 

17·7 
15·7 

144·1 
135·0 
136-2 
144·5 
150·4 
143·3 

16·0 July. 
15·0 Aug. 
15·1 ; Sept. 
16·0 ,

1 

Oct. 
16-7 I Nov. 
15·9 ! Dec. 

.I 
i 

70·1 

74·6 
68·9 
66·4 
63·8 
62·2 

49·3 
51·4 
49·3 
45·9 
47·8 
50·0 

19·6 I 
14·6 
9·9 

1 3·3 
17·2 
18·0 I 

I 

139·0 
140·6 
128·1 

125·6 
128·8 

130·2 

15"4 
15·6 
14·2 
14·0 

14·3 
14·5 

i5·2 I' 

Annnal decrea8e a = 15·2 scale divisions, = 0·001436 iu parts of H, 
= 0·000-!5!.! of a <lyne. 

Operating with the annual means we have: 

Vear. 
I 

Sy--200. 

•883·51 132·8 

1884·5 122·0 

1885·5 I 104·1 
1886-5 I 86-L 
1887·5 72 .. 2 
1888·5 I 62·8 

I 
Mean 1886-0 I 96·8 

' 

Beale division for any year, s.v = 96·8 +a, (t - 1886·0); hence the nor
mal equation, 0 = + :J58·4 + 17·50a, and a= -14·8 scale divisions, 
which value is adopted. 

Expressed in parts of the force we l1ave a1 = - 0·00161, a value in 
very good accord with the deduction made by me in 1885 for stations 
San Diego and Santa Barbara, Cal., for which - (}·0017 and - 0·0<~14: 
were found (see Appendix No. 6, Report for 1885, p. 271). According 
to the same paper the horizontal intensity was a maximum about 1860, 
since which time H has been declining. The value of a, in dynes is 
0·000440. 

The absolute measures give a smaller value, but they are considered 
too rough in comparison with the differential measures. 

A nntud variatiQn o.f the h<>rizontai .force.-This is readily made out 
by tabulating for each year the monthly means of the scale readings 
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Results of the d(fferenUal rneasurm:: of the horizontal intensity from 
observations recorded at Los Angeles, Oal.-continued. 

and correcting the same for annual decrease of force. This correctiou 
in scale divisions is as follows: 

January, - 6.8 
February, - 5·5 
March, -4·3 
April, - 3·1 

- May, - 1·8 
June, -0·6 

July, + o·6 
August, + 1·8 
September, + 3 ·I 
October, + 4·3 
November, + 5·5 
December, + 6·8 

Applying these corrections we get the correcte<l. means of scale 
readings: 

Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. Oct. Nov. Dec. Mean 

1883 127·4 127'3 131·4 135·7 140·4 140·8 136-7 140·1 132·8 129·2 126·0 126·3 
1884 113·5 u6·7118·2 123·3 130·2 130·3 126-6 126·1121·9118·5 n8·8 119·5 
1885 105·3 105·0 105·3 107·7 107-4 107"5 108·8 103·5 99·5 99·5 99·6 99·9 
1886 82·1 86-8 85·8 86·5 89·7 91·8 89·2 88·9 89·6 86-2 82·4 81·9 
1887 66-7 68·1 71·9 72·2 73·3 76·7 77·3 74·7 72·6 72·6 71·0 69·5 
1888 53·3 59·1 6ro 63·5 64·6 66-8 66-6 65·5 63·9 62·8 62·2 64·1 

Mean I 9r4 93·8 95·6 98·2 rno·9 rn2·3 rno·9 99·8 96-7 94·8 93'3 93·5 - 96·81 
Mean-96·8 -5·4 -3·0 -1·2. +1·4 +4·1 +s·5 +4·1 +3·0-0·1 -2·0 -3·5 -3·~ 

-1tt ll-f-j·-3.6 -+4.'--+lt·~-+n.;,-+n..i.,.,f·~ -o 3 -·'"·i-.tof. -7 1. 

The In.st line constitutes the annual variation, showing a regular 
annual j,eriodic change with a maximum horizontal force in June and 
a minim·~m in January, range 10·9 divisions, or 0·00119 parts of the 
force, or ' 000324 dyne. This variation depends on the sun's declina· 
tion. 

InequaUtu of range in a.nnual 'Variati.on.-It was thought desirable 
to invest; -:~e whether our series indicates an inequality in the range 
of the annual variation, which may be connected with the sun-spot 
period. A.n exact evaluation of the annual variation, however, is a 
matter of ~'.)me difficulty, since we must be certain that the instrument 
has not l •dergone any sensible cliange in its adjustment during the 
year, and 'iecondly, that the correction for change of temperature wars 
satisfac~ •ily applied. Even for self-recording instruments, snch as the 
.Adie mab "'tograph, it requires a combination of two or three years to 
bring out .... onsistent i·esults. Taking the first three years and the la.gt 
three years we get the annual variation (A) in scale divisions, as fol
lows: 

Periods. Jan. Feb. Mar. Apr. May. June. July. Aug. Sept . Oct. Nov. Dec. Range. 
. 

1883-•1 -:;-4·z-3·3 -1·3 +2·6 +6-4 +6'6 +4'4 +3·6 -1·5 -3·9 -4·8 -4-4 11·4 1886-• -6·5 --2·6 -1-0 +0-2 +2·o + 4·s +3·s +z·s +•·s o-o -2·0 -2·1 11·0 

J 
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or 

At Dublin, Ireland:" 
Toronto, Canada.t 
Philadelphia, Pa.:;: 
Los Angeles, Cal. 

Max. in June. 
July. 
Jnly. 
June. 

Min. in Feb. 
Dec. 
Tan. 
jan. 

Range in part!S of H. 

1.'he annual variation A can be expressed lJy: 

sd 
A= 4·77 sin ( ll+2760·4) 

O·OtHJ3:.!0 sin ( &+276°·4), ex.i;>ressed in parts of H 

·0015 
·0016 
·00088 
·ex>119 

when• the angle H counts frou1 .January 1 a,t the rate of 30° a month; 
tlie nu1g-e is accordingly 0·00104: H. The annual variation becomes 
zero a fow days after the equinoxes, and reaches its extreme values a 
few days after the solstices. 

Total rlittrnal '!Jariation of the horizontal .f.>rcc.-This variation has 
been called total, in order to di::;tinguish it from the solar-diurnal vari
ation, in which latter all (large) disturbances are excluded; in the 
present case no scale readings whatever were omitted from the tabula
tion. The following table contains for any one month the differences 
oi:· t.he monthly mean of 24 hours from the monthly mean for eve,ry 
single honr, i. e., the diurnal variation for every month expressed in 
:-:cale <liYh;iom~. 

------- .~.--~-.- ~-c·-----

""Lloy<l's Trea.tii;e on Magnetism, ll• 166. t \Valker's Prize Essay for 1865, p. 266. 
t Coast Survey Report for 1862, p. 201. 
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.r.1-0nth. 

Jan. 

Feb. 

Mar. 

Apr. 

Year. 

1883 
1884 
1885 
1886 
1887 
1888 
1889 

Mean. 

1883 
1884 
1885 
1886 
1887 
1888 
1889 

Mean. 

1883 
1884 
1885 
1886 
1887 
1888 

Mean. 

1883 
1884 
1885 
1886 
1887 
1888 

U. S. COAST AND GEODETIC SURVEY. 

DIFFERENTIAL OBSERVATIONS OF THE HORIZONTAL 

Differences of monthly means (in sea.le divisions) 

(1 scale"diYiaion=0.000109 H. A + sign indicates greater, 

1b 2h 3h 4h 5h 6h 70 8h 9h 1oh 11h Noon 

+0·9 +o·8 + 1·6 +2·2 +2·4 +3·1 +3"4 +2"4 +1·2 -2·7 -6·6 -5·8 
+0·7 +2"1 +2·5 +2"2 +3'2 +3"5 +3"7 +2·8 -0·2 -5·2 -9·5 -8·7 
--0·1 +0·1·+1·7 +2·o +J·o +3·3 +3"7 +4·1 +2·4 -1·1 -4·2 -4·9 

o·o +0·5 -0·2 +1·6 +2"3 +3"6 +3"7 +4"5 +4·8 +1·0 -2·7 -4·6 
+1·4 +ro +r1 +z·o +2·8 +2·9 +3·5 +3"4 +3·1 -0·6 -6·3 -7·3 
-0·8 -1·0 +0·5 +1·8 +2·1 +3·o +3·5 +3·6 +z·6 -0·1 -4·4 -4·1 
-0·6 -0·3 +0·1 +0'4 +1·0 +1·8 +2·4 +z·9 +2·3 -0·1 -3·0 -3·4 

+0'2 +0·5 +1·0 +r7 +2·4 +3·o +3·4 +3·4 +z·3 -1·3 -5·2 -5·5 

+1·6 +r4 +2·2 +2·8 +3"4 +4·1 +4·6 +3"5 +2·5 -e·9 -1·8 -2·1 
+0·7 +r1 +z·o +z·6 +2·9 +3·4 +4·5 +s·5 +s·o +2·6 -1·5 --5·0 
+0·5 +0·9 +1·8 +z·3 +z·s +z·7 +1·8 +1·6 -0·4 -0·3 -1·4 --2·7 
-0·8 +0·2 +1·1 +1·4 +1·8 +z·s +3·2 +4·2 +4·1 +z·9 +1·3 -2·0 

o·o +0·4 +1·4 +2·1 +2·6 +2·8 +3·8 +s·o +4"4 +2·4 -1·1 -2·2 
-0·8 -0·2 +0·9 +1·3 +1·8 +1·8 +1·2 +1·0 +0·7 o o -0·6 -0·8 
-0·3 +0·1 +0·2 +o·8 +1·1 +1·2 +1·0 +1·5 +r3 -0·2 -1·5 -2·1 

+0·1 +o·6 +1·4 +1·9 +z·3 +2·6 +2·9 +3·2 +2·5 +0·9 -0·9 -2·4 

+o·6 +1·3 +1·9 +z·5 +2·7 +2·7 +1·5 +o·6 -0·4 ---0·7 -1·7 -2·5 
+1·6 +3·1 +3·1 +J·6 +3·1 +3"4 +z·5 -o·z -3'2 -3·6 -3·8 -3·9 
+1·4 +1·3 +1'9 +3·o +2·9 +2·7 +z·9 +0·9 -0·3 --0·7 -2·7 -4·5 
+2·8 +3·9 +z·8 +4·5 +3'9 +2·8 +z·6 +0·9 -0·9 -2·0 -3·4 -3·8 
-0·1 +1·0 +z·1 +1·2 +1·3 +0·9 +1·3 +0·4 +1·0 +o·8 -0·3 -0·6 
+1·3 +1·6 +2·2 +3·0 +2·6 +z·2 +1·9 +0·4 -1·3 -2·1 -3·0 -3·:S 

+1·3 +2·o +2·3 +3·o +z-8 +2·4 +z·I +0·4 -0·8 -1·4 -2·5 -3·1 

+3"4 +2·8 +2·3 +2·8 +z·s +2'4 +2·o -0·2 -2·4 -3·6 -3·6 - 3·o 
+1·7 +1·8 +2·9 +3·1 +2·8 +3'4 +0·7 -0·7 -1·5 -1·4 -3·2 -3·3 
+0·1 +0·7 +r8 +1·6 +z·S +2"5 +r2 -0·8 --2·5 -2·7 --1·8 -1·1 
+0·4 +2·1 +z·o +z·z +2·7 +3·4 +1·5 --0·4 -1·1 -1·5 -1·3 -1·2 
+r9 +1·8 +z·9 +2·8 +3"4 +3"3 +1·7 -0·2 -0·6 -1·2 -1·7 -2·4 
+1·0 +1·9 +z·2 +2·o +2'4 +2·7 +1·7 -0·1 -1·1 -2·7 -3·0 -3·2 

Mea:-1+1·4 +1·8 +2·4 +2·4 +z·8 +3·o +1·5 -0·4 -1·5 -2·2 -2·4 -2·4 
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FORCE, DECEMBER, I882, TO FEBRUARY, r88g, INCLUSIVE. 

of each hour from niewn of month. 

It - sign less force than the mem1 for the month.] 
--~-~~-~-~"-

Mdn't.1 13h J4h 1511 16h 17 11 18li 19h 2oh 21h 2211 ..,.,.,1. 
~.) 

--------·-~----------------------
i 

-4·2 -0·9 +0·4 +o·S +0·4 +o·8 +0·9 +0·2 -0·4 -0·4 +0·5 +0·2 
-5·9 -2·6 +0·5 +1·8 +1·4 -+-I ·5 +1·6 + 1·4 +0·7 +o·6 +0·7 +1·3 
-3·8 -2·3 -J·2 -1·0 --1·1 -0·2 -0·3 -0·4 +0·1 -0·1 +0·1 -0·3 
-4·9 -]'6 --1·8 -0·5 -0·3 -0·5 -0·7 --1·3 -1·2 -09 -0·8 +0·2 
-5·4 -3·4 --0·8 +o·8 +0·7 +o·6 -to A +o·6 -0·6 o·o -0'2 +0·3 
-2·9 -1·7 -0·2 +0·4 --0·2 +0·2 +0·4 +0·1 -1·0 -0·7 --0·5 -0·9 
-1·3 +0·5 +1·0 +1·5 +0·7 -0·2 -0·4 -0·8 -0·7 -r·o -1·2 -l'l 

---~-------

-4·1 -2·0 -0·3 +0·5 +0·2 +0·3 +0·3 o·o -0·4 -0·4 -0·2 o·o 
----- --- -~· ~~- ~-···"· . ~ --~-·~-------· 

-3·4 -2·6 -1·6 -2·6 -2·5 -1·9 --2·3 -2'0 --1·6 -1·4 +0·4 +0·1 
-5·4 -5·1 -3·8 -2·2 -1·7 -0·5 --0·4 -0·9 -1·9 -1·6 -l'I -0·2 
-2·3 -2·0 --1·2 -1·3 -07 -0·8 o·o -0·9 -0·3 -0·5 -0·1 +0·2 
-2·4 -2·8 -2·6 -1·8 ·-1'0 -0·4 -1·5 -1·7 -1·1 -1·4 -1"4 -1·3 
-2·0 -2·1 -2·7 --2·6 -1·9 ~-1·3 -1·8 -1·6 -1·8 -- 1·7 -1·5 --1·0 
+0·2 +0·1 -0·6 -0·7 -0·4 -0·8 -1·4 --0·9 -0·3 -0·7 -0·8 -0·9 
-1·9 -0·8 -0·1 +o·8 +o·S +0·4 +0·2 -0·5 -0·8 --0·8 - -0·7 -0·6 

-2·5 -2'2 -1·8 -1·5 -r·1 ---0·8 --1·0 -1·2 -1·1 -1·2 -0·7 -0·5 
--··-=~:.::; ..... -_.:...:..::....:~.:..::-..:::..:::::::-_-::...-=::.::..:..=.:.==--=::;:::::::::: 

-2·7 -1·2 ---0·3 +0·7 +0·1 --1·5 -1·2 -2·0 -l'l -0-4 -0'.! +1·2 
-3·1 -1·0 +0·1 -0·1 -0·6 -1·7 --1·3 -0·5 -0·6 +07 +0·4 +1·2 
-4·5 -3·2 -0·9 +0·1 -0·2 -O'I -0·1 +0·2 -0·1 o·o -0·1 +1·0 
-3·7 -2·0 -0·4 --2·1 -1·1 -2·0 -0·7 -0·5 -1·1 -0·5 ----0·4 +0·2 
-0·7 -0'2 -0·4 -1·5 -0·8 -1·1 -1·1 -1·4 --0-7 --0·9 -1·0 -0·5 
-2·8 -1·3 -0·6 -0·1 -0·2 o·o -0·2 -0·6 -0·6 -0·4 +0·1 +1·6 

------~----·---------

-2·9 -1·5 -0·4 -o·s -0·5 --1·1 -0·8 -0·8 -0·7 ---0·2 --0·2 +o·8 
- -- -· ·--- - --~ -

-2·6 -3·1 --1·4 -0·6 -1·4 -1·6 -r·2 +0·2 +1·0 +1·0 +1·6 + 1·7 
-2·1 -·l'O ---0·1 -0·5 --1"9 -2·0 -1·4 -1·0 +0·5 +0·7 +0·3 +1·2 
+0·2 +0·2 +0·7 +1·1 +1·3 +0·4 -0·3 -1·2 -1·4 -1·3 -1·0 -0·5 
-1·1 -0·5 +0·1 -0·8 -0·8 -2·4 -1·3 +0·1 -2·1 -0·4 -0·1 -0·1 
-1·1 +0·1 -0·1 -0·1 -1·2 -2·0 -1·8 -2·3 -1·9 --0·5 -0·2 -0·1 
--0·9 -0·4 -0·1 +0·7 o·o o·o -1·3 -1·0 -1·0 +o·6 +0·2 +o·6 

-1·3 -0·8 -0·2 o·o -0·7 -1·3 -1·2 -0·9 -0·8 o·o +0·1 +0·5 
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DIFFERENTIAL OBSERVATIONS OF THE HORIZONTAL 

IJijferences of monthly means (in scale dii,isions) 

{l scale division= 0·000109 H. A+ sign bi.dicates grea.«'r 

Month. Year. I 1h 64 

May. 1883 +1·3 +1·1 +1·1 +ro +1·7 +2·o +1·0 -1·7 -1·8 -0·6 -0·3 +0·9 
1884 1+1·1 +1·2 +o·6 +0·5 +1·2 +1·2 -0·1 -1·4 -0·4 +1·0 +0·7 +0·5 
1885 )+0·9 +2·4 +2·5 +2·2 +2·7 +z·3 +1·3 +0·9 +0.9 +1·1 +0·9 +0·9 
1886 1+1·9 +2"9 +2"7 +2·6 +3"2 +2·9 +1·4 -1·5 ·-2'3 -1·2 -0·6 +0·5 
1887 i+1·7 +2·1 +•'7 +2·2 +2·5 +2·o +1·0 -0·2 o·o -0·2 -0·3 -0·5 
1888 1+1·7 +2·3 +2·3 +2·o +2·3 +2·1 +1·0 --0·2 +0·3 +0·5 +0·5 -0·1 

---1 

Mean. ,+1·4 +:z·o +1·8 +1·8 +2·3 +2·1 +0·9 -0·7 -0·6 +0·1 +0·2 +0·4 
-c----'-'=~=coc=ic·=·~---============= 

i 

I June. 1883 \+1·8 +2·9 +1·4 +1·9 +1·9 +1·7 -0·3 -·2·3 -2·4 o·o +1·8 +2·3 
1884 l--0·1 +1·0 +o·6 +1·2 +1·4 +2·o +0·7 o·o +0·1 +1·2 +0·9 +1·8 
1885 ;+0·3 +1·0 +x·o +1·1 +1·4 +2·5 +0·9 -0·7 -0·7 +0·1 +1·5 +2'5 
1886 :+o·6 +1·4 +1·5 +1·2 +2·1 +2·o +1·3 o·o +1·0 +z·o +3·2 +3"3 
1887 i+•·9 +1·7 +2·3 +1·8 +1·8 +2·5 +1·4 -0·5 -1·0 -o·S -0·8 o·o 
1888 1+1·7 +1·3 +1·8 +1·8 +2·1 +2·3 +o·8 --0·3 -0·7 +cv6 -f-t·o +1·8 

Mean.1+1·0 +1·6 +1·4 +1·5 +1·8 +2·2 +o·S -0·6 -0·6 +0·5 +1·3 +2·o 

i 
I Jn1y. •8831+2·4 + 2·• +'-7 +n +2·S +J·o +,.6 +0-1 -•·3 --o-s +0-3 +0·7 

1884 +0·4 +1·3 +1·2 +1·6 +z·z +z·z +o·6 -1·9 -1·5 o·o + 1·5 +z·s 
1885 +2·2 +1·8 +2·0 +z·3 +2'5 +J·1 +1·1 -2·4 -2·9 -1·4 +o·s +1·9 

I 
1886 +z·1 +z·3 +1·8 +1·8 +1·9 +z·7 +ro -1·2 -1·1 -0-9 +0·1 +1·0 
1887 +1·3 +1·8 +2'4 +2·I +2·4 +2·4 +o·8 -2"1 -2·3 -0·8 +0·3 +1·3 
1888 +1·6 +1·6 +z·o +1·4 +2·0 +2·2 +0·9 -0·9 -1·5 -0·9 +0·3 +1·0 

___ M_e_an_. /+_~:7 +1·8 +1·8 +1·9 +2·2 +2·6 +1·0 -r4 -1·8 -o·S +0·5 +1'4 
--~--~-----~ i 

Aug. 
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of each howr ft'om 'Jnean of ·m,onth-Coutinned. 

a-sign less foret• than the mean fol· the month.) 
--- ·---~-~----------~-

13h 

1.0 + 
+ 
+1·0 

0·3 
+o·6 
+o·r 
+1·1 

+0·7 

+1·2 
+1·9 
+2·5 
+3·1 
+0·2 
+o·8 

+1·6 

+o·8 
+1·5 
+2·6 
+0·2 
+1·9 
+1·0 

+1·3 

-1·2 
-1·0 

+0·9 
+0·9 
+o·.:z 
+1·8 

+0·3 

14h 

+1.1 
+r3 
--0·2 

+o·s 
+0·3 
+o·6 

-+ o·6 

+1·1 
+1·4 
+1·6 
+1·3 
+0·4 
--0·4 

+0·9 

+0·5 
+0·5 
+2·4 
-0·4 
+1·4 
+0·7 

+o·8 

-o-s 
-1·4 
+1·1 
+0·4 
-1·6 
+1·5 

-o·t 

15h 

+0·3 
-0·5 
-1·0 

+0.2 
+0·2 
-o.8 

--0·3 

+0·1 
-0·1 
+o·S 
-2·1 
--0·4 
-1·1 

-0·5 

-1·9 
-0·5 
-0·3 
-0·8 
-0·4 
---0·8 

-0·8 

.-0·3 
-1·4 
+0·3 
·-0·6 
-2·4 
+0·3 

-0·7 

161> 17b 18h 

-0·8 -1·9 -:i·6 
-1·5 -2·7 -2·5 
--2·2 -J'S -2·6 
-1·9 -3·1 -3'5 
-1·1 -2·4 --3·1 
·-2'2 -2·8 -2·1 

-1·6 --2·7 --2·7 

-3·2 -4·2 -3·1 
-·--1·8 -3·0 -3·0 
-1·4 -3"2 -]"6 
-4·5 -4·4 -4·8 
-1·4 -2·9 -2·9 
-2·4 --3·0 -]"2 

-2·4 -3·4 -3·4 

-1·9 -3·1 -2·6 
-2·4 --3·8 -3·r 
--2·3 -3·1 -3·4 
-2·4 -4·0 --3·8 
-2·4 -2·9 -2·4 
-2·5 -4·1 -2·8 

-2·3 -3'5 -3·0 

--0·1 -1·4 --0·7 
-1'8 -1·7 +0·2 
-1·8 -3·0 -2·7 
-1·5 -2·2 -2·6 
-3·4 -3·6 -2·1 
-1·7 -1·8 -1·2 

-1·7 -2·3 -1·5 

19b 2oh 

--1·9 -1·5 
-1·9 -1.·2 
-2·3 -2·5 
-3"2 -2·5 
-3·3 -2·1 
-2·7 -1·9 

-2·6 -2·0 

-3·3 -1'2 
-1·9 -1·7 
-3·0 -2·0 

-3·2 -2·4 
-2·0 -1·6 
-2·0 -t·5 

-2·6 -1·7 

·-2·3 -2·2 
-1·9 -1·3 
-2·1 -2·0 
-2·1 -1·3 
-1·8 -1·2 
-2·2 -0·9 

-2·1 -1·5 

-0·6 +0·4 
+0·4 +o·6 
-2·3 -1·1 
-2·6 -1·2 
--1·3 -2·2 
-1·1 --0·9 

-1·2 -0·7 

-
21h 22h 23h Mi<ln't. 

-1·3 -0·2 --0·1 +1·7 
--0·3 -0·2 +0·7 +1·2 
-2·1 -1·6 -2·2 --0·1 
-1·1 --1·2 +o·8 +1·6 
-0·9 -1·3 +0·7 +1·2 
-2·3 -1·5 +0·1 +o.6 

-1·3 -1·0 o·o +1·0 
-"-~--------

-0·9 +o·8 +1·0 +1·0 
- ··-I· I -0·6 -~0·3 +0·1 
·--1·8 --0·9 +0·2 +0·2 
-2·0 -- 1·6 -0·5 +1·1 
-0·9 +0·1 --0·4 +1·3 
-0·7 --0·6 +0·1 +0·9 

-1·2 -0·5 o·o +o·S 
-· ·---- - . ·-

-1·5 -0·6 +0·2 +0·2 
-f·o -0·9 +o·8 +1·0 
-2·2 -0·8 o·o +1·3 
+0·1 +0·1 +o·8 +1·0 
--0·9 -0·3 -0·2 +0·7 
--o.6 o·o +0·1 +1·1 

-1·0 -0·4 +0·3 +0·9 

+0-9 +0·7 +•·s +1·8 
+0·9 +1·1 +1·1 +1·2 
-0·9 -1·2 +o·8 +1·6 
-0·9 -0·4 +0·7 +1·8 
-1·5 --0·9 -0·1 +2·0 
-0-7 -0·2 +0·4 +o·8 

--0·4 --0·1 +0·7 +1·5 
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Month. 

Sept. 

U. S. COAST AND GEODETIC SURVEY. 

DIFFERENTIAL OBSERVATIONS OF THE HORIZONTAL 

Differences of monthly means (in scale di,v·isions) 

[1 scale divfaion=0·000109 H. A+ siJ.'ll iudicates greater, 

Year. I ill 2h 3h 4h 5h 6h 7h 8LI 9h 1oh I lb Noon. 

1883 ,+1·8 +z·o +z·o +3·1 +z·5 +3"4 +0·4 -2·9 --3·9 --3·6 -3·5 -2·5 
1884 '+1·9 +1·6 +z·6 +3·o +3·2 +z·3 --0·3 -3'2 -4·0 -3'7 -2·4 -1.2 
1885 1+2·2 +2·8 +2·6 +J·2 +3"5 +4·1 +1·8 -0·9 -2·8 -3·1 -2·9 -3·5 
1886 1+1·3 +2·1 +2·8 +3·1 +3'5 +2"9 o·o -2·5 -4·2 -3·4 -1·8 -0·1 
1887 1+2·3 +1·9 +z·S +3'4 +To +2·6 +o·8 -0·9 -1·5 -0·7 -0·9 -0·8 
1888 1+1·5 +1·4 +2·3 +2·6 +J·O +2·2 -0·4 -2·7 -3·2 -1·5 -1·2 -0.7 
~~-]~~~~~~~~~~~~~~~~~~~~~~~~~~~~-
Mean. :+1·8 +2·o +2'5 +3'1 +3'1 +2·9 +0·4 -2·2 -3·3 -2·7 -2·1 -1·5 

! 
1-o==========-j=-======~===========================================-==--=--=--=-

Oct. 
I 

1883 +2·o +z·s +3·4 +3·6 +3'4 +2"7 +0·5 -3·6 -4·8 -s·o -4·8 -4·1 
1884 +1·2 +z·o +2·4 +3·o +J"I +2·7 +1·8 -0·8 -2·3 -2·7 -2·1 -1·6 
1885 +0·3 +1·3 +1·8 +2·3 +z·6 +2·7 +1·9 -1·2 -3·4 ·-3·4 -2·5 -1·5 
1886 

1

+1·8 +z·5 +2·1 +3'2 +3'2 +3·2 +z·o -2·2 -3·8 -2·4 -1·0 -1·1 
1887 +0·5 + 1·3 +1·8 +z·1 +2·3 +z·z +1·6 +0·2 -2·2 -:r4 -1·9 -1·4 
1888 1+1·2 +1·6 +2·6 +2·7 +2·7 +2·4 +1·9 o·o -1·7 -2·0 -1·7 -1·1 

Mean. l+1·2 +1·9 +2·4 +~·8 +2·9 +2·6 +1·6 -1·3 -3·0 -3·2 -2·3 -1·8 

=N=T=o=v.===18=8=3=1'+0·5 +1·2 +1·8 +3·5 +3'7 +J"I +z·S +o·6 -1·7 -3·8 -4·2 -2·6 
1884 +0·9 +r7 +2·7 +3"3 +z·S +4·1 +3·8 +3·o +0·9 -1·5 -4·2 -4·8 
1885 +0·7 +1·7 +2·o +2·8 +3·1 +3'1 +3·2 +2·2 +0·3 -2·0 -3·0 -3·2 
1886 +1·3 +1·2 +2·o +2'3 +z·8 +3'1 +2·9 +2·2 +0·2 -1·4 -1·9 -3·2 
1887 +0·3 +1·6 +0·9 +1·3 +1·8 +2·o +2·6 +1·7 +o·6 -0·7 -2·2 -1·8 
1888 -0·6 +0·5 +1·3 +1·0 +1·5 +2·o +2·o +2·6 +2·6 +o·6 --1·4 -1·9 

Mean. 1+0·5 +r3 +1·8 +2·4 +2·6 +2·9 +z·9 +z·o +0·5 -1·5 -2·8 -2·9 

=D=-=ec=.==1=8=8=2=1-=0·1 +0·2 +1·2 +1·3 +1·9 +2·4 +J·6 +3"9 +3"2 +0·2 -3·6 -4·8 
1883 \+0·1 +0·7 +1·8 +2·o +3·o +J·8 +4·o +2·8 +o·S -3·0 -5·8 -fr1 
1884 ,-0·4 +0·2 +1·1 +2·o +z·7 +3·o +3·8 +3'7 +z·4 -0·5 -4·2 -4·0 
1885 --0·1 +0·4 +1·4 +1·8 +2·2 +z·6 +J·2 +3·7 +1·9 +0·1 -2·7 -3·7 
1886 '+o·6 +0·7 +1·0 +1·4 +2·5 +2"5 +3"4 +4·1 +4"4 +z·2 -1·7 -2·8 
1887 !+0·2 +0·7 +1·1 +1·7 +z·3 +z·S +3·2 +3"3 +z·6 +o·8 -1·2 -3·3 
1888 1-1·0 +0·3 +1·0 +1·4 +1·8 +2·5 +2·6 +3'2 +z·4 +0·9 -1·5 -3·1 

Mean. j-0·1 +0·5 +1·2 +1·7 +z·3 +z·S +3'4 +3"5 +2·5 +0·1 -3·0 -4·0 
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FORCE, DECEMBER, 1882, TO FEBRUARY, 1889, INCLUSIVE. 

of each hour frorn mea.n of uwntlt-Continued. 

a-sign less, force than the mean for the :tnonth.J 

• 1311 14h 15h 16h 171> 18h 1911 2011 211> 2211 23h Midn't. 

-0·8 +o·s +1·7 +1·4 +o·r --0.5 +0·4 +0·4 ·-0·7 -1·5 o·o +0·2 
-0·3 +0·3 --0·5 -0·6 .-0·7 --0·4 -0·9 -0·1 +0·7 --0·1 +0·9 +o·S 
-2·1 -0·3 -0·1 -r·o -0·9 --0·7 -0·6 -0".j. -1·0 -0·4 -0·2 +1·2 
-0·2 -0·1 -1·2 -•·1 -1·6 -0·4 +o·8 +0·3 +0·7 --0·4 -0·4 + 1"4 
-1·1 --1·8 -2·1 -2·1 -2·0 -1·6 -0·1 --1·2 +~·8 -0·5 -0·1 +o·8 
-0·1 +0·2 -0·5 -1·0 -1·8 -1'2 -0·4 -0·1 +0·1 +0·3 o·o +1·7 

--0·8 -0·2 ---0·4 -0·8 -I·I -0·8 -0·1 ---0·2 +0·1 -0·4 o·o +1·0 
·--~---~-

-1·6 --0·4 -0·6 
-0·9 -0·2 +0-3 +0·2 -0·4 -0·4 -1·4 ·-1·9 -1·6 -0·9 -0·7 +0·2 
---0·7 +0·1 +0·3 +0·1 +0·4 +0·4 -0·8 --0·3 -0·5 -1·0 -0·1 +0·4 
-0·6 -2·2 -2·1 --1·0 -0·7 -0·4 -1·0 -0·2 -1·1 -0·1 +0·3 +1·4 
-1·0 - o·S -1·1 +0·1 +0·1 +0·3 -0·1 -o·t +o·x o·o -0·2 +0·4 
-1·4 -I.I -1·1 -0·6 0'() -0·7 -0·2 -1·5 -1·8 --1·1 -0·5 +0·5 

-1·0 -0·8 -0·7 -0·2 -0·2 -0'1 -0·4 -0·5 -0·6 -0·3 -0·1 +o·8 
-- ... __ ,_ 

··- ·-

-1·2 --0·4 -0·1 -o·S -0·3 +0·3 ·-0·7 -0·8 --o·S -0·3 +0·3 -0·4 
-4·0 -2·7 -r6 -0·6 -0·6 +0·3 -0·3 -0·2 -0·8 -1·1 -1·0 -0·4 
-3·5 -2·4 -0·9 -0·1 +0·4 +0·1 -0·1 -0·5 -0·9 -1·3 --0·7 --0·5 
-3·7 -3'6 --3·4 --1·8 -0·2 +0·7 +0·3 -0·7 o·o +o·z -0·4 +1·3 
-1·5 -1·3 -0·4 -0·4 o·o -0·1 o·o -0·5 -1"1 -0·9 -0·9 -0·8 
-2·9 -2·3 -0·1 +0·4 +0·2 --0·2 -0·3 -0·7 --0·9 -0·6 -1·1 -1·2 

-2·8 -2·1 -1·1 -0·6 --O·I +0·2 -0·2 -0·6 --0·8 0·7 -0·6 --0·3 

-4·5 -2·2 -0·7 -o·t +o·8 +0·2 -0·2 -1·7 -1·1 -0·3 -0·5 +0·4 
-3·9 -1·9 -0·2 +0·5 +0·9 +0·7 +0·5 +0-.2 o·o o·o -0·5 +0·3 
-3·4 -1·7 -0·2 +0·9 +1·0 +o·8 -0·1 -1·4 -1·4 -1·0 -1·5 -0·8 
-2;6 -2·3 -0·7 -0·3 +0·1 -0·3 ---0·5 -0·8 -0·6 -0·5 -1·3 -0·9 
-4·5 -3·4 -2·4 --0·9 -0·1 --0·7 -0·6 --1·6 -1·1 -1·2 -0·6 -0·9 
-3·8 -3·3 -1·6 -0·4 -0·4 +0·1 -0·9 -1·5 -1·3 -0·8 ---0·8 +0·2 
-2·9 -1·3 +0·2 +1·1 +0·9 +0·9 +0·1 -1·3 -2.2 -2·5 -1·7 -I.I 

-3·7 -2·3 -0·8 +0·1 +0·4 +0·3 -0·3 -1·2 -1·1 -0-9 -1·0 -0·4 
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Recapitulation of results for f.otal solar diurnal variation oftlie horizontal 
force at Lo.~ Angeles, betu;een Deceniber, 1882, anf!, Februa,ry, 1889, in
clusive, expressed in scale dfoisions. 

{.A + 1'!ign indicates greater, a - sign less force than the mean of the day. Oue dh·ision f:'q uals 
0·000100 H.] 

I 

1882-'89. ! 

Jan. 
Feb. 
Mar. 
April. 
May. 
June. 

July. 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

I 

1882-'89. 

Jan. 
Feb. 
Mar. 
Apr. 
May. 
June. 

July. 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

1h 2b 3h 

+0·2 +o-5 +1·0 
+0·1 +o·6 +1·4 
+1·3 +2·o +2·3 
+1·4 +1·8 +2·4 
+1·4 +2·0 +1·8 
+1·0 +1·6 +1·4 

+1·7 +1·8 +1·8 
+2·0 +2"3 +2.4 
+1·8 +2"0 +2·5 
+1·2 +1·9 +2·4 
+0·5 +1·3 +1·8 
-0·1 +0·5 +1·2 

13h 14h 15h 

-4·1 -2·0 --0·3 
-2·5 -2·2 -1·8 
-2·9 -1·5 --0·4 
-1·3 -0·8 -o·;;l 
+0·7 +o·6 --"0·3 
+1·6 +0·9 -0·5 

+1·3 +o·8 -o·S 
+0·3 -0·1 --0·7 

-------------------- ---------, 
4b 5h 

+1·7 +2"4 
+1·9 +2·3 
+J"O +2·8 
+2"4 +2·8 
+1·8 +2·3 
+1·5 +1·8 . 
+r9 +2'2 
+2-5 +z·6 
+3.1 +3·' 
+2·8 +2·9 
+2"4 +2·6 
+1·7 +2·3 

-

16b 17h 

+0·5 +0·2 
-1·5 -1"1 

6h 7h 8h 

+J.O +T4 +J·4 
+2·6 +2·9 +3"2 
+2"4 +2"1 +0·4 
+3"0 +1·5 -0·4 
+2·I +0·9 -0·7 
+2·2 +o·8 --0·6 

+2·6 +1·0 -1·4 
+2·4 +0·2 -2·8 
+2·9 +0·4 --2·2 

9h 

+2·3 
+2·5 
-0·8 
-1·5 
-0·6 
-0·6 

-1·8 
-2·7 
--3·3 

h 11h Noon. ! IO 

-1· 3 -5·2 

·9 -0·7 
4 -2·5 
2 -2·4 
I +0·2 
5 +1-3 

+o 
--1· 
--2· 
+o· 
+o· 

-o· 
--1· 

-2· 

~--5·5 
--2·4 
-3·1 
--2·4 
+0·4 
+2·0 

+1·4 
o·o 

--1-5 

I 

+z·6 +1·6 -1·3 -3·0 -3· 

8 +0·5 
7 -1·0 
7 -2·1 
2 -2·3 
5 -2·8 
I -3·0 

-1·8 

+2·9 +2"9 +2"0 +o·s -1· --2·9 
+2·8 +3"4 +3·5 +z·5 +o· -4·0 

-· -· - ·--- -·- -~ -· ·-···-- ·- ··~- . -- -·--·· 

18b 19b zoh 21h 22h Midn't. 

+0·3 +0·3 o·o -0·4 ---o· 
-0·8 --1·0 --1·2 -1·1 -I· 

-0·5 --0·5 -1·1 -0·8 -o-8 -0·7 --O· 

4 -0·2 
2 -0·7 
2 --o·z 
0 +0·1 
o o·o 
5 o·o 

00 

-0·5 
+o·8 
+0·5 
+1·0 
+o-8 

-o·o -0·7 --1·3 -1·2 -0·9 -0·8 o· 
-1·6 -2·7 -2·7 -2·6 --2·0 -1·3 -1· 
-2·4 -3·4 -3·4 -2·6 -1·7 -1·2 -o· 

-2·3 -3"5 -j"O -2·1 -1·5 -1·0 -o· 
-1-7 -2·3 -1·5 -1·2 -0·7 --0·4 -o· 

-0·8 --0·2 -0·4 --0·8 -1'1 -0·8 -0'1 -0·2 +0·1 -o· 

4 +0·3 
I +0·7 
4 _o·o 
3 -0·1 
7 -0·6 
9 -1·0 

+0·9 
+1·5 
+1·0 
+o·8 
-0·3 

-1·0 -0·8 -0·7 --0·2 -0·2 -0·1 -0·4 -0·5 -0·6 -o· 
--2·8 -2·1 -1·1 -0·6 -0·1 +0·2 -0·2 -0·6 --0·8 -o· 
-3·7 -2-3 --0·8 +0·1 +0·4 +0·3 -0·3 _:__1·2 - 1·1 -o· -0·4 

The character of the total diurnal variation for each month of the 
year is shown on the accompanying diagram (illustration No. 1), which 
was constructed directly from the preceding tabular numbers.• 

In general. the horizontal force exhibits a maximum value about 6 
o'clock a. m., followed a few hours later by a minimum, which, how
ever, during the summer season, become8 a subordinate minimum, the 
principal one occurring about 5 o'clock p. m. As u peculia.rity of the 
st."ttion we may note the 1ceak development of' the secondary afternoon 
maximum, and the extraordinary low intensity iu the afternoon mini
mum during the warmer part of the year. 

"To bring out prominently the effect ofthe temperature correction (q=-2·48 s'·ale 
divisionR), the dotted curves for .Jan nary and .June were introducf>1l; theRe are tnken: 
directly from the tabuL't-te<l hourly readingi:i of the photographic traces fritlwut auy 
reduction for temperatnre drnnges of magnet-. 
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Sem-i-annual inequality in the 
D'1ur·nal Variation of the Horizontal 

force 
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Results of the d{fferential mea,sures of the lwrizontal 'tntensUy fr01n 
observa.Uons recorded at Los Angeles, Ca1.-Continued. 

Another characteristic feature is the small amplitude of tlie diurnal 
variation when compared with the values observed at Philadelphia and 
Toronto. 

The semia.nnual ineqwility in. the diurnal variation is shown in the 
table below. It de1lends on the preceding table, arnl the values are 
given in scale divisions. 

L>iurnal vari.a..tion lluring the smnmer Jw{f, <luring tlte u•inter half, anll 
duritig the ivlwle yea,., or for the six months, April to September, hwlu
sive, the si.r uwntlix, Ocfobe» to Jlfarch, inclusive, and for tu:elve months. 

-----··---·-···------··---'---·· 

I I I Vear. :1 ) __ I . j Year. 
Local ! Sum- i Win- ! Local : ~um- . Wm- t 

time. i mer. I ter. ! ------ I tirne. i mer. / ter. i-----------

1 I 
s. d. Parts of IL.I J j I s. d. Parts of H. 

---- :j I i-l 
Jh 

2 

3 
4 
5 
6 

+1-6 I +0·5 I +1·0 + -0001 I ! 1311 i +0·3 '-2·8 i -1·3 
+1·9 I +1•1 I +1•5 + 16 ii 14 ,1 +0•2 i c--1•8 I -0•8 

+z·o j+1·7: +1-9 + 21 ' 15 -0·5 1-0·8 J -0-7 
+z·2 +2·2 +z·2 + 24 !) 16 1--1·5 i ~0·4 I -0·9 
+2·5 ! + 2·6 +z·s + 27 !i 17 -2·3 j --0·2 I --1·2 
+z·5 1 +z·7 +2-6 + 28 ;

1 
18 

1
-2·1 ' -o·.z I --1·2 

I 
\i · I 

-- ·00014 i 
-- 09 I 
- 08 

JO 

13 
13 

lI 7 +o·8 +2·7 j +1·8 + 20 !I 19 I -1·6 -0·4 1 -1·0 
8 -1·4 +1·9 +0·3 + 03 !1 20 j-1·2 -0·7 -0·9 
9 --1-8 +0·7 I -0·5 05 Ill 21 I -0·8 ---0·8 --0·8 9 

10 -1·1 -1·1 1--1·1 I2 ! 22 i -0·4 -0·6 -0·5 5 
II -0·6 -2·8 -1·7 19 ii 23 ! +0·2 -0·5 -O'l I 

IO 

Noon !.. o·o ,. -3·3 I -1·6 - ·00017 11 Midn't ! +1·0 +0·1 +0·5 + .00005 
i! i ------·-------------

This semiannual inequality is slaown on tlte accompanying diagram 
(illustl'ation No. 2), to which, for comparison, the corresponding dia
gram for Philadelpl1ia, Pa., has been transferred. The construction of 
these diagrams depends on the difference between the annual mean 
and the Sltmmer and winter means for e,a,ch hour of the day, as given 
in the above table; it therefore supposes the annual average variation 
to be represented. by a horizontal straight line. The scale divisions 
were converted into parts of H. 

The Philadelphia curve is taken from table, page 193, Coast Survey 
Report for 1862. There is much similarity hetwoon tberi.e curves. The 
Philadelphia curve is apparently displaced one or two hours to the 
right (later), wit.h a- slightly larger amplitude when compared with 
Los.Angeles. The nodal points· occur at 4.30 a. m.t at 10 a. m., and 
aga~n about 151l and 2111 ; at these times the respective values of the 
horizontal intensity will be found the same, nearly, throughout the 
year, hence 10 a. m. and 3 p. m. are favorable bonrr. for absolute 
measures. 

Principal features of the total BOlar diurnal variatwn.-Tbe principal 
•maximttm of the horizontal force O(~curs at 6h a. m. on th•~ average 
thro11gh.:mt the year, but at 511.1 a. m. duriug the summer months and 
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at 62-h a. m. during the whiter moutlis. Its amouut is ·00029, ·00028, 
and ·00031 in parts of H, respectively. 

The principal minimum occurs at lf!Ii a. m. on the average through
out the year; it shifts to 9h a. m. in summer and becomes the secondary 
1ninimum, the primary then occurring at 17!1i. In winter the principal 
minimunt occurs at noon, the secondary about 21 h; on the average 
throughout the year this last extreme is found about 17-2-h· 

The maximum diurnal total range is on the average throughout the 
year ·00049 II, during the summer half year ·00055 H, and during the 
winter half year ·00006 II. The mean or average intensity of the day is 
reached about 8!h during the year, ahont 110011 during sununer, arnl 
about 9ih during winter. TheKe features are exhibited in the av
pended illm:;tration (No. 3). 

Cmnparatfre table of the &i'.urnal 1.'a.riation at Los Angeles, PhiladelpMa, 
an<l Toronto. f At the second station the larger <listurbances have been 
ea.~cluded; (I)) stands for principal anti (s) for subordinate extreme.] 

I Morning. Afternoon. 
Total diur- I Stations. 

i 
nal range. 

Max. Min. Max. Min. 
i 
I 

h. h. h. h. I . 
Los Angeles, 1883-1888. 6-o I 1·3 2Yz (s) 5~ (s) I '<XXJ49 H. 
Philadelphia,* 1840-1845. 5·7 10·9 4·0 (s) un~le~n.ed. I ·00090 IL 
Toronto,t 1843-1848. 6 (s) 10·5 (p) 4·1 (p) ·00155 H. 

I 
! 

*Coast Survey Report for 1862, pp. 179 ancl 193. 
t ~fagHetical and Meteorological Observu.tions, Toronto, Can., Voi. n, London, 

1853. Ta1'1e xxxn1. The secondary minimum occurs about 2 :30 a. m. 

I 
I 

Long-period inequality in the total solar-diurnal variatfon of the hori
zontal force.-Tbe dependence of the diurnal variation on tbe 11-year 
(about) or snn-spot period is shown, as in the case of the declination, in 
the inequality of the daily range from year to year. 
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Results of the d(ffm·e;1tial measures of the horfzontal hitcn8ity froni 
obserra,tfons recorded at Los Angeles, Cal.-coutiuued. 

The diurna 1 Yariatiou, when collected for each year Reparately, is 
exhibited iu the following table, expres:-;ed in scale divisions: 

[ld=·OOOHJ9ll. A+ sign implies that the force is greater than the mean of the day, and a~ si~n 
that it is less.] 

------------------------, 

6~--:_h _ _:__~~- 10• uh N=n I 
1883 +rs +1·8 +z·o +z·5 +z·7 +z·9 + 1·8 --0·3 --1·4 -2·2 -2·6 -2·2 , 

1884 +1·0 +1·6 +z·o +z·4 +z·6 +z·7 +1·7 +0·3 -0·6 -1·4 --2·5 --2·4 j 
1885 +0·9 +1·4 +1·8 +z·z +2·7 +z·S +1·9 +0·4 -0'9 -1·3 --1·6 -1·6 ' 
1886 +1·3 +1·9 +1·9 +z·5 +z·8 +z·9 +2·o +0·5 -0·2 -0·5 -0·9 -1·1 j 
r887 I +1·1 +1·5 +2·o +z·1 +z·4 +z·4 +1·9 +o·8 +0·3 --0·3 -1·3 1·5 
1888 j +o·6 +1·1 +1·7 +1·9 +z·z +z·3 +1·4 +0·2 -0·4 --0·8 -1·4 =1·31 

j '=========~===:oc~============== 
; I 

! I ! Year. 

1 

13h 14h 15h 16b 

II 1883 I -1·5 -0·6 -0·3 -0·5 
. 1ssi I ---1·s -1·0 -0·1 --0·1 
i 1885 r --1·1 --0·6 -0·4 -o·9 
I 1886 I --1·3 -1·3 -1·3 -1·7 
! 18871-~1·2 -1·0- -1·0 -1·2 I 1888 -o·s -0·5 -0·5 -0·7 

-1·1 -1·3 
-1'1 

--1·6 
-1·4 
--1·1 

-1·0 -0·8 -0·6 --0·4 
-0·9 -o·S ---0·7 -o· 5 
-!'[ -1·0 -1·0 -1·0 

-1·7 -1·3 -0·9 -0·9 
-1·3 --1·1 -1·2 -0·9 
-0·9 -1·0 -1·0 -1·0 

The diurnal range for each year is as follows: 

1883 5.5 s. d. or -00060 in parts of H. 
1884 _s·2 57 
1885 4·4 48 
1886 4·2 46 
1887 3"9 43 
1888 3·7 40 

Mean of six years 4·5 ·00049 

--------· 

o·o 
-0·3 
-0·8 
-0·6 
--0·6 
-0·6 

+0·5 
o·o 

--0·4 
-0·1 

-0·4 
-0·3 

The maximum 8UTH:.pot activity took plaee in 1883, and this corre
sponds to the year of greatest diurnal range; the minimum activity 
occurred late in 1888 or early in 1889, and corresponds to th(' least 
diurnal range-betweei;i. these extremes the change is systematic. For 
the sake of consistency the morning minimum for 1886 (- 1·3) was 
introduced in the place of the afternoon minimum. The ratio of the 
greatest to the least value of the range is as 1 ·5 to 1. 

The va,riation, in direction and i1itensity, of tlw diurnal solar dejlwt-ing 
force acting i'li the plane of tke horizon..-The comp<)neut of tlte horizontal 
deflecting force which acts in an easterly or westerly direction, and the 
component at right angles to it, which acts in a northerly or southerly 
direction, may be combint1d graphically so as to exhibit the total 
deflecting force, producing the diurnal variation of the decliuation, 
both in direction ancl magnitude throughout the solar day. 

To obtain the first component let fl= angfo of deflection or difference 
in direction_of the magnetic meridian at a giveii hour from the. normal 
{m~an of day) direction, then Hsin8 will represent tlle detlecting 
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force at that time, or sin () will represent the same when expressed 
hi terms of the horizontal force H. Since 1' of arc equals :r·.1:~ 8 or 
0·000291 of radius we need only to multiply our tabular numbers of the 
total solar-diurnal variation expressed in minutes by this factor, as 
given in Part II of this discur-ision. The second component for any 
hour is given in preceding pages, but it must be expressed in Jlarts 
of H. 

If in any of the accompanying diagramR we join by a straight line 
the point of intersection of the horizontal and vertical axes with any 
point or hour of the curve, that line will mark the direction of the 
deflecting force, and its length when meaA1ued by the intensity 8cale 
of the figure will give its intensity in terms of IL T·he numerals ou 
the curves reprHsent the hours of Los Angeles mean solar time from 0 
to 24, noon being indicated by N. 

The following table contains the diurnal variation of the components 
of the horizontal cletlecting force acting on the north pole of the maguet 
at. Los Angele~ separately for each of the years 188~1to1888, inclusive. 
For the east and west component a + sign indicates north end de
flected towards the east, for the north and south component a + sign 
indicates increasing force towarrls the nol'th. The tabular numbers 
are expressed in terms of the 110rizontal force H. 
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year. 

tb 211 3h 4h 5h 6h ---;~ Sit 9b toh nb. Noon 1 
E.and W. j} 1883{ 
N.andS. 
E. and W. } t884 { 
.N. ands. 
:E. and W. } 1sg5 { 
N.andS. 

·00000 +·00005 +·00007 + 16 + 20 + 22 

+ .os + 05 + 05 
+ 11 + I] + 22 

00 00 + 05 
+ 10 + 15 + 20 
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+ 27 + 29 + 32 
+ 09 + 18 + 42 + 26 -:... 28 + 29 
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+ 20 

+·00102 
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+ 79 + + 19 + 
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07 
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to 
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+ 39 
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21 
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The most striking features of this diagram (illustration No. 4) are the 
weakness, approaching disappearance,. of the deflecting force about 
midnight or between the hours 18 and 3, and the gradual decline in 
the deflecting force from the year of greatest activity of the sun in 
J)roducing sun s1>ots to the year of least activity. 

The greatest deflecting force exceeds but little the one-thousandth 
part of the horizontal force. 

The following diagram (illustration No. 5) exhibits the annual in
equality in the diurnal variation of the horizontal deflecting force. The 
full line curve refers to the diu1·nal action of the force on the average 
throughout the year, or, more i)recisely, to the mean of six years; the 
broken curve refers to the force acting during the six months when 
the sun has north declination, or from April to September, i. e., 
during the summer half year; anrl the dotted curve refers to the six 
months when the sun has south declination, or f:aom October to March, 
i. e., <luring the winter half year. 
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OJJ t hf• prct.«•ding diagram the true meridian is indicated by a star; 
tlw rnag11Ptie meridian by a half arrowhead~ 

1'i'<'paration and analysis of the fa,rger dildurbances of the horizonta,l 
for('<'.-The tn•ntmt•nt fr))]oy~red in the investjgation of the disturbances 
exhibitPtl iu tlw hourly ordinates of the photographic traces, after they 
had bee11 reduced to a uuiform temperature of the bifilar maguet, was 
tlJe sa11w as that pursued for the tabulated hourly ordinates of the dec
lination tr~wes. The vahw of the fil('an error, m, or the average devia
tion of au observation fl.·01n its monthly mean f()r the respective hour, 
"\Vas fouud by mearn; of the extren1e range of the values as fhllows: For 
the year 1 HS:~, the ra11g·(•s were taken for the odd hours of the lt-1t, :Jd, 
;1th, et«., mo11tb, mid for the even hours for the 2d, 4th, etc., month; 
for tlu· year 1888, the order was reven,.etl. The values so obtained, viz, 
'm=-A- rangt·, were frmnd to arn,.wer quite well; they are, for the respec-
tive montlts- · 

In 1883, 
In 1888, 

2·6 5·8 4·8 6-7 4·2 47 6-2 5·1 8·6 4·5 7.2 3·9 
4·2 2·5 3"7 3·8 4·8 3·1 2·7 3·8 3·4 3·4 3·0 2·6 

.Mean adupted for whole six-year series, 

d. 
Mean of 12 months -+-5·4 
Mean of 12 months +3·4 

whieh rp,fers to the middle of the eleven-year cycle. 
Accordiug to Ur. T~Ioyd's rule 1·5 m would be the limit of iseparatiou, 

but 1·!) ni t-0 2 m was preferred, as in the case of the distnrbauces i11 the 
declination; hence a trial was given making 8 scale divisions the limit, 
that is, auy obsernttion differing more than 8 Hcale divisions from its 
res1wct.ive monthly mean was considered aH belougiug to the class of 
(large) distarbauces; finally the limit adopted was n divisions. Nine 
scale divisions e1prn,l 0·00098 in parts of the horizontal force, or 0·(){)(J268 
of a dyne. 

At Philadelphia the limit adopted• was 3a Kca1e clivisiom~, or 0·001:..~ 
in pa1·t"' of H; it marked, as a diKtnrbance, 1 in 14 observations on 
thu average. 

At Toronto the limit adoptedt was 14 scale divii-;ions, or 0·00120 H; 
it ~eparat(•d, on the average, 1 in 12~ observatiow~. 

lu his di::-icn~sion of the disturbances observed iu 1888, at Pare Saint 
J\laur, .:\Ir. 1\loureaux takes 0·00020 H, an arbiti·ary limit for a dh;turb
ance. 

Owing to certain uusatisfactory foatures of the record for one 1nonth 
at the heg-i1111i11g and for :-ieveral at the end of the series, the investiga. 
tion of the~ di~turbaiu~es is here confined to the hourly record of the six 
yean:J 1883 to 1888, inclusive. 

In the tables of' hourly ordinates taken from ,the biftlar traces and 
reduced to a stauclard temperature of the magnet any value differ
ing more thau nine divisions from the monthly mean value of its re-

"Coast Rurvey Report for 1862, l'P· 174, 175. One division of scale was 0·0000365 H. 
t Voluuw III of tl10 Toronto .l\Iet.eorologica.l and Magntitio 01'.se.rva.tiou.s (Sabine). 

One divit:1ion of scale= 0·0000860 H. 
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Result.s of the d(fferential measurc8 of the horizontal intensity from 
obserNdions recorded at .Los Angefo8, Cal.-contiHned. 

spective hour \Vas marked by an a1'terisk. Xew hourly meaH:-; were 
the-n taken for eadi month, omitting all marked ndues. Tlwse new 
mean:-; a1'e given at the foot of ead1 mo11t1tly table, and they constitute 
the hourly normals for the month. :Xo notke was tak<'ll of the few 
interpolated yalnes iuclos(•d between rectang:ul;.1r bracketR, so far as 
disturbanPes are coneer1wd. The total 1mmber of hourly Yalne:-1 iR 
5~ 560, and the total number of tlisturbed valm·s :) 231; 1wnee onr limit 
indicates, on the average, one large distnrl>ance in eYery sixtee11 ob~ 
servations.** 

In what follows the diM.urlnt1wes will be dassifiecl with n•speet to 
numbers, magnitude, and whether iucrea~ing or diminh;hing the normal 
horizontal intensity. One scale di vision equals O·OOOlOH H, a11c1 H = 
0·27:!8 of a dyne, nearly. 

Long-period inequality in the disturbance!; of the horizontal cornponcnt of 
the magnetic force. 

i ! No. of disturbances. 
I Year. ! · · - - - --

! \ Iner. Deer. Total. . 

' ! ---, 
1883 i 252 648 900 
1884 97 398 495 
1885 100 476 576 

1886 113 484 597 
1887 60 290 350 
1888 81 232 313 

}{atio i Aggregate amount. i Ratio Average magnitude. 
to I ·--'-~-·----··-----·----\ to -L-~~-, ,.,_.,_ ---- ---------

I 
mean. ' Iner. Deer. Total. : mean. Iner. l )ecr. Total. '[ 

-- - - : ------·-· ' --1----- -----~-~----

I 
d. d. d. ! J. J. ~-:1 ! 1·67 .I 3012 10299 IJJl I I 1 ·;2 12·0 I 5·9 14·8 

0·92 1085 6281 7366 I 0·95 11·2 I 5·8 14·9 
1·07 II84 7154 8338 

I 
1·07 11·8 15·0 14·5 

I· I I 1259 7613 8872 I· 14 I I· I 15·7 14·9 
0·65 706 3924 4630 ' 0-60 u·8 I J"5 13·2 
0·58 :j 895 3148 4043 ! 0·52 I I ·o 13·6 12·9 

-------· 
Total 703 2528 ·3231 8141 38419 46560 I ! Mean 11·5 14·9 14·2 

----- ii 1\ 
_ _!____ __ ~-~~--

The progressive diminution in the number and aggregate amount ot 
the disturbances in the horizontal plane is seen to follow the snn-l'lpot 
cycle, and the ratio, tcJr number and amount, for the year of greatei:;t 
solar activity (1883) as compared with the year precediug· that of least 
activity (1889) is nearJy as 3·1to1; and the same law holds for inereas
ing as well as for decreasing dL8turbances of the horiz;outal inteusi ty. 
It also appears that the average magnitude of an iucreasing- <fr"ltarb
ance (11·5 scale divisions) is less variable in the lli-year cycle than 
that of a decreasing disturbance .. 

At Philadelphia the deimn{lence of the disturbances on th<'· solar 
cycle is shown by the minimum amount recorded for the year July, 
1843, to July, 1844,t and the same is shown at Toronto by the ratios 
expressing the relative amount of disturbances in each year, viz: the 
-·-----···----- -··--·-··-····--·---···--····· ·-- ··--·-·-------~-·------

""' The marking of tlrn disturbed values and the computation of the hourly nor
mals are <lne to Mr. L. A. Bauer. 

t See table X 1 pp. 182, 183, of Coast Survey Report for 1862. 
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minimum in 18~14 for decreasing force, and in 1845 for increasing force.•• 
The sun-spot minimum occurred in 1843, with but little change in 1844. 

Ra,tio <if increasing to decreasing disturbances.-In every oue of the 
six years of record at Los Angeles the disturbances increaRing the 
force were smaller in number and leRs in magnitude than those decreas~ 
iiig the force, the average ratio being 1 to 3·() for the numbers, and 1 
to 4·7 for the magnitudes. For Philadelphia t these ratios were l to 
l·S and 1 to 1·2, respectively, but for Toronto the la8t ratio was 1 to 
(h! f<Jr the years 1844 to 1848. t 

1lnnual ·inequality in the disturbances of the horizontal force.-'.rhe 
follm .. ·ing two tables exhibit the number and aggregate amount of the 
disturbances for each month of the years l88a to 1888, inclusive, and 
for iucreasing aud decreasing disturbances separately. 

Month. 

Jan. 
Feb. 
Mar. 

Aw. 
;\fay 

1 June 

I July 
Aug-. I Sept. 

/ Oct. 

1 

Nov. 
Dec. 

Number of dis- I JI 
t b / Aggregate amount. ur ances. . 

' Ratio 1, ·------·-------·----1 to ii 
D T 1 mean. ii I Deer. Total. ncr. ecr. uta ·1 Ii ncr. 

I !I 

0·80 I/ 

-
d. d. d. 

45 169 214 504 2400 2904 
23 158 181 0·67 '1 239 2308 2547 
47 277 324 1·20 I 545 4722 5267 

I 

50 274 324 1·20 6o8 4011 4619 
71 244 315 1·17 855 3866 4721 
64 163 227 0·84 738 2284 3022 

56 152 208 0·77 r 669 2305 2974 
88 186 274 1·02 \1072 2546 3618 

140 332 472 1·75 11615 5285 6900 

44 213 257 0·96 11472 3115 3587 
47 234 281 1·04 I 501 3892 4393 
28 126 154 0·51 I 323 1685 2008 

Ratio to mean I 
at-

'A verage magnitude. 

' Los 
Toron- ) I An-

to.* geles. 
! 

ncr_ Deer. Total. 

--

' ' d. d. d. 
0-75 0·58 I 1·2 14'2 13·6 
0·66 0·94 : I 0·4 14·6 14·1 
1·36 0·94 I r 1·6 17· 1 16·3 

1·19 1·5~ I 
1·22 o·go 

' 
I 

0·78 0·36 i I 
i 

2·2 14·6 14·3 I 2·0 15·8 1yo 
1·5 14·0 13'3 

0·77 0·61 

I 

I 

0·93 075 I 

1·78 1·7 I I 

0-92 1·48 J 
i-13 0·98 1 I 

z·o 15·2 14·3 
2·2 13·7 13·2 
1 ·5 15·9 14·6 

0·7 14·8 14·0 
0·7 16·6 15·6 

0·52 .. 1·28 I I 
I 

1·5 13·4 13·0 

In looking over the monthly distribution of the disturbances we fiud 
those which decrease the horizontal component to be, in aH·cases, more 
numerous and of greater extent than those which increase the force. 
The same law was found to hold for the observations made at Phila
delphia .(1840-'45). t 

The distribution oftl1edisturbances in number and aggregate amount 
throughout the year exhibits a double progreRsiou, with maxima in 
March and September, or about the equinoxes, and with minima in De
cember and July, or about the solstices. The September maximum 
exceeds the Dece1nber minimum in the pro:portion of 3·25 to l ·00. 

This annual inequality in the disturbances presents itself with great 
distinctness at Los _Angeles, as may be seen by comparison with the 

••See table VIII of Abstracts and results of ma.gnetical, etc., observations at the 
observatory at Toronto from 184.1 to 1871, Toronto, 1875. 

tTab1es XI and xu; Coast Survey Report for 1862. 
tWalker's Terr. & Cos. Magm., Cambridge, 1866, p. 274-. 
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Results of Ow dUfar~ntia.l. nwn.<>u.rcs of tlte horizonfa..l infcnHity from 
obscrration8 recorded at LoJS Angele8, Cal.-Coutinuetl. 

results at Toronto* and at Philadelphia; at the latter place it was so 
hidden by irregularities as to be almost unrecognizable.+ 

Respecting the magnitude of t11e disturhanees the rnont1dy average 
values appear irregularly· distributed over the year, though with a 
slight indication of Jarger developments in J\la.rch and September and 
a less one in December. In Part II of this discussion it has been sllowu 
that the annual distribution of the disturbances in declination, with 
respect to their average magnitude, is an indifferent one, \•;rhicb is sim· 
ilar to the case of the disturbances in the horizontal component of the 
force. 

"'"\Valker, Terr. and Cos. :M:ag'm. p. 276, series 18.H-''18. 
t Coast Survey Heport for 1862, p. 183. 



 

Local 
hours. 

2 

; 
4 
5 
6 

7 
8 
9 

IO 

II 

Noon 

13 
14 
15 
16 
17 
18 

19 
20 
21 
22 

23 
Midnight 

Total 

The dim·nal htequolit:v in the disturba,1weR <~/'the horizontal cnmpon<'1lf <!( tlw ma!fneiic j(wee. 
[Tilt· talmlar 1·a]11t·~ dqtfUt1011 fop hourly c~Hir•Unatf•s for the ~ix ~-1,nr~. 188~ to IR8R. iudu~in•.] 

-···--.. ·--·-.. ········ .... ... ..... ...... --- ------~--..... I .. _ _ .. _______ ·---.. -·---.... -.. . ................ ___ ..... ..... .. .. -... --

No. of disturhanc~~· ____ I Ratio -t-~mean_ val~1es:_ . [i _ .. ____ ~!~r~~ate_~'.:~u-1~~-----· ----~~~i_o_.t:_~uea1~-~·alu_~~ .. [! Average magnitude. : 

f , ,I }'' f 
Iner. 

18 
18 
16 
IO 

17 
22 

23 
36 
42 
55 
60 
63 

56 
46 
37 
27 
22 
22 

16 
21 

14 
r6 
20 

26 

703 

I) Excess o 1 I D ·\ll 11 1 1.) ',xcess o I ecr. d. 1 ncr. ecr. 1 • :1 ncr. ecr. 1 , ncr. eer. 1 ·: ( ecr. 1 Deer. All. I 

I I --! . -·--·---·----·-----.. ·---. --------·-·--~------1------· ........... ---------
! d. d. i1. I 

79 
67 
53 
40 
33 
44 

45 
46 
87 
90 

I IO 

126 

117 
132 
148 
143 
176 
190 

166 
171 
qo 
131 
107 
87 

2528 

61 
49 
37 
30 
16 
22 

22 
IO 

45 
35 
50 
63 

61 
86 

l II 
u6 
154 
168 

150 
150 
126 
115 
87 
61 

1825 

o·6r 0·75 0·72 216 rr69 953 1 0·64 
0·61 0·64 0·63 247 939 (J92 

1

· 0) 3 
0·55 0·50 0·51 175 765 590 0·52 
0·"4 o"8 0·"7 126 533 407 ! o·•" ,, J .) •' I ,}/ 

0·58 0·31 0·37 191 473 282 ' 0·56 
0·75 0·42 0'49 247 595 348 0·73 

0·78 
1"2" ) 

1'43 
1·88 
2·05 
2·15 

r·9r 
1·57 
1·26 
0·92 
0)5 
0·75 

o·55 
0·72 
0·48 
0·55 
0·68 
0·89 

0·43 
0·44 
0·83 
0·85 
1·04 
1·20 

I· 12 
I ·25 
1·41 
1·36 
1·67 
1·80 

1·58 
1·62 
r·33 
1'24 
1·02 

0·8-> .) 

1 

0·51 11 

0·61 I: 
0·96 11 

r·oS Ii 
1·26 ! 

f: 1·40 

1·29 
Id2 

,) 

1'37 
1·26 

1·47 
1'58 

1·35 
1·43 
I ·14 
1·09 
0·94 
0·84 

I! 
I! 
fi 

11 

11 

11 

11 
I' 11 
;1 

,. -

264 
434 
515 
648 
710 
720 

637 
548 
398 
312 
242 
236 

185 
244 
154 
173 
235 
284 

!: 8141 

622 
680 

I 134 
1266 
15(>I 

1726 

1707 
1896 
2164 
2326 
2737 
2951 

2827 
2776 
2300 
2166 
1737 
1369 

38419 

358 
246 
619 
618 
851 

1006 

1070 
1348 
1766 
2014 
2495 
2715 

2642 

2532 
2146 
1993 
1502 
1085 

30278 

0'78 
1·28 

I ·52 
I ·91 
2·09 
2·12 

1·88 
1·62 

I' 17 
0·92 
0·71 
0·70 

0·55 
0·72 
0·45 
0·51 
0·69 
0·84 

o·'"' . ., /.) 

o·59 
0·48 
o··~ J.) 

0·30 
0·37 

0·39 
0·42 
0·71 
0·79 
0·98 
1·08 

1·07 
1 ·18 
1·35 
1'45 
1·71 
1·84 

1·77 
1·74 
1·44 
1·35 
1·09 
0·86 

O'i I 
0·61 

0·48 
0·34 
0·34 
0·43 

0'46 
0·57 
0·85 
o·99 
1·17 
1·26 

I '21 
1·26 i 
1·32 ~ I 
1·36 I 
1·54 
1·64 

1 ·ss 
1·56 
1·26 
1·21 
1'02 
0·85 

Iner. 

d. 
12'0 

13'7 
10·9 
1:!·6 

I I '2 

Il'2 

n·5 
J 2' I 
12·' ,) 

11·S 
II ·S 
11·4 

n·.i 
JJ•g 
w·S 
n·6 
I I ·o 
I0'7 

I kcr. 

ii. 
14·S 
14·0 

14'4 ' 
I ,. ,., I 

,) ,) 

14·3 
13·5 

13·8 
I4·8 i 

13·0 
14· I 
14·2 
13'7 

14·6 
14·4 
14:6 
16·3 
15·6 
15·5 

II·6 ' 17"0 
11·6 16·2 
II'O 16'4 
10·8 16·5 
II·S 16·2 I 
I0'9 15'7 I 

---=J 

'XJ 
~ 

,...; 
-< 

Y:i 

'~ 

""' .. 
> 
'£ ..., 

> z 
ti 

:1 
M 
0 
~ 
~ 
'"3 ..... 
·'j 

.'fl 
,...; ., 
P::l 
~ 
tr:: 
l<l 
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Rexultx of tltt' di_ffer·e11Nal ·mea.i.;Urf·x t~f the hori;zontal inte11 . .,it.11 from 
observa,fi.onx r<'-OOrded (tf Lo;.; A1tf/eles, Cal.-( ·0111 iuned. 

From the contents of the preceding· table we conclude that: 
(1) The distribution of the disturbances in a solar day is of a perirnlie 

cb a.racter. 
(2) The disturbances which increase the horizontal for(~f' are most 

nctive at noon and lea8t active at 411 a. m. 
(3) The disturbances which dec1·l'ase the horizontal foree an· most 

active at 1811 or six hours after noon and least so nt ;,1- a. m. The earth. 
therefore, makes a quarter of a revolution between the times of <•xtt·t•me 
development of the increasing and the decrc·asing forces. 

(4) If we keep in view the aggregall' amount of the dh~turhance:.;;, 
instead of their number of O(:currc~uce, we fi11d tlJe above laws to holtl 
likewise. 

(5) The ratio between the daily maximum and rn.inimum is li-0 to 1 
for the increasing forces ai1d 6·0 to 1 ahm for the deereasing force~. 

(6) The number and average amount of the disturhancrs ffr<'rea . .;;iug 
the horizontal for(•e is at all hours of the day greater than for tlistnrh
a11ee8 increasi11g the same, and tl1e excess of the former over the lattl'r 
is greatest at 1811 aud lea.st at 811 • 

(7) The average 1nagnhu,de of the disturbances increa.-;iuy t,lw force 
appears to be tlle same at all hours, when;,as the average rnagnitnck of 
those decrea.sing the force exhibit an increase between the hon rs 4 p. rn. 
and 2 a. m. 

Comparison of the above results with similar ones obtairn•d at other 
stations: ll.especting tile diurnal periodicity of the di:...;tnrharn·vs, tlte 
comparative table for Kew (seven-year series, 1858-'64), for Toronto 
(five-year series, 1844-'48), for Philadelphia (five-year i::.eries, 1840-'4;) ). 
and for Los Angeles is quite instructive, and makes it Plear that tlle 
results at many more stations will have to he collected before a com
prehensive knowledge can be had of the laws of action of the disturb
ances even for the limited area of the United States. 

Hours (counf'ing from, midnight to midnight o to 24h) of tlw day<!( occur
rence of e;rtre1ne 11alu.cs. 

Disturbances in- Disturbances decreasing 

Locality. 
creasing force. force. 

Max. Min. Max. Min. 
--~-~ 

Kew. 17h 6h 1011 an<l 2 •h 
.) 17h 

Toronto. 16 2 2 and 7 16 
Philadelphia. 12 6 20 and (10?) 4 
Los Angeles. 12 4 18 5 

-

We notice a fair accord of the disturbance pedot.licity for PhiladC'l
pbia and Los Angeles, but a discord in the hour:.. for Kew and Toronto. 
The oomplex.ity of the phenomenon is m~reover brought more fully iuto 
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view by the eJ\ hibit of a doul;le progres:-;ion of the decreaxing force 
inequality at Kew, whidt double wave h; foehJy represented at Toronto 
and obsenrdy indicated at Philauelphia, but which has no existence at 
I.1os Angeles. It is al~o noteworthy that at the two .!-lonthern stations, 
St. Helena and the Cape, the maximum i11 the disturbances which 
inm·ease the force occurs at 11", thu::; agreeing with Los Angeles and 
Philadelphia. Likewise we find the same accord for the maximum of 
those dellreasing the force, which occurs between 1811 and 1911 • 

At all the stations named the disturbances decreasin.g the force pre
ponderate over those which incre:ise it. The ratio for the horizontal 
force disturbances for Toront-0 is 6·4 to 1 (as stated); for Kew it is 
as 3·2 to l. 

The norm.o,l solar diurnal rariation of the horizontal component of the 
force.-In tlie fo11owi11g table I have collected the hourly normals, as 
given at the foot of the monthly tabulation of the hourly eoordi
nates, all referred to the standard temperature of the bifilar magnet. 
These normals are simply the new meanR after the exclusion of all 
values marked as disturbances and condensed from a six-year Reries 
into a one-year series. TJ1e Recond tabJe, headed "Normal solar-diurnal 
variation,'' is derived from the first by subtracting tbe respective 
monthly mean from eacl1 hourly mean and converting the scale divi
sions into parts of the horizontal force. A + sign signifies a force 
greater than that of the mean of the day, a - sign one less than this 
mean. 
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DIFFERENTIAL OBSERVATIONS OF THE HORIZONTAL 

.lffcan hourly l'alw;s (<~f'tu r([jection of tftt' larger disturbances) vf tlte .'lola,r
sive, e:rpressed in 

(Local mean time. 200 scale divisions + tabular q uan t.ity; all 

--- -- ---- --

~ 
c-:: Mouth. th 2h 3l1 4h Sil 6h 7h 8h 91> 1ol1 11h Noon .., 

;.;... 
--~- ·-~--~--- --- --~--- ~ -~-~--- --•- _____ , __ ~--~~-----

Jan. 99·o 99· 2 99·7 100·3 101·0 101 ·' 101 ·9 101"7 100·8 97·2 93·4 93"1 
,LJ Feb. 99·7 100·3 Jor·o 101·5 101 ·8 102"'' 102·6 102·9 102"0 100·8 98·8 97·4 ;;.. ,) 

'§ Mar. 101·7 102·4 102·9 IOJ"2 102·9 102·8 102"5 wo·8 99·7 99·0 98·2 97·4 
u Apr. 103· I 103·4 103·7 104·0 104·3 104·6 102"() 101·1 100·2 99·8 99·4 99·6 
.s May 105"0 105·2 104·8 104·5 105·0 105·0 103·8 102·2 102"3 102·9 103·2 IOJ"6 

00 June 104·2 104·2 104·5 104·5 104·9 105·0 103·9 102·3 102·4 103·7 104·7 105·1 
00 July 101·9 102"2 102· 1 102·2 102·5 102·8 101·4 99·0 98·7 99·6 100·7 101"8 00 .... Aug. 100·2 100·2 100"3 100·5 10o·6 100·3 98·0 95·1 95·2 96·3 97·0 98·1 
E Sept. 96·3 96-7 97·1 97·4 96·9 96-8 94·3 91·1 90·6 91·4 91·9 92·6 
r"'l Oct. 92·0 92·6 93"2 93"5 93·5 93·2 92·2 89·6 88·2 87·7 88·4 88·6 00 

00 Nuv. 89·3 89-8 90·0 90·4 9o·7 91·1 90·9 go·1 88·6 86-8 85·7 86·1 - Vee. 86·8 87·3 88·1 88·4 89·2 89·6 90·2 90·2 89·2 86·8 84·0 82·9 

. - ----~~~-~---~--~- ···~-'--- ~·-~~-------~------------~--~-----

'lt'orma.l solar-diunwl utriation of the horiftontal fm'l:e at J..;os 

[Local 111ean time. a f + sign imlicatm; a force 

vi .- ----------
.... 

::\·Ionth. 2h 3ti 4'' 5ti 61> 7" 311 10" Noon ~ 1h 9!! 11h ol) 

;,.. 
.-~~~--' --- -- ---- ----------

Jan. +0·4 +o·6 +1·1 +1·7 +z·4 ,2·8 +3"3 +3"1 +z·2 -1·4 -5·2 -5·5 
.,; Feb. -0·1 +0·5 +1·2 +17 +z·o +2·5 +z·8 +3'1 +2"2 +1·0 --1·0 -2·4 
-~ Mar. +0·9 +1·6 +z·1 +2·4 +2·1 +z·o +1·7 o·o -1·r ---1·8 -2·6 -3·4 VJ 

"' Apr. +1·1 +1·4 +17 +2·0 +z·3 +z·6 +0·9 -0·9 --1·8 -2·2 -2·6 -2·4 u .s May +1·6 +1·8 +1·4 +1·1 +1·6 +1·6 +0·4 -1·2 -1·1 -0·5 -0·2 +0·2 
QO~ June +0·9 +0·9 +1·2 +1·2 +1·6 +17 --t-0·6 -1·0 --0·9 +0·4 +1·4 +1·8 
r:rJ July +1·4 +1·7 +1·6 +1·7 +2·0 +2·3 +0·9 -1·5 -1·8 -0·9 +0·2 --t-1·3 QO .... Aug. +1-9 +1·9 +2·0 +2·2 +2·3 +z·o -0·3 --J"2 -3·1 -2·0 -1·3 -0·2 
0 Sept. +1·8 +2·2 +2·6 +z·9 +2·4 +2·3 -0·2 -3·4 --3"9 --3·1 -2·6 ~-1·9 ... 
M Oct. +0·9 +1·5 +2·1 +2·4 +2·4 +2·1 +1·1 -1·5 --2·9 -3·4 -2'7 --2·5 00 

00 Nov. +0·7 +1·2 +1·4 +1·8 +2·1 +2·5 +.z·3 +•·s o·o --1'8 -2·9 -2·5 
Dec. -~0·3 +0·2 +1·0 +1·3 +2·1 +z·5 +3·1 --t-J"I +2·1 -0·3 -3'1 -4·2 . 
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COMPONENT OF THE MAGNETIC FORCE. 

tliurnal variation for e<teh nwnth f;•om tlu: fi .'J<:ars, i::~33 to 1888, inclu
scalt: divisions. 

readings arl' re<lul'etl to stau<lartl tmnperature of hililar lllH)!llt't.] 

---
13h 14!1 ~511 16h ti• 18h 19'' 2011 2I11 2211 23h ~1idn't. 

Daily 
111ean . 

--~---~~·- --------~-- . . -------~~---·-" 

93·8 96·2 98-0 98·9 99·0 99·6 99·1 98·9 9S·4 98·4 98·5 98·() 98 6 
97·5 97-5 97-8 98"4 98·8 9<)"5 99·1 9q·o L)9"0 98·9 99·2 99· .! 99·8 
97·9 99-7 100·8 ro1·0 101·2 1 oo·t> 100·6 100·6 100·7 100·7 100·8 101·5 100·8 

100·4 101·1 102"2 102·2 101·7 101·6 101 ·6 101·8 101·7 102·6 102·6 102·5 102·0 
104·2 103·9 103·0 101·6 IOI·., 

.~ IOI ·2 102·2 102·3 102·1} 102·8 103·9 104·3 10j·4 
104·8 104·4 ro_ro 101"4 100'2 100·5 100·9 101·7 102·2 Io·'" I ,) 103·2 rn3·6 IOJ"J 
101·9 101·1 100·2 98'4 97·6 98·1 97·5 99·9 100·1 100·() 101 ·o IOI ·5 100·5 
98·8 98·5 97·8 96·8 96·5 97·5 98·2 98·5 98'4 98·7 98·9 99·9 98 3 
93·0 93·9 94·8 94·8 94·6 95·0 94·8 95· 2 94·5 94·1 94·6 95·3 94·5 
89·9 90·4 91' I 9r2 91 ·7 91·2 91 '4 91·4 90·9 91·0 91·0 91·8 91·1 
86·2 86-4 87·4 88"4 88·8 89·2 88·9 88·0 88·3 88·5 88·1 8S·7 88-6 
83· 1 84·7 86·2 sr4 88·0 87·8 87·3 86·6 86-3 86-4 8fr I 86-6 87·1 

I ------' 

Anyefo.~, Cal., bet1reen 1888 and 18'-'8, i'.rjJl"C.'iiWd in /S('Hle di11i~ions. 

{ greatt·r •-nHitller than tlw avflr:1ge value t'f H.] 

13h 14h 1511 16" 1711 18" 1911 2:Jll 21h 22h 23h '.\1idn' 
--------

·-~--- ~~---· - ·---~- ------ - ---~---------

-4·8 -2.4 -0·6 +0·3 +0·4 +1·0 +0·5 +0·1 ,) -0·2 -0·2 -0·1 o·o 
-2·3 -2·3 -2·0 ----I ·4 - 1·0 -0·3 -07 --0·8 --0·8 -0·9 -0·6 -0·6 
-2·9 -1·1 o·o +0·2 +o-+ -0·2 -0·2 ~0-2 -o·r --0·1 o·o +0·7 
-1·6 -0·9 +0·2 +-oaz -0·3 -0-4 ---0'4 --0·2 0-1 j o·6 -+ o·6 +0·5 - ,) 

+o-8 +0·5 -0·4 -1·8 -2·1 --zaz ~--1 ·2 -1·1 -0·8 -0·6 +0·5 +0·9 
+1·5 +1·1 -0·3 -1·9 -3·1 -2·8 ~-2·4 -1·6 --1·1 --0·2 -0·1 +0·3 
+1·4 +o-6- -0·3 -2·1 ·--2·9 --2·4 -.)"O -0·6 -0·4 +0·1 +0·5 +1·0 
+0·5 +0·2 -0·5 ---1 ·5 -1·8 --0·8 --0·1 +0·2 +o·I +0·4 +o-6 + 1·6 
-1·5 --0·6 +0·3 +0·3 +0·1 +0·5 ·-f-0·3 +0·7 o·o --0·4 +0·1 +o·S 
-1·2 -0·7 o·o +0·1 +o·6 +0·1 +o·.., _, +0·3 -0·2 ----0· I -0·1 ~0·7 
-2·4 -2·2 -1·2 -0·2 +0·2 +o-6 --t 0·3 -0·6 -0·3 -0-1 -0·5 +o·I 
-4·0 -2·4 -0·9 +0·3 +0·9 +0·7 +0·2 -0·5 -0·8 -0·7 -1·0 ---o·s • 
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DIFFERENTIAL OBSERVATIONS OF THE HORIZONTAL 

}torma:l solar-diurnal 'l'ariatfon' of tlte horizontal force at Los Angeles, 

[I.ocal rnP,an time. a { + indicates a force 

i----- ---------------

Month.!. 1h 2h 9 1' 1oll 1 rb Noon 
I 

1--------------------------------·--------
I 

Means 

r Feb. } l 
Mar. +o·6 +1·2 +1·7 +2·0 +z·1 +2·4 +1·8 +0·7 -0·2 -1·0 -2·1 -2·7 I Apr. 

May} I June +1·3 +1·5 +1·4 +1·3 +r·7 +1·9 +o·6 -1·2 -1·3 -0·3 +0·5 -t-r·1 
i July 

J Aug. }J 

l 
g~::} I +1·5 +1·9 +2·2 +2·5 +2·4 +2·1 +0·2 -2·7 -3·3 -2·8 --2·2 ·--1·5 

Dec. i +0·3 +0·7 +1·2 -f-1·6 -f-2·2 +2·6 +2·9 +z·6 +1·4 -1·2 -3·7 -4·1 
Jan. I 

~----------~---~~~----~----~ 
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COMPONENT OF THE MAGNETIC FORCE--Continued. 

Cal., bdween 1883 coid 1888, C;(]JJ'C?;JSctl in .<;cah: divi.'lioH8-Co11tinned. 

I l!nl~l"r- thau the avC'rngc Yalu<' of IL) s1na er 

-----~-~-- ---- ----- --- --- - ~-- -- -------- --

13" 14b 15" 16h 17h 18h 19" zoh 21 11 22.l.1: 23" Midn't.\ 

-2·3 -1·4 -0·6 -0·3 -0·3 -0·3 --0·4 -0·4 -0-4 -- 0·1 o·o -+ 0·2 
f 
I 

+1·2 +-0·7 --0·3 -1·9 -2·7 -2·5 -2·2 --1 ·1 -0·8 --0'2 +0·3 +0·7 \ 

I -0·7 --0·4 --0·1 -0·4 -0·4 ----0·1 +0·2 +0·4 o·o o·o +0·2 +1·0 

-s1 --2·3 -0·9 +0·1 +o·s +o·S +0·3 ·---0·3 ---0·4 --· -0·3 -0·5 --0·1 

Month. 
Daily range. 

Div's. \ Parts of II. 

r 
Feb. }! Mar. 5·1 0·00056 
Apr. 

\ 
May } June 4·6 50 

Mear.s ~ July 
Aug. 1 I Sept. s 5·8 63 

l 
Oct. 
Nov. } Dec. 7·0 76 Jan. 
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Tlw fi.)Jlowing table of the "Total solar-diurnal variation" is given. 
here for a <lire1·t ('omparison of the diurnal variations, inclush~e and 
exclu:-;iv<' of the larger <listnrbances; U refers to the same combination 
of month?., heuce excludes the months of December, 1882, and .January 
and February, 188H: 

Me::ms. 

l\leans. 

,~~----~-"- --~1-, --~~------~-1i·----~1~---~~-------8~,--- 9 :,-- -~oh ---:-1~=-I 
l --~----------~-·--···-------------·--------------------- -------- - ----------
] 

r Feb. } ! 

l 
Mar_ :-+-1·0 --- r·s +2·1 +z·5 --t-2·7 +2·8 +2·3 +1·2 +0·1 -0·8 -1·9 -2·7 
Apr. I . ' l'llay} ' 

~I June !+1·4 + 1·8 -+1-7--;--1'7-+ 2·1 +2·3 +0·9 -0·9 --1·0 --0·1 +0·7 -!- 1·3 
July I 

I ~~}1 +1·7 +2·1 +2·4 +z-8 +z·9 +z·6 +0·7 -2 1 -3·0 -2·5 -1·8 -1·1 

1

1 Nov.} 
l Ja~1~-

1

+0·3 +o·S +1·4 +20 +z-5 -t-3·0 +3'3 +3·0 +1·7 -0·9--3·7 -4·2 

I 13h 14h 1511 16h 17h 18h 19ll 2011 21h 221> 23" Midn't.l 
i I------~--~-------------------~-~' 

r Feh. } ! -1·0 -0·9 -0·5 -0·3 -to·~ II 

! 
Mar. --2·3 ----1·6 ---0·9 -0·8 -0·9 -1·1 -1·1 - ~ 

Apr. J I 

May ·} \ -f-o·n 
1
1 I )~~r; :+1-2 +o·s -o·s -2·1 -3·2 -3'0 --2·4 -17 --1·2 -0·6 +o·• ._.,I 

I Aug.} ,, 
j Sept. ,-0·5 --0·4 ~o·6 --0·9 --1·2 --0·8 -0·6 -0·5 -0·3 -0·3 -t-0·2 +1.1 I 
I Oct. l 11 . 

l Nov. ) i 
Dec. J · -3 6 -2·3 ---0·8 o·o +0·2 +0·3 o·o -0·5 -0·7 -0·6 --0·6 -0·21 
Jan. 

-----
Daily range. 

----

I Div's. In parts of 

' 
H. 

I 

r 
Feb. l I 
Mar. sl 5 5 0·00060 
Apr. 

I j\lay ) I 

I June f I 5·5 o·ooo6o 
Means. -{ July 

}I Aug. 

l 
Sept. 5·9 0·00064 
Oct. 
Nov. }j Dec. 7·5 0·00082 
Jan. 
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I 
I 

Ver. Equi. 

I 
I .... ' .. "-.V 

May +I~/' ~·.y-~··_"·~·~·_ .. _ .. _ .. _··~··_· __ +-'\:~\';--~1--~~--.~·~·'~~··::_::""-cif--~-+-----+---t----+--___,. r \ .. i .. / ,., ~ 
June 01--

1

--r---t----+----'"\.-i-..--.-.Y-:1. ,..;.r;...--+-----~~..---+----'--~_/.':---+".'"-" .. ""'· ~Sum Sol st 

Ju I y -1 ~· --+----+----!~~~-·· .--+---.J---+~.-~ .... +----+I-./~ .. """ ... -. "'-if----4 

·~ .· I 
I ....... ••• 

· .... ~·~· .. --~---·. 
~ \; -. .... -, I 

Aug. + 1
1 

•• • : \.. ~·--__,.--~-+ .... --+:-/--.r 
Sept. 0 ~-+--+--t-~,~ .. +--+--+-,./--::::F. .. == .•. ::::: ... :::f. =~ ........ -= ... == ... =i. ~ •.. ~ .. :-:: ... 1 .. ~ ... ~. ~Aut. Equ i 
Oct. -1,__--+-~--1----+-~~\~~--~-t--.. -:/·~"l"...__-+----i----r<"...__~--+--+---i 

....... ~ \ .··~~--~-
; ••• ~ ~ ··~ ---+---+----+--____,>-----+--____, 

1 ••• ·'/ , ... 

~~ 
/ ";;'':':;-;:;:; •••• ttr.'"" .... Wint.Solst. 

/ 

l . fi \ Nov.+~~--·· · \. 

Dec. - . 1 '-. 

i " Jan'y -I 

\ J 

Total solar-di u rna I variation of H, from all observat'1ons. 
Normal .. ., ,, ,. , larger disturbances excluded ----
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Results of the d(ffcrcntial niea.'tures of the horizontal intemdty frmn 
obsenmtfons recorded at Los An{/ele.'s, Oal.-Contiunea. 

The influence of the la.rger disturbances 011 the diurnal variation iR 

best shown by means of the accompauying diagrams (illut-\tration X o. 
6), combini11g thrPe months eacl1, namely, two having an equinoctial 
month for its middle aud two haviug a ~olstitial month for its middle. 
It would appear that about the equinoxes the diurnal variati011 exl1ih
its but one maximum and one minimurn, whereas about the soli4ice~, 
and partieularly at the summer solstice, it shows two maxima aud two 
munma In all cases the exclusion of th<> llistnrbanceH JeavPs the g·e11-
eral character of the curves unchanged, but diminh:.J~es the daily ampli
tude. Thi!'I. diminution of the ra11ge is grcate~t for the three mouths 
including- the summer solstice, viz: From :>·5 dh'isions or O·OOOHO in 
parts of H to 4·6 divisions or 0·00050 in parts of H, that is, one-sixth 
of the whole range. 

As has already been not.iced the exclu~ion of the disturbances would 
have the general effect of raising the absolute value of the horizontal 
force. 

DAYS OF LARGE DISTURBANCES IN THE HORIZONTAL COMPONEN'l' 

OJ:<' TH.E FORCE. 

The following talJle contaius the dates on which the bifilar curves 
show large disturbances. A rauge of 30 scale divisions or upwards on 
auy one day was taken as a dh;turbed day. A range of 1.5' in dedina-

. tion change (adopted in Part II) would cori·espond to 0·00436 in partt-> of 
the horizontal force or to 40 scale divisions of the bifilar im;trument; the 
limit of 30 divisions or 0·00327 H has been prefetTed however, as this 
includes very nearly all days on which the declination was dif;;turbed. 
The reduction to Rtaudard temperature ha8 been applied. The table 
is arranged similarly to that given in Part n. The hours are counted 
from mitlnight (0) to 24 hours, and- increasing scale divisions corre· 
SJ>ond ro increasing force. 
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r 

Days of large disturbance in the horizontaJ coniponent of the force at 
Los .A.·ngeles, Cal., October, 1882, to February, 1889. 

[An asterisk (*) indicates day of large disturbance in declhiatiun.] 

Magnitt1de of dis-
Local mean time of Extreme scale 

Range 
turbance or differ-

extremes. readings. 2ood. + cnce from normal 
Date. of day in terms of Ii. 

in terms 

Greatest Least ofH. 

force. force. Max. Min. Max. Min. 

- ·-

1882. h. ,;l. h. 111. d. d. 
Oct. 2* 2 25 II 05 163 (?) 86 (?) ·0084 + ·0035 ·- ·0042 
Oct. 5* 3 45 20 IO 147 88 64 17 45 
Oct. 6 3 30 I 15 144 112 35 14 20 
Oct. 23 21 55 21 30 153 112 45 26 18 
Oct. 24 19 15 21 30 143 112 34 15 18 

Oct. 27 22 15 17 30 146 II I 38 18 18 
Nov. I I 22 55 24 00 149 JI6 36 23 15 
Nov. 12* 5 35 21 45 142 81 66 14 51 
Nov. 13* 5 00 8 30 134 87 51 06 41 
Nov. 14 19 50 II IO 141 103 41 12 21 

Nov. 17*t 3 00 20 IO 148 (?) 4 157 (?) + 23 (?) 137 
Nov. 18*t 2 55 II 00 125 69 061 - 02 058 
Nov. 19*t 13 50 20 50 124 34 98 + 01 104 
Nov. 2o*t 0 50 4 15 148 59 97 + 22 075 
Nov. 21 22 35 9 00 120 73 51 - 08 57 

Nov. 25 8 30 16 15 129 97 35 + 04 34 
Dec. 15 16 00 23 45 153 116 40 25 16 
Dec. 18 22 05 20 15 144 109 38 15 23 
Dec. 20* 7 30 4 50 149 88 66 16 48 

1883. 
Jan. 26 2 20 12 25 145 113 35 II 18 
Feb. I 8 00 18 40 144 108 39 08 27 
Feb. 2* 1 2 IO~ 17 05 147 114 36 13 23 05 

21 

Feb. 3 23 50 0 05 148 I 17 34 15 18 
Feb. 22 23 25 7 35 152 107 49 20 33 

Feb. 24* 9 14 19 15 149 71 85 15 68 
Feb. 25 23 50 0 IO 137 105 35 03 32 
Feb. 27 6 40 16 10 141 100 45 OJ 36 
Mar. 22 22 35 IO 30 149 119 33 14 17 
Mar. 26 2 40 19 40 148 107 45 II 32 

Mar. 27 2400 13 35 145 I07 41 08 29 
Apr. 3* I 25 8 25 155 82 8o + 13 62 
Apr. 4 0 25 JO JO 141 109 35 - 01 34 
Apr. 19 20 30 18 30· 145 t'10 38 + 04 33 
Apr. 24* 9 00 18 05 165 105 65 29 38 

May 20 9 40 19 35 151 105 50 II 40 
May 21 24 00 IJ 35 149 115 37 05 32 
June 6 2 20 16 00 165 131 37 24 09 
June 18 2 00 16 00 154 12fr 30 12 14 
June 22 12 05 I9 IO 162 126 ·0039 + ·0021 ~ ·0015 

+ 

tThe great diBturbanee in November, 1882; as in the case of t,be declination, the eurvea 
,traced by the billlar magnet have been reproduced; see diagram No. '1. 
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Days of large disturbance in the horizontal component of the force at 
Los Angele.<;, Gal., October, 18R:2, to FdJruar!/, 1889-Continuccl. 

-----,------------------------i-----~--1-a_g_n-it_u_d_e_o_f_dis I 
1 

Local mean time of Extrcrne scale turbance or differ-
extrcmes. I rcacliBgs, 2ood. -+ I Rar:ge ence from normal 

Date. 1 ! of <-lay in terms of II. 
! 1 in terms 
1,;--c-;r-_e_a_t-es_t ___ I_~e-a_s_t_ of II. 

- f Max. Min. • Jorce. urce. 
I ----- ------------------

1883. 
lune 27 
-Tune 30 
July 8 
July JO 
July JI 

' July 15 
July I8 
July 29 
July 30 
Sept 15* 

I SepL 16':; 
Oct. 5 

1
i 

Oct. 16-* 

1'ov. J 

Nov. 2 

Nov. 21 ! 
Nov. 22* 

1884. 
J<'eb. 23 
Feb. 29 
Mar. 3 
Mar. 28 
Apr. 17 

Apr. ::?4* 
May 22 

June 2 

July 13 
July 19 

July 25 
Aug. 21 
Sept. 13 
SepL 17 
Sept. 18 

Oct. 
Oct. 

1* 
2 

Nov. 
Nov. 
Nov. 3* 

. 
l 
2 

-Nov. 28"* 
Dec. 14 
Dec. 19 

h. 111. 

I 30 
6 15 
8 30 
2 IO 

1 3 55 

7 00 
I 20 

16 00 

4 30 
19 30 

14 40 
0 00 

14 10 

~ ~ ~~} 
14 00 

21 35 
5 00 

9 00 

9 50 
3 50 
2 00 

3 00 

6 00 

9 00 
8 00 

5 30 
6 00 

I 40 
3 00 
I 00 

4 35 
0 40 

14 05 
23 15 

6 25 
8 05 
5 3° 

' 4 15 
3 IO 

15 00 

li. Ex. •S, pt. 2-7 

k lll. 

18 35 
16 00 

6 35 
6 00 

17 40 

I 5 .:f-0 
18 45 
19 SS 
t8 35 
22 35 

r 

19 45 
8 20 

20 50 i 
I 

18 40 I 
; 

19 00 l 
2J 10 I 

0 35 l 
I 

16 50 I 

2~ ~ 1 
21 45 i 

:: :: ,I 

19 00 
16 oo I 
16 50 ! 
20 10 J 

19 40 l 
15. 10 

18 55 
18 55 

0 00 

d. 
158 
147 
166 
162 
150 

147 
162 
152 
142 

167 

134 
136 
134 
132 
123 

142 
Il9 

133 
132 
147 
130 
135 

135 
142 
147_ 
141 

134 

135 
131 
129 

129 

121 

19 25 144 
18 40 u6 
22 45 i;27 

\8 20 I u9 
0 05 ~24 

0 00 
20 00 

3J 05 

124 
121 

125 

d. 
121 
116 
134 
us 
IIJ 

Il5 
121 
109 
106 

51 

77 
JOI 

86 

93 
Si 

113 
92 
98 

99 
JIO 

117 
JOO 

103 

·0040 

34 
35 
51 
40 

35 
45 
47 
39 

126 

062 

38 
52 

33 
42 
57 
47 

44 
56 
37 
41 
40. 

39 
35 
33 
45 
34 

42 
34 
34 
62 
35 

87 
45 
35 
58 
SI 

30 
37 

'QOJJ 

Max. Min. 

+ ·0016 
o.,i 

-+ 

+ 

33 
26 
IJ 

11 

26 
I~ 
0.) 

39 

03 
IO 

09 

08 

01 

22 
06 

05 
08 
22 

03 
06 

05 
JI 
18 
14 
06 

09 
04 
08 
oS 
01 

+ 32 
- 01 

+ JO 
02 

08 

- ·0020 

25 
04 
26 
25 

23 
16 
29 
33 
85 

6o 
23 
46 

23 

42 
36 
54 

33 
26 
25 
51-
35 

56 1 
I 

·44 r 
22 I 

54 l 
4l 

08 21 
08 28 

+ ·-0014 - ·0020 
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Days of large dfsturba-rwe in the horizonta.l component of the force at 
Los Angeles, Gal., October, 1882, to February, 1889-Contiuued. 

Date. 

Local mean time of 
extremes. 

I I Extreme scale 
i readings, 2ood. + Range 
I j of day 

_________ i in terms 

Greatest Least j I' of H. 

Magnitude of dis
turbance or differ
ence from normal 

in terms of H. 

Max. Min. force. force. I Max. Min. 
-·--··---· --·····p--~-~-------· , ___ --------

h. Ill. ! d. 1885. 

Jan. 2 

Jan. 22 

Jan. 30 
Feb. IO 

Feb. 11 

Feb. 28 

Mar. 15* 
Apr. 26 

May 13* 

May 25* 

May 26* 
May 27* 
June 241 
June 25t 
July I 7 

July 31 
Aug. 1* 

Aug. 7 
Aug. 28 
Sept. 4 

Sept. 15* 
Sept. 23 
Nov. I I 
Nov. 18* 
Dec. 6 
Dec. 7 

1886. 
Jan. 9* 
Jan. 28 
Jan. 29 
Feb. 10 

Mar. 19 

Mar. 28 
Mar. 30* 
Mar. 31 
Apr. 13 
Apr. 14* 

Apr. 
May 
May 
May 
June 

24 
8* 
9 

17 
5 

h. m. 
s 3 ~ 
i 5 00~ 

7 30 

5 3° 
J IO 

18 32 

7 00 
o oS 

~ ~ ~~ 
9 20 

12 00 
21 20 

19 55 
2 25 

13 50 

13 00 
2 13 
2 05 
0 00 

2 3 45 

5 35 
l 55 
2 45 
4 45 

JO 00 

8 15 

0 10 

9 15 
2 10 

9 00 
22 05 

5 00 

I 53 
4 20 
I 30 
3 35 

16 08 
4 35 
0 o6 

23 JO 
4_46 

I 
I 

II 35 Ii r26 
I 2 15 122 

2 35 I 12 I 
I 136 

123 

12 IO 

21 30 

18 37 
19 00 
21 00 

15 35 

23 00 

0 35 
22 55 
20 15 

9 30 
17 40 

21 25 
18 50 
16 50 
21 05 
•5 50 

21 30 
15 08 
13 20 

12 45 
19 50 
16 05 

II 05 
23 25 
20 35 
20 20 

16 05 

17 48 
12 35 
11 36 
22 30 
22 50 

22 35 
18 25 

I o6 
20 00 

17 36 

120 

123 
115 

II6 

106 
I 12 

135 
II7 
135 

124 

129 
118 
IIJ 
115 

112 

107 
114 
109 

104 
IOI 

126 
105 
105 
96 
96 

99 
133 
104 
98 
99 

107 
105 

98 
1o'l 
106 

d. 

88 
65 
81 

33 
76 
66 
65 
61 

69 
8 

53 
69 
51 

70 
41 
57 
70 
74 

·0039 

52 
33 
42 
42 

35 
63 
37 

54 

77 

30 
39 
53 
45 
40 

37 
51 
37 
39 
49 

47 
34 
40 
49 
35 
39 

IOI 
032 

42 
34 
38 

33 
131 
056 

32 
46 

40 
70 
45 
39 

·0035 

+ ·0013 -.0021 

l 

I 
!+ 
I 
1 ·-

1 + 

I 

06 ~8 
06 25 
26 13 
13 29 

08 
13 
Of 

03 

27 

06 
02 

15 
27 
15 
II 

18 

13 
08 
20 

13 
12 

05 

42 
13 
16 
00 

05 

04 
44 • 
10 
o6 
08 

18 
II 

05 
13 

25 
51 
33 

47 

50 

37 
38 
24 

36 
08 

18 
21 

17 
27 
29 

29 
23 
16 
30 
24 
32 

25 
88 
39 
24 
37 

23 
53 

. 41 

+ ·0012 
23 

- ·0017 

: This disturbance wms one of ooneid~ble geographical extent.. 
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Drt.ys o.f la.rge di8tw·bance i·n the horizontal coniponent of the f<Yrcc at 
Lm1 Angeles, Oa.J., October, 1882, to Ii'clwum·y, 18b'9-Cou tirnrntl. 

r----

Extre1ne scale I Magnitude of dis-
I 

Local mean time of 
Range 

turbance or differ-
extremes. readings, 2ood. +- l ence from normal 

Date. 
of day in terms of 11. 

in terms ------· ---------· 
of IL 

Greatest Least Max. I\lin. I Max. l\Iin. 
force. force. _____ I 

------~---· 

1886. h. m. h. 1Jl. d. d. I 
June 22 12 45 16 05 109 74 -00~8 + 00·15 --- ·0018 I .) 

June 25 10 30 17 40 JOO 69 34 05 24 
June 29 24 00 20 16 106 55 56 14 39 
June 30 0 05 16 53 I 12 70 46 21 22 

July 27* 6 30 15 17 98 44 59 08 49 

Aug. 12 0 40 18 25 100 65 39 ll 24 
Aug. 15* 23 40 19 55 97 69 30 09 20 
Aug. 23 15 30 20 45 JOO 48 57 15 42 
Sept. 9* 6 00 23 05 93 61 35 04 29 
Sept. IO 23 45 16 05 104 63 45 17 26 

Sept. I l 21 25 9 45 94 63 34 06 23 
Oct. 6 6 55 17 15 95 50 49 12 36 
Oct. 7 0 10 21 35 91 59 35 08 24 
Oct. 8 5 30 8 30 89 54 38 04 27 
Ocf. 19 II IO I 20 94 65 32 14 2C 

Nov. 2 7 02 16 30 92 56 39 l4 23 
Nov. 6 6 00 13 05 82 48 37 02 29 
Nov. 30 3 15 II 45 91 59 35 13 17 

1887. 
Jan. 22 9 00 21 30 92 55 40 16 20 
Apr. 6 22 45 17 40 84 53 34 IO 24 
Apr. 14 13 IO 22 07 87 57 33 14 20 
:!\fay 12 II IO 17 05 94 55 42 22 21 
.May 23 13 58 18 55 92 55 40 18 20 

Julv 7 2 45 18 55 94 54 44 16 24 . , 
Aug. I ... IO 19 15 91 34 62 16 42 ·' Aug. 2 23 45 21 05 85 56 32 I I 18 
Aug. 3 0 00 15 30 82 51 34 08 22 

Aug. 28 ~ 5 00~ 
6 00} 

22 IO 76 46 33 01 30 

Aug. 29 2 25 14 05 85 54 34 10 20 

Sept. 25 ~ 5 00~ 19 20 79 12 73 oS 64 

' 6 00 

Sept. 27 4 50 t 16 IO{ 76 45 34 03 28 
18 505 

Oct. 22 15 45 15 42 I 91 53 41 24 • 17 
Oct. 26 6 05 15 IO , 80 49 34 II ..... 
Nov. 21 2 IO I I 40_ 88 32 61 23 35 
Dec. 21 7 00 19 55 69 35 37 03 30 

1888. 
Jan. 7 8 35 23 50 75 44 34 13 17 
Jan. 13 7 45 11 20 75 29 50 12 29 
Jan. 23 5 55 16 50 78 35 47 16 28 
Mar. 15 5 OS 22 40 80 46 37 13 22 
Apr. 2 15 45 21 10 15 44 ·0034 + .0008 - .002.) 
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Days of la.rge disturbance in the lwrizontal component of tl'tc force at 
Los Angeles, Cal., October, 1882, f,Q Febru.a.ry, 1889-Vontinuetl. 

Date. 

1888. 
Apr. I I 

May 20 

June 3 
June 22 
Aug. 3 

Aug. 15 
Sept. 13 
Oct. 19 
Oct. 30 

Dec. 23 

I .oca1 mean time of 
extremes. 

I I · 1 Magnitude of dis-
1 . Extreme scale turbance or differ-
readings, 2ood. + , Range II .ence fron1 normal 

1

1 
•0 f day in terms of IL 

, Jn tern1s 

Gf~-~a-c~-~-st--i-~-~~-~-~- Max. Min.-1 of H. I -~ax. Min:--

~6 ~~ _d'._7_6---~6 ! ·0044 -1-+~~7~ ·- -~35 h. lit. 

3 °5 
3 17 
0 20 

6 15 
3 40 

23 05 
0 30 
2 00 

14 10 

~ :.:~ 

~~ ~~ I ~~ ~; ~~ ~~ ~6 
I 8 00 l 7 9 48 34 IO I 8 
18 35 78 42 39 13 23 

21 00 
16 (X) 

15 30 
20 17 

20 18 

79 
82 
69 
71 
63 

48 
49 
35 
30 

30 

34 
36 
37 
45 

·0036 

16 17 
21 13 
10 26 
TS 30 

+ ·0003 -·0028 

With our limit of counting any daily ra.nge equal to or exceeding 30 -
scale divisions (O.oo:J27 II or 0·000892 of a dyne) a day of large disturb
a11ce, we tincl 170 dii-;turbGu. days iu 2 84:1 days, that is, 1 in 14, with an 
average daily disturbance range of 42 scale divisions, or 0·00458 H. 
This average disturbance range is to the ordinary daily range as 458 
to 49, or as H to 1 nearly. Classified by magnitude for differences of :1-0 
scale divisions, we have the following table: 

Disturban~e I Number of 
range. days. 

d. d. 
30 to 40 105 
40 50 34 
50 6o 14 
60 70 5 
70 80 5 
8o 90 2 

above 90 5 
l 
-~~~~--- ~- -~--~-

In t.he great November storm of 1882, the maximum recorded range* 
was 144 divisions (·0157 H) on November 17, 3h, as near as can be inade 
out; this correRpondR to a deflection from the normal for that time of 
126 divisions, or ·0137 H. 

The preponcforauce of the larger disturbances decreasing the lwrizon
tal force over those increasing ~he same is plainly brought out fromc the 

. . 
--__ _,__ ~-~-~-~~-~~·--·~----~~····-·--··· •• L ·~· 00 ·- 0 """"'""""••-•••••o••--,• - • ...,., ____________ oo•• ••ft•-~--·---· ••OOTOo- ···-·~·-···---··-· ••o•• -- • 00 ·····-··----·--·-- -- -~-

... The trace passed to the edge of the,. paper and to some unknown distance beyoud. 
See diagram No. 1. 
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Ifr8ultx of the d~(!(:rcntial m.t'<t.~ure.>1 of the Jwrt-::mdal inf1'nsit.11 from 
obsn·Ndion,o; rceor<fo<l at LnR Angclrw~ Oal.-Con1i1111e1l. 

last two columns; the ratio of the distnrbauces deert>asing ( - of t.he 
table) to those ·increasing ( + of the table) the force is as :!·56 to 1. 

TIIE L1TNAR INFLUENCI<J ON THE HORIZONTAL COMPONENT OF THE 

MAGNETIC FORCE .AT LOS ANGELES, CAL., 188~~-1888. 

The method8 of investigation are in general tlw i:mnw aH those fol
lcnved iu the discussion of flie influence of tlw rnoon as exhibited hy t.lte 
v~·niations in declination; l1ence it will suffice to refer to Part II of this 
paper for all matter of detail. 

The data forming the b~rnis o( the i11Y('8tigation are the honr1y rl'l,'C. 
ords of the changes of the horizontal component, rednePd to a uniform 
temperature of the nHtgnet, as appended. .gac11 ordinatt• w·as ma1·ked 
with the nea:rest lunar hour for future tahulatiou, a11d tl1ere W('re likr•
wise inarked the cla.ys of the seve-ra1 lunar phases~ together with tl10se 
of the moon's greatest, and 1t~ast. declination~ and of .iti4 apogee aud 
perigee. As in t11e case of the declination effi•d, all va lnes pn•\'ionsly 
ma1·ked as <lii=-tnrha1u•e$, were omitted from tlw tabulation. 

Luna.r-diurnal varia.fion .. -"".rhe effect of tlw moon ou the p.arth':oi. hori
zontal magnetic fince is very minute and can ouly be made evident by 
eli1ninating, in the process of retlnctiou, all larger variations <llH' to 
other causes anll by combining a larg-e nnmber (sevc•raJ thousandr-.) of 
lunar values to a nlean value. In the treatment adcptrnl, the h1flu
ences of diurnal and annual sola1· variations of U1e dh;:.turbances, of the 
sun spot inequality, and of the secular variation are all eliminated. 
Three years of differential record were :;:.elected, viz, the year 188:3, the 
year 1885~1886i, and the year l&qs, ~vielding 7 579, 7 Ht>O, and 8 105 Innar 
differential ordinates, respectively; these numbers were frmnd sufli
cieut fairly to bring out the character and amount of the diurnal influ
ence. Tne laborious· nature of the iuvestigation·i-:. denutuds thi~ re8tric
tion from 7 to 3 years.• 

The following table contains for each hour-ang·le of the moon the 1uean 
value of all the differential ordinatps at that lwur-angle, i. e., the dif
ference between the tabular reading and its corresponding monthly 
n1ea11 reading of the bifilar.record. · A.+ Rign indicate:-; a. northerly hor
ir,onta1 force greater tl1an the uorma1, a - sign a southerly dif4nrbiug 
force. 

* Por the purpose in hand a total length of 410 meters (or nearly ont>-fonrth of a 
statute mile) of photographic trace was employetl, yielding altogether 23 724 or<li
nates, .distributed over the 24 hour-ang1es of the moon. Since the avera.ge width of 
the trace is about one a:iul a quarter scale division and, as will be seen, the total 
rn.nge of the lunar effect is lmt two-thirds of a division, the whole of the lunar-

. diurnal variation is eon:fined to half the width of the trace. 



 

Number and t'a.lue of the hourl11 ordfoa.teH of the lmw,,r-dfo.rnal ·narfr.tion. 
• 

(Oua scale division eqnals0·00-0109 pR.rt of the fol'ce. or in dynes 0·000109 x 0·2727 = 0·0000297 of a dyne. For the 23724 llitlerenti:tl onlinates I am indebted to Mr. L.A. l!auer.] 

Moon's 
hour

angle. 

I . ·-. -~~~~-~--- Los Angeles. rhiladel hia. Toronto. I Ordmates 111 scale d1v1s10ns. 23 724 obserrn- ,_P 
1 , . . 88 22 045 ouserva -:t4 )O) o )~erv:i.-

1 hons m 1 3 . •. '" • '· , 
----1' ·--·- ' hons m I 840.. trons m r 844-

I I 1885 1,;- I 1885~ 1886 ' 1845----in parts 1848-in parts 
Total. I I 88 3. .· ssl ~, 1888. Menn. l 888--m parts f I·I * of II t 

Number of measures of each. 

In 1888. 
In 

In 1883. I 1885~-
1886~. ----1-- . ---·-- .. I . I : 1 < •l J·z · of 1 I. 0 · · 

~-~-1-~----··---1 ·-----·· - --.-... _____ j _____ ,,_ .. ___ .. ,, - --·------·- ... -~-----··· -------- ------ ---~ 
1 ' I I I u.c. 

Jh 

2 

3 
4 
s 
6 
7 
8 
9 

to 
II 

L. c. 
13h 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

Sums. 

320 

313 
309 
314 
318 
313 
309 
315 
320 

315 
319 
315 
322 
318 
315 
320 
JII 
313 
313 
314 
317 
320 

320 
316 

335 
333 
336 
329 
337 
332 
332 
3'0 
'.,) 

334 
337 
335 
327 
J..J.O 
332 
335 
330 
330 
333 
324 
324 
321 
328 
327 
329 

341 
341 
341 
337 
339 
340 

341 
340 
343 
345 
344 
344 

344 
341 
343 
340 
344 
343 
346 
339 
342 
336 
340 l.-

341 

,, . fl. I ( . ( . 
996 I +0·32 -1-0·46 +0·16 +0·31 0·000034 +0·00001~ -~-0·000019 
987 I +0·21 +o· 34 +o-39 +0·31 -~- 3+ + 18 + 34 
986 +0·30 +0·45 I -f-0·25 +0·33 --j- 36 · + 33 + 37 
980 +0·27 ---;-0·44 +0·09 +0·21 + 29 + 40 + 38 
9~~ +0:32 +0·22 --Cl'20 I +0:1 I + 12 + 07 i t 2~ 
98, --0 08 +0·04 ---o·IO ! -0 05 - 05 + 26 T 38 

982 +0·03 --0·06 I --0'25 ---0-09 
985 -0·23 ---0·14 ---0'20 -O'l9 

997 -0·37 -0·06 -0·22 --0·22 

997 -0·13 -0·07 1 -+-0·03 --0·06 
998 o·oo +o·oq 

1 

-l-o· I 1 -j--0·07 

986 -0.12 -j--0'41 -t-0·17 -to·15 
I 006 -0·13 I +0·02 I -+0·05 --0·02 

991 +0·09 I -i-0.18 I +0·30 i -+--0·19 
993 -o· I 7 -0·09 I +o· r 1 -0·05 

990 -0·08 +0·03 +0·31 +0·09 
985 +0·06 -0·54 --o·or -0·16 
989 --0·12 -0·44 -0·12 -0·23 

983 -0·27 -0·49 --0·24 -0·33 
977 --0·04 -0·60 --0·25 -0·30 

980 -0·07 -0·45 ---0·26 --0·26 
984 -0'10 --0-17 -0·14 --0-14 
987 +0·13 +0·06 · --0·10 I +0·03 
986 +0·36 +0·44 --0·17 -+-0·21 

+ 
+ 
+ 
+ 

10 
21 

24 
07 
08 
r6 

02 
21 

05 
IO 

17 
25 

36 
33 
28 
15 

+ OJ + 0·000023 

-+ 

+ 
-+
+ 
+ 
+ 

00 I + 
04 I + 
22 

15 
07 
04 + 
26 -
07 + 
15 + 
II + 
04 ; + 
26 ! + 

I 
47 
22 

18 
36 

,.,., 
-.) 

06 
05 
10 
12 

rs 
02 

27 
24 
17 
IZ 
O" ..) 

19 
35 
50 
44 
26 04 

-+- 0·000007 -~ 0·000010 

1 

_s _19_5_ \_~~ 72~_J_~~-+-._o·1~s-___ [_=+~_c~_;~~-L __ --_0:~~~--\-~~--~-:~~~-7 579 7 950 

•U.S. 0. S. Report for 1862, p. 207. On;; scale division equnls o·0000361> H. 1 Torunfo Ob~ervations, vol. m. One 11ivision of scale= 0·000087 iu 1)nrts of R. 
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llesu-lts of the d(fferential meaNUr'Ds of the hori.zontal foten.-.:ity from, 
obsernatfons recorded at Los Angeles, Oa.l.-Continued. 

In the preceding table I have a~o giveu, for the purpose of compari
son, the lunar-diurnal variation of the horizontal f<n·ce at Philadelphia 
and at Toronto, tlrn former from a three-year serie~ hy Dr. Baehe, the 
latter from a five-year Heries of observations by Gen. Sabine. Not only is 
the general character of the luuar effect the game for the three stations, 
viz, a diurnal and a semidiurnal wave combined, but the amplitudes 
of the effeet are almost ideutica.l wheu measured in parts of the hori
zontal force at each plaee. This close accord, especially when the 
extreme minuteness of the whole action is considered, is also brought 
out in the accompanying diagram No. 8, in which the figures of the last 
three colum11s of the preceding table have been plotted. 

Expressed analytically tl1e lios .Ange1cs results are represented by 

H 
4 
= - 0·000 000 1 + 0·000 014 08 sin (15n + 400·1) 

+ 0·000 026 18 sin (30n + ()30·7) 

+ 0·000 001 98 sin (45n + 290·5) 

where n =number of hours after upper cuhnination and n· <I the corre
sponding horizontal :force expressed in parts of H; for absolute meas
ure in dynes n1ultiply by 0·2727. - This formula represents the observa
tions as follows: 

« 's 
hOUr
angle. 

u. c. 

2 

3 
4 
5 

6 
7 
8 
9 

to 
II 

Lunar-diurnal variation. 
!---~---·----~--

Observed. I Computed. 

+ 0·000034 I + 0·000034 
+ 34 + 39 + 36 + 37 + 29 + 26 + 12 + II 
- 05 - 04 

+ + 

IO --
21 -

24 -
07 -· 
08 + 
16 + 

14 
19 
16 
09 
01 

09 

I 
I 

IT 's Lunar-diurnal variation. 11 

Diff. \l , Diff. I hou~ · 
O-C I angle. Observed. j Computed.---i U-C 

------- 1--~- ~-~-- ---------'--------

0 I L. c. - 0·000002 + 0·000013 I - I 5 

=~ 1 ; r + ~~ t ~~ ±I~ 
+3 j 15 + IO - 03 +13 
+1 I 16 - I7 - 15 - 2 

-I I 17 - 25 - 25 0 

+4 ! I 8 - 36 - 33 - 3 

+~ j ~~ ;~ ~~ I + ~ 
+7 22 + + ~~ I -+ ~ 
+1 I 23 + ~~ + 20 . + 3 

!
I , ------"~--=~--~-; 

""""' -49 

We ,get the probable error of the represeutation of a single value by 
the shnple formula, 

'" 

. r = 0·845 __ l" ~ = + 4·3 or-+ 0·000 004 3 part of H. 
vt~(11r- ... > - -
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At. Philrufrlplda we lnl\'e the ex1wession for II <r iu imrtR of B (sec r1. 
209 C S R ' 1 ··a·)' ,.., , . . ep. tor -~ :. J : 

H<I = - 0·000 000 4 + O·O~O 014 GO Rin(15n + 130·[)) 
+ 0·000 021 HO Rin (30n + 380·7) 

+ 0·000 005 64 sin (45n + 244°·5) 

and r = + 0·000 007 8 part of II. 

At Toronto we have: 

Ha = + 0·000 004 3 + 0·000 018 80 Rin (1<1n - G0·4) 
+ 0·000 025 H5 sin (:-lOn + l;")O·l) 

+ 0·000 004 HS :sin (45n + 970·4) 
and r = ::!: 0·000 005 7. 

To give an example of the lunar-diurnal effect at a station in tlie 
southern hemisphere I add here the result deduced by General Sahine 
from a 4~-year series of observations at St. Helena (1\fag11etiea1 an<l 
:l\Ieteorological Obse1·vations at. St. Heleirn, 1844-'4~l, Vol. n, 1..Jondou, 
1860; 'l'able xxxvu and p. CXLVII), slightly ]mproved and changed to 
compm·t\ with n bove notation. 

H c. = + O·OOO 002 4 + O·OOO OOH 21 siu (1511+265°6) + 0·000 017 67 sin (30n + 130°·5) 
. +o·ooo 00213 sin (45n+~84.J·6) 

In the following table I have put. together for the North American_ 
stations tlte hour-aug·les of the moon ihr each of the fon1· extremes of 
the diurnal action, as computed by means of the formula 

dHa . . 
({fJ = b cos (fi + c) + 2 b, cos (2 o + c1) + 3 b11 cos (3 0 + c,J = 0 

and introducing the numerical values from tlie given expressions for 
H4. 

At Los Angeles, Cal. 
At Phi adeJphia, J>a, 
At Toronto, Can. 

For Los Angeles, Cal. 
For Pltila<leliJhia, Pa. 
For Toronto, Can. 

Principal 
maximum. 

h. 111. 

I 12 
i 2 52 ) 
j 2 40 

I 

l + ·oobo397 I+ 032 + 0377 

I Secondary 
j 

Secondary l Principal 
I minimum. maximum. minimum. 

1-
I 

h. 11!. h. "'· h. fll. 

7 06 12 30 18 40 
8 19 13 07 18 41 
9 34 14 22 20 06 

I 
Anlount in parts of H. 

- ·0000187 + ·0000136 -·0000342 
- 016 + 019 - 032 - 0040 + 0229 - 0427 

' 
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Jlesult:s <~/' the dUf(_?1·ential measures <~l tlw lwr-i~ontal 'intrw•ity frum 
olnu'1Ta tiuus rl~eordcd a.t l.108 ... A'llf/Clc.~, Cal.-co11tiuue<l. 

Total lunar-<liurnal range. 
For l .os Angeles, Cal.. 
For Philadelphia, Pa., 
For Toronto, Can., 

o·ooo 07 3 9 IL 
64 0 

So.+ 

While the North American Rfalt.iorn" co11dn· withi11 an 1iour or two to 
assign the 8ame pmdtion (l1nur"a11glc) of tlie 1110011 for e;wh of tl1e a hove 
extremes of the horizo11tal force (re~pef~tively), it is otherwisP at o~her 
stations; thus, .T. .A ... Ihou11 found from the l\tiakerFJtown (Scotland) 
series of ohserv~1tio11 ~, 1843-'4G-* 

The greater maximum, li hours after Jow('lr culmination. 
The greater miuimnrn, 8 hours after upper culmination. 
The smaller maximum, 2 hours after upper culmination. 
The smaller minimum 3 110ur8 before upper culmi11ntio11, 

Here the principal and i-:.ubordinate extremes appear ex<'ha11ged as 
compared with the America11 station:;. . At Prague (Bohemia)~ from a 
10-year series, 18!0-~·i9,t K. JCreil found the greate1· n1aximnm about 
4:! hours after lower cuhni11ation, and the smaller maximum about 42 
hours after u11per culmination; also, the greater minimum about 10:1 
lwurs after upper culmination, and t11e sn1aller one about lO;t hours 
after lower culmination, showing the same feature in the diurnal ine
()nality as at :Makerstown. 

How far the epocha.1 quantities c c, c" ..... _ remain constant at any 
oue place remains to be seen. 

Se1nia·nnual inequality in the lunar-diurna.l varia.tion.-If we c01nbine 
the .Preceding results separately for the six nwnths, October to March 
(inclusive), when the sun is iu south declination and for the reina.ining 
f:'jx months, when the sun is in north dec~ination, ·we get the following 
ordinates, in sea.le <livisionR, of the lunar-diurnal variation, where 
a= the moon's hour-angle, \V the winter, and S the summer half year. 

·--

I 
)• 

a w. s. Ji a w. s. •' II 
.. ·---~,-- -- __ ,' ! --~-~---"- --·-·~----

d. d. H 
d. d. ,, 

:1 u.c. +·28 + ·35 :1 
l,, c. -- ·09 i + ·05 

1h + ·31 + '33 
II 

13h -+ ·rS + ·21 
2 +·37 + ·30 14 + ·03 - ·11 

3 + ·29 + ·23 
11 

15 -1- •09 +·08 I 

4· + ·10 

l 
+ ·12 16 --· ·31 -·03 

5 + ·05 -- ·15 
\1 

17 ---- ·46 -- ·03 

6 - ·or I -·18 18 -·63 -·03 I. 
7 -·10 I - ·28 JI 19 -- ·47 -. ·rr ;! 

8 -··tz i -·31 !) 20 - ·22 -·30 
9 + ·04 I - ·16 i' 21 -- ·I I -·17 

IO + ·14 I + ·01 i! 22 +·04 + ·01 I\ 
It + ·21 + ·10 II 23 + ·19 + ·22 

I t . ----·- ·~--·~~-~-- -----~~~~-.,__,..._,-------·--~ . ··~" ~" ~ ~·~--- --- ""''' -·--··-·------
·•Trans. Roy. Soc. of,:Edinlmrgb, Vol. xix, Pad. n, 18-19, at Sir Thomas :M. Bria-

•. b:t11ets ohseTv~tory. _ . 
. . tDenkseluiften of the lmperinl Acndmny of Sciences, Vienna, Vol. v, 1858. };iu

~: flit$. des ?d.midtJs Q>l:Jf (Ue IJorizonto.I., Componeuro der magnetisch-en Erdkraft. 
- .... ·-· - " '.• .. --· ··- ... . . 
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The average umnber of ordinates fron1 which any tabular vahu ... is 
derived is 494. Thrown into curves, the tabular values for the six 
mouths with the sun in south declination, when contrasted with the 
values for the period with the sun in north declination, plainly show a 
greater minimum at a= 8 1

! (about) and a less minimum at a= 19ll 
(about) in summer than in winter. At Philadelphia a slightly greater 
range was .noted for the sununer months; at this place also the extremes 
of the double wave were found to occur earlier in winter than in sum
mer. No such difference, however, can be detected at Los Angeles, 
though the priucipal n1inimum is 2 hours earlier in winter. 

Var·iation of the lvnar-diinrnal force in the plane of the horizon.-The 
lunar-diurnal tletleeting force acting in a horizontal plane may be rep
resented in direction and intensity in the sa1ne manner as lias been 
shown in the case of the solar-diurnal deflecting force. 

In Part 11 of this discussion, .the east and west component of the 
lunar disturbing force is given in seconds of arc for all hour-angles of 
the moon; multiplying these hourly values by 2 0-6~65 or by 0·000004848, 
we get t11eir equivalent values in terms of the horizontal force H. The 
combination of the latter with the corresponding values of the north 
and south component gives the disturbing force throughout the lunar 
day, as shown by the accompanying diagram (illustration No. 9). 

l 

-E. and W. I N. and S. E. and W. N. and S. 
1 

(( 'shour <! 'shour 
Component* Componentt angle angle Component* Componentt 

t. in terms in terms t. in terms in terms 
ofH. ofH. ofH. of H. 

-~~~ 

' 
-

u. c. -·000034 + ·000034 L. C. -·000030 -·000002 
1b - 012 + 034 13b - OI2 + 021 
2 + 003 + 036 14 - 003 - 005 
3 I + 014 + 029 IS + 021 + 010 
4 + 034 + 012 16 ' 030 - 017 I 
5 + 042 - 005 17 ..L 044 - 025 I 

6 + 042 - 010 18 + 037 - 036 
7 + 025 - 021 I9 + 021 - 033 
8 - 003 - 024 20 ooo - 028 
9 - 019 -- 007 21 - 032 - 015 

IO - 939 + 008 22 - o39 + 003 
II I - 042 + 016 23 - 034 + 023 

------~-
"'nerived from 23 807 observations of the unifilar magnetometer; a+ sign indicates a deflecting force 

t-o the cast. · 
t Derived from 23 724 observations of the bifilar magnet.ometer; a+ sign indicates a deflecting foroe 

to the north. · · · 

But for some slight irregularity in the curve about Lower Culminar- · 
tion the two convolutions are plainly brought out. In this respect the 
lunar field is unlike that of the solar field. · 

The linear scale (of force) of the lunar diagram is, about 15 times 
greater than that of the solar ones, given on a preceding page, A line 
drawn from the oenter of the diagram tO any hour mark of the curve 
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ResultN of tllf' dUrt:re11tial mcaHnrt:s '~f th<' lwri:..:·outa1 inteusit;11 from 
obserl'at·io1u; recorded at Los .A._·ngeles, Cal.-coutiuue-1. 

will indicate in direction and magnitude the deflecting force then 
acting.* 

Inequality in the horizontal nia9netio force depcndhig on the ·varia,tfon of 
the lunar phases. 

This investigation, as well as the two following ones, is ba8ed upon 
the 6-year hourly record between 1883 and 1888, inclusiv(~, Hs ap
pended to this paper, hence, comprises 74 luuations. The method foL 
]owed is the same for the three investigation:;;;, viz, for any one case, 
i.e., of phase, declin;1tion, or parallax, the daily means (resulting fro1n 
24 hourly readings, hut ornitting al1 larger disturlmuces) of the ltor1-
z0Htal force on the <lay or occurrence, ah;o ou the 3 preceding and on 
the;{ following- day8 were compared with a normal mean. This normal 
mean was obtained from the tlaily rneans of the prcced,ing 14 days and of 
the following 14 days, counted fi:·om the day of the event. This normal 
Inean was subtracted frmn the daily mea.u, as given by observation for 
the day of the event, and its six adjaeent days. rrhe differences are 
set down with tlieir proper sign, a + sign indicating a greater, a -
sign lesi-; force than t,he normal. The means of these differences were 
then tabulated t with the following n~sults, expressed in scale diYisions 
(one div.= 0·000109 H): 

InequaUty in the ho'rizontal force in relation with the lunar phases. 

3 days before •· 
2 days before. 
r <lay before. 
On day of new moon. 
1 day after. 
2 days after. 
3 days after. 

3 days before }l . 
2 days before. 
I day before. 
On day of first quarter. 
l day after. 
2 days after. 
3 days after. 

37 lunations. 

1883- 1886-
'4-'5. '7-'8. 

- . I + ·s 
·o ·o 

- •J + ·3 
·- '5 - . I 

- •J + ·s 
+ . I + ·2 

+ ·3 + ·6 

+ ·5 +1·1 
+1·0 + ·1 
+1·1 - ·4 
+1·1 + ·2 

+1·3 + ·2 
+z·1 - ·3 
+1·6 -1·4 

74 
luna-
tions. 

+·2 
·o 

+·1 
-·3 
+·2 
+·1 
+·4 
+·8 
+·6 

f +·4 
+·1 
+·8 
+·9 +·1 

37 lunations. I 
______ I 74 

1883- l 188G- 11 1 ~11 a,4 ,-
5 

: ,_ ,8 tions. 
- • I 1- . 

3 days before Q. +1·4 / ~ .;!+ ·4 
2 days before. + ·6 I- ·8 1~ ·1 
I Jay before. - ·1 1-1·1 i-- ·6 
On day of foll moon. -1·3 1-1·1 !---1·2 
1daya,fter. - ·1 I_ ·7 !-- ·4 
2 days after. - ·s 1- ·3 r- ·4 
3 days after. ·4 ' -t- ·~ ' · 1 

3 days before ({. I= ·2 

1

i + -~ l~~- ·~ ! 
2 days before. 1-+ ·3 I +1·1 :+- '71 
1 day before. I + ·2 ; + ·6 H· ·4 I 
On day of last quarter. 1 ·o I + ·8 H- ·4 
I day after. I' --- ·1 ! + ·G + ·z 
2 days after. 1 - ·1 l + ·1 ;+ ·z 
3 days after. i + ·1 ; + 1·4 'I' 1 ·8 

i I 

. The figures of the last column, when shown graphicaHy, plainly indi
cate an increase in the horizontal force about the times of first and last 

* i. 6. 1 the force as expressed in parts of H, or, after multiplying with 0·2727, in 
dyneir, with which a. north magnet pole of unit strength would be urged in that 
direc.tiQn. · · 

- t~he work W~;perform~d by .M:r. L, A. Bauer. 
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quarter"' awl a 'h~l·rea~·H' ahout Uw time~ of 11ew aud full moon. 'l1he 
ra 11ge hetwee11 these cxtrm11e:-; 1nay he ~wt down aio> one Heal(• clivi""io11, or 
alwnt o.0001 part of tlie force. (See, a1so; aecompanyi11g diagnun illus
tratio11 No. 10.) 'l~lle result from the observations at Philacfolphia. b.'· 
Bache* (1K40-'4fi), and the re:-iult ti::mml by Brouu,t frmn the 1"lakers
tow11 observation~ (18J:1-'4-H), aR '"ell as the Prague oh1"eryation::; (184:3-
• ... w). h,v Kn·il, :-:nppol't thii-; diminution of tlw f()rce about new moon. 
~till, rnlH.~h uncertainty remains rcspedi11g the total action wlwu differ
e11t places are compare'!. This is readily vxplaiuable hy the extreme 
:-nua lltwsR of the ctfeet and its co11sequent e-11tangleme11t. with the nu
merous other variatio11s~ wl1ieh cau only 1H· (•limiuated im1)erfoc.tly. 

InequaU(tf in tlu: /wri.::·outal rna11nf'fic ,l'orN~ df1umdhig on the variatiori-s 
(!l tlte moou'8 <frclimtf.1~on.-FoJ1owh1g the same 11wthod a.s lieforc we get 
for the effeet depcHdiiig· on the moon"s extreme <leelina.tion~, and, when 
crossing tlie e'1uator, the result~ aB below. Each tabular Yalue id the 
meau of KO cal-'es, coveri 11g the G years. 

3 <lays before. 
2 days before. 
I day before. 
On <lay of zero dec-

lination. 
I day aftet. 
2 days after. 
3 days after. 

3 days liefore. 
2 days before. 
I day before. 
On day of extreme 

N. declinatiou. 
I day after. 
2 days after. 
3 days after. 

* U. 8. Coast Stn,;ey Report for 1862~ pp. 210, 211. 
t'I'raus. Uoy. 8uc. of Edinburgh1 Vol. x.1x., p. u. 
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Results of the d~ffcrential measure.« of the lwri::ontal inff:nsity fnnn 
· obser'vation8 recorded a.t Los Angf'llw, Oul.-Continned. 

Inequality in the lwrfoontal force dcpe11dinr1 on the rariotion of the 
moon's distancc.-Applying the . .;;ame inethod aF: before, hnt extending: 
it to 4 day8 before arnl aftor the perigee and apog·ce, we get the fol
lowing results,. each the mean of 79 value:.; am] comprir-dng the O years, 
1&;:3 to 1888: 

d. d. 
4 days before +0'6, 4 days before ~-1 ·2 
3 days before +0-7 3 days bcfo1·e 0·1 

2 davs before +0·2 2 days before -~o·6 

I day before --0·2 I day before --0·6 
On day of perigee +-o·o i On day of apogee --0·6 i I dav afte1· +0·4 I I day after --0·4 
2 days aftei· 

I 

-'·0'2 j' 2 davs after -0·3 
3 days after +0·5 3 days after -~0·1 

4 days after +0·3 4 dn.ys after -- 0·9 

Hence, 1.he fCJl'ce appears i11crease(l ahont pc•rige(• a11<l dimiuil"\h(•d 
about apogee; the ditferenr~e or rang·e of thii-; parall:ictic inetpmlity i"" 
about + 0·3 + 0·2 or 0·5 Beale division. Tl1is rei-;n lt i~ more i11 aecord
mwe with what might be expeett.~d than the opposite results fouud for 
i~ragne and Philadelphia, and hotJ1 Sabine and Bronn* lrn .. v(' fhown that 
the perigee effect exceeds that of the apogee, and the latter found it to 
be nearly as the inverse cnbe of the moou's distance from the eartl1 . .. 
THE 1-.ERIOD OF THE SOLAR ROTATION DEDUCED FR03'£ VARIATIONS 

IN THE HOR.IZON'.rAL C0~1PONJ~NT OF THE MAGNETIC l:<'ORUB. 

In the preceding Part II an aecount has been given of the method 
f()]]owed in dedtw.ing the solar rotation period from the observed varia~ 
tions in the indications of the unifilar magnetometer, the same method 
depending on the inequalities of the <lafly variation ha;-.; been employed 
witl1 respect to the bitilar 1nagnetometer. r.rhe hourly 8calt: readings 
(corrected for chang·es of templwatnre of uiag-uet) for tbe year 1883 
were submitted to the proces8, but all of the larger disturbm1ces (viz, 
thm;e exceeding tl 8cale divisions from the nonnal of the hour) were 
omitted. The normals being subtrac'ted frmn the lwnr1y readings of t"'ach 
montl!, a + sign of the respective difference intlicate a horizoutal foree 
greater than the normal, a, - sign the reverse. The average amounts 
of the positive and of the negative values fi.H" each <lay were separately 
made out and tabulated. The tabular values were next grouped for 
rotation periods of 24, 25, 26, 27, and 28 days, thus representing 14 
periods. The means (of 14 values} for each rotation day and for in 
creasing and decreasing force are given in the following table, to 
which two more groups, one of 29, tl1e ot1wr of 30 days, were added iu 
consequence of a. suspected second periodicity connected, however, not 
with the sun but with the 1noon. r.rhe tabular numbers are expres~ed 
in ·scale divisions. 
------------~-·· ·-----------~---

*Encycl. Brit. (9th edition), Vol. xvi, Art. Meteorology, :P· 177. 
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Groups of nuxin diurna1 nuigc difference8 for ·various rotation periods. 

I I ! Days 
· of the 
iperiod., 
I . 

-~--, 

2 

3 
4 
5 

6 
7 
8 
9 

IO 

I I 
12 

13 
14 
15 

16 
17 
18 
19 
20 

I. 

2·5 
1·8 
2·3 
2·5 
2·4 

2·5 
2·5 
2·5 
2·5 
2·9 

2·7 
2·7 
2·6 
2·3 
2·0 

2·0 

2·7 
3" I 
2·4 
2·4 

2· 1 
2·2 

2·5 
2·1 

-----~---~----------------

For increasing horizontal force. I 
JI. III. IV.V __ · ----,I 
2·2 2·4 2·9 2·2 1·7 1'9 3"3 

I. 

2·8 2·4 2·0 2·9 r9 1-5 ;; 2·5 
2·4 

2·3 
2·4 

2·8 2·7 2·2 2·8 2· 1 

2·5 r·9 2·1 2·5 1·8 
2·8 2·1 3·5 3·2 1·8 

1·9 
1·9 
2·4 
J"O 
2·6 

2·8 
2·4 
2·3 
2·2 
2·1 

2·7 
J"2 
2·3 
1·7 
2·8 

2·3 
2·5 
2·1 

2·2 
2·2 

2·5 
3·2 
2·4 
2·6 
2·2 

2·7 
2·7 
2·2 
2·5 
1·9 

2·3 

1·4 
2·3 

2·6 
2·5 
2·1 

2·6 
2·5 

2·5 
2··.., 

.) 

2· I 

2·4 
r·S 

2··.,. 
,) 

2·1 

2·3 
2·6 
2·9 

2·5 
1·6 
2·0 

2·7 
1·6 

I ·9 
1"9 
I ·5 
2·3 
2·1 

2·2 

2'0 
2· 1 

2·5 
2·8 

2·9 
3·7 
3"4 
2·7 
2·8 

2·3 
2·3 
2·5 

2·0 

1·7 
1·4 
r-5 
1·8 

2·1 

2·6 
2·7 
2·8 
2·7 

2·7 
2·6 
3' I 
3"2 
3·4 

3·7 
3"2 
3"2 
2·6 
2·6 

2·5 
2·4 
2·6 
1·7 

2·0 

1·6 '11 
2· I · ii 

-, 

2'2 

2·5 
2·2 
2'2 

2·9 

2·2 
ii 2·2 j ~ 
i ~ 3·0 
!, 2·8 
:: 2·7 
·,' 

3 '1 fi 
Ii 3·5 ii 

3·2 !I 
J'3 •I 

3'
4 il 

3·3 !1 ,, 
J' I ii 
2·8 ·~ 
3·0 :' 
2·0 il 

\\ 

~:~ !1 
2 ·3 n 
2·8 [l 
1·9 ' 

1

1 

2·2 . 
1·6 
2·2 
2·0 

1"7 I 
ti 

2·1 

z· I 
2·3 
2·7 
2·9 

2·4 
2·2 
2' I 

J"O 
3"5 

J"O 
2'7 
2·7 
2·8 

Fo~ decreasing horizontal force. 

II. III. IV. V. 

2·3 2·5 
2·0 2·2 
2·4 2·6 
2·2 3·1 
2·3 2·6 

2·6 
2·8 
2·8 
2·7 
3·0 

3·1 
2·8 
2·6 
1·9 
2·8 

2·5 
3·6 
2·9 
2·6 
2·3 

2·5 
2·5 
2·5 
2·3 
2·1 

3·3 
3·0 
3·1 
3·2 
2·7 

3·1 
2·9 
2·9 
2·6 
2·4 

2·2 
27 
2·5 
2·5 
2·4· 

I ·8 
2·9 
2· I 

1"7 
2·0 

2·3 

3·1 2·8 2·7 
2·9 2·6 2·6 
2·6 2·4 2·8 
2·4 27 3·0 
3·3 2·3 3·3 

3·0 
3·0 
3" I 
3·1 
2·9 

2·3 
2·1 

2·6 
2·0 
2·1 

2·2 
2·7 
2·7 
2·5 
2·5 

2·0 

2·2 
1·7 
1·9 
2·8 

3·3 
2·9 

2·6 
2·5 
3·1 
2·6 
3·4 

3·2 
2·3 
z·3 
2·1 

2·9 

2·8 
2·8 
2·5 
2·2 
2·6 

1·8 
1·3 
2'0 

J"O 
3"6 

3·3 
2·6 
2·1 

2·6 
2·6 
3·4 
3·3 
2·5 

27 
2·5 
2·3 
2·7 
2·3 

2·0 

2·7 
2·0 

2·0 

1·5 

1·2 

2·0 

2·3 
2·9 
2·7 

2·3 
.,.2 
.) 

3·8 
3·3 

3·2 
3·2 
3·3 
2·9 
3·0 

3·0 
2·4 
1·6 

1·6 
t·S 
1·8 
1·2 
1·2 

2·0 

2·1 

2·3 
2·2 
3·8 

2·9 
3·1 
2·5 
2·8 
3·3 

3·4 
3·2 . 
3·1 
2·6 
2·3 

The larger means at the bottom of the table for horizontal force 
decrea8ing, as compared with fon~e increasing, is due to the greater ac
tivity of the disturbances which decrease the force, as already investi
gated. 

The 11mnbers n for each of the periods p were next represented by 
an ex1ffessiou of the form: 

=a+ sin -n+c h b . (360 ) 
p -

and they were n.kewise represented graphically; it was found that the 
numbers of that half of the table which referred to increasing force 
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Rcs·ults of the d(ff(n-cntia.l rncasurcs of the horizontal intensity frorn 
observations recordf:<l a.t Lo.<J Angl!f.es, Cal. -Contiuued. 

were too irregular to be of any value in the present inquiry; iur the 
ot.her half we lrnvt•: 

p=24 
35 
26 
27 
28 

d. d. 
h =- 2·(j + 0·235 sin (n8 + 1170) 

+ 0·347 sin (n t3 - HO ) 
+ 0·4 72 sin ( n e - 33 ) 
+ 0·342 sin ( n lJ + 9 ) 
+ 0·116 sin {n e - 47 ) 

To determine that particular period P, for which the amp1it.mle b be
comes a maximum, we express the ahove amplitn<l.e:-; by the form 

• 
b = a + fl (P - 26) + y (P - 2U)2 

hence the observation equations: 

0·235 =a - 2fl + 4y 
0·347 =a - f:J + y 
0·472 =a 
0·342 =a+ fi+ 'Y 
0·116 =a+ 2fi+ 4y 

and the normal equabions 

1·.512 = 5a 
-0·243 = 

2·093 = lOa 

+10y 
10,8 

+34y 

fa=+ 0·4354 
whence"'\ fj= - 0·0243 

\ y = - 0·0665 

For the condition of the maximum we have: 

• 

db /J 
d -· = fJ + 2 y (P - 26) = <> and P = 26 - ~ 
P ~r 
O = - 0·0243 - 0·1330 (P - 26) and P = 25·82 days. 

The observed and computed amplitudes compare as follows: 

Observed b. I Computed b. l 0-C 

·2 35 ·218 +·017 
·347 ·393 -·046 
·472 ·435 +·037 
·342 ·345 -- ·003 
·u6 • 121 ~·005 

From-the reduction of the unifilar record the resulting value of the 
(magnetic) rotation period was found to be somew11at less than 26 day:.:;; 
the weight of the above result, howeyer, from the bifilar record is very 
much stronger, and 25•8 days seems to be near an average value, deduci
ble from the results by ot)lex investigators. 
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The greatest range due to ~olar rotation is twice 0·-1± scale divisions, 
or 0·000048 in parts of H, as the result from 1..f. syno(lic solar rotatiorns in 
the year lSS;;. L\_ccording· to Spoe1'er a rotation period of :J:i·8 days 
would correspond to the rotatio11 dedtteed from the sun Hpots in heJio
graphic latitudes of about 170. 

vVJien the grouping of our clifferential range data wa:-1 t'.xtendcd to 29 
and ;)O days, a second regtllarity made its appearance, both for the in
creasing and for the dec1·eitsing horizontal force~ and \vhich secm101l to 
lutYe its most promirie11t development for a period of about 2!)1 days. 
This points to a lunar origin (sy1101lic revolution); the range consiflPr
ahly excee•ls that ju:-;t tiJmHl for the :-mlar rotation effect. The exi;-;t
ence of a !.W:!-clay period was notieed, long ago, by J. A. Broun, awl 
referred by him to a lunar rev4.>lution.* 
~---~----- ---·- , ___________ ~-- . - .... , --- '"---- ---~·-~-- •--- - - - ~-~~-----~,-------~---· ~-~--·~----

"'See Traus. Hoy. Soc,, .E1liub., Vol. x vr, 18 rn, aucl Phil. Traus, Uoy. Soc., Vol. 
166, 1876-'77. 
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DIFFERENTIAL MEASURES-

Hourly readin98 from the photographic traces of tlte bifilar 

[Local mean time. 200 divisions plus tabular quantit.y, one dh·ision=0-000109 in partsoJ Il. All 

OCTOBER, 1882. 

(For the explanation of those t.al1lm1 see pp. 5;;, 54.] 

Day. 1h zh 3h 411 5h fih 7h 8h. 9t1 Joh I lb Noon. 
'-~JJ . 

•. "? :?~~~,-/ 

I 131 133 133 134 135 133 131 130 129 127 125 125 
2 131 152* 134 138 123 109* 114~ II9 112* Joo* 99* 125 
3 127 130 130 129 131 131 129 129 129 128 126 127 
4 136 132 132 134 132 134 lJI 128 129 IJI 131 125 
5 142* 141* 143* 147* 142* 145* 142* 141* 138" 141* 134* 125 

6 122 II8* 128 132 139 130 131 128 127 127 125 123 
7 131 I..,,.. 

.1~ 133 132 132 131 IJO 132 I", 
..).) 133 133 132 

8 132 132 132 132 132 131 130 127 127 129 130 128 
9 

10 

II 
12 [133] [133] (133] [134] [134] [133] [132] [130] [128] [128] [126] [127] 
13 133 132 133 134 134 132 130 128 126 128 129 130 
14 131 129 132 129 129 127 125 121 I 21 121 122 125 
15 128 130 129 135 131 131 131 125 125 125 124 127 

16 [128] [128] (128] [128] [127] [126) [124] [122] [1r9] [118] [116] [117] 
17 129 128 129 131 130 131 132 129 124 121 116 u7 
18 128 127 131 129 129 130 130 129 126 126 124 123 
19 129 129 129 130 129 129 125 121 117 120 II9 ll9 
20 132 133 133 134 134 133 131 127 126 130 128 126 

21 131 130 130 130 131 130 126 124 124 125 126 126 
22 127 128 129 131 130 131 128 122 124 122 125 121 
23 129 130 125 132 133 132 133 132 128 127 127 128 
24 116* 121* 126 129 132 135 134 135 131 131 130 131 
25 125 116* 129 129 130 129 129 127 125 125 124 129 

26 130 132 132 132 132 132 129 130 125 124 125 125 
27 128 131 133 133 1 35 135 134 130 128 127 127 129 
28 IJI 132 132 131 134 138 131 129 126 128 120 114* 
29 142* 129 130 125 129 130 1:;:8 126 125 123 120 126 
30 135 132 130 129 129 131 129 131 124 117 118 124 

3' 131 133 131 131 132 131 130 129 129 [129] [128] [128] 
·-~-~-~~--"-

Monthly~) 
130·3 130·5 131·0 131·9 131·8 131·1 129·6 127·9 125·9 125·4 124·2 125·1 mean }1 

Normal I 129·9 130·7 130·6 131·4 131·4 131·4 129·7 127·4 126·0 125·8 124·8 125·5 
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HORIZONTAL INTENSITY. 

magnetometer of the Los Angeks ~fagnetio Observatory. 

readings referred to Btauda.rd temperature of magnet. Increasing numbers indicate increasing foroo.] 

OCTOBER, 1882. 

13b 14h 15h 19!! 17h 18b. 19h 2oh 21b 22h 23h 
Mid- I Daily Daily 

·.~·.~ night. . mean. ran.ge. 
~(£i~, 

127 129 131 130 129 129 129 129 128 125 12" 127 t129·3J 12d ,, 
122 II6 114* [112*] 110* ll8* 114* 123 132 125 125 125 120·5] 77(?) 
128 125 129 129 133 134 133 132 127 127 129 135 129·5 10 
131 127 1~2 ,) 133 135 137* 137 137 136 t36 135 142* 133·0 20 
ll9 125 131 130 125 1:.i5 III* 93* 123 tog* u6* 137 130·2 59 

121 123 123 126 128 130 130 130 130 131 131 131 127·7 32 
I 21 129 129 128 130 132 133 133 132 133 132 132 131·2 14 
130 132 131 [128] [ 128] [ 130) [130) [129] [129] [132] [130] [r 32) (130·1] [9] 
--- --- --- --- --- --- --- --- --- --- --- --- --- ----- --- --- -- - --- --- --- --- --- --- --- --- --- - -
--- --- --- - - - - -- - -- --- --- --- -- - --- --- --- - -

(127] (127) [129] [128] 128 128 128 128 131 131 131 136 p30·1] [10] 
130 131 130 130 [130] 131 131 132 131 131 131 131 130·8] 12 
128 129 125 121 118* 122 131 124 125 129 130 136 . 126·3 18 
127 128 129 129 [129] [129] [130] [128] [127) [129] [127] [128] [128·4] II 

[u6] [116] [117*)[116*] 115* 121 u8* u8* 120 134 129 137 f 122·4i 22(?) 
121 121 124 [123] 123 124 127 128 129 129 129 131 126·1 23 
122 122 123 124 127 129 129 128 128 129 128 128 127·0 II 
122 124 127 129 129 129 130 130 131 lJI 131 131 126·7 15 
127 JI8 129 129 130 131 132 131 131 131 130 130 129·8 16 

127 128 128 128 128 128 130 128 126 129 128 126 127'8 8 
116 l17 120 113* 120 122 123 120 123 130 130 127 124·1 19 
128 128 129 128 129 129 130 131 u7* 150* 119* 120* 128·9 41 
134* 136* 137* 137* 133 134 135 137 123 124 120 115* 129·8 31 
130 124 127 126 127 125 124 126 129 133 137 132 127·4 17 

122 124 125 126 126 127 128 129 128 129 130 123 127·7 16 
126 127 129 129 123 II9 130 121 II2* 131 123 128 127·9 35 
IIS* u6 ll9 113* I 14* 121 122 118* 127 122 125 126 124·3 28 
124 122 127 125 124 127 131 131 128 129 129 130 127·5 24 
127 127 128 130 111 129 129 129 129 129 lJO 130 128·2 21 

[128) [127] [129] 128 128 128 129 129 130 128 128 130 [129·3] 6 
' --1 

124·9 124'9 126·8 126·0 126-1 128·0 1,:zfr9 127"2 129·5 128·1 129·9 
I 

127·4 127·93 I 124·9 124·5 127·3 127·7 128·0 127"4 I 29·6 l 28·9 128·2 129·5 128·9 130·4 

--·· 



 

116 U. S. OOA.8T AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly rca-d-ings from the photographfo traces of the bijilar 

[Local mean time. 200 divisions plus ta.lmlar quantity, one division..= o·000109 in parts of H. All 

Day. 

I 

2 

3 
4 
5 

6 
7 
8 
9 

IO 

II 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

Monthly~ 
mean 

Normal 

NOVEMBER, 1882. 

[For the explanation of these tables !!100 pp. 53, 54.] 

lb 

128 
132 
128 
130 
132 

128 
136 
127 
126 
131 

134 
109* 
109* 
120 
109* 

131 
127 
93* 

112* 
123 

108* 
112* 
117* 
120 
123 

120 
125 

2111 

130 
131 
131 
130 
132 

129 
131 
128 
127 
131 

134 
133 
llJ* 
120 

115* 

126 
126 

94 
III 
81 

108 
113 
118 
121 
123 

120 
123 

3h 

132 
132 
133 
126 
133 

129 
130 
131 
130 
131 

133 
122 
121 
121 
122 

117* 
66* 

109* 
114* 
121 
122 
123 

120 
126 l 130 129 127 

[131] [131] [133] 
125 131 134 

~ 

122·5 122·3 124·2 

127·6 128·0 127·4 

4h 

131 
130 
130 

130 
132 

131 
129 
130 

131 
132 

134 
123 
I 13* 
121 
122 

130 
91* 
87* 

117* 
88* 

Ill* 
r 14* 
118* 
122 
r25 

121 
125 
126 

sh 

131 
128 
131 
130 
133 

132 
130 
129 
134 
132 

134 
133 
134 
122 
129 

II7* 
So* 

I IO* 
Il5* 
118* 
121 

~25 

121 
124 
129 

6h 

129 
129 
128 
130 
132 

134 
132 
131 
131 
132 

133 
130 
115* 
123 
128 

101* 
103* 

112* 
115* 
117* 
123 
125 

121 
124 
128 

[131] [132] [131] 
1 33 134 135 

121·9 123·4 123·0 

128·1 129·3 129·0 

7h 

130 
130 
127 
129 
132 

133 
132 
130 
127 
130 

131 
126-
105* 
Il3* 
131 

129 
93* 

100 .. 

104* 
83* 

112* 
I 14* 
122 
123 
122 

125 
125 
130 

8h 

127 
126 
124 
126 
129 

128 
123 
127 
126 
130 

129 
120 
IJ7 
I 14* 
127 

127 
90* 
96* 

105* 
89* 

90* 
112* 
117 
123 
126 

115* 
122 
128 

9h 

126 
124 
121 
125 
125 

124 
124 
127 
124 
125 

126 
124 
99* 

112* 
II5* 

124 
So* 
99* 

108• 
86* 

73* 
111* 
II7 
125 
125 

125 
122 
130 

[130] [127] [125] 
135 133 132 

121·8 119·1 IJ6·8 

128·6 125·5 124·8 

1oh 11h Noon. 

125 123 124 
124 125 125 
117 117 121 
126 126 127 
122 121 122 

118 123 124 
ll9 124 122 
127 126 126 
118 Il9 122 
126 123 124 

124 124 128 
114 108* 109* 
104* 98* 108* 
110* 104* 113 
115 II4 IJ6 

125 126 123 
86* 89* 89* 
92* 69* 95* 

115 118 113 
78* 81* 83* 

79* 78* 81* 
109* 108* 109* 
111* I IO* 109* 
122 119 121 

98* 107* 121 

125 121 II8 
Il9 IJ8 117 
122 IJ9 121 
122 119 121 
130 126 123 

114·1 112·8 115·2 

1.21·7 121·6 121·5 
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HORIZONTAL INTENSITY-Continued. 

magnetometer of the Lns Angelc8 1lfagnetic Observatory. 

readings referred to standard temperature of magnet. Increasing nurubers indicate increasing foroo.) 

NOVEMBER, 1882. 

Daily I Mid- Daily 
13h 14h 15h J6h 171i 18b 19" 20" 21 h 22h 23h night. mean. range. 

125 123 128 129 130 IJI 135 135 133 132 132 135 129·3 14d 
125 125 128 127 139* 135 143* 132 134 128 128 128 129·5 24 
125 127 126 127 128 127 130 130 130 129 129 129 126·9 17 
129 128 129 130 I" I ,} 132 133 133 133 134 t31 131 129·5 IO 
ll6 124 126 128 125 124 125 129 129 128 130 128 127·4 17 

126 127 126 129 126 129 130 129 128 129 132 131 128·1 17 
120 121 124 126 129 129 129 128 129 IJI 129 130 127·4 17 
123 124 126 128 127 127 127 126 128 129 128 129 127·5 9 
126 123 117 II9 128 129 129 129 129 129 130 130 iz6·4 17 
126 126 126 131 132 132 132 133 133 132 132 133 129·8 I I 

126 127 I2Q 144* 144* 136 133 131 133 128 147* I 16* 131·6 33 
1o6* 105* 98* 98* 94* 88* 107* 104* 84* 89* 85* 125 109·8 61 
103* 101* 98* 113* 118* I 15"* ll5* 108* 111* I 16* 122 127 111·8 47 
II8 125 127 130 133 130 130 134 122 122 116* 130 121·z 38 
II7 122 126 124 129 129 131 128 128 127 125 125 I 123.2 25 

I 
124 121 126 123 130 138 128 126 127 127 125 126 l 126-7 26 
96* 98* So* 57* 33* 18* 41* 6* 85* 42"' 61* 88* 79·7 144 
91* 76* 78* 95* 98* 104* JI3* 110* lOJ* 108-!C· 107* 109* I 96·8 56 

115 117 JI8 116* 98* 48·* 70* 63* 53* 63* 55* 52* l 96·1 90 
95* 91* So* 82* 94* 98* 105* 101* 105* 106* 107* 108* 

! 
92·2 89 

86* 81* 92* 99* 111* 114* u3* I 12* I II* 115* 117* I 16* 101·6 47 
I 10* I 12* 114* II7* II7* IJ6* 120 117* 117* 117* 122 117* j 114·3 16 
115 118 120 120 116* 118* 119 I 19* I 19* 123 II8 118* 

\ I 17·4 15 
121 121 124 122 113* 115* 120 120* 118* I I 8-!C" II9 119* I 120·5 13 
120 121 117 98* I 10* I 13* 114* 120* 117* IJ8* 122 120* 

I 
118·0 32 

117 II9 121 121 120* 120* 120 132 125 125 124 136 I 122·2 21 
119 123 ~ 125 128 129 128 127 129 129 127 125 126 ' 124·4 13 
122 126 129 130 130 127 127 126 126 128 [129) [131) l[127· I~ 13(?\ 
128 130 133 134 134 133 133 133 131 129 127 133 1[129·6 

·~ 122 121 129 133 134 132 128 126 127 125 130 130 I 129·s 5 
I 

·~-~-~-"-~ 

n9·18/ u6·4 u6-8 u7·3 118·6 119·3 u7·2 120·2 u8·4 JI9·2 
I 

JI8·5 II9·5 121·9 i 
122·0 123·4 125·2 127·0 129·7 130·4 128·1 126·8 129·6 j ! 

I 27·9 J 30· 1 129·2 



 

118 U. S. COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES~ 

Hourly readings from the photographic traces of the b'lfilar 

[I.veal mean time. 200 divisions plus tabular quantity, one division =0·000109 in parts.of H. All 

DECEMBER, 1882. 

(For the explanation of these tables see pp. 53, 54.] 

Day. yh zh 3h 4b 5h 6ti 7& 8h 911 10!:1 11b Noon. 

I 129 130 129 131 131 130 130 131 130 125 122 122 
2 128 :r28 128 129 129 130 130 131 134 131 130 128 
3 129 129 130 130 131 132 133 132 130 130 126 125 
4 130 125 128 129 131 129 135 135 125 132 128 128 
5 129 130 130 130 131 133 134 133 130 123 122 123 

6 132 132 131 132 132 133 134 134 133 132 130 127 
7 132 133 133 133 133 134 135 136 133 132 129 129 
8 133 133 I...,., 

.).) 134 134 134 134 134 133 [133] [133] 135* 
9 I..,., 

.).) 132 132 134 135 134 134 136 133 134 136 133 
IO 133 134 135 133 1 35 136 135 136 134 133 133 130 

II 136 137 134 133 134 135 137 136 131 130 1.,0 
,) 128 

12 129 129 136 132 131 132 132 130 128 128 127 128 
I., 

.) 134 134 134 135 135 133 134 133 131 127 123 123 
14 135 136 136 137 137 137 .1;38 137 135 130 127 129 
15 136 137 142* 141 142* 140 141 140 139 137 131 128 

16 121 II6* 120* 117* 120* 121* 122* 128 130 132 126 II8 
17 128 130 130 132 134 133 134 132 131 126 124 123 
18 130 130 130 132 132 132 132 132 132 130 127 125 
19 122 129 128 128 128 129 130 132 133 130 124 121 
20 J 27 132 130 135 134 141 147* 148* 143* 128 115* 116* 

21 125 I 14* 125 120* 117* 123* 124* 122* 126 122 108* 109* 
22 129 127 130 126 128 128 127 126 131 I;zJ 124 120 
23 130 128 129 132 129 131 133 130 128 123 116* 117 
24 131 133 132 130 131 128 131 135 134 127 122 123 
25 131 IJ2 132 133 134 131 131 132 135 133 128 125 

26 132 133 133 133 1 33 134 137 138 139 136 132 132 
27 131 133 132 133 134 134 135 135 136 133 127 126 
28 127 129 129 IJl [132] [133] [134] [135] [135) 132 13b 128 
29 126 128 129 135 132 136 136 138 143* 139 136 128 
30 131 132 133 133 135 136 137 138 139 128 127 130 

31 129 131 133 133 135 132 135 136 136 132 126 125 

Monthly~ 
mean 129·9 130·2 131·2 131·5 131·9 132·4 133·6 133·9 133·2 !30"2 126·4 125·2 

Normal 129·9 131·2 131·2 132·4 132·5 133·1 133·9 133·8 132·6 130·2 127·9 125·8 
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HORIZONTAL INTENSITY-Continued. 

magnetometer of the Los Angeles Jlfagnetic Obserratory. 

readings referred to standard temperature of magnet. Increasing numbers indicate innreasing for~<'-} 

123 126 127 
126 127 128 
127 128 130 
I 19 122 123 
122 125 127 

128 130 
126 130 
135* 135 
129 123 
131 132 

128 130 
129 130 
127 13r 
132 I 35 
127 134 

130 
132 

134 
126 
1 35 

131 
132 
134 
138 
137 

116* 
125 
124 
121 
120 

128. 133 
127 130 
121 126 
123 126 
I 16* 104* 

II6* I 18* 122 
118 121 124 
118 125 126 
124 129 132 
126 128 132 

132 134 136 
131 135 133 
129 130 131 
129 132 130 
128 132 131 

124 125 129 

125·5 127·8 129·3 

125·8 128·6 130·1 

DECEMBER, 1882. 

uS* 122* 126 
128 128 125 
I 31 IJO IJI 
122 I 29 lJO 
130 130 132 

131 131 
134 134 
r34 136 
130 133 
137 137 

124 130 
136 136 
136 136 
13~ 138 
153* 138 

1 35 
1 33 
120* 
127 
102* 

133 
134 
133 
r30 
95* 

131 
134 
136 
131 
136 

128 
134 
136 
138 
126 

1 33 
133 
131 
129 
104* 

123 
123 
131 
133 
132 

120* 126 
128 126 
132 r31 
r32 131 
134 133 

142* 142* f37 
133 131 123 
132 132 128 
123 129 132 
125 130 132 

131 132 132 

129·9 130·8 130·2 

130·5 132·4 131·0 

126 
126 
I ...,I _.., 

129 
1 33 

128 128 
I 27 I 2/ 
I 28 I 32 
130 129 
132 132 

131 
133 
136 
lJO 
132 

129 
134 
r34 
137 
1.26 

I"..., ,)..) 

1 33 
136 
lJO 
129 

127 
1 33 
134 
137 
I 24 

136 130 
128 I 27 
127 116* 
I JO I 28 
112* 102* 

124 
125 
IJ::! 
131 
132 

124 
12' ·' 130 
130 
133 

134 
133 
132 
I , 1 _.., 

1 33 

127 
133 
1 33 
136 
129 

131 
126 
116* 
129 
103* 

134 
127 

130 
130 
131 

134 133 129 
123 126 127 
128 124 123 
133 I 30 I 29 
13i 131 128 

132 130 133 

129·8 128·3 128·9 

130-4 129·7 130·2 

125 
129 
I ..,0 

.) 

129 
132 

134 
133 
128 
1 .... 2 .... 
132 

125 
132 

134 
135 
127 

132 
129 
141* 
130 
105* 

126 
129 
129 
131 
132 

126 
128 
129 
129 
132 

133 
1 .... 2 ..) 

128 

1 33 
140* 

129 
1 33 
134 
136 
125 

130 
130 
115* 
127 
131 

124 
125 
131 
130 
131 

I 3 I I 32 
125 122 

130 128 
130 130 
129 129 

134 132 

129·7 129·5 

130·1 129·6 

;.\_fol- ! Daily j Daily I 
mg:ht. j mean. I range., 

! ! ·1-------1 

127 I 26·7 14d 
IJ3 128·7 IO 

135 130·0 I I 
I 29 I 28· 1 19 
133 129·5 13 

132 
132 
132 
I,..., 

"'" 135 

129 
134 
134 
1 35 
130 

129 
130 
116* 
132 
I 19* 

128 
131 

133 
134 
132 

131 ·7 
132·4 

[ 1 33·5] 
I t32·0 ! 

134·0 I 

130·7 
I 31 ·6 
I 32~ 5 
135·4 
134·6 

126·5 
129·5 
127· I 
127·8 
121 ·2 

121·7 
126-0 
128·1 

130·2 
131·4 

130 134·3 
124 130·1 

129 [IJo-oJ 
132 131·9 
IJO I 31 ·5 

8 
IO 

IO 

10 

13 

21 
IO 

13 
I I 

37 

25 
13 
35 
18 
61 

27 
14. 
17 
14 
I I 

14 
15 
I I (?)i 
2 ~ I 
I {J I 

130 131"1 I 1 ") 

l 
I 

130·4 ! 

t31·31 

--~ 

IJO"<Xl ! 
I 



 

120 U. 8. COAST AND GEODETIC SlTRVEY. 

DIFFERENTIAL MEASURES

Hourly readings from. the photographic traces of the bifilar 

["Local mean timfl. 200 divisions plus tabular quantity, one division= 0·000109 in parts of n. All 

JANUARY, 1883. 

[For the e~planation of these tables see pp. 53, 5-i.] 

Day. 

I 

2 

3 
4 
5 

6 
7 
8 
9 

IO 

l I 
12 

13 
14 
15 

16 
17 
18 
19 
20 

21 
22 

23 
24 
25 

I 33 1 33 
132 133 
132 130 
136 136 
132 134 

133 137 
131 136 
128 132 

136 133 
136 136 

133 133 
137 138 
138 138 

; 134 136 
138 138 

135 135 
138 138 
142 135 
138 138 
134 132 

134 
133 
1 35 
136 
1 35 

134 
14() 
137 
134 
136 

132 
136 
138 
136 
138 

1 35 
137 
133 
138 
133 

134 134 133 
139 138 139 

i 140 139 137 
i[138] [138] [139) 

137 137 137 

26 130 127 137 

27 135 134 134 
28 134 134 134 
29 136 1.35 136 
30 137 136 137 

31 i 132 132 136 

134 133 137 
134 134 135 
136 136 136 
137 139 138 
136 137 139 

138 136 141 
137 136 136 
137 IJ2 137 
134 135 135 
136 137 137 

132 132 132 
137 138 138 
138 139 139 
137 138 138 
138 139 139 

137 136 138 
138 139 138 
134 134 135 
138 139 139 
134 136 136 

134 140 137 
1-1-3 141 140 
138 139 140 

[139] [139) [140] 
138 138 135 

131 133 137 
135 136 136 
135 135 135 
136 136 136 
138 138 138 

138 136 138 

137 
136 
136 
139 
140 

144 
136 
139 
133 
135 

131 
137 
138 
138 
138 

138 
141 
138 
139 
136 

134 133 
136 133 
138 137 
140 137 
139 138 

142 137 
137 135 
I 35 133 
132 I 32 
134 131 

130 129 
135 131 
136 136 
138 135 
136 JJI 

138 136 
J 33 137 
138 135 
138 133 
134 135 

137 140 141 
141 139 136 
140 139 J 38 

[140] (139] [138] 
137 135 138 

138 136 138 
137 136 135 
136 138 139 
135 135 135 
138 138 137 

138 138 139 

11h Noon. 

128 121 
126 124 
134 129 
131 130 
I 35 I 36 

132 135 
131 128 
130 126 
130 125 
129 130 

126 126 
i:n r 3o 
131 131 
130 126 
127 128 

131 126 
134 129 
132 121 
IJI 128 

135 128 

138 
134 
133 
134 
131 

131 
132 
129 
125 
II6* 

I 18* 
127 
129 
130 
136 

131 
130 
132 
128 
132 

129 
133 
130 
124 
134 

128 
127 
127 
128 
127 

13'1 

133 
129 
132 
118* 

127 IJ9 121 
132 128 128 
138 134 133 
131 U!6 122 
134 130 128 

135 130 126 
__________ ! _______________________________ _ 

Monthly(: 135·1 135·0 135·8 J36·4 136·6 137·3 mean )1 
Normal I 135·1 135·0 135·8 136-4 136-6 137·3 

I 

137·6 136·6 135·4 131'5 127·6 128.4 

137·6 136·6 1j5·4 131·5 128·0 129·1 
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HORIZONTAL INTENSITY-- Continued. 

·magnetometer of the Lm; AcnfJcles Jl[agnctic Obsc1"'NliorJ1. 

reading:; referred to standard temperahu~' of lllil!!,'neL ln<'reasing nu1nbers i111licate incr .. :uing force.) 

JAI\lJARY, 1883. 

~ I 

13h 14h 15ll 161J I ~1o 1811 19\J 20!! 2111 22h 23h 
:'.\lid- Daily I Daily! 

I night. inean. range., 
' 

I 
--~! 

I 
122 127 IJO 132 130 130 l"I 131 l"'" I"'" 132 132 130·7 19d I ,) .)- :J-

127 128 130 131 l "'"' 134 134 1 35 134 134 134 I,~ 132·2 12 i .).) .).) 

130 131 1 33 136 137 137 1J8 136 136 136 r36 !"'6 .) 134·6 IO 

132 134 134 134 134 l . .,. , 
.).) 

I ,0 _, 131 131 l "', .),) 132 131 134·1 II 

131 135 139 139 T,,,, 
.).) I ' ' _.,.) 135 133 13.-t 134 130 132 135·2 14 

130 135 137 136 I "6 ·' 
I , ' J+ 136 1 35 132 131 126 129 134·9 18 

132 131 133 132 130 I ' ' L)L) 131 130 l ,,.., _, 132 140 129 I.,, --,~o 
,).) 17 

131 132 132 131 I c' I ·' 
I "', _,L., 

11 .... 
:J.) l '2 .} I"'' .),) 130 r32 I"' I .l J 32·5 14 

129 134 134 136 l 'b .) 137 137 137 136 135 136 135 I'"',..,.;., 
,J.j I IO 

134 135 139 136 I,.,.., 
J.) 131 129 130 131 133 134 1 33 133·6 I l 

132 135 136 138 138 138 138 138 138 138 138 139 133·8 13 
134 135 136 135 136 138 138 138 138 138 138 138 135·8 12 .. 
131 1 33 135 137 137 138 139 139 138 137 139 135 136-3 IO 

130 132 136 139 139 140 140 139 1 39 138 1"8 _, 139 135·8 16 
136 141 137 136 135 I,., 

L).) I '" .)- 134 134 134 134 136 135·2 '16 

134 139 141 143 137 137 138 138 136 134 140 139 136·2 17 
130 135 137 133 135 136 I c,6 134 132 127 133 132 134·5 15 .) 

131 I "2 136 137 136 134 r "'6 137 137 136 136 136 134·5 21 _, 
.i 

130 134 137 138 138 I "8 138 138 136 1"6 137 135 135·9 II ,) .) 

129 130 130 129 130 132 I "2 ,.., 1 33 130 I.., I 
·' 131 132 132·0 12 

133 134 134 136 I .,3 138 138 139 138 138 137 138 j 136·3 12 _, 
I lJO 132 135 138 139 14.0 139 138 139 PS 139 138 I 137·5 13 ·' '133 138. 139 139 139 138 137 136 136 137 [138][138] i[13roJ II 

137 137 138 137 135 I ',., 137 136 136 137 136 133 \[136-4] [15] i ,).) 

119* 127 133 135 134 130 131 126 122* 122* 132 128 1 130·7 28 ! 

123 133 130 132 127 133 
! I 130 134 133 129 131 133 I 130·9 32 

130 131 133 131 128 r • 1 131 I 'I 128 128 128 132 132·0 IZ l .} ,) 

134 135 134 I ·•2 134 136 133 131 134 134 134 134 134·6 9 .1 
1 122 134 132 IJI 1 35 136 137 135 1 34 135 134 136 133·3 16 i 

12S 129 129 132 133 1 35 136 134 134 134 1 33 136 134·3 II 

127 133 133 135 133 135 135 136 134 135 136 136 134·4 15 
·-----"--------

,~---1~1 
130·0 I 33"3 134·6 135·0 134·6 t35·0 135·1 134·4 133·8 133·8134·7134·4[ 134·25 ' 
130·4 133·3 134·6 135·0 134·61 35·0 135·1 134·4 134·2 

I '. 
134·2 134·7 IJ4"4j 



 

122 U. S. COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from the photographic traces of the bifilar 

[Local mean time. 200 divisions plus ta.bular quantity, one division= 0·000109 in parts of H. All 

FEBRUARY, 1883. 

[For the erplanation of theae tables see pp. 53, 5'.) 

Day. 11> 2b 31> 4h 5b 6h . 7h Sh 9h 1oh nil Noon. 

I 136 138 140 138 140 142 142 144 142 128 134 134 
2 125* 143 134 130 132 129 137 128 129 116* 124 125 
3 127 126* 128 130 131 130 135 134 128 123* 120* 124 
4 131 131 132 131 135 134 134 134 135 122* 118* II9 
5 135 134 135 133 133 I 34 134 134 129 133 132 132 

6 r32 132 133 134 l36 135 136 131 122* 126 134 134 
7 134 134 134 135 133 1 35 136 135 133 131 128 128 
8 134 134 135 135 r35 137 135 132 130 132 131 132 
9 136 136 136 1 -6 .) 136 136 137 135 133 129 127 130 
0 135 135 135 136 136 139 142 141 138 133 131 132 

139 137 137 138 139 141 139 139 134 128 126 129 
12 138 138 138 138 140 140 136 1 33 131 128 125 127 
13 14-0 141 141 141 142 141 141 140 137 132 130 134 
14 134 137 139 140 141 144 142 145 140 135 135 134 
I'S 135 135 136 137 137 139 139 140 140 135 134 135 

16 138 138 138 139 140 140 138 143 147* 145* 141 136 
17 135 137 138 r38 140 1 39 141 140 138 138 137 133 
18 135 137 137 135 139 140 139 139 139 140 139 136 
19 136 136 137 138 137 137 138 140 139 140 138 134 
20 158* 136 137 139 140 143 141 138 138 136 136 135 

21 139 136 138 137 138 138 139 140 141 141 140 140 
22 132 138 137 138 135 139 138 137 130 133 129 127 
23 132 124* 130 133 132 132 134 135 131 130 128 124 
24 135 135 140 137 137 144 141 136 146* q.3* 139 132 
25 111* 112* 123* J:24* 129 126* 127* 126* 128 131 131 131 

26 129 130 130 132 132 132 132 132 130 127 129 129 
27 139 132 134 1 35 136 134 140 133 137 I 19* 125 124 
28 134 135 129 139 134 133 134 132 142 140 128 130 

Monthlyl 134·4 134·2 135·0 135·6 136-2 136-9 137·4 136·3 135·3 131·9 131·0 130·7 mean S 
Normal 134·8 135·8 135·5 136·0 136·2 137·3 i3rs 136-7 134·9 133·0 132·0 131·1 



 

REPORT FOR 1891-P ART II. 123 

HORIZONTAL INTENSITY-Continued. 

magnetom.eter of the Lm; Angeles Magnetic Observatory. 

readings referred to standard temperature of magnet. Increasing numbers indicate increasing force.] 

l 

I 

l 
I 

I 

I 
I 

I 
I 

I 

I 
I 

l 

l 
I 

l 
I 
I 

t 
I 

I 

18* 
19* 
25 
21* 
31 

25 
30 
35 
34 
34 

34 
32 
34 
36 
39 

38 
31 
31 
32 
34 

37 
128 
118* 
119* 
I 

I 

I 

I 

30 

30 
19* 
28 

122* 128 
121* 117* 
127 127 
125 128 
128 129 

132 132 
131 132 
135 135 
135 137 
136 135 

136 139 
136 136 
136 137 
137 132 
141 141 

139 138 
129 124 
134 140 
135 137 
135 134 

130 128 
123* 115* 
126 129 
113* 129 
132 130 

133 132 
119* 126 
120* 128 

I 

1 

29·4 130·2 131·2 

32·2 133·1 132·4 

FEBRUARY, 1883. 

128 128 128 II6* 120* 123* 
121* II5* 129 130 130 129 
129 132 I..,-. 

;:).) 128 128 132 
128 128 130 126 130 1~0 ,) 

134 132 t26 131 128 128 

131 132 133 133 132 132 

132 133 134 134 133 1 34 
135 134 133 1 33 134 135 
137 136 134 135 133 133 
138 139 138 137 137 136 

1 39 138 140 139 138 137 
138 138 139 139 139 139 
138 140 139 139 138 141 
132 133 135 129 129 133 
135 1J3 135 133 132 133 

137 136 137 138 138 137 
124 128 133 135 135 135 
1 39 138 137 138 133 132 
137 135 136 138 138 1 39 
1 35 135 136 137 137 137 

122* 127 127 130 129 126 
113* II5* 112* 126 129 129 
127 132 133 134 I "2 132 .') 
128 105* 98* 84* 101* 107* 
129 13 I 129 128 132 125 

129 131 130 131 132 I"., .)-

102* 121* 123* 126 125 125 
128 124 127 126 121* r23* 

130·2 130·3 130-9 130·5 130·8 131·2 

132·8 133·0 133·2 132·8 132·8 132·8 

120* 124* 
126 143* 
130 lJI 
129 134 
130 130 

132 1 33 
134 134 
133 134 
132 133 
I "6 ·"' 135 

138 138 
139 139 
141 140 

133 133 
134 135 

136 135 
136 135 
I,.,,., 

;:);:) 135 
139 139 
137 1 35 

128 131 
127 130 
I..,,., 

;:),) 137 
108* 115* 
126 I26 

131 130 
128 135 
131 127 

131·4 133·2 

132·8 133·9 

Mid- I Daily I~ 1 )aily \ 
night mean. range. 

-~-

I 
122* 130·6 ! 36d 
125 127·4 33 

'144·JE-c 129·2 31 
132 

1 

129·0 26 
lJI 131·5 12 

134 13r9 14 
134 I 132·9 9 
136 133·9 8 
1 35 134'2 10 
139 136·4 12 

138 136-7 

I 
15 

140 136'1 16 
135 138·2 13 
135 i 136-0 22 
136 136·2 IO 

137 138·7 12 
136 134·8 19 
136 136·7 16 
I,.,6 

.) 137·1 IO 

136 137·7 27 

I"O .) 133·8 19 
132 128·8 45 
135 130·5 19 
108* 124·2 78 
136 127·3 32 

129 130·6 7 
123* 127·5 41 
131 130·2 22 

132·9 132·80 

134·3 



 

124 U. S. COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES--

Hou1·l.1f readings .from the photographic traces of tlte bijilar 

[Local moan time. 200 tli visions plus tabular quantity, one division= 0·000100 iu parts of H. All 

MARCH, 1883. 

[For the expLmat.ion of these tables see pp. 53, 54.) 

Day. ! 1" 2'' 3'' 4b 5n 6b 7h Sb 9h 1oh 11 ll Noon. 

-------- •• ' ~-•u•~~-·--•~---~ 

I l JI 129 134 131 136 136 133 136 136 131 122* 126 

2 135 127* r30 134 133 136 131 130 135 132 133 131 
3 136 133 133 133 134 134 133 135 134 136 [135] [134] 
4 135 137 136 !'6 136 136 134 131 133 132 128 129 ·' 5 133 1 35 136 139 137 136 136 137 137 138 138 137 

6 138 138 138 138 139 139 139 141 143 144 148* 144* 
7 132 1 39 136 135 135 138 134 134 136 146* 143 138 
8 130 132 133 135 138 135 139 138 135 137 139. 133 
9 135 134 135 135 133 136 136 l.J2 130 131 133 137 

JO 136 136 137 137 137 136 136 135 135 135 133 132 

11 140 140 140 139 141 141 139 139 140 140 138 136 
12 I 142 143 143 144 144 142 141 142 143 141 136 133 
13 i 128 128* 137 136 139 134 IJI 131 133 131 129 129 
14 I 134 133 137 142 141 138 138 138 138 138 140 137 
15 I 139 137 138 138 138 139 141 141 141 138 133 132 

I 
16 I 138 139 139 r41 141 141 140 137 135 136 136 136 
17 I 140 142 141 142 142 142 141 140 140 138 136 135 
18 141 141 143 142 143 142 141 140 142 143 141 138 
19 I 

142 142 142 142 142 143 143 143 139 142 140 138 
20 141 145 145 145 145 144 143 140 136 139 141 141 

21 I 137 140 138 140 143 142 141 141 139 138 133 128 
22 

I 
lJI 126* 128* 133 136 139 132 133 131 127 123* 128 

23 137 138 138 140 140 141 136 138 132 131 130 129 
24 139 140 140 140 139 139 138 136 132 131 130 130 
25 I 140 141 141 141 141 140 138 139 138 138 135 132 

26 I 141 141 143 136 139 137 139 138 135 133 134 1J6 
27 

I 127 136 133 130 129 135 134 129 nS* 114* 121* 123* I 

28 I 135 133 135 136 136 135 131 130 128 121* 127 124* 
29 

i 
134 139 134 141 133 134 136 130 128 134 133 131 

30 139 140 140 140 139 140 139 136 136 137 135 136 

I 31 140 143 143 142 142 141 139 135 135 132 133 135 
I 
I 

Monthly} 136·3 137·0 137 6 138·2 138·4 138·4 137·2 136·3 135·3 135·0 134·0 133·2 mean 
Nonnal 136·3 138·1 137·9 138·2 138·4 138·4 137·2 136'3 135·8 135·8 134·9 133·5 

__ ...., ____ ···--·-.. 



 

REPORT l!.,OR 1891-PA.RT II. 125 

HORIZONTAL INTENSITY-Continued. 

magnetometer of the Los Angeles J-fa.gnetic Obs('n•atnrv. 

readings referred to standard towpernture of magnet. °Increa.siug uun1bers intlicat-0 increasing; force.] 

MARCH, 1883. 

13h 14h 15h 16h 17h 18h 19h 2oh 21h 22h 23b Mid- I Daily Daily 
night .. mean. range. 

130 132 130 130 132 126 134 124* 122·* 129 131 136 130·7 2od 
123* 127 128 128 127 123* 121* 122* 123* 130 127 126* 129·2 21 

(134][135][136] [137] [137] 135 135 135 133 136 135 131 [134·5] [11] 
128 129 130 132 132 130 132 128 129 129 135 135 I 132·2 IO 

136 135 135 134 137 138 138 137 137 138 138 138 I 136-7 6 

144* 149* 148* 138 136 
i 

139·6 144 131 134 134 132 131 140 i 19 
141 143 140 139 137 134 132 128 126* 124* 127 128* 135·2 26 
128 127 135 137 133 128 127 125* 136 I" I .) 135 135 133·4 20 

137 137 136 134 134 133 133 134 135 135 136 135 134·4 9 
131 130 135 138 138 138 139 138 138 135 138 139 135'9 9 

138 139 141 142 142 140 140 140 142 141 141 140 140·0 7 
135 130 139 138 138 137 138 138 134 133 121* II9* 137·2 25 
131 133 134 133 133 132 133 132 134 134 132 130 132·4 26 
lj6 t34 135 135 1J6 135 135 133 135 134 136 140 136-6 10 
133 135 137 137 138 137 138 139 139 138 137 137 137·5 IO 

137 138 140 140 140 140 139 141 141 140 140 142 139·0 7 
133 134 137 137 134 139 140 140 137 140 140 141 138·8 10 
137 139 139 139 139 140 142 142 142 141 141 142 140·8 6 
140 143 144 144 144 144 144 143 144 144 144 145 142·6 8 
142 143 146* 147* 147* 148* 149* 150* 143 142 138 135 143'1 17 

128 132 124* 128 l~"' .)- 125* 121* 122* 122* 125* 127 140 132·8 26 
129 131 136 134 137 131 131 134 134 142 143 135 132·7 30 
I32 133 134 139 138 132 133 133 132 136 142 140 135·6 14 
132 134 134 135 136 135 133 134 137 140 137 139 135·8 12 
136 139 141 142 141 140 138 136 136 139 136 144 138·8 14 

130 136 124* 124* 1.19* 122* 114* 109* 124* 132 133 134 131·4 39 
II t* III* us* 127* 129 128 132 128 128 129 131 145 126'8 38 
128 t32 131 136 136 124* 134 129 138 l 27* 127 132 131·0 25 
130 135 136 137 132 130 132 138 139 138 139 139 134·7 18 
136 139 14I 143 142 140 137 140 141 141 142 142 139·2 9 

136 136 137 139 140 138 139 138 139 140 142 140 138·5 12 
I 

-----~-~· ---
x33·0 134·5 135·4 136'4 135·8 134·2 134·5 133·7 134·6 135· 3 I 35·5 t3fr9' 135·70 
133·7 134·8 136·2 136-8 136·0 135·3 1357 135·7 136·8 J 36-4 136-0 138·21 



 

126 U. S. COAST AND GEODETIC SUliVEY. 

DIFFERENTIAL MEASURES

Hourly readings from the photographia traces of the bijilar 

[Local mean time. 2-00 divisions plus tabular quantity, one division=0·000109 in parts of H. .A.11 

APRIL, 1883. 

{For the explanation of these taliles see Pl'· 53, 54.] 

I Day. 1h 2Ja 3h 4h Sh 6b 7b 8b gb !oh 11b Noon. 

I 
I 

I 140 143 141 142 141 141 143 141 140 139 138 136 
2 146 141 142 143 143 143 q.2 140 135 138 138 138 
3 147 146 144 151 129* 123* 124* 109* I06* 110* n7* 119* 
4 131* 129* 129* 130* 130* 129* 125* 124* 122* u7* 122* 124* 
5 136 144 137 138 140 135 136 132 129 131 127* 125* 

6 138 139 138 138 138 137 135 131 126* 124* 125* 130 
7 139 140 140 140 142 142 141 137 132 128 131 133 
8 138 139 138 139 139 139 1 39 138 139 137 137 138 
9 146 145 148 147 145 145 145 143 137 133 134 137 

IO 144 144 146 147 148 148 148 147 142 140 141 142 

II 140 143 142 142 143 143 142 139 139 140 142 140 
12 144 142 142 143 145 142 140 138 138 138 140 140 
13 150 146 145 144 146 146 144 141 141 138 1 35 140 
14 142 143 143 144 145 144 143 141 142 140 137 136 
15 144 146 145 145 146 148 147 146 147* 147* 144 143 

16 149 146 146 147 147 148 147 146 142 144 141 140 
17 146 145 142 145 146 146 144 138 134 134 136 139 
18 144 145 140 142 139 .142 140 142 139 136 134 134 
19 146 138 137 141 137 138 136 138 135 132 131 132 
20 144 137 136 136 138 135 134 128* 129 130 132 136 

2 I 139 139 138 140 140 142 142 140 135 132 131 133 
22 142 142 142 139 140 142 141 138 135 134 133 134 
23 143 143 144 145 145 146 J.46 144 143 141 139 136 
24 150 150 152* 152* 155* 156* 161* 164* 165* 15r* 149* 145 
25 131* 132* 132* 129* 130* 130* 135 131 130 126* 125* 128* 

26 142 138 137 137 138 136 135 136 128* 134 138 137 
27 140 140 143 138 136 139 138 138 136 133 132 135 
28 139 139 139 140 140 141 141 142 142 144 146* 145 
29 143 141 142 140 141 143 144 145 144 143 142 141 
30 143 143 144 143 146 147 145 140 141 143 139 138 

Monthly~ 
mean 142·2 141·6 141·1 141·6 141·3 141·2 140·8 138·6 13fr4 135·2 135·2 135·8 

Normal 143'0 142·4 141·5 142·1 142·1 142·2 141·2 139·7 137·5 136-7 136·7 137·6 
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HORIZONTAL INTENSITY-Continueil. 

'magnetometer of the Los Angeles Magnetic Observa,tory. 

readings referred to standard temperature of magnet. Increasiug numbers indica.te increasing force. J 
"' 

APRIL, 1883. 

13h 14h 15b 16h 17h 18h rgh 2ob 21h 22h 23h Mi<l· Daily Daily 
night. mean. range. 

134 133 135 139 138 141 140 140 142 143 140 139 139"5 ud 
136 138 138 137 136 137 141 143 144 141 140 144 140·2 II 

115* 97* 99* l 12* 117* 119* 122* 128* 122* 124* 123* 130* 122·2 73 
130 130 130* 135 133 133 135 135 134 138 139 140 130·2 32 
128* 128* 131* 135 135 137 132 132* 137 1 35 145 139 134·3 20 

133 137 140 141 138 138 138 139 139 139 138 139 135·8 18 
135 138 140 139 139 139 140 142 143 139 IJ9 137 138·1 17 
138 140 140 138 141 140 142 142 143 144 145 145 139·9 8 
139 136 139 139 140 139 138 138 140 143 143 144 141·0 16 
144 142 143 143 140 142 141 141 142 139 140 138 143'1 10 

142 143 143 145 145 145 142 142 142 143 147 142 142·~ 8 I 
141 140 143 145 146 147 146 147 146 146 147 144 142·9 10 
143 142 141 142 139 140 142 142 142 141 142 143 142·3 I 15 
138 139 142 145 145 144 143 144 145 144 144 144 142·4 

I 
9 

142 143 143 140 140 141 144 144 143 144 146 146 144·3 9 

142 146 149 149 148 145 146 146 145 141 144 144 145·3 9 
142 144 147 147 146 145 146 146 145 147 147 147 143·5 14 
130 135 140 142 136 135 138 131* 134 133 126* 135 137·2 27 
125* 125* 127* 122* 118* 115* III* 121* 137 130* 135 132 130·8 35 
133 137 137 137 137 134 134 136 137 138 138 138 135·4 17 

137 139 142 142 141 142 141 141 141 142 142 142 139"3 12 
137 139 141 143 142 140 141 143 143 143 143 143 140·0 IO 
140 143 146 147 147 146 147 147 147 148 150 151* 144·8 16 
134 113* 124* 109* 109* 107* 115* ll8* 123* 127* 123* 129* 136-7 6o 
133 134 124* 138 136 131 129* 137 140 145 136 135 132·4 24 

135 134 134 131*· 131 134 132 139 135 140 144 138 136-0 17 
136 135 141 141 139 138 138 141 141 143 142 141 138·5 12 
143 143 144 142 139 140 140 140 141 141 141 143 141·5 7 140 140 139 139 140 142 143 143 142 142 143 142 141·8 7 140 138 139 142 141 141 142 141 140 132* 139 140 141·1 16 

136-2 135·7 137·4 138·2 137·4 137·2 137·6 139·0 139·8 139·8 140·4 140.5 ··8·;s I 
137"7 138·8 141·1 141·2 139·9 139·9 14o·s 141·6 141·1 141·6 142·2 140·9 



 

128 U. S. COA8T A~l> GEOVETIC SURVEY. 



 

REPORT FOR 1891-PART II. 129 

HORIZONTAL IN TEN SI TY-Continued. 

magnetometer of Mm Los A ngeleR Ma.gnetic Observatory. 

readingR referred to standar(l temperature of magnet. Increasing numbel's imiieate increasing fore~. J 

MAY, 1883. 

Mid- I 
Daily /Daily! 13h 14h 15h 16h 17h r8h 19b 2oh 21h 22h 23h 

night. mean. r range.! 
' ' ,, _______ , 
, ___ : 
, I 

139 138 139 135 135 130* 129* 130* 138 139 140 149 137'5 2od I 
139 140 140 141 140 142 142 142 141 142 142 143 141·0 6 
147 147 146 144 141 141 142 143 139 140 142 141 143·1 9 
146 l46 143 142 139 142 143 144 142 143 143 142 142·9 .,. 

I 

144 144 143 141 141 138 138 141 141 148 140 143 142·0 I I 

144 142 142 143 143 142 143 141 141 144 146 144 143·8 9 
147 145 145 145 143 143 143 143 145 148 147 147 144·0 IO 

141 144 139 139 142 143 144 142 143 142 141 148 143·2 14 
142 143 143 144 142 143 143 141 143 144 144 145 142·8 7 
145 148 149 .147 146 142 142 144 145 145 146 146 144·9 8 

145 146 147 147 144 144 145 145 144 144 145 146 145·3 6 
. 147 146 144 145 145 145 145 146 146 146 148 149 146·5 4 

149 147 145 146 145 141 141 143 138 140 142 141 144·9 IO 

143 143 144 144 146 146 145 145 144 144 144 144 144·0 5 
147 148 149 i50 148 147 150 147 150 149 148 144 146-4 10 

150 148 146 145 142 145 146 145 146 146 148 148 146-1 15 
150 149 147 141 135 137 143 142 142 145 142 145 145·5 20 
144 141 141 140 142 143 146 145 146 141 139 146 143·9 IO 
143 143 144 I42 142 141 140 J41 141 142 143 143 143·4 11 
145 147 142 139 130* 123* 110* 110* 111* 129* 134 137 137·6 46 

122* 124'* 135 134 130* 123* 130* 131* 135 136 133* 149 132·9 34 
134* 138 132* 132* 129* 133 136 143 131* 137 142 141 136·3 22 
143 143 145 139 136 137 139 140 141 141 141 141 139·2 9 
143 147 144 137 136 135 138 140 140 139 143 143 140·7 14 
142 143 141 142 144 144 143 140 140 142 142 148 140·9 13 

142 138 140 138 139 137 138 142 144 140 142 141 140·2 IO 
137 139 139 138 137 138 140 140 144 142 141 142 141·4 15 
141 138 137 i36 139 138 140 140 142 139 139 140 140·8 IO 

143 145 142 142 143 142 143 143 143 142 143 145 141·8 9 
147 143 141 r.p 143 142 141 142 140 138 132* 137 142·4 17 

148 149 145 143 141 140 140 142 141 145 144 143 142·3 15 

143·2 143·3 142·5 

_, ____ -1 
I 

141·4 140·3 139·6 140·3 140·7 140·9 142·0 142·1 143·91 142·18 ! 
144·2 143·9 142·9 141·7 141·4 141·1 142·1 142·6 142·2 142·4 142·8 143·9 i 

I 

H. E~. 43, pt. 2-9 



 

130 U. S. CO.AJ:;T AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from .the photographic traces of the bijila.r 

[Local mean time. 200 divisions plus tabular quantity, one division =0'000109 in pa.rt.& of H. All 

JUNE, 1883. 

[.For the expla.n.ation of these tables see pp. 53, M.] 

Day. 1h 2h 311 4b 5h 6h 711 8h 9h loh u11 Noon. 

-~-~------· 

I 145 146 144 146 144 146 143 139 139 140 148 147 
2 144 140 141 141 143 144 134 139 125* 135 143 141 
3 135 141 136 136 t38 138 136 137 141 143 144 146 
4 140 142 143 143 142 143 140 140 142 144 144 146 
5 144 144 144 144 145 145 143 141 146 149 149 150 

6 149 161* 148 149 141 141 142 143 146 147 143 141 
7 141 141 141 141 141 142 141 139 140 142 143 140 
8 144 144 143 144 143 144 146 142 142 [144] 145 142 

9 142 141 140 143 142 143 142 142 146 148 149 150 
IO 145 145 145 145 145 143 140 141 144 148 150 153* 

11 142 142 143 143 145 146 144 145 151* 155* 156* 155* 
12 150 149 149 148 147 149 150 150* 151* 154* 158* 156* 
13 144 143 144 144 147 148 148 147 151* 150 149 148 
14 146 146 147 146 147 147 146 140 139 141 143 143 
15 148 148 147 147 148 149 145 141 144 146 146 148 

16 146 145 144 149 147 147 144 139 138 141 146 150 
17 143 148 144 152 145 145 142 138 139 140 149 154* 
18 144 154* 140 140 140 138 135 132 128* 128* 135 138 
19 139 141 143 141 141 139 138 135 134 137 147 143 
20 142 143 141 143 143 145 142 140 137 13S 139 138 

21 142 142 141 142 142 144 141 138 137 136 133* 133* 
22 154* 152 151 146 149 151 151* 145 142 145 148 158* 
23 138 144 144 142 144 138 138 133 134 138 135 132* 
24 140 141 140 140 141 139 136 133 132 132* 135 135 
25 142 141 142 142 143 142 142 140 134 136 134* 139 

26 148 141 140 141 143 143 139 137 141 145 142 142 
27 143 151 145 146 145 139 138 133 133 137 132* 126* 
28 136 136 136 137 135 134* 130* 126* 128* 135 13~ 133* 
29 141 139 139 140 141 140 137 139 142 146 144 143 
30 138 139 139 138 141 142 141 140 124* 123* 134* 140 

Monthly~ 14]"2 144·3 142·8 143"3 143"3 143·1 141·1 139·1 139·0 141·4 143·2 143·7 mean ~ 
Normal 142·8 143·5 142·8 143·3 143"3 143·4 141·2 139·2 139·6 142·0 144·2 143·5 
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HORIZONTAL INTENSITY-Continued. 

magnetometer of the Los Angeles Magnetic Obs~rvatorg. 

readinge relorrcid to standard tell,lpera.ture of magnet. Increasing nwnbers indicate increasing force.] 

JUNE, 1883. 

13b 14h 15h 16h 17h 18h 19h 2oh 21h 22h 23b Mid- Daily Daily 
night. mean. range. 

148 147 142 139 138 136 133 137 140 148 141 142 142·4 17d 
140 134 135 131 130 132 132 140 140 140 140 1~6 137·5 20 ·"' 14:: 139 146 136 134 136 138 138 140 141 142 142 139·4 13 
145 144 140 137 138 139 141 142. 142 143 144 144 142'0 10 
146 143 143 143 143 146 147 146 145 149 151 148 145·6 IO 

140 142 138 131 135 134 136 143 140 140 141 145 142·3 34 
141 142 q8 138 140 141 139 1,::9 140. 141 142 143 140·7 6 
138 141 144 141 139 143 145 142 139 141 144 146 142·8 9 
144 144 140 140 138 138 139 1.p 143 145 145 145 143·0 12 
149 147 139 141 141 143 143 142 142 143 144 143 144·2 15 

151 150 151* 145 143 142 143 145 146 146 147 148 146-8 15 
151 147 145 143 143 143 144 144 144 144 139 142 147·5 16 
147 146 146 142 141 145 144 144 147 147 148 155* 14fr5 14 
142 144 143 142 141 142 143 143 145 146 146 147 143·9 IO 
150 149 _147 146 143 144 147 149 147 147 146 145 146-5 10 

153* 157* 152* 148 144 140 139 135 136 138 138 138 143·9 26 
145 146 149 137 137 139 138 140 140 148 147 141 143·6 19 
136 139 139 126* 138 137 132 138 136 142 147 140 i3r6 28 
142 140 142 139 135 139 140 140 142 141 140 143 140·0 14 
136 142 142 139 136 137 136 138 138 145 140 140 140·0 IO 

139 142 144 142 142 141 142 143 143 145 145 148 141·1 16 
150 150 146 138 127* 137 129* 136 130* 140 144 139 144·1 36 
138 139 136 138 134 131 134 137 138 143 138 140 137·8 15 I 

I 

140 137 138 139 137 136 140 141 141 141 140 141 138·1 IO 
I 

143 140 140 137 134 138 140 143 142 142 142 146 140·2 13 I 

I 142 142 141 141 141 140 142 146 146 137 139 137 141·5 13 
130* 137 138 136 129* 130 123* 132 138 133* 135 135 136-0 37 I 133* 135 136 137 137 136 137 137 138 137 141 139 135· I 15 
139 136 136 138 138 137 138 138 140 144 138 140 139·7 I4 I 139 135 130* IJ6* II9* 126* 119* 126* 126* 128* 137 134 132·2 31 

------

142·6 142·5 141·5 138·2 137·2 138·3 138·1 140·2 140·5 142·2 142·4 142·4 141·40 
143·1 142·0.141·2 139·4 138·5 138·7 

. 
139·7 140·7 141·4 143·0 142·4 142·0 



 

13:& U. S. COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from the photographic traces of the bifilar 

[Local mean time. 200 divisions plus tabular (1uantity •• one division+ 0·000109 in parts of H. All 

JULY, 1883. 

[For the explanation of these tables see pp. 53, 54.J 

Day. I 111 2h 3h 4h 
.I 

511 6h 711 8h 9" 1011 1111 Noon. 

i 
I 133 135 135 135 137 137 132 133 129 126* 125* us• 
2 130 131 130 131 130* 131 129 126* 125* 126* 132 138 
3 137 140 136 136 137 I37 137 135 135 135 134 135 
4 136 137 136 137 136 135 132 129 128 134 135 135 
5 141 136 137 137 140 138 136 135 131 128 138 138 

6 141 144 144 143 143 146 145 139 135 133 137 141 

7 142 145 147 147. 148 151* 152* 144 139 139. 138 145 
8 151* 138 140 141 140 142 136 152* 149* 148* 150* 141 
9 144 141 142 143 145 141 140 139 140 145 147* 143 

IO 140 142 135 138 142 147 141 139 136 139 142 143 

II 138 1.19 138 138 138 139 140 141 1 39 141 14 I 144 
12 136 131 133 133 135 134 132 129 130 134 134 131 
13 136 136 137 134 137 140 139 140 140 137 131 129 
14 143 141 147 147 148 140 140 145 142 142 137 131 
15 137 137 136 136 141 144 147* 138 133 140 .l42 144 

16 139 141 138 138 136 136 135 132 134 132 129 131 
17 137 136 134 135 135 138 138 134 131 132 131 130 
18 156* 152* 140 143 143 146 143 140 140 lJ2 127 127* 
19 138 136 135 138 137 137 136 131 130 131 129 132 
20 136 137 137 136 136 136 132 132 132 130 133 140 

21 139 138 139 r39 138 139 135 130 129 131 136 139 
22 141 141 142 141 142 142 142 139 135 137 139 141 
23 146 145 143 141 142 143 143 144 144 144 142 139 
24 140 141 142 140 142 141 140 140 139 142 146* 147• 
25 138 140 140 139 139 138 137 133 134 137 138 141 

26 143 142 142 144 141 142 142 141 139 139 139 140 
27 134 136 136 135 136 136 136 132 137 14r 146-k 143 
28 139 139 138 140 140 140 136 136 138 141 140 137 
29 138 138 139 139 139 141 139 136 1]8 139 139 139 
30 130 132 135 138 130* 130* 130 135 126* 127* 122* 120* 

31 114* 117* 119* 122* 124* 124* 128* 123* 123* 121* 129 129 

'~~-------

Monthly; 138·5 138·2 137·8 138·2 138·6 139·1 137·7 136·2 134·8 135·6 "136-4 136-8 mean \ 
Normal 138·3 138·4 138·4 138·7 1397 139·5 137'3 136·5 135·4 136-7 135·7 137·7 



 

-REPORT FOR 1891-PART II. 133 

HORIZONTAL INTENSITY-Continued. 

niagnetometer of the Los Angeles Magnetic Observatory. 

:rea.ding!l referred to standard temperature of magnet. Increasing 11umber,.; h1dieale increasing force.) 

JULY, 1883. 

Mid- I Daily 

~~~~~-~~~~~~~~~~~~~~~~~~~~~~n_i_·g~h~t·j_mean. 
131> 14h 15h 16h 17h 18h 19u 2oh 21h 22h 23h 

129* 
139 
136 
135 
137 

144 
1 43 
I 44 
LlZ 
142 

147 
132 
133 
128* 
140 

135 
133 
136 
131 
143 

141 
140 
136 
142 
143 

138 
140 
134 
137 
II6* 

127* 

128* 
143 
137 
133 
137 

142 
142 
l 44 
143 
136 

147* 
131 
132 
127* 
136 

133 
138 
138 
135 
143 

140 
140 
136 
137 
142 

135 
138 
132 
139 
119* 

133 

126" 
138 
137 
129 
139 

140 
141 
137 

143 
130 
135 
126* 
125* 

130 
142 
135 
137 
144 

135 
138 
135 
130 
140 

127* 
138 
132 
137 
116* 

IIS* 

136·9 136'6 134·2 

J 38·6 137·6 137·0 

129 121* 116* 
135 133 131 
136 132 134 
133 134 137 
133 130 128 

40 4 
140 139 144 
138 134 us* 

136 122* II9* 
131 132 1 34 
137 136 138 
131 133 134 
123* 132 136 

133 132 131 
140 137 1 35 
134 135 130 
138 135 132 
142 137 135 

134 135 137 
136 136 143 
135 138 143 
128 133 133 
137 135 136 

128 131 .134 
136 136 136 
134 137 138 
152* 143 151* 
116* 109* 115* 

115* 113* 113* 

134·2 133·0 133·5 

135·3 135·5 135·9 

119* 
•137 
130 
136 
130 

138 
144 
I 40 
132 
128 

131 
136 
138 
1 35 
138 

134 
137 
128 
131 
136 

139 
142 
145* 
136 
136 

134 
'138 
138 
138 
108* 

II6* 

u7* 121* 
135 137 
134 137 
137 139 
134 135 

143 145 
146* 144 
141 142 
130 131 
132 136 

124* 121* 
138 135 
138 138 
135 135 
137 144 

n.6 137 
136 138 
130 134 
133 135 
137 139 

140 141 
142 143 
142 141 
132 134 
137 137 

134 132 
138 136 
137 138 
110* 114* 
II8* 115* 

129 118·* 

133·8 133·9 134·6 

135·6 136-0 137·8 

122* 

137 
138 
136 
135 

141 
137 

131 
138 
138 
135 
137 

135 
138 
138 
139 
139 

141 
142 
140 
137 
138 

133 
138 
138 
114* 
111* 

125* 

129 
138 
135 
137 
136 

132 r 128·1 
139 i 133·4 
136 J 135·7 
136 i 134·7 
140 i 135·4 

150* 145 
I 35 l 30 
139 140 

\I 141·7 
143"1 

I 142 5 i 
137 133 I 140·1 
135 139 

I 
137·2 

I 
130 136 I 136'0 I 
139 937 I 133·5 
137 144 I 136·7 
137 139 

I 
137·4 

137 136 137"3 

138 138 134·7 
138 136 135·8 
141 138 137·8 
136 136 134·5 

. 139 139 137·1 

142 142 137·5 
144 145 140·5 
141 140 141·2 
134 138 . 138·1 
141 140 138·2 

145 132 137·4 
139 138 137*5 
138 138 137·4 
122* u8* 135·0 
110* 111* 121·6 

126* 133 122·5 

135·5 136-3 t36·3 t36·10 

138·0 137·7 137·8 

I 

I 

Daily 
1 

range. 

23d 
20 
IJ 

IO 

15 

20 
25 
~2 
:J 
18 
47 

37 
12 
16 
24 
32 

13 
12 
41 
11 

15 

14 
12 
12 
20 
12 

19 
15 
10 
43 
36 

22 

---



 

134 U. S. COAST AND GEODETIC SURVEY. 

DIFI"ERENTIAL MEASURES-

Hourly readings from the photographic traces of the bi.filar 

[Local mean time. 200 divisionP.o plus tabular quantity, one diviaion =0·000109 in pa.rt.a of H. All 

AUGUST, 1883. 

[For the expl9'nation of these tables see pp. 53, 54.J 

. 
Day. Jh 2h 311 4b 5h 6b 7h 8h 9h sott 1111· Noon. 

I 132 
.. 

138 132 133 134 135 131 124* 125* 134 135 138 
2 129* 131 131 129* 130* 130* 1e9 127 125* 124* 1:.-.31!: 123* 
3 132 IJZ 131 130* 132 133 131 125 123* 122* 123* 124* 
4 134 137 137 137 137 138 138 136 133 132 129 126* 
5 141 139 140 141 144 144 142 137 135 138 136 133 

6 140 140 r39 138 135 137 133 127 128 132 r29 130 
7 135 137 138 137 138 136 134 129 131 131 134 138 
8 134 134, 135 136 136 135 132 132 133 133 130 128 -
9 137 137 138 137 137 139 137 135 139 137 137 134 

IO 140 139 141 145 143 147 145 140 138 136 135 139 

I II 137 140 140 138 138 140 141 136 136 139 139 139 
I 12 141 1419 141 141 140 140 137 131 134 137 141 140 

I 13 141 141 141 141 140 140 138 134 130 132 135 136 
14 136 135 136 138 138 136 132 128 129 133 133 133 
15 144 161* 153* 156* 147. 149 143 139 140 142 140 142 

16 144 144 [143 142 142 141 138 134 133] 134 135 139 
17 144 144 144 143 144 146 140 134 137 140 148* 152• 
18 148 143 143 145 144 139 135 134 139 137 136 134 
19 138 138 138 137 137 139 138 136 137 136 134 135 
20 140 140 139 139 139 139 136 133 129 130 134 140 

• 136 136 21 142 142 142 144 144 143 140 134 140 140 
22 142 141 142 145 145 145 143 135 132 135 136 137 
23 144 141 146 144 144 145 142 142 139 137 136 133 
24 141 145 144 142 142 143 139 135 133 136 138 141 
25 142 141 141 142 142 142 138 133 132 136 135 138 

26 142 142 142 142 143 143 140 135 131 130 133 136 
27 142 143 144 143 143 143 139 136 140 149* 145 138 
28 144 145 145 143 143 144 146 150* 157* 154* 153* 154* 
29 142 143 143 142 142 144 141 136 135 136 136 134 
30 r43 143 142 144 144 146 148* 149* 150* 148* 146* 141 

31 142 143 143 143 143 142 138 136 140 140 144 147* 

Monthly}! 139·8 140·6 140·5 140·5 140·3 140·7 138·2 134·6 134·7 136·0 136·4 136-8 mean 
Normal j 140·1 140-0 140·0 140·8 140·7 141·1 137·9 134·0 134·5 135·3 136·0 131· 6 



 

REPORT FDR 1891-PAU.T II. 185 

HORIZONTAL INTENSITY ~Continued. 

·magnetometer of the Los Angeles ~lf a.rrnetic Observatory. 

readings referred to stll.nda.rd temperature of magnet. Increasing numbers inukate increa;;ing force.) 

AUGUST, 1883. 

1::.h 1611 1 .. ,11 18h 19n zo" z1h 22h 2~11 Mid- ll Daily iDaiiyl 
_1_3_h __ 1_4_h ___ "'___________ ---- _______ " __ nighL: _ mean. /_r_a_n_g_e.1 

133 128* 
124* 124* 
126* 127* 
129 133 
132 133 

127* 126* 
137 140 
128* 128* 
133 134 
142 143 

135,. 135 
138 137 
133 132 
134 137 
141 142 

143 143 
150* 147 
133 128* 
138 149* 
144 146 

141 

139 
142 
141 
139 

137 
141 
149* 
136 
139 

141 
135 
135 
142 
142 

138 
151* 
148* 
139 
140 

127* 
125* 
126* 
135 
138 

125* 
136 
130* 
135 
140 

135 
136 
136 
131 
142 

145 
143 
129* 
151* 
146 

132 
126* 
130 
138 
138 

130 
135 
132 
137 
138 

134 
137 
138 
132 
142 

143 
141 
129 
153* 
143 

138 
136 
139 
141 
141 

q8 
152* 
142 
142 
138 

122* 130* 
125* 125* 
133 133 
137 138 
139 139 

133 131 
135 122* 
133 133 
138 140 
137 134 

135 138 
138 138 
138 138 
129 142 
142 143 

142 144 
141 143 
126* 125* 
143 143 
142 141 

136 
134 
135 
141 
140 

138 
147* 
140 
143 
140 

138 
142 
132 
141 
140 

139 
147 
141 
144 
141 

ll7* 
124* 
134 
138 
134 

134 
114* 
134 
141 
138 

137 
140 
137 
143 
144 

124* 
130* 

135 
138 
134 

135 
125* 
135 
139 
135 

138 
141 
i38 
144 
144 

145 
143 
134 
141 
141 

142 
145 
143 
142 
142 

124* 
131 
134 
138 
1 34 

136 
133 
136 
140 
133 

145 
145 
133 
143 
14 l 

140 
143 
142 
141 
143 

137·1 137·8138·0 138·2 136·9 137·6 137'7 138·7 139·2 

137·5 138·8 139·3 137·2 137'9 139·4 139·8 140·0 139·7 

124* 
132 
1 35 
140 

135 

138 
131 
134 
1 39 
lJI 

140 
141 
136 
144 
144 

145 
145 
138 
141 
141 

142 
142 
137 
141 
142 

143 
144 
143 
142 
143 

1 33 
131 
134 
142 

138 

144 
150* 
139 
143 
141 

144 
142 
139 
140 
142 

143 
143 
143 
140 
141 

,i ' 
128* 1 129·7 1

1 
22<1 

m :in I :~ 
145 137·9 I 14 

135 133·3 II, 2167) 
134 133·0 
138 l 133·1 12 

140 

1

. " 3 7. 5 9 
lJ6 138·9 16 

' 138·0 8 140 
":141 
•135 
145 
144 

143 
142 
141 
142 
143 

142 
144 
143 
140 
142 

138·9 12 
136-7 11 
i36·5 18 
144·7 ; 21 

1(141·6] ! [1I] 
143·9 20 
136-0 25 
140·5 21 
139·4 17 

140·2 
139·9 
139·5 
140·5 
140·0 

139·2 
144·1 
145'9 
140·5 
143·0 

12 
15 
14 
12 
II 

14 
16 
18 
12 

14 

137 135 t39 142·1 {2 

139·0139·8 140-1 138·30 

139·5 139·5 140·5 



 

136 U. S. COAST AND GEOD~TIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from the photographic traces of the b~filar 

[Local mean time. 200 divisiorn! plns tabular quantity, one division =0·000109 in parts of H. All 

SEPTEMBER, 1883. 

[For the explanation of these tables see pp. 53, 54.) 

Day. 1h 2h 311 4h 5b . 6b 711 8h 9h 1011 nh Noon. 

l 140 140 140 142 144* 142 138 131 129 130 133 136 
2 140 143 142 141 141 143* 141* 138* 139* 144* q.3* 143* 
3 144* 143 140 142 142* 141 139 136* 134 134 134 137* 
4 142 140 I'\4 142 140 141 139 135* 131 134 137* 138* 
s 136 137 139 138 138 139 139 135* 137* 143* 143* 136 

6 126 130 lJ2 137 133 136 136 130 131 133 137* 138* 
7 140 141 142 142 143* 14-1-* 139 t36* 138* 139* 137* 137* 
8 139 139 140 140 140 142 142* 1 37* 135* 137* 137* 137* 
9 14f 141 141 141 142* 142 142* 138* 134 131 132 133 

IO 145* 137 141 141 144* 144* 141* 138* 136* 136* 136* 138* 
• 

II 139 139 139 140 140 139 135 132 132 135 137* 134 
12 137 138 139 139 138 139 138 136* 134 134 134 136 
13 139 138. 140 140 137 139 .. 133 II6 127 130 132 132 
14 136 137 ·136 136 137 134 127 126 126 125 127 131 
15 139 138 139 139 138 136 130 125 124 126 128 131 

16 100* 108* 89* uo* 101* 103* 97* 98* 95* 101* 97* 105* 
17 110* 108* 108* 111* 107* II4* 114* 115* 113* IIJ* 112* 113* 
18 121* 121* 122* 123* 122* 127 II9* 122 127 121 115* 117* 
19 124* 125* 127 127 124 125 125 122 It8 u6* u6* 117* 
20 132 131 129 128 129 128 125 121 119 120 121 120 

21 130 130 132 130 130 130 126 121 II7 116* 118 121 
22 131 130 130 130 131 131 128 124 120 117 u6* 121 
23 129 130 129 130 131 133 130 131 128 125 125 122 
24 128 128 128 127 128 129 128 126 122 120 us 119* 
25 125 123* 125* 126* 125 127 124 123 124 122 123 125 

26 121* 123* 124* 124* 124 125 122 120 116* II6* 118 u6* 
27 127 129 128 128 128 129 124 121 119 120 120 120 
28 127 129 127 131 131 131 129 122 122 121 120 n9* 
29 127 128 128 128 129 131 130 127 128 126 124 126 
30 lJO 127 132 131 130 128 123 121 118 II8 116 117 

Monthly~) 131·5 131·7 131.7 132·8 132·2 133·1 130·1 126·8 125'.8 126'1 126-2 127·2 
mean I Normal 133·9 I 35· I 135·4 135·6 132·8 133·8 130·7 124•3 125·6 126·1 125·4 127·2 



 

REPORT FOR 1891-PART II. 137 

HORIZONTAL INTENSITY~Continued. 

magnetometer of the Los Angele.Of 1Jlagnetic Ol>servatot·y. 

readiugs referred to staudartl temperature of magnet. 111crea;iil1g uuml.Jer1:1 indicate inC'reasing force.] 

SEPTEMBER, 1883. 

1Hd 1 Daily 
I • 

13h l4h 15h 16h 17h i8ll 19h 2011 21" 22h 2311 I Daily 
night. n1ean. i range. 

j~---

139* 136 138 136 138 140* 143* 145-K- 144* 145* 139* I 138·6 
I 

17d 139 
140* 144* 140 137 1'2 132 1 35 133 132 138* 142* 142* 139·4 20 .) 

138* 134 141* 142* 145* 142·~ 141* 143* 142* 140* 138 I,., ... 139·5 12 j/ 

139* 141* 140 138 134 128 126 132 131 130 132 131 136-0 18 
136 136 135 130 125 130 129 126 120* 124 123 123 133·2 25 

138* 137 137 136 134 133 135 137 137 137 137 138 134·8 13 
135 132 136 • I 37 138 138 138 139 138 139* 139* 140* 138·6 12 
137* 139* 140 141* 138 138 139 139 139 140* 141* 141* 139·0 8 
134 135 140 138 139 140* 134 143* 144* 140* 142* 141* 138·7 rs 
140* 140* 139 138 138 138 139 139 139 139* 140* 140* 139·4 IO 

136 140* 142* 143* 141* 140* 142* 140 137 135 147* 135 138·3 17 
138* 140* 138 146* 144* 142-X- 143* 132 134 140* 140* 140* 138·3 17 
134 129 130 133 132 134 134 135 134 134 J 35 135 133·4 25 
130 130 136 139 137 137 138 139 138 138* 139* 138 134·0 14 
133 136 141* 137 137 139 159* 16o* 125 83* 96* 98* 130·7 It 6 

112* 128 126 121* II7* 83* 99* 84* 90* 87* 92* 105* 102·0 57 
112* 115* 116* II6* 117* 120* 119* 119* 120* 120 120* 121 I 14·7 18 
126 127 128 124 117* 118* IIS* 120'.( 128 129 124 129 122·6 20 
122 122 124 124 121* 122 124 127 127 128 129 127 123·5 14 
123 126 128 128 128 128 127 127 129 130 130 130 12fr5 13 

123 128 128 129 128 129 128 130 129 lJI 128 128 126·7 17 
123 125 126 127 128 128 128 121* 126 128 129 129 126-1 16 
125 130 130 130 130 130 129 129 124 127 128 129 128·5 13 
122 121 123 II7* 114* II6* II8* II4* II7* 116* 120* 121 121·7 15 
127 122 II8* 120* II8* 120* n6* II8* 112* III* 115* 115* 121·0 19 

123. 127 125 124 123 124 125 126 125 126 126 128 I 123·0 12 
123 124 12/ 126 127 128 126 127 132 132 130 127 I 125·9 14 
121 124 126 125 125 126 127 127 120* 125 126 1 33 

I 125·6 15 I 
118* 116* 121* 126 126 126 128 128 128 

I 

16 123 122 127 i 125·9 
120 122 124 125 125 126 128 128 129 127 130 129 I 125·2 16 

l 
-------- ______ l _~--

I I 
128·9130·2 131·4 131·1 129·8 129·2 i 

129·70! 130·1 130·1 129·0 128·2 129·7.129·91 
127·2 128·7 131·8 131·2 131·4 130·7 131·0132·0131·3 128·9 129·6 129·81 {. 



 

138 U. S. CO.AST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readingR from tlie photographic traces of the bifilar 

[Local mean time. 200 divisions plns tabular quantity, one divi8ion = 0.000109 in parts of H. All 

OCTOBER, 1883. 

[For the explanation of these tables see JlP· 53, 54.] 

Day. 1ou 11h Noon. 

---

I 129 129 130 130 130 128 124 120 121 123 123 124 
2 130 130 130 130 130 130 127 122 I 19 IJ8 120 120 

3 129 130 131 130 131 131 129 125 124 124 126 127 

4 129 130 130 131 130 130 129 128 127 127 126 126 

5 128 127 131 129 132 129 128 105* 107* 104* 109*' 111* 

6 126 122 122 123 121 123 121 116 120 li-0 121 124 

7 124 127 128 129 126 125 125 124 123 123 123 121 

8 129 128 131 131 128 128 123 122 123 124 124 126 

9 128 128 130 129 129 128 125 123 124 125 123 124 
10 129 130 131 131 130 129 128 128 125 124 121 121 

II 131 131 132 132 132 131 129 123 ll9 121 II9 122 
12 127 128 129 129 129 128 125 120 uS 117 II8 120 

13 127 128 128 129 127 125 121 I16 114 116 II9 117 
14 124 126 126 126 127 124 121 117 114 u4 114 II6 
15 131 128 128 129 129 124 122 III* I 10* ll2 II6 I I 7 

16 120 120 125 123 124 124 123 122 129 126 II9 122 
17 l 18 ll9 II9* u8* 120 120 u8 ll6 IIS 114 115 114 
18 122 124 126 129 125 124 120 I 14 111* 112 107* 107* 
19 127 127 128 131 130 130 126 121 II6 II6 117 I 12* 
20 123 124 125 124 128 129 128 124 122 114 112 115 

21 
' 

125 126 126 127 127 126 121 117 117 II7 117 1i8 
22 124 123 125 123 127 126 126 122 119 120 II9 I 19 
23 125 127 126 128 127 126 127 126 124 124 125 126 
24 126 128 128 129 128 128 127 126 127 127 128 128 
25 130 131 131 131 130 129 128 128 127 127 129 129 

26 I 123 126 129 129 127 129 126 126 124 123 123 124 j 
27 

I 
126 128 128 128 128 128 125 121 II9 II9 121 122 

28 129 129 129 131 130 130 129 126 122 122 123 124 
29 131 131 131 131 131 130 128 124 122 123 126 127 
30 133 133 1 33 132 133 132 128 122 llg 119 120 12( 

31 131 131 130 131 131 131 131 124 121 121 121 122 

. 
Monthly~ 126·9 127·4 128·3 128·5 128·3 127·6 125·4 121·3 120·1 u9·9 120·1 120·8 mean 
Normal 126·9 127·4 128·6 128·8 128·3 127·6 125·4 122·2 121·2 120·4 121·0 122·0 . 



 

REPORT· FOR 1891-PART II. 139 

HORIZONTAL INTENSITY-Continued. 

magnetometer of the Lot5 Angeles Ma.gnetfo Ob.~enmtory. 

readings referred to standard temperature of magnet. Inareasing numbers indicate increasing force.) 

OCTOBER, 1883. 

13h 14h 15h 16h 17h 1811 19h 2011. 21h 22° 230 
Mid- Daily Daily 
night. mean. range. 

125 127 130 129 127 127 129 128 129 130 130 130 127·2 nd 

123 125 126 125 124 127 128 129 128 I 25 124 126 125'7 12 

127 127 127 128 127 128 129 129 129 128 129 129 128·1 8 
125 129 129 130 139* 138* 135 132 134 133 134 136 13o·j 15 
110* 103* 103* III* I 12* 118 u6* 108* I 14* ll7* I 18* 124 116·4 35 

123 120 115* 114* I 12* JI6* 121 124 127 126 121 123 120·9 16 
124 127 127 124 123 125 126 127 128 128 127 127 125·5 8 
124 II9 124 125 124 126 126 128 128 128 128 128 126·0 13 
126 125 126 126 127 129 129 130 r31 130 129 130 127'3 8 
122 124 127 127 128 129 129 130 131 131 130 129 1277 II 

124 127 129 130 130 130 130 130 129 129 129 130 r27·9 14 
120 121 126 124 123 116* 123 124 126 125 1:-!5 125 123·6 14 
124 126 125 125 124 126 125 126 125 124 121 I2J 123·4 12 
123 127 128 128 127 123 127 128 128 128 128 126 123·8 16 
.114* III* 109* 110* I 12* 108* 110* IIJ* 120 III* 109* II5* 116-6 24 

127 132 I 14-K 123 III* 114* III* 104* 91* 107* 107* 121 118·3 48 
116 II7 117* II8 117* Il9 122 124 II9 114* 112* II6* u7·4 12 
114* II9 120 124 124 125 123 124 129 129 126 127 121"0 22 
118 124 123 120 123 122 116* l 14* 126 124 121 122 122·3 20 
125 125 123 123 122 . 124 124 124 124 124 124 125 123·1 18 

122 125 126 126 126 126 128 125 125 123 122 123 123·4 II 
121 122 I22 123 124 126 126 125 126 126 127 I26 123·6 8 
124 124 124 125 125 127 128 128 128 128 133 123 126-2 10 
130 129 129 129 128 126 128 128 128 128 130 130 128·0 5 
131 132 130 130 127 128 128 131 128 130 129 135 129·5 IO 

127 129 129 130 126 125 128 128 126 127 127 128 126-6 7 
[126] 128 126 127 127 129 130 130 130 130 129 128 [126·4] 12 

128 130 129 129 130 131 132 131 IJ2 130 132 131 128·7 IO 
132 133 132 132 132 132 133 134 133 131 133 133 130·2 12 
122 125 127 128 128 132 132 132 132· 132 132 131 128·3 14 

125 128 130 130 130 132 132 132 132 . 130 130 131 128·6 12 

-·-

123·3 124·5 124·3 124·9 124·5 125·3 125·9 125·8 126-3 126-0 125·7 126·8 124·90 

124·5 125·7 126·7 126·4 126·2 126'6 127·8 128·2 128·0 128·0 127·8 127'6 



 

140 U. S. COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly rea.dings from tlie photographic traces of the bifilar 

(Loe!" mean time. 200 divisions plus tabular quant.ity, oue division= 0·000109 in parts of H. All 

NOVEMBER, 1883. 

[For the explanation of these tables see pp. 53, 54.) 

I 
} 

Day. lh 2li 31.J 4h 511 6ll 7h 8b 9h Joli 11 11 Noon. 

~ 

I 130 130 IJl 131 132 132 130 124 II8 120 126 127 
2 105* 104* rt4* 120 I 19 121 I I 7 IJ6 II$ 117 II8 121 

3 I 111* 120 lI5* II8 117 114* 116 IJ6 115 I II I II 112 

4 I 128 127 124 123 127 123 121 II8 I 16 114 II3 II5 
5 126 126 125 124 126 126 125 124 122 120 I 15 120 

6 125 126 126 126 127 126 127 126 126 126 125 126 

7 127 127 127 127 129 128 127 124 122 121 120 121 
8 129 129 129 130 130 130 127 124 I 21 122 120 123 

9 129 129 130 131 130 130 129 126 124 122 122 124 
IO 130 130 131 131 131 131 130 128 125 123 124 126 

II 132 130 132 133 130 130 133 132* 130* 127 127 128 
12 126 126 129 129 131 133 133 132* 129* 126 125 128 
13 126 126 126 127 128 128 129 128 126 126 125 123 

14 I 120 121 127 125 126 126 125 124 123 !20 120 120 
15 125 126 126 126 127 128 127 124 120 rr8 I I 9 122 

16 126 126 126 126 127 128 126 125 122 122 123 125 
17 129 129 127 125 125 125 124 124 122 121 121 120 
18 126 127 128 128 127 128 128 125 122 120 JI8 IJ8 
19 127 128 126 128 127 127 126 122 II9 II9 118 121 
20 II6* 125 II8 130 n8 122 126 125 12,A I II 109* 108* 

21 l 14* 115* ll8 119 II9 l 19 l 18 111* 106* 105* 106* 109* 
22 100* 89* 92* 109* 119 102* 94* 92* Joo* 91* 95* 100* 

23 101* 1o6* 110* I 17 109* JII* 112* 112* III 109* 107* I IO* 
24 113* 114* II4* II6 II5* 115* IJ6 l 14 110* 105* 102* 104* 
25 II9 120 121 121 122 123 121 IJ8 114 IIJ III IIJ 

26 120 1:3C 120 121 I2I 122 122 119 II8 I 15 II6 117 
27 117 JI8 ll8 120 126 119 123 122 II6 II5 IIJ IIJ 
28 ns* II8 120 122 122 I 21 122 II9 II3 IIJ I 14 Il5 
29 119 Il9 II9 II9 ~19 120 r22 121 119 IJ4 113 114 
30 II8 119 119 119 120 120 122 I 19 116 II4 113 I14 

Monthly~ 
mean 121·0 121·7 122·3 124·0 124·2 123·6 123·3 121·1 118·8 116'7 u6·3 117·9 

Normal 125·2 124·9 124·9 124·6 125·1 125·6 124·7 122·2 II9·6 118·8 u8·8 120·2 



 

REPOI~T FOR 1891-PAHT II. 141 

HORIZONTAL INTENSITY-Continued. 

rnaguctometer of the Los Angeles Jl[agnetic Ob8erl)afory. 

readings referred to standard temperature of magnet, Inercasiug numbers imlkat.e increasing force.] 

122 
121 

II4 
II6 
124 

126 
126 

125 
126 

128 

132* 
129 

124 
120 

125 

126 
121 

120 
121 
1c6* 

108* 
99* 

117 
107* 
114 

114 
123 

I 17 
118 
126 

126 
126 
124 
129 
128 

130 
125 
125 
121 

126 

128 
122 

127 
II8 
108* 

122 

119 
117 
117 
118 

113 
II6 
118 

121 
126 

129 

123 

127 
130 
131* 

131* 
124 

124 
121 
126 

128 

123 
129 
120 
112* 

116 
98* 

1o8* 
110* 

117 

122 

I 19 
117 
II8 
IJ6 

JI9·3 120·1 120·4 

121'1121-8121-8 

NOVEMBER, 1883. 

·-----c----·--·-----

117 119 
I 12* I IO* 
120 124 
122 122 
120 121 

127 126 
126 I 28 
129 130 
I 28 I 28 
128 128 

130 
117 
124 
120 
128 

129 
124 
128 

117 
II6 

116 
94* 
99* 

114 
118 

121 

120 
I 14 
II6 
117 

132* 
122 

123 
IH) 

128 

130 
125 
128 
I l 1* 

II5 

120 

89* 
107* 
115 
118 

120 
Il9 
118 
117 
115 

II2* 

97* 
I 24 
12' ,) 

120 

124 
129 
r30 
131 
129 

134* 
123 
119 
120 
128 

129 
126 
128 

121 
I I 1* 

121 
HX>* 
112* 

II7 
121 

123 
Il9 
I 18 
II9 
JI6 

10/* 
84* 

I2l 
124 

123 

124 
129 
130 
131 
129 

133* 
122 

120 
121 
127 

129 
126 
129 
123 
I IO* 

117 
89* 

I 13* 
II'] 
120 

124 
120 
I I 8 
118 
II5 

II2 
100* 

122 
124 
127 

12c; 

129* 
130* 
r30* 
131* 

131* 
122 
I 19 
121 
126 

129·)(-
126 
129* 
1I9 
106* 

I 11 
86* 

113 

II7 
120 

122 

116 
117 
Jl8 
112 

113 
go* 

122 
124 

125 

127 
128 
131* 
131* 
131* 

128 
125 

119 
121 
126 

129 
127 
130 
IJ6 
Ito* 

II9 
86* 

112* 

JI7 
I I 9 

121 

JI6 
117 
119 
113 

119·7 120"2 I 20·8 I 19·8 l 19·7 l 19·7 

121·7 122·3123·2 123·2 119•4 121'8 

22h 

1 IO* 
92-X· 

123 
128 

123 

126 
127 

130 
qo 
132* 

131 

123 
124 
122 
126 

128 
126 
126 

rr9 
II4 

II6 
90* 

IIJ* 
117 
120 

I 19 

117 

Il9 
II8 
II7 

I 12* 
109* 
122 
126 

125 

126 
130 
130 
130 
130 

124 
123 

123 
124 
127 

128 
127 
128 
122 

114 

105* 

99"' 
114 

117 
120 

121 
116 
JI6 
I 17 
116 

Mid- I Daily I Daily I 
night. /.~~~.

1 
range.I 

I I 
i ! 

10~-r.· I 120·2 '"'O<l I ,J I .) 
109-t· l 10-4 39 
I 24 I I 7. 8 ! I 5 I 

~~~ ~~~:~ I ~~ t 
' I 

126 
125 
120 

126 
127 

127 
127 
128 
129 
I 14* 

92·:t 

97-"!.· 
IIr* 
118 
120 

IJ8 
115* 
117 
II'] 
I 14* 

I 2fro 
I 26·' ,} 

127·5 

128·3 
12S·9 

130·3 
126·1 
124·3 
122·2 

125·3 

126·8 

124-7 
I 26-0 
121·8 

I I 5·3 

I IJ'O 
96·2 

I 10-5 

lIJ•O 

I 18·3 

120·1 

i 18_0 

l I 7·5 
n7·8 
I 16·6 

! I 
6 ! 

12 

I I 

IO 

IO 

II 

18 
IO 

9 
12 

8 
IO 

12 

20 

25 

52 
43 
24 
18 
12 

IO 

15 
9 

10 

12 

120·2 120·8 120·1 

122·8 123·0 124·7 

' 
120-491 

I 



 

142 U. S. COAST .AJ:>\""D GEODETIC bURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from the photographic traces of the bifilar 

[Local mean time. 200 divisions plus tabular quantity, one division=.0·000109 in parts vf Ii. AU 

DECEMBER, 1883. 

[For the explanation of these tables see pp. 53, 54.) 

Day. lh . zh 3b 4h 5h 6h 7h 811 9h 1oh uh Noon. 

I 116 II8 119 I 21 122 122 125 122 It6 Jlo 108 III 
2 110* II3 114 115 117 II8 II8 II8 n6 II I 106 107 

3 I 16 II7 ll8 Ilg 118 119 ll9 Il7 116 IIO 107 107 
4 120 121 122 122 122 123 123 122 121 u8 115 118 
5 122 123 123 123 123 124 122 Ilg JI6 II2 112 I 14 

6 123 123 124 125 125 125 124 122 II9 IIS Il3 115 
7 123 124 124 124 124 124 123 122 118 ll2 Ill 114 
8 126 125· 126 126 127 127 127 124 123 121 122 u8 
9 120 121 121 Ilg 125 124 123 120 IJ8 112 110 110 

10 It8 117 lI9 l20 120 121 122 120 II6 114 116 118 

II 122 119 IIg II8 124 124 l25 126 124 121 120 118 
12 Il7 121 120 II8 122 121 123 122 122 120 116 114 
13 II6 II7 u8 120 II9 120 119 117 It8 117 I13 112 
14 120 120 125 122 122 123 122 123 Jig 123 II7 115 
15 120 119 119 120 120 121 122 122 120 IJ6 114 116 

16 121 121 120 121 121 122 123 123 123 122 120 116 
17 120 121 122 122 122 123 122 120 119 114 108 103* 
18 II2 u7 117 117 119 120 II9 118 II7 116 109 108 
19 Ilg 118 121 119 120 122 121 123 121 II8 114 110 
20 119 119 120 120 121 122 129 130 130* 129* 123* 117 

21 125 125 125 125 125 127 127 125 12[ 118 II6 116 
22 122 124 125 126 128 127 127 120 120 112 109 I II 

23 122 123 124 124 1.24 126 127 125 122 117 I 13 114 
24 125 125 127 128 130 131 133* 132* 131* 126* 121 120 

25 123 122 127 127 126 127 127 126 120 I 16 116 II3 

26 122 118 119 122 121 122 123 123 122 117 114 115 
27 I 19 119 121 120 120 122 122 122 123 121 116 115 
28 115 II6 117 119 124 126 120 Il7 117 112 109 IJ I 

29 116 117 118 121 122 122 124 124 120 114 IIO 110 
30 119 120 121 121 122 122 122 122 120 lIJ IJO 110 

JI 121 123 124 ~24 124 125 124 120 121 II6 Il6 119 
~~~-- ~~,-~~--

Monthly~ u9·6 120-2 121·3 121·5 122·5 123·3 123·5 122·3 120·3 116·5 113'7 II3·4 n1ean 

Normal I 120·0 120·2 121·3 121·5 122·5 123"3 123·1 122·0 I 19·6 115·8 113·4 I 137 

-



 

REPORT FOR 1891-PA11T II. 143 

HORIZONTAL INTENSITY-Continued. 

magnetorneter of the Los Anget&-. Mngnetic Observatory. 

roadingi; reforred to standard temperature of magnet. Increasing numbers indicate increasing forcGo) 

DECE~lBER, 1883. 

13h 14h 15h 16h 17h 18b 19h 2oh 21h 2211 23h 
l\iid- Daily Daily 

night. mean. range. 

I14 114 lIO* 106* 110* 109* JO'"'* 98* IOI* 100* 104* 105* I I 1 •8 28•1 ,) 

110 106* II6 116 I I 7 I I 7 II8 I 18 117 1i8 I 19 1I6 114·6 14 
107 Il2 IJ5 II8 II9 II9 120 121 122 12{ 121 120 116·6 15 
ll8 118 121 122 123 124 124 123 I '7 ~ 122 122 122 121'2 IO ~.} 

117 I 19 122 123 124 124 124 123 124 123 123 122 120·9 13 

ll7 II7 120 124 124 125 125 125 124 124 124 124 121·9 12 
115 120 123 124 125 126 126 126 126 125 125 126 122· 1 15 
117 120 121 123 117 Il9 Il9 122 122 ll9 117 125 122·2 12 
113 I 14 116 u9 118 120 Il9 I 19 Ilg uS 116 116 117·9 16 
120 121 119 119 124 123 124 127 121 122 120 121 I 20;.I 15 

121 122 120 121 122 II6 123 122 120 120 122 119 121"2 11 
112 113 tog* I I l* II4 II3 110* 109* II3 ll6 115 II5 I lfr I 15 I 
II4 115 II6 II7 II8 II8 120 II8 118 I 12 II~ 118 I 16'9 IO 
II5 I19 117 Il5 II6 118 117 II7 II6 II8 II8 119 u9·0 12 
117 Il9 II9 120 121 121 121 121 121 121 120 121 119·6 9 

121 123 125 125 124 124 122 122 122 122 122 122 122·0 10 
106* 105* 116 116 II8 114 117. 117 114 114 1091t 119 u5·7 20 
II2 114 117 1150 II6 117 117 116 II7 II8 II8 II9 116·0 13 
110 109* 115 119 119 Il8 Ilg 119 119 119 119 120 118·0 14 
120 1.29* 126 128 125 124 123 121 125 126 126 125 124·0 14 

116 II8 121 123 124 124 124 124 123 123 123 123 122·5 II 
ll6 120 123 124 124 123 125 124 125 124 122 122 122·0 20 
II6 120 122 123 127 126 124 123 125 124 125 125 122·5 14 
126* 127 128 124 126 124 122 123 II8 I 21 120 122 125·4 16 
IIS JI6 II8 117 115 II7 117 II9 II6 II8 II6 II4 119·5 15 

II8 121 121 120 122 IJ9 II7 IIJ II4 Il4 114 117 I 18·7 JO 
120 121 121 118 113 I 18 115 Il2 IIS ll4 lIZ ll4 u8·o 12 
114 116 II9 121 121 120 120 II9 II8 121 117 ll6 I 17"7 18 
112 II7 117· 120 119 It8 II8 II8 II8 IIS I 18 120 118·0 14 
II4 120 123 122 121 121 121 121 122 121 121 121 119·6 14 

I 
120 121 122 126 125 126 125 131* 125 127 125 125 123·1 ! 15 

! 1-----,---
115·6 117·6 119·3 120·0 120·4 120·2 120·0 119·7 l 19·5 I 19·5 I 19·0 119·81 119·52 

115·6 118·4 119·9 120·8 120·7 120·5 120·9 120·5 120-1 120·1 rt9·8 120·3 
I 



 

U. S. COAST AND GEODETIC SURVJ<.:Y. 

DIFFERENTIAL MEASURES-

HourlJJ readings froni the photographic traces of tke bf:filar 

[Lo.ua.l mean time. 200 didsions plus tabular quantity, one divh!ion=O·OOOlOO in parts of H. All 

JANUARY, 1884. 

[For the explanatfon of these tables see pp. 5~, 54.J 

Day. j 1b zh 311 4ll 51.i 6h 711 Sh 9'• 1011 11h Noon. ,_!, ____ ~--------· 
I 126 

2 

3 
4 
5 

6 
7 
8 
9 

120 

I
' 127 

I 
126 
I 19 

120 

126 

121 

127 
126 
121 

i 124 

\ 125t 
I 122 

IO •

1 

123 

II 119 
I 2 I I5 

121 

124 

l24t 
123 
124 

123 
II8 
rr8 
122 

II6 

13 l 19 
14 122 

15 II4 

16 
17 
18 

19 
'ZO 

21 
22 

23 
24 

25 

120 121 
I2I 120 

125 125 
I 18 126 
123 123 

120 121 
122 124 
l 21 I 25 

123 124 
123 124 

126 
122 

127 
126 
121 

122 

125 
126t 
I 22 

124 

123 
120 

- 121 
122 
117 

119 
123 
126 

119 
l2J 

123 
124 

125 

123 
124 

26 
27 
28 
29 
30 

I 108* II3* 124 
117 120 119 
119 122 120 
122 122 122 

123 123 123 

31 

126 126 

12 I I 22 

I z6 1:27 
I 2() I 26 

121 123 

I 2j I 23 
I 26 I 27 
122t r27t 
122 123 

124 125 

124 124 
118 127 
II9 118 
123 123 
120 123 

Il9 
124 
126 

J 19 
124 

123 
124 
124 
124 
126 

lf9 
124 
126 
121 

124 

125 
124 
124 

125 
126 

126 
122 

127 
126 

124 

124 

130 

124t 
123 
127 

124 
124 

II9 
124 
122 

121 

126 

127 
120 

123 

125 
125 
123 
125 
126 

II6 II8 II7 
l 19 I 19 120 
120 I 20 121 
122 122 122 

123 124 125 

125 
122 

126 
126 

125 

124 
129 

123t 
124 
130 

124 
122 
119 
125 
121 

122 
127 

125 
121 
124 

125 
125 
124 

125 
126 

123 
121 

125 
125 
124 

124 

129 
121t 

123 
128 

123 
120 
118 

123 
120 

II7 
116 
120 

125 
I 2 I 

121 

124 
119t 
121 
120 

119 
I IO* 

I 19 
II9 
II7 

120 I 14 
126 I 22 

123 122 
120 120 

u3 i21 

124 I 21 
125 122 

123 120 
122 120 

12& 125 

II8 II7 116 
120 120 120 

122 123 121 
123 122 120 
126 126 127 

Monthly? 
I 121·0 122·4 122·8 122·5 123·5 123·8 124·0 I2J'l 120·1 

mean , 
Nom1al 121·5 122·7 1.22·8 122·5 123·5 123·8 124·0 123·1 120·4 

tCurl'ected by observer for disturbing e1feot of red lantern. 

JI5 
I 13 
IIO 

118 
II5 

II8 
II7 
I IO 

II8 
II7 

113 
105-X-

II3 
112 

110 

108 
110 

109 
Il3 
108 

II3 
I 14 

107 
IIJ 
Il4 

110 

103 
II I 
108 

tog 

105-1(· 104 

117 IlJ 
I19 ll9 
116 III 
II5 I08 

I 14 108 
II6 II I 
115 110 
114 Jll 
121 I 14 

IIO 

II4 
110 

113 
108 

III 
115 
I II 

116 
I14 

112 
ro8 
JI I 
I IO 

II I 

105 
I II 

118 
108 
IIO 

104 

u3 
llO 

114 
114 

II I IO.f.. 110 
I 21 I 15 l 14 
117 II2 114 
118 ll3 112 

124 - II5 IIJ 

122 117 XIS 

u5·1 uo·S 111·6 

u5·8 110·8 111"6 



 

. REPO.RT FOR 1891-P ART II. 145 ._ 

HORIZONTAL INTENSITY-Continued. 

magnetometer of the Los Angeles J.lfagru~tic Observawry. 

rea.cliDgerefe.rred to etand.ard temperatuz& o.fm•gzt6t. Inorea.dng numbers indfoate increasing force.] 

JANUARY, 1884. 

13h 14h 15h I6b 17h 18h 19h 2oh .2Jh :z:zb 23h 

114 u8 121 125 123 122 J21 122 121 121 120 

119 122 126 131 129 129 12S 128 127 128 127 
115 121 126 129 128 128 128 126 127 127 126 

115 121 128 130 128 128 127 124 121 II8 118 
IJ I 117 119 122 123 124 125 124 124 122 121 

J14 117 121 124 125 125 126 125 125 124 124 
120 125 127 128 127 128 126 123 124 122 121t 
114 u8 120 121 120 IJ6 u8 121 121 121 120 
120 122 12J 123 121 123 124 125 123 124 IZJ 
116 118 120 127 123 124 117 119 117 114 119 

JI3 114 116 us Il4 113* 114 II5 114 116 Il4 
109 114 118 118 I 14 III* 115 118 II8 117 118 
114 II8 121 120 120 120 120 121 122 122 12'2 
115t rz1t 126t 124t 119t•120 120 us 117 116 117 
JI4 117 It9 118 IJ8 120 119 120 120 II9 120 

109 II5 120 123 123 121 121 122 122 121 122 
Jl3 117 123 124 123 122 123 123 123 125 124 
118 123 125 126 123 l 12* 115 116 115 115 Jl6 
1o8 Il I Il5 120 121 122 122 123 123 124 123 
112 113 120 124 125 126 126 121 119 122 121 

107 110 114 119 122 123 122 122 122 121 120 

116t ll9 120 119 120 120 120 121 122 124 123 
II I 116 IIS 118 121 123 123 123 122 123 123 
JI8 l21 124 125 124 124 124 124 124 124 124 
116 121 124 IJ6 u7 123 123 117 r10* 111* 114 

J14 JJ5 119 ll8 119 119 120 118 116 116 119 
116 117 117 116 118 119 119 120 120 118 Il8 
u6t u7t 119t t19t 120 -120 121 121 122 122 122 
116 116t 118 121t 120 12ot 12ot 120 120 121 121 
JI8 u8 120 119 122 125 126 u6 125 125 126t 

11st 116 IZI 124 124 126 126 127 126 125 125 

n4·4 117"'/ 120·8 122·1 121·7 121·8 121·9 1.21 ·7 121-0 120·9 121·0 

u4·4 117·7 120·8 122·1 rz1·7 122·9 121·9 121'.7 121·4 121·2 121·0 

----
f Corrected by oblf.ltVOl" tor cU.~Q.l'biac doo$ of .roc1 iaa-._ 

lL ~ 4ra. »$. a-10 

Mid- Daily 
night. mean. 

121 121·1d 
127 122·7 
126 123·7 
117 123·0 
120 120·1 

124 121·6 

123t 124·1 
122 I 19·6 
123 . 121·8 

120 121"0 

Il4 117"1 
JI8 115·7 
122 118·6 
115 I 19·2 
12() u7·7 

121 u7·9 
124 121·6 
120 121·0 
123 118·9 
120 120·4 

121 119·0 
122 120·9 
123 120·2 
124 122·1 
124 120·5 

117 115·9 
119 118·4 
122 I 19·7 
123 119·8 
126t 122·8 

128 123·5 
~ 

121·61 uo·31 
121-6 



 

146 U. S. COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from the pkot-Ograpkic traces of the bijilar 

[Loeal mean time. 200 divisions plus tabula.r quantity, one diviaion=0·000109 in parts of H. .All 

FEBRUARY, 1884. 

(For the exp~a.tion of these tables see pp. 53, M.J 

Day. I 1h 2b 3h 4b 5b 6h 7b 8b cji' 1oh 11h Noon 

J 127 127 126 125 124 127 127 128 131 124 120 116 
2 114 117 115* J2J 120 122 128 126 124 120 113 108* 
3 121 122 122 IZ2 12' 124 125 125 124 122 J 16 106* . .) 

4 118 II8 tI9 121 124 124 128 126 134 131 123 116 
,5 123 122 122 123 126 124 126 130 130 -125 121 Il 

6 120 121 122 122 122 122 124 126 124 122 120 I14 
7 123 122 122 124 124 124 124 126 125 124 120 118 
8 117 JJ7 119 124 123 125 126 128 125 124 121 110 

9 117 120 121 126 124 122 123 124 125 124 121 II7 
IO 124 124 125 126 126 128 130 132 132 129 126 122 

I I 124 124 125 128 128 126 128 130 130 126 121 u8 
12 124 125 125 126 126 127 127 128 127 125 124 125 
13 127_ J.28 127 127 128 128 128 129 128 124 120 II7 
14 130 131 132 132 132 132 133. 134 133 128 125 124 
15 132* 131 132 132 133 134 134 136 135 135* 130* T27* 

16 128 127 128 129 128 129 130 131 131 126 125 123 
17 r26 '125 127 129 129 129 130 128 130 129 125 121 
18 124 125 132 123 124 125 127 127 128 125 120 117 
19 124 126 124 126 126 126 127 128 128 125 120 117 
20 125 126 126 126 127 128 130 128 127 125 122 120 

21 128 127 126 t 27 127 128 129 129 129 127 125 09 
22 126 126 128 129 130 130 132 133 131 129 126 122 

23 125 128 125 126 129 130 126 126 133 127 122 IIJ 
24 117 J19 119 JI8 121 121 120 125 u8* 120 118 114 
25 118 116 I ::;i6 119 us 117 120 122 u7* 118 II4 IIO 

26 121 121 J:Z2 123 122 124 124 125 123 118 118 ll7 
27 121 121 l~I 122 122 123 124 125 12{ 117 115 ll5 
28 121 121 122 120 122 123 123 123 121 120 ll7 ··115 
29 120 I :zo 123 122 120 121 122 124 124 129 I 13 121 

Monthlyi 122·9 123·3 124"2 124·8 125·1 125·6 126·7 127·7 127·2 124·8 120-7 117· mean 
Normal 122·6 123·3 124·6 124·8 125"1 125·6 126·7 127·7 127·9 124·4 120·4 117· 6 



 

REPORT FOlt 1891-PART ll. 

HORIZONTAL INTENSITY-Continued. 

magnetometer of the Los Angelell Magnetic Observatory. 

readings referred. to standard temperature of magnet. Increasing number& indicate increasing force.} 

FEBRUARY, 1884. 

13h 14h 15b 16b 17b 18b 19h 2oh 21b 22h 23h 
Mid- Daily 

night. mean. 

II5t 121t 123t 125t 126t 128t 128t 124t II5t rz3t It6t 114t 123·3d 
109t 113t I 14 118 Ilg 121 120 121 121 120 121 120 118·6 
107* 113 II8 118 118 118 II9 n6 114 116 II6 II5 118·3 
112 II4 120 122 114 116 117 120 121 120 120 120 120·8 
119 II3 114 II7 u8 II9 1t9 120 120 ll8 118 125 121·2 

I14 114 115 117 121 121 124 122 121 122 122 122 120·6 
ll6 116 118 120 123 123 122 123 121 118 122 125 12r8 
109 113 116 n8 119 120 119 ll8 l 12* 118 118 I18 tl9'0 
114 113 116 118 121 121 122 121 121 122 122 123 120·8 
115 114 II6 120 123 125 126 125 124 124 123 122 124·2 

JI9 121 l23 124 125 125 125 124 122 123 123 124 124·4 
123 •21 122 124 126 127 127 126 127 128 128 128 125·7 
II7 119 123 126 125 126 126 126 126 126 127 129 u5·3 
126* 126 127 128 129 129 130 130 130 130 131 132* 129·8 
12r* 128* 128* 128 129 IZ9 128 126 124 124 124 125 129·6 

121 122 122 122 123 125 124 125 125 126 124 IZ6 125·9 
121 123 125 114 u6 123 121 II8 122 122 124 124 124·2 
115 115 114 117 120 121 124 125 124 124 123 123 122·6 
119 123 121 122 123 122 122 122 125 126 125 125 123·8 
120 120 121 123 124 127 126 1.26 127 127 126 125 125·1 

120 121 122 123 125 127 127 126 125 125 125 l26 125·5 
120 122 124 126 128 130 129 129 127 125 124 125 127·1 
ll9 II3 108* 114 96* ll6 114 115 II2* I 12* to6* 119 118·9 
Ill 114 114 116 II8 120 120 120 118 u3* II8 118 117·9 
107* 109 112 IIJ 118 117 119 120 121 I.21 121 122 117·3 

n8 115 115 116 II7 nS II9 119 Il9 122 121 121 lt9·9 
114 us 116 118 117 n8 120 120 121 121 121 120 119·5 
116 117 119 120 120 119 118 119 117 119 121 Il9 I 19·7 
JZ5 107* 109* 113 IIJ 100* 98* 92* 86* 82* 103* 104* 112'1 

116·8 n7·t u8·4 120·0 12$>'5 121·7 121·8 121·3 120·3 120·6 121·1 122·0' 122·17 
I 

u6-8 117·0 u8·8 120·0 121'4 122·5 122·7 122·3 122·2 122·7 122-.f 122'3 I 
' 

f Oorreotcwl by ohllervw for di3tu.rbine effect of red laDtera. 



 

148 U. S. COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from the plwtographic traces of the bijilar 

[Local mean tim~ 200 divisions plus tabula.r quantity, ono diTiaion=0·000109 in parta of ll. .All 

MARCH, 1884 

(!'or the explanation of these tables see pp. 53, 5!.) 

Day. 1.ti 2h 3b 4b 5h 6b 7h 8h 9h 1oh 11b Noon. 

I 104* Jog* II2* 111* 116* n6* 115* 114 109* 120 119 114 
2 II3* u7* tl9 122 122 120 122 125 125 114 114 108* 
3 116* 127 u3* 128 117 118 120 124 124 128* 130* 125 
4 122 123 123 124 124 125 126 129 128 128* 126 124 
5 124 125 124 125 124 124 124 124 124 123 123 122 

6 127 128 128 127 128 128 128 128 125 123 126 127 
1 125 126 128 128 128 130 129 127 121 122 126 120 
8 128 128 129 130 128 134 129 118 118 IJ5 III 110 

9 125 124 122 123 123 124 124 122 117 115 Ill 114 
10 126 125 125 128 126 125 125 122 117 1J3 II I 113 

II 127 131 128 127 128 127 126 123 118 116 117 119 
12 128 127 127 128 128 128 126 124 122 127 130* 135* 
13 128 129 129 129 130 131 126 121 118 118 121 126 
14 128 128 129 132 131 129 130 126 119 118 115 122 
15 131 130 130 130 129 r29 130 126 120 117 114 115 

16 126 126 128 128 r28 r28 127 123 120 115 113 II5 
17 130 130 130 132 132 128 126 120 115 I II 112 115 
18 128 127 128 130 129 128 128 124 120 118 118 119 
19 131 132 133 132 131 130 128 127 123 124 121 119 
20 123 126 127 126 127 129 128 126 122 123 124 1t6 

21 127 125 126 123 126 127 128 123 123 123 122 122 
22 II8 122 121 120 123 123 123 121 121 124 127 128* 
23 121 122 124 122 125 126 125 122 126 125 127 124 
24 127 133 132 133 126 129 125 123 119 118 118 119 
25 125 126 126 128 125 125 123 117 113 114 115 u8 

26 128 127 128 126 127 127*' 123 119 115 116 114 II5 
27 128 130 138* 129 126 126 123 118 114 us 119 118 
28 124 130 127 127 127 127 124 120 116 IJ6 114 116 
29 110* 114* 114* 116* 117 n6* 119 116 114 113 llJ 107• 
30 123 123 122 122 121 122 122 117 III 110 112 IU 

31 126 123 123 122 122 123 124 123 121 121 120 121 

'· 

Monthlyl 124·1 125·6 125·6 u6·1 125·6 125·9 125·0 122·3 119·3 118·9 118·7 118·6 mean 
Normal 126·1 126·9 u6-6 126'9 125·9 126·6 125·4 122·3 119·6 118·3 u8·o 118·5 



 

REPORT FOR 1891-PART IL 149 

HORIZONTAL INTENSITY-Continued. 

magnetometer of th.e Los A.ngel,es Magnetic Observatory. 

reading;• referred t.o standard t.emperatore of magnet. Increasing numbers indicate increasing fol'C6.] 

MARCH, 1884. 

13h 14h 15h 16h 17h 18h 19h 2ob 21h 22h 23h 
Mid- Daily 
night. mean. 

-
106* 104* rn5* 99* 109* 105* 103* 114* 118 117 116 118 II J ·4d 

Ill 108* 105* 1o6* 1o6* 106* 1o6* 99* 99* 117 I I I* I 10* 112·3 

118 122 121 121 119 II6 ll6 116 115 114* 119 12.., 120·4 ,) 

122 120 120 121 121 122 124 124 126 124 124 123 123·9 
121 125 127 128 125 127 131 131 131 129 126 128 125·6 

130* 130 131 131 132 132* 129 127 us 121 122 122 12fr9 
120 122 125 126 127 125 126 127 128 130 127 127 125·8 
112 117 121 121 124 121 120 118 116 119 119 118 121·0 

116 I 19 123 123 124 121 124 123 124 125 125 125 121·5 

117 123 126 127 126 125 126 126 127 127 127 126 123·3 

121 123 124 124 125 124 125 125 126 127 127 128 124·4 
138* 139* 135* 131 129 126 127 128 128 129 129 129 129· 1 
129* 129 131 131 128 129 128 129 129 128 126 128 127·1 
125 128 130 130 131 129 129 130 129 131 • 131 13J 128·0 
120 124 125 123 129 128 125 121 122 126 126 126 124·8 

Il5 119 128 127 127 127 128 128 129 128 129 130 124·7 
I 18 120 124 124 124 124 124 125 125 128 128 127 123·8 
122 126 126 131 132 131 132 132 132 132 132 132 127·4 
121 122 126 122 124 120 121 114* 117 II6 120 123 124·0 
ll4 123 126 118 112* 109* 115 ll3* 121 123 122 125 121·6 

125 123 121 118 113* 117 117 118 117 114* 113" n5* 121'1 
128* 128 t29 125 122 121 122 124 123 121 123 123 123·3 
120 128 128 127 126 124 121 124 125 126 126 124 124·5 
122 125 120 123 121 118 122 124 123 126 130 124 124·2 
122 125 124 • 125 124 121 121 121 121 122 125 126 122·2 

l 18 123 128 125 121 121 126 126 126 127 127 129 123·4 
122 123 125 124 122 121 122 122 120 131 119 121 123'3 
110 106* 102* 111* 105il 1o6* 96* 110* 102* 94* 100* 110* 113·3 
1o6* 110* 116 118 117 117 117 120 121 122 121 121 115·5 
112 112* 114* 116 I 14* 115 us us 120 124 119 120 117·3 

~ 

121 119 116 118 120 118 119 125 123 120 121 122 121·3 

I 19·4 121·5 1:12·6 122·4 121·9 120·8 121·2 122·0 121·9 123·2 122·9 123·7 122·47 

118·6 123·4 124·7 124·2 124·8 122·6 123·3 124·3 123·4 124·9 124·5 125·0 



 

150 U. S. COA.S'l1 AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from the photographic traces of the bifilar 

[Local mean time. 200 divisions plus tabulal" quantity, one division= 0·000109 in parts of H. All 

APRIL. 1884. 

[For the explanation of the.ee tables see pp. 63, 54..) 

Day. I 1h 2b 3t1. 411 sh. 6b 7h 8h 9ll 1on 11h Noon. . 
I 129 123 124 124 124 128 125 128 129 127 123 117 
2 128 126 128 127 128 128 128 130 lJl 131 129 127 
3 127 128 127 127 . 128 128 125 125 125 123 120 u9 
4 129 129 132 137 130 129 126 123 121 122 124 124 
5 128 129 130 128 131 131 129 124 121 125 126 128 

6 132 131 130 133 131 131 129 125 121 I 19 II9 121 
7 132 131 133 133 134 133 131 129 129 131 128 128 
8 130 131 131 131 131 131 130 129 130 127 125 123 
9 133 132 (133] [133] (133] [134] [132] [130] [129] [130] 128 128 

10 132 140* 137 137 140* 138 130 135* (131] 129 128 127 

II 119* 123 124 128 125 128 126 124 119 117 116 118 
12 125 125 125 128 128 126 125 123 123 121 120 120 

13 128 128 131 129 130 130 127 124 124 124 125 127 
14 131 133 131 132 132 133 128 125 128 128 127 127 
15 125 126 126 127 127 128 126 125 126 130 131 128 

16 129 126 129 129 126 131 129 125 124 123 123 121 
17 130 129 135 130 131 132 125 123 119 127 126 126 
18 125 125 130 128 124 134 131 125 122 118 112* 109* 
19 125 126 128 130 127 125 125 123 121 117 115 116 
20 124 124 128 127 128 127 122 125 124 124 122 121 

21 126 127 126 126 126 126 123 l22 123 124 122 121 
22 128 128 128 128 128 127 122 119 119 [120] [119) [119] 
23 [130) [130) [132] [132] [1J2) (133] (131] [130] (129] 130 131 130 
24 128 128 i30 130 134 135 132 129 127 125 115 122 
25 122 120 122 118* 116* 117* 117* 117 119 123 121 122 

26 126 127 128 130 128 130 129 130 130 128 120 117 
27 131 128 129 129 129 129 "126 125 124 125 125 126 
28 128 131 130 130 130 130 128 127 126 127 127 128 
29 130 129 129 129 129 130 128 126 123 124 122 124 
30 132 132 133 135 ~35 132 128 125 129 132 128 128 

Monthly I . 
128·1 128·2 129·3 129·5 129·2 129·8 127·1 125·7 124·9 125·0 123·2 123·1 mean 

Normal 128·4 127·8 129·3 129·9 u9· 3 130-2 127·4 125·3 124·9 125·0 123·6 123·"6 



 

REPORT FOR 1891-PART U. 151 

HORIZONTAL INTENSITY-Continued. 

magnetometer of tke Los Angel.es Magnetic Obser·va:torg. 

raadings referred to atandard tempera.tu re of magnet. Increasing numberll indicate increasing force.] 

APRIL, 1884. 

13h 14b 15b 16h 
. 

17h 18h 19h 2oh 2tll 22h 23h 
Mid- Daily 
night. mean. 

114* II6* 122 122 124 127 126 125 127 126 125 125 124·2d 

123 122 124 123 127 127 124 126 127 123 128 128 126·8 
119 124 123 125 125 125 126 124 125 128 126 128 125·0 
125 127 129 131 130 129 129 130 131 130 130 130 128·2 

130 129 129 lJI 130 129 130 129, 131 132 131 lJO 128·8 

127 129 131 130 128 128 129 132 132 132 132 131 128·5 
131 134 135 134 132 131 133 133 134 133 133 132 132·0 
127 130 132 132 131 129 130 130 lJI 131 132 132 129·8 
130 130 129 130 - 130 130 131 131 132 132 133 132 1(131 ·o j 
IJO 123 128 122 126 130 127 129 126 125 123 122 ![129·8 

121 122 122 124 124 123 125 125. 124 123 126 129 123"1 
122 124 127 128 127 125 126 126 128 129 129 129 125·4 
129 127 130 130 128 123 128 130 131 131 131 132 128·2 
129 130 125 121 120 120 u6* 115* 117* 114* 120 130 125·5 
130 131 129 124 116* 120 121 124 128 130 128 130 126-5 

124 125 122 122 125 128 126 127 121 124 129 126 - 125·6 
122 119 l 12* 126 112* 107* 110* 114* 128 117* 122 123 122·7 
114* 117 119 123 117* 126 122 122 123 130 127 141* 123·5 
116* 118 122 118 122 12[ 129 122 123 r36 125 123 123·0 
124 126 126 121 123 120 121 122 122 126 123 123 123·9 

122 128 131 129 128 130 128 127 128 128 129 129 126·2 
[1:u] [122) [124] [124] [123] [123] [124] [125] [127] [127] (127] [129] f 124·21 

130 127 130 130 130 126 128 127 130 130 132 128 129·9 
117 116* 120 III* 102* rn8* 107* 110* 114* 118* 1o6* 1o8* 119·7 
123 124 124 123 121 122 123 123 124 125 125 125 121·5 

123 123 127 123 118 116* 119 122 124 125 126 130 125·0 
127 125 126 126 123 126 127 124 126 127 128 129 126·7 
126 133 132 133 130 125 125 127 128 128 129 130 128·7 
128 132 132 132 130 130 130 130 131 131 132 132 128·9 
126 128 128 130 133 129 130 132 135 123 u3* 113* 1z8·7 

. 
124·3 125·4 1.26·3 125·9 124·5 124·4 125·0 u5·4 126·9 127·1 126·7 127·6 l 126· 36 

' .125·4 126·0 ufr8 126·4 126·5 126·0 126'6 u6·S 127·7 128·3 127·9 
128·4 ' 



 

152 U. S. COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from the plwtographic traces of the bifilar 

[Local mean time. 200 divisions plus tabular quantity, one division= 0•000109 in parts of H. All 

MAY, 1884. 

(For the explanation or these tables see pp. 53, 54.) 

Day. th 2h 3h 4h 5h 6h 7b 8h 9h Joh uh Noon. 

I 117* 116* II8* u6* 125 124* 122* 122 119* II7* II4* 119* 
2 128 128 128 128 128 128 126 124 124 124* 124* 124* 
3 131 133 131 131 132 133 131 128 130 130 129 130 
4 133 131 133 133 134 134 130 126 129 132 132 130 
5 132 134 131 132 132 132 [130 129 129] 130 132 132 

6 132 130 133 133 135 136 135 . 136 141* 138 137 136 
7 132 135 133 132 132 133 132 129 132 134 135 135 
8 132 133 133 133 134 134 132 129 126 124* 126 127 

9 134 133 133 134 133 132 131 129 129 131 130 129 
IO 135 134 131 132 1 33 130 132 137 133 134 132 127 

II 129 138 132 131 131 131 129 124 121* 127 126 127 
12 130 128 125 130 129 130 128 128 127 132 132 129 
13 129 130 130 130 130 130 130 128 129 132 130 130 
14 133 134 133 132 132 132 131 130 129 131 134 138 
15 138 134 133 133 134 132 133 134 134 138 137 138 

16 138 132 132 132 133 132 132 131 132 134 135 138 
17 135 133 133 133 133 135 135 135 135 137 138 137 
18 133 135 134 134 134 134 132 1.10 132 134 137 139 
19 134 142 138 134 132 134 133 133 136 136 136 134 
20 133 133 134 134 134 132 130 130 131 133 132 132 

21 134 134 134 134 135 137 137 137 137 139 136 134 
22 136 138 139 137 137 133 132 131 142* 141 134 127 
23 130 129 128 129 128 130 128 129 130 132 130 128 
24 133 132 131 130 131 131 128 125 128 132 132 132 
25 135 134 134 133 133 133 131 127 132 134 135 137 

26 137 136 137 138 138 138 134 132 133 135 136 138 
27 136 135 135 136 136 138 136 132 129 132 139 138 
28 139 136 136 136 136 136 133 132 136 136 133 134 
29 134 135 134 136 139 137 136 135 136 138 136 136 
30 134 134 133 134 134 135 134 134 136 137 136 136 

31 140 140 141 139 141 142 ..143* 140* 139 138 140 137 

Monthly~ 
mean 133·1 133·2 132·6 132·5 133·2 133·2 131·9 130·6 131·6 133·0 132·7 132·5 

Normal 133·6 133·8 133·1 133·1 133·2 133·5 131·8 130-2 131·6 134·2 133·7 133·3 



 

REPORT FOR 1891-PART II. 153 

HORIZONTAL INTENSI'J'.Y-Continued. 

niagnetometer of the Los Angeles ~lfagnetic Observatory. 

readinga referred. to standard temperature of magnet. Inoreasing numbera .bidioate increasing force.] 

MAY, 1884. 

13" 14h 15h 16b 17b 18h 19h 2oh 21b. 22b. 23b Mid- Daily 
night. mean. 

121* 122* 121* 125 II8* 125 126 126 127 128 127 128 121·8d 

129 128 129 129 129 130 131 129 128 130 IJO 130 127·8 

132 131 132 130 129 130 131 131 131 131 132 132 130·9 
134 135 135 132 130 130 132 132 135 134 134 134 132·3 
131 131 129 127 130 13r 131 131 132 132 133 132 [ 131 ·o] 

133 129 127 129 132 133 137 135 138 134 132 132 133'9 
136 138 135 135 132 129 128 129 132 131 132 133 132·7 
132 134 135 134 134 130 132 134 134 134 134 134 131·8 
129 132 133 134 lJ4 135 lJ6 139 140 139 140 1J8 133·6 
IIJ* 121* 118* 125 129 129 128 130 126 126 132 134 129·2 

1 34 136 126 125 116* 121 124 126 133 124 127 136 128·1 

124* 126 129 128 129 129 129 130 129 130 132 130 128·9 
130 132 131 132 129 127 130 131 132 134 134 131 t30·5 
136 132 I JI 129 128 131 132 132 135 132 134 135 132·3 
135 135 132 130 130 129 125 126 131 131 132 137 IJJ"O . ,, 
136 135 133 130 128 l'29 130 132 r3:z 132 132 132 132·6 
137 135 130 131 129 131 132 130 130 132 131 132 l33·3 
140 139 ,136 132 127 126 126 128 129 128 133 l ~ .. 132·7 .).) 

133 133 129 126 127 126 129 131 132 lJ2 133 132 132·7 
131 ,, 133 133 132 132 132 & 133 133 133 133 134 134 132·5 

134 130 129 130 131 132 131 132 133 133 134 134 13]"8 
134 136 128 128 122 119* 110* 113* 119* 127 130 130 130·1 
127 132 130 128 128 128 130 131 132 134 134 130 129·8 
137 135 132 130 128 129 131 132 132 133 134 135 131·4 
140 142 140 137 134 134 134 134 134 134 134 136 134·6 

140 140 r37 134 131 131 132 .131 132 r34 133 135 t35· I 
139 138 138 134 131 130 133 136 135 134 135 135 135·0 
137 137 136 134 133 132 133 134 135 134 134 135 134·9 
137 136 133 132 134 133 134 133 132 134 135 135 135·0 
135 134 135 134 133 133 134 134 134 134 139 138 134·8 

138 135 135 130 130 131 130 130 126 129 125 128 \ 135·3 
I 

133-0 133·3 131·5 130•5 129·3 129·5 130·1 130·8 131·7 131·8 132·7 133·21131·98 
134·5 134·1 132·3 130-5 130·1 129·8 130-8- 131·4 132·1 131·8 132·7 133'2 



 

154 U. S. CO.A.ST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from the photog·raphie traces of the bijilar 

[Local mean time. 200 divisionB plus tabular quantity, one division= ()"()()()109 in parts of H. All 

JUNE, 1884. 

(:For the explanation of these tables see pp. 53, M.] 

Day. 1h 2h 3b 4b Sb 6b 7b s11 91:; 1ob uh Noon. 

I 127 123 124 124 125 125 125 127 129 129 128 128 
2 123 128 127 128 128 136 137 147* 144* 138 130 134 
3 128 130 128 129 128 131 131 130 132 131 131 132 
4 130 129 130 131 132 129 127 126 131 138 140 143* 
5 129 130 131 132 132 134 132 128 126 124 129 130 

6 132 132 133 132 132 134 137 140* 140* 139 137 132 
7 130 130 130 132 131 131 133 130 128 131 132 132 
8 132 131 132 131 133 132 134 134 132 131 132 132 
9 134 t35 135 135 133 136 132 132 134 135 134 137 

10 136 134 132 _132 134 133 134 133 132 134 133 134 

II 133 132 133 135 134 134 132 131 131 136 137 141 
12 134 134 134 134 133 133 132 131 133 140 138 138 
13 130 133 132 131 131 13°2 132 128 127 127 130 132 
14 131 130 131 129 130 132 132 136 134 132 132 134 
15 132 134 134 135 134 133 131 131 132 133 135 136 

16 134 134 135 134 135 135 130 127 128 127 128 130 
17 139 142* 1 39 139 140 145* 138 140* 134 134 133 132 
18 139 141* 144* 145* 142* 142* 141* 138 138 142* 137 134 
19 124 127 129 126 126 125 124 122 125 127 127 129 
20 .,133 IJO 130 131 132 131 

. 
128 124 124 126 126 129 

21 130 130 131 131 132 134 131 128 128 134 137 138 
22 138 132 130 136 138 1J6 133 135 136 134 133 136 
23 117* 144* 120* 127 130 126 121* 122 124 124 126 l25 
24 122* 124 124 130 126 130 130 128 127 129 129 128 
25 127 129 132 128 130 131 130 129 130 128 126 (26 

26 131 131 131. 131 132 •. 131 130 128 127 130 130 131 
27 129 130 132 130 130 132 132 129 130 131 127 127 
28 134 134 138 138 137 137 138 132 130 134 lJf- 134 
29 133 130 131 132 133 133 133 135 135 136 134 136 
30 133 134 134 136 135 133 128 127 130 130 133 132 

-
Monthly} 

mean 130·8 131·9 131·5 132·1 132·3 132·9 131·6 130·9 131-0 132·1 131·8 132·7 
Nonna! 131·6 130·7 131·5 131·7 131·9 132·1 131·6 129·7 130·2 131·8 131·8 132·4 



 

REPORT .FOR 1891-PART iL 155 

HORIZONTAL INTENSITY-Continued. 

magnetometer of the Los Angeles Magnetfo Observatory. 

readinga referred to ata.ndard. temperature of magnet. Increasing numbers indicate inerea.eing force.] 

JUNE, 1884. 

13b 14b 15b. 16b 17h 1811 19b 2oh 21 11 221> 23h Mid- Daily 
night. rnean. 

-~-· 

127 126 125 122 119 122 119* 120* 121 121* 123 124 124·2d 

130 127 120* u7* 120 124 125 126 121 120* 124 126 128·3 
129 129 125 124 125 126 126 126 127 128 129 130 128·5 
136 132 129 127 127 130 131 131 132 133 131 130 t3t·5 
132 133 130 129 126 129 130 131 130 132 129 133 130·0 

137 136 136 124 124 127 130 130 131 132 132 130 132·9 
133 133 130 128 128 129 130 130 131 132 132 131 130·7 
132 132 131 132 132 132 132 133 133 134 134 134 132·4 
138 137 133 132 126 130 131 132 134 135 136 137 134·0 
135 132 131 132 131 128 129 131 IJI 132 131 132 132 3 

139 135 132 132 132 131 131 132 132 13> 133 134 133·5 
133 134 132 129 128 127 128 130 129 126 128 129 132·0 
134 1 35 130 123 116* 117* 126 128 128 130 128 130 128·8 
134 132 127 125 125 126 128 129 131 132 131 132 130·6 
135 134 133 132 130 131 132 133 132 132 133 133 132·9 

130 131 132 132 132 133 133 134 133 137 138 139 132·5 
135 136 134 134 134 136 138 139* 138 134 138 139 137·1 
138 133 135 134 131 117* 124 121 127 130 127 120* 134·2 
129 128 128 127 126 128 130 130 132 129 128 126 127·2 
132 134 135 134 132 131 130 130 131 131 131 132 130·3 

139 140 139 136 134 132 132 134 134 135 136 138 133·9 
138 136 133 137 139* 134 132 122 131 136 138 133 134·4 
122* 122* 131 126 121 118* 120* 120* 122 117* 121* 126 123·8 
126' 123* 122• 122 123 124 125 125 126 131 129 128 126·3 
126 128 128 1~8 127 127 127 128 129 130 130 129 128·5 

131 132 131. 128 126 127 128 129 129 127 128 129 129·5 
133 136 136 134 IJO 129 129 .130 130 131 132 134 131·0 
132 135 134 131 133 133 132 132 131 131 129 131 133·4 
139 134 133 13-z 130 130 134 132 130 131 1:29 133 132·8 
131 134 129 130 131 128 127 127 128 127 I.JO 1:28 130·6 

132•8 132·3 130·8 127·9 127·9 129·8 
I 

1:i9•1 129·0 129·2 130-3 130·6 131·0. 130·93 
133·2 133-0 131 ·5 129·5 128·0 129·0 129·6 129·5 129·8 131·5 130·9 131·4 I 



 

156 U. S. COAST AND GEODETIC SURVEY • . 

DIFFERENTIAL MEASURES-

Hourly readings from the photographic traces of the bifilar 

[Local mean time. 200 divisions plua tabular quantity, one division=0·000109 in parts of H. .All 

JULY, 188+ 

[For the explanation of these tables see pp. 53, 5'.) 

Day. 1h 2h 3h 4h 5h 6h 7h Sh 9h 1oh 11h Noon. 

I 131 128 129 lJO 130 131 132 130 131 127 126 129 
2 129 131 133 134 135 135 131 129 130 (131] [132] [133] 
3 . . . . . . . . . . . . . 
4 [122] [123] [123] [123] [124] [124] [122] [120] [120] [122] 128 126 

s 122 122 122 124 125 124 122 118 121 124 124 123 

6 124 122 122 •123 123 125 125 124 1t9 121 122 126 
7 127 126 126 125 125 123 122 120 126 129 132 133 
8 121 119 124 127 129 124 126 121 120 120 124 126 

9 128 128 128 129 129 130 126 120 II7 II9 124 129 
IO 128 130 127 129 129 128 1:26 124 122 123 126 130 

II 127 131 ,132 133 131 131 133 129 130 133 132 134 
12 127 128 128 129 128 129 127 J21 120 122 130 132 
13 129 131 132 135 138* 138* 132 128 124 125 133 137 
14 121 127 121 124 121 123 122 122 124 124 123 122 
15 125 124 125 125 125 127 128 126 128 129 128 129 

16 126 132 128 126 126 125 124 119 119 122 126 126 
17 127 128 127 127 127 129 129 128 128 128 127 129 
18 128 126 1:?6 128 128 128 125 125 125 130 127 124 
19 134 133 133 134 134 134 132 131 130 132 132 134 
20 123 123 125 123 124 123 120 114* 114* 120 125 128 

21 126 127 126 125 126 126 124 122 125 125 123 127 
22 126 126 126 127 127 128 125 119 122 124 126 127 
23 129 128 128 127 129 128 126 127 132 136* 132 128 
24 129 130 130 131 132 131 128 127 130 132 132 1~3 
25 118 130 124 125 129 127 127 126 128 128 126 126 

26 124 123 125 122 126 127 126 123 121 118 119 120 
27 131 130 130 129 131 130 128 125 126 129 130 128 
:28 127 126 128 127 128 130 130 128 125 125 128 127 
29 129 132 133 133 134 133 132 130 130 130 131 132 
30 127 127 126 127 126 127 126 124 124 125 126 125 -
31 127 . 127 128 127 128 127 122 122, 124 127 130 131 

Monthly~ 126'4 127·3 127·2 127·6 128·2 128·2 126-6 124•1 124·5 126-0 127·5 128•5 mean 
Normal 126·4 127·3 127·2 12j"6 127·9 127·8 126-6 124·4 124·9 125·7 127·5 128·5 



 

REPORT FOR 18~1-PART IL 157 

HORIZONTAL INTENSITY-Continued. 

magnetomet;er of the Los Ange'le& Magnetic Observatory. 

nadings referred to standard temperature of magnet. Increasing numbers indicate incr&asi~g force.) 

JULY, 1884. 

13b t4b 15b 16b 17b 18h 19h 2oh 21b :z2b 23b 
Mid- Daily 

night. mean. 

132 135 129 130 130 129 130 128 130 129 130 129 129·8d 
(132] [131] [130] [128] (127] [128] [129] [129] (130] [130] (132] [132] [130·9] . . . . . . . . . . . . 

I23 121 JI9 II8 JI6 117 122 122 122 119 123 122 121·7 
121 117 117 112* II3* 118 119 119 118 119 122 125 120·5 

125 125 122 121 II7 123 125 126 128 125 128 129 123·8 
131 131 127 127 124 121 120 126 126 125 126 123 125-9 
126 126 123 123 122 123 124 126 126 126 128 128 124·2 
130 128 126 126 127 124 123 126 127 127 128 128 126-1 
126 128 120 125 124 126 128 128 129 125 127 128 126-5 

134 134 131 129 124 123 126 126 120 120 124 135 129·2 
135 129 127 125 125 126 127 126 123 123 126 127 126-7 
135 141* 138* 111* 103* 105* 121 123 117 II2* 132 120 126-7 
121 121 122 118 II6 II8 120 122 123 124 124 129 122·2 
129 129 129 123 123 124 125 114* 120 124 125 126 125·4 

122 122 124 II9 n8 122 125 125 126 127 128 128 124·4 
128 126 127 126 127 128 128 128 128 128 127 128 12r6 
122 122 121 122 122 126 128 130 129 131 133 133 126·6 
137* 134 131 128 121 113* 107* 103* II6 122 121 123 127·0 
126 125 124 122 119 122 123 127 127 126 126 126 12]"1 

128 124 122 122 122 122 124 126 125 127 127 126 124·9 
126 127 129 128 129 129 127 126 125 127 128 128 126·3 
128 127 127 125 125 126 128 127 129 130 130 130 128·4 
132 129 130 129 127 128 129 126 123 118 121 121 128·3 
126 125 123 122 117 117 110* n3* 117 122 123 126 123·1 

122 125 126 126 126 127 126 132 128 130 130 128 125·0 
124 118 122 124 125 124 127 128 128 128 125 124 126-8 
t24 122 124 125 125 125 125 128 129 129 128 128 126·7 
130 128 129 128 125 125 126 126 126 126 u6 126 129·2 
120 119 124 126 124 123 126 127 127 126 127 129 125·3 

1,30 126 122 121 124 124 126 127 127 129 128 125 126·2 

127·5 126-5 125·5 123·6 122·2 122'9 124·1 124·7 125·0 125·1 126'8 127·0 125·¢ 
127·2 126·0 125·1 124·5 123·2 123·9 125·2 126·3 12$'0 125·6 126'8 127·0 



 

158 U. S. COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from tke photographic traces of the bijilar 
l 

[Looal mean time. 200 divisions plus tabular quantity, one division= 0-000100 in parts of H. A..l 

AUGUST. 1884. 

[For the explanation of these tables see pp. 53, 54.] 

Day. 1h 2h 3b 4b 511. 6b 7h 8h ~ Joh t1b Noon. 

I 126 127 128 128 129 129 126 121 125 125 123 122 
2 127 127 127 126 128 129 125 122 123 121 121 124 

3 129 127 128 128 129 131 130 130 128 125 123 122 

4 127 126 125 127 125 125 123 120 125 131 132* 132* 

5 129 128 128 129 128 130 125 121 123 123 126 127 

6 130 129 130 •130 132 130 126 120 120 121 124 128 

7 132 132 131 132 132 132 125 128 129 131 132* 133* 
8 130 132 131 131 132 129 130 129 128 124 101* 119 
9 127 122 131 128 126 123 121 118 II8 116 115 116 

IO 132 124 125 126 124 124 124 120 122 122 125 123 

II • 130 126 125 125 126 1~4 J23 119 123 122 122 124 
12 127 127 127 128 128 127 128 126 125 124 124 123 
13 126 JZ8 128 129 130 125 122 119 126 128 127 123 
14 IZ7 128 130 132 129 132 129 124 122 117 118 120 
15 126 125 128 126 125 126 124 JI9 us 119 12(} 121 

16 123 125 124 125 124 124 120 118 125 127 126 123 
17 127 126 126 126 126 126 123 121 122 123 124 124 
18 128 128 128 129 129 -130 123 II7 119 I22 126 127 
19 128 128 128 128 126 127 126 124 123 124 125 124 
20 130 130 130 130 129 128 124 128 134* 138* 139* 136* 

21 128 126 131 125 123 122 120 122 124 125 120 119 
22 124 120 122 124 125 120 123 122 n6 Ito* 114 114 
23 119 125 124 122 121 122 120 117 116 JI6 us 116 
24 125 126 125 127 124 124 122 123 123 121 119 120 
25 121 122 123 _124 125 125 126 124 122 II9 120 121 

"% 

26 127 126 126 127 127 126 122 119 119 121 122 122 
27 127 122 123 124 124 124 120 116 116 II6 119 121 
28 124 124 124 125 126 124 n8 II4 I 14 117 118 118 
29 124 124 124 124 126 125 121 116 118 121 124 126 
30 126 125 124 125 126 126 124 119 117 118 118 120 

31 127 127 126 127 128 128 126 122 119 118 II9 125 

Monthly~! 126·9 126·2 126·8 127·0 126·8 126·4 123·8· 121"2 122·0 122·1 I 22"J 123·0 mean . 
Nonna! I 126·9 126·2 126·8 127-0 126·8 126·4 123·8 121·2 121"6 122·0 121·5 1:n·8 



 

REPORT 1''0R 1891-PART II. 15!) 

HORIZONTAL INTENSITY ~Continued. 

1uagnet-Ometer of the Los Angeles JJ.lagnetic Observatory. 

readings referred to standard temperature of magnet. Increasing numbers indicate increasing force.) 

AUGUST. 1884. 

Mid- I Daily 13h .. t4ll 15h 16h 17b 18b 19h zoh 21h 22h z3h night. mean. 
-· 

120 i17 JI6 120 121 126 128 126 126 126 128 128 124·6d 
120 121 .126 127 128 129 127 130 129 128 127 128 125·8 
124 124 128 126 126 128 128 130 129 129 128 129 127·5 
130 132 133* 128 125 127 127 127 127 128 129 129 127·5 
125 126 128 127 124 127 126 126 128 130 130 130 126·8 

129 129 129 127 129 130 134* 134* 133 132 132 132 128·8 

131 127 124 123 125 127 129 130 127 128 121 126 128·6 
124 122 120 112* 110* 118 123 122 125 127 128 127 123·9 
ll9 112* 117 116 120 Il9 117 JI9 125 127 126 125 121·0 

119 122 116 122 122 124 124 122 126 126 125 126 123·5 

128 128 131 129. 125 124 125 127 126 126 tz6 126 125·4 
124 121 121 u9 116 124 124 127 123 130 132 128 125·1 
125 127 126 122 124 126 125 125 125 128 128 IZ6 125·8 
125 119 124 126 125 125 122 122 126 122 125 125 124·8 
121 121 120 120 121 123 123 121 120 123 123 122 122·3 

122 120 119 120 121 123 124 124 124 I24 125 125 123·1 
125 126 127 127 125 125 126 126 125 126 126 r31 125·4 
128 128 129 126 122 123 124 125 127 126 126 126 125·7 
125 126 126 126 125 130 130 128 128 129 130 129 126-8 
133* 13& 126 117 122 122 124 122 120 112* 122 122 127·0 

117 113* 104* 112* u6 120 122 122 120 123 118 I 12* 120·2 
105* ro8* 109* ll2* II7 Il9 120 120 118 120 u8 119 I 17·5 
117 119 121 , 122 122 122 120 123 124 124 125 125 120·8 
119 117 II8 123 121 122 122 121 125 122 121 123 122·2 
124 126 128 126 126 125 124 127 126 126 126 126 124·3 

u4 124 124 123 122 121 120 120 123 123 122 123 123·0 
121 120 119 119 120 123 125 125 125 125 125 124 121·8 
119 l;.!o 121 123 123 126 126 125 126 124 120 121 121"7 
128 128 127 127 127 127 126 126 122 122 123 l25 124·2 
123 127 128 ~129 129 128 127 126 127 126 128 127 124·7 

tz7 129 126 122 123 125 1:24 125 126 124 125 126 124·8 

l 
123·3 122-g 122·9 122·5 122·6 124·5 124·7 124·9 125·2 125·4 125·4 125·5 124·34 

123·6 124·1 123·7 123·6 123·1 124·5 124·4 1:24·6 125·2 125·8 125·4 126·0 



 

160 

{Local mean time. 

Day. I h 

[ 126 
2 126 

3 125 
4 124 

5 126 

6 124 

7 127 
8 124 

9 126 
JO 120 

II I 19 
12 120 
13 129 
14 104*. 
15 116 

16 121 

17 125 
18 109* 
19. I I I* 

20 116 

21 118 
22 120 
23 u8 
24 120 
25 121 

26 118 
27 122 
28 121 
29 120 
30 126 

MonthlyJ 
mean 1zo·7 

Normal 122·1 

U. S. CO.AST AND GEODETIC SURVEY. 

'DIFFERENTIAL MEASURES

H<>urly readings from the photographic traeea of the bifilar 

200 division& plus tabular quantity, one division= 0·000100 in parts of R. All 

SEPTEMBER, 1884. .. • 
[For the explanation of these ta.blea 11ee·pp. 53,54.) 

2h 3h 4h 5h 6h 7b 8h 911 1011 IJh Noon. 

124 125 126 125 124 122 120 119 117 121 124 
126 126 127 127 127 122 t2o 121 125 128* 130* 
124 125 126 125 124 118 119 120 122 J:.?3 123 
124 124 124 125 124 118 113 114 115 120 124 
126 127 127 127 125 122 JI8 ll9 •. 

120 1::2 127 

126 126 126 125 124 118 114 I II 114 113 118 
126 126 127 127 128 126 121 116 114 116 118 
124 124 123 123 122 120 u5 ·109 109 tl2 117 
125 124 125 125 124 123 120 117 113 114 117 
n8 121 120 119 120 117 114 118 II7 II8 120 

112* 117 117 120 u6 120 118 120 122 123 122 
121 122 120 121 122 119 117 117 118 119 119 
119 J.20 124 126 123 124 122 121 124 122 114 
108* 126 117 IJ8 119 I 19 II6 117 II5 116 112 
JI8 119 118 119 117 114 · III 112 113 114 II7 

120 120 120 120 It8 113 108 109 II2 JJ5 116 
119 124 127 126 123 119 114 112 113 118 113 
111* 104* 107* 109* 104* 102* rn3* 104* 102* 97* 107* 
IIJ 114 112* 115 114 IIJ 109 107 1o6* 110 112 
117 118 u8 116 II6 II3 108 104* 104* 105* 109 

118 119 118 119 117 117 110 106* 105* lo6* 107• 
116 118 u8 JI9 119 117 Jl3 II I 109 1o8* 110 

n9 120 122 122 120 117 Ill to6* 103* 1o6* Jog 
122 121 122 121 120 117 ll2 IIO 110 114 116 
122 123 124 126 124 122 117 116 u6 118 119 

119 119 122 120 .121 119 117 118 120 119 122 
123 123 124 124 123 122 122 122 123 125 125 
121 120 121 J21 122 120 130 122 126 125 123 
120 120 121 122 120 120 120 119 118 118 Iii 
130 u6 128 128 132* 122 125* 127* 127* 126 121 

120·4 1z1·4 121·8 122·0 1z1·1 118·5 115·6 114·8 115·1 116·4 117·6 
121·5 122·0 122·7 122·4 u1·3 119·1 115·7 I 15·9 I 16·5 118·4 u7·6 
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HORIZONTAL INTENSITY ~Continued. 

magnetmneter of the Los Angel,es J.l!agnetio Obsert,atory. 

readings referred to standard temperature of magnet. Increasing numbers indical:A'l increasing force.] 

SEPTEMBER, 1884. 

13h 14h 1511 16h 17h 18b 19" 2oh 2111 22h 23b 
Mid- I Daily 
night. I mean. 

126 128 127 125 124 124 124 124 123 125 126 126 124·od 

131* 126 125 127 129 129 124 123 123 127 126 125 125·8 
124 122 123 124 124 124 123 125 126 125 125 126 123·5 
126 127 125 123 123 123 123 123 125 125 125 126 122·6 
130* 131* 130* 130* 127 125 127 129 125 122 124 Jl8 125·2 

122 125 124 125 124 124 124 124 124 125 125 128 122·2 
120 120 122 123 125 124 124 124 122 122 125 124 122·8 

120 123 126 125. 124 124 124 124 124 124 124 125 121·2 
121 124 126 128 128 126 l 21 121 121 124 122 116 122·1 
121 II8 109* I 21 116 lt8 115 115 114 113 123 126 I 18·0 

120 II7 116 117 119 120 120 119 119 I 19 120 124 119·0 
118 120 119 120 I 19 IJ6 117 118 119 118 116 II3 118·7 
114 114 112 108* 106* 103* 100* 1e6* 114 104* 105* 101* 114·8 
112 109* 104* 104* 104* 108* ll2 110* HJ 112 II 1* 115 112·5 
116 116 115 114 115 116 II8 118 119 119 121 120 116-5 

118 120 120 120 119 121 124 124 125 125 127 126 119·2 
110 112 106* 89* 100* 92* 73* 80* 97* go* 87* 89* I 106-6 
1o6* 112 1o8* 108* 106* 108* l 10* 112 115 103* 114 115 107·3 
114 u6 114 113 112 115 114 ll5 lJ6 IIS 114 117 If 3·0 
ll2 112 110* 107* 110* 115 117 117 117 117 II7 117 113·0 

Ill Il5 116 117 114 112 113 117 u6 118 122 119 114·6 
111 113 116 I16 ll6 116 117 116 117 117 120 118 I 15·5 
114 119 122 122 121 120 120 120 121 121 121 121 117"3 
117 120 121 122 120 120 121 121 121 121 121 120 r 18·8 
119 121 Ii2 122 120 120 120 120 117 118 120 120 120·3 

124 124 123 121 120 121 122 121 122 122 121 122 120·7 
124 122 120 120 121 123 124 125 124 122 122 122 122·8 
119 114 I 17 116 ll6 JJ9 120 120 121 121 120 120 120·2 
116 116 116 122 122 125 125 126 125 126 126 126 121·1 
JI8 JI6 116 117 118 121 121 123 120 121 122 123 123·1 

118·5 119·1 118·3 118·2 118·1 118·4 117·9 118·7 n9·5 118·7 119·7 119·6 I 118·75 
118·0 

I 

119·0 120·1 120·8 120·6 120·8 120·5 120·9 120·3 120·9 121·8 121·41 

H. Ex. 4..3, pt. 2-ll 
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DIFFERENTIAL MEASURES

Hourly 'readings from the photographic traces of the bifilar 

[Local mean time. 20-0 diYisions vlus tabular quantity, one division=0·000109 in pal'ts of n. All 

OCTOBER, 1884. 

[For the explanation of these talJles 11ee pp. 53, 54.] 

Day. Jh 21> 3h 4h sh 6h 711 8h 9b 1oh 11h Noon. 

I 121 123 122 122 122 121 ll9 119 121 122* 122* 122* 
2 103* 100* 95* JOI* 104* 104* 1o6* 86* 100* 109 I II 109 

3 104* 106* 107* 109 108* 108* 105* 102* 102* 1o6 109 I JO 

4 114 112 114 113 II4 112 112 1o6 103* 105 Jo6 ro6 
5 114 121 IJ6 II6 JI6 112 II3 110 100 103* 104 Io6 

6 ll2 113 114 I 19 117 117 IJ6 114 112 113 II I 110 

7 112 114 IIS II6 117 114 I II 106 98* 102* 100* 105 
8 116 116 117 117 JI8 116 II6 112 108 93"' ro4 104 

9 117 JI8 II9 ll9 119 118 119 118 115 108 112 109 
IO us 116 117 117 Il5 ll5 us IlJ 108 109 109 109 

II IJ8 117 IJ8 118 118 117 u6 115 114 114 112 113 
12 tt8 118 ll9 119 JJ9 119 1t6 115 115 I18 120 122* 
13 1.20 119 JI8 JJ8 IJ8 117 116 Il4 113 115_ t16 ll8 
14 1o8 1o6* 115 115 116 117 117 II6 113 120 120 IIS 
15 ll J 119 114 119 J11 118 ll6 II I 110 II4 114 113 

16 113 114 115 115 115 116 114 112 IJ2 II2 114 II4 
17 113 Jl5 119 120 124 117 112 114 IIO 112 112 113 
18 118 118 118 I 17 118 117 116 II4 III Ill JJO Jl4 
19 121 l22 120 120 117 119 II9 116 III 1o8 110 JII 
20 120 120 120 II9 121 120 119 120 u8 117 u8 117 

2[ 1:34 121 120 121 120 118 121 118 123* 119 IJ6 JI6 
22 120 119 123 120 121 120 119 116 JJ6 115 115 114 
23 119 II9 121 120 II9 119 118 u6 II5 114 112 113 
24 1.20 121 122 121 1.22 121 119 u6 ll4 II I I II 114 
25 110 JIJ 113 116 116 JI6 ll7 116 113 lIO 109 I II 

26 116 J19 119 119 116 120 Jt6 lf4 llJ 110 113 114 
27 118 118 120 120 120 120 118 116 115 113 113 113 
28 123 120 119 119 I .20 124 123 121 122 121 120 122* 

29 110 114 IIJ 116 116 118 120 121 114 112 112 113 
30 IIJ II4 II4 115 II5 116 115 113 IIO 110 109 108 

31 118 II7 II8 118 117 117 118 116 114 111 110 112 

Monthlyi 
mean 115·4 116·2 116-6 117·2 117·3 116·9 116·0 113·4 111·9 111·5 I 12·1 112-6 

Normal 116·3 117·5 117·6 117·8 118·0 117·6 116·8 114·8 113·2 112·5 112·1 111·6 
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HORIZONTAL INTENSITY-Continued. 

magnetometer of the Los Angeles lffagnetic Obse>·i•atory. 

readings referred to standard tem:peraturec of ma,p;net.. lncreaeing nllllllters indicate increasing force. l 

OCTOBER, 1884. 

13h 14h 15h 16h 1711 18" 19h zoh z1h 2211 z3h Mid· Daily 
night. mean. 

121 121 130* 127* 124 126 .. 84* 80* 78* 91* 91* 90* I IJ"Jd 

104* 96* 88* 88* 83* 82* 78* 88* 94* 104* 109 105* 97·8 
112 110 IIO Jog 109 107 1o8 11 l 112 II I 112 II4 108·4 
108 110 I07 105* 105* Io6 Ill 112 114 113 113 113 10~r8 
113 115 117 II8 II6 115 IIJ Jo6 110 110 II I III 112·2 

110 110 113 109 lo8 107 103* 101* 102"' 104* 103* 110 110·3 
104'* 1o6 110 lll Il3 111 114 113 us JI5 115 115 110·5 
lIO 113 116 115 116 Jt6 114 ll4 115 II4 117 117 113·1 
ll2 115 ll5 116 117 119 117 11 I 108 JI I I 12 114 114·9 
112 113 ll5 115 ll4 115 113 llJ 115 115 116 116 I 13·8 

114 115 ll6 118 Il8 118 118 ll8 118 118 118 117 ] 16-5 
123* 122 121 II8 ll7 ll8 120 119 119 JI8 118 1J9 I 18·8 
119 Jl8 118 119 115 112 116 ll7 118 117 109 1o6* t tfrt 
114 115 lll Io8 104* 104* 104* to6 109 lIZ I 12 113 J 12·1 
JO<} 109 105* 107 108 109 113 110 112 II I 110 115 112·2 

114 IIJ 112 113 II5 ll7 117 117 117 u6 117 121 114·8 
116 ll7 117 118 118 117 J16 118 117 117 ll8 JI8 I Ifr2 
118 120 120 120 Il9 116 118 117 116 118 116 121 116-7 
114 117 117 118 119 120 119 120 120 120 121 120 117·5 
117 120 122 119 119 118 118 118 lI8 ll7 u7 121 I 18·9 

JI6 116 117 118 118 117 118 118 118 119 120 120 118·8 
115 116 117 119 120 120 119 119 119 ll9 119 120 118·3 
113 114 116 117 Il7 118 t19 119 119 119 119 120 117"3 
JI6 117 119 118. II7 118 . 117 II2 105* 102* lo6 105* 115·2 
114 114 113 llO to8 109 JJI 112 113 114 115 115 112·8 

107 114 l15 t14 ll3 114 115 114 ll5 115 I J 4 115 114·8 
I 13 116 118 120 120 120 121 118 116 116 JI6 1t8 117·3 
119 rr9 rr8 116 113 112 114 112 114 112 109 JIO 117·6 
113 107 107 109 Jo8 lIO I II 111 no 109 us If:! 112·5 
109 JIO 112 114 116 ll7 118 117 113 115 113 116 113·4 

lt4 115 117 119 120 120 120 1I9 121 119 119 120 117·0 

113·3 114·0 114·5 I 14·4 113·8 113·8 I 12·8 112·3 112°6 113·3 113·5 114·4 114·15 

113·6 146-6 115·2 115·2 us·s 114·9 115·9 I 14·7 n5·2 115~2 I 14·7 116-3 
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U. S. CO.A.S'l' AND GEODE1'1C SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from the photographic traces of the bijilar 

[Local mean time. 200 divisions plus tabular quantity, one divU.ion= 0·000109 in parts of B. All 

NOVEMBER, 1884. 

[For the explanation of these tables see pp. 53, M.] 

Day. Jh 2h 3b 4b 5h 6h 7h Sh . 9b 1oh uh Noon. 

I 120 II9 121 123 122 124 122 122 l II 123* tI8 II8 
2 fl4 114 115 JI I 108 113 116 118 108 104 89* 79* 
3 84* 96* 109 JI6 99* II7 1o6* 1o6* 109 107 I08 105 
4 108 u6 108 108 108 108* 109 108 107 J05 105 108 

5 JI I I II lIJ Jll Ir2 Ill 112 I IO 107 104 103 104 

6 114 114 114 114 113 114 113 112 I II JII 109 108 

7 117 115 116 116 II8 116 JI6 114 114 109 108 109 
8 I 17 116 116 116 115 118 120 122 118 II I 109 109 
9 117 II5 119 115 u6 II8 ll8 115 114 113 III 115 

IO 115 115 I 16 116 116 117 115 114 112 112 108 110 

II 110 II2 115 122 120 II4 118 113 I IO 108 107 107 
12 115 II6 114 115 116 ll6 116 117 115 ll2 108 109 
IJ 117 II9 120 119 120 120 121 118 117 116 J14 116 
14 117 118 IJ8 120 117 119 120 121 116 114 IIJ 104 
15 II8 119 118 118 119 119 118 116 114 II l III 110 

16 ll9 120 122 123 122 J24 123 120 116 113 u3 114 • 17 120 122 122 121 122 122 II8 117 112 113 110 109 
18 122 117 116 JI6 Il5 Il5 U6 116 116 114 109 109 
19 II8 IJ8 II8 117 120 121 119 120 lllj 114 Ill I09 
20 IJ8 119 120 118 117 120 120 119 121 JJ6 113 u3 

21 117 122 118 118 118 120 119 117 115 110 109 109 
22 118 I 18 119 119 119 I 21 121 120 120 115 114 114 
23 If9 ll7 119 119 120 121 123 124 124* 114 113 115 
24 116 116 116 116 116 I 18 118 IlJ 115 116 111 IIJ 
25 110 112 II4 115 tt6 117 117 120 118 us 112 ro8 

26 114 HS ll4 115 Jl6 117 IJ7 ll7 115 113 110 110 
27 117 117 117 118 118 u8 118 1t9 117 111 to6 1o6 
28 102* 102* 109 112 117 114 109 110 108 105 IOI 100 

29 Il4 Ito 111 113 114 J14 tr6 113 115 JlO 107 1o6 
30 Io8 110 112 II7 Il5 116 118 117 116 115 ll2 108 

Monthly} 114·2 115·0 116·0 116-6 116'1 117·4 117·1 116-3 114·2 I I 1·8 109·1 108·5 mean 
Normal 1157 116·1 u6·o 116-6 116·7 117·7 117·4 116'6 113·9 111·4 109·8 rn9·5 
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HORIZONTAL INTENSITY-Continued. 

magnetometer of the Los Angeles Magnetic Observatory. 

readings referred to standard temperature of magnet. Increasing numbers indicate increa.sing force.) 

NOVEMBER, 188+ 

13b 14h I5b 16h 17h 18h 19h 2oh 2th 22h 23ll 
Mid- Daily 
night. 1nean. 

I 17 114 120 118 116 123 113 II5 110 108 103* 110 117·1d 

69* 73* 75* 74* 70* 77* 80* 75* 72* 74* So* 77* 91·0 

106 105 102* 98* 89* 95* 96* 101* 100* Joo* 105* 103* 102·6 

109 108 113 113 II I I II 109 109 112 112 110 III 109·4 

106 107 I08 109 112 113 114 113 114 114 115 II5 110·4 

109 109 108 II6 112 us 116 116 II6 115 115 116 112·9 

110 111 II4 II5 117 117 116 IIS 114 114 116 116 114·3 

Ill 112 110 114 116 114 105* I Il 111 log IIO 115 113·5 
115 114 I14 I 12 I II 104* 108 109 110 112 113 II I 113·3 

IO<) 109 106 108 114 122 113 112 110 111 109 112 112·5 

109 109 113 114 us 116 117 116 116 116 115 115 113·6 

llO 114 - 115 116 116 113 114 114 115 114 116 116 114·3 
116 u6 117 117 117 117 117 118 118 118 121 118 117·8 
I14 114 114 115 116 116 117 117 118 118 118 II8 116·3 

l ll 114 117 ll9 118 119 119 120 119 119 119 120 116-9 

115 116 n8 120 120 122 123 123 121 122 123 123 n9·8 

109 1o8 110 111 1q 113 113 112 1t3 1q lfJ 112 114·5 

io9 I JI 112 III 114 113 114 116 1t4 116 119 118 114·5 
105 I08 112 110 115 117 117 117 117 117 117 117 115·4 

114 115 117 120 120 119 IJ8 117 u8 117 117 n8 117·7 

III 114 117 118 117 116 117 119 119 118 116 116 n6·3 
116 118 120 121 122 122 122 122 120 120 116 118 119·0 

114 115 109 112 115 116 112 112 109 112 112 115 115·9 
II I Jll 112 114 113 n6 117 116 ll6 IIJ 112 114 I 14·5 

109 II I 114 114 115 116 116 115 114 Il4 114 114 I 14·2 

II2 114 115 n6 117 118 118 118 118 117 117 117 115·4 
109 115 116 117 113 II I 110 107 103* 97* 97* 96* 111·4 
101* 106 109 II I ll l Ill 112 113 114 II I 108 109 1o8·6 

107 109 107 II I 112 113 112 lt2 ll2 JI I 112 108 111·2 

115 118 II6 116 115 114 114 114 Il3 114 112 119 114·3 

----
I 

109·3 110·6 I I 1·7 112·7 112·7 113·6 I 13•0 113·1 112·5 112·2 112·3 112·9 113·29 

111·0 111·9 113·3 114·6 115·1 116·0 115·1 114·9 114·8 114·6 114.8 '115·2 



 

166 U. S. COAST AND GEODET~C SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from tlie photographic traces of the bifi"lar 

[Local mean time. 200 divisions plus tabular quantity, one division= 0·000100 ill parts of H. .All 

DECEMBER, 1884. 

(For the exphulation of theae tables see pp. 53, 5'.] 

. 
Day. Ill :zb 3h 4b s~ 611 711 g11 9h 1oh 11b Noon. 

I 114 114 ll5 ll5 117 ll4 118 116 113 I II 109 1o8 
2 IIJ 114 114 fl5 116 ,116 116 115 113 112 108 110 

3 IIJ 114 116 115 HS 115 116 IJ6 116 116 114 113 
4 116 JI6 117 117 117 117 ll7 116 116 114 110 110 

5 117 u6 115 II6 116 ll7 117 lI7 117 It3 IIO II I 

6 II6 117 118 118 119 119 120 121 120 ll5 1 ll 110 

1 u6 116 117 118 119 119 120 121 120 117 114 113 
8 115 113 us 116 Jl6 lf 5 112 116 114 111 105 103 

9 lIJ 112 114 115 115 118 118 118 116 Ill 108 IDS 
10 114 n4 116 117 118 JJ8 118 116 ·114 II5 II~ 110 

II 109 110 us 115 116 117 119 121 118 112 JO~ 110 
12 112 112 ll2 114 116 Jl6 118 u8 II4 I II ·109 110 

13 115 116 116 115 116 117 I 16 116 Il5 I II 110 113 
14 116 112 114 ll4 114 HJ 116 114 116 ll2 109 114 
15 96* 99* 98* 109 104* 1o6* 107* 109 116 Il2 112 108 

16 104 107 1o6 108 112 Ill 110 IIJ 110 107 104 104 
17 110 112 JI l II I I II 112 113 112 112 1o6 102 102 
18 112 I JI Jl2 114 113 113 ll2 113 I II IJ [ 107 107 
19 112 ll2 113 114 114 115 115 116 n6 115 llJ 1:i4* 
20 107 108 114 114 114 112 113 II I J[O 106 99* 100 

21 113 114 J14 t14 119 114 115 114 HJ tro 108 1o6 
22 114 115 114 115 116 117 117 117 114 112 108 104 
23 105 109 I II 115 116 118 J22 122 118 115 108 105 
24 112 114 114 115 II6 IJ6 117 116 116 111 J06 105 
25. 113 113 114 114 Il5 u8 121 122 121 118 112 108 

26 116 n6 116 116 117 u8 120 IJ8 116 II I 106 107 
27 116 116 117 118 118 121 121 120 117 115 112 112 
28 110 112 IIJ 114 115 117 120 II7 ll4 118 114 112 
29 114 114 114 113 116 116 116 114 HJ 107 1o6 105 
30 116 116 116 117 116 116 116 117 116 JU 107 110 

31 112 115 116 116 116 116 117 II6 IIJ 110 107 109 

Monthly~ 112·3 112·9 113·8 114·7 115·4 115·7 I 16·5 I 16·4 115·1 112·2 1o8·5 1o8·7 mean 
Normal 112·8 113·3 114.3 114·7 u5·8 116·0 116·9 116·4 115·1 112·2 1o8·8 108·2 
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HORIZONTAL INTENSITY-Continued. 

magnetometer <>f the ~s Angel.e.t Magnetic Obseri1at-0ry. 

readings referr'Kl to sta.nJ.artl temperature of magnet. Incre11.Sing numbers indicate increaaing foroe ] 

DECEMBER, 1884 . 

. 
Mid- Daily 

13h 14h 15h 16h 17h 18h 19h zoh 21h 22b 23h night. mean. 
~ -·-

I 10 112 113 115 I14 ll4 ll4 115 us 114 113 Il2 113·5d 
110 111 IIJ u6 IIS 114 II2 I II 113 114 114 114 l 13·3 
I II 110 II I 114 117 u6 116 ll5 115 115 115 116 114·6 
112 JIO 113 II6 117 116 ll5 114 114 113 113 113 114·5 
ll3 115 116 117 117 us ll5 115 I I 5 us 115 ll6 115·3 

IIJ 113 117 us 118 117 117 IIS u6 116 115 u6 116-5 
114 ll6 Il9 us Il8 11~ ll6 115 115 114 111 11 l 116-5 
102 104 107 107 108 w8 110 l ll 110 ll4 112 111 110·6 

{1.0 I 12 114 1(4 JI4 113 114 11 ' 114 114 113 113 113·5 .l 

112 113 114 115· 115 118 114 108 102* 103* 107 108 113·0 

100 105 1o6 III 112 113 112 111 1o8 Io8 107 110 111·5 
112 ll6 117 117 I 17 118 ll7 Il6 116 116 115 115 114·7 
116 Il5 115 116 116 116 117 116 117 us 1I4 116 u5·2 

Jo6 101* 108 105 102* 97* 91-it 87* 92* 96* 97* 92* w5·7 
1o6 II I 1o6 105 101 * 99* 102* 104 102* 115 101* 104 105·5 

ro6 107 107 10<) Ill 110 110 109 I06 110 111 110 1o8·4 
105 109 112 111 IlO 110 Ill Ill ll I 110 110 111 109·8 
109 112 112 113 It3 113 113 112 112 112 112 ll2 111·7 
120* 123* 125* 125* 121 n6 1-0<) rn7 111 107 100* 1o8 114·6 
101 108 107 110 1t3 114 112 112 112 113 113 ll2 109·8 

Jo8 •· 110 112 1o8 11.2 113 114 114 114 114 114 115 112·6 
103 103 102 110 114 116 112 107 109 105 104 108 110·7 
104 100 ll2 113 112 112 114 114 114 114 114 113 112·8 
1o6 Io8 llO 108 108 Ill 112 ll2 113 111 112 113 I 11·7 
110 114 116 118 115 us tl2 ll2 111 112 114 115 114·7 

110 114 117 118 IJ8 118 118 116 Il5 114 114 114 115·1 

Il3 ll5 115 120 120 118 113 102* 100* I04 10<) 111 114·3 
112 114 112 109 [ ll 114 114 114 114 114 113 113 11y8 
1o6 I07 HJ 117 117 117 116 116 116 116 _107 116 I 13'4 
Ill 112 114 114 114 111 II I Ill 111 111 112 116 u3·5 

Ill 1I4 114 116 116 117 ll7 116 116 115 116 115 114·4 

109·3 u1·0 112·5 113·6 113·7 113·5 112·6 111·3 1"11·3 117·7 111·2 11r·9 112•74 

1o8·9 110·9 112·1 113"3 ~14·6 Il4'5 113·7 112·5 u3·1· 112·6 u2·5 112·6 



 

168 U. S. COA.ST AND GEO.DETJC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from the pkotograpltic traces of tlte bifilar 

[Local mean time. 200 divisions plus tabular quantity, one.division=0·000109 in parts of H. All 

JANUARY, 1885. 

£For the explanation of these tables see pp. 53, 54.] 
·-·- -··---~"-

Day. 1h 211 3h 4b 5h 6h 7h Sb 9h roh 1111 Noon. 

I IIS t•S II6 117 117 117 118 120 II9 118 I 17 117 
2 113 116 126* Il4 126* 115 109 109 104* 103* 97* 96* 

3 109 110 III 112 113 112 HJ I I.f I 13 112 110 112 

4 113 114 113 II5 IIS 114 114 I 12 I IO I04 I04 103 

5 II3 115 115 115 116 114 JJ6 116 114 115 ll4 115 

6 115 115 115 116 119 120 120 ll9 116 108 I05 rn6 

7 I 14 115 115 116 118 us u8 I17 115 109 106 1o6 
8 114 HS 118 117 117 11S 119 119 ll7 110 104 rn7 

9 109 II I I II I 14 117 118 JI6 ll9 117 us 110 1o6 
10 112 117 tI6 114 112 114 114 n6 116 IIO I07 107 

IJ' 112 114 114 ll5 116 117 118 117 117 110 108 108 
12 115 115 115 118 117 116 118 Il9 116 II5 110 10<} 
13 r 14 Il6 116 II7 116 II8 I17 118 JI8 114 I II II I 

14 115. u6 II6 II6 117 117 Jl9 1.20 120 117 n4 II I 

15 t15 117 117 117 117 117 us 11S 118 113 log 112 

16 113 110 H4 Il4 II6 117 119 121 119 u6 112 110 

17 114 115 114 us 116 118 122 123 121 II6 112 109 
18 112 113 114 115 tI6 II8 JIS II9 119 114 112 109 
19 114 II7 113 113 117 115 116 Tl7 I 13 110 106 108 
20 114 113 114 113 115 116 JI6 115 115 112 107 1o6 

21 114 114 JI6 116 JI6 117 118 119 117 112 103 105 
22 110 IIO 115 1I6 u6 117 119 113 103* 99* IOI 85* 
23 103* 102* I06 107 106* 1o6* 108 1 II 110 1o6 103 lOJ 
24 109 109 109 111 (10 110 III ro8 105* 100* 96* 95* 
25 I08 109 109 J IO f ll "3 112 115 116 113 111 113 

26 113 I 14 113 112 ll3 ll3 114 113 Ill IIO 107 108 
27 116 It6 lt6 llS 1t5 117 117 118 120 II7 115 I II 
28 113 113 113 114 fl4 115 I14 u6 114 I JI rn7 109 
29 JJJ 112 112 113 115 115 114 116 116 113 11 f 112 
30 98* 98* 104* 110 108 114 109 110 106* 102* IOI 99* 

31 110 110 JII I II Ill II I 113 115 116 116 115 115 

Monthlyl 112·0 112·S 11]"8 u4·1 115·1 115·4 115·8 116·2 114·5 111·0 107·9 107·2 mean 
Normal 112·8 I 13·7 I 13·7 114·1 u5·0 115·7 115·8 II6·2 116·0 112·4 108·7 109·2 



 

REPORT FOR 1891-PART II. 169 

HORIZONTAL INTENSITY-Continued. 

magnetometer of the Los A tigeks Magnetic Observatory. 

readings referred f.Q stalJda.rd temperature of magnet. Increasing numbers indicate increasing force.] 

JANUARY, 1885. 

13n r4h 15h 16h 17h 18h 19h zoh 21" 22" 2.Jh 
Mid- Daily ! 
night. mean. 

'I) 

117 119 120 120 118 118 118 118 I IJ 108 Io6 107 116·2d 
102 105 104 99* 102* 100* 97* 101* 108 108 108 108 107·0 

113 I 14 113 I II I IO I 12 II I 110 Ill 112 114 113 I I 1·9 
104 107 112 113 113 114 I 14 l 14 I 12 112 115 114 I 11'4 
II$ 114 116 116 116 lI6 u6 Jl6 lIJ 113 II4 115 114·9 

I II 115 115 118 rr7 rrs II6 114 115 II3 114 114 114·6 
109 Ill HJ 113 114 115 117 116 IIS 114 ll4 114 113·8 
109 112 110 107 99* 100* 94* 97* 101* 104 1o6 107 109·2 
JIO l 12 Il3 112 II I 114 112 109 110 108 108 113 112·3 

108 109 110 111 109 110 111 115 112 113 115 HJ I 12· I 

Ill 112 112 112 ll5 113 I 12 Il4 114 114 115 II5 I 13"5 
1o8 110 I 12 112 115 116 113 114 I 14 I 15 114 ll6 I 14·3 
111 114 116 116 116 119 u6 116 II5 116 115 IJ6 115·5 
l II 110 I Ii 115 u6 117 117 117 116 116 116 116 115·7 
IIJ 116 JI7 118 117 115 116 IIS II7 ll7 1!6 112 115·7 

w8 110 rr4 II4 116 116 ll6 ll5 t16 ll3 Il4 ll5 114·5 
114 II9 119 119 us 116 111 101* 110 It 2 113 I 12 I 14·8 
107 1o8 105 109 I II 113 llJ 114 112 113 113 114 113·0 
Ill 110 111 112 113 112 I II 112 112 113 113 IIJ 112·6 
105 l05 109 112 112 116 117 115 113 113 114 114 I 12·5 

108 112 III 112 111 113 ll2 114 115 II4 113 109 IITO 
81* 84* 94* 93* 92* 98* 103* IOS IO] 1.06 102* 107 w3·2 

104 lo6 IG7 109 I08 107 110 110 w8 109 108 I09 1o6·9 
IOI 104 105 108 109 110 112 ICM) 112 I08 109 108 107·0 
113 II I 110 110 109 110 112 I II I II 112 I 12 113 1I1·4 

110 112 114 n3 114 116 117 117 117 us 116 I 16 113·4 
110 110 110 109 109 108 112 112 113 112 112 112 I 13·4 
110 109 109 109 109 Io6 108 llJ 115 115 114 114 I It ·8 
I07 110 IIJ 1o8 107 113 112 108 1o8 107 114 95* J 11·0 
IOI 103 106 107 I08 108 108 109 109 110 IJO 111 106-2 

114 lll 108 1o8 tu 113 113 113 II3 112 112 112 r l 2·2 

1o8·3 109·8 110·9 II 1·1 111·0 111·9 111·8 111·7 112·2 112·0 112·2 111·8 I 12•10 

109·2 110·7 111·5 112·1 112·5 113·2 113·3 113·0 JI2·5 11i·o 112·6 112·4 



 

170 U. S. COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from tlte plwtographfo traeex of the bifilar 

[Local mean time. 200 divisions plus tabular quantity, one division=<>-000109 in parts of H. All 

FEBRUARY, 1885. 

[For the explanation of these tables see pp. 53, 5'.] 

Day. I 1h zh 3b 4h sh 6h .7h 8h 9h ion Jih Noon. 

4 

I 113 113 112 113 IIJ IIJ HJ ll4 114 113 114 II5 
2 110 II I II I II I JI I 112 112 112 Ill 110 I08 110 

3 llO III 111 116 113 112 112 109 107 105 105 1o8 

4 113 113 114 114 115 114 I J4. JIO 1o8 102 w5 w7 
5 116 115 115 116 118 121 Il9 114 102 101• 103 95~ 

6 110 108 108 109 110 II I 109 109 1o6 108 Io6 107 
7 112 lI2 114 HS 115 115 116 117 116 114 111 108 

8 112 112 112 117 113 112 112 115 1o6 IIJ 110 110 

9 111 111 110 112 113 112 IJ 5 114 115 112 110 107 
IO I14 114 123* 113 109 1o6 110 108 107 108 J05 98* 

ll 109 JIO 110 IJO I II 112 II I 110 110 110 I II 111 
12 105 100* 102* J05 IIO 110 110 II I IOJ Ill 114 Io6 
13 110 1o6 107 107 107 109 109 109 108 112 109 109 
14 108 J08 109 1o8 107 108 109 108 107 106 107 108 
15 Ill I II II I JI I II I 111 tlO 108 107 107 107 1o6 

16 II2 I II 112 113 113 113 Ill JIO 107 1o6 104 103 
17 110 UJ 118 JI4 112 114 111 110 Io8 107 I08 109 
18 to6 109 112 113 111 113 109 II I 110 108 104 1o6 
19 112 11.2 112 115 113 113 112 112 112 111 111 109 
20 H5 ll5 115 116 115 JJ6 116 116 114 112 107 1o6 

21 Il5 115 114 114 114 114 112 113 112 115 112 110 
22 104 112 109 110 110 110 100 108 109 114 113 105 
23 (113] [114] [115] (116) (u6] (116] (116] u6 115 114 '112 U2 
24 114 114 115 115 ll5 116 JI7 115 115 116 113 114 
25 (114] [115] [115] [115] [115] (116] [114] 114 113 114 [112] 115 

26 116 116 115 116 116 115 JI6 116 115 115 115 IIS 
27 101* 107 108 110 1.20 H9 109 113 IIJ IJ I 1o8 103 
28 llJ 114 115 114 118 118 120 118 112 112 112 I06 

Monthly~ JI1·0 I 11·4 Il2'J 112·8 113·0 113·2 112·3 112·1 110·1 110·2 109·1 107·8 mean 
Normal 111·4 111·9 112·3 112·8 113·0 113·2 112·7 112·1 110·1 110·6 109·1 1o8·7 



 

REPORT FOR 1891-PART II. 171 

HORIZONTAL INTENSITY-Continued. 

magnetometer of tlie Los Angeles ,~fagnetic Obserua.tory. 
• 

readings referred tu standard temperature of magnet. Increasing uumbtln iudicat.e i11creil8inir force.) 

FEBRUARY, 1885. 

13h 14h 15h 16h 17h 181•· 19h 2oh 21h 22b 23h 
Mid- j Daily . night. mean . 

116 115 II4 114 113 109 106 104 104 102 107 108 111.3d 

114 II7 II8 115 113 112 I Jl 110 108 108 II I 1 ll 111·5 
112 115 116 116 114 114 114 112 I 12 112 112 112 111·7 
llO 112 113 116 114 u6 117 II6 ll7 117 117 117 lIJ'O 
¢* 96* 95* 99* 104 96* 97* 101* 102 100* 103 104 105·3 

105 I03 108 IOS 109 112 109 ll3 112 Ii I 112 112 109·0 
1o6 108 107 108 108 [12 112 111 l 11 110 109 ll2 I 11 ·6 
108 107 108 107 110 112 112 I IO 107 107 109 I II 110·5 
1o6 105 107 107 108 111 111 112 116 113 113 114 l l I ·o 
98* IOI 102 105 105 104 1o6 I 10 110 108 108 107 107·5 

IIO III 110 109 109 110 117 90* 87* 88* 98* 99* 106-8 
112 103 100* 99* g6* 104 I07 110 114 112 108 108 Iotr7 
107 104 105 104 104 1o6 107 ro5 Io8 107 108 108 107·3 
l08 109 110 110 109 110 I 10 112 112 llO 110 111 1o8·9 
108 110 113 112 109 110 u3 113 114 113 113 111 110·4 

104 104 1o6 109 110 11 l Ill 110 109 109 109 109 109·0 
108 Ill II2 99* ws 1o6. 108 109 llO 110 114 114 109·9 
110 112 108 1o6 Ill 110 111 110 110 109 113 112 109·8 
107 107 109 112 112 113 ll4 114 114 114 114 115 112·0 
108 111 ll4 116 116 115 Ill 112 117 116 117 112 113·7 

110 109 108 1o8 113 98* 105 1o6 Jo6 102 104 104 IO<J'7 
110 109 109 110 112 113 112 [Ill] (1I2] [112] [112] [113] f 100·0 
112 111 11:2 113 114 u4 114 115 IIS 114 It4 1t4 114·0 
115 114 [114] (112] l12 113 114 115 115 [114] [114] [11.i] t114·4] 
112 112 113 llJ 114 114 116 116 116 ll5 115 116 [114·3) 

114 113 115 n7 118 Il7 114 108 I08 124* ms 110 114·5 
IOI 103 107 112 113 116 111 113 114 114 117 l IO 110·5 
102 105 103 101* 98* 94* 103 101* 105 Io8 105 112 1o8·7 . 

----
1o8·2 1o8·5 109·3 109·2 IO~f8 109·7 110·5 109·6 110·2 110·0 110·4 I 10·7 i 10·47 
109·0 Io8·9 I 10°:2 110·8 110·7 111·4 111·0 I U·I 111·0 110·7 110·9 I 1(•1 I 

I 
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• 
(Local mean time. 

Day. Jb 

I 122* 

2 1o6 

3 JI I 

4 ll2 

5 113 

6 n4 
7 114 
8 112 

9 ll2 
10 115 

II 116 
12 I08 
13 112 
14 109 
15 112 

16 87* 
17 104 
18 109 
19 II I 
20 I08 

21 105 
22 107 
23 112 
24 II2 

25 112 

26 113 
27 114 
28 115 
29 115 
30 114 

31 114 

Monthly~ 
mean 111·0 

Normal 111·4 

U. S. COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES

Hourly readings from the photographic traces of the bijilar 

200 diTiaiona plus tabular quantity, one divillion = o·OOOtOi in parts of H. All 

MARCH, 1885. 

(For the explanation of these tablea aee pp 63, 5'.) 

2h 3b 4h 5~ 6b 7h 8h 9h 1oh lJb Noon. 

Jo6 105 109 II I 111 IIO 108 107 1o6 I06 107 
109 I08 108 108 108 108 110 Il2 112 II2 107 
108 Ill 112 11 I I II III 108 to8 102 107 107 
112 112 112 113 112 112 112 111 lI I I II 1o8 
112 113 114 114 114 114 1.12 112 Ill 107 104 

114 114 114 115 116 115 114 115 114 112 IIO 
114 115 118 116 117 116 us 113 Ill 109 105 
I II 114 113 114 113 112 III IIO 109 I05 102 
113 113 114 115 115 114 113 III 110 109 108 
114 114 115 u6 118 118 116 115 114 111 112 

117 118 118 118 118 117 H5 113 III 1o8 109 
109 112 II I 112 Ill II I 107 1o6 107 105 104 
I II 114 ll4 114 118 119 124* 114 I08 109 104 
J II I II Il2 Ill 113 113 Ill 112 118 116 112 
113 96* 120 113 98* 101* 85* 82* 8o* 70* 66* 

92* 93* 94* 96* 95* 97* 99* 98* 98* 97* 96* 
104 105 1o6 1o6 106 105 102* 100* 103 102 100 
IIO 110 110 ro8 I08 109 109 109 IIO 106 104 
112 I I 1• II I 111 III II2 I09 107 Io6 1o6 . 1o6 
108 J JI 115 111 113 n4 113 IJO Jo6 100 103 

107 IIO 109 109 109 108 107 107 109 107 104 
I08 115 J II IIO III 112 110 109 108 104 104 
113 116 115 114 113 I14 110 110 115 ll4 112 
112 112 113 114 113 113 112 I II 112 109 104 
112 113 113 115 114 114 112 I II Ill 109 105 

114 114 114 115 116 117 II6 Jt6 115 112 110 
115 116 116 115 116 115 112 112 113 113 110 
113 JI6 II6 117 118 IJ8 114 111 111 109 107 
116 115 115 115 116 116 IJ4 114 113 109 107 
115 115 115 116 116 116 IU J JI 110 11.0 110 

113 114 114 113 113 115 114 112 IIJ Ill 112 

110·9 u1·5 112·6 112·5 112·3 112·5 110-5 109·3 1o8·9 1o6·9 ros·r 
111·5 n2·7 n3·2 113·0 113·4 113·4 111·7 111·0 t 10·2 1o8·6 1o6•S 



 

REPORT FOR 1891-PART II. 173 

HORIZONTAL INTENSITY-Continued. 

magnetometer of the Los Angeles Magnetic Obswrvatory. 

readings referred to standard temperatare of magnet. Inore&l!ling numbers indicate increasing force.J 

MARCH, 1885. 

JJb. J4b 15n J6h 17h 18h 19h 2oh zzh 2211 23h 
Mid- Daily 
night. mean. 

---
Jo6 104 105 100* 102* 102* lo6 110 1o6 106 104 104 1ofr8d 
106 109 IIO Ilo 110 I 10 lI I 110 112 108 110 110 109·3 
105 108 ID6 109 112 112 l II 105 107 110 I IO 110 108·8 
107 108 I II 112 110 111 113 I 12 112 I II 112 113 111'2 

104 to6 ll ( Ill 112 IIJ II I 109 IIO 112 113 114 I I I' I 

• 
114 116 116 115 I14 115 II6 114 111 n3 ll4 114 J14·1 

103 1o6 108 110 112 114 115 114 ll4 I II 112 I II 112·2 

104 109 112 113 113 114 113 I 13 ll4 112 112 112 111·1 

109 J II 112 113 ll3 115 tI5 116 II() u5 ll5 Il4 llJ'O 

JIJ 115 l17 117 115 116 ll6 I16 u6 116 u6 116 115·3 

112 116 117 I 17 117 117 117 116 II6 ITS 110 108 114·8 
104 107 107 109 109 I ti 112 ll3 114 114 114 114 109·6 

96* 102 llO 110 109 II I 107 to6 1o6 107 III 108 J 10·2 
110 110 110 109 108 108 IIO IIO 107 104 93* 122* I 10·4 

71* 68* 76* 77* 74* 74* 65* 76* 68* 85* 84* 86* 85·0 

96* 94* 94* 95* 95* 97* 99* 98* 99* 102 100* 1o6 96-5 
100 102 103 104 104 104 to6 1o6 1-06 107 1o6 106 104·2 
105 108 109 110 I 10 109 lJO 110 109 109 ltO 110 108·8 
Io6 110 JJ4 JI6 llJ I JO lI I 112 t ll IIO 110 1o8 I 10'2 
100 94* 101* to8 102* 96* 93* 97* 99* 99* 100* 103 104·5 

103 IOI 101* 106 to6 Io6 106 Io6 106 1o6 107 107 1o6·3 
1o6 Ito 114 113 113 113 ll3 112 113 113 112 n3 110·6 
112 112 I II J 13 112 112 112 112 Ill 110 Ill 112 112·4 
io6 103 109 111 112 110 I 12 112 112 ll3 113 ll2 110·9 
103 105 108 I II 113 113 UJ 113 114 114 ll4 u4 JJ1·5 

110 112 113 114 ll2 114 113 114 Il4 114 113 115 u3·S 
107 108 110 112 114 115 us 115 115 115 115 n6 I 13·5 
107 Io6 to8 JIO 112 It 3 lIS I 14 115 114 II5 115 112·9 
109 llO 113 lt2 113 114 1I5 ll5 JJ5 114 114 114 113·5 
112 115 It'.7 n6 114 llJ lll 113 114 114 114 114 113·6 

113. 114 116 117 115 111 112 115 ll I 1o6 111 1o6 Kl2·6 

---
105·1 1o6·4 108·7 109·7 109·4 109·5 109·5 109·8 109·5 109·6 109·5 110·6 109·64 

107-0 1o8·7 111·0 111·7 111·8 112·0 tl2'0 111·9 111·7 110·9 111·8 111·0 
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[Loe.al mean time. 

Day. ih 

r w6 
2 IIJ 
3 114 
4 113 
5 IJ4 

6 JJ4 
7 I IIJ 
8 100* 

9 108 
10 IIJ 

II 

I 
ll4 

12 108 

13 98* 
14 113 
15 105 

16 112 

17 110 
18 117 
19 ll8 
20 114 

21 JJ4 
zz 113 
23 1t4 
24 112 

25 J14 

26 114 
27 97* 
28 110 

29 110 

30 113 

I 

Mi:::.1::yll 110·9 

N<>nnal I I 12·3 

U. 8. COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES

Hou,rly readings from the photographic traces of fh,l~ bifllar 

:!00 did11ions plus tabular quantity, one division=O·OOOI09 in parts of H. .All 

APRIL, 1885. 

{For the explanation of these table;. sec pp. 53, 54.J 

-

2" 3" 4h 5h 6h 7h 8h 9h 1oh 11" Noon. 

II I Ill 116 Il3 114 115 113 II2 113 ll5 llQ 

113 114 112 112 114 113 IIZ 113 IIJ I 10 109 
ll2 II7 113 05 l JO 113 104 104 100 JOI 105 
114 114 us 114 I II 110 109 107 104 104 1o6 
114 IIJ 114 114 114 HJ 110 I 09 107 107 109 

• 
I 16 116 Jl7 JJ7 117 IIS 114 109 104 IOJ 104 
112 Jl2 Jl2 113 113 II I 109 109 Jo8 107 105 
107 1o6 Jo6 110 JI I 109 I I 1 109 102 105 105 
108 I JI 110 109 110 107 Jo6 105 105 I09 110 

113 114 112 115 II5 114 112 III 112 1!2 IJO 

114 115 IIS 118 116 116 11 I 109 Jo6 107 107 
I I I 111 114 IJ6 117 IIS I( I 109 108 110 109 
101* 105 104 tog 109 109 110 J14 114 118 117 
114 114 1!4 IIJ II4 113 II I 109 110 Ito 110 
108 I II JIO I JI I II 108 107 97* 108 104 107 

110 ll5 II4 112 112 104 100* 99* 101 104 105 
Ill 112 112 lIJ 113 112 113 II3 113 II I I IO. 
HJ 115 114 117 115 115 114 114 llO 110 110 
117 Il7 II6 116 118 118 119 Jog 104 1o6 IO<) 
Jl3 114 u7 us ll9 116 112 1o8 107 1o8 110 

116 IIS llZ 114 115 114 114 112 110 110 ll4 
114 113 115 116 117 117 116 114 112 113 115 
114 114 114 114 114 114 112 ll5 117 119* 121* 
112 lIJ 114 114 IIS 112 110 1o6 I II 112 111 
113 112 Il2 113 113 I II Jo8 108 Jog 109 110 

116 1I4 114 115 114 I 14 113 111 I II 111 108 
102* 105 )(0 110 110 II I 108 109 108 108 110 
I04 1o8 101* 114 108 1o6 101* 99* 103 Ill tog 
110 112 IJO 110 199 107 lt>J IOI 105 1o8 109 
113 114 114 112 112 tog Jo6 1o6 108 109 IJO 

111·5 112·6 112·4 Jl3·6 113"3 112·0 110·0 1o8·3 1o8·1 109·0 109'7 
112·2 112·6 112·8 113·6 I 13·3 112·0 110·6 109·4 108·1 108·7 109"3 



 

REPOR'f FOR 1891-PART ll. 175 

HORIZONTAL INTENSITY-Continued. 

ma11n.etonieter of the Los Angel.es ~fa1tnetic Ob.~ervatory. 

reading,., referred to standard tern1•eral ure of nrn.gnet. Ionea.sing numb1m; iudil·-ate lncreasing force.] 

APRIL, 1885. 

--·--·--· ---~---~-

13h 14h 15h t6h Ii' 18b 19h 2oh 21h zzh 23h 
Mid- Daily 

night. mean. 
--~------ ----- ---~ 

Il3 115 113 112 Ill 112 112 111 II l no 113 115 1l2·6d 

109 111 110 111 tlO 109 107 108 109 II I II 2 115 II 1'2 

108 108 107 108 109 It I IIO 11 I 109 Il2 Il I 113 109·4 
107 107 110 112 112 111 113 1I3 112 113 113 llJ uo·7 
110 ll2 IIJ . us us 115 II4 114 us 115 114 I14 112·7 

• I I I ·8 1o6 111 112 113 114 113· 113 116 109 110 110 109 
108 107 IOI) 114 114 ll2 110 q5* I<X>* 97* 96* 94* 107·5 

103 103 104 101* 108 108 IOI) 108 109 J08 106 I 11 106'6 
110 110 llo 114 115 113 114 113 112 113 112 113 I IO'J 

109 It2 ll4 114 110 113 I 12 112 I 11 II I 113 114 112·4 

JI [ 113 118 116 us 114 113 113 114 I 14 ll2 109 I 12·9 
I 12 111 I 10 m6 103* 1o6 108 108 104 99* 95* 96* 108·2 
Jl6 JI6 116 I 16 JI6 112 llO 111 114 115 114 114 t I t·6 
112 I II 109 110 108 107 1o6 IO:>* 96* 97* 102* ~05 1o8·7 
107 104 I II 107 110 112 112 112 112 113 114 112 rn8·9 

108 107 109 110 110 112 112 Il2 109 102* 105 I JO 108·1 
110 I II 113 114 Il4 113 112 112 113 114 114 112 n2·3 
Il2 rn6 107 113 113 113 112 112 120 118 116 118 113·5 
111 108 110 112 Il2 110 108 109 107 109 112 114 l 12·0 
114 Ill 108 111 113 110 1o8 110 llO HJ 112 113 I 12·0 

I 14 113 114 114 IIJ 112 112 113 113 112 ll3 113 113·2 
JI6 114 114 113 lIJ 113 ll3 II I JlO 11 I 112 113 113·7 
124* 126* 124* 122* 119 117 117 Il7 06 It4 112 108 I 16·6 
113 112 II I 112 113 112 109 110 110 112 112 ll3 I 11·7 
I II ll4 113 114 114 IIJ 112 114 113 114 113 114 I 12" I 

Hl 113 lJ2 IJ I 110 102* 101* 98* 81* 92* 94* 92* 107·2 
112 110 109 107 120 It6 110 102 116 105 110 IOI) 108·9 
110 1o8 107 108 105 105 1o6 1o6 107 108 108 10<] 10fr7 
112 114 114 113 112 no ti I II I 110 112 111 112 109·8 
110 112 115 115 I IJ I 11 109 107 110 112 113 113 111·1 

·--------

111·0 III·O 111·5 ltt·9 I 12'1 111'2 110·5 109·6 109·4 1o~rs 109·8 110·3 ll<:r8I 

I 10·5 1to·5 II l'I 112·0 112·4 I 11 ·6 110·8 II l"O 111·3 I 12·0 I I l ·8 112·1 I 



 

176 U. S. COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from the photographic traces of the bifiwr 

[Local mean time. 200 di visions pl ul!I tabular quantit.y, one division= 0·-000109 in parts of H. All 

MAY, 1885. 

{For the explanation of these tables see pp. 5.J. M.J 

Day. Jb 2b 3" 41! 5h 6" 71:t 8h 9b 10" 11h Noon. 

l 114 114 Il5 115 115 113 llZ 109 108 110 II I 112 
2 I II I 13 114 113 113 113 110 I IO 112 115 114 113 
3 115 116 114 JJ5 115 114 114 113 114 112 110 109 

4 115 118 u8 116 117 117 114 109 I II 113 114 118 
5 114 114 114 IIJ II5 I 14 113 109 II I I 12 113 114 

6 114 114 JJ4 II3 112 112 I 13 112 113 II I 114 115 
7 II I I I 2 1I6 112 112 114 110 113 114 115 115 115 
8 II I I II llO 110 112 l 11 

' 109 109 112 114 115 116 
9 117 ll8 116 118 117 JI6 114 115 117 119 119 120 .. 

IO 123* 121 120 126* 131* 113 I II 115 IIJ 110 107 109 

11 100* 104 104 109 108 113 I II 108 103 102 106 104 
12 115 106 I II 1 IO 112 110 107 107 107 108 110 I JI 

13 116 116 116 115 114 113 113 109 H>O* 90* 85* 89* 
14 102* 103* 102* 103 103 102* 101* 100* 100* 98* 99* 100* 
15 105 108 I08 rn8 ro9 108 108 1o6 106 105 102* 98* 

16 I II I II 114 107 I08 108 1o8 107 Jo6 109 I 12 112 
17 I 12 113 I 13 113 I 13 114 1~3 H5 116 113 109 IIO 
18 II I . 113 114 I 14 116 114 JI I 112 II5 115 ll5 114 
19 112 112 112 113 I 14 114 II6 116 115 112 II3 110 
20 ll2 114 JIS 114 II5 II6 117 117 122* 123* 124* 122* 

21 110 JIO 111 I 12 113 114 112 114 113 115 112 I II 
22 I lJ 114 114 114 115 115 115 113 IIO 114 114 113 
23 120 120 118 IJ8 118 I 19 l17 116 115 113 ll2 112 
24 II8 117 I 12 I 12 114 1I5 I 18 119 122* 122* 118 116 
25 115 117 116 116 116 119 126* 130* 130* 131* 124* 120 

26 90* 97* 102* 98* 96* 97* 93* 94* 97* 100* 102* 1o6 
27 98* 100 105 105 105 104 99* 99* 103 103 100* 100* 
28 89* I II 106 Joo* 103 101* 101* 99* 93* 90* 96* 97* 
29 106 104 102* 103 104 108 1o6 105 107 109 Ill 112 
30 I06 107 107 110 Io6 1o6 104 1o8 107 109 108 104 

31 I08 II I 109 168 108 108 109 1o6 102 1o6 110 Ill 

-----
Monthly} 

n1ean I 10"1 I I 1·6 I 11·7 111·4 111·9 111·5 110·5 110·1 110·1 110·3 110·1 110·1 

Normal 112·5 u2·8 112·7 111·7 II 1·8 112·7 111 ·7 111·2 110·4 111·0 112·3 112·3 
·- - . 



 

REPORT FOR · 1891-PART II. 177 

HORIZONTAL INTENSITY-Continued. 

magnewmeter of the Los Angele8 Magnetfo Observatory. 

readings referred to standard temperature of magnet .. Increasing numbcroi indicate increasing force.] 

MAY, 1885. 

-~-~~-----

13b 14h 15h 16h 17h 18h 19h 2011 21h 22h ?~h Mid- Daily 
-.) night. mean. 

-~·--

Il4 116 116 II5 115 II6 II6 u6 116 114 II I II3 113·6d 
114 IlO 107 109 112 112 113 llJ 114 II5 II6 u6 I 12·6 
110 112 114 114 114 116 II8 II6 117 II6 112 II4 n3·9 
119 II6 115 114 113 II I lt 1 III II5 109 11 I 114 I 14· 1 
II4 113 IIO 105 105 107 105 107 110 II2 113 114 I I I ·3 

u8 117 114 112 109 II I Il2 112 113 114 1I4 I II 113·1 
116 114 114 I It 109 I I I 110 109 Ito 115 112 112 I

0

t 2·6 
II6 114 ll2 II I 112 114 I 1$ 115 II5 114 116 115 112·9 
118 114 114 l14 116 112 112 112 109 II4 124* 122* 116· 1 

109 113 113 us 115 114 II9* 117 118 III 1o6 104 n4·7 

102* 101* 99* 98* 93* 92* 91* 88* 87* 1o6 96* 96* 100·9 
III 11 I III 106 97* 105 110 109 108 110 I II. 109 108·8 
89* 90* 84* 76* 75* 82* 90* 9J* 94* 95* 99* 100* 97·6 

101* 104 103 102 102 102 102 103 102 104 105 1o6 102·0 
98* 101* 101* 104 98* 104 106 106 106 107 108 107 104·9 

IIJ ll4 114 110 100 Io6 110 106 109 108 no IIO 109'3 
110 Ill 113 Il2 llO 109 Jog 110 107 I I 3 111 II2 111·7 
109 107 109 no 109 IIO Ill no IIO 110 113 I II lI t·8 
108 105 107 IIZ IIJ 112 112 III II2 IlJ 11 I 112 112·0 
120 IIS 114 112 107 IIO 108 109 110 I II ll2 l 11 I 14·6 

ll I 112 110 Ill 112 113 112 IIO lIO 112 112 IIJ l l t '9 
I12 ll2 113 112 114 Il2 III 113 ll3 114 115 116 113"4 
108 107 107 107 IIO 112 113 116 us It6 116 116 114·2 
Il2 109 108 109 JIO 112 112 lt2 III 111 II I ll3 I 13·9 
114 107 112 104 101 102 102 98* go* 77* 65* 101* io~n 

Joz* 105 104 IOJ 104 97* 87* 93* 88* 84* 86* 96* 96-7 
98* 100* 98* 92* 92* 89* 84* So* 97* 98* 8o* 94* 96-8 
98* 99* 100* 100 102 102 IOI 102 J04 103 102 102 100·0 

110 103 101* 102 97* J03 103 104 103 Joo* 104 106 104·7 
110 IJ6 IIO l ll 104 103 102 100* 102 105 lo8 ro8 1o6·7 

ll2 Ill 107 103 105 J04 1o6 108 1o6 1o6 107 107 107·4 

-r-··--
109·5 109·0 1o8·2 107·0 105·7 1o6·6 ro6·9 106·7 107·1 107·6 107•0 '09·' I '°".,6 
112·8 11['0 110·8 1o8·9 1o8·9 109·1 109·3 110·3 110·2 110·9 110·7 110·9 

Ji. Ex. 43, ;pt. 2-12 



 

178 U. S. COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES

Hourly readings from t1te photographic traces of the bifilar 

[Local mean time. 200 divisions plus tabular quantity, one division= 0·000109 in parta of H. .All 

JUNE, 1885. ' 

{For the explanation of these tables see pp. 53, M.] 

Day. I 
Jh 2h 3h 4h 5h 611 71> 8b 9h 1011 11b Noon. 

~-

I I08 1o8 108 107 I08 110 109 108 109 113 112 115 
2 109 109 IIO 108 109 I II IIO 107 107 I II 120 117 
3 110 112 113 IIJ 113 II2 108 107 108 III 113 112 

4 103 106 ro8 105 107 110 104 104 108 109 110 113 
5 107 107 108 109 110 III 108 109 107 108 110 112 

h I09 109 110 110 IIO 112 Ill I09 108 IIO 109 108 

7 109 IIO 112 I 12 112 Il3 112 I II Ill IIJ JI6 118 
8 II2 113 112 112 J 13 IIJ 110 IIO 114 ll6 117 119 
9 ll5 116 II5 114 117 JI7 115 114 IJ4 115 u8 118 

IO 120* 121* 115 116 117 u6 113 114 II4 115 II2 113 

II II4 115 I14 116 lIJ 113 112 Io6 109 III 115 115 
I2 112 . 112 IIO 110 112 Il3 HI 110 III Il4 II3 113 
13 IIJ Tl2 IIO 112 112 112 II I 109 106 I14 II5 115 
r4 110 IIO II I 112 112 IlJ I II 109 no 109 IIJ II6 
15 II I III III II2 114 Il5 lIZ 108 102 IOI 1o6 108 

16 109 109 109 110 ll2 110 I II 110 109 l Ir 112 112 
17 1o6 107 107 I08 108 109 109 107 106 106 III 114 
18 I 12 113 II4 II5 II6 IJ5 113 JIO 107 107 1o6 105 
19 107 107 108 107 110 IIO 108 106 JIO 113 II5 115 
20 105 105 102 105 102 122* 117 114 110 103 103 J07 

21 110 110 IIO 108 III 113 I II 109 roS 108 109 113 
22 102 104 104 100 107 107 108 107 1o6 103 102* 105 
23 I09 102 102 102 103 104 105 104 103 100* 100* 1oz* 
24 Io6 106 1o6 Io6 108 109 110 109 109 110 110 107 
25 96* 107 109 1o6 98* 98* 94* 89* 88* 84* 88* 92* 

26 96* 98* 99* 99* 98* 97* 97* 95* 97* 93* 93* 96* 
27 !02 104 J05 105 104 104 104 ro6 III 111 108 IOS 
28 107 107 1o8 I08 I08 108 108 105 I05 107 JIO IIO 
29 I IJ II I IIO IIO 110 110 109 108 109 I II 112 IIJ 
30 It2 II2 112 112 112 II2 IIO 107 107 IIO Ill III 

Monthly} 
mean 1o8·4 109·1 109·1 109·2 109·5 110·6 109·0 107·4 107·4 1o8·2 109·6 110·6 

Normal 108·9 109·1 109·4 109·5 110·4 111·2 uo·o 108·5 1o8·5 IIO'O 111·8 t12·z. 

~· 



 

REPORT FOR 1891-PART II. 179 

HORIZONTAL INTENSITY-Continued. 

magnetometer of the Lo.'5 An-gele.~ Magnetic Observatory. 

readings referred to atandard temperature of magnet. Increasing numbers indicate increasing force.) 

JUNE, 1885. 

13h 14h 15h J6h 17h 18h 19h 2oh 21h 22h 23h 
Mid- Daily 
night. mean. 

~~ 

I 
115 Il3 lll 109 I05 102 100 97* 103 106 107 108 108·od 

18 114 JIO 105 106 107 108 ro9 108 w9 110 lIO I l'J' I 

IIJ IIS u6 Il3 103 96* IOI 107 105 103 107 lIO 109·2 

113 109 104 103 IOI 103 103 104 103 105 107 1o6 106-2 

113 112 110 105 107 104 106 I07 108 109 109 109 108·5 

108 108 107 107 106 107 109 109 110 110 109 I IO 109·0 
16 u3 109 107 ro6 106 Io9 I IO 110 1 IO III 112 111·2 

117 II4 Il3 IIO IIO 107 106 109 108 I JO II2 114 I 12" l 
116 II9 II6 113 u6* 117* 114 II5 117* 116 117 I 18* 115·9 
ll5 107 III 110 107 106 w8 109 JIO 110 IIJ I lJ I 12"7 

I 

ll6 114 IIO J06 107 108 107 104 104 113 Jo6 107 uo·6 
115 118 115 II I 109 106 107 109 109 IIO I l I 113 111·4 
118 II6 III Io6 106 106 105 108 108 109 III 110 110·6 
117 II6 II6 112 II2 110 110 109 I04 lo6 III 109 111·2 
113 115 Ill Io6 IOI 104 104 105 107 107 1o6 Io6 108·2 

rn8 107 106 104 103 105 106 107 108 105 105 1o6 1o8·1 
112 IIO 107 109 108 109 108 108 IlO 110 II I Ill 1o8·8 
l,04 100* 102 104 102 105 1c6 103 102 109 108 105 1or6 
II3 II2 108 lo6 108 110 110 I II 112 112 III 102 109·6 
110 107 Io6 106 103 102 102 104 105 110 108 110 107·0 

115 115 n3 Jog 110 105 1o6 107 104 104 102 104 1o8·9 
105 99* 99* 95* 92* 96* IOI 104 104 105 1o8 1o8 103·2 
105 1o8 110 108 107 104 105 105 107 1o6 107 107 104·8 
107 107 126* n8* 99 99 97 97* 9J* 93* 97* 105 105·6 
83* 87* 91* 88* 82* 81* 81* 81* 89* 87* tot 92* 91·3 

96* 96* 93* 93* 94* 95* 98 100 102 102 IOI 102 97·1 
105 106 105 rn5 1o6 106 rn6 IIO 106 105 107 107 1ofro 
JIO 111 112 111 109 109 110 lit llO I II 11 l 11 I H>9·0 
110 lo8 1o6 IO!) 110 109 106 109 110 IIO Ill II2 io9·8 
IIJ 116 114 112 112 112 113 114 113 Il4 113 ll3 112·0 

uo·6 'ft><)•7 1o8·9 1o6·7 104·9 104·5 105·1 1o6·1 106·3 rn7·2 rn8·3 108·3 toB·12 

112·1 111·9 110·0 107·9 106'3 106·0 I05·9 1c7·7 107·0 1o8·4 108·7 1o8·6 
I 



 

180 U S. COAST AND GEODETIC SURVEY. 

DIFFEREN'FIAL MEASURES-

Hourly readings from the photograph.io traces of the hifilar 

[Local mean time. 200 di'l""iaion;; plus t.abular quantity, one division=0·000109 in pa.rts of R. All 

JULY, 1885. 

[Forthi.' eXJ>lanation of thn"e tablm-1, see pp. 53, 54.] 

---------

Day. I 1h 2h 3" 4h 5" 6h 7h 8h 9h 10° 11h Noon. 

----

I II6 IJ6 115 IIS 114 II9 II4 99 103 [102] [Ior] 99* 
2 109 108 108 I08 108 109 I07 104 100 105 I 10 108 

3 109 109 I IO I II 112 112 II I JOQ 105 Io6 IIO 114 
4 ll9 IJ8 119* 119 116 115 II6 I II I08 109 109 109 

5 Jl9 117 117 119 117 II8 II4 112 114 III II2 116 

I 6 IIO 108 109 109 I I 2 112 IIO 105 104 106 109 III 

7 108 I IO I08 I08 JIO Il4 109 108 1o6 104 108 Iog 
I 8 107 107 109 109 I II I IO 110 [109] 110 Io7 110 110 

9 115 It4 114 114 115 117 115 I IJ I II 107 108 III 
IO llO I IO II I III I JI I II Io6 I03 104 106 1o6 I07 

II I 1$ 115 121* 114 l 14 114 109 103 1o6 I I2 II I 109 
12 III IIO II2 Ill I 12 I II 109 102 l02 110 114 115 
13 log IIO I IO I IO 109 II I 110 I IO III 112 112 112 
14 112 I IO I 10 109 I IO I II 109 IO<) 1o6 I04 102 107 
15 109 IIO III 113 115 115 116 I II 105 to6 1o6 108 

16 112 Ill 110 IIO 109 109 Io8 107 I09 116* I24* r20* 
I7 110 II I II2 113 112 112 1 II I II 110 109 110 121 » 
18 I09 112 108 118 II I 108 107 105 102 97* 95* 98~ 
19 109 Il2 107 109 108 109 107 104 102 99 102 1o6 
20 109 10<) 108 108 108 II I 109 I04 102 102 103 104 

21 J08 108 109 I IO 110 110 107 102 103 1o8 109 ro8 
22 110 ) Il 109 1o8 1o8 109 1o8 104 102 108 110 112 
23 109 110 109 109 108 108 106 104 104 104 IOO 107 
24 108 108 1o8 109 110 112 112 Iog II 1 116* 117 112 
25 114 103 J05 Io6 1o6 109 103 100 105 Ill 110 108 

26 107 107 108 107 107 105 102 98 99 102 104 lo6 
27 108 108 109 109 110 112 Ill 100 102 107 109 110 
28 110 1o6 107 Io6 112 109 108 108 104 Io6 112 Il2 
29 109 108 109 109 110 I IO 109 107 J03 102 1o8 116 

I 30 1o6 io6 1o6 I07 108 107 1o6 103 104. Io6 110 112 

31 108 I08 109 109 IIO III I09 IOI lo6 112 113 II7 . 
Monthly~ 

110·4 110·0 110·2 110·5 110·7 JI1·3 109·3 105·8 105·3 Io6·8 1o8·7 110·1 mean \ 
Normal. II0-4 110·0 109·6 110·5 110·7 111·3 109·3 105·8 105·3 1o6·5 1o8·7 110· 2 

.... -~ - . --· ·- ,, ~. ··-· .. .. 



 

RRPORT FOR 1891-PART II. 181 

HORIZONTAL INTENSITY-Continued. 

mag·netometer of the Lo~ Angeles JJfagnetfo Observatory. 

readings referred to standard tcmpera.turti of magnet. Increasing numbers iDdicat~· increa.aiug force.) 

JULY, 1885. 

13h 14h 15h 16b 17h 18h 19" 2oh 21n 22h 23h 
Mid- Daily 
night. mean. 

104 104 104 103 102 IOI 102 103 103 104 104 Io6 106·4d 

106 xo8 107 107 1o8 108 108 108 109 108 108 108 107·4 

II5 I14 II5 Il4 II6* us* 110 III 112 ll2 116 116 I I 1·8 

110 112 112 110 1o8 II l 114 115 Il3 117* 114 117 113"4 
112 I08 102 103 100 104 102 97* 95* 103 I07 106 109'4 

108 103 101 100 97 IOI 104 104 107 108 107 108 106·4 

110 II I 109 106 105 106 106 104 106 104 103 112 107"7 
112 113 110 1o6 109 108 110 111 II l 112 u3 114 109·9 

112 II3 II3 Ill 108 110 114 114 ll2 113 109 lIO 112·2 

111 112 Ill 109 109 107 w7 II I 1"10 112 113 II4 109·3 

109 I09 109 103 105 I05 108 109 109 Ill 109 ll2 I IO·O 

IIS 114 109 106 105 1o6 103 103 IOI 104 roS to8 108"4 
I ti 109 109 106 104 107 I lo log 109 109 109 110 109·5 
110 I14 114 Ill 108 107 108 I08 107 108 109 log 108·8 
106 107 107 Io6 108 1o6 108 108·8 

; 
107 107 105 110 110 

117 117 115 109 105 108 109 110 110 I II 109 109 l I 1·4 
130* 135* 113 113 II7* JOO 109 I II 109 w& 107 107 I 12·5 
104 107 109 104 103 1o6 102 rn6 1o8 108 109 110 1o6·1 
114 113 I II 109 105. 105 105 104 105 106 108 1o8 107·0 
103 105 105 103 Jo6 107 1o6 108 to6 I06 106 109 106-1 

105 106 105 IOI 102 105 107 108 107 108 109 109 1o6·8 
107 106 102 101 102 104 107 107 1o6 107 108 109 106-9 
1o6 107 I07 108 IIO 109 108 108 108 109 110 109 107·6 
110 105 1o6 1o6 105 99 100 98 99 1o6 108 II I 107·7 
Io6 102 95* 99 95* 96 103 103 102 106 106 107 104·2 

1o6 105 IOI 96* 97 99 10:.Z: IOI 104 102 103 107 103·1 
II I 107 104 109 l IO 105 103 102 105 I06 I06 Il2 107·5 
110 108 104 IOI 99 101 105 107 107 106 106 108 lo6·8 
II6 118 1o6 103 96 95* 95* 94* IOI 103 105 104 105·7 
114 II5 112 1o6 104 103 105 106 105 Io6 107 107 IOTI 

124* 123* 119* 113 112 Io8 108 105 98 100 107 108 Io~·y 

----~ 

110·8 no·6 107·9 105·9 105·1 104·8 1o6·1 1o6·2 lofro 107'4 108·2 109·5 108·25 

109·7 109·4 to8·o 1o6·2 104·6 t04·8 1o6·5 1o6·9 1o6·4 107·1 1o8·2 109·5 



 

182 U S. COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly read,ings from the photographic traces of the b~filar 

[Local mean t1m;,. 200 divisiom; plus tabular quantity, one division= 0·000109 in part8 of H. All 

AUGUST, 1885. 

{For the explanation of these tables see pp. 53, 54. J 

Day. I Jh 2n Jh 4ll 511 6h 7b 8h 91.t IO" llh Noon. 

-~--- --,,----~----~--~~-~-· 

I II5* 117* 110 I II 109 108 110 107 103 102 104 107 
2 97 1o6 105 107 106 105 104 98 98 IOI 107 107 
3 102 104 105 w7 106 107 105 103 104 107 109 I II 

4 105 105 I05 106 106 103 JOO 97 100 108 III* 109 
5 108 105 105 105 106 106 107 IOJ 104 100 98 102 

6 108 107 108 107 108 107 107 104 102 102 102 IO} 
7 99 114* 104 102 104 103 100 102 III* 114* 108 106 
8 106 103 103 I02 105 103 102 98 97 98 98 98 
9 105 107 106 106 106 105 102 98 JOI 105 108 108 

IO IIO w5 102 lOJ 105 104 104 105 105 104 103 IOI 

I1 106 I07 106 106 107 I IO 107 109* II3* I 14* I 14* I 13* 
12 107 1o6 102 106 107 109 106 102 IOI IOI JOO 98 
13 106 106 106 105 105 106 105 99 IOI 104 106 110 
14 107 I IO 108 109 I08 109 107 102 IOI 100 100 104 
15 102 104 104 105 105 106 106 102 98 99 IOI 105 

16 102 I04 99 I05 106 105 103 100 100 100 98 98 
17 103 104 105 105 104 104 100 96 96 97 99 102 
18 105 105 105 105 105 10.') IOJ 97 95 95 99 104 
19 106 104 106 104 105 106 I04 102 99 99 100 106 
20 103 104 104 105 105 106 102 99 103 108 108 I II 

21 I04 IOI 102 IOI 102 104 100 IOI 102 100 IOI IOI 
22 100 102 IOI 102 102 102 99 95 92 96 99 100 
23 102 103 103 103 102 102 98 96 518 100 100 100 
24 103 IOI 102 102 102 102 98 92 93 94 96 IOI 
25 104 I03 IOI 103 102 102 99 94 99 IOI 103 106 

26 99 99 97 I04 100 102 98 94 90 94 ¢ 97 
27 104 103 105 105 106 105 102 98 95 99 IOI 102 
28 102 100 IOI 102 109 100 102 95 95 90* 89* 88* 
29 93* 94* 93* 97 99 100 98 95 86* 92 92* 89* 
30 100 97 98 99 99 99 94 92 94 99 98 99 

31 IOI 100 100 99 IOO JOO 97 94 91 86* 89* 93* 

Monthly} 1037 104'2 IOJ'J 104·1 104·5 rn4·4 102·2 99·0 98·9 100·3 101·2 Io2·6 mean 
Normal I 103·7 IOJ"8 103·6 104·1 104·5 I04·4 102·2 98·7 98·5 100·2 101·6 Io3·6 



 

REPORT FOR 1891-PART Il. 183 

HORIZONTAL INTENSITY-Continued. 

magnetometer of the Los Angeles .ilfrignetfo Obsen1atory. 

readings referred to standard temperaturt! of magutit. Increasing uumlitor,; indicate increasing force.) 

AUGUST, 1885. 

13b 14b 15b 16h 17u I8h 19b 201:1 21b z2h 23h Mid- Daily 
night. n1ean. 

----
1o6 103 103 93 90* 89* 83* 91* 98 97 105 102 102·6d 
101 102 99 101 IOI IOO 97 98 101 99 109 105 102·3 
106 103 104 103 IOI IOI 98 IOI 100 100 104 102 103·9 
108 104 99 100 101 101 98 102 IOI 105 IOI 105 IOJ"J 
105 1o6 1o6 I06 IOI 102 104 104 106 105 103 107 104·3 

IOI 102 105 114*• 103 104 102 102 105 95 103 105 I 104·4 
104 104 94 86* 85* 95 100 102 101 99 99 95 101·3 
JOI 98 104 100 100 101 IOI 100 98 100 104 106 101·1 
110 III 109 1o6 97 9i 101 102 105 104 104 105 104·5 
IOI IOI 104 104 104 IOJ 104 105 104 106 107 107 104·2 

III 105 104 105 105 104 102 104 104 104 107 107 107'3 
100 J04 105 104 103 102 103 103 104 104 104 105 103·6 
110 1o6 103 102 103 105 107 108 108 108 108 109 105·7 
108 106 1o6 104 105 108 107 1o8 105 IOI 99 99 105·0 
107 III 109 108 105 107 I~ 110 108 I 12* 112* 114* 1o6·2 

100 IOI 111 100 99 99 103 103 103 103 103 104 102·0 
108 110 109 107 104 104 1o6 1o6 105 105 1o6 106 103·8 
100 108 107 104 102 104 105 104 105 103 1o6 105 w3·4 
108 I08 106 105 102 90* 96 IOI 100 99 102 JOI 102·5 
105 I05 99 100 100 93 96 103 99 97 101 106 102·6 

100 102 IOI 98 97 96 97 100 100 IOO 104 99 100·5 
100 99 100 93 95 98 IOI IOI 102 103 102 102 99·4 
99 98 98 99 100 102 103 103 102 102 99 IOI 100·5 

1o6 lo6 I04 IOI 100 IOI 102 IOI lOJ 104 104 104 100"9 
Io6 104 99 98 98 95 95 97 99 99 JOO 100 100·3 

96 99 98 97 95 97 94 98 99 IOI 102 102 97·8 
97 104 95 96 98 94 98 92* 92* 96 94 113* 99·8 
86* go* 94 84* 88* 96 87* 81* 77* So* 95 91* 92·6 
95 92* 93 91* 91 92 88* 90* 93 88* 94 96 93·0 
94* 95 97 97 93 92 95 98 99 98 JOO 99 g6·9 

96 99 97 92 95 97 98 100 99 100 98 IOI 96-7 

-
102·6 102·8 102··0 99·9 98·7 99·0 99-4 100·6 100·8 100·5 102'5 103·31 101·69 
103·5 103·6 102·0 roo·8 99·9 99·7 100·8 102·4 101·9 101•3 102·2 103·0 



 

184 U S. COAST AND GEODETIC ~URVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from the pltotograpltic traces of tlte bi.filar 

[Luca) wean tim~. :.wo uivisio11>< }Jlns talrnlar quantity, one 1livh1ion = 0~000100 in pa.rt.Ii of H. All 

SEPTEMBER. 1885. 

[For the explanation of these tables see pp. 63, 54..) 

Day. 1h 2b 3b 4b 5b 6h 7h 8h 9b lob uh Noon. 

I 99 104 100 102 100 102 99 98 96 97 96 94 
2 99 106 100 99 100 102 100 94 94 97 100 99 
3 95 96 94 97 97 98 96 92 92 96 100 IOI 

4 97 103 100 96 101 105 105 104 98 91 95 89 
s 102 96 96 99 94 95 94 91 94 98 95 96 

6 105 98 97 100 96 98 95 91 
. 

92 95 93 go 
7 103 102 IOI 103 102 102 98 96 98 98 IOI 99 
8 IOI 100 IOI 104 IOS 104 97 97 95 90 92 92 
9 100 IOI 101 100 I.01 102 100 98 98 99 100 100 

10 105 100 102 102 I03 103 98 93 89 87 9C> 93 

11 104 103 102 102 104 106 103 97 91 88 90 92 
12 104 103 104 103 104 103 99 95 91 89 90 92 
13 103 103 102 103 103 IOJ 100 98 96 98 g8 96 -14 102 103 104 104 1a5 104 105 104 100 102 105* 105* 
15 99 g8 105 104 IOI 107 107 100 95 93 87 84* 

16 I 86* 87* 88* 91 96 102 97 95 go 86 g,. 78* 
17 

I 
97 94 95 96 97 99 96 94 94 92 90 88 

18 96 IOJ 100 99 IOI 99 99 97 96 94 90 92 
19 95 97 99 98 99 99 98 96 93 go 94 96 I 
20 96 98 98 99 100 99 96 92 91 go 91 92 

21 100 102 103 103 104 103 100 97 g8 97 96 96 
22 97 97 98 IOI 102 102 98 92 96 99 92 88 
23 90 1o6 IOI 96 98 98 95 100 98 94 89 83* 
24 98 98 99 99 99 97 95 93 93 95 95 96 
25 93 94 100 99 99 99 96 92 88 go 9<> 92 

26 98 98 97 98 100 98 98 g6 94 94 95 95 
27 1o8 98 94 95 96 98 97 94 87 85 87 87 
28 93 93 94 95 96 96 94 91 88 90 92 91 
29 96 97 97 98 97 97 96 94 92 94 94 94 
30 98 97 g8 104 g6 96 96 93 91 90 96 97 

Monthly~! 98·6 99·2 99·0 99·6 99·9 100-5 98·2 95·5 93·6 93·3 93·5 92·9 mean I 
Normal 99·1 99·6 99·4 99·6 99·9 100·5 98·2 95·5 93·6 93·3 93·5 93·7 
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HORIZONTAL INTENSITY-Continued. 

'magnetometer of the Los Angeles .Llf.agnetic Obsen•atory. 

readings r..ferred to st1u1dard temperature of magnet. Increa-;ing numbers imlicat,e increasing force.) 

97 98 98 
98 99 98 

104* 102 102 

93 go go 
96 96 96 

• 
go go 93 

100 103 104 
91 92 93 

101 104 104 
97 IOI 104 

94 100 103 

97 1o6* 105 

97 100 103 
102 104 101 
86 90 88* 

84* 92 94 
90 92 92 
97 99 99 
98 97 98 
93 95 95 

97 99 100 

90 93 93 
86 89 8o* 
96 96 94 
95 96 95 

94 93 94 
86 85* 87* 
87 91 95 
g6 96 94 
g6 95 97 

94·3 96·1 96·3 

94·3 96·1 97·5 

SEPTEMBER, 1885. 

99 99 101 
98 98 100 

101 98 92 
72* 87* 83* 

104 102 99 

98 97 IOI 

105 lOl 105 
91 94 97 

100 97 98 
104 103 103 

104 102 100 

99 100 102 
104 104 104 

98 98 93 
92 85* 84* 

88* 85* 93 
92 94 95 
93 96 98 
94 98 95 
93 97 99 

IOl 103 IOI 

96 93 92 
83* 8o* 87* 
92 91 84* 
96 95 94 

g6 96 98 
86* 88* 88* 
92 93 94 
95 95 94 
97 97 96 

95·4 95·5 95·7 

97·5 97·6 97·8 

102 98 
103 102 
96 93 
85?:· 82* 
98 99 

IOI 102 
102 IOI 

95 94 
99 lOJ 

103 102 

99 JOO 
102 102 
104 104 
98 98 
79* 99 

95 96 
97 99 
99 99 
95 98 
98 98 

100 99 
90 82* 
92 93 
92 86* 
91 93 

97 95 
84* 86* 
94 93 
92 95 
92 88* 

1h 

9 9 
IO 
8 

2 

s* 
5 9 

9 9 

JO 
10 

9 
9 

10 

I 

l 

6 
8 
2 

l 
2 

97 
91 
97 
98 
98 

90 
89 
94 
85* 
93 

94 
89 
94 
92 
92 

95·8 96·0 95·4 

97·3 98·2 §6·6 

22h 23h Mid-1 Daily 
night. mean. 

95 100 98 98·7d 
103 98 100 99·5 
89 94 96 96·1 
96 98 109 94·3 
99 100 105 97·6 

99 99 IOJ 96·8 
101 101 100 101 ·1 

96 99 98 96-4 
100 IOI 104 100·4 

103 103 102 
I 

99·7 

IOI 103 103 99·7 
103 102 102 IO<YO 

IOI IOI 102 IOl · 2 

97 100 98 101 ·1 

95 74* 85* 92·5 

98 96 94 91·2 

92 94 IOI 94·5 
98 94 94 97·0 
97 96 94 96-3 
98 96 98 95·8 

89 93 97 ~-7 
90 97 89 94·0 
94 96 97 92·5 
87 88 90 93·3 
94 91 96 94·2 

92 94 98 95·9 
93 93 92 91·0 
94 95 95 92·9 
95 94 94 94·9 
92 96 95 95·2 

1·----
' 96·0 ¢·2 97·6 i g6·42 

96·0 97·0 97·7 ! 

I 



 

186 U S. CO.A.ST .A.ND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readhigs froni the photographic traces of the bijilar 

[Local mean time. 200 divisions plW! tabular quantity, one division= 0·000109 in parts of H. All 

OCTOBER, 1885. 

(For the explanation of these tables see pp. 53, 54.J 

-------

Day. 1h zh 3h 4h sh 6h 711. 8h 9h 1011 111> Noon. 

I 98 98 100 99 99 97 94 93 91 91 91 90 
2 97 91 94 98 97 97 96 94 94 93 93 93 
3 94 97 98 102 101 102 99 97 95 94 90 88 
4 95 96 97 97 97 96 94 92 93 94 97 97 
5 99 99 100 100 102 100 98 g6 93 95 95 97 

• 
6 98 98 99 99 98 98 96 94 94 96 97 100 
7 98 97 96 100 98 IOI 100 97 94 92 95 94 
8 99 99 98 97 97 98 94 92 90 93 96 98 
9 91 93 94 94 97 96 97 91 95 96 102* 104* 

10 99 100 100 99 99 99 96 92 89 91 94 98 

lJ 97 98 98 97 97 98 99 96 92 93 95 94 
12 93 95 97 100 98 97 97 94 91 86 91 92 
13 IOI 1o6* 98 96 98 IOI IOI 94 90 87 87 91 
14 90 93 98 97 95 100 96 96 91 90 90 90 
15 92 90 94 96 97 96 96 93 91 90 86 88 

16 89 91 94 95 94 99 96 92 89 91 91 91 
17 97 98 97 97 98 99 98 96 94 94 94 94 
18 99 98 100 96 96 98 96 92 90 91 91 go 
19 96 100 98 99 100 99 100 100 98 95 g6 98 
20 98 98 99 98 99 99 97 95 92 93 94 95 

21 98 98 99 98 98 98 96 91 87 86 91 95 
22 92 95 98 99 IOI 99 100 92 89 91 94 94 
23 96 98 93 93 93 93 91 87 87 88 go 92 
24 93 95 96 96 96 94 96 92 92 95 95 95 
25 95 91 gz 94 96 94 96 93 91 90 88 91 

26 93 93 95 96 96 96 94 92 90 91 91 93 
27 95 103 97 97 99 IOI 98 94 89 92 93 93 
28 IOO 98 100 IOI IOO IOI 104 99 96 91 89 91 
29 94 94 94 94 95 95 98 98 92 92 93 94 
30 92 96 99 IOJ 103 99 IOI 99 95 93 92 94 

31 94 94 94 96 99 95 97 92 92 93 94 91 

Monthly I 
mean 95·5 96-5 97"0 97"5 97·8 97·9 97·1 94·0 91·8 91·8 92·7 93·7 

Normal 95·5 96-1 97·o 97·5 97·8 97·9 97·1 94·0 91·8 91·8 92·4 93·4 



 

REPORT FOR 1891-P ART II. 187 

HORIZONTAL INTENSITY-Continued. 

magnetometer of the Los Angeles 1Yagnetfo Observa.tory. 

readings reforrod to staudard wwplll'ature of magnet. Increasing numbers iudicaw increaaing force.] 

OCTOBER, 1885. 

13h 14h 15h 1611 17h 18h 191i 201t 21h 22 11 2311 Mid- l Daily 
night. ! mean. 

----

95 96 96 98 94 96 98 98 100 96 93 92 95·5d 
95 96 96 92 92 93 95 98 94 93 95 95 94·6 
88 91 93 96 96 98 98 97 97 95 96 95 95·7 
97 99 100 102 102 102 IOI IOI 100 100 99 99 97·8 

100 99 97 97 98 97 96 97 97 97 98 97 97·7 

100 101 98 97 97 99 100 100 <)9 97 97 100 98·0 
94 96 96 97 97 97 96 97 98 98 98 99 96·9 

100 IOI 100 IOI 97 94 77* 92 93 92 90 90 94·9 
103 w3 IOI 92 94 97 98 98 98 99 99 98 97·1 
99 100 100 100 99 100 100 97 97 95 97 96 97·3 

94 97 97 89 84* 87 90 93 93 90 91 91 93·8 
91 90 go 96 94 93 94 95 96 96 92 96 93"9 
92 96 95 95 9(, 96 96 94 92 91 95 89 94·9 
93 93 90 93 94 93 94 94 91 88 93 105* ' 93·6 
93 95 92 91 86* 85* 85* 84* 83* 85* 94 97 90·8 

92 93 96 97 97 96 97 100 99 98 97 97 94·6 
94 95 94 98 100 99 JOO 100 99 100 100 97 97·2 
87 88 92 89 93 94 96 96 99 99 98 97 94·4 
94 95 93 94 95 97 98 94 96 yo 98 98 97·0 
96 98 98 99 100 99 99 99 98 99 98 98 97·4 

99 100 too IOI 104 105* 105* 1o6* rn5* 102 100 97 98·3 
94 92 95 93 94 90 92 91 94 94 97 97 94·5 
90 92 89 91 92 93 94 95 96 95 94 93 92·3 
93 94 96 93 95 96 94 93 94 95 94 95 94·5 
95 96 96 96 96 96 93 94 92 93 92 93 93·5 

97 96 98 96 96 96 95 95 95 94 98 96 94·7 
96 93 93 93 98 93 go 86* 88 92 96 99 94·5 
96 95 g8 95 99 100 go 94 89 87 91 92 95·7 
96 94 97 97 97 96 93 95 91 87 87 92 94·0 
91 90 92 92 94 93 85* 84* 85* 88 91 92 93·5 

86 89 93 95 95 93 87 84'* 89 88 go 92 92·2 
I . 
j 

94·5 95'3 95·5 95·3 95·6 95·6 94·4 94·9 94·7 94·2 95·1 95·61 95·18 

94·5 95·3 95·5 95·3 g6·4 95·6 95·3 96·0 94·9 94·5 95·1 95·3 



 

188 U S. COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly read.£.ngs from the photographic traces of tlte bifilar 

[Local mean time. 200 divisions plus tabular quantity, one division = 0·000109 in part1:1 of' H. .All 

NOVEMBER, 1885. 

[For the explanation of thei;ie tables see pp. 53, 54.] 

i 
Day. I 

11.J 2b 3b 4h 51J 6b 7b. 311 9b Iob I JI' Noon. 

I 96 97 98 99 98 100 96 91 95 go 91 90 
2 91 92 94 95 95 95 94 92 88 86 83 84 
3 93 94 96 97 98 99 100 98 95 94 94 96 
4 98 99 98 100 100 100 98 97 94 94 95 97 
5 98 98 99 98 98 98 98 98 98 98 g6 92 

6 96 97 96 98 99 99 98 97 92 go go 96 
7 i 98 100 IOI 102 IOI 98 97 94 92 go 92 91 
8 86 93 93 90 92 93 91 go 88 88 89 91 
9 94 95 95 96 97 98 96 93 89 84 86 87 

IO 89 88 92 97 98 94 92 go 87 8:5 85 So* 

II 94 107* 100 91 95 96 100 91 84* Sow 81* 81* 
12 90 89 go go 90 91 92 91 89 8o* 81* 85 
13 91 93 95 94 93 94 95 94 92 90 87 8~ 
14 94 94 95 97 96 94 93 91 91 go 89 91 
15 95 95 95 95 .. 96 96 98 97 96 93 92 92 

16 97 98 98 98 100· 100 99 97 95 92 go go 
17 97 98 96 97 97 98 99 99 96 93 93 93 
18 98 99 99 108* 1o6 103 104 IOI 100 95 84 78* 
19 89 89 94 94 93 94 95 99 93 94 91 88 
20 9I 92 92 94 94 95 95 96 93 go 92 92 

21 95 96 94 95 96 96 97 97 94 go 91 94 
22 94 98 100 98 98 97 98 94 93 92 94 95 
23 98 95 95 95 96 97 98 97 94 91 go 89 
24 96 99 96 97 98 98 99 99 99 98 96 95 
25 92 94 94 96 98 98 97 g6 94 92 93 92 

26 105* 95 96 98 96 98 100 J02 102 J02* 100 98 
27 95 96 96 97 96 96 96 98 ¢ 96 94 92 
28 96 96 97 100 103 100 102 104 103 JOO 97 95 
29 99 99 99 100 100 IOI 102 105 107* 104* 102* 100 
30 98 98 99 100 100 100 100 JOI 102 100 96 95 

Monthly~ 94·8 95·8 g6·1 96·9 97·2 97·2 97·3 96·3 94·4 92·1 91·1 90·9 mean 
Normal 94·4 95·4 ¢n g6·5 97'2 97·2 97·3 g6·3 94·3 92·1 91·4 92·1 

. 



 

REPORT FOR 1891-P ART II. t8n 

HORIZONTAL INTENSITY-Continued. 

magnetmneter of the Los Angeles 1l!a,gnetic Observatory. 

readings referred to standard temperature of magnet. Increasing numbers indicate increasing force.) 

NOVEMBER, 1885. 

13b 14h 15h 16h 17h 18h 19h 2oh 21~ 22h 23h Mid· Daily 
night. mean. 

----
90 89 91 93 93 94 93 93 93 92 93 91 93·6d 
85 87 93 96 98 98 98 97 95 92 89 92 92·0 
96 96 97 99 100 100 100 JOO 100 99 99 99 97·5 
99 99 100 100 99 100 100 99 99 100 98 g8 98·4 
93 94 95 91 94 98 99 97 97 96 95 96 96-4 

96 97 99 99 98 98 97 97 97 97 97 99 96·6 
87 88 88 86 87 83* 85* 78* 8o* 79* 80* 83* go·o 
91 89 ·92 95 ~i* 

92 92 93 93 94 94 95 91·6 
88 94 94 86 82* 76* 79* 8t* 90 85 85 89·0 
84 84 87 86 96 96 98 96 93 82* 93 92 90·3 

81* 8o* 89 90 85* 89 91 87 87 89 87 91 8<)·4 
87 88 90 92 93 91 91 92 90 9r 93 91 89·5 
go 91 91 92 90 91 92 92 92 93 93 93 91·9 
go go 95 97 98 96 96 96 95 94 95 94 93·8 
92 92 93 94 96 96 96 97 96 96 96 96 95·0 

91 93 93 98 99 g8 98 97 98 97 97 97 96·3 
92 95 97 97 98 98 98 97 98 97 97 97 96-5 
68* 84 83 81* So* 78* 81* 83* 78* 78* 86 87 89·3 
90 87 87 92 89 8g 89 89 92 90 91 92 91·3 
91 91 90 93 94. 93 93 93 93 92 93 93 92·7 

95 94 93 94 93 92 93 95 94 93 95 94 94·2 
95 95 96 96 96 95 95 92 92 93 92 92 95·0 
91 95 96 g6 97 97 97 97 97 97 97 97 95·4 
94 93 93 94 93 94 94 91 88 88 94 91 94·9 
92 92 93 96 96 98 96 94 91 92 92 91 94·1 

94 94 95 96 98 97 96 94 95 96 95 93 97·3 
91 94 96 98 98 96 96 97 97 94 94 94 95·5 
93 93 94 96 98 98 98 98 98 98 99 99 98·1 
98 97 96 g8 100 100 100 100 99 99 99 98 100·1 
95 96 99 100 100 99 99 98 99 97 95 99 g8·5 

90·6 91·7 93·2 94·0 94·5 94·2 94·2 93"6 93·2 92·8 93·4 93·6" ~4"13 

91·7 92·1 93·5 94·5 95·7 95·7 95·7 95·.1 94·7 94·3 93·9 94·0 



 

190 U. S. COAST A~D GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly rea.dings from the photo{lraphw traces of the bijilar 

(Local mean time. 200 divisions plus tabular quantity, one division=0·000109 in parts of H. All 

DECEMBER, 1885. 

[For t11e explanation of thcso tables see pp. 53, 54.] 

Day. 1h 2h 3b 4h 5h 6h 7b 811 9h 1011 11h Noon. 

I 97 100 102 102 104 ro5* 100 97 92 98 96 97 
2 92 94 95 94 96 97 97 97 96 94 92 91 
3 93 94 95 95 98 99 100 101 98 96 94 93 
4 95 95 95 96 96 . 96 98 98 96 95 94 94 
5 96 96 96 97 98 98 99 100 102 JOO 98 100* 

6 98 96 96 96 96 97 99 97 go 104* 90 89 
7 91 92 92 97 98 95 89 99 91 87 87 76* 
8 91 96 95 90 90 90 90 90 87 8o* 86 83 
9 92 90 92 91 91 92 92 91 89 86 84 87 

IO 93 89 92 93 93 92 94 93 90 88 84 83 

II 90 90 90 94 92 93 93 93 91 88 86 86 
12 92 92 92 93 93 93 93 93 92 go 87 86 
13 93 93 94 94 94 95 96 97 95 91 87 87 
14 93 93 96 95 96 98 IOI 98 96 92 87 82 
15 go 92 91 92 94 94 96 99 97 93 88 85 

16 92 91 93 93 94 96 96 98 97 95 92 90 
17 95 95 95 96 97 96 98 99 98 96 91 88 
18 93 go 95 94 93 94 96 98 95 95 93 89 
19 91 93 92 93 94 95 97 97 93 94 92 90 
20 86 90 90 90 94 92 93 94 92 90 86 86 

21 90 92 94 95 94 94 96 95 93 94 93 94 
22 93 93 94 95 95 96 95 96 97 94 go 91 
23 92 92 92 92 92 93 92 94 94 91 88 89 
24 95 95 95 96 96 96 97 g6 g6 93 89 90 
25 98 98 99 100 IOI 100 IOI 100 98 91 89 90 

26 92 93 97 97 98 97 99 99 98 95 91 90 
27 94 94 94 94 94 95 95 96 95 93 92 90 
28 95 97 99 100 95 98 97 99 98 96 94 89 
29 92 92 92 93 93 92 92 92 92 90 89 88 
30 93 94 97 96 97 99 102 IOI 10:2 99 96 101* 

31 96 97 98 98 99 JOI IOI 103 104 IOI 98 97 
. 

Monthly} 93·o 93·5 94·5 94·9 95·3 95·7 96-3 96·8 95·0 93·2 90·4 89·4 mean 

/ 
Normal 93"0 93·5 94·5 94·9 95·3 95·5 96-3 ¢·8 95·0 93·3 90·4 89·1 



 

REPORT FOR 1891-PA..RT II. 191 

HORIZONTAL INTENSITY-Continued. 

magnetometer of the IA>s Angeles Magnetic Ob.'ferva,fory. 

readings referred to standard temperature of magnet. Increasing nt!'tubers indicate increasing force.) 

DECEMBER, 1885. 

13h 14b 1511 r6h 17b 18h 19h 2oh 21h zzh z3h Mid- Daily 
night. mean. 

----
99* 94 86 90 89 88 83* 82* 84 87 89 90 93·8d 
92 91 90 92 95 94 95 94 93 93 94 95 ' 93'9 
92 92 94 95 96 97 97 96 96 95 95 95 95·7 
94 94 94 96 96 98 98 99 98 98 97 96 96·1 

100* 103* 103* IOI 99 102 102 100 97 94 90 90 98·4 

100* 83 85 87 84* 84* 77* 76* So* 86 83 93 90·2 
88 87 89 66* 78* 77* 84* 84* 84 88 86 87 8r2 
88 80* 85 82* 84* 83* 82* 89 86 87 91 93 87·4 
90 89 86 89 90 89 89 87 89 90 91 94 89·6 
86 go 92 92 92 90 89 89 89 90 89 89 90·0 

90 93 93 92 93 93 93 93 92 92 92 92 91·5 
86 88 93 95 96 96 97 97 96 94 92 92 92·4 
89 89 94 95 96 96 97 97 97 96 94 93 93"7 
84 90 94 93 92 91 93 92 93 93 91 91 92·7 
85 87 93 94 94 95 96 96 97 95 94 92 92·9 

89 90 92 94 94 94 95 97 97 96 96 95 94·0 
88 91 93 94 94 93 91 89 91 91 90 92 93·4 
88 88 88 90 92 92 90 88 90 go 91 91 91·8 
89 88 90 91 91 85* 90 91 91 89 88 88 9 1 "3 
88 88 89 93 95 95 93 88 87 95 88 87 90·4 

93 91 91 91 87 84* 87 89 91 92 9x 89 91·7 
90 92 92 93 94 94 93 93 93 93 93 92 93·4 
86 88 92 94 93 91 91 91 92 93 93 94 91·6 
90 92 96 98 97 97 97 95 95 94 96 97 94·9 
92 95 98 99 99 99 98 97 96 93 91 90 96·3 

. 
90 94 96 98 97 96 93 96 97 96 94 93 95·3 
go 94 98 100 100 TOO 99 99 99 95 92 91 95·1 
88 89 90 94 91 91 91 87 91 93 92 92 93·6 
90 95 97 98 96 97 96 96 94 93 94 94 93·2 
96 92 93 95 98 97 97 96 96 96 96 96 96-9 . 
97 97 97 97 98 99 99 97 g8 93 94 95 98·x 

---~ 

90·5 90·8 92·4 92·8 93·2 92·8 92·6 92·3 92"5 92·6 91·8 92·2 93·rn 
89•6 90·7 92·0 94·1 94·4 94--9 94·3 93·5 93·0 92·6 91·8 92·2 



 

192 U. S. COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from the phowgraphic traces of tlie bifila,r 

[Local mean time. 200 divii:1fous plus tabular quantity, one divii:lion=0·00()109 in parts of B.. All 

JANUARY, 1886. 

[For the explana~ion of these tables see pp. 53, 54,.) 

Day. 
I 1h 2b 3h 4h 5h 6h 7h 8b 9h Ioh 11h Noon. 

--·.---

l 94 95 95 97 99 99 99 102 102 100* 96 95* 
2 90 93 92 95 96 IOT* 104* 106* 103* 101* 98* 92 
3 90 90 91 93 94 95 92 97 98 94 87 85 
4 91 88 90 92 93 93 97 94 94 88 87 86 
5 90 89 gl 91 94 92 92 92 91 88 82 82 

6 go 88 89 90 90 92 90 90 90 92 90 89 
7 93 94 94 94 94 94 92 92 93 90 86 85 
8 92 92 92 92 91 92 93 93 93 90 88 97* 
9 86 78~ 56* 75* 70* 76* 78* 79* 93 78* 37* 41* 

IO 75* 77* 77* 8o* 79* 81* 81* 8o* 78* 77* 75* 72* 

II 83 84 ~ 88 86 &i 87 87 87 83 79 77. 
12 86 86 86 87 87 88 86 87 87 85 81 79 
13 85 86 86 86 87 88 88 87 86 82 76* 73* 
14 88 88 91 89 92 94 92 95 91 90 87 84 
15 87 88 88 89 90 92 90 92 90 87 82 78 

16 89 86 92 93 90 go 91 93 94 87 81 78 
17 90 90 90 90 91 92 93 94 93 90 86 84 
18 90 90 91 92 92 93 93 94 95 95 93 92 
19 89 88 87 91 96 95 98 90 95 87 82 79 
20 83 86 86 86 88 90 90 92 92 92 89 85 

2l 90 90 89 92 91 91 92 92 92 9r 89 87 
22 89 89 90 92 92 93 98 g6 93 91 88 84 
23 88 90 89 88 90 go 91 91 91 90 91 89 
24 93 93 94 94 95 96 95 97 96 92 90 85 
25 91 91 91 93 94 95 97 99 98 96 93 91 . 
26 94 93 94 94 98 98 98 99 98 96 92 89 
27 93 92 95 93 94 94 94 96 98 97 93 89 
28 90 92 94 95 97 g8 99 IOI 104* 103* 100* 95* 
29 87 104* 85 90 91 93 92 97 98 98 96 94 
30 88 90 90 93 96 99 96 96 97 96 92 93 

31 91 91 92 91 92 93 94 94 95 92 87 84 
-----

Monthly}! 88·9 89·4 88·7 90·5 91·2 92·5 92·6 93·4 93"7 90·9 86·2 84·3 mean 

Normal I 89·3 89·7 90·3 91·4 92·4 93·9 93·1 93·9 93·6 90·7 88-o 85·6 



 

REPORT FOR 1891-PJ .. HT II. 1D3 

HORIZONTAL" INTENSITY-Continued. 

ma.gnctomef(!r of the Los .A.'n[JcleH Magnetic Obserliatory. 

readings referred to standard temperature of magnet, Increasing numbers inclicat{J increasing force.] 

JAI\CARY, 1886. 

13h 14h I 511 16h 17h 1811 191' zoll 21h zzh 23h 
Mid. Daily 
night. nH:an. 

~····-1 

95* 96* 94 90 go 95 96 92 94 93 97 96 95·8d 
91 87 90 88 88 87 89 89 91 87 87 88 93'3 
86 84 87 90 90 88 So* 86 90 97 84 93 9<)·o 
86 85 88 89 89 89 89 91 89 86 88 91 89·7 
86 87 88 87 88 90 90 90 go 92 90 90 89·3 

89 88 90 92 93 94 93 93 92 93 93 94 91·0 
84 87 90 92 93 93 93 94 94 93 93 92 91·6 
99* lOI* lex>* 100* 97 94 89 84 88 90 95 90 93·0 
50* 53* 6o* 65* 67* 70* 69* 67* 68* 68* 67* 75* 67·8 
72* 73* 78~ 80 81 82 82 82 83 82 82 83 78·8 

78 82 87 88 86 86 86 84 83 83 85 86 84·3 
79 83 86 87 87 87 88 87 86 87 85 85 85·5 
76 86 88 91 9l 90 90 89 92 88 88 88 8fr I 
84 86 86 86 87 87 86 86 82 84 88 86 87·9 
79 82 83 8.t 85 84 86 88 88 88 87 88 86-5 

80 83 88 90 90 90 90 90 90 90 90 go 88·5 
86 88 90 92 92 93 92 92 91 91 90 90 90·4 
90 89 89 89 89 90 89 88 84 87 89 go 90·5 
17 76* 77* 82 76* 77* 78* 83 83 86 85 85 85·1 
86 88 83 88 89 .go go 89 90 90 88 89 88·3 

71 83 89 87 78* 88 88 85 83 84 89 89 87·8 
86 87 88 90 90 88 87 88 84 87 88 88 89·4 
88 89 go 90 91 92 92 92 92 91 92 92 90·4 
86 88 87 88 92 92 92 92 92 92 92 91 91·8 
86 88 91 • 94 95 g6 97 97 95 93 93 94 93·7 

86 88 89 go 92 92 93 92 92 91 93 92 93"0 
85 84 88 89 94 93 91 90 91 go 90 91 91·8 
94* 95 97 97 102* 95 91 ~ 83 82 79* 81 93"7 
92 91 91 1)3 88 72* 74* 69* 76* 81 82 91 88·5 
8g 85 83 86 88 82 92 92 90 91 go 91 91·0 

82 8z 84 87 90 93 91 92 92 92 92 92 90·2 

84·0 85·3 87·1. 88·4 88·6 88·4 88·2 Br6 87"7 88·0 88·1 89·1 88·87 

84·4 86'3 88·3 88·8 8g·8 go·o 90·1 89'0 88·8 88·7 89·1 8<)·5 
-----~.......------·~----· 

IL Ex. 43, pt. 2-13 



 

19A U. S. COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from the photographic t,-cwes of the bifilar 

{Local mt>an time. 200 divisions plus tabular quantity, one division =0·000109 in parts of H. All 

FEBRUARY, 1886. 

[For the expln.nn.tion of these tables see pp. 53, 54.] 

Day. 1h 2h 3h 411 5h 6b i1 gti 9h Joh 11h Noon. 

I 93 93 92 94 95 97 99 IOI 99 98 94 90 
2 90 91 94 94 94 96 99 100 99 96 94 88 
3 97 97 95 95 98 97 100 97 95 97 98 96 
4 94 93 95 95 96 98 100 102 102 100 94 93 
5 87 93 go 92 92 97 91 94 95 89 87 81* 

6 93 93 92 92 92 94 94 95 97 98 96 91 
7 92 88 91 94 94 94 96 97 98 97 96 94 
8 91 92 95 98 95 91 93 95 92 90 94 92 
9 94 95 96 95 95 96 97 97 95 95 94 94 

IO 83 87 89 91 88 95 92 95 96 93 91 86 

I I 86 89 94 94 92 94 98 96 95 94 90 77* 
12 92 90 91 91 93 94 93 94 94 91 92 90 
13 92 93 94 . 94 95 95 95 94 92 90 88 86 
14 93 94 94 95 97 97 97 97 97 95 94 88 
15 93 95 94 94 96 95 96 97 97 97 99 98 

16 86 91 96 94 94 95 95 95 96 97 95 95 
17 85 88 90 90 91 91 94 95 99 99 94 94 
18 91 91 92 93 94 93 96 99 92 97 95 88 
19 91 92 92 91 92 90 89 94 91 97 93 82* 
20 94 92 92 go 92 93 92 95 96 93 91 87 

21 92 91 92 92 93 93 91 94 91 84* 86 91 
22 92 94 94 93 94 99 96 94 102 96 86 80* 
23 go 91 92 93 91 91 92 92 92 92 go 88 
24 93 94 94 95 95 95 100 100 98 99 IOI 98 
25 93 97 95 98 97 98 98 98 97 .99 98 98 

26 96 99 99 98 98 98 JOO IOI 100 98 97 92 
27 93 93 96 92 94 93 96 100 98 96 96 94 
28 95 95 95 97 97 96 95 95 97 IOO 99 97 

Monthly( 
91·5 92·5 93·4 93·7 94·1 94·8 95·5 96·5 96·4 95·2 93·6 90"3 mean ( 

Normal 91·5 92·5 93'4 93·7 94·1 94·8 95·5 96·5 ¢·4 95·6 93·6 92· 0 



 

REPORT FOR 1891-P ART II. 195 

HORIZONTAL INTENSITY-Continued. 

niagnet,ometer of the Los Angeles MagtieUc Ob.~e.rra.tory. 

readings referred. to staooard tempera.tun' ot' magnet.. lncreasing numbers indica1e inc-reasin;.; force.) 

13lt 

92 
90 
92 
92 
81* 

87 
93 
92 
94 
86 

82 
89 
86 
88 
97 

94 
92 
92 
85 
So* 

89 
82 
91 
96 
96 

90 
93 
96 

14b 

96 
86 
91 
89 
82 

88 
91 
91 
94 
88 

So* 
86 
88 
90 
97 

85 
91 
91 
89 
84 

87 
79* 
94 
93 
97 

90 
92 
97 

15h 

94 
90 
93 
90 
83 

88 
92 
91 
95 
86 

87 
87 
90 
93 
98 

78* 
88 
89 
87 
87 

85 
81* 
94 
90 
98 

91 
go 
96 

89·9 89·5 89·7 

90·6 90· 3 go· 5 

FEBRUARY, 1886. 

16h 

95 
92 
94 
91 
82 

91 
92 
91 
95 
88 

17h 

95 
94 
94 
91 
86 

92 
94 
93 

18h 

96 
94 
93 
92 
90 

94 
94 
95 
97 
90 

86 86 90 
89 90 92 
92 92 93 
96 95 97 
98 94 .97 

77* 81* 79* 
90 90 88 
82 85 86 
86 86 88 
gl 91 90 

86 89 90 
86 86 78* 
92 91 92 
94 92 94 
97 98 98 

94 95 95 
90 92 94 
98 97 97 

90·5 91·3 91·9 

91·0 91-7 92·9 

19n 2oh 21h 

96 94 92 
94 93 95 
91 90 92 
90 92 96 
91 90 90 

95 92 91 
90 82* 88 
95 95 94 

gr gt 91 
92 91 90 
93 93 93 
97 98 97 
98 99 98 

75* 84 87 
86 87 89 
75* 81* 85 
88 86 88 
88 86 88 

89 89 88 
86 87 87 
93 94 94 
96 96 94 
99 98 98 

95 95 95 
94 94 94 
97 95 95 

90·8 90·6 91·2 

92·9 92· 2 92·0 

22n 

90 
94 
93 
95 
90 

89 
88 
94 

81* 
92 
88 
89 
89 

87 
S8 
93 
95 
97 

93 
93 
94 

23n 

87 
93 
93 
92 
91 

92 
92 
93 

89 
92 
92 
96 
96 

So* 
90 
88 
88 
90 

88 
88 
93 
95 
95 

93 
94 
94 

Mid-
night. 

88 
93 
94 
89 
91 

93 
91 
9,? 

89 
92 
92 
94 
97 

81* 
90 
go 
87 
92 

90 
89 
93 
95 
CJ6 

92 
94 
94 

Daily 
mean. 

94·2d 
93·5 
94·5 
94·2 
S9·0 

92·5 
92·4 
93·1 

89·7 
91·1 
91·8 
94·8 
96·6 

88·0 
qi·o 
89·7 
89·5 
90·1 

89·5 
89·0 
92·0 
95"5 
97·2 

90·9 90·9 91·0 92·33 

91·9 91·3 91·4 



 

196 U. S. COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from the photographic traces of the bifilar 

[Local mean time. 200 divisions plus tabular quantity, one division=0·000109 in parts of H. A.Il 

MARCH, 1886. 

[For the explanation of these ta.bles see pp. 53, 54.] 

Day. 1h 2h 3h 4b 5b 6b 7h gn 9h 1oh 11h Noon. 

I 95 95 95 95 95 96 96 93 95 96 94 92 
2 96 95 94 94 95 96 93 92 90 85 84 86 
3 98 98 98 100 100 92 96 96 yo 83 83 81 
4 92 99 95 93 93 94 93 91 91 89 87 84 
5 94 93 94 94 95 96 98 98 99 IOO* 96 93 

6 95 94 94 96 95 94 96 IOI 100* 100* 98* 96 
7 91 94 93 92 99 96 93 95 89 90 86 87 
8 91 92 91 92 93 93 93 91 90 88 86 88 
9 95 94 93 98 97 96 98 96 95 94 94 96 

IO 94 94 98 100 96 93 97 96 96 98 99* 99* 

I I 93 95 97 95 98 95 94 93 89 89 88 87 
12 94 97 98 98 98 98 98 98 96 93 91 88 
13 94 94 96 96 97 97 96 94 94 95 96 93 
14 97 97 97 98 98 97 97 96 95 94 95 92 
15 94 91 93 94 95 96 96 95 94 95 94 94 

16 9Q 94 93 92 96 92 94 96 92 89 84 86 
17 89 92 93 92 93 95 95 94 90 88 85 82 
18 84* 87 89 93 94 90 96 95 93 92 85 76* 
19 87 87 90 92 90 91 90 89 88 84 87 92 
20 104* 88 87 87 go 88 89 87 89 93 95 94 

21 89 91 90 95 93 92 91 89 87 87 91 91 
22 88 89 96 95 91 90 90 86 82 81 8o 8o 
23 95 95 96 97 97 94 94 88 88 83 8o 81 
24 90 92 93 94 92 95 94 92 88 85 88 89 
25 88 92 92 92 93 93 90 89 86 83 84 87 
26 94 94 95 95 96 95 94 93 89 89 91 91 
27 93 Q7 96 95 96 94 93 86 86 88 88 88 
28 94 94 96 98 99 94 96 94 93 95 98* 91 
29 97 98 93 97 97 94 92 88 87 88 89 90 
30 99 123* So* 82* 70* 74* 73* 59* 56* 51* 34* 39* 

31 78* 80* 75* 103 84* 81* 70* 70* 67* 66* 58* 63* 

Monthly~ 
mean 92·9 94·0 92·9 94·6 94·0 92·9 92·7 91·0 89·2 88·1 86-7 86·3 

Normal I 93·4 93·5 94·0 95·1 95·2 94·0 94·2 92·8 90·8 89·4 88·6 88·9 



 

REPORT FOR 1891-P ART II. 197 

HORIZONTAL INTENSITY-Continued. 

magnetometer of the Los Angeles Magnetic Obsen1atory. 

readings referred to 1:1t,andard temperature uf ma·~ri1et. Increasing numbers indicate increasing fore~·.] 

MARCH, 1886. 

22'1 Mid- i Dailv 23h -night. I mean. 
--·"- I 

93 94 94 93 91 93 94 94 92 93 94 94 I 94·od 
89 93 99 98 97 96 92 92 96 97 98 95 93·4 
83 86 88 89 89 go 87 91 92 90 90 91 go·9 
87 90 92 93 92 93 94 94 95 94 91 94 92·1 
92 93 94 92 94 95 93 95 92 92 91 93 94·4 

93 95 100 91 91 92 94 88 go 93 go 94 94·6 
91 .i8 89 91 92 91 91 91 go 90 89 90 91·2 
93 96 94 94 93 94 94 93 93 93 93 94 ! 

92·2 
96 96 95 93 94 96 97 88 83 92 94 93 i 94·3 
98 98 98 96 96 97 96 96 92 92 90 93 I 95·9 

I 
88 91 94 97 92 93 94 94 94 96 94 93 

I 
93"0 

86 88 89 89 93 94 94 93 92 91 91 93 93·3 
91 93 94 93 94 96 96 97 96 97 95 95 95·0 
90 92 96 98 99 99 98 99 97 94 92 92 I 95·8 
90 93 92 94 92 92 92 91 91 89 84 88 I 92·5 

83 87 83 83 82* 85 88 88 go 87 89 85 l 89·0 
81 85 89 91 94 82* 82* 90 81* 81* 87 s1 I 88·3 
76* 75* 79* 82 78* 81* 84 86 86 84 78* 82* i ~5·2 
86 63* 79* 62* 82* n* 81* 78* 80* 95 • 81* 93 I 84·1 
97 93 93 90 88 90 90 90 92 88 91 go 91·0 

90 92 86 84 82* 86 83 90 84 86 89 95 88·9 
So* St* 85 82 88 ,85 81* 86 85 90 91 87 ifr2 
82 85 86 90 91 91 91 91 91 85 87 90 89·5 
89 88 93 95 94 94 95 88 90 89 93 89 91·2 
86 84 90 89 91 92 93 92 90 92 92 91 89-6 

94 87 86 84 83* 81* 83 86 92 89 91 90 91·1 
90 89 88 84 91 88 91 88 . 89 89 91 92 90·4 
93 94 94 94 94 78* 91 95 94 92 94 qo 93·5 
92 93 94 96 95 93 91 92 .94 96 95 93 93·1 
23* 64* 64* 48* 51* 58* 66* 67* 66* 69* 74* 75* 05·2 

75* 86 84 74* 75* 66* 75* 74* 71* 73* 82 79* 75'4 

86·4 88·1 89·7 88·0 &)·o 88·1 89·4 89·6 89·0 89·6 89-7 90·3 90·13 
89·7 90·7 91·4 90·9 92·7 92·3 91·8 

. 
91·2 91·0 91·6 91·4 91·2 



 

198 U. 8. COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from. the photographic trnces of the bifila.r 

[Local wean time. '..!00 di visionM plu8 talmla.r tl uantity, oue division-= O·OUU109 in pa.rk of H. .All 

APRIL, 1886. 

[For the explanation of these tables see pp. 53, 54.J 

Day. 1h 2b 3b 4b 5h 61• 7b 8h 9h 1oh I 1b. Noon. 

I I 80* 89 8o* 80* 82* 80* 78* 76'* 75* 72* 75* 83 
2 85 88 84 82* 85 86 85 83 83 84 83 83 
3 86 88 88 89 90 89 88 88 90 92 91 89 
4 91 96 95 94 95 94 93 91 89 87 85 85 
5 92 93 91 92 92 93 92 87 87 88 87 89 

6 93 94 94 94 94 94 92 88 87 89 89 89 
7 93 90 91 89 91 92 91 88 91 93 94 92 
8 91 92 91 92 92 94 92 89 90 89 86 86 
9 94 93 93 94 95 94 91 88 89 90 90 92 

IO 95 96 96 96 96 96 92 91 91 89 92 92 

I I 95 98 98 98 100 IOI 102* 99* 96 93 93 93 
12 84 82* 86 91 94 94 94 93 87 76* 82 86 
13 86 94 86 85 87 89 87 92 92 91 91 89 
14 82 82* 87 92 85 84* 82* 87 86 88 81 77* 
15 72* 87 86 86 SJ* 84* 82* 81 79* 82 82 84 

16 87 90 87 86 88 89 87 85 86 84 84 82 
17 91 89 89 92 92 92 90 86 87 84 84 85 
18 90 • 8g 88 92 91 102 98 98 94 91 90 89 
19 90 90 92 

. 
89 92 94 87 85 84 84 85 83 

20 88 88 93 92 93 92 94 90 89 84 84 83 

21 90 89 93 93 92 92 91 88 84 84 85 87 
22 92 96 94· 93, 92 96 95 92 go 90 91 93 
23 94 94 95 96 96 96 94 93 93 95 98* I<X>* 
24 97 98 95 95 g6 94 91 89 89 91 91 92 
25 88 90 91 91 93 94 92 87 85 87 93 94 

26 92 92 94 94 96 94 92 9<> 90 94 96 93 
27 96 96 96 96 94 95 95 91 91 92 91 90 
28 95 96 97 96 96 97 94 91 92 92 91 88 
29 95 97 100 97 99 100 97 96 97 91 96 95 
30 97 95 97 97 97 98 96 93 91 go go 88 

----· 
Monthly~ 

mean 90·0 91·7 91·6 91·8 92·3 93"0 91·1 89·2 88·5 88·1 88·3 88·4 
Normal 91·0 92·4 92·0 92·5 93·o 94·1 91·9 89·3 89·3 89·1 88·5 88·4 
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HORIZONTAL INTENSITY-Continued. 

ma,gnetometer of the Los Angeles 'Jlfagnetfo Observatory. 

rtl!M:lings referred to standa.rd temperature of magnet. Increasing numbers indicate increasing force.) 

APRIL, 1886. 

t3b 14b 15b 16b 17h 18b 19b 2oh 21b 22h 23b Mid- f Daily 
night. mean. 

I 

82 82 82 82 So* 77* 82 83 79* 77* 85 82 8o·1d 

84 87 88 87 85 86 86 87 88 87 88 86 85·4 
86 85 87 89 88 87 91 91 go 91 91 90 88·9 
86 87 91 93 91 84 88 91 91 go 88 90 90·2 
90 88 90 90 88 89 90 90 go 91 94 92 90·2 

92 92 92 92 91 89 92 93 94 95 94 94 92·0 
88 89 88 89 88 87 90 88 88 87 90 92 90·0 
85 87 89 92 93 92 93 92 92 92 93 93 90·7 
91 92 94 95 96 94 94 94 94 95 95 95 93·0 
91 93 95 98 98 95 95 94 94 95 94 93 94·0 

92 88 88 82 84 84 87 86 So* 82 76* 76* 90·4 
83 86 79* 75* 86 74* 74* 87 78* 86 s~ 85 84·0 J 

87 88 go 81 71* 73* 77* 87 7T'k 86 74* 82 85·1 
84 87 87 68* 70* 64* 64* 66* 66* 72* 95 76* 79·7 
87 84 84 82 82 84 83 84 86 86 87 86 83·5 

82 8o 86 89 88 88 86 87 87 94 87 88 86·5 
86 79* 82 85 92 90 91 90 85 84 St 85 87·4 
84 83 85 84 89 86 89 90 87 87 87 88 89·6 
84 88 94 93 91 89 89 91 92 91 88 84 88·7 
83 87 83 83 89 86 77* 87 73* 78* 85 89 86-3 

86 92 92 89 87 90 89 94 90 91 91 94 89·7 
93 95 94 91 91 92 92 90 89 92 97 95 92·7 

101* 100* 95 97 98 97 96 96 95 95 94 97 96·0 
96 101* 103* 1o6* 98 97 98 99 85 87 73* 86 93·6 
94 91 91 92 87 90 91 91 91 90 91 92 9cn 

91 90 91 91 91 93 93 94 94 95 95 96 93·0 
92 95 94 95 96 94 93 93 92 92 97 94 93·8 
88 89 91 92 90 92 95 96 95 95 94 93 93·1 
94 93 91 90 91 77* 90 95 92 94 94 96 94·7 
93 94 94 93 96 96 94 86 92 98 99 97 94·2 

-~- --

88·5 89·1 8g·7 88·8 88·8 87·2 88·3 89·7 87·5 89·2 89·5 &rs 89·58 

88:1 88·6 89·6 Sg·s go·s go·o 90·7 90·6 90·5 90·7 91·2 90·5 



 

200 U. 8. COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES--

Hourly readings from the pltotograpltic traces of the bifi/a,r 

(Lotal mean time. 200 di vi11ions plus tabula.r quantity, one di vision = 0·000109 in parts of H. .All 

MAY, 1886. 

[For the explanation of tllefle tables see pp. 53, 54.J 
-~~- .. -- ----

Vay. I 1h zb 3b 4b 511 6h 7h 8h 9h Job 11h Noon. 
I ----- -~~-·---

I 99 96 91 96 93 96 93 90 90 90 90 92 
2 94 96 90 91 91 92 90 92 87 90 90 87 
3 95 95 94 93 96 94 93 93 89 88 90 92 
4 9z 93 96 93 94 94 93 89 8S 86 88 89 
5 94 94 94 95 95 96 95 91 91 89 88 86 

6 98 g8 100 100 IOI IOI IOI Joo* 92 91 93 96 
7 97 99 98 98 100 99 97 96 96 98 Jex:>* JOO 

8 100 ICO 100 JOI 103 103 100 97 ¢ 93 91 94 
9 61* 76* 95 79* 79* 79'1.· 77* 76* 78* 85 89 91 

IO 85* 90 85* 90 93 88 89 90 90 89 94 96 

I I 90 93 91 89 89 86 86 83 78* 86 86 85 
12 88 91 90 89 92 92 87 82 So* 86 83 85 
13 92 95 93 92 96 93 93 88 89 87 88 94 
14 IOO 98 92 91 93 94 93 88 92 91 92 91 
15 93 92 92 94 93 92 91 89 89 90 85 87 

r6 93 94 93 93 94 92 90 86 86 87 89 90 
17 96 94 93 99 91 93 91 88 84 85 81* 83 
18 89 87 89 90 89 88 82* So* 82 83 88 92 
19 92 92 92 93 92 93 91 89 86 84 85 89 
20 95 96 96 97 94 96 97 94 92 92 97 94 

21 94 98 96 94 98 94 92 83 86 88 'JO 92 
22 95 96 96 96 98 96 95 90 90 89 91 94 
23 96 97 98 98. 99 98 96 93 95 94 92 87 
24 94 94 96 93 95 97 96 95 91 90 92 96 
25 97 96 98 97 98 99 97 96 94 93 92 92 

26 97 98 98 99 99 99. 97 95 93 104* 102* 98 
27 100 100 IOI 100 103 102 103* 90 92 101* 97 99 
28 94 94 95 97 96 97 96 90 88 91 93 96 
29 95 93 91 94 94 93 92 90 92 92 92 91 
30 93 94 94 94 94 94 93 93 95 95 97 IOI 

JI 96 96 94 93 94 96 94 93 94 93 92 93 
-------~- ----

Monthly( 
93·4 94·4 94·2 94·1 94·7 94·4 92·9 90·0 89·2 90·3 9o·9 92·0 mean 5 

Normal 94·8 95·0 94·5 94·6 95·2 94·9 93·5 90·5 90·3 89·5 90·5 92·0 
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HORIZONTAL INTENSITY-Continued. 

maguetu·nieter of the Los Angeles 1lfa~qnetic Observatory. 

readings referred to staoda.rd temperature of ma#!"net. 1 nerea.siug n uw bers indicate increMing force.] 

MAY, 1886. 

13b. 14n 15u 1611 I 711 18b 19h 2cfb 21h 22b 23b Mid- ' Daily I 
night. mean. 

-j 

86 89 88 I 
91 95 94 94 92 91 94 94 93· 92·3d l 

92 91 89 85 85 86 90 93 91 94 91 90 90·3 I 
91 92 88 90 88 89 92 93 94 94 93 94 92·1 I 
91 94 94 91 89 89 88 89 91 92 94 92 91·2 I 
89 94 96 94 90 90 92 91 96 96 97 99 93·0 I 

I 

96 96 g8 g6 95 94 94 93 93 95 95 96 96·3 
100 IOI 102* 101* 100* 99* 100 100* 100* 99 99 99 99· 1 

92 91 92 67* 58* 50* 54* 65* 66* 47* 58* 92 83·8 
86 So* 86 84 82 83 j6* 87 82 78* 86 85 81·7 
88 86 90 86 85 84 79* 79* 83 88 84* 86 87·6 

84 81* 81* 78* 86 87 87 85 89 97 94 86 8fr5 
85 89 87 87 87 83 77* 83 90 go 88 go 86-7 
97 98 83 go 86 88 92 84 89 89 91 92 90·8 
91 go 89 91 87 86 85 89 h8 85 102 92 91·3 
86 88 86 90 88 91 go 92 91 92 92 93 go·2 

go 92 96 94 94. 92 92 93 94 93 96 95 92·0 
84 8/ 91 88 go 77* 72* 70* 82 86 100 93 87·4 
86 88 go 89 81 84 85 85 84 87 94 92 86-8 
91 88 92 90 88 89 92 92 93 93 93 93 90·5 
91 92 92 go 90 95 93 91 87 86 92 96 93· 1 

95 96 93 87 84 84 87 89 90 90 92 94 91·1 
97 94 92 91 86 87 90 91 93 92 94 95 92·8 
92 95 94 91 go 92 94 94 94 95 93 92 94·1 
g8 93 93 92 92 93 94 94 93 94 94 96 94·0 
93 94 92 go 91 93 94 94 95 95 96 95 94·6 

98 93 92 9l 89 91 90 90 93 96 96 99 95·7 
IOI 96 93 92 94 97 95 93 94 94 92 93 96'8 
94 92 93 92 93 89 91 91 92 91 92 92 92·9 
92 92 92 go 92 92 91 93 95 94 92 92 92·3 

100 98 95 92 92 92 94 93 93 93 94 94 94·5 

94 97 97 95 95 95 95 94 94 95 94 97 94·t~ 

·- .. --.-~ 

92·1 92·0 91·7 89·6 88·4 88-o 88·3 89·0 90·4 90·3 92·3 93"1 ! 91·49 ! 

92·1 92·8 91'7 90·4 Sg·o 89·3 9:1·5 90·6 90·9 92·2 93·8 93· 1 j 



 

202 U. S. COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES--

Hourly readings from the photographic traces of the bijilar 

[Local mean time. '.!00 <livisious plm> ta.lmlar quantity, one division = 0·000109 in parta of H. All 

JUNE, 1886. 

[For the explanation of these tables see pp. 53, 54.) 

Day. I th zh 3h 4h 5b 6h 7h 8h 9h 1oh 11b Noon. 
I 

·- I . 
96 98 98 96 I 95 94 94 93 99 94 95 99 

2 95 96 95 95 95 93 go 89 91 94 95 95 
3 94 95 95 95 96 94 95 93 97 100 103 98 
4 95 94 94 92 93 95 93 94 100 104-* 104 102 
5 96 IOI 95 95 103 96 96 94 99 95 92 93 

6 96 92 94 92 93 92 94 92 93 87 86* 92 
7 93 94 97 94 94 93 92 94 93 92 94 93 
8 91 96 94 94 95 98 96 94 94 92 92 86* 
9 92 92 94 94 94 94 94 94 92 92 96 99 

IO 96 96 97 96 95 96 97 95 93 94 96 96 

II 94 95 97 98 97 98 100 97 98 103 1o6* 109* 
12 go 93 95 97 IOI 97 97 88 97 96 92 86* 
13 92 91 92 94 94 93 92 88 92 94 92 97 
14 94 IOI 98 93 93 93 90 88 86 88 90 92 
15 92 93 91 91 94 93 93 90 92 93 92 91 

16 94 94 94 95 95 95 94 go 93 98 100 IOI 
17 106* 95 96 94 96 96 97 97 96 93 91 93 
18 94 96 97 96 95 99 96 93 94 93 94 95 
19 94 94 95 97 95 96 94 89 89 91 95 96 
20 95 94 95 95 96 96 96 94 96 96 96 96 

21 96 97 96 96 97 95 93 93 94 94 96 94 
22 92 95 93 91 97 93 92 95 go 92 99 IOI 

23 91 92 96 92 94 96 95 96 95 97 96 93 
24 90 92 92 96 95 93 89 88 83* 94 97 98 
25 92 94 go 88 88 91 go 92 95 (97] 99 98 

26 89 89 89 89 90 92 91 92 93 96 97 95 
27 93 91 94 93 94 94 96 94 96 96 100 98 
28 92 96 93 93 93 92 89 91 95 96 96 96 
29 95 94 g6 97 97 99 97 97 97 96 96 97 
30 73* 79* 78* 82* 81* 82* 83* 84 83* 85* go 91 

Monthly} 93·0 93·8 93·9 93·6 94·5 94·4 93·7 92·4 93·4 94·4 95·6 95·7 mean 
Normal 93·3 94·3 94·4 94·0 95·0 94·8 94·0 92·4 94·2 94·4 95·5 95·9 
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HORIZONTAL INTENSITY-Continued. 

magnetometer of the Los Anr1eles J.l{agnetic Observatory. 

readings refurred to standard temperature of magnet. Increasing trnmvefo inJicat.e inc-reasing force.] 

JUNE, 1886. 

13h 14h 15n 1611 17h 1811 t9h 2011 21h 2211 23h Mid-1 Daily 
night. mean. 

100 99 96 91 92 94 93 94 93 94 94 95 I 95·3d 
97 98 96 94 93 94 95 96 95 93 92 93 94·1 

IOI 96 90 91 95 94 99* 103* 102* 101* 96 97 96-7 
JOI 99 98 98 94 84 81 87 89 88 90 94 94·3 
95 98 95 92 82 79* 83 91 86 91 90 93 92·9 

93 92 92 93 93 91 86 91 90 85 89 92 91·2 
92 88 86 91 88 88 80* 80* 88 88 91 93 90·7 
87 89 86 86 88 89 93 92 98 91 95 92 92·0 
96 97 96 92 92 93 94 95 94 94 95 95 94·2 
g6 95 97 95 94 94 91 92 92 94 94 94 94·8 

107* 102 98 96 96 98 98 99 98 97 98 96 99-0 
93 89 85 85 83 80* 86 85 90 91 92 9i 91·0 
96 87 92 91 91 91 90 89 85 90 92 95 91·7 
96 97 95 94 93 91 94 94 95 96 92 92 93'1 
92 92 91 91 90 90 92 95 93 93 94 94 9 '>"> ~ -

102 98 97 95 '94 90 90 94 96 93 95 99 95·3 
95 94 90 89 92 92 92 93 92 87 89 92 93·6 
95 95 go 83 84 90 92 92 90 94 94 95 93·2 
95 95 94 go 92 92 91 91 91 92 92 94 93·1 
95 95 94 93 94 94 94 91 94 94 95 95 94·7 

92 91 91 81* 79* 81* 83 85 83 88 89 89 90·5 
106* 100 90 75* 84 79* 86 87 89 91 91 89 91-5 
94 94 89 85 83 88 88 91 90 go 95 90 92·1 
91 87 78* 76* 79* 82 81 91 84 8.i 87 92 88·3 
93 89 88 87 89 71* 85 84 89 87 90 90 [89·8] 

91 87 87 88 88 85 89 90 90 89 96 92 go·6 
96 96 91 86 88 90 91 91 92 91 92 90 93-0 
95 91 89 90 91 92 94 93 94 94 92 93 92·9 
93 93 74* 62* 68* 72* 83 61* 69* 75* 82* 1o6* 8r3 
89 87 73* 76* 71* 8o* 82 82 81* 88 84 86 

' 
82·1 

\ 
~1·---

87·9 88·0 87·6 89·2 90·8 ' 92·38 95·5 93·7 90·3 90·0 90·4 91·9 93"5 1 

947 93'7 92·0 90·6 90·1 90·7 89·2 90·9 91·1 91·0 92"3 93·01 



 

204 U. 8. COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

IIourly readings from tlie photograpltie traces of the b(filar 

[Local moan time. 200 uh'isions plus tabular quantity, one divii>iou =0·0-00109 in parts of H. All 

JULY. 1886. 

[For the explanation of these tables eee pp. 53, 54.] 

L Day. J 1• 2" 3" 4h 511 6" 7h 8h 911 1oh 11b Noon. 

I 90 91 86 86 88 88 85 82 81 84 82 86 
z 85 88 90 88 87 86 82 79 90 ~ 89 90 
3 89 90 90 90 92 86 85 84 82 81 88 
4 91 91 91 90 go 92 92 85 84 S4 87 89 
5 88 90 92 93 93 94 92 90 89 91 92 92 

6 93 93 92 92 92 93 95 92 90 90 89 92 
7 94 93 93 95 94 96 96 94 92 94 96 94 
8 93 91 91 94 95 98 95 92 89 87 90 96 
9 98 98 97 99 100* IOO 96 86 89 go 92 93 

IO 94 100 96 94 94 96 95 92 91 92 93 93 

II 97 92 93 92 93 92 92 90 90 89 90 91 
12 91 92 92 94 95 94 95 92 92 91 87 86 
13 91 92 92 92 9z 91 89 89 90 91 92 91 
14 97 96 100* 105* 101* 104* 95 94 94 97* 98* 98 
15 92 92 87 88 92 92 92 93 93 94 92 89 

16 86 95 92 90 90 go 88 86 85 86 90 96 
17 93 93 92 go 89 92 go go 90 88 91 94 
18 93 92 92 92 91 93 93 91 92 90 92 93 
19 92 93 97 g8 92 96 92 91 83 83 85 84 
20 87 90 89 87 88 go 86 91 89 84 8o 81 

21 92 94 91 91 88 89 89 8o 83 83 88 89 
22 89 91 90 88 85 88 88 88 86 85 84 85 
23 99 88 85 86 87 86 - 85,. 86 87 87 85 88 
24 89 89 89 87 89 89 87 89 92 92 91 90 
25 88 88 90 go go 91 88 84 82 83 85 88 

26 go 92 91 92 92 92 90 88 91 93 94 94 
27 87 90 91 90 93 97 96 88 86 88 88 83 
28 87 77* 76* 74* 75* 75* 72* 74* 76* 76* 83 84 
29 84 84 84 84 84 85 85 82 82 82 83 &J 
30 85 85 83 85 85 86 .84 82 89 92 92 90 

31 89 88 87 87 8g 89 88 86 82 84 88 88 

Monthly} 90·7 90·9 90·4 90·4 go·s 91·3 8g·6 87·4 87·5 87·7 88·7 89·6 
/ mean 
j Normal 90"7 91·4 90·5 90'5 90·3 91·4 90·2 8]'9 87·8 87·8 88·4 8g·6 
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HORIZONTAL INTENSITY-Continued. 

magnetometer of the Lo8 An.gefr.y Jlagnetic Obsernatory. 

readings re.forretl to standard tmnperat are of magnet. Increasing numbers indicate increaaing force. J 

JULY, 1886. 

13h 14b 15h 16h 17h 1Sh 19h zob 21h 22h 23h Mid- Daily I 
night. mean. J 

90 88 89 81 78 8o 81 84 87 87 89 88 85·5d 
88 84 85 84 86 83 78 75* 78* 82 85 92 85·2 
93 91 86 88 88 90 86 87 88 90 94 92 87'9 
88 86 88 88 91 89 89 88 89 94 91 89 89·0 
93 89 91 86 89 91 92 93 92 92 92 93 9r·2 

93 93 go 89 88 go 90 91 91 92 91 92 91·4 
91 95 94 92 91 93 88 91 91 91 92 94 93·1 
97 96 95 93 93 91 94 94 98 96 96 99* 93'9 
90 1or* 94 94 92 90 92 95 94 94 93 94 94·2 
93 94 92 90 84 82 84 87 94 92 94 94 92·1 

92 91 89 85 88 89 91 94 92 90 91 93 91·1 
87 88 89 89 87 go 90 91 91 92 91 91 90·7 
91 90 90 go 88 88 90 93 93 94 94 94 91·1 
91 93 89 84 82 84 88 89 91 90 88 90 93·3 
89 89 93 91 83 83 83 86 83 95 92 82 89·4 

94 9r 86 85 82 81 83 82 88 92 89 92 88·3 
94. 89 93 91 92 90 90 90 90 91 93 92 91'1. 
97 99* 97 91 79 88 96* 95 94 92 94 86 92·2 
76* 86 90 78 76* 75* 79 90 88 83 98 89 87·3 
84 87 86 81 8o 82 85 82 83 86 86 go 85·6 

83 79* 78* 81 81 85 87 87 88 87 85 82 85·8 
88 88 88 87 86 86 85 87 92 79* 76* 81 86-3 
87 87 90 88 82 84 86 86 88 90 89 9'1 87·3 
89 88 84 87 86 87 89 90 88 88 89 89 88·6 
8g 90 91 89 89 87 89 91 go 90 91 go 88·5 

93 9r 92 91 89 89 92 94 92 90 90 91 91·4 
79* 66* 59* 69* 64* 53'* 64* 53* 72* 68* 68* 82 78·1 
8o* 73* 8o* 79 77 78 81 83 84 85 86 85 79·2 
83 82 82 82 84 80 85 83 81 82 84 84 83'1 
86 84 83 84 84 86 86 87 88 86 89 88 86·2 

84 87 88 86 84 86 87 87 91 90 92 go 87·4 

1--~--

88·8 88·2 87·8 86'2 84·6 Ki:8 86-5 87·3 88·7 88·7 89·4 89·6 88·55 

89·9 89·1 89·4 86·8 85·6 86·3 86·9 88·9 89·6 89·8 90·6 89·3 



 

206 U. S. COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from the photographic traces of the bifilar 

[Local mean time. 200 divisions plus tRbular quantity, ono dki1>ion -'-O·U00109 in parts of H. .All 

AUGUST, 1886. 

[For the explanation of these tables 8ee pp. 53, 54.l 

Day. 1b 2b 3b 4b 5h 6h 7n 8h 9b 1oh Ith Noon. 

I 89 go go 91 92 93 89 87 83 84 90 91 
2 90 88 90 92 91 90 90 89 90 92 91 91 
3 92 93 92 94 93 93 91 88 89 89 91 88 
4 92 93 93 93 93 92 92 89 89 92 94 96 
5 94 94 96 95 95 96 90 86 87 90 91 92 

6 94 93 99* 95 95 100* 95 92 90 89 87 89 
7 96 94 95 93 98 97 98* 90 90 90 92 97 
8 89 90 89 90 90 89 84 79 81 86 89 90 
9 89 go go 89 90 89 87 85 88 89 89 88 

IO 92 92 93 93 94 94 92 90 89 90 90 92 

II 92 93 92 qo C)O 87 87 S4 84 84 82 84 
12 97 94 84 84 89 87 87 So 80 81 83 86 
13 88 89 88 87 89 88 86 84 85 Sr 82 78* 
14 84 88 89 94 84 85 83 82 So 84 86 So 
15 92 88 86 86 85 86 85 82 84 80 82 91 

16 85 87 89 90 91 91 91 88 87 90 92 90 
17 87 90 87 85 89 87 85 82 82 81 80 86 

.18 94 94 87 88 91 88 88 84 79 78 76* 71* 
19 93 88 85 88 88 85 86 82 79 84 85 87 
20 88 88 88 87 90 88 86 82 79 80 82 84 

21 89 88 92 88 88 88 85 83 83 82 86 88 
22 88 90 90 <JO 90 90 87 83 81 81 82 86 
23 91 91 91 89 92 92 90 89 88 88 86 89 
24 88 85 81 83 83 82 79 76 75 So 84 83 
25 85 86 87 87 87 86 85 84 82 84 86 87 

26 88 89 88 86 87 86 83 81 84 88 88 91 
27 87 90 92 87 89 89 85 80 79 79 8o 83 
28 88 89 89 90 <JO 90 84 79 82 84 87 89 
29 <JO 89 93 90 91 91 88 82 78 78 8o 83 
30 89 90 90 90 91 90 86 83 82 83 86 88 

31 91 93 92 93 93 92 87 83 83 89 93 93 

Monthly} 90·0 90·2 89·9 89·6 90·3 89·7 87·5 84·1 83·6 84·8 86-2 87·5 mean 
Normal 90·0 90·2 89·6 89·6 90·3 89·4 87 I 84·1 8]"6 84.8 86·5 88·3 
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HORIZONTAL INTENSITY-Continued. 

magnctomelcr of th.e Los Angeles ..1lfagnetic Observator11 . . 
readings referred to standard temperature of magnet. Increasing 11nm her·s inrlfrat.-. inf'rf'nsing forcf'.1 

91 86 So 
92 92 91 
86 88 87 
95 93 9:z 
94 95 98* 

87 91 92 
96 81 87 
93 91 93 
87 87 87 
92 90 89 

86 86 87 
86 87 80 
77* 76* 72* 
85 84 82 
92 91 88 

86 81 81 
86 90 90 
81 86 87 
86 85 82 
86 87 85 

88 88 86 
86 86 86 
91 91 90 
84 87 84 
84 85 83 

90 86 85 
85 88 89 
89 87 85 
84 84 86 
89 88 86 

93 94 90 

88·0 87· 5 86-5 

88·3 87·8 86·6 

AUGUST, 1886. 

82 83 86 
88 86 88 
86 87 90 
91 90 go 
94 92 92 

92 93 Q2 

88 90 88 
92 89 90 
87 90 90 
87 88 88 

82 85 75* 
81 83 76* 
81 80 82 
83 78 76* 
86 81 81 

78 So 77* 
80 77 80 
86 84 83 
80 82 81 
87 86 88 

84 83 85 
85 85 88 
93 79 56* 
82 81 82 
79 76 81 

84 82 85 
88 89 88 
86 87 89 
85 86 &} 
88 89 90 

88 90 93 

85·6 84·9 84·5 

85·6 84·9 86·9 

88 88 90 
89 92 91 
91 92 92 
92 93 93 
94 94 94 

92 92 93 
87 84 83 
91 90 89 
92 q2 92 
86 85 85 

85 84 79 
75* 84 83 
74* 85 90 
77* 76* 80 
81 70* 81 

73* 87 79 
77* 87 82 
77* 82 86 
86 85 85 
87 86 85 

84 85 84 
88 So 88 
55* 70* 68* 
79 Ro 85 
82 85 83 

88 87 87 
86 84 85 
88 87 89 
90 88 87 
91 90 91 

93 90 92 

84·5 85·9 8fr2 

87·9 87·4 S6·8 

!\.lid, Daily I 
night. meari. / 

I 
92 90 89 88· 1d ) 

91 92 92 90·3 ' 
92 91 90 90·2 ! 
93 93 91 92·3 
92 96 94 93·1 

91 92 93 92·5 
So 92 89 qo-6 
90 89 90 88-9 
91 92 92 89·3 
84 84 90 89·5 

78* 88 93 8y7 
86 93 88 84·8 
80 86 97 83·5 
82 84 92 8}'2 
80 82 89 84·5 

89 86 88 85·3 
91 85 86 85·1 
88 84 86 84-5 
86 86 85 8yo 
85 87 87 857 

86 88 87 86-2 
88 88 88 86-8 
67* 65* 77* 82·4 
84 88 86 82·5 
93 87 84 84·5 

87 89 86 86·5 
87 88 87 Sfro 
89 88 89 87·2 
88 90 go 8fr7 
89 go 91 88·3 I 

90 go 91 ~:J 
86-7 87·8 88·9 87·10 

87·7 88·6 89·3 



 

208 U. S. COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from the photogrµphic traces of tke bi.filar 

[Local mean time. 20-0 divisions plus tabular 11uaotity, one division =0·000109 in parti> of H. All 

SEPTEMBER, 1886. 

[For the explanation ofthei;e tables see pp. 53, 54.J 

Day. 1h 2h 3b 4b 5h 6h 7b 8h 9h 1oh - 11h Noon. 

I 92 92 94 94 94 93 91 88 85 86 91 93 
2 89 go 91 91 90 91 88 84 83 83 86 88 
3 91 92 94 92 93 92 go 87 86 86 86 86 
4 93 91 94 95 95 95 92 go 88 83 83 86 
5 91 92 92 92 92 92 go 88 89 91 93 95 

6 91 92 94 93 94 94 92 91 88 88 88 89 
7 92 92 93 94 96 95 88 85 77 89 88 93 
8 86 87 87 go 91 91 86 81 76 80 88 88 
9 87 84 86 91 91 93 87 81 77 81 82 85 

IO 79 84 93 8o* 84 83 81 76 72* 69* 71* 82 

Il 84 83 82 85 82 84 76* 76 70* 66* 78 84 
12 79 88 80* 8o* 86 82 86 80 82 78 75* 79 
13 87 85 84 86 86 82 83 83 8r 79 78 77* 
14 79 84 85 87 85 88 75* 77 8o 79 77 76* 
15 85 82 83 83 83 83 81 80 78 79 79 78* 

l6 86 88 88 89 89 87 82 79 76 78 75* 82 
17 85 85 89 go 85 88 84 8o 81 81 83 84 
18 83 84 85 87 87 87 83 79 78 8o 81 83 
19 88 88 89 89 88 88 85 83 81 82 83 88 
20 go 90 92 92 91 90 89 87 88 87 88 go 

21 94 93 89 91 94 92 go 92 go 88 90 87 
22 86 86 86 88 89 88 89 86 85 86 86 85 
23 89 91 91 90 91 91 90 89 87 87 87 86 
24 88 89 89 90 go 89 88 87 85 88 88 89 
25 go 91 92 92 92 go 88 85 83 84 84 88 

26 90 go 90 91 91 90 88 85 84 85 87 go 
27 89 .90 91 go go go 88 82 82 85 88 91 
28 8g go 91 92 93 92 8g 86 84 87 93 95 
29 91 go 90 91 91 90 87 84 86 91 93 90 
30 91 95 96 92 97 93 89 88 87 88 91 86 

Monthly~ 87'8 88·6 8g·3 89·6 90·0 89·4 86·5 84·0 82·3 8J"I 84·7 86-4_ mean 
Normal BT8 88·6 89·7 go·3 go·o 8g·4 87·3 84·0 83·1 84·3 85·9 srs 
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HORIZONTAL INTENSITY-Continued. 

1mignetomder of the Los Angdes Jlagnctic Obserratm·y. 

readings referred to sta1Hfanl ternpera.tnre of ma:;!:net. Inereasing nnrnben; indicate increasiug force.] 

SEPTJ-:M BEE., 1886. 

·-·--~--~~---~ 

Daily I 1311 14h 15h 16h 17h 1811 I !)Ii zoh 21h 22h 23h ~rid- I 
night.· 

mean. ·I 
-~-~-~~· 

_, ____ ~. 
94 97 97* 95 90 92 92 92 <")2 90 90 88 91·7d i 
89 90 92 92 92 92 91 gr 91 91 gr 90 89·4 
86 90 91 91 90 88 93 92 93 93 92 92 90·2 

88 91 92 95 o~ . ,) 93 94 94 91 87 90 91 91·0 

92 88 88 89 90 91 92 92 93 o~ 
~.) 92 93 91·3 

90 90 88 88 89 91 92 92 92 92 91 90 00·8 
94 91 84 85 85 s- 82 88 8' 85 86 86 88·2 _., 

.J 

88 89 89 84 So 88 qo 89 81 82 81 89 8y9 
87 79 75* 68* 72* 71* 81 79 87 78* 62* 86 81 ·2 
82 76* 69* 67* 66* 67* 76* 72* 82 81 75* 94 77·5 

78* 8~ 
..) 75* 79 78 79 87 81 85 76* 78* 79* 79·5 

82 79 74* 80 78 79 79* 80 72* 76* 8• ,1 82 80·0 
73* 72* 69·X· 71* 76* 78* 77* 74* 86 So 74* 77* 19·1 
76* 76* 79 78* 80 82 87 82 85 79 89 So 81·0 
7b* 78* 80 82 82 84 84 86 87 85 87 86 82·1 

83 85 83 84 85 85 86 87 85 79 80 91 sss 
82 83 83 83 83 85 85 87 86 87 85 82 84·4 
84 85 86 85 85 86 85 85 86 86 88 88 84·4 
89 89 90 89 89 90 89 90 90 89 89 88 87·6 
89 88 89 89 89 91 88 89 91 92 90 90 89·5 

8o 77* 79 74* 81 8() 87 So 76* 77* 82 87 85·7 
85 86 85 81 87 88 88 88 89 89 89 90 8fr9 
85 86 87 89 89 89 85 85 86 88 89 88 88·J 
90 90 90 90 89 91 91 91 89 90 go go 89·2 
88 90 90 90 87 90 91 91 92 91 91 91 89·2 

.92 93 92 92 91 91 91 gr 91 90 90 90 89·8 
92 93 93 90 9r 91 90 90 89 90 91 <)O 89·4 
95 94 95 95 91 91 91 92 92 91 91 go 91·2 
95 101* 92 89 89 90 91 85 87 89 89 92 90·1 
84 ·s 84 Sr So 80 s~ 88 87 87 87 86 87·7 .4 .) 

--"~~---·-------· 

86·3 8fr4 85·3 84·8 84·9 86-1 87·3 86-8 Sr2 86·1 86-1 87 9 86·54 

87·9 88·0 87.5 87·5 86·4 87·7 88·4 8?"8 88·1 87·4 88·2 88·5 

... ·-~--~-~--- -----~-

JI. Ex. 43, pt. 2-1~ 
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DIFFERENTIAL MEASURES~ 

Honrly readings from the photographic traces of the bifilar 

[Local mean time. 200 divisions plus talmlar 11n1rntit.y, une 11ivision = 0·000100 in parts of H. All 

OCTOBER, 1886. 

[Fort.lie explanation of tlw><e t.ahle,; .. 1•1• pp. :;~, 54.J 

Day. 1h zh 311 4it 511 6h 711 8h 9" 1oh uh Noon. 

l 87 89 89 89 88 88 87 84 80 83 87 89 
2 88 89 89 90 90 89 88 83 82 85 89 88 
3 89 88 88 90 91 88 87 82 82 82 82 83 
4 88 89 go 90 89 89 89 86 .1\3 83 85 85 
5 89 90 91 90 90 93 92 89* 90* 92* 94* 92* 

6 84 91 84 88 90 88 95* 89* 84 85 89 74 
7 88 78 83 87 88 83 83 75 81 81 8o 3-. 

.) 

8 76 70* 74* 81 84 84 76 66* 59* 72 75 78. 
9 

I 
76 79 80 85 82 84 75 70* 66* 71 75 73 

IO 83 82 77 79 79 78 77 73 70* 60* 66* 71* 

lI 80 83 83 78 81 So 76 74 74 77 79 80 i 12 I 91 85 81 78 80 82 82 79 75 77 78 78 
13 I So 82 84 82 84 83 8o 76 72 79 82 80 
14 I 82 So 83 86 81 82 So 74 77 8o 80 So 
15 i 85 8 ... 82 82 84 84 82 So 78 78 80 82 I ·' 

I 

16 
I 

80 83 82 83 84 83 83 79 79 80 82 81 
17 83 84 83 84 86 87 89 82 82 81 81 82 
18 I 85 89 87 86 86 91 90 83 79 83 83 83 
19 69* 83 73* 81 78 79 78 79 79 82 85 86 
20 

I 
86 87 86 85 86 87 87 86 83 86 93* 92* 

21 87 85 85 91 86 85 86 83 81 83 79 82 
22 I 84 84 84 85 86 86 85 80 77 78 78 81 
23 84 84 84 85 85 84 81 So 77 79 79 82 
24 I 84 85 86 86 87 87 86 83 So 77 79 82 
25 

( 
85 87 92 ·90 89 89 88 86 86 88 88 86 

26 86 87 87 87 87 86 84 So 76 80 85 79 
27 83 83 86' 87 87 88 87 75 78 82 8o 81 
28 84 87 84 82 81 82 82 79 76 72 'lo* 67* 
29 8o 81 82 83 83 81 79 74 77 75 77 78 
30 85 85 82 83 82 83 82 81 78 76 74 13 

31 84 83 84 84 84 85 84 82 So 76 75 75 

Monthly II ---~ 

83·7 84·4 84'.0 ·85·1 85·1 85·1 83·9 79·7 78·1 79·5 80·9 So·S 
mean f 

Normal 84·2 84·8 84·8 85·1 85·1 85·1 8]'5 79·9 79·1 79·7 81·0 80-9 
I - .... ,. -·---
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HORIZONTAL INTENSITY-Continue<l. 

magnetometer of the Los .Angeles Jlfognetic Obsen.w,tory. 

readin;:i;s referred tu standard temperat urn of magnet. Imweasing n1unber.; indicate increasing force.] 

OCTOBER, 1886. 

13h 14h 15h 16h 17" 1811 19h 2oh 21b 22h 23h 
l\lid- Daily 
night. mean. 

go 89 87 86 83 83 86 88 87 86 86 85 86·5rl 
83 83 80 78 84 86 87 87 88 88 87 88 86-2 
83 85 86 86 88 88 89 89 88 89 S8 89 86-7 
87 88 87 88 89 88 90 88 90 89 90 91 88·0 
91* 86 88 92* 92* 94* go 88 82 89 86 94* 90·2 

70* 58* 54* 72* 6o* 69* 67* 79 70* 78 7oii. 86 78·1 
82 69* 81 75 79 76 69* 69* 68* 65* 74 87 78·5 
74 66* 71* 63* 67* 68* 70* 66* 75 81 76 74* 72·8 
67* 66* 68* 69* 74 76 74* 8~ j 76 76 83 77 75·2 
76 70* 74 69* 71* 74 74* So 73 78 83 79 74·8 

78 77 81 75 71* 74 76 79 81 81 81 82 78·4 
79 77 76 78 78 79 80 So 79 79 81 81 79·7 
86 83 79 78 76 78 77 76 77 8o 84 78 79·8 
8o 77 79 82 80 77 80 81 78 76 76 78 79·5 
84 85 85 84 82 81 82 So 79 81 Sr 81 81·9 

8o 80 81 82 84 84 82 80 81 81 78 89 81·7 
82 83 84 86 87 88 86 88 86 84 S4 84 S4·4 
77 70* 79 75 79 73* 73* 70* 74 8o S3 72* 80·4 
85 83 83 83 83 83 83 84 83 83 83 85 81·4 
91* 91 90 92* 91 89 89 88 89 87 85 87 88·0 

81 81 8o 79 80 81 80 So 80 83 81 82 82·5 
84 84 84 84 83 83 83 84 83 83 83 84 82·9 
83 84 85 86 86 86 84 84 84 82 83 83 83·1 
86 86 86 88 87 88 88 88 86 86 84 85 85·0 
86 86 86 86 85 85 86 86 86 86 87 86 86-9 

86 85 84 83 84 86 83 82 83 82 84 s~ _, 8]'7 
85 81 77 78 78 79 So 82 79 77 83 82 816 
71* 78 81 82 81 75 69* 77 77 79 80 82 78·2 
79 81 82 81 81 82 82 81 82 82 81 82 80·2 

76 8o 83 84 87 86 85 82 78 81 81 83 81·3 

77 79 82 83 86 86 85 85 82 83 83 s~ l 82·1 j I 

I 
81·3 8o·7 80·9 81·2 81·5 80·9 81·7 80·8 81·8 82·2 83·3 I i 

79·7 81·931 
81·9 82•9 82·5 82·0 82·9 82·3 83·9 8j'2 81·6 82·3 82·6 I 

83·61 I 



 

212 U. S. COAST AXD GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Honrly rcadin!JR from the plwtor1rapliic trace.-; of the bifilar 

[Local mean time. :WO di visions pln.; tahuhtr 'l nantity, oue division"'-"' 0·000109 in parts of H. All 

NOVEMBER, 1886. 

[!<'or th~·, expl:'mation of tlwsf' tahlt•s >me pp. 5:1, 54.] 

Day. Jh 2h 3h 41• 5h 61; 7h 8h 9h Joh 11h Noon. 

I 83 83 84 84 84 84 85 85 84 81 81 81 
2 86 85 84 87 82 88 90* 82 88* 85 81 84 
3 77 8o 79 78 79 So So 79 64* 67* 68 68 
4 78 76 77 77 81 79 81 79 '76 6 65* 62* 9 
5 75 76 79 76 77 79 74 73 64* 54* 68 72 

6 76 76 78 78 74 82 74 72 68* 73 74 6o* 
7 80 77 76 76 79 77 74 77 77 76 76 77 
s So 80 77 80 77 78 76 78 80 78 79 So 
9 82 81 79 79 So 79 79 78 76 76 76 77 

IO 79 77 78 77 78 78 78 79 78 75 75 74 

II SI 81 82 83 82 81 8T 77 77 78 79 78 
12 79 78 79 So 80 81 86 78 75 72 72 71 
13 76 75 75 79 78 84 81 84 84 81 81 79 
I4 78 78 79 8o 79 79 So So 78 77 78 77 
15 79 19 81 S2 79 78 Sr 79 76 75 72 70 

16 77 78 79 80 83 84 83 81 77 78 78 78 
17 80 80 82 So 73 82 80 81 78 74 71 64* 
18 77 78 7:::, 79 78 79 So 79 78 79 79 8o 
19 79 80 8o 80 83 82 83 82 83 81 79 8o 
20 . 69 75 77 73 76 75 75 75 75 75 73 68 

21 77 77 79 79 80 So 8o 80 78 8o 8o 79 
22 77 77 78 78 So 80 So 81 So 78 79 81 
23 74 77 78 78 81 80 80 81 78 78 78 78 
24 78 75 75 77 77 72 77 79 . 78 73 72 6g 
25 77 74 75 76 78 79 79 78 74 76 76 73 

26 78 78 78 78 78 78 77 77 74 73 73 75 
27 ·17 78 78 78 78 79 78 78 77 74 73 72 
28 78 78 79 79 79 80 79 77 76 74 74 74 
29 8<> 78 82 84 82 86 84 88 85 81 69 67 
30 78 78 83 81 85 78 78 77 76 75 71 64* 

Monthly}! 78·2 78·1 78·9 79·2 79·7 8o·o 79·8 79·1 77·1 75·5 75·0 73·7 mean 
Normal 78·2 78·1 78·9 79·2 79·7 80·0 79·4 79·1 78·0 76-6 75·3 75·5 
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HORIZONTAL INTENSITY-Continued. 

nlaffnetometer of the Los A.ngeles .11fagnetic Ob.<ieri,atory. 

reruliug" rnforred tu :;tamlard temperature of magnet. I11('rea.'ii11g umu uers iudicate increasing force. J 

NOVE:MBER, 1886. 

13" I 611 zoh ~fol. 1 vaily l 
mght. ; mean. J 

-------------------------~~----~---'-·---- i 
I i 

82 
77 
66 
59* 
72 

48* 
77 
75 
77 
75 

77 
71 
75 
78 
68 

79 
7z 
79 
79 
72 

79 
81 
72 
68 
72 

78 
74 
73 
67 
74 

83* 
70 
67 
62* 
71 

64* 
75 
78 
74 
75 

78 
70 
75 
78 
74 

So 
73 
74 
79 
72 

76 
81 
65 
72 
73 

79 
72 
73 
65 
71 

84* 
65 
66 
58* 
65 

64* 
77 
78 
73 
79 

77 
72 
77 
77 
76 

8o 
75 
77 
68 
69 

73·2 73·3 73·5 
74·6 73·7 74·0 

86* 
57* 
72 
61* 
68 

66* 
78 
77 
76 
79 

77 
73 
77 
~2 

77 

82 
74 
78 
80 
76 

80 
8o 
73 
71 
74 

79 
78 
80 
70 
72 

88* 
61* 
74 
7r 
72 

73 
78 
77 
77 
81 

77 
73 
80 
83 
72 

82 
76 
79 
8J 
78 

81. 
79 
80 
70 
76 

88* 
73 
74 
68* 
78 

74 
76 
78 
78 
79 

77 
76 
79 
83 
77 

82 
77 
79 
83 
78 

79 
82 
75 
77 
75 

80 
79 
8o 
68* 
76 

75·1 76·7 77·6 

76-3 7fr9 77·9 

88* 
72 
73 
66* 
72 

74 
78 
79 
79 
81 

78 
74 
79 
82 
78 

81 
76 
80 
84 
76 

77 
82 
69 
78 
77 

8o 
79 
80 
70 
74 

88* 
68 
74 
73 
71 

71 
75 
76 
78 
81 

77 
75 
78 
~2 

77 

79 
79 
81 
68 
67* 

88* 
71 . 
69 
77 
81 

80 
77 
79 
79 
81 

77 
81 
65 4 

73 
73 

77·2 76'2 76'9 

77·2 76-4 77·3 

86 
72 
82 
70 
70 

iS 
75 
So 
79 
81 

77 
76 
79 
81 
76 

79 
78 
76 
82 
75 

76 
78 
71 
74 
So 

92* 
76 
76 
71 
74 

76 
78 
77 
75 
8I 

71 
76 
79 
79 
76 

79 
76 
77 
79 
76 

76 
73 
73 
78 
77 

78 
78 
79 
72 
67* 

77·0 76·5 

77·0 76'3 

89* I ss·od 1 
81 I 77·7 
73 73·5 
74 71·2 
76 72·4 

73 
82 
82 
73 
8o 

79 
79 
79 
79 
76 

76 
74 
70 
So 
76 

8o 
78 
8o 
73 
8o I 

71·8 
77·0 
78-3 
77·5 
78·3 

78·4 
75·9 
78·9 
79·5 
76-4 

80·0 
76-7 
78·0 
81·6 
74·5 

78·3 
79·3 
74·3 
74·7 
75·6 

77·8 
77·0 
i7'9 
75·0 
74·5 



 

214 U. S. COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourl.lJ rca<Utigs from the photographic traces of the 1)ifilar 

[Local mean time. 200 iliYisions plu:o; tabular quantit.v, one division= o·000109 in parts of H. All 

DECEMBER, r886. 

[For the explanation of the•m tables see pp. 53, 54.] 

·--··------ --~~----~- -~-~------ - -·- ~-~~--~- -. --~- ""- --~---·-

Day. 
i 1h 211 3h 4h 5h Gu 70 811 9h Joh 11 h Noon. 
I 

-~1-, 
76 72 74 73 76 75 80 75 78 74 68 68 

2 i 75 74 77 73 80 71 77 75 76 75 66 67 
3 74 72 73 72 78 81 77 82 79 78 73 70 
4 74 72 73 75 77 78 78 77 70* 73 70 69 
5 74 75 73 74 76 76 78 79 78 70 74 75 

6 75 79 73 75 76 78 79 77 78 76 72 70 
7 76 79 79 78 78 79 81 83 84 78 77 7(; 
8 72 71 70 73 74 75 76 79 So 79 76 78 
9 76 76 76 77 78 78 79 79 81 80 76 75 

10 76 77 79 79 79 80 81 81 81 78 74 74 

II 79 So 80 80 81 83 So 82 84 84 80 87* 
12 78 77 77 81 So 81 81 82 83 83 81 81* 
13 80 78 81 80 78 8o 80 77 79 78 76 72 
14 79 81 80 81 80 79 82 81 82 79 72 76 
15 8o So 76 77 81 81 82 84 So 74 72 81* 

16 75 76 78 78 77 79 80 77 79 77 74 65 
17 78 76 75 78 77 78 76 82 85 77 68 72 
18 74 75 76 75 77 78 78 82 So 77 72 68 
19 80 77 77 77 75 78 So 81 79 78 So 82* 

·20 73 74 76 76 78 77 78 79 80 79 74 72 

21 78 78 78 79 80 79 So 76 82 So 73 70 
22 76 76 77 76 76 78 79 8o 83 83 77 73 
23 74 73 74 74 76 75 74 76 77 77 73 68 
24 75 75 74 74 75 76 71 78 77 74 66 67 
25 75 75 76 75 76 76 77 79 79 78 75 72 

26 79 78 79 83 80 80 83 81 82 76 73 71 
27 73 75 76 74 73 74 73 78 78 75 75 72 
28 75 75 76 75 76 77 73 77 76 78 70 63 
29 69 76 76 77 85 74 So 78 80 73 70 65 
30 76 72 74 77 76 74 76 78 76 77 75 73 

31 74 76 76 77 76 77 78 8o 79 77 73 69 

I 
I Monthly~ 75·7 75·8 76·1 76·5 77·6 77·6 78·5 79·2 79·5, 77·3 73·4 72·3 I mean I 

Normal j 75·7 75·8 76·1 76-5 77·6 77·6 78·5 79·2 79·8 77·3 73·4 70·7 
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HORIZONTAL INTENSITY - Continued. 

ma.gnetorneter of the I.Jo.<? Angeles J[rtffnetfo Obse1·u1tm·y. 

readings referred to st:mdanl temperature of magnet. Increasing numlwr~ indicate increasing force.] 

DECEMBER, 1886. 

13h 14h 15h 16h 17ll I 8ll 19h 2oh 21 ti 22h 2 ... h Mid- j Daily I 
.> night. 

1 
mean . 

, I ' 
I 

69 68 64*. 71 74 70 67 67 74 70 73 82 
r 

72.4d 
70 61* 67 70 70 66 76 72 71 76 72 74: 72· I 
68 70 70 76 76 76 75 70 67 70 73 73 73'9 
73 73 67 74 74 74 74 j2 75 76 72 72 73·4 
71 71 69 71 68 69 70 69 74 72 74 74 73·1 

72 74 75 74 75 76 72 76 73 75 78 78 75·3 
72 68 75 71 68 66 62* 67 62* 6o* 61* 62* 72·Q 

74 76 77 78 78 77 77 76 76 76 76 75 76·0 
74 75 77 76 77 76 77 76 74 75 74 74 76-5 
74 76 77 78 78 78 77 76 75 75 75 77 77·3 

78 79 78 77 78 79 76 77 78 77 77 So 79·7 
79 79 75 77 80 78 So 79 80 78 79 78 79·5 
72 74 76 78 8o So 77 71 71 82 77 75 77·2 
75 76 77 79 79 80 79 78 77 74 77 77 78·3 
69 70 72 74 77 78 70 72 74 76 77 74 76·3 

69 72 71 72 72 64* 76 76 76 73 74 72 74·2 
69 74 76 73 76 75 76 75 71 73 74 76 75·4 
72 76 77 72 72 72 75 75 77 76 76 75 75·5 
69 "" 72 73 74 76 75 75 75 76 80 76 74 76-6 
72 75 76 76 78 79 77 78 78 78 77 77 76·5 

69 70 73 76 77 77 78 78 78 78 78 74 76·6 
69 69 70 68 73 69 70 69 ~o 71 71 71 74·3 
66 65 62* 67 74 75 74 73 74 73 74 73 72·5 
67 71 75 75 74 76 76 75 76 75 76 75 74·1 
71 74 78 82 81 82 83 76 75 72 70 73 76·2 

74 69 65 73 74 73 74 73 71 72 72 70 75·2 
68 65 71 74 74 70 74 74 72 72 82 74 73·6 
61* 73 76 77 75 74 70 67 73 70 69 68 72·7 
63 66 72 67 68 70 73 67 68 68 76 71 72·2 
72 73 72 73 74 76 76 75 74 75 76 76 74·8 

68 70 72 76 76 75 75 75 75 74 75 75 74·9 

70·6 71·7 72·7 74·2 75·0 74·4 74·5 73'5 74·0 73·9 74·5 74·2 I 75·11 
70·9 72·1 73·4 74·2 75·0 74·7 75·0 73·5 74·4 74·4 75·0 74·61 



 

21G U. S. COAST AND GEODETIC SURVEY. 

DIF~ERENTIAL MEASURES-

Hourly readings from tlte photographic traces _of the bifilar 

[Local mean time. 2JO <li visions plus tabular quantity, one division= 0·000109 in parts of H. All 

JANUARY, 1887. 

[For the explanation of these tables see pp. 53, 54.] 

Day. 1h 2" 3" 4h 5t1 611 7h 8h 911 1011 [ I Ii Noon. 

I 75 75 76 76 77 77 78 78 78 77 73 70 
2 78 78 78 78 78 79 So 78 81 79 74 69 
3 76 76 76 79 79 80 80 79 79 75 73 68 
4 73 75 72 74 75 74 77 75 75 [72] [66] 65 
5 74 75 74 76 76 77 78 79 78 76 72 72 

6 77 77 77 79 80· So 81 SI 81 79 74 73 
7 72 75 74 76 i7 78 79 80 80 79 73 73 
8 77 77 78 78 78 80 82 82 81 78 74 69 
9 75 75 76 77 78 79 79 79 77 74 72 71 

IO 77 77 77 78 78 78 78 79 79 78 75 73 

II 76 76 78 76 76 78 78 78 78 73 6g 71 
12 76 75 75 78 77 77 78 79 77 72 68 70 
13 75 74 76 75 76 77 77 79 77 74 71 72 
14 77 75 79 80 80 79 79 82 78 70 57* 67 
15 69 74 72 73 77 76 74 69 71 62* 59 58* 

16 72 68 75 70 70 67* 71 69 67* 69 66 72 
17 72 73 72 76 73 74 73 69 67'* 63* 58* _i;8* 
18 72 74 74 74 75 75 77 69 74 73 69 66 
19 71 73 74 72 75 75 75 72 72 68 59•. 64 
20 73 72 71 73 74 74 76 75 71 70 64 65 

21 73 74 72 74 75 75 76 77 77 74 67 64 
22 77 77 76 79 77 76 82 87* 92* 76 68 70 
23 80 72 72 72 75 74 76 78 78 73 67 65 
24 77 72 73 73 77 78 76 76 .78 75 71 56'• 
25 76 75 76 75 8o 76 73 75 74 71 59 57« 

26 76 73 74 74 76 80 76 78 76 71 61 58« 
27 78 75 73 74 76 73 73 74 74 71 6o 5T11 

28 74 74 74 76 75 75 76 78 78 73 66 63 
29 74 72 72 72 75 75 76 74 75 70 65 6o 
30 75 74 73 73 74 75 75 77 76 73 65 65 

31 
l 

74 79 75 74 76 77 79 78 76 73 69 70 

I 
Monthlyf 74·9 74·5 74·6 75·3 76·3 76·4 77·0 76·9 76-6 72·9 67·2 66.2 mean i 
Normal \ 74·9 74·5 74·6 75·3 76-3 76-7 77·0 76·5 76·8 73·7 67·8 68·3 
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HORIZONTAL INTENSITY ~Continued. 

magnetometer <~l tlte Lo8 An11eles Jlfa.Qnetic Obserratory. 

readin11:r> referred to staudard fomperature of magnet. Increasing numbers inuicat.e increasing force.] 

JANUARY, 1887. 

I 311 14b 15b 16Ll 1711 1811 19ti 2011 2111 2211 
I Mid- Daily I ')11 

-.) night. 1nean. , 
! I -~--------1 

76·1rl i 70 71 74 77 78 78 78 78 78 78 78 78 
i! 
I 

67 70 76 79 78 79 79 79 80 79 78 77 

I 
7TI I 

68 70 70 71 72 72 69 74 73 71 73 73 74·0 i 
68 68 66 68 72 71 71 70 71 72 74 74 [11·6J I 
73 76 74 76 77 77 77 76 77 75 75 76 I 75·7 I 

I 
i 73 77 7i 78 78 81 81 80 80 81 73 72 77·9 

76 78 78 78 79 77 79 78 77 77 76 76 76·9 
I 72 77 78 78 79 78 7i 78 78 80 77 76 n·6 

74 76 77 77 77 78 78 78 79 78 78 78 76-7 
75 8o* 81 82 82 77 72 76 78 78 78 77 77·6 

72 75 76 77 78 78 i7 73 69 68 71 75 74·8 
75 78 78 76 77 76 76 76 74 75 75 74 75·5 
74 78 82* 81 82 81 83* 83 78 77 76 74 77·2 
70 - 73 75 72 68 64* 70 72 64 77 66 73 72·8 
63 63 66 72 71 70 71 71 72 72 67 74 69·4 

72 67 67 72 74 74 72 74 70 72 72 73 70·6 
6o 64 63* 71 72 62* 72 74 74 70 83'~ 73 69-4 
62 59* 67 72 73 74 69 70 69 74 79 72 71·3 
67 -"2 74 72 75 72 74 72 72 73 73 74 71 ·7 
67 67 69 69 7r 70 70 70 72 72 75 73 71-0 

67 71 74 74 74 75 74 73 74 74 76 73 73"2 
66 70 74 78 78 77 67 65* 67 60* 63* 68 73·8 
58* 67 72 69 6o* 64* 72 74 73 72 72 72 71 ·1 
62 59* 71 71 66 72 73 71 69 74 70 71 71·3 
67 69 73 73 76 75 72 73 70 74 68 75 72·2 

69 70 73 73 67 73 71 71 72 74 74 72 72·2 
61 68 73 77 77 76 73 75 73 70 71 71 71·6 
63 63 66 72 72 72 72 72 71 70 68 71 71·2 
64 64 66 70 7r 72 73 73 72 72 71 73 70·9 
68 69 72 74 75 76 73 71 70 70 72. 73 72·4 

69 63 73 74 70 75 76 77 65 70 71 77 73·3 

-~--i 

68·1 nsl i 
70·1 72·7 74·3 74·2 74·1 73·9 74·1 72·9 73·5 73·3 73·49 

68·5 70·5 72·8 74·3 74·6 75·2 73·6 74·4 72·9 74·0 73"3 73·8 
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DIFFERENTIAL MEASURES-

Hourly rendin{/S front the pltotOf/Ntpltic trctees of the bi.filar 

(Local mean time. 200 divisions plus tabular quantity. one divisicm =0·000109 iu parts of H. All 

FEBRUARY, 1887. 

[For the explanation of these tllbles see pp. 53, 54.] 
--~~-----

Day. 1h 2h 311 4h 5ti 6h 7b 8h 9h 101:1 I 1h Noon. 

-·------ --· -·--

69 69 72 72 75 75 76 75 74 68 62* 58* 
2 71 71 74 73 76 73 76 77 77 74 69 67 
3 75 76 78 78 78 80 79 79 80 79t 74t 73 
4 74 77 77 77 79 8o 80 78 78 83 82 79 
5 75 79 77 75 77 78 75 78 73 66* 66 68 

6 73 73 73 74 75 77 78 78 79 77 74 75 
7 77 79 82 76 76 74 78 81 83 81 78 77 
8 74 73 76 77 77 76 76 78 78 74 74 76 
9 74 75 78 76 73 73 75 74 74 73 73 73 

IO 70 71 72 73 74 74 78 76 79 83 8o 77 

II 76 76 75 77 76 76 76 79 82 82 So 78 
12 75 76 76 81 74 81 82 84 84 71 61* 70 
13 71 74 75 74 78 75 79 So 73 74 69 70 
14 74 76 75 • 75 78 78 78 78 76 75 57* 63 
15 71 72 74 75 73 74 74 75 76 75 73 70 

16 70 70 73 75 77 79 78 77 77 77 ,, 72 
17 71 73 74 74 76 76 77 77 76 74 72 71 
18 73 75 75 75 75 77 78 79 79 76 73 70 
19 74 74 74 75 76 78 78 78 76 74 7,f 72 
20 68 72 72 81 78 80 79 84 82 78 77 75 

21 78 74 72 73 76 74 75 83 81 So 78 75 
22 72 70 71 78 79 76 So 82 79 76 72 68 
23 76 73 73 73 72 71 74 73 73 76 73 65 
24 71 70 73 75 74 75 77 75 75 71 65 64 
25 76 75 75 74 76 76 77 82 81 78 76 74 

26 76 74 77 77 78 77 79 79 8o 76 74 71 
27 81 79 7S 79 81 79 75 82 79 79 76 73 
28 77 75 78 79 78 78 79 80 8l 77 74 75 

·-----
Monthly? 73·6 74·0 75·0 75·7 76·2 7fr4 77·4 78·6 78·0 7fro 72·5 71·4 mean S 
Normal 73·6 74·0 75·o 75·7 76-2 76-4 77'4 78·6 78·0 76·3 74·0 71·9 

t Eye readings. 
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HORIZONTAL INTENSITY-Continued. 

magnetometer of the Los Angele.<.; 1lfagnetic Obset"'l'atrwy. 

readings referred to standard temperature of magnet. Inereasiug numhers i111licate incrcaRing forct>.] 

FEBRUARY, 1887. 

13" 141t 15b 16h 17h 1811 19h 201i 21h zzti 2"h 
Mid- t IJaily I 

,) night. j mean. : 
!---······-· ! 

64 66 72 72 73 71 71 72 73 ,..,. ·~ 69 70 7°-s't i /..} 

68 70 73 75 76 77 77 76 76 76 75 75 7 '·8 i 
-~ 

70 67 67 62* 63 60* 62* 63 65 68 75 75 71 ·9 
76 78 76 76 78 78 78 76 77 76 76 75 77·7 
69 68 70 71 69 73 -.., 

1~ 73 74 72 74 75 72·8 

75 74 75 75 76 76 76 76 76 76 76 77 75·6 
79 77 77 j6 73 74 74 74 73 74 73 73 76-6 
80 80 81* 82* 81* 80 78 78 72 71 66 66 I 76-0 
71 71 70 68 72 70 70 73 67 68 70 75 72·3 
i7 79 71 70 67 70 67 72 72 72 So 75 74· 1 

l 
79 So 80* 74 64 66 70 74 74 74 75 76 75·8 I 78 72 58* 60* 70 62* 68 -68 70 65 69 70 71 ·9 i 
64 68 68 70 72 75 64 64 64 71 72 73 71 ·5 l 69 69 63 57* 62* 72 72 65 64 69 72 70 7o·3 
64 66 66 69 71 72 72 73 71 72 73 74 71·9 I 

I 
72 68 62 65 68 70 73 75 71 76 70 66 72·3 I 

I 69 71 74 74 74 74 72 73 73 72 72 73 ! 73·4 I 
69 70 74 75 74 75 70 76 75 74 74 74 74·6 I 74 73 70 70 69 69 66 75 67 64 6o.,;- 66 71 ·9 
75 76 70 71 69 70 72 66 74 64 69 68 73·7 I 
67 66 68 69 69 71 64 64 68 72 69 69 72·3 I 73 72 70 71 72 70 67 71 71 - '> 72 69 73·o ,_ 1 62* 6o* 63 68 68 69 67 68 ii 70 68 73 70·0 I 64 66 69 72 74 74. 75 73 71 76 74 73 71·9 

I 
76 75 78 76 76 76 76 75 So 72 71 77 76·2 

69 71 69 70 74 76 78 75 75 74 76 75 75·0 I 75 74 75 74 75 77 78 78 76 76 77 77 77·2 I 

[76] [76] [76] (76] 78 78 75 69 70 72 73 74 [76-0) I 
"'" i I I 

71·6 71·5 70·9 71·0 71·7 72·3 71·8 72·0 71·8 71·9 72·1 "2·6 j 73'581 I I 
71·9 71·9 70·6 72·0 71·7 73·2 72·2 72·0 71·8 71·9 72·6 72-c I 
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HORIZONTAL INTENSITY-Continued. 

nia,gnetmneter of the Lo.~ Angeles Jf<r.,qnetic Of>Ren'f1fnr;11. 

readingR reforrecl to standard tern peratnre of nta~nd. I ncrea<-1ing- n nm hers i ndic.1te increasing force. J 

MARCH, 1887. 

"~--- ---~--~--- ---·---~--~ ···--. - ~--~-----··--~· ---------------· . ~~~--·--·~~- ----···---~--1 

1311 1411 15h 16h I 7h 1811 x9h 2ob 21h zzh 11 l\f.id- I Daily 2
3 night. mean. I 

.. ~--~·-~-~ ------ -~--·-i 

76 74 73 73 74 75 76 76 73 73 73 76 76-0" , 
81 79 76 74 74 75 75 74 76 77 76 76 77·3 
78 79 78 78 79 79 80 80 [80] [80] [So] [So] [78·5] 
8o 81 80 78 78 78 78 78 78 77 75 75 [78·6] 
74 74 79 72 71 69 72 70 71 74 71 72 75·5 

67 72 70 69 70 70 70 70 70 'f 3 74 72 72·9 
76 75 73 74 76 76 76 75 75 7S 74 i '2 74·9 
75 66* 62* 63* 66* 65* 70 66 69 7l 72 76 72·5 
74 71 74 74 74 73 73 73 73 70 73 73 74·2 
75 77 76 74 75 74 72 72 71 7;; 73 75 74·2 

75 79 75 74 74 74 74 73 74 73 77 76 74·7 
75 78 78 75 74 74 74 74 75 73 76 76 75·0 
79 79 78 76 77 78 76 72 73 73 75 77 76-7 
76 80 78 8o 78 80 79 78 79 77 79 78 7S·4 
83 83 68 65* 68 68 70 74 75 71 78 75 75·6 

7s 75 74 73 72 73 74 74 76 76 77 76 75·1 
79 77 76 74 76 76 77 77 77 77 77 78 77·5 
80 79 80 79 78 76 77 78 76 77 78 77 78·8 
81 78 80 88* 86* 83 79 76 78 76 75 75 80·1 

74 72 76 76 74 74 72 72 79 75 68 75 76·6 

76 78 79 75 76 76 76 75 76 76 76 75 74·9 
67 68 73 71 78 76 73 76 76 76 77 73 74·9 
71 73 73 6o* 65* 67 69 72 70 67 63* 64* 71·1 
72 74 75 76 74 73 73 73 75 75 75 76 73"2 l 
75 77 77 76 75 76 78 75 77 76 77 80 76-7 I 
74 74 76 76 77 76 74 72 77 74 75 77 [75·7] 
74 75 77 78 78 76 74 77 77 So 75 74 77·0 
73 75 77 76 78 77 78 76 75 74 74 76 75·5 
74 77 78 78 79 79 79 So 80 80 79 80 77·9 
77 79 81 81 81 81 80 80 79 79 79 81 80·0 

78 79 8o 80 82 82 81 81 81 8o 8o So ' 8o·2 
' 

--------.~----............--·--~-
I 

75·5 76·0 75·8 74'7 75·4 75·1 75·1 74·8 75·5 75·3 75·2 75·;··1~·15 
75·5 76'4 76'3 75·6 75·7 75·5 75·1 74·8 75·5 73·3 75·6 76·1 I 
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DIFFERENTIAL MEASURES-

Honrly readings fro1n the photographic trace8 of the biftlar 

[Local mean timo. ::!OU divisions plus tabular quantity, one division=0·000109 in parts of ll. All 

APRIL, 1887. 

["For th{' explanation of the1-1e tables see pp. 53, M.] 

Day. 1h zh 311 4h 511 6h 711 8h 9h ioh I 1h Noon. 

81 81 81 83 83 83 83 82 80 79 So 81 
2 73 73 74 75 75 78 79 78 78 77 77 77 
3 76 78 78 85 83 78 76 76 77 78 76 75 
4 80 81 79 80 80 84 83 83 83 79 73 75 
5 70 71 72 72 74 So 77 76 77 79 76 58* 

6 77 78 
. 

78 78 81 78 76 74 74 67 67 65* 
7 68 74 75 72 72 69* 70 73 75 74 72 74 

\ 
8 74 72 76 76 76 76 76 75 70 67 72 70 
9 75 77 So 74 74 73 72 70 66 67 70 72 

I 10 74 78 76 77 76 75 74 70 66 65* 63* 64* 

j 11 69 72 85 77 80 78 72 70 68 68 67 64* 
I 12 74 76 76 75 76 75 73 74 72 70 67 64* 
I 13 75 76 78 77 77 78 76 75 75 75 73 73 

\· 
14 76 79 80 75 77 81 81 80 79 79 80 81 
15 71 69 73 75 76 76 76 76 76 76 75 73 

\ 16 77 So 78 79 So SI 79 77 74 72 69 69 ! 
17 76 77 77 77 77 77 78 74 73 77 77 74 
18 79 76 77 79 79 79 75 74 76 77 77 78 
l9 79 79 80 79 79 79 78 76 75 76 77 77 
20 82 79 8o 79 80 So 78 76 76 75 76 77 

21 86* 8o 76 78 80 So 79 77 77 78 78 78 
22 80 83 89* 87 83 84 81 81 79 71 73 73 
23 79 79 81 79 8o 80 79 76 73 75 76 78 
24 80 79 78 77 76 78 77 72 70 71 70 72 
25 88* 76 78 83 87 84 78 72 71 70 68 68 

26 78 79 79 80 81 82 80 80 80 8o 76 75 
27 82 83 82 82 84 82 82 79 78 78 78 78 
28 88* 84 82 84 84 79 76 64* 76 72 76 75 
29 73 67* 70 72 73 73 72 70 72 76 75 75 
30 77 76 78 77 78 77 74 73 74 74 75 75 

\ 
\ Monthlyl/ 77·2 77·1 78·2 78·1 78·7 78·6 77·0 75·1 74·7 74·1 73·6 72·9 mean 

Normal 76-1 77·4 77·8 78·1 78·7 78·9 77·0 75·5 74·7 74·4 74·0 74·9 
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HORIZONTAL INTENSITY-Continued. 

nwguetmnefrr of the Los Angeles Magnetic Observatory. 

readiug;; referred to standard temperature of ma;znet. Increasing numbern indicate increasing force.) 

71 
74 
63* 
75 
6g 

66 
71 
73 
84* 
74 

69 
73 
78 
79 
77 

78' 
78 
77 
76 
68 

76 
81 
70 
75 
76 

83 
81 
74 
73 
73 

75 
75 
71 
77 
74 

74 
73 
73 
83 
74 

70 
76 
76 
72 
78 

79 
76 
80 
77 
68 

77 
85* 
65* 
75 
76 

70 
76 
73 
76 
77 

75 
73 
75 
80 
75 

72 
76 
Sci 
78 
79 

78 
66* 
78 
79 
71 

76 
84 
66* 
77 
78 

74·2 75·4 75·2 

74·3 75·5 76·8 

APRIL, 1887. 

77 
80 
77 
68 
74 

68 
75 
72 
77 
74 

76 
76 
74 
80 
74 

76 
76 
79 
80 
78 

78 
75 
68 
78 
72 

74 
84 
69 
71 
77 

75 
81 
76 
72 
66 

73 
69 
74 
77 
76 

64* 
74 
74 
68 
74 

73 
75 
77 
80 
78 

79 
76 
70 
81 
72 

76 
82 
68 
68 
75 

71 
80 
77 
73 
74 

60* 
69 
71 
74 
77 

6o* 
75 
75 
09 
76 

77 
75 
74 
80 
78 

75 
76 
68 
78 
70 

79 
82 
6o* 
70 
75 

75·2 74·1 73·3 

75·2 74·5 74·7 

63* 
62* 
73 
70 
74 

69 
74 
79 
75 
75 

77 
75 
74 
81 
78 

79 
74 
66 
79 
73 

79 
82 
68 
72 
74 

62* 
64* 
79 
74 
76 

72 
74 
78 
64* 
76 

76 
76 
76 
77 
79 

8o 
66 
68 
76 
75 

So 
83 
73 
70 
74 

59* 
66 
67 
69 
65 

73 
74 
75 
66 
74 

76 
75 
77 
77 
78 

78 
75 
70 
76 
75 

80 
85* 
71 
75 
73 

73·5 73·0 73·4 

74·6 74·4 73·5 

l\fol- : Daily 1 
23h ' night. :. mean. 

71 
90* 
80 
66* 
68 

76 
68 
66* 
68 
64* 

73 72 
74 74 
68 71 
58* 78 
82 77 

74 77 
74 73 
78 77 
71 77 
81 81 

80 80 
76 78 
76 74 
77 76 
75 77 

Sr 81 
85* 87* 
72 74 
74 77 
74 74 

i ---- I 
i 

75 l 77·6<1 I 

16 I 76-6 I 
79 \ n·8 I 
62* 75·2 : 
71 f 72·9 

6o* I 71·2 
74 ' 71·7 
70 t 71·7 
70 72·9 
67 71·2 

74 71·6 
74 7 3·2 
74 74·9 
70 76-0 
77 75·0 

74 75·3 
73 75·5 
78 7TI 
78 7T7 
8o 78·5 

81 78·8 
8o 77·5 
76 75·2 
79 7fr3 
79 74·9 

82 78·8 
87* 82·3 
81 74·0 
76 72·8 
79 ' 75·5 

i 
---1 

74·8 75·1 75·2 i 75·32 

74·7 75·2 75·s / 
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DIFFERENTIAL MEASURES-

Hourly rca,dings from the photographic traces of the bifilar 

[Local mean time. 200 divisions plltR tabnlar qnanUty, one divisiun =0·000109 in parts of H. All 

MAY, 1887. 

[For the explanation of tht'se tahles see pp. 53, 54.) 

--~~-·-----------·--

/-D_a_y ~_1_1_1! __ 2b ___ 3_l_• _ 4
h __ 

5
_h __ 6_a ___ 7_1i __ 81_, -~9" 

I 79 79 78 78 78 76 75 71 

~ 

I 
I 
I 
I 
) 
I 
I 

I 
I 
I 

2 69 72 73 
3 74 73 73 
4 76 78 78 
5 75 76 74 

6 76 75 76 
7 76 76 76 
8 77 79 78 
9 79 78 78 

IO 78 79 78 

I I 78 78 77 
12 85 88* 86* 
13 85 79 78 
14 I 75 74 75 
15 76 

16 75 
17 78 
18 73 
19 81 
20 76 

21 78 
22 79 
23 80 
24 70 
25 69 

26 72 
27 80 
28 78 
29 77 
30 77 

31 79 

-----· 
Month1y~ 76-8 mean 
Normal 76·8 

78 

77 
80 
74 
75 
76 

78 
78 
80 
69 
83 

70 
82 
72 
77 
81 

79 

77·2 
76·8 

So 

77 
76 
75 
76 
76 

79 
78 
8o 
72 
73 

73 
81 
72 
77 
80 

79 

73 
75 
78 
75 

76 
76 
So 
79 
79 

78 
88* 
78 
77 
79 

79 
76 
74 
75 
76 

79 
77 
82 
72 
74 

73 
82 
72 
78 
79 

79 

77"3 
76-9 

72 
78 73 75 74 74 
76 76 74 73 74 
75 72 71 73 68 
77 77 77 73 71 

76 76 74 72 72 
76 74 73 73 74 
77 78 79 76 75 
78 79 78 77 78 
79 78 80 79 78 

79 77 76 82 79 
87~ 88* 85 87* 89* 
So 78 81 79 83 
76 77 So 78 77 
78 78 75 78 78 

78 76 76 73 76 
75 77 75 73 70 
76 76 76 74 73 
76 74 73 73 75 
76 77 76 74 75 

81 Sr 77 71 71 
77 78 77 74 72 
83 83 So 76 76 
72 74 70 63* 68 
72 73 68 74 75 

74 75 77 75 74 
78 75 72 71 73 
75 75 75 75 71 
78 78 75 75 78 
83 80 79 78 81 

83 So 8o 76 78 

77·6 77·1 76-1 74·9 75·1 

77·3 76-7 76-1 74·9 74·6 

I 1h Noon. 

70 68 72 
76 73 65* 
75 75 73 
66 68 69 
67 68 69 

70 71 71 
71 71 71 
73 71 72 
76 76 80 
75 74 73 

76 72 74 
92* 92* 93* 
76 74 76 
74 69 69 
76 74 72 

77 76 74 
72 74 72 
75 74 74 
77 77 74 
78 78 77 

73 76 78 
72 71 74 
76 79 8o 
72 ~~ 69 
75 78 

76 76 8o 
78 79 75 
72 77 So 
78 76 75 
79 79 78 

Bo 81 77 

74·9 74·8 74·6 
74·4 74·3 74·3 



 

REPORT FOR UHH-P.ART II. 22rJ 

HORIZONTAL INTENSITY-Continued. 

nw.gnetometer of lite LoN A.ngeles Jllaf]nefic 01>.~ercatory. 

n·adiug1> referred to 8falHfanl frmperati1rn of m11gnet. I ui:rcasill!! imm lJers hnlinite increasing force.] 

]\-IA Y, I 887. 

13h 14h 15h 1611 17h 1Sh 19h 2oh 21h 22h 2311 Mid- j Daily I 
night. I mean. 

72 72 77 78 78 78 79 80 79 75 72 58*·1~74·8d i 

71 76 74 76 71 58* 70 68 83 69 70 79 72·5 
71 69 72 74 72 66 63* 72 70 70 So 75 72·7 

'" 69 73 75 70 69 67 61* 69 78 74 74 74 71·9 
69 72 75 74 71 70 73 71 75 76 79 76 73·3 

74 77 76 79 77 77 71 72 73 75 76 76 74·5 
70 73 73 74 . 76 75 73 73 74 75 76 77 74·0 
76 78 77 74 74 76 76 73 74 76 77 77 76-0 
81 82 79 78 76 72 74 75 76 78 78 82 77·8 
72 72 72 72 73 76 76 75 7ft 75 76 77 75·9 

75 76 78 78 80 79 81 84* 83 8o 82 85 1§·6 
84* 83 76 75 6o* 57* 68 .76 73 70 78 78 807 
77 75 72 71 72 72 74 66 67 68 72 74 75·3 
72 70 73 72 77 72 71 68 78 70 75 76 74·0 
71 73 72 71 71 72 72 75 75 71 8o 74 75·1 

73 72 72 73 72 74 74 73 75 75 76 78 75·0 
7J 72 71 70 70 67 69 72 71 68 68 79 72·8 
74 78 78 78 79 82* 63* 67 67 72 69 76 74·0 
72 69 73 73 74 74 75 74 74 73 75 76 74·5 
79 80 82 77 78 76 76 76 76 76 77 78 76-9 

78 8o So 78 76 76 78 79 79 79 79 78 77·6 
8o 79 -78 74 74 76 77 77 77 78 79 So 76-5 
84* 90* 89* 76 68 64 56* 67 70 70 81 75 76-9 
71 66* 70 61* 6o* 64 66 64 63* 69 67 78 68·5 
73 74 70 69 68 69 72 72 73 73 74 72 73·0 

87* 8o 76 74 76 76 77 77 78 78 79 78 76·3 
77 72 72 73 63* 66 67 70 66 72 70 71 73·5 
80 So 78 75 75 74 74 76 76 76 76 76 75·4 
74 74 H 73 71 73 71 73 72 73 74 79 75 J 
76 74 . 76 74 75 75 75 72 72 70 76 76 76·9 

76 75 75 79 79 79 75 77 78 So 84 78 i 
I 

;:8·6 

-!~~~--
75·2 75·4 75·3 74·0 72·7 72·0 7r8 73·0 74·2 73·8 75·8 76·3 j 75·1 2 

74·2 75·2 74·9 74·4 74·0 72·7 73·4 72·6 74·6 73·8 75·8 76-9/ . I 
I 
I 

fl, ~~.~'pt. ~.l5, 



 

226 U. S. COAST AND GEODETIC SURVEY. 

DfFFERENTIAL MEASURES-

Hourly readings from the 1Jhotog1·aphic traces of the bifilar 

[Local mean time. 200 uivisions plus tabular quantity, one division= O·OOUl09 iu parts of H. All 

JVNE, 1887. 

[}'or the explauation of these tables see pp. 53, 5".] 

Day. 1h 2h 3h 4h 5h 6h 7h 8h gh 1ol1 I th Noon. 

I 74 77 77 77 77 76 78 78 77 74 70 73 
2 82 82 79 So 79 77 73 74 79 81 78 80 
3 80 So So 79 79 81 So 77 75 79 79 7-9 
4 8o So 80 80 80 8o 78 70 72 78 83 85 
5 86 72 80 78 75 80 78 77 74 77 77 74 

6 79 82 81 79 So 80 80 So 80 79 80 82 

7 78 79 79 79 So 78 76 74 76 78 77 76 
8 82 84 87 83 84 85 85 82 77 75 77 8o 
9 80 81 84 82 So 82 82 80 82 80 78 82 

10 85 75 85 78 80 81 81 76 74 73 74 76 

II 78 82 81 8o 81 81 So 78 75 76 76 79 
"12 78 79 8o 8o 82 So 82 8o 78 79 79 81 
13 74 77 77 78 79 8o 78 78 73 70 70 73 
14 76 76 77 77 78 79 79 76 75 76 77 80 
15 77 78 78 78 78 79 76 73 72 74 75 77 

16 76 78 77 77 79 8o 76 71 72 7-J. 72 72 
17 79 79 So 81 79 81 79 75 73 72 75 78 
18 84 83 85 86 85 90* 8o 8o 81 82 82 83 
19 82 85 78 80 79 75 78 79 79 78 75 75 
20 82 8o 81 79 79 8o 81 8o 77 78 77 75 

21 76 75 79 81 St So 78 75 79 79 79 78 
22 83 78 73 74 73 76 76 75 76 78 73 72 
23 76 76 76 76 75 74 74 75 77 78 79 77 
24 75 76 77 76 75 75 74 74 70 [72] 74 75 
25 76 77 76 76 77 78 77 76 76 75 74 75 

26 79 79 80 8o 79 80 79 78 79 78 76 72 
27 [78] [78] [78] [78] [77] [77] [77] [74] 73 75 76 75 
28 78 78 77 78 78 79 79 78 76 75 73 74 
29 79 79 79 8o 8o 8o 81 8o 79 78 8o 81 
30 83 84 86 82 86 89* 86 85 82 77 79 81 

·----

~onthlyl 79·2 79·0 79·6 79·1 79·1 79·8 78·7 76·8 76-3 76·5 76·5 77·3 ' mean 
Normal 79·2 79·0 79·6 79·1 79·1 79·1 78·7 76·8 76·3 76-5 76·5 77·3 
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HORIZONTAL INTENSITY-Continued. 

magnetometer of the Los Angeles 1lfa,guetic Obserrator~l/· 

readings referred tu sLamlard temper;1,ture of mag1rnt. I ucrea:sing 11urnlrnrs indit;ate increasing force.] 

JUNE, 1887. 

13h t4h 15b 16h 17h 18h 19" 2oh 21h 22h 23h Mid- Daily 
night. mean. 

77 75 75 73 '73 73 74 77 78 78 78 78 75.7d 
79 78 74 74 74 77 78 77 79 8o 80 80 78·1 
8r 78 76 76 75 77 78 78 79 79 So So 78·5 
83 77 81 8o 78 78 82 82 Sr 82 77 79 79'4 
72 69 68 67 68 6g 74 74 So 80 77 78 75·2 

82 82 81 79 75 73 75 76 76 76 76 76 78·7 
77 76 76 78 77 77 78 78 76 80 79 82 7T7 
Sr 84 83 s~ 76 77 77 76 80 67* 74 74 79·7 -~ 
78 79 77 78 75 71 74 77 77 82 77 82 79·2 
77 79 80 78 75 75 77 76 77 77 77 79 77·7 

79 74 76 77 76 76 76 78 78 78 80 78 78·0 
82 84 84 79 70 71 70 67 70 73 73 76 77·4 
78 79 75 73 71 71 74 74 74 74 74 75 75·o 
8o 81 8o 79 76 74 74 75 75 76 76 76 77"0 
78 78 77 76 76 75 75 75 76 77 75 75 76'2 

72 72 73 74 Jtl, 76 76 76 76 76 76 78 75·0 
77 8o 78 77 77 72 75 76 79 84 83 81 77·9 
78 81 83 83 8o 78 76 78 78 80 82 84 8r7 
76 77 78 77 72 75 75 76 78 79 79 82 77·8 
76 76 76 77 74 76 76 75 75 74 74 86 77'.7 

80 77 78 69 74 70 69 71 67* 73 72 77 75·7 
70 76 71 73 73 72 71 72 72 ~o 76 76 74'5 
77 75 71 70 72 72 72 74 76 74 72 73 74·6 
71 71 72 71 71 73 73 74 74 74 76 77 [73·8] 
80 79 79 76 75 71 74 74 74 77 77 77 76·1 

72 77 77 78 77 77 75 [75] [76] f77] (76] [78] (77·2] I 

75 76 75 73 78 78 78 78 77 78 78 76 [76-5] 
76 77 76 75 75 76 77 75 79 79 78 78 76·8 
81 83 79 78 70 74 78 79 77 79 78 86 79'0 
81 8o 78 76 76 77 78 78 78 78 78 8o 

_ \ 
8o'7 

77·5 77·7 76-9 75·9 74·4 74·4 75·3 75·7 76-4 77·4 76-9 7861 77·29 

77·5 77·7 76·9 75·9 74·4 74·4 75·3 75·7 76·7 77'7 76-9 78·6 



 

228 U. 8. COAf'lT AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourl.11 rea,rling.<? from the plwtogra11ltic fr[(.CC8 o.f the bUilar 

[Local ruea.n time. 200 lllvisions pl mi talmlar q nantit_y, one 1livision = O·OOOHl!) in part,; of H. All 

JULY, 1887. 

[For the expfouation of these tabl~'S see pp. :l3, 54.J 

Day. ih 2h 311 4h 5h 6h 7h 811 911 iot' 11h Noon. 

! --···------·· - ~--------~"------ --- ••-•----------~c--·- --~ ·~-- ------·---,-

I 79 79 79 So 79 80 79 75 74 75 77 78 
2 75 75 77 78 78 79 76 74 70 74 77 79 
3 77 77 77 78 78 78 76 75 76 77 76 -r-' :, 
4 So 81 82 82 82 82 80 72 77 77 82 83 
5 86 86 86 86 87 88 84 82 80 81t 84t 86 

6 74 75 75 78 79 78 74 70 74 73 77 76 
7 72 69* 90* 76 79 83 83 75 68 76 82 80 
8 71 74 73 73 74 72 75 75 75 74 70 70 
9 73 74 73 74 73 74 70 66 65* 72 75 81 

IO 84 79 79 77 81 80 76 73 74 68 62* 64* 

II 77 76 78 78 80 79 76 73 74 
~ 

15 74 76 
IZ 74 79 74 76 75 73 72 69 71 70 72 74 
13 72 71 73 74 74 78 78 75 72 68 ;n 73 
14 72 75 76 78 78 79 76 75 74. 76 77 79 
15 83 86 82 83 84 83 83 79 76 79 79 79 

16 79 79 79 78 79 78 79 76 76 81 82 82 
17 76 76 77 78 77 78 78 77 77 77 75 73 
18 78 80 81 80 82 79 79 8o 82 82 73 71 
19 79 78 79 79 78 78 78 77 75 77 77 81 
20 77 79 77 76 76 75 74 69 66 74 77 8o 

2I 8~ 

"' 83 81 Sr 80 80 79 75 78 8o 82 80 
22 78 78 79 So 8o 8o 78 76 74 75 So 85 
23 So 81 So 79 79 78 77 73 71 76 So 85 
24 78 78 78 78 77 77 75 73 8o 82 83 8o 
25 79 80 81 80 79 77 74 75 76 78 80 77 

26 78 80 78 78 78 79 77 75 74 75 77 76 
27 82 82 87 83 83 83 81 78 76 ~§ 73 77 
28 79 8o 80 79 79 8o 79 76 75 79 77 
29 

i 
8o 80 So So 8o 8r 78 76 79 81 83 83 

30 81 81 So 80 81 82 81 76 72 71 74 So 
I 

31 I 83 81 82 82 ~2 81 77 74 76 77 78 79 
I j 
1--1\fo~thl~~i ~-;~:-:·--;;.~-;9·1 78·8 79·1 79·r 77°5 74·6 74·4 75·9 77·0 78·0 mean \j I Normal j 78·0 78·8 78·8 78·8 79·1 79·1 7T5 74·6 74·7 75·9 77·5 78·5 

t E;re fe&diD!J&· 
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HORIZONTAL INTENSITY-Continued. 

rnagnetometer of the Los AngeleR .Magnetic Obserratory. 

readings referred to .. tamlartl tem1)eratnre of magnet. Incre~siug m1n1uer.~ im1icatP iucrea>1ing force.] 

JCLY, 1887. 

13h 14h I 5h l6h 17h 18h 19h 2oh 21Lt 22h 2311 
}\fal- ' 1 ,;ily 

night. mean. 
-------~~--~------~------------~---

78 77 75 75 76 76 77 76 77 78 77 78 77"2rl 
80 7S 76 74 74 75 76 77 77 77 78 79 76'4 
78 77 78 78 77 77 76 77 78 78 78 78 i'7' I 
83 82 So 83 77 78 81 81 81 81 8o 81 80·3 
87 85 83 77 n So 77 75 67* 66* 68 69 80·3 

72 71 70. 67 65* 03* 64* 66* 69 69 66* 63* 71·2 
76 75 69 67 63* 66 57* 68 66* 77 71 73 73"4 
66* 67* 65* 6o* 65* 69 64* 66* 7• 71 71 74 70·2 
85 85 83 So 75 73 73 76 74 77 76 78 75·2 
73 74 73 73 74 71 77 74 75 77 78 81 74·9 

79 82 80 78 74 70 69 72 71 71 73 72 75·3 
76 75 74 71 .69 69 71 72 75 71 70 70 72·6 
72 So 71 66 67 67 . 69 70 72 73 72 74 72·2 
78 76 74 72 76 79 8o 80 80 So 81 82 77"2 
75 78 72 71 74 74 74 74 71 74 77 79 77"9 

_.81 80 79 75 74 74 76 78 78 78 78 77 78·2 
75 77 76 75 76 75 79 8o 80 So 79 78 77·0 
83 82 85 76 78 74 72 73 79 75 78 78 78·3 
79 So 71 70 71 72 74 71 71 78 75 76 76·0 
81 74 71 73 72 73 75 76 77 78 79 79 75·3 

80 76 75 74 73 76 76 76 76 76 76 77 78·0 
86 85 84 78 76 76 78 78 79 79 8o 80 79' 2 
87 82 79 71 ·70 73 76 75 76 76 75 77 77·3 
80 79 76 74 73 75 77 77 77 77 78 79 77·5 
75 76 75 76 76 76 76 75 73 74 75 77 76-7 

73 74 76 78 78 79 80 8o 81 82 83 84 78·0 
8o 76 76 75 74 74 78 79 79 78 78 79 78·5 
76 74 76 77 77 80 80 79 79 79 79 80 , 78·2 
8o 78 78 76 .. 78 79 So 78 78 77 78 81 79·3 
82 84 84 81 79 80 80 80 81 82 82 83 79·9 

8~ 82 82 81 79 80 81 80 81 8o 81 82 80·0 I 
I 

78·6 78·1 76·3 74·3 7y8 74·3 74·9 1s·s 75·8 76·4 76-5 7fr74 
I 

77·4 
79·0 78·5 76-7 74·7 74·8 74·7 76-4 76-1 76-4 76·8 76-8 77·8 



 

230 U. 8. ·COAST. AND GEODETIC RURVEY. 

DIFFERENTIAL MEASURES-

Hourly read'l°nftsfrnm tlte plwtogt·apkic trace.'? of the bijilar 

[Local mean time. 200 divisions plus tabular quantity, one division=O·OOll109 in parts of H. All 

AUGUST, 1887. 

[For the explanation of' these tables see pp. f>3, 54. J 
-------~-------

i 
Day. 

I 
[h 211 3h 4h 511 6h 7h 8h 9b 1qh Uh Noon. i _____ I_ 

I 82 82 82 91* 91* 90* 86* 64 8o 84* I 

I 
77 73 

2 64* 6611- 67 66* 68 68 64* 65 66 68 621!- 72 
3 73 69 73 73 73 69 68 66 69 71 70 73 
4 ! 74. 73 75 73 72 74 70 67 72 71 72 72 
5 i 74 lfa 70 78 76 74 72 i4 74 72 71 72 

6 78 76 74 72 74 74 72 73 72 ·73 69 70 
7 78 77 74 74 74 76 73 70 71 72 70 73 
8 73 76 74 73 73 71 73 74 73 72 68 64* 
9 75 74 73 75 75 75 74 74 76 79 81 79 

IO 77 79 78 75 75 75 75 73 73 73 71 71 

II 76 76 76 76 76 78 77 78 73 .. Z4 74 76 
12 76 77 78 77 77 77 76 75 75 76 76 74 
13 78 78 79 79 79 79- . 77 75 -76 78 78 79 
14 76 74 77 81 77 8o 77 72 76 77 75 72 
15 70 78 79 78 72 74 72 68 72 72 76 73 

16 73 74 74 75 76 72 70 71 76 77 76 74 
17 75 76 75 76 76 75 72 71 73 74 73 71 
18 75 76 75 76 76 77 73 67 71 77 80 79 
19 75 75 76 75 76 75 72 66 65 70 72 74 
20 77 78 78 78 79 79 78 72 73 76 78 81 

21 79 79 8o 79 So 79 76 14 76 74 71 71 
22 77 77 76 76 76 75 74 75 77 76 74 75 
23 75 75 76 76 76 76 76 74 74 77 75 75 
24 74 75 76 75 74 76 76 72 6g 72 77 81 
25 76 77 78 77 79 74 75 74 77 76 74 75 

26 78 79 79 79 8o 79 79 77 75 74 76 77 
27 76 76 76 76 76 75 72 70 71 72 73 75 
28 i4 75 75 75 76 76 73 69 70 74 74 65 
29 69 70 74 72 71 70 69 71 -69 72 70 70 
30 70 69 81 71 72 72 65 70 66 63* 6<) 73 

31 70 70' 70 71 73 74 74 74 71 68 66 70 

Monthly;; 74·7 75·4 75·7 75·7 75·7 75·4 73·5 71·9 72·1 73·3 73·3 73·9 mean 
Normal \ 75·1 75·7 75·7 75·6 75·2 74·9 73·4 71·9 72·1 73·7 73·6 73·9 
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HORIZONTAL INTENSITY-Continued. 

1tw-r1ru3tometer of the Los .A.1igeles 1llagnetic Obser-vfltory. 

reading,; refer·red to sta.ndartl temperature of magnet. Iucreasing numbers indicate increasing force.] 

AUGUST, 1887. 

I 

13h 14h 15b 16h 17h 18h 191> 2oh 211! 22ll 23h Mid- I Daily 
night. I mean. 

I 
I 
~"~~-~-

-----------~ 

79 79 70 56* 48* 45* 47* 47* 48* 51* 58* s1* I 69·5d 
78 ;3 66 66 66 67 71 68 59'~" 61* 65 82 I 67·4 
72 64 59* 58* 58* 63 72 62* 67 69 70 73 68·1 
73 69 64 64 65 65 66 62* 65 66 69 72 69·4 
73 70 67 69 70 69 69 69 65 72 72 77 72·1 

• 
70 71 70 67 65 67 69 72 77 75 70 81 72·1 
72 70 72 67 64 69 ~ ~. 'I 69 68 78 68 71 71·6 
64* 68 72 67 67 68 I 73 73 74 74 74 71·2 
74 71 69 6g 73 74 74 74 73 75 75 76 74·5 
72 72 74 74 74 75 75 .,6 75 75 76 76 74·5 

76 73 73 73 73 75 76 b, 76 77 77 76 75·o 
72 72 74 74 76 76 76 76 78 77 78 78 75·9 
So 83* 88* 76 74 76 75 71 Cl 72 72 74 76-9 
70 71 67 69 67 69 74 73 75 75 75 74·0 
66 65 64 65 68 72 71 64 71 72 72 72 71 ·1 

74 ·75 68 69 71 73 74 75 74 74 74 76 73·5 
71 70 71 72 74 75 76 76 74 i:J 75 74 73·8 
76 72 70 70 72 75 ·75 76 75 75 74 74 74·4 
75 75 75 75 74 76 77 77 78 78 77 77 74·4 
8o 78 . 78 74 77 79 8o 80 76 74 75 77 77·3 

72 71 71 71 72 74 74 75 76 75 76 76 75·0 
74 72 69 69 68 71 ~ 73 72 74 74 74 75 73·9 
75 73 73 ·79 74 75 76 74 72 •70 72 74 74·7 
76 73 74 72 73 79 7S • 78 77 76 77 76 75·2 
78 78 75· 73 74 75 74 75 74 74 75 75 75·5 

78 76 73 . 76 74 77 76 76 76 76 76 77 76-8 
77 79 79 So* 79 76 76 77 77 76 75 75 75·6 
57* 56* 58* 54* 58* 68 70 63* 58* 53* 65 77 6]'2 
68 55* 6o* 63 6o' 62* 58* 63* 68 64* 80 76 67·7 
71 71 70 68 69 64 65 70 70 8o 72 74 70·2 

73 66 73 75 71 67 64 64 73 
. 

69 69 76 70·5 

73·1 71·3 70·5 69·5 69·3 70·8 71·6 70·7 71·4 72·0 72·8 74·9 72·86 

74·0 72·0 71·2 70·6 71·3 72·0 73·0 72·9 73·2 74·2 73"3 75·5 



 

232 U. S. COAST AND GEODETIC SUR.VEY. 

DIFFERENTIAL MEASURES-

Hourly readings from the photograpltic trtices of tlte b(/ilar 

"Local mean time. 200 didsiomi plus tabular quantity, one division =0·000109 in parts of H . ..A.11 

SEPTEMBER, 1887. 

[For the explanation of these tables see pp. 53, 54.] 

Day. 1h 2h 311 4h 5h 6h 711 8h 911 yob 11h Noon. 

---~----

I 73 74 77 76 73 72 69 68 7f 67 68 71 
2 7I 71 72 73 69 71 69 65 60 64 64 62 
3 74 72 74 73 72 70 68 66 68 70 72 70 
4 72 71 71 72 71 71 69 67 67 67 67 67 
5 71 72 73 73 73 72 70 67 68 71 • 74 75 

6 71 72 73 73 72 72 69 68 66 69 72 72 
7 72 73 73 74 74 74 73 72 70. 72 71 72 
8 74 75 75 75 75 74 72 73 75 75 75 74 
9 77 77 76 75 74 75 73 71 72 74 75 75 

IO 78 71 79 8o 73 80 77 76 74 71 70 69 

II 73 74 72 74 76_ 72 74 71 70 70 70 71 
12 72 74 74 73 74 72 71 70 69 72 73 1:; 
13 73 74 74 74 72 71 68 68 66 68 68 64 
14 74 75 76 77 77 75 74 71 74 76 76 70 
15 69 70 71 71 73 72 71 65 62 68 70 71 

16 70 69 70 74 72 72 66 65 65 68 66 71 
17 76 69 70 7r 72 72 69 66 66 68 70 6.) 
18 72 70 71 72 73 73 71 70 6g 6g 68 68 
19 76 75 75 74 74 74 72 72 74 73 72 69 
20 74 74 74 74 74 74 71 69 69 70 71 71 

21 74 73 83* 79 79 78 75 71 76 68 69 72 
22 68 69 j:O 70 70 70 - 70 6'1 68 6g 69 69 
23 74 74 74 73 73 .. 74 76 76 73 68 66 68 
24 65 68 70 70 72· 72 67 70 67 71 71 72 
25 75 76 77 75 79 79 76 74 64 67 58*" 57*. 

26 6o* 57* 62* 70 66 64 62 59* 6o '63 64 63 
27 64 61* 68 66 73 65 62 62 65 68 63 54* 
28 65 61* 63* 68 66 65 63 45 65 65 62 65 
29 72 77 64 70 68 69 75 ""68 65 64 63 68 
30 74 74 68 . 67 67 68 66 66 61 6o 62 68 

I 

Monthly~j 7r8 71·4 72·3 72·9 72·5 72·1 70·3 68·6 68·0 ti8·8 68·6 68·7 niean t 
Normal 72·2 72·7 72;6 72·9 72·5 72·1 7o·3 68·9 68·0 68·8 69·0 69·6 

l 
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HORIZONTAL INTE;NSITY-Continued. 

magnetometer of tlte l~os Anr1eles Magnetic Obseri,atory. 

readiugs referred to stlUl<lard temperature of mag:uet.. Increa.'Si.ug uuwlters indicate iucreasing force.j 

SEPTEMBER, 1887. 

I -.h 14b 15h 16h 17h 18ll Jgll 2oh 21 11 22h 2 b Mid- I Daily 
.) 3 night. 1nean. 

~· -~·~~·~---~~~- - -------- - -- --- -~"--·---- - ~~------1 --- ----~-

70 61 62 65 65 68 7"- 65 73 70 70 79 69·9d 
65 64 68 68 66 68 64 67 76 68 70 70 677 
68 69 69 68 67 64 66 70 68 72 66 69 69·4 
68 69 71 73 72 70 68 69 70 71 70 71 69·8 
75 73 70 71 71 72 72 70 70 70 69 71 71·4 

72 71 71 72 72 72 72 72 72 72 72 72 71·3 
73 73 74 74 74 75 74 73 74 73 73 72 73·0 
73 75 78 78 77 75 75 75 75 76 76 . 76 75·0 
76 76 73 76 78 77 77 78 82* 65 72 73 74·9 I 

74 ii 74 72 68 69 71 73 73 72 73 73 73·4 

! 67- 59* 5S* 62 68 72 70 71 70 69 73 71 69·9 l 

72 72 70 72 71 72 72 72 72 73 76 76 72·4 I 65 67 71 73 74 75 75 76 75 74 75 75 71·4 ! 71 69 72 76 76 73 76 73 73 68 68 70 73·3 i 
68 71 71 69 61* 59* 63 61* 62 67 71 70 67·8 I 

I 
I 

73 72 74 74 73 72 68 68 72 71 70 75 70·4 I 
72 76 76 74 72 72 70 71 70 70 70 70 70·9 j 68 70 70 70 71 72 74 72 73 74 74 75 71·2 
66 66 67 69 70 71 72 72 71 72 73 73 71·8 I 

l 

72 73 73 73 74 74 74 72 72 73 71 71 72·4 

I 71 70 72 74 75 76 74 73 62 60* 69 64 72·4 
69 69 70 70 71 72 72 71 71 71 71 72 I 69·9 I 66 66 62 6o* 70 70 71 70 69 68 62 58* I 69·2 
72 72 71 71 74 73 73 74 74 73 72 74 71·2 I 54* 47* 37* 30* 13* 15* 48* 24* 62 51*- 42* 56* 55·7 

1 
62 59* 5~* 51* 54* 56* 62 54* 59* 62 64 6o* 6o·2 
51* 52* 47* 46* 56* 54* 50* 59* 70 6o* 65 68 6o·6 

I 64 66 64 62 67 69 68 67 66 75 68 68 65·7 
67 65 65 64 63 . 67 65 69 65 62 69 70 6r2 I 

69 68 69 65 63 63 69 68 67 69 68 68 67·0 I 
68·4 67·7 67·4 6]'4 67·5 67·9 69·4 68·3 70·3 69·0 69·4 ~7:{~9-541 
~·6 6g·8 70·3 7Q·6 70·8 71·3 70·6 7l'2 7o·3 70·4 70·3 



 

234 U. S. COART AND GEODETIC RURVEY. 

DIFFERENTIAL MEASURES-

Hourly read-ingR from the photographic tra.ces of tile b·~fUar 

[Local mean time. 2-00 divisions pl as tabular quantity, one division= 0·000109 in parts of H. All 

OCTOBER, 1887. 

[.For the explanation of these tables see J•p. 53, LJ.4.] 

Day. 1h 21:> 311 41:> 511 6h 7h 8h 911 1011 1111 N~on. 

I 71 71 70 69 70 69 69 64 62 65 [66] [67] 
2 68 67 68 68 70 71 72 68 63 6o 65 66 
3 70 70 70 72 70 72 74 73· 70 66 64 65 
4 72 72 72 73 73 72 73 70 66 64 66 69 
5 70 72 73 76 74 75 76 74 70 67t 69 73 

6 73 73 74 74 74 73 72 70 69 70 72 73 
7 68 70 70 71 71 71 71 72 68 68 73 75 
8 n, 74 73 73 74 74 72 72 69 68 68 67 
9 72 72 72 74 74 73 73 72 67 68 71 70 

IO 72 73 74 75 75 72 74 72 67 67 69 67 

II 70 71 71 71 71 70 68 65 63 63 69 72 
12 66 64 67 71 72 67 65 64 62 6o 63 62 
13 68 68 71 69 71 71 70 67 62 65 64 69 
14 66 66 68 70 69 69 68 67 65 66 69 69 
15 68 69 71 70 70 70 69 68 67 67 69 71 

16 71 72 70 74 73 72 72 70 68 68 70 72 
17 71 75 72 72 72 72 73 71 70 70 71 72 
18 71 72 73 73 73 73 72 70 68 70 70 68 
19 73 72 72 72 74 72 72 72 69 68 67 67 
20 71 71 72 72 72 71 70 6g 68 6g 69 68 

21 71 71 72 72 72 72 72 71 69 68 70 6g 
22 69 67 67 6g 67 74 77 82* 77* 64 64 62 
23 63 72 70 69 71 65 65 68 65 57 59 6o 
24 65 66 66 66 66 65 67 70 69 69 68 67 
25 69 6S 69 70 70 69 66 67 67 67 66 64 

26 69 71 77 71 66 So* 6g 6o SS* 52* 61 61 
27 69 69 67 64 68 66. 63 63 62 59 61 61 
28 65 65 65 66 66 66 64 64 64 62 61 62 
29 66 66 66 66 67 67 67 66 66 64 62 62 
30 58* 63 66 65 69 70 71 64 65 63 64 62 

31 64 66 65 65 64 63 62 6o 57* 57 58 61 

Monthly~/ 68·8 69·6 70·1 70·4 70·6 70·5 6g·9 68·5 &6·1 64·9 66·4 69·9. mean j 
Normal j 69·1 69·6 7zy1 70·4 70·6 70·2 69·9 68·1 66·4 65·3 66·4 66·9 

tEye reading. 
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HO RIZO NT AL INTENSITY-Continued. 

magnetometer of the LoR Angeles Magnetic Observatot·y. 

reatlings referred to standard temperature of magnet. Increasing nmnlters indi<'ate in('reasing force.] 

OCTOBER, 1887. 

13" 14h 15" 161> 17h 18" 1911 2oh 21h 22" 23b Mid- I Daily 
night. , mean . 

. ----
-~·--· -~--~~-~~~ - ~-

(67] [68] [6S] (69] [69] 68 71 68 66 70 67 67 (67·9Jll 
67 68 67 69 69 70 70 70 71 71 71 71 68·3 
66 68 70 71 70 71 71 71 71 71 70 71 69·9 
70 72 7" 73 74 74 74 74 74 74 73 71 71·6 

~. 

75 74 73 72 73 . 71 72 72 72 72 73 74 72·6 

72 69 71 70 70 65 6o 61 65 68 67 66 69·6 
73 75 69 71 70 72 72 70 73 71 72 73 71·2 
69 71 70 70 70 72 72 72 72 72 72 72 7r3 
72 71 70 71 72 73 73 73 72 72 72 70 71·6 
69 71 70 70 69 71 66 63 67 69 70 71 70·1 

71 6g 69 70 71 73 74 74 71 63 63 67 69·1 
63 61 66 69 69 69 62 63 62 65 64 73 65·4 
69 63 65 68 67 63 59* 67 63 66 65 67 66·5 
67 64 65 67 64 67 67 69 68 68 68 68 67·3 
70 69 70 69 69 71 70 71 72 .. 72 71 70 69·7 

74 73 71 70 72 70 75 73 75 70 72 77 71·8 
72 72 68 - 67 68 68 68 66 69 69 69 71 70·3 

~ 68 70 72 71 71 72 72 70 70 72 72 71 71·0 
6g 72 73 72 72 72 72 71 71 71 70 70 71·0 
6g 69 70 71 72 70 70 70 71 71 71 70 70·2 

70 72 73 75 77 76 76 70 69 63 63 66 70·8 
62 69 62 77 67 67 6g 64 67 66 66 64 68·3 
56* 59 6o 6o 58* 59* 6o 67 63 65 66 63 63·3 
67 66 65 66 68 68 70 70 69 68 68 68 67·4 
66 69 69 71 71 72 71 70 71 70 69 68 68·7 

60 59 51* 54iC 56* 58* 56* 59* 6o 63 61 66 62·3 
6o 58* 58* 6o 6o* 62 61 65 63 62 65 65 63·0 
6z · 62 63 64 64 65 65 64 64 64 65 65 64·0 
65 66 68 6g 68 66 66 66 68 6g 66 66 66·2 
63 63 6o 62 66 66 65 65 65 64 64 64, 64·5 

6i 62 64 64 65 65 64 65 66 65 65 65 I 
63·1 

I 

67·3 67·5 67·2 68·4 68·4 68·6 68·2 68·2 68·4 68·3 68·1 68·7 j 68·33 

67·6 6r9 68·f 68·9 69·5 69·3 68·9 68·5 68·4 68·3 68·1 68·7 



 

236 U. S. CO.AST AND GEODETIQ SURVEY 

DIFFERENTIAL MEASURES-

Hourly readings from the photographic tr£uJes of tile bUiltt-r 

[Local mean time. :!clll diyisiou~ µlus tabular quantity, one division-= l)·l)00109 in ,parts of H. All 

NOVEMBER, 1887. 

[For the explanation of thmie taLles see pp. 5!"1, r.4.) 

Day. 1h 2h 3h 4h 51i 6h 7h 8h 9h Joh Jth Noon. 

65 66 66 67 67 68 68 65 64 63 6~ 
..) 67 

2 66 67 68 68 68 68 66 63 63 64 68 68 
3 65 64 67 68 68 ~ 74 72 69 65 62 60 
4 65 66 66 67 67 67 67 66 66 68 65 65 
5 68 67 67 68 67 67 68 67 67· 65 66 65 

6 68 69 69 70 70 71 71 72 71 69 67 65 
7 71 69 69 69 71 70 69 69 70 70 70 70 
8 70 70 71 73 71 72 69 64 58 63 63 63 
9 65 75 64 67 68 70 69 69 64 67 63 60 

IO 64 74 68 69 68 71 73 69 70 64 6o 59 

JI 68 68 65 66 66 67 68 69 68 65 63 66 
12 66 67 66 66 66 68 68 69 67 64 63 64 
l _, 69 68 68 69 70 70 71 69 67 64 63 64 .) 

14 71 66 66 67 68 68 67 66 64 65 66 66 
15 68 68 68 69 6<j 68 68 67 65 61 60 61 

16 66 67 68 69 68 68 68 68 68 68 67 67 
17 69 69 70 72 74 74 74 76 72 70 66 66 
18 64 64 65 65 66 68 68 68 '70 70 68 68 
19 70 64 66 69 70 70 72 70 70 66 66 65 
20 60 6o 66 66 65 67 66 63 65 6o 60 59 

21 64 83* 59 57* 63 62 66 65 54* 50* 44* 42* 
22 57 60 62 58* 62 62 63 63 62 59 59 63 
23 59 60 62 63 63 63 64 63 64 65 63 6o 
24 66 64 64 65 65 66 65 65 66 66 64 64 
25 63 66 65 64 65 65 66 66 63 62 61 65 

26 64 65 66 66 66 66 66 66 66 65 65 68 
27 68 68 68 69 68 67 67 69 70 68 66 68 
28 66 66 65 67 68 68 69 70 69 69 65 .66 
29 65 68 6g 68 66 64 67 62 65 66 62 64 
30 65 66 69 63 65 66 67 66 67 64 6o 64 

' 
Monthly~/ 65·8 67·1 66·4 66·8 67·3 67·5 68·1 67·2 66·1 64·8 63·3 63·7 mean I 

Nonnal I 65·8 66·6 66'4 67·5 6r3 67·5 68·1 67·2 66-6 65·3 63·9 64~5 
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HORIZONTAL INTENSITY~Continued, 

magnetometer of the Los Angeles Jlagnetic Obser11atory. 

reai1ing:s rcfon·ed to standard ternperatnrr of ma).!;nel. Increasing numuero indicafr increasing: force.) 

NOVEMBER, 1887. 

13h 14h 15h 1611 17h 18h 19h 2011 21h 22h 2 
h l\li<l-1 Daily 

3 night. mean. 

I 
66 64 65 65 66 66 64 63 62 64 63 65 I 65·1 d 

66 68 68 67 66 66 66 66 67 69 73 65 I 66·8 
62 63 62 63 66 66 65 64 64 64 65 65 

1 
65·3 

63 62 65 66 67 66 69 68 68 66 66 66 66·1 
65 65 66 68 t-8 6S 68 68 68 69 68 67 

I 
67·1 

67 68 69 70 70 69 69 69 69 68 67 68 69·0 
70 70 71 71 72 71 71 70 70 71 70 70 70·2 
66 67 59 57 66 65 66 65 63 67 65 66 6y8 
65 66 67 64 6o 66 66 64. 63 64 64 64 65·6 
59 62 63 65· 66 65 65 66 65 66 65 67 66·0 

71 70 73 65 66 67 67 67 66 66 65 66 67·0 
65 65 65 66 68 68 70 68 66 65 66 67 66·4 
66 66 67 68 68 67 65 67 67 68 68 66 67·3 
65 68 69 69 69 70 70 69 68 66 67 67 67·4 
62 66 67 70 70 70 69 69 68 68 68 67 66-9 

• 
69 71 69 69 70 70 70 70 69 69 68 69 68·5 
6o 60 62 63 58 59 6r 62 59 57 58 6o 65·5 
67 65 68 68 70 70 66 62 64 64 66 65 66·6 
65 66 68 66 66 60 54* 55* 51* 52* 59 57 64·0 
62 57 6o 6o 61 59 65 64 65 66 63 66 62·7 

48* 44* 53* 49* 49* 55* 56* 57 55* 55* 59 66 I 5fr5 
56 57 57 55* 6o 59 64 56* 58 67 62 s5* I 59·8 
58 58 59 6r 61 6r 62 ·63 63 63 62 61 I 61·7 
63 63 63 64 65 65 64 64 64 64 64 64 

I 
64·5 

64 63 63 64 "64 65 64 65 64 63 62 63 64·0 

69 68 68 67 67 68 67 66 65 64 66 67 
I 

6fr3 
68 70 71 71 69 67 67 68 67 64 64 63 i 67·7 
69 70 70 69 68 64 67 66 69 63 62 6o ' 6fr9 
62 62 63 66 64 66 64 66 63 63 61 65 64·6 
63- 61 64 66 65 64 65 64 63 63 63 63 64'4 

----
64·0 64·2 65·1 65·1 65·5 65:4 65·5 65·0 64·4 64·6 64·6 64·7. 65·52 

64·6 64·9 65·5. '66·0 66'1 65·8 66·3 65·7 65·3 . 65·4 64·6 65·0 i 
i 



 

238 U. 8. COAST A::N"D GEODE'"l'IC SURVEY. 

DIFFERENTIAL MEASURES--

Hourly readings from the J>hotograpkic tra.(',es of the bi.filar 

[LoeaJ mean time. 200 <livisious plus tabular quantity, one divii;ion = 0-000109 in pa1·ts of H. All 

DECEMBER, 1887. 

[For the explanation of these tables see }lp. 53, 54.] 

Day. I 1h 2h' 3h 4h 5h 6h 7h 8h 9h 10" 1111 Noon. 

1-· -~-

64 63 64 64 64 66 65 65 65 62 59 59 
2 66 65 66 65 67 66 67 67 65 63 62 63 
3 65 65 6i; 66 66 66 67 68 67 65 62 62 
4 66 67 66 68 68 67 68 68 68 67 64 6., 

..l 

5 66 68 67 67 69 69 70 70 70 68 65 64 

6 67 66 70 69 71 72 70 69 65 61 64 56 
7 65 66 66 69 67 68 64 68 67 61 65 63 
8 64 65 66 65 66 68 68 69 69 66 64 62 
9 66 66 67 67 68 70 70 72 72 70 67 65 

IO 66 6g 67 68 69 70 71 72 72 70 66 64 

ll 69 68 69 69 70 70 70 70 69 G6 65 65 
12 68 69 69 68 69 70 70 71 70 70 69 68 
13 64 66 66 67 68 69 70 69 70 68 67 64 
14 6o 6o 6o 62 62 64 64 65 64 63 61 59 
15 64 65 65 64 66 65 65 65 65 65 64 63 

16 66 63 63 6o 64 63 61 62 65 65 57 54 
17 57 58 6o 69 69 69 61 64 58 58 62 56 
18 58 57 61 61 62 58 56* 6o 6o 63 59 59 
19 61 62 61 66 61 66 65 63 64 61 6o 58 
20 63 62 63 62 63 65 72 64 62 ' 61 6o 53 

21 63 62 65 63 61 61 69 59 67 54* 49* 50* 
22 48* 56 54* 58 57 57 57* 58 56* 57 54 52 
23 58 58 59 59 6o 61 61 6o 62 6o 57 56 
24 62 63 63 63 64 64 65 65 65 65_ 61 57 
25 61 63 61 6t 62 64 66 65 66 64 61 6o 

26 59 60 61 61 62 62 66 67 64 61 6o 52 
27 61 59 61 62 64 63 62 65 62 62 58 56" 
28 64 66 62 62 64 66 67 69. 68 68 66 63 
29 62 62 62 63 64 64 65 66 63 63 6o 58 
30 • 65 64 65 63 64 65 66 67 62 60 6o ..ss 
31 62 63 64 64 63 63 64 63 63 62 59 6o 

~---·-

Monthlyf 629 63·4 63·8 64·4 65·0 65·5 65·9 66·0 65:3 63·5 61·5 59·4 mean 
Normal 63·4 63·4 64·1 64-'4 65·0 65•5 66-5 66-o _65·6 63·8 61·9 59·7 
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HORIZONTAL INTENSITY-Continued. 

magnetmneter of the Los Angeles .1.tlagnetic Observatory. 

reading.; referred to standard temperature of magnet. Inereasing numbers indicate increasing force.] 

DECEMBER, 1887. 

13b 14h 1511 16h 17h 18b. 19h 2oh 21h zzh 23h 1\lid- Daily 
nii;ht. mean. 

''\""'..:-

61 61 64 66 68 66 67 66 66 66 66 67 64·3d 
63 63 65 68 68 67 66 66 64 64 65 66 65·3 
64 64 69 69 68 68 66 66 66 66 66 66 65·9 
62 64 66 68 68 69 68 67 66 66 67 67 66-6 
64 67 70 70 70 71 70 66 68 69 67 66 68·0 

58 6o 6o 64 64 65 63 64 6o 59 62 64 64·3 
61 57 61 6~ 

.) 66 66 62 65 64 64 62 63 64·3 
63 61 62 63 64 66 68 68 67 67 64 66 65·4 
63 62 63 64 66 67 66 65 65 64 65 66 66'5 
65 65 65 66 68 69 69 68 67 70 68 68 68·0 

64 63 64 66 68 69 69 68 69 69 68 68 67·7 
66 66 67 71 73 71 64 71 65 66 61 68 68·3 
6o 59 59 58 58 55* 57 58 6o 6o 6o 64 6]'2 
59 6o 62 64 65 65 65 65 64 63 64 64 62·7 
61 62 63 64 65 65 63 63 64 63 6~ 62 63·9 .:> 

52 55 52* 54* 54* 55* 55 55 53 47* 54 55 57·7 
54 50* 6o 62 59 54* 54 51* 53 52* 55 57 58·4 
56 56 52* 55 53* 58 57 59 6o 56 56 66 58·3 
58 57 58 6o 62 63 62 61 63 62 61 66 61·7 
55 59 6o 61 61 62 61 58 56 65 59 66 61·4 

48* 48* 45* 49* 47* 45* 44* 37* 43* 48* 52* 49* 53·3 
52 54 55 58 6o 59 59 59 58 58 58 58 56-3 
56 58 61 62 63 63 62 6o 6o 6o 6o 62 59·9 
56 57 59 61 63 64 64 61 63 63 64 64 62·3 
6o 6o 59 50* 46* 53* 5211, 51* 56 57 58 56 58·8 

55 61 64 62 62 58 58 57 59 6o 58 57 6o·3 
56 57 6o 58 49* bo 6o 6o 6o 65 61 59 6o·o 
6o 57 6o 62 6o 57 56 54 55 62 67 61 62·3 
58 58 61 63 65 65 61 62 64 65 63 63 62·5 
56 62 63 65 66 66 63 61 6o 6o 63 61 62·7 

6o 59 64 65 63 65 65 64 64 63 63 64 6,2·9 

58·9 59·4 61·1 62·3 62·3 62·8 61·8 61·2 61·4 61·9 61·9 6291 62·68 

59·3 6o·1 62·3 63·5 64·8 64·8 62·8 62·8 62·0 63·3 62·3 63·3 
I 



 

240 U. S. COA.8T .A.ND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourl.11 readings from the photo_qraphic traces of the bi;filar 

[Local mean time. :!00 tlivi>1ions plus tabular opmutit.v, one uivi>!icn =-O·OOUlO::l in pa1·ts of H. All 

JANUARY, 1888. 

(J.<'or tho c~ planation of these tables sei'l pp. 53, 54.] 

I 2h • 
i nav. 1h 3h 4ll 51> 6h 71> 8h 9h 10" J rh Noon. 
, ____ : _ 

~ 

I 63 64 65 66 66 63 65 64 64 61 58 59 
2 64 64 67 66 66 67 67 68 66 62 57 55 
3 66 68 67 67 67 66 67 67 64 6( 57 58 
4 68 67 67 68 66 66 66 67 65 62 58 58 
5 67 67 68 68 68 68 68 69 68 67 63 62 

6 65 62 64 68 68 68 67 65 65 62 60 56 
7 63 64 64 65 66 66 66 67 73* 71* 69* 68* 
g 42* 46* 58 65 59 64 54* 52* 58 54 49 45* 
9 55 56 56 58 58 57 58 59 58 57 54 51 

JO 59 59 59 59 6o 62 62 62 61 59 54 50 

II 57 57 58 60 59 60 62 64 64 62 5'4 52 
12 55 57 59 60 59 62 64 64 64 63 6o 58 
13 47* 42* 4b* 51* 57 57 66 72 67 62 45* 43* 
14 53 54 55 54 58 58 6o 59 58 55 38* 48 
15 59 54 55 56 57 57 58 58 59 57 52 50 

16 55 57 60 59 58 59 6o 6o 6o 56 . 50 50 
17 54 56 57 59 60 58 60 61 6o 56 51 49 
18 58 59 63 61 64 61 6o 61 59 52 48 49 
19 6o 59 58 59 6o 61 61 63 62 58 57 58 
20 61 61 61 62 63 63 63 64 62 57 54 58 

21 62 62 63 64 64 65 66 63 64 58 54 .S.5 
22 6r 59 64 62 60 64 66 67 62 6o 57 59 
23 61 54 55 6o 59 76* 71 56 51* 51 45* 54 
24 56 56 55 6o 62 6o 61 63 62 57 58 62 
25 59 6o 61 64 65 61 62 60 58 56 54 53 

-?6 57 59 61 6o 62 62 64 66 66 64 6o 5,7 
27 6o 61 61 62 62 66 65 65 56 61 54 61 
28 63 6o 6o 6o 62 63 65 67 67 67 67* 66* 
29 61 62 62 64 64 64. 65 68 68 65 64 64 
30 62 62 64 65 64 65 65 66 66 64 65 6t'k 

31 I 65 65 65 66 66 67 67 67 66 63 6o 62 

~fonthl;?I 
59·3 59·1 6o·6 61·9 62·2 63·1 63·6 63·7 62·7 60·0 55·7 56-0 'I 

1nean ~I 
j Normal 60·3 60·2 61·1 62·2 62·2 62·7 63·9 64·1 62·8 59·6 56·2 55·7 
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HORIZONTAL INTENSITY-Continued. 

ma.gnetometer of tlLe Los Angeles .1..l£a,qnetic Observa.tory. 

readings referred to standard temperature of magnet. Inerelkling num be·r1:1 indicate increasing force. J 

JANUARY, 1888. 

. Mid- Dailv 
13b 14h 15h 16h 17h 1811 J9h 2oh 21 11 22h 23h night. meai;. 

58 62 65 06 65 64 63 63 65 64 65 65 63·5ct 
56 6o 62 64 65 65 66 66 63 64 65 65 6]"8 
61 64 66 66 65 64 64 64 62 66 65 66 64·5 
58 6o 65 68 69 68 68 67 67 66 65 66 6y2 
63 66 67 67 68 69 69 65 63 65 64 65 66·4 

55 56 59 62 6.t 64 64 63 64 64 64 64 63·0 
67* 63 66 63 52 51* 52 51* 50* 48* 45* 46* &n 
45* 49* 5r• 56 55 57 57 56 57 56 56 56 54·0 
51 53 55 57 58 59 59 58 58 58 58 6o 56-8 
48 50 55 64 61 61 61 60 5& 58 58 58 58·2 

55 57 58 60 62 62 61 6o 61 60 59 54 59· 1 

62 65 67 72* 70* 67 64 64 64 64 62 54 62·5 
49 49* 46* 49* 48* 48* 54 52 50* 53 54 54 52·6 
50 51 55 56 56 57 54 48* 49* 50* 53 59 53·7 
52 . 56 58 6o 58 58 58 56 54 56 6o 54 56·3 

54 59 61 62 63 62 62 59 51* 49* 47* 55 sro 
48 51 55 57 58 58 57 56 56 54 56 57 56·0 
50 54 57 58 59 59 59 59 59 6o 6o 58 57·8 
59 58 59 6o 59 6o 60 60 60 60 60 6o 59·6 
61 62 64 64 62 62 61 62 62 62 6.., 61 61·5 .) 

57 52 58 60 6o 58 54 61 61 6o 59 60 6o·o 
62 63 63 61 62 62 64 6o 58 60 58 54 61·2 
53 54 56 42* 39* 55 54 59 53 53 55 61 55·3 
49 57 58 59 60 59 56 61 58 61 62 57 58·7 
6o 62 58 56 59 6o 59 62 6o 58 64 58 59·5 

62 58 58 57 57 58 62 58 58 57 60 59 60·1 
62 58 56 56 56 54 6o 61 56 61 58 59 59·6 
66* 63 61 56 56 58 61 61 62 63 61 59 62·2 
66* fua. 63 • 63 63 63 64 63 65 63 61 61 63·8 
70* 69* 69 67 65 66 66 66 65 65 66 65 65·6 

64 65 65 66 64 62 64 64 64 64 64 65 646 

·---

57·2 58·4 59·9 6o·5 59·9 6o·3 6o·5 6o·2 59·1 59·4 59·6 59·2 ! 60·09 
56-1 58·7 00·7 61·1 6o·j 61·1 60·5 6o·9 6o·5 6o·5 6o·5 59·61 

H. E.x. 43, pt. ~16 
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[Local mean time. 

Day. 1h 

I 65 
2 65 
3 66 
4 64 
5 66 

6 66 
7 67 
8 65 
9 58 

10 65 

II 60 
12 61 
13 65 
14 65 
15 63 

16 65 
17 62 
18 62 
19 59 
20 60 

21 60 
22 67 
23 63 
24 61 
25 61 

26 66 
27 65 
28 66 
29 73* 

Monthly~ 
mean 63·8 

Normal 63·5 

U. S. COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES

Hourly readings from the photographic traces of the bijilar 

200 dirisions plus tabular quantity, one division=0·000109 in p~ts of H. All 

FEBRUARY, i888. 

[For the explanation of these tables see pp. 53, 54.) 

2h 3h 4h sh 6h 7h 8h 9h 1oh 11h Noon. 

65 66 65 65 65 65 65 62 59 59 62 
64 64 65 65 65 64 64 65 66 66 66 
66 66 66 67 68 69 69 66 61 58 56 
65 67 66 66 66 66 66 65 61 57 56 
64 64 65 71 69 6g 72 70 65 61 61 

65 66 67 67 67 68 69 69 66 62 61 
67 67 66 67 68 68 70 73 73 68 66 
67 67 68 68 66 67 69 71 71 70 67 
62 64 64 67 67 64 65 66 67 67 68 
64 63 66 63 68 66 66 63 61 61 57 

64 67 62 65 66 65 68 66 66 66 58 
67 63 64 66 66 64 64 68 68 63 64 
66 64 64 67 67 66 68 69 71 72 72 
65 66 67 67 66 67 66 66 66 67 67 
63 64 65 66 66 66 66 67 67 68 67 

67 67 68 70 68 67 6g 66 67 64 61 
64 64 64 65 69 66 67 67 63 67 67 
63 70 74 68 68 67 67 68 68 66 65 
62 64 64 67 66 66 68 65 63 63 6o 
62 68 66 67 65 64 62 63 6o 66 69 

59 62 64 67 64 63 63 64 63 58 64 
64 70 68 64 63 62 57 57 58 59 64 
64 64 67 65 64 64 62 61 59 58 62 
61 63 64 63 63 66 63 64 66 67 67 
62 61 64 65 67 64 65 65 66 67 &J 
63 66 65 65 65 65 61 62 62 63 66 
65 66 66 67 67 64 62 62 65 66 68 
68 66 69 68 68 66 63 61 62 64 64 
67 71 69 68 6g 69 65 63 • 62 62 57 

64·4 65·5 65·9 66·4 66·4 65·8 65·6 65·3 64·6 64·0 63·8 
64·4 65·5 65·9 66·4 66-4 65·8 65·6 65·3 64·6 64·0 63·8 
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HO RIZO NT AL INTENSITY-Continued. 

magnet<Jmeter of the Los Angeles 11.f.lignetic Ob.<;ervatory. 

readinga referred to standard temperi.ture of magnet. Increasing numbers indicate increasing force.} 

FEBRUARY, 1888. 

13b 14b 15b 16h 17b 18h 19h 2oh 21h 22h 11 Mid-1 Daily 2 3 night. mean. 

65 68 68 68 68 66 66 66 66 66 65 66 65·od 
68 67 66 68 68 67 67 67 67 66 66 66 65·9 
57 59 61 61 63 62 62 63 63 63 65 64 63"4 
57 56 60 61 62 61 56 6o 59 66 56 60 61·6 
6o 61 62 64 66 67 66 66 66 66 65 64 65·4 

61 61 62 64 •66 67 68 67 67 67 66 67 65·7 
69 65 66 63 68 68 68 67 67 67 67 67 67·6 
66 65 65 67 67 67 65 66 69 52* 65 59 66·2 
69 67 66 66 64 62 61 6o 65 64 65 64 64·7 
6o 68 69 68 67 66 69 66 64 73 61 61 64·8 

6o 64 58 64 62 64 62 63 64 61 68 63 63·6 
66 66 66 66 65 61 62 61 6I 62 65 64 64·3 
71 67 66 66 65 66 66 65 65 68 66 66 67·0 
65 66 66 64 63 63 63 64 63 63 64 63 65·1 
64 65 68 68 67 68 66 66 66 65 65 66 65·9 

69 68 66 6o 63 63 64 62 62 62 61 62 65·0 
68 68 65 65 67 68 67 67 66 65 71 65 66·1 
64 61 61 51* 62 55 57 61 66 58 63 6o 63"5 
70 65 58 52* 54* 62 61 63 61 61 59 63 62·3 
68 62 61 "62 61 64 61 63. 61 61 6o 65 63·4 

67 66 62 64 6o 58 57 56 59 60 6o 61 61•7 
64 61 54* 61 58 62 62 63 63 62 6r 62 61·9 
63 61 63 64 66 63 65 64 64 63 64 62 63·1 
59 61 63 61 57 57 61 6o 62 63 62 58 62·2 
68 69 62 62 64 61 58 62 64 64 64 64 64·0 

67 68 66 65 64 63 63 65 66 67 64 66 64·7 
69 6g 70 69 68 65 64 66 67 67 67 68 66-3 
64 65 68 68 68 66 60 6o 64 64 59 64 64·8 
61 66 68 70 68 67 67 67 67 67 66 66 66·5 

---
64·8 64·7 64'0 63·9 64·2 63·8 63·2 63·7 64·3 63·9 63·8 63·7 i 64·55 
64·8 64·7 64·4 64·8 64·5 63·8 63·2 63·7 64·3 64·3 63·8 63·7 

I 
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DIFFERENTIAL MEASURES-

Hourly reading.<1 from t[ie photographic traces of the bifilar 

[Local mean time. 200 divisions plus talmlar quantity, one divisiou=0·000109 in parLt! of II. All 

MARCH, 1888. 

[For Urn ex1>lanation of t.hese tables see pp. 5"3, 54.) 

Day. 1h 2h 3h 4h 5h 6h 7h 8h 9b 1oh 11h Noon. 

I 66 66 65 66 66 66 66 65 64 64 65 64 
2 68 67 66 67 67 66 65 63 61 62 63 63 
3 67 67 67 67 68 68 67 67 66 64 62 61 
4 68 67 67 68 68 68 67 64 63 61 64 65 
5 69 69 69 69 69 69 69 67 64 63 64 65 

6 69 69 69 69 69 69 68 68 68 69 72* 73* 
7 73 73 73 74 73 72 75 72 71 70 71 69 
8 64 64 66 65 66 65 65 63 62 63 65 66 
9 66 67 68 69 67 68 69 66 6o 54* 66 61 

IO 65 66 65 65 63 73 68 63 6o 61 65 65 

II 66 66 65 65 66 65 66 64 62 61- 61 6o 
12 66 68 67 67 67 66 66 63 6o 6o 59 6o 
13 68 69 68 69 68 69 67 63 61 6o 60 63 
14 67 69 69 70 70 69 68 63 6o 58 58 57 
15 69 69 71 75 78* 63 70 64 70 67 63 61 

16 62 61 65 64 63 64 63 58 66 59 54 54 
17 59 60 65 68 66 6o 62 61 58 61 52* 55 
18 61 6o 6o 65 64 63 64 61 62 64 59 59 
19 62 64 64 66 64 65 65 66 65 62 55 59 
20 65 64 64 65 65 63 62 60 59" 58 6o 58 

21 66 67 70 70 69 68 67 65 63 62 58 6o 
22 64 65 66 66 68 67 66 63 62 64 62 58 
23 65 67 67 67 68 68 66 64 62 67 67 63 
24 68 68 ·70 69 68 72 6<) 68 65 61 6o 62 
25 72 71 71 70 71 70 70 68 66 66 65 66 

26 69 69 69 70 70 69 68 64 64 65 63 63 
27 69 69 70 71 70 71 70 69 68 65 62 6o 
28 70 70 71 76 71 71 72 71 6<) 67 63 57 
29 69 69 68 68 68 69 68 67 68 67 65 64 
30 68 69 69 69 69 68 67 65 66 67 66 66 

31 65 65 68 67 67 69 67 66 68 65 62 60 

Monthly} 66·6 66·9 67·5 68·3 67·9 67·5 67·2 64·9 64·0 63·2 62·3 61·8 mean 
Normal 66·6 66·9 67·5 68·3 67·6 '67·5 67·2 64·9 64·0 63·5 62·3 61·5 
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HORIZONTAL INTENSITY-Continued. 

magnetometer of the Lo.r;; Angcle8 Jfagnetic Obsen,atm·y. 

readings referred to standard temperature of magnet. lncreasing numbers indicate increasing force.] 

MARCH, 1888. 

. I 
13h 14ll 15h 16h 1711 18h 19h 2oh 21b 22h 2311 

Mid- ; Daily 
night. : mean. 

I 
I 

6o 64 64 63 66 67 65 65 66 66 65 64 ! 64·9d 
62 62 64 67 68 66 67 66 67 66 67 67 65·3 
61 63 65 68 69 68 65 66 68 68 68 68 66·2 
68 67 69 69 68 68 68 67 67 67 68 68 66-8 
67 68 69 68 68 68 68 69 68 68 68 69 6]'7 

69 68 70 7I 71 72 72 72 70 72 72 72 70·1 
72 74* 71 71 66 64 67 57 55* 62 60 76 60·2 
67 64 65· 65 65 61 61 59 62 65 66 67 64·2 
53* 6o 64 64 65 63 63 64 60 62 65 64 63·7 
63 62 63 63 62 65 64 63 66 63 ~3 67 64·3 

62 63 64 66 67 68 68 68 68 67 66 66 65·1 
61 64 64 65 67 68 68 68 68 67 68 67 65·2 
64 66 60 63 66 68 67 67 67 68 68 69 65·8 
61 63 62 62 i14 67 67 66 67 67 69 70 65·1 
64 64 52* 50* 58 54* 55* soil· 50* 50* 55* 61 61·8 

44* 45* 50* 56* 46* 59 58 6o 55* 54* 58 66 57·8 
58 59 59 55* 55* 55* 58 59 57 62 55* 58 59·0 
66 67 6o 55* 59 62 62 63 60 59 63 64 61·7 
59 62 63 6o 57 61 65 61 62 62 64 64 62·4 
59 62 64 62 64 65 63 65 64 66 64 65 62·8 

59 61 62 65 66 65 66 66 66 65 64 64 64·8 
6o 60 62 65 65 66 66 67 66 66 69 66 64·5 
64 66 68 68 66 65 65 65 72 64 67 67 66-2 
66 69 72 72 70 69 69 68 67 67 68 69 67·8 
69 72 73 72 69 69 68 69 69 68 69 69 69·3 

64 66 70 72 71 70 70 70 70 70 70 70 68·2 
62 66 75* 74 73 70 68 69 69 70 69 70 68·7 
61 63 64 67 67 64 64 65 66 67 68 68 67·2 
65 65 67 67 66 65 63 64 64 64 63 64 66-1 
69 68 67 68 66 65 6~ 62 62 65 64 66 66·4 .) 

6o 62 64 67 68 67 66 66 67 66 65 68 I 65 6 

1--
62·5 64·0 64·7 65·2 65·1 65·3 65·1 64·7 64·7 64·9 65·4 66-9! 65·29 

' 
6s5 64·3 65·3 66·8 66·1 66·0 65·5 65·2 65·9 65·8 66'1 66·~ I 



 

246 U. S. CO.AST AND GEODETlC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from the photographic traces of the bifilar 

[Local mean time. 

Day. 1h 

I 69 
2 66 
3 64 
4 

I 
69 

5 65 

6 65 
7 68 
8 68 
9 67 

IO 6g 

II 56* 
12 58* 
13 65 
14 66 
15 66 

16 65 
17 68 
18 68 
19 70 
20 70 

21 70 
22 70 
23 71 
24 74 
25 69 

26 69 
27 70 
28 72 
29 70 
30 70 

Monthly} 
mean 67·6 

Normal 68·3 

200 divisions plus tabular quantity, one divi8ion = 0•000109 in parts of H. All 

APRIL, 1888. 

[For the explanation of these tables see pp. GS, M.] 

2n 3h 4h 512 6b 7h 8h 9b 

70 70 69 69 69 67 66 66 
66 66 67 68 68 69 66 66 
66 66 68 66 66. 66 64 70 
71 67 66 69 63 68 67 68 
66 74 64 65 64 -62 58 6o 

68 67 67 67 67 67 63 6r 
69 6g 69 70 68 66 66 63 
69 69 70 70 71 69 67 65 
68 68 68 68 68 68 65 63 
70 70 70 70 71 71 70 65 

61 73 70 68 62 6o 60 58 
65 63 63 69 69 64 62 58 
67 57* 61 64 68 66 65 70 
65 68 65 66 66 67 66 59 
67 64 64 65 66 67 68 68 

65 66 65 65 67 68 66 66 
69 69 69 69 69 69 68 68 
66 67 69 68 69 67 66 65 
71 72 72 71 73 71 71 68 
70 70 73 71 72 69 68 71 

70 70 70 71 71 66 63 63 
71 71 71 72 71 68 67 69 
72 72 72 -73 73 71 68 67 
71 74 74 73 74 72 70 66 
69 09 68 69 70 69 66 64 

70 69 71 71 72 72 70 66 
70 70 70 70 71 69 66. 63 
73 73 72 72 79* So* 74 72 
70 71 70 71 71 72 70 6g 
70 70 72 70 71 70 69 . 69 

68·5 68·8 68·6 69·0 69·3 68·3 66·5 65·5 
68·5 69·2 68·6 69·0 68·9 67·9 66·5 65·5 

lob 

64 
65 
70 
67 
62 

62 
61 
62 
6o 
62 

54* 
53* 
52* 
59 
64 

64 
68 
64 
67 
70 

65 
70 
66 
67 
62 

64 
64 
68 
69 
71 

63·9 

65·2 

11h Noon. 

61 
63 
70 
64 
63 

62 
6o 
65 
6o 
62 

55* 
52* 
54* 
53* 
6o 

63 
68 
63 
70 
70 

65 

~· 
66 
64 

65 
66 
67 
70 
71 

63·6 

65·2 

61 
62 
68 
49* 
62 

64 
65 

. 65 
62 
65 

55* 
51* 
51* 
49* 
58 

64 
66 
63 
74 
69 

67 
68 
68 
68 
64 

66 
68 
68 
72 
71 

-63· 

65· 
4 

9 
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HORIZONTAL INTENSITY-Continued. 

magnetometer of the Los Angel-es Magnetic Observatory. 

readings referred to standard t.empera.ture of magnet;. Increasing numbers indicate increasing force.) 

APRIL, 1888. 

13h l4b 15h 16h 17h 18h 19h 2ch 21h ::?2h 
b .Micl- I Daily 2 3 night. , inean. 

i 
'-~~ 

63 65 66 69 69 68 67 67 67 
I 67· 2 tl 70 70 71 

71 69 72 73 71 73 53* 45* 46* 45* 57* 64 6j'8 
65 61 59 65 66 57* 6o 57* 6o 75 69 65 65·1 
58 60 65 66 65 64 65 64 65 66 62 71 65·0 
6o 6o 64 65 62 59 58 63 66 67 66 64 63·3 

65 67 66 65 66 67 67 67 68 67 67 68 65·8 
66 67 66 66 65 67 67 66 66 66 67 67 66·2 
66 66 67 65 66 67 66 67 67 68 66 67 67·0 
64 64 66 68 70 69 68 69 69 69 69 69 6fr6 
67 69 71 72 72 72 67 70 67 70 66 63 68·4 

54* 57* 51* 42* 41* 54* so* 54* 57* 6o 67 65 57·7 
54* 57* 52* 56* 61 63 63 64 63 64 62 61 60·3 
57* 56* 57* 62 61 58* 59 6o 63 66 64 63 61·1 

59 63 63 69 59 61 6o 6o 61 68 64 62 62·4 
58 62 66 64 62 61 63 63 64 63 66 65 63·9 

65 65 66 68 65 66 67 68 66 68 68 67 66·0 
66 64 67 68 70 68 64 64 62 66 64 65 66·6 
64 64 66 67 65 65 66 66 68 68 68 68 66·1 
75 76* 73 74 73 70 69 65 66 67 67 67 70·5 
72 72 71 72 68 68 69 70 70 70 69 69 70·1 

69 69 69 69 69 70 70 70 69 69 68 70 68·4 
68 68 ~8 69 69 69 70 71 71 70 71 71 69·7 
6g 71 72 72 71 72 73 75 72 71 71 73 70·9 u 6g 64 61 68 69 68 65 65 67 67 70 69·0 

65 68 69 67 67 68 66 64 62 62 67 6fr4 

68 69 71 71 6g 68 67 68 67 68 6g 69 68·7 
69 70 71 73 72 70 69 69 69 70 71 71 69·2 
70 71 71 71 68 66 66 68 68 70 69 68 70·7 
78* 77* 74 75 77* 76 70 74 75 76 72 70 72·5 
72 74 73 72 71 71 68 71 67 70 69 69 70-5 

" 65·7 66·.z 66·5 67·3 66-6 66·6 
~ 

65·3 65•6 65·6 67·2 66·8 67·2 66·65 
66·5 66·6 68·0 68·6 67·2 67·7 66-3 67·1 66-6 68·0 67·2 6]>2 
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[Local mean time. 

Day. 1h 

I 58* 
2 68 
3 68 
4 70 
5 68 

6 70 
7 59* 

I 8 68 
9 67 

IO 67 

II 69 
. 12 72 

13 70 
14 68 
15 72 

16 70 
17 6g 
18 72 
19 6g 
20 71 

21 55* 
22 68 
23 66 
24 62 
25 67 

26 74 
27 70 
28 70 
29 76 
30 68 

31 70 

Monthly~ 
mean 68·1 

Nonnal 69·3 

U. S. COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES

Hourly readings from the photographic traces of the bi.filar 

200 divisions plus tabular quantity, one division=0·000109 in parts of H. All 

MAY, 1888. 

[For the explanation of these tables see pp. 53, 54.] 

211 3h 4h 5h 6h 7b 8h 9h Ioll 11h Noon. 

65 6g 66 66 66 64 63 64 65 64 66 
70 70 69 70 71 69 6g 68 65 63 62 
72 68 68 68 67 66 65 65 64 63 64 
70 69 70 70 70 6g 68 68 68 67 66 
69 69 68 68 69 68 67 68 69 69 70 

' 
70 70 70 70 70 68 66 67 68 70 70 
6g 63 64 64 60 62 63 64 62 57* 6o 
67 64 66 63 65 65 63 66 64 63 6o 
66 67 66 67 66 69 65 63 59 56* 58 
68 68 68 70 66 66 62 62 63 67 6o 

6g 69 67 67 66 70 68 67 64 65 66 
70 68 69 69 71 70 68 61 56* 63 65 
68 67 67 68 70 71 71 79 66 65 64 
6g 70 6g 70 69 68 68 68 68 68 70 
71 72 71 'JI 71 70 69 73 74 76* 69 

69 70 69 70 71 72 71 67 67 67 68 
67 69 70 70 71 70 70 69 66 67 69 
73 73 73 73 73 72 70 71 73 72 74 
69 69 69 6g 68 66 65 68 72 71 72 
78* 81* 79* 78* 79* 81* 68 75 79* 8o* 74 

56* 57* 62 67 73 64 61 62 65 64 62 
65 66 64 64 64 63 64 66 66 65 . 66 
66 68 66 67 66 65 67 72 78* 76* 68 
62 65 64 64 62 59 57* 6o 64 68 70 
67 68 67 69 66 65 64 66 68 69 70 

72 78* 7'7 71 72 65 72 68 69 68 65 
70 66 68 68 67 65 66 68 70 68 65 
69 67 69 73 68 69 66 65 64 63 65 
69 70 6g &} 70 65 64 63 64 65 62 
73 71 67 68 68 66 65 65 64 65 66 

71 70 70 69 70 68 67 68 70 69 68 

68·7 68·7 68·4 68·7 68·5 67·4 66·2 66·7 66·9 66'9 66·3 
68·8 68·4 68·1 68·4 68·2 67·0 66·5 66·7 66·5 66·5 66·3 
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HORIZONTAL INTENSITY-Continued. 
, 

magnetometer of the Los Angeles Jfagnetic Obseriiatory. 

readings referred to standard temperature of magnet. Increa:;ing nl1mbttrs indicate increasing force.] 

70 68 65 
65 62 64 
67 65 66 
65 65 65 
69 68 68 

71 71 71 
55* 62 6o 
64 67 66 
61 63 63 
70 74 71 

69 70 67 
67 72 68 
64 64 65 
69 66 66 
79* 79* 74 

67 66 66 
69 69 67 
73 69 64 
70 67 67 
79* 68 63 

63 6o 56* 
66 63 61 
62 62 6o 
68 68 65 
72 68 67 

64 65 66 
63 63 63 
67 68 69 
66 70 67 
70 71 69 

67 66. 66 

67•5 67·0 65·6 

67·1 66·6 66·0 

16h Ii' 18h 

66 64 64 
64 66 63 
66 68 67 
65 66 68 
68 68 69 

74* 77* 77* 
59 53* 55* 
61 61 62 
64 64 64 
66 64 61 

67 66 65 
65 63 65 
65 64 65 
64 66 67 
71 68 69 

65 66 67 
68 69 69 
62 64 66 
65 64 66 
56 44* 49* 

51* 59 61 
61 63 65 
52* 55* 51* 
62 6o 59 
65 62 62 

63 59 64 
66 66 66 
68 65 66 
67 65 66c 
67 65 66 

67 68 69 

MAY, 1888. 

19h 2oh 

66 64 
64 66 
66 68 
68 68 
69 69 

79* 81* 
51* 53* 
55* 71 
65 67 
59 58 

63 60 
64 66 
66 66 
66 67 
68 70 

68 69 
70 69 
68 63 
68 68 
28* 32* 

61 61 
66 66 
53* 51* 
58 61 
66 66 

66 65 
66 66 
67 67 
66 66 
66 68 

69 68 

" . 
64·2 63·6 64·3 63•7. 64·5 
64·7 64·6 65•2 65·7 66'1 

21h 

71 
65 
67 
68 
68 

80* 
55* 
61 
60 
6o 

63 
67 
66 
68 
67 

69 
70 
55* 
68 
24* 

61 
65 
6o 
64 
67 

65 
65 
66 
66 
68 

67 

64·1 

65·6 

22h 23h 

62 64 
67 65 
66 66 
68 69 
69 69 

70 68 
6o 67 
67 68 
62 65 
63 74 

70 71 
66 66 
67 68 
68 69 
68 70 

6g 69 
71 71 
65 66 
68 69 
32* 37* 

62 63 
66 65 
6o 60 
64 65 
66 70 

67 70 

68 69 

64·9 66·5 

66-o 67·5 

Mid-
night. 

66 
65 
73 
68 
70 

56* 
62 
69 
67 
67 

67 
67 
68 
69 
68 

69 
72 
68 
70. 
51* 

66 
66 
61 
66 
71 

68 

69 

67·0 

67·9 

Daily 
mean. 
-~-1 

I 
I 

65·zd 
66·3 
66·8 
67·8 
68·6 

71·0 
6o·o 

64·4 
63'9 
65·6 

66-9 
66-6 
66-9 
68·0 
71·2 

68·4 
69·2 
68·8 
68·2 
61·9 

61·3 
64·8 
63·0 
63·2 
67·0 

68·0 
66·5 
67·1 
67·1 
67·5 

68·5 

66·44 



 

250 U. S. COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings f1"orrt the pliotograpliic traces of the bijilar 

[Local mean time. 2(l{) division& plus talmlar quantity, one division= 0·000109 in parts of H. All 

JUNE, 1888. 

(For the explanation of these tables see pp. 53, 54.] 

Day. 

I 
1h 2h 3h 411 Sb 6b 7h ~h 9h Job uh Noon. 

, 

I 69 70 70 69 69 70 67 67 70 74 73 74 
2 69 70 70 70 70 69 69 68 :JI 75 76 75 
3 71 64 72 69 68 68 74 69 67 64 52* 64 
4 69 65 64 64 64 63 6o 61 63 62 67 67 
5 67 67 67 67 67 66 66 64 67 66 66 68 

6 69 67 67 70 68 68 64 64 65 65 64 64 
7 67 67 67 68 67 68 68 64 6o 61 62 65 
8 69 70 70 67 68 67 67 64 62 60 63 67 
9 08 68 69 68 69 68 65 61 64 65 66 67 

IO 70 71 72 74 75 75 72 70 69 66 68 68 

II 67 68 68 68 71 71 71 69 70 73 75 76 
12 68 68 69 68 70 71 68 67 65 [66] [67] [68] 
13 67 69 68 68 67 68 68 64 64 70 74 75 
14 68 68 68 68 70 71 71 69 71 73 71 68 
15 70 72 72 73 74 72 71 73 66 76 73 71 

16 70 72 70 70 68 71 68 67 67 66 67 66 
17 69 69 69 69 70 70 67 66 69 74 73 70 
18 68 69 69 70 70 70 68 70 71 69 66 67 
19 71 72 73 75 75 75 71 70 68 68 68 67 
20 69 69 68 68 69 69 65 65 65 69 74 76 

21 72 72 72 73 73 71 70 69 70 69 71 70 
22 72 69 71 74 72 78 75 75 70 73 73 72 
23 72 66 68 66 66 67 64 66 66 65 65 70 
24 70 70 70 70 72 71 69 68 68 70 69 68 
25 68 6g 70 68 68 68 67 68 68 67 64 62 

26 66 65 68 68 67 66 65 66 66 [69] [71] 73 
27 68 68 68 67 69 69 66 68 67 70 72 71 
28 70 67 68 68 6g 68 68 66 64 66 69 72 
29 70 69 69 68 6g 71 6g 65 62 62 62 61 
30 70 70 6g 70 70 71 72 71 6'] 67 71 75 

Monthly} 
n1can 69·1 68·7 6g·2 69·2 69·s 69·7 68·2 67·1 66·7 68·0 68·4 69·2 

Normal 69·1 68·7 69·2 69·2 69·5 69·7 68·2 67·1 66·7 68·0 6g·o 69·2 
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HORIZONTAL INTENSITY-Continued. 

1nagnetometer of the Los Angele.~ Magnetic Obser11at01·y. 

readings referred to standard temperature of magnet. Increasing numbers indicate increasing force.] 

JUNE, 1888. 

-
.,20 2 h Mid- l Daily 1 3 . lt n1g l. mean. 

71 68 67 66 67 68 68 69 6) 69 69 70 69·3d 
74 73 72 76* 78* 73 72 72 71 65 59 62 70·8 
65 54* 64 63 58 58 52* 57 59 59 58* 66 63·1 
6o 53* 55* 59 6o 6o 64 62 64 65 74 66 63·0 
68 70 66 57 58 54* 63 58 65 64 67 74 65·1 

68 66 64 64 66 62 64 66 65 68 67 66 65·9 
65 65 64 63 6o 66 66 64 66 67 70 69 65·4 
68 66 64 64 63 64 65 65 67 67 6i 69 66-o 
68 70 71 69 68 67 67 69 72 67 70 69 67·7 
68 67 63 64 66 66 67 66 66 67 67 66 68·5 

75 74 71 71 70 70 69 66 63 63 67 68 69·8 
[67] (66] [66] [64] 64 62 64 66 66 66 67 67 [66-7] 

74 72 68 68 67 68 68 67 68 68 68 67 68·5 
67 68 66 66 67 68 69 68 i4 68 66 68 68·8 
71 71 68 65 62 61 62 63 61 66 67 69 68·7 

65 63 63 65 65 68 68 68 68 67 68 69 67·5 
67 65 64 64 64 66 67 67 69 68 68 68 68·0 
63 64 66 70 70 70 71 71 71 71 70 71 6g·o 
66 6.4 65 63 64 67 68 68 67 68 69 68 68·8 
76 69 6g 67 65 68 68 69 70 72 72 72 fi9·3 

67 68 68 68 65 63 63 68 65 72 71 74 69·3 
67 62 64 63 63 48* 57 64 66 69 69 66 68·0 
6g 68 64 61 58 63 61 64 66 "67 67 69 65·8 
64 67 65 64 63 62 65 66 69 68 70 69 67·8 
64 66 65 65 63 64 65 65 67 64 64 64 66-o 

72 71 69 66 64 61 63 64 66 64 67 67 [66·8] 
70 71 69 6.8 67 69 68 69 66 66 65 69 68·3 
73 73 71 69 67 67 67 69 69 70 69 71 68·8 
63 63 63 65 64 66 68 68 68 66 68 69 66-2 
70 72 74 53* 57 58 64 58 58 62 64 68 66-7 

68·2 67·0 66·3 65·0 64·4 64·2 6y4 65·9 66·7 66·8 67·5 68·3 l 67·45 
68·2 67·9 ~·7 65·0 64·0 65·2 65·9 65·9 66·7 66·8 67·8 68·3 I 

I 



 

252 U. S. COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from tlie photographic traces of the bijilar 

[Local mean time. 200 division'> plus tabular quantity, one division=0·000109 in parts of H. All 

JULY~ i888. 

[For the explanati011 of these tables sec pp. 53, 54.] 

Day. \ th zh 311 411 511 6h 711 gh 9h 1011 11h Noon. 
! 

'---~----- i 
I I 67 69 71 76 69 72 68 69 64 66 66 66 
2 67 68 68 66 66 64 6J 6o 61 6o 63 69 
3 I 67 66 67 67 66 68 67 66 65 63 64 63 
4 i 68 68 67 65 66 68 68 68 70 70 69 67 

5 I 68 68 68 66 69 70 70 68 66 65 64 67 

6 I 70 70 70 70 71 70 69 65 66 67 66 66 
7 I 72 72 72 73 72 74 72 71 71 74 73 75 
8 67 69 '71 68 67 66 67 66 63 61 66 69 
9 

! 

71 66 65 65 66 69 70 67 67 67 73 n* 
IO 68 69 67 67 69 68 66 62 62 64 68 70 

II 69 69 69 69 69 71 70 67 64 65 65 65 
12 I 67 68 68 68 69 71 70 66 65 62 62 64 
13 l 67 67 68 68 69 70 70 67 64 64 67 70 
14 69 70 70 70 70 71 69 66 65 66 67 68 
15 70 70 71 68 71 71 69 69 70 72 74 7l 

16 69 6g 68 68 69 68 66 67 64 65 65 63 
17 67 65 64 64 65 66 62 61 6o 62 68 64 
18 66 65 65 64 65 65 65 68 68 66 65 66 
19 66 66 68 69 71 70 70 67 66 64 63 65 
20 70 75 72 71 73 73 73 70 71 69 65 68 

21 66 62 68 62 65 65 63 6o 62 62 63 62 
22 68 6o 62 63 64 62 61 60 6o 61 63 65 
23 67 65 65 66 67 64 63 6o 6o 68 65 64 
24 62 64 65 64 66 65 65 63 58 59 65 67 
25 65 67 68 67 67 68 67 65 65 65 66 69 

26 66 06 67 67 66 67 66 62 6r 63 65 65 
27 66 66 67 68 68 69 67 64 63 61 62 63 
28 68 73 76 69 72 70 67 67 69 70 67 63 
29 66 69 66 67 66 65 63 63 64 69 71 72 
30 67 67 68 67 67 67 66 63 62 63 68 69 

31 70 68 68 68 68 67 64 62 63 66 67 66 

Monthly~ 67·6 67·6 68·0 67·4 68·0 68·2 66'9 65·1 64·5 65·1 66·3 67·0 mean 
Normal ! 67·6 67·6 68·0 67·4 68·0 68·2 66·9 65·1 64·5 65·1 66·3 66·; 
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HORIZONTAL INTENSITY--Continued. 

m,agnetometer of the Los Angeles ]£agne:tic Observatory. 

readings referred to standard temperature of magnet. Increasing numbers indicate increasing force.] 

JULY, 1888. 

15h 16h 17h 18h 19h 2oh 21h 22h 231• 
Mid- I Daily I 

13h 14h night.! mean. j 

I 6o 64 63 66 61 61 52* 59 63 67 6o 66 65·2d 
69 67 63 59 59 62 56 63 67 67 65 65 64·0 
63 64 62 62 62 64 64 66 67 67 67 66 65·1 
65 66 65 67 62 65 66 67 66 68 68 68 6ro 
67 66 66 66 64 65 66 67 67 68 69 69 67·0 

66 68 70 67 64 67 69 70 71 72 72 71 68·6 
75 73 70 66 64 6o 62 67 69 64 66 68 69·8 
65 63 59 6o 60 64 65 65 68 67 65 68 65·4 
75 72 68 64 64 63 65 65 68 67 67 68 67·9 
73 75 71 67 64 64 66 66 67 68 68 68 67"4 

67 70 68 69. 66 66 67 67 67 67 67 66 67·5 
67 70 68 68 65 65 65 65 64 65 66 66 66•4 
72 73 71 69 65 65 66 68 68 67 67 68 67·9 
66 65 65 64 66 66 67 67 67 68 69 69 67·5 
69 65 62 64 64 66 67 67 67 66 67 68 68·3 

56* 65 66 65 58 63 63 62 62 63 64·2 
J 

57 59 ! 
59 59 58 58 56 61 63 64 64 64 65 66 62 .. 7 l 66 67 65 63 63 64 67 63 64 64 66 66 65·2 ' . 
70 71 68 66 64 64 65 65 59 6o 68 70 66·5 
75 64 63 55 55 57 59 62 65 64 65 65 66·6 

62 62 65 65 62 62 64 64 64 66 67 62 63·5 
6o 61 62 59 6o 58 58 64 64 63 67 74 62·5 
64 62 62 61 6o 58 6o 64 66 65 65 69 6J"8 
6g 67 63 62 60 6o 62 64 64 64 64 65 63·6 
71 70 66 65 62 64 65 64 65 67 66 66 66'3 

63 66 66 64 63 64 65 65 65 65 66 66 65·0 
64 64 64 64 62 66 67 69 67 67 64 72 65·6 
73 67. 68 55 54 6o 64 63 59 70 64 6o 66·2 
71 69 63 61 62 65 63 64 63 70 65 68 66·0 
69 70 68 64 62 66 67 67 67 68 69 68 66·6 I 

66 64 64 63' 66 65 64 65 64 65 67 67 65·7 

'. "65·1· 67·0 66'7 65·2 63·5 61·9 63·2 63·8 65·4 66-o 66·1 67·1 65·¢ 
67·4 66·7 65-2 63·5 61·9 63·2 64·2 65·1 65·4 66-o 66·1 67·1 



 

254 U. S. COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly readings from the photographic traces of tke bifilar 

[Local mean tiine. 200 divisions plus tabular quantity, one division = o·000109 in parts of H. All 

AUGUS'I, 1888. 

[For the explanation of these tables see pp. 53, 54.) 

I Day. 1h 2h 3h 4h 5h 6h 7n 8h 9h roh 11h Noon. 

I 66 66 67 66 68 69 69 67 66 65 64 67 
2 68 68 69 70 72 74 74* 70* 67 68 67 68 
3 65 69 69 75* 70 69 65 61 68 65 6o 54* 
4 61 62 61 65 61 61 6o 61 6o 64 63 67 
5 66 64 66 65 65 64 64 6o 6o 6o 6o 65 

6 65 66 66 65 66 67 65 6o 55 54 58 62 
7 65 65 65 66 66 66 65 61 6o 59 62 65 
8 67 66 66 66 65 66 67 68 68 67 66 68 
9 67 66 66 65 66 66 65 6o 59 6o 64 65 

IO 71 70 71 70 70 70 67 64 65 65 64 63 

II 67 67 68 68 70 71 68 66 66 64 65 63 
I :2 6o 58 63 63 66 62 61 57 59 59 59 6o 
13 64 65 66 66 66 67 65 62 59 57 58 6o 
14 67 67 67 66 67 68 65 64 64 65 66 68 
15 66 66 67 68 68 67 64 61 64 69 74* 78* 

16 55* 6o 72 62 68 61 59 54 51* 56 6o 64 
17 62 72 65 67 58 64 64 58 58 58 59 63 
18 62 62 62 62 63 6o 58 55 55 57 59 56 
19 64 58 62 60 61 62 6o 58 58 56 56 57 
20 6o 66 61 62 62 6o 58 57 58 57 58 57 

2:1: 63 64 63 64 64 63 6o 56 58 59 59 59 
22 61 63 63 62 64 63 58 54 54 57 59 6o 
23 63 63 65 64 64 .. 64 61 58 58 62 66 68 
24 65 65 65 65 66 66 62 58 59 64. 68 69 
25 67 67 66 67 66 65 62 58 55 58 63 68 

26 70 70 69 70 68 68 65 62 6o 6o 64 68 
27 67 68 67 66 65 67 65 6o 58 59 6o 62 
28 68 68 68 69 69 68 65 61 6o 57 61 66 
29 66 66 67 67 67 67 64 61 61 65 70 72 
30 68 69 69 70 70 71 70 70* 68 74* 74* 74* 

31 67 66 62 63 '65 64 64 61 58 57 6o 62 

Monthly} 64·9 65·5 65·9 65·9 66·0 65·8 63·8 6o·7 6o·3 61·2 62·8 64.·s mean 
Normal 65·3 65·5 65·9 65·6 66·0 65·8 63·5 6o·1 6o·6 6o·8 62·0 64-0 



 

REPORT FOR 1891-PART II. 

HORIZONTAL INTENSITY-Continued. 

magnetometer of the Los Angeles Magnetic Observatory. 

readings referred to standard temperature of magnet. Increasing numbers indicate increasing force.] 

AUGUST, 1888. 

13b 14h 15h 16h 17h 18h 19h 2oh 21h 22b 23b Mid- Daily 
night. mean. 

66 65 64 62 63 66 66 66 66 66 67 67 66·od 
68 71 68 58 63 62 65 64 64 63 62 .. 66 67·0 
51* 51* 50* 47* 47* 48* 47* 50* 50* 53* 72 61 59·0 
67 65 65 63 62 6o 6o 63 63 63 63 64 62·7 
67 65 62 58 61 62 62 62 63 65 65 64 63·1 

64 64 61 63 63 62 62 65 65 64 64 64 62·9 
68 68 67 65 64 63 61 62 63 63 64 65 64·1 
70 69 66 66 62 63 64 65 65 65 66 66 66'1 
67 66 65 66 65 65 66 66 66 67 67 70 65·2 
66 65 63 63 63 64 66 66 66 67 67 67 66·4 

63 62 64 57 62 63 63 65 68 63 58 57 64·5 
61 62 62 61 62 62 64 64 63 62 61 63 61·4 
65 63 61 61 59 63 65 63 65 64 66 66 63·2 
74 76* 72 69 67 65 64 65 66 66 66 65 6ro 
78* 76* 75* 71 73* 73* 70 52* 48* 58 74* 59 67·5 

59 56* 59 59 52* 58 57 56 58 65 56 64 59·2 
61 56* 58 47* 57 61 60 56 6o 6o 55* 65 6o·2 
59 60 58 56 56 56 58 59 6o 64 61 6o 59·1 
58 58 6o 6o 6o 62 59 62 57 59 55* 66 59·5 
56* 58 59 56 55 6o 60 63 64 63 62 63 59·8 

62 63 61 61 6o 62 62 62 6o 59 67 62 61 •4 
63 62 61 59 58 58 58 6o 61 62 62 63 6o·2 
67 68 67 66 64 61 62 64 65 64 64 65 63·9 
69 67 66 65 63 64 64 66 66 65 65 66 64·9 
70 72 71 6g 68 67 67 68 68 68 68 68 66-1 

70 71 70 67 67 66 66 66 66 66 68 68 66-9 
67 68 66 64 64 64 66 66 64 64 67 68 64·7 
68 68 67 67 65 66 66 65 65 63 63 64 65·3 
70 68 66 67 67 68 68 68 68 68 68, 68 67·0 
74 74 66 66 65 6l 62 66 66 67 62 62 68·3 

64 64 65 64 62 63 61 62 63 63 62 64 
! 62·8 l 
I 
I 

65·5 65·2 64·0 62·0 61·9 62·5 62·6 62·8 63·0 63·5 64·1 64·5 63·72 
66·0 65·6 64·1 63·1 62·4 62·7 63·1 63·6 63·9 63·9 64·4 64·5 

~· 



 

.. 256 U. S. COAST AND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hourly rearlhigs from the photographic traces of the oifilm· 

(Local mean time. 200 diYisions plus tabular quantity, one divisiou = 0·000109 iu part8 of n. All 

SEPTEMBER, 1888. 

[For the explanation of tliesc tables ae{' pp. 53, 54.] 

[ Day. 1b 2h 3h 411 5h . 6h 7h Sh 9h 1oh (lh Noon. 
I 
1----

I I 64 63 65 64 65 64 64 61 61 61 62 59 
2 64 65 64 63 66 62 6o 59 58 62 62 61 

I 3 65 64 64 65 64 64 59 56 56 59 6-3 66 

! 4 64 64 65 65 65 65 61 57 58 61 64 67 
5 66 66 66 65 66 65 63 61 57 61 66 67 

6 67 68 67 67 67 66 64 64 63 63 65 65 
7 71 68 69 70 71 71 66 64 66 67 70* 71* 
8 62 64 63 64 65 66 67 66 66 66 65 61 
9 63 65 65 66 65 63 64 62 62 61 62 62 

IO 64 65 65 65 65 64 59 57 57 68 6o 6o 

11 64 64 65 65 64 63 59 55 57 61 64 66 
12 62 65 65 62 64 65 64 59 59 58 59 57 
13 66 53* 64 59 62 60 57 56 52 52 51 58 
14 65 66 63 64 64 63 60 57 53 56 57 56 
15 64 59 6o 61 62 66 61 55 56 58 58 57 

16 55 58 62 60 58 59 58 54 51 52 55 58 
17 6o 62 62 62 61 6o 6o 56 55 57 58 58 
18 60 58 60 64 64 63 61 61 61 6o 58 56 
19 61 63 63 66 65 62 58 58 6o 6o 58 57 
20 56 55 59 59 62 61 58 55 55 58 57 57 

21 6o 62 62 62 63 . 63 6o 54 52 54 54 58 
22 62 62 63 64 64 62 58 57 57 58 60 63 
23 65 64 64 65 64 63 6o 56 54 55 55 59 
24 64 64 65 66 65 64 62 6o 61 63 64 64 
25 62 64 66 63 67 63 58 58 58 57 56 - 55 

26 61 60 59 64 63 62 59 55 55 57 56 54 
27 52* 56 57 58 6o 59 57 58 57 58 58 57 
28 61 6o 59 61 6o 62 6o 60 61 62 6o 56 
'29 59 6o 61 61 61 6o 54 54 55 58 56 60 

61 
. 

6o 61 62 62 61 6o 56 54 55 56 58 
-3~-J 
Monthly~/ 62·3 62·2 63·1 63·4 63·8 63·0 60·4 58·1 57·6 59·3 59·6 6o·1·· 

mean i 

Normal 
f 

62·7 62·6 6s1 6]'4 63·8 63:0 6o·4 58·1 57·6 59·3 59·3 59·7 
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HORIZONTAL INTENSITY-Continued. 

rnagnet<nncter of the Los Angeles ]If agnetic Obsert~atory. 

readings t"eferred to standard temperature of magnet. Increasing numbers indicate increasing force.] 

SEPTEMBER, 1888. 

13h 14h 15h 16b 17h 18ll 1if 2oh 21h 22h 23h Mid- Daily j 
night.: mean. 

64 69 65 66 63 62 6o 61 62 62 61 65 63·od 
64 64 58 58 62 57 60 62 64 63 64 65 62·0 
65 65 64 63 63 62 63 63 63 64 64 64 62·8 
69 68 67 64 65 65 65 65 65 66 65 66 64·4 
69 70 69 67 66 65 67 67 67 68 68 67 65·8 

63 62 63 64 66 67 68 69 69 69 70* 70 66·1 
71* 66 68 68 67 66 66 64 6o 53 62 63 66-6 
58 61 62 64 63 64 63 63 62 61 64 63 63·5 
62 64 64 65 64 62 61 62 62 62 64 64 63·2 
60 -6o 62 64 64 64 64 66 64 64 64 64 62·9 

66 65 66 65 67 70 71* 68 63 61 61 61 63·8 
62 66 65 61 51* 6o 6o 61 63 64 58 59 61·2 
59 59 56 49* 58 6o 61 62 61 58 57 64 58·1 
55 59 59 61 46* 46* 53 55 61 58 61 62 58·3 
56 £o 57 57 56 56 6o 59 61 58 61 6o 59·1 

59 59 58 58 56' 58 59 59 59 6o 64 63 58·0 
6o 6o 58 58 59 6o 59 58 6o 6o 6o 6o 59·3 
53 49* 48* 44* 44* 47* 46* 49* 50* 56 56 58 55·2 
56 55 50 45* 45* 49* 50* 53 52* 6o 54 57 56·5 
58 61 61 6o 6o 61 62 ..61 62 59 6o 63 59·2 

58 58 6o 6o 57 58 59 58 58 6o 59 62 58·8 
64 66 65 64 61 61 62 62 63 64 64 64 62·1 
64 66 66 66 65 62 62 62 63 64 64 64 62·2 
66 66 65 63 59 64 64 63 64 62 59 68 63·5 
54 53 55 57 54 58 57 57 57 56 56 58 58·3 

55 54 57 58 58 48* 54 58 58 62 54 56 57·4 
62 62 54 54 55 58 6o 57 61 6o 59 67 58·2 
53 51* 55 57 59 6o 58 59 57 63 56 61 58·8 ' 
58 55 54 54 57 58 59 58 59 58 58 6o 57·8 
51 58 58 59 59 59 6o 59 58 57 56 56 58·4 

'-----
00·7 61"0 6o-3 59·8 59·o 59·6 6o·4 6o·7 6o·9 61"1 6o·8 62·5 6o·82 

6o·3 61·8 61"1 61·3 6o·9 61·5 61·0 61·1 6r7 61·1 6o·4 62·5 

H. Ex. 431 pt. 2-17 



 

258 U. S. COAST A...~ GEODETIC SURVEY. 

DIFFERENTIAL MEASURES-

Hou,rly readings from the photographic traces of the bifilar 

[Local mean time. 200 divisions plus tabular q.uantity, one division=0·000109 in parts of H. All 

OCTOBER, 1888. 

[For the explana.tion of these tables see pp. 53, 54.] 

Day. 1b 2h 3h 4b 5h 6h 7n 8h 9" 1oh 11h Noon. 

I 56 58 59 61 61 61 6o 58 57 58 61 58 
2 61 61 62 62 61 59 58 54 53 56 58 6o 
3 62 63 62 63 64 63 65 56 55 58 61 63 
4 66 65 65 66 64 64 6o 6o 58 6o 63 64 
5 6o 62 60 69 64 63 61 56 52 50 50 54 

6 59 60 58 61 62 62 57 56 51 52 57 56 
7 63 62 63 61 62 6o 58 53 53 54 57 58 
8 61 61 60 6o 6o 6o 59 56 54 55 58 61 
9 60 61 61 63 62 61 61 59 55 54 58 58 

IO 66 63 63 63 64 62 61 59 57 58 54 54 

II 59 60 62 64 63 64 64 61 58 56 54 50 
12 57 58 64 6o 6o 61 6o 58 56 53 53 52 
13 57 55 57 59 61 59 61 58 56 6o 6o 6o 
14 57 65 6o 59 6o 59 58 57 58 62 63 6o 
15 59 59 6o 60 6o 60 61 61 62 62 63 62 

16 59 6o 62 63 62 62 59 58 57 55 56 54 
17 64 63 64 63 62 61 60 59 59 61t 63t 62 
18 61 61 61 6o 63 63 62 62 62 62 63 62 
19 64 69 68 66 67 6o 63 62 61 58 52 50 
20 61 55 59 6o 00 61 62 59 58 54 44* 50 

21 56 58 64 6o 56 56 58 57 57 56 53 52 
.22 57 58 58 58 58 59 59 6o 56 54 54 55 
23 61 58 63 56 57 62 6o 57 57 56 55 55 
24 59 58 59 61 61 62 62 61 56 53 51 53 
25 56 6o 56 58 6o 6o 57 58 55 53 54 57 
26 58 58 6o 6o 6o 61 61 6o 55 SS 57 57 
27 57 57 63 59 6o 6o 61 6o 58 56 57 58 
28 60 6o 61 60 6o 6o 61 61 61 6o 6o 6o 
29 58 58 59 ,6o 6o 6o 6o 59 58 59 6o 6o 
30 61 62 62 62 63 63 62 6o 58 56 56 67* 

31 57 56 59 6o 61 59 6o 57 57 56 57 58 

Monthly~ 
59·7 6o·1 61·1 61·2 61·2 6o·9 6o·4 58·5 56·8 56·5 56·8 57•4 mean .S 

Normal 59·7 6o·1 61·1 61·2 61·2 6o·9 6o-4 58·5 56·8 56·5 57·3 57•1 

tEye reading-. 
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HORIZONTAL INTENSITY. 

magnetometer of the Los Angr'lP:if Jla,qnetic Obser1~a,tory. 

readings referrell to standard temperatnre of magnt't. In~reaflinµ; numbers indicate iucrc-asing force.l 

OCTOBER, 1888. 

-~----, 

13h 14h 15h 16h 17h I 8h 19h 2oh 21h 2211 23h 
Mi(J- Daily I 
night. in can. 

·----•·•----cn•r--~~-- '-" 

6o 60 61 60 6o 61 62 60 60 61 61 ()I 59·S<l I 

60 61 61 60 61 62 61 61 61 61 61 60 59·8 
64 -63 63 63 63 63 63 64 65 66 66 6() 62·7 
66 68* 66 65 65 66 65 65 66 64 57 58 63·6 
59 56 56 55 c;;, -_, 54 57 58 58 57 59 58 57 5 

57 58 59 58 61 62 60 61 58 59 61 62 58·6 
59 58 6o 62 63 62 61 60 59 58 59 60 59·4 
60 6o 62 63 6· .) 62 62 59 59 58 61 60 59·8 
58 58 61 6o 60 59 6o 62 60 58 59 59 59·4 
56 58 55 59 59 57 55 55 52 56 58 59 58·5 

58 60 61 6o 57 44* 55 58 45* 54 52 57 57·3 
55 55 59 6o 59 6o 55 52 55 54 55 63 57·2 
58 55 54 54 55 55 57 55 56 57 57 58 57·3 
59 57 58 59 60 60 6o 59 59 60 59 58 59'4 
60 60 60 61 61 61 62 60 58 58 57 58 60·2 

55 57 59 60 61 62 60 58 55 56 57 61 58·7 
61 59 59 58 58 59 59 59 59 59 60 62 60·5 
61 6o 6o 60 60 6o 60 60 60 61 61 70* 61·4 
44* 41* 38* 41* 45* 54 53 54 53 55 56 52 55·3 
52 50 42* 50 49* 50 50 46* 52 47* 53 56 53·3 

47* 53 54 52 52 52 52 54 55 57 63 57 55·5 
57 58 60 6o 60 59 58 59 58 58 59 58 57·9 
51 53 51 56 58 57 56 53 56 55 56 58 56·5 
53 52 53 55 56 53 56 58 54 53 6o 56 56·5 
57 58 57 55 56 51 56 54 57 57 58 58 56-6 

58 56 55 57 58 58 57 56 59 56 56 55 57·6 
58 58 58 58 58 58 58 57 58 6o 58 59 58·5 
59 60 61 61 61 60 59 59 58 58 57 57 59·8 
6o 59 58 59 6o 61 61 60 6o 59 59 60 59·5 
70* 70* 66 64 66 66 62 36* 42* 53 49 54 59·6 

39* 49 51 49* 54 43* 54 SS 50 53 53 59 54·4 
! 

I ! ____ , 

57·1 57·4 57·4 57·9 58·5 57·8 58·3 57·0 56·7 57·4 58·0 
590 I 58·4t 58·2 57·2 58·6_ 58·8 59·2 58·8 58·3 58·1 57·6 57·7 58·0 58·6 

o~ 
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DIFFERENTIAL MEASURES-

Hourly 1·ea.dings from. the plwtographic traces of the bifilffr 

[Loeal mean time. 200 divisions plus tabular quantity, one divioiou=0'000109 iu parts of ll. All 

NOVEMBER, 1888. 

[For the explauat.ion of these tal>les see pp. 53, 54.] 

Day. 1h zh 3h 4h 5h 6h 7h 8h gb 1oh 11h Noon. 

J 55 57 57 58 56 59 61 62 59 56 54 53 
2 59 59 58 58 59 60 59 63 6o 59 59 58 
3 61 58 59 60 6o 59 6o 6o 61 60 6o 60 
4 6o 58 59 6o 6o 61 56 60 63. 56 59 56 
5 6o 58 58 57 6I 59 57 54 55 57 56 56 

6 56 56 56 56 56 58 54 54 54 55 56 56 
7 56 58 58 61 61 62 59 58 6o 55 54 57 
8 54 55 56 57 58 59 59 62 61 65 54 59 
9 54 59 58 57 57 57 58 59 58 58 54 53 

10 56 57 57 58 58 58 57 57 56 54 51 50 

I I 54 54 56 55 54 56 55 55 57 56 53 53 
12 56 56 58 56 56 57 57 55 54 52 52 52 
13 59 6o 6o 61 61 60 6o 59 56 54 55 58 
14 59 59 59 60 58 57 57 58 57 51 53 54 
15 6o 6o 60 61 61 61 6o 6o 6o 62 63 63 

16 50 52 52 57 57 58 61 61 63 6o 55 46 
17 41* 48* 61 48* 52 52 53 54 55 49 54 49 
18 51 56 56 52 53 54 55 53 56 S2 46* 50 
19 54 55 57 52 57 56 54 56 54 53 49 47 
20 56 r:' 57 57 57 57 58 58 62 53 51 47 

21 57 56 57 57 57 57 56 53 55 
22 56 57 59 59 59 6o 58 54 53 
2- 58 59 59 6o 59 58 56 54 54 

60 6o 61 61 62 6o 59 58 59 
'..2 62 64 65 67 67 64 63 58 

62 62 64 67 67 67* 64 63 
62 63 64 66 66 66* 6o 57 
-9 59 61 61 6o 57 56 58 

59 60 6o 62 6o 58 57 
59 59 62 61 57 51 53 

Q.7 58·7 59·3 59·3 57·3 55·3 54·8 
58·7 59·3 59·3 56·7 55·6 54·8 
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HORIZONTAL INTENSITY-Continued. 

mag,neto11ieter of the Los Angeles A£agnetic Obse·rra,tory. 

readings reforroo to standard temperature of n1agnet. lncre.asiug nmnber;i indicate increasing foree.] 

NOVEMBER, 1888. 

-------
13b 1411 1511 16h 17h 1811 19h 2oh 2111 22li 23h 

Mid- Daily 
night. mean. 

--~ 

48 54 56 54 57 t~ 56 56 56 58 6o 59 5fr6d 
59 58 57 56 57 59 59 59 59 59 58 58·8 
6o 6o 6o 60 60 6o 59 59 58 57 57 57 59·4 
59 56 54 48* 48 55 54 54 56 57 54 54 56-5 
53 54 54 57 57 56 50 53 51 52 54 54 55·5 

52 49 58 58 52 46* 50 51 50 54 52 55 53·9 
54 51 52 54 56 57 55 55 55 55 54 53 56-3 
52 48 50 52 54 52 52 53 55 54 55 54 55·4 
54 55 55 57 56 55 57 54 55 55 56 55 56-1 
50 52 57 6o ·61 62 59 62 58 59 47 63 56-6 

53 55 58 58 57 54 55 56 55 55 54 56 55·2 
52 54 56 59 60 61 6o 6o 59 58 60 59 56·6 
58 59 59 6o 6o 6o 6o 6o 60 6o 59 59 59·0 
55 56 58 6o 61 60 61 60 62 59 58 6o 58·1 
62 63 65 61 51 54 51 49 47 46* 46* 47 57·2 

52 53 . SS 53 50 49 49 44* 52 47* 50 46* 53·0 
42* 45* 53 55 51 49 50 53 49 57 51 49 5~·8 
49 50 53 54 54 51 56 53 52 57 54 54 5J'O 
49 5r 54 56 57 57 56 54 56 54 53 53 53·9 
48 51 55 58 58 57 56 55 54 53 54 53 55·0 

55 55 54 56 57 56 55 55 56 56 56 56 55-s 
53 55 58 59 59 58 57 56 57 57 57 57 57·1 
56 57 6o 61 61 61 6o 59 6o 59 6o 6o 58·5 
58 58 6o 61 62 61 61 61 61 6o 59 59 6o·o 
58 54 54 so 55 57 57 56 56 55 56 54 59·0 

62 64* 64 6o 58 62 61 61 59 58 56 52 61·1 
SJ 55 56 6o 6o 52 61 6o 53 56 56 53 58·9 
SS 50 58 59 59 59 58 55 54 59 62 59 58·0 
55 56 57 59 58 58 58 57 59 58 59 6o 58·4 
53 SS 57 59 6o 59 6o 6o 6o 58 6o 58 58·1 

I 
53·8 56-6 56·9 56'5 56·4 56·0 55·8 56-1 55·6 

I 
56·72 54·4 57·1 

55"5 j · 
54·2 54·4 56:6 57·4 56-9 56-9 56·4 56·4 55·8 56-8 55·9 55·9 
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DIFFERENTIAL MEASURES-

Hourly readings .from the photographic traces of the bfjilar 

[Local mean time. 200 didsions plus tabular quantity, one division= 0·000109 in parts of H. .All 

DECEMBER, 1888. 

[For the explanation of these tables see pp. 53, 54.) 

Day. Jh 2h 3h 41> 5h 6b 7b Sb 9h 1oh 11h Noon. 

I 58 59 60 60 6o 60 61 61 63 62 61 60 
2 58 65 60 58 58 58 6o 61 64 64 62 61 
3 60 61 62 62 62 61 63 64 61 63 6o 58 
4 59 60 59 58 60 59 61 62 61 61 60 59 
5 58 60 61 6o 6o 60 57 60 6o 62 6o 58 

6 55 56 58 58 62 61 60 6o 59 6o 56 53 
7 57 58 58 59 60 60 62 63 64 62 58 55 
8 52 56 55 65 63 67 64 64 57 52 54 51 
9 54 56 56 56 56 58 57 60 6o 57 54 53 

IO 56 57 58 58 59 59 60 62 61 59 56 52 

II 58 58 59 59 60 60 60 61 62 6o 56 52 
12 58 58 59 59 60 61 62 62 62 61 62 59 
13 6o 62 61 60 62 63 63 63 63 6o 56 55 
14 57 60 65 64 62 64 63 63 56 6o 58 57 

60 56 53 55 55 58 54 
. 

57 56 50 53 53 15 

16 55 54 57 57 57 57 59 56 53 54 53 51 
17 56 56 57 58 57 57 58 59 59 57 54 54 
18 57 58 58 58 59 59 59 6o 61 59 58 57 
19 57 57 58 58 58 59 6o 61 60 58 56 56 
20 56 56 58 58 58 60 60 60 61 61t 55t 53 

21 58 59 58 59 59 58 58 61 60 59 57 56 
22 55 56 57 59 60 61 62 64 64 62 58 56 
23 53 59 61 6o 59 61 61 63 63 59 54 51 
24 47* 50 54 53 53 56 56 54 55 52 49 45* 
25 54 52 58 57 53 53 52 53 53 52 51 50 

26 55 55 56 57 59 63 60 58 54 50 47 46 
27 54 55 55 56 56 56 56 56 54 50 47 46 
28 56 56 57 57 58 59 59 59 59 ·~ 56 56 
29 49 6o 59 6o 6o 62 63 64 63 55 56 
30 61 58 58 59 6o 61 62 63 61 58 55 54 

31 §2 62 63 64 66 62 63 63 62 61 60 58 

Monthly~ 
mean 56·3 57·6 58·3 58·7 59·1 59·8 59·9 6o·5 59·7 58·2 55·8 54·2 

Normal 56·6 57·6 58·3 58·7 59·1 59·8 59·9 6o·5 59·7 58·2 55·8 54·5 
,. 
~ 
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HORIZONTAL INTENSITY-Continued. 

magneto1Jieter of the Los Angeles Afagnetic Obsm·uatory. 

readings referred to standard tempera.tn1·e of magnet. Increaaing n~bers h~.dicale incl'eaiting force.] 

DECEMBER, 1888. 

131>. 14b 15h 16h 17h 18b 19h 2oh 21h 22h 2311 Mid- ! Daily 
night. / mean. 

58 60 61 62 64 64 64 62 59 57 6o 56 60·5d 
59 55 58 61 59 58 57 59 58 62 60 59 59·8 
56 58 57 57 59 61 59 57 57 58 59 59 59·7 
59 58 58 61 59 58 57 56 56 58 58 58 59·0 
57 60 6o 59 59 54 54 55 54 50 49 54 57·5 

52 52 57 6o 58 59 58 56 56 56 57 57 57·3 
54 55 53 58 57 57 56 55 53 54 53 51 57·2 
50 51 53 53 50 50 53 54 53 53 53 54 I 55·3 
54 55 57 60. 61 59 58 58 56 56 56 56 I 56·8 
53 54 57 6o 6o 59 59 58 58 58 58 58 57·9 

51 53 56 58 59 59 59 58 58 57 57 58 57·8 
57 57 57 58 58 60 6o 6o 6o 59 59 6o 59·5 
52 53 54 55 54 56 55 53 53 52 56 56 57·4 
54 58 58 6o 59 57 56 52 42* 48 48 53 57·3 
55 ' 51 51 55 55 55 56 54 55 53 55 56 

1 
54·6 

48 54 57 58 56 57 57 58 57 55 61 57 55·8 
53 52 55 59 6o 58 54 56 56 56 58. 57 56·5 
56 58 6o 61 59 59 56 57 56 55 56 57 58·0 
56 58 59 59 57 58 56 55 54 54 54 55 57·2 
55 57 6o 6o 6o 59 58 58 57 57 57 58 58·0 

54 54 54 54 55 55 54 53 52 52 53 58 56-3 
57 58 59 6o 59 59 58 57 57 57 59 6o 58·9 
53 57 6o 6o 6o 69-1! 6o 40* 37* 33* 43* 42* 54·9 
49 54 6o 56 56 55 55 50 49 52 48 56 52·7 
52 54 57 56 57 55 57 55 57 53 54 56 54·2 

so 54 58 58 58 57 57 55 54 54 54 54 55·1 
52 57 58 59 58 59 58 57 57 56 56 56 55·2 
56 6o 6o 6o 61 6o 6o ·61 6o 6o 59 59 ' 58·6 
57 6o 59 59 61 61 61 62 62 6o 58 58 

l· 
59·5 

59 61 63 61 61 6o 6o 6o 59 59 59 58 59·6 

58 S7 57 55 SS 56 56 56 56 56 57 57 l 59·3 

54·4 56-0 57·5 58·4 58·2 58·2 57·4 56·0 55·1 54·8 55·6 56·2 57•34 
54·4 56·0 57•5 58·4 58·2 57·_8 57·4 56-6 56-2 55·6 56-0 56·7 
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[Local mean time. 

Day. th 

I 56 
2 56 
3 58 
4 59 
5 58 

6 (SS] 
7 56 
8 53 
9 59 

10 6o 

II 56 
12 6o 
13 56 
14 55 
15 58 

16 58 
17 58 
18 58 
19 57 
20 54 

21 51 
22 51 
23 52 
24 52 
25 55 

26 54 
27 56 
28 55 
29 59 
30 57 

31 53 

Mo11thly~ 56-0 mean 
Normal 56·0 

U. S. COAST A.ND GEODETIC SURVEY. 

DIFFERENTIAL MEASURES

Hourly readings frotn the photographic trf!,Ces of the bifilar 

200 di visions plus tabular q nantity, one division= 0•000100 in parts of H. All 

JANUARY, 1889. 

[For the explanation of these tables see pp. 53, 54.] 

2h 3h 4h 5b 611 7h 8h 9h 1oh 1111 Noon. 

57 58 58 59 59 6o 63 6o 61 58 55 
54 54 54 56 57 59 59 6o 58 58 57 
58 59 58 58 58 58 6o 62 6o 54 54 
6o 59 59 6o 59 6o 59 58 57 SS 57 
58 58 58 58 59 59 58 55 [53) (50] [50] 

[56] [56] (56] [57] [58) (6o) [6o] ['9] 57 54 53 
62 58 6o 6o 62 62 62 6o 52 47 46 
54 55 56 56 58 58 59 58 54 51 54 
6o 6o 59 6o 62 62 62 61 56 52 52 
62 62 64 61 6o 62 62 63 58 52 50 

55 61 59 6o 59 6o 6o 63 59 54 53 
6o 57 57 57 58 59 61 6o 57 53 56 
58 58 58 58 57 57 59 59 59 54 54 
56 56 58 58 59 62 61 61 58 56 58 
57 58 58 59 61 61 62 63 64 63* 61 

58 59 59 6o 6o 61 6o 58 54 53 56 
58 58 6o 61 62 62 61 6o 57 56 56 
58 59 59 6o 6o 62 63 63 6o 61 59 
57 58 58 59 6o 6o 6o 58 52 51 54 
57 59 6o 6o 66 63 63 54 52 53 47 

50 51 51 54 54 53 SS 53 S6 55 52 
52 51 53 54 54 54 52 51 49 48 49 
53 53 53 53 52 55 56 52 48 42* 42* 
52 54 54 54 55 54 54 55 54 52 SI 
54 55 55 SS 55 55 57 56 52 48 47 

~55 56 55 57 57 57 59 59 56 52 52 
56 56 56 57 58 59 61 64 62 58 SS 
53 54 55 •56 6o 6o 6o 61 57t 54 52 
56 56 57 57 . ~8 59 62 61 6o S7 57 
57 57 57 58 58 59 58 6o 6o 54 52 

52 53 54 SS' SS 57 58 59 ss S7 58 

56·3 56-7 57-0 57·6 58·4 59·0 59·5 58·9 56·5 53·6 53·2 
56·3 56·7 57-0 57·6 ,58·4 59·0 $9'5 $8·9 5~·5 ··. 53·7 53·6 
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HORIZONTAL INTENSITY-Continued. 

magnet-Otneter of tlie Los Angeles Jtfagnetfo Observatory. 

readings referred to standard temperature of magnet. Increaaiug numbers indicate increasing force.) 

JANUARY, 1889._ 

13ti. 14h 15h 16h 17h 18h 194 2oh 21b 22h 23h Mid- ! Daily I 
night. , mean. 

I 1 
·58 56 57 56 53 48 48 50 52 52 51 57 55·9d I 
58 6o 58 57 56 56. 56 56 57 56 57 57 56-9 
56 58 58 59 58 59 58 58 57 58 58 58 58·0 ! 
58 6o 61 61 58 58 57 56 57 57 57 57 58·3 ! 

(52] [54] (55] [56] [SS] [54] [54] [54] [54] [54] [54] [54] [55·2] 1 
1 

58 61 63 65 62 6o 6o 6o 59 58 58 58 [58·5] l· 
SS 6o 61 57 58 53 53 51 50 48 55 53 55·9 
58 63 63 61 62 61 59 61 61 6o 59 59 58·0 
56 58 57 58 59 58 57 59 6o 59 6o 6o 58·6 
56 59 57 57 56 6o 58 59 58 58 57 56 58·6 

56 58 59 59 57 55 56 54 57 57 57 56 57·5 
55 .56 59 56 56 57 57 58 59 55 57. 57 57·4 
56 58 58 57 57 56 57 56 56 57 56 56 57·0 
58 58 58 57 57 57 57 57 57 58 58 58 57·8 
6o 61 6o 6o 59 58 59 58 58 58 58 58 59·7 

59 61 62 62 6o 6o 59 59 6o 6o 59 59 59·0 
58 59 61 62 61 59 6o 59 59 59 58 57 59·2 

61 63 63 6o 59 59 58 57 58 57 57 57 59·6 
6o 63 54 65 62 6o 59 58 58 51 48 49 sr1 
47 46* 48* 49* 49 46* 49 45* 45* 47 45* 54 52·4 

54 56 54 54 53 54 53 52 52 55 52 52 53·2 
52 53 55 55 53 52 52 51 50 50 50 52 51·8 
51 55 58 58 56 54 55 54 53 53 52 51 52·5 
52 55 58 58 57 55 55 55 55 54 54 53 54·3 
48 52 . 57 58 56 ·53 50 53 54 54 55 54 53·7 

, 

53 53 34 56 58 57 57 56 56 56 55 55 55·7 
52 52 SS 58 62 62 6o 59 57 57 57 56 57'7 
s~ 54 55 56 58 59 59 58 57 58 57 54 56·4 

·55 54 56 59 58 58 59 59 57 57 56 55 57·6 
52 56 55 56 55 54 5~ 55 53 54 54 54 55·8 

S9 57 58 59 56 55 55 53 56 56 56 56 56-0 

55·3 57·1 s7·6 58·1 57·3 56·4 56·2 55·8 55·9 55·6 55·4 55·5 56·62 

55~3 57·4 5S-o 58·4 57·3 56·7 56·2 56·2 56·2 55·6 55·7 55·5 
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DIFFERENTIAL MEASURES-

Hourly rea,dings from the photographic traces of the bi.filar 

[Local mean time. 200 divisions plus tabular quantity, one division= 0·000109 in parts of H. .All 

FEBRUARY, 1889. 

[For the explanation of these tables see pp. 53, 54.) 

Day. 1h 2h 311 4h 511 6h 7h 8h 9h Ioh 11h Noon. 

I 56 56 57 58 58 58 58 58 58 57 54 53 
2 55 55 55 56 56 57 57 56 55 52 51 51 
3 58 58 58 59 59 6o 60 6o 61 56 48 50 
4 53 54 54 54 55 55 54 54 54 52 49 48 
5 55 57 51 58 58 58 58 58 58 57 54 54 

6 56 56 57 59 59 59 58 59 6o 6o 56 54 
7 54 55 56 57 59 60 58 67* 67* 64 62 59 
8 52 58 56 55 54 57 56 54 52 48 49 52 

9 55 56 56 57 58 58 59 58 58 56 53 50 
IO 57 57 57 57 57 58 58 59 59 58 56 55 

' 
II 57 57 58 58 58 58 57 56 57 56 53 so 
12 56, 57 57 57 51 51 58 56 57 53 49 50 
13 56 57 58 58 60 6o 59 59 56 [57] 58t 58 
14 59 59 58 59 59 6o 59 61 63 61 61 6o 
15 56 56 56 56 57 56 56 56 55 53 51 52 

16 55 55 55 55 SS SS 53 55 53 52 52 51 
17 52 52 52 55 58 57 54 57 56 52 51 51 
18 51 52 51 53 53 51 52 54 52 52 51 45 
19 53 52 53 53 53 53 54 54 55 55 54 53 
20 53 51 52 52 52 52 53 51 50 51 50 49 

21 54 54 54 54 54 54 55 55 SS 54 54 54 
22 56 56 56 57 56 56 57 58 57 57 56 53 
23 56 56 56 57 57 56 56 56 57 56 56 56 
24 57 57 57 58 59 59 .59 59 58 58 58 58 
25 58 58 59 59 59 59 59 59 59 58 58 59 .. 

26 58 58 58 57 57 58 59 59 59 59 59 59 
27 57 58 58 58 59 58 57 58 59 56 59 59 
28 58 58 58 59 58 58 58 58 58 58 59 6o 

I 

Monthly? 
55·5 55·9 56·0 56·6 56·9 57·0 56·8 57·3 57·1 55·6 54'3 53·7 mean 5 

Normal 55·5 55·9 56-0 56·6 56-9 57·0 56-8 56·9 56·7 55·6 54·3 53·7 

fMirror changed by observer between 9 and 11 a. m., requiring a correction of - 16·0 diviaioua to 
all subseque:a..t readinJt$ for ohaup of zero gf aeale; thia hu been applied. 
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HORIZONTAL INTENSITY-Continued. 

niagnetom,eter of the Los A·ngeles Magnetic Observatory. 

readingsreferred to standard tempera.ture ofma.gnet. Increasing numbers indicate increaai11g force.) 

FEBRUARY> 1889. 

13h 14h 151i 16b 17h 18b 19b zoh 21h 22b 23h Mid- Daily 
night. mean. 

57 59 59 57 56 56 55 55 55 55 56 55 56.5d 
54 54 55 56 55 55 55'" 54 57 56 56 56 55"0 
50 54 55 56 55 55 55 54 54 54 53 53 55·6 
49 50 54 56 59 58 58 57 56 56 55 55 54·1 
54 56 58 59 59 59 57 55 53 54 55 55 56-5 

57 58 57, 53 53 52 52 51 53 56 54 53 55·9 
56 56 52 56 54 55 56 55 50 52 53 52 56·9 
49 52 54 57 57 57 57 55 55 55 55' 55 54·2 
51 54 57 57 57 56 55 55 55 55 55 56 55·7 
54 56 57 58 59 58 58 57 57 56 57 57 57·2 

51 53 55 56 56 56 56 55 56 56 56 56 55·7 
53 56 58 59 6o 59 59 58 58 57 57 56 56-4 
6o 60 61 61 61 61 61 61 61 61 6o 6o [59·3] 
6o '57 57 56 57 58 59 58 58 58 57 57 58·8 
53 54 55 55 54 52 54 53 52 51 53 54 54·2 

50 51 52 55 54 55 54 54 53 53 52 52 53·4 
51 52 50 48 51 52 50 51 51 47 50 50 52·1 
43* 47 51 53 53 52 54 52 52 53 53 52 51·3 
51 50 50 53 52 52 53 51 50 51 51 52 52·4. 
50 52 54 55 54 55 54 54 54 54 53 54 52·5 

54 54 53 56 56 56 5'5 56 56 56 56 56 54·8 
54 56 55 57 55 51 51 52 53 54 54 55 55' I 
56 56 56 Si 58 . 58 58 57 57 57 57 57 56·6 
57 56 58 58 59 59 59 58 57 58 58 59 58·0 
gt) 59 61 6o 6o 6o 59 59 59 58 58 58 58·9 

58 59 58 58 6o 59 57 58 57 58 56 57 57·7 
56 57 59 60 58 59 57 58 59 58 58 58 58·0 
61 62 59 62 62 6o 59 55 51 51 54 57 58·0 

53·9 55·0 55·7 56·6 56-6 56-2 56-0 55·3 55·0 55·0 55·1 55·2 55·76 
54·3 55·0 55·7 56·6 56·6 56-2 56-0 55·3 55·0 55·0 55·1 

l 
55·21 
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APPENDIX No. 5.-1891. 

ON THE :MAGNETIC OBSERVATIONS MADE DURING BJ.:RING'S FIRST 
VOYAGE TO THE COASTS OF KAMCHATKA AND EASTERN ASIA IN THE 
YEARS 1725 TO 1730. 

Submitt.f'd for publication as a Bulletin, December 12, 1800, and .first published 
February 26, 1891.'"' 

Discussion by C. A . .SCHOTT, Assist.ant, and Chief of the Computing Division. 

The observations for the "variation of the compass" made by 
Captain Bering along the coast of Kamchatka and northeasterly w 
the strait named after him derive their special value from the fact that 
they were made on a voyage of discovery, and are therefore the first 
ones in this region available for discussion of the secular variation of 
the declination. The observations are quite numerous; they extend 
over tlle we~t.e.rn part of Bering Sea and from Cape Lopatka, Ka1n
cbatka, to Ea.st Cape, Siberia. Attention was :first called t.o the1n by 
Dr. W. H. Dall, of the U.S. National Museum, in a letter address~d to 
the Superint-endeut of the U.S. Coast and Geodetic Survey and dated 
June 23, 1890. 

The n1agnetic declinations given below I have extracted from Bering's 
log book of hiR first expedition from Okhotsk to ·East Cape, between 

.. the years 1725and1730. The record is fron1 the version of Peter Oha.p
li n (TchapJin), printed in Russian by Vasili .Bergh in 1823, and ren~ 
dered into BugliRh by W. JI. Dall, who presented his manuscript, 
together with two original cbarts, to the Snpe.rintendent of the Survey. 

The names of' the ohKervers are not given, but the declinations are 
supposed to have been recorded by one or the other of the principal 
officers, viz, Vitus Iva.novich Hering, iieet captain; Martin Span berg 
and Alexie Chirikoff, lieutenants; Peter Chaplin, midshipman, and 
Feodor I.1uzbiu, surveyor. 

With perhaps two exee.ptions, the observations were made on board 
ship, and by the method of the sun's amplitude when rising or setting. 

, Dr. Dall's manuscript contains a table of the principal dates of the 

•It has been d~med desirable to republish this pa.per in order tO. give it a perJDa.o. 
·. nent fonn a.a a contribution of value to our knowledge of the secular va.riation _of' 
: f;lte magnetic declination. 
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expedition iu uew style and civil count, yet the Gregorian dates 
assigned by me to the magnetic observations may be out one day (pos
sibJy two) for want of sufficient information as to the part of day 
inte:>nded (Bering counted from noon}. Respt~cting the ship'i.:; position, 
the log or narrative i.R not sufficiently explicit to ena hle ns to plot the 
courses sailed over. I have, therefore, retained tlie observed latitudes 
given in connection with the declinations and supplied the lougitudes 
as wen as l could fron1 modern data. The geographical positions of 
the magnetic stations are, therefore, approximations; yet they are near 
enough for the purpose in hand. The longitudes are reckoned to 180° 
east and west from Greenwich, and the dates for those places whose 
longitude exceeded 1soo east were diminished by one clay in order to 
corre:-.pond to Western (American) reckoning. 

}Jfagnetfr obseri:ations made by Bering in Kamchatka and along the East
ern Coast between the southern point of Kamchatka and Berin[! Strait, 
Eastern Siberia. 

!No.j Locality. La ti- Longitude. Year. Date. Declination 
tu de. east. 

--1 
I -

0 / 

i 
0 / 0 / 

I Bolsheretsk, southwest'n Kam- 52 45 156 45 E. 1727 Sept. 15 IO 28 
chatka. 

2 Upper Kamchatka, settlement. 54 28 159 oo E. 1728 Feb. 6 II 34 
3 Off the Cape, near Lower Kam- 56 03 162 40 E. 1728 July 24 IJ IO 

chatka, settlement. 
4 Off Cape Kamchatka (near 56 30 163 40 E. 1728 July 25 14 45 

Cape Stolbovi). 
5 Between Capes Kamchatka and 57 00 163 30 E. 1728 July 26 16 59 

Ozernoi. 
6 Off Ukinskoi Point. 57 59 163 oo E. 1728 July 27 18 48 
7 Off Cape Oliutorsk. 60 16 r71 30 E. 1728 July 31 16 56 
8 Southwest of Cape Omchinski. 61 03 174 ooE. 1728 Aug. 2 { 19 37 

25 24* 
9 \Vest of Cape Omchinski. 61 32 176 oo E. 1728 Aug. 4 24 00 (?) 

10 Off Bay of St. Gabriel (off Cape} 62 15 18o 00 1728 Aug. 6 { 21 05 
Navarin). 21 15 

II Off Cape Chukotski Nos. 64 IO 173 ooW. 1728 Aug. 19 { 26 38 
26 54 

12 Off Cape Chaplin or Indian 64 59 171 45W. 1728 Aug. 22 25 31 
Point. 

13 Off St. Laurence Island. 64 to 172 ooW. 1728 Aug. 28 {26 20 
27 02 

14 About 25 miles east of Cape 62 20 179 50W. 1728 Aug. 31 20 00 
Thaddeus. 

15 1 ( 61 44 179 00 E. 1728 Sept. 2 18 40 
16 ~Off the Coast, betwe<nC..pe• 1 61 30 178 oo E. 1728 Sept. 3 18 53 (?) 
17 I Thaddeus and Kamchatka. 6o J8 174 oo E. I 

1728 Sept. { 18 32 5 18 15 
18 J St JS 165 oo E. 1728 Sept. 9 16 27 
19 Off Cape Kronotzki. 54 07 163 oo E. 1729 June 19 It 50 
20 Off Cape T.schipunski (Shi-} 53 161 oo E. June { 8 31 

punski). 13 1729 20 8 46 
21 Kronotzki Bay. 54 12 162 oo E. 1729 July 3 {II 50 

Io 47 
22 Off Coast south of Petropalr'- 52 01 158 00 E. 1729 July 9 7 42 

lovsk. 
23 Off Cape Lopatka, east of it. . 5~ 18 

I 
156 30 E. -1729 July 13 If 00 

*~luded. 
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For the purpose of utilizing thes~ observations for the inYestigation 
of the secular variation of the declination and for forming an estimate 
of their intrinsic value, it will be necessary to express them by an inter
polation formula depending on the latitude and longitude of the mag
netic stationR. 

It suffice~ to take four terms of the general formula usually applied 
in such cases, viz: 

D = D 1 + u + .d <p. v + L1 A cos <p. -ic + L1 qr. x + L1 ;.\.2 cos2 <p. y 

where D =resulting declination, Dl an approximate value for the nor
mal position·, <po and ;\0 , and 1t a correction to it. 

<p =latitude ill any station. . 
.d <p = <p - tp0 = difference in latitude, <po being the adopted normal 

latitude. 
LI j\ = A - i\0 = difference in longitude, ;.\ 0 being the adopted nor

mal longitude. 
u =a cousl ant and v, w, x, and y coefficients to be deter1niued 

by the method of least squares from the observations them
selves. 

In order to shorten the labor in the application of this formula, the 
observations, after having been plotted on illustration No. 26, Coast 
and Ge.odetic Survey Report for 1888-'89 (lsogonic cl1art of .. AJaska and 
adjacent regions), were found readily to group themselves for average 
values, as follows: 

Numbers. 'P il (east). D (east). 

0 0 0 

23,1,22 52·36 157·08 9·72 
2,20,21,19 54·00 161·25 10·84 
3,4, 5, 6, 18 57·02 163·56 16·03 

7, 17, 8 6o·54 173·17 18·31 
15, JO, 14 62·10 179·72 19·95 
I I, 13, I 2 64·44 187·75 26-32 

.. Mean. 'Po=S8 ·41 "-o= 170 ·42 D 1 = 16 ·86 

Observations Nos. 9 and 16 of the general table were omitted as defectiH.~ or locally 
affected. 

The observation equations and the five normal equations were formed 
and solved, whence the east declination for the epoch 1728·5. 

D = 150.25 + 1·929 L1 cp - 0·436 L1 .l cos cp 
- 0·1242 L1 qr+ 0·1172 4 ~\2 ooss<p 

where Lltp = <p - 58°·41 
AA.== A -170°·42 (east). 
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This equation* satisfies the observations, as follows: 

No. 

J 
2 

3 
4 
5 
6 

7 
8 
9 

10 

11 
12 

Observed !I Computed I Diff. o-c.I: No. I Observed ' Computed 1 Diff 0-C f 
D (east). D (east). 1 1.; D (east). j D (east). · · ·1 
-- l I ;I·--·---~·-~--- ' 

o I ., I o :: o o o 1 
I I, 1 

10·47 
u·57 
13·17 
14·75 
16-98 
18·8o 

16·93 
19·62 
24·00 (?) 
21·17 
26·77 
25·52 

, u·98 I - 1·s1 1' 13 26·68 25·1s + 0·90 i 
1 3 ·19 - 2·22 I· 14 20-c>O 21·34 - 1·34 1 
14·07 - 0·90 l 15 18·67 20·46 - 1'79 ' 
14·37 + 0·38 16 13·88 (?) 19·98 (- 6·10)? 
15·58 + 1·40 i,' 17 18·40 18·o6 + 0·34 
I]"9°I + 0·89 18 16-45 15·83 + 0·62 

18·21 
1909 
19·73 
21·21 
25·22 
25·95 

I 1·83 
8·64 

I 1·30 

7·70 
11·00 

8·78 ·1
1 

8·09 
9·92 i 

8·04 l 
u·oo I 

! 

+J"05 
+0·55 + 1·]8 
-0·34 

o·oo 

'-----~-~~~~~~~~~~~~~~~~~~ ~~-~ 

The probable error of a single observation is given by the expre8sion 

0·67 4 ,J ;:_~ = 0·67 4 J ~~:: = ± 00·97 

but if we admit the differences of Nos. 9 and 16 this value cba,nges to ,.... .. 

+ 10·50. We may fairly ascribe a probable uncertainty of ± lfO to 
Bering's records, which, considering the times, must be taken as 
evidence of carefully made observations. 

The expression for the distribution of the declination, as resulting 
from Bering's records, can be brought to bear with good @ffect on 
the formulre deduced for the secular variation at three stations. 
They are Petropavlovsk, Kamchatka, Port Clarence, and Chamisso 
Island, Alaska. Referring for further information to .Appendix No. 7, 
Coast and Geodetic Survey Report for 1888, the formulre there given 
sh9uld be changed to the following: 

For PetropavloVMk '1'=530 01' 
Ji'or Port Clarence tp=65° 16' 
For Chamisl'!o ls'd tp=66o 13' 

...l = 1580 43' E. 
It= 166° 50' W. 
il=161° 4-9' w. 

D=- 5o.53+3c.52 sin (1•15m+54P•6) 
D=-26°·09+4°·41 sin (1·2 m+ 4P·6) 
D=-290·88+4Y·35 sin (1•2 m+ 20•6) 

where m =year -1850 and D =resulting declination tor that year, 
the negative sign indicating east decliBation. 

For these places we have from Bering's observations, as discussed 
above, the declinations - 10°·1, - 29°·1, and - 320·6, respectively, for 
1728, results which are fairly' represented by the above local tormulm. 

*A trial wa.e made to introduoe an additional term (depending on At/> .dl. 008 tp), 
but. it wa.e found that the observations were nt>t aeeurate enough to bear euch a term, 
'fihe c1l"ect of i• producing an aoeord entir6ly artifieia.l. 
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While the secular <'hange expre~:-1ion for Petropavlovsk h:. greatly im
proved, that for Port Clarenl'e, and ('OIH5eqne11tly also the expression 
for Chamisso Islaud, in its vkinity, i:-; totally changed. This is due to 
the extension of the latter formula~ ovei· an additional century; yet 
inodern observations are greatly needed before we can have some assu
rance that we are making substantial improvements. It is only by 
taking advantage of all i11formation we can get that our knowledge of 
the laws of the seeular variation gra<lnally attain::-; aecuraey. 

H. Ex. 43, 11t. 2-18 
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APPENDIX NO. 6-1891. 

ON THE REDUCTION OF HYDROMETER OBSERVATIONS OF 
SALT-\YATER DEN8IT1E::5. 

Submitted for pnhlication, Fehrua.ry 18, 1800, by 0. H. TI'f'TMANN, Assistant, 
in cl1arge of the Oflice of Standard \Veights and Mea,sures. 

Revised for repuhlicat.ion, Fehru:uy 1, 18~1:.!. 

The hydrometers heretofore in nse i11 the Coast and Geodetic Survey 
fo1· <letcrminiug the density of ocean water are described in Appendix 
1 H, Coast Survey Report for 187 4. ]~hey are of glass, of the usual 
form, a11cl are decimalJy divided on the ~tem. Each hydrometer is ac
companied by a copper vessel for holding the water, to which a ther-
1nometer is attached with the apparatus described in that appendix. 
J.""ahrenheit thermometers were used, and ·the densities given by the 
graduation of the hydrometer were referred to pure water at 600 F. 

The introduction of the centigrade scale and of a graduation t.o give 
dm1sities referred to pure water at 4° C. necessitates the publication of 
a convenient table for reducing the observations to the temperature of 
150 C., recently adopted by this Survey and by the U. S. ~..,ish Com mis 
sion. The hydrometers hereafter issued will be standardized at this 
temperature. 

The following table for the reduction of observed densities to 150 C. 
is taken from Dittmar, Physics and Chemistry, Challenger Expedition, 
Vol. 1, after applying to his densities one-half of the correction givei1 
by him for reducing them to Thorpe and Rucker's results. The tem
perature at which the density of the standard water is 1 ·02600 has been 
shifted from 15°·56 to 150 C. for the sake of getting an integer number. 
The table has been rearranged so as to give the densities of the stand
ard water multiplied by 1000 for whole degrees and tenths from Oo to 
300.9 0. on one page. 

The ratio designated <p (t) by Dittmar is omitted, and only its recip
rocal is given in the column headed m. The values there given a.pper
tain to the temperatures on the same horizontal lines given in the first 
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colu1nn. The u8e of thiR function is illu8trated in the examples iu 
whieh it appears as a multiplier for the purpm;e of allowing for the 
different rates of expansion between stand-a.rd water and the water the 
density of which i:s being determined. 

The last column has heen added to tbi:s table for convenience, and 
gives the correction for ehauge in the volume of the hydrometer itself. 
The values given have been computed for the mean reading 1026, and 
with the assumed coefficient of cubical expa11 sion for glass a = ·000025. 

The use of the table will appear from the following examples: 

-----·-·--~·-·----------------

Example. 

I. II. 

0 0 

2J"O 10·5 
~~ 0·1 -- ·2 ,. 

22·9 10·3 

1021·00 1029·29 
-0·20 + ·12 

1020·80 1029·41 

1023"99 1026-92 

-3·19 + 2·49 
1·018 ·987 __ , 

-3·25 +z·46 
1026·00 1026-00 

1022·75 1028·46 

Obs. tei:np. 
Corr. to thermometer. 

Corrected temp. - /. 

Observed hytlr. reading. 
Corr. for expansion of hy<lr. ---:-:- a. 
Corr. for hydrometer constant. 

Observed density at t =OD. 
Density of standard water at t =SD. 

OD-·-SD. 
m, tabular multiplier. 

m (OD--SD.) 
Standard water at 15 ° C. 

Corrected density at 15°. 

------------------~------ ~-- --------

For observations which have been reduced to 60° F., made with the 
old hydrometers indicating densities referred to pure water at (}QO 14'., 

it will suffice to subtract the constant 0·82 from the result in order to 
convert the latter into absolute densities at 150 C. 

Example: Given 1024·00 the density of salt water at 600 F. referred 
to pure water at 60° F., 1024:·00-=- 0·82 = 1023·18 its density at 150 O. 



 

Tal>le for Reducing Densities of Sm lVatcr to 150 G. 

' ·2 i ·3 ,. ·4 ·s J ·6 I: ·7 i ·8 -- ·o JI m I a ! ' - I I ; 
--1 I -~:--~-1---- -----.. -

1028·06 j 1028·05 1028·04 ! 

Temp. ·o ) ·1 l 
_; I 

0 
0 

I 

2 

3 
4 
s 
6 
7 
8 
9 

10 

II 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 

23 
24 
25 
26 
27 
28 

29 
30 

1028·08 
·02 

27'96 
·87 
·78 

. ·67 

·56 
'43 
·28 
·13 

26·97 

·79 
·61 

• ·41 
·21 

.00 

25·77 
·54 
·30 
·04 

24·78 

·52 
·25 

23·96 
·67 
·38 

·09 
22·78 

·46 
·13 

21·8o 

10~8·07 
·01 

27·96 
·87 
·77 
·66 

·55 
·41 
·26 
•JI 

2fr95 

·77 
·59 
'39 
·19 

25·98 

·75 
·52 
·27 
'OJ 

24·75 

'49 
·22 

23·93 
·64 
·35 
·06 

22·75 
·43 
·10 

21·77 

10:8·07 
·or 

27"95 
·86 
·76 
·65 

·53 
·40 
·25 
·10 

'26·93 

·75 
·57 
·37 
• J 7 

25'95 
·72 
·49 
·25 

24·99 
·73 

'47 
·19 

23·90 
·61 
·32 

·03 
22·72 

·39 
·06 

21·73 

1028·06 
·oo 

27·94 
·85 
·75 
·64 

·52 
·38 
·23 
·08 

26-92 

·74 
·55 
·35 
·15 

25·93 

·70 
·47 
'22 

24·96 
·70 

'44 
·16 

23·87 
·58 
·29 

2JOO 
22·68 

·36 
·03 

21·70 

·oo 27"99 27'99 
27"92 ·92 ·91 

·84 ·83 ·82 
·74 '7'1 ·71 
·63 '. ·61 ·60 

·s1 ·50 ·48 I 
·31 ·3s ·34 I 
·22 ·20 ·19 I 
·07 ·05 ·03 

26'90 26·88 26'86 ! 
! 

·72 ·70 ·68 i 
·53 ·51 '49 i 

·33 ·31 ·29 
·13 ·ro ·08 

25·91 25·88 25·86 
I 

·68 ·65 ·63 I 
·45 ·42 ·40 ' 

I 
'20 '17 '14 I 

24·94 24·91 24·88 1 

•68 ·65 ·62 I 

·41 '39 ·361 
·13 'IO ·08 I 

23·84 2J'82 23"79 I 
·55 I ·53 ·50 I 
·26 I ·23 ·20 I 

I 
22·97 22·93 22·90 

·65 ·62 ·59 
'33 ·29 ·26 
·oo 21·96 21·93 

21 ·67 ·63 ·60 

1028·04 
2r9s 

·90 
·81 
·70 
·59 
·47 
·32 
· 17 
·02 

26.84 i 

·fi6 
·47 
·27 
·06 

25·84 

·61 
·38 
·I 2 

24·86 ; 
·60 
. , ~ 
J,) 

·05 
23·76 

·47 
. I 7 

22·87 
·56 
·23 

21·90 
·57 

1028·03 
27'97 

·89 
·80 

·69 
·58 

·46 
·31 
·16 
·oo 

2fr8" ,) 

·65 
·45 
·25 
·04 

25·82 

·59 
·35 
·09 

24'83 
·57 
·30 
·02 

23'73 
·43 
·14 

22·84 
·53 
·20 

21·87 
·54 

1028·03 
27'97 

·88 
·79 
·68 
57 
·44 
·30 
· 15 

26·98 
·81 

·62 
·43 
·23 
·02 

z5·i9 
·56 
·33 
·07 

24·80 
·54 
·28 

2J99 
·70 
·40 
·I I 

22·81 
·50 
·16 

21·84 
·so 

·951 
·955 
·96o 
·963 
·967 
·970 

·973 
·976 
·980 
·983 
·986 

·989 
·992 
·995 
·997 

1·000 

I'OOJ 
i·oo5 
1·007 

1·009 

1·011 

I ·012 

1·015 
1·018 
1'020 

1·022 

1·024 
1·026 

J .027 
1·029 
1·031 

+ 0·38 
·35 
·33 
·30 
·27 
·25 
.23 
·zo 
. I 7 
·t 5 
·13 

·IO I ·08 

·05 
·02 

·oo 

-0'02 
·05 
·08 
'IO 

'IJ 

· 15 
·17 
·20 
·23 
·25 
·27 
·30 
·33 
·35 
·38 

~ 
t:j 
~ 
0 

~ 
/orj 
0 
~ 

1-1 
00 
~ ,.... 

~ 
:.... 
~ 
1-j 

!:4 

t.:> 
-l 
-l 
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APPENDIX NO. 7-1891. 

ON AN INYESTIGATIO~ OF THE RELATIO.K~ OF COLD AND 'VARM OCEA~ 
CURRENTS OFF THE N]<}'V E:S-GLAND COAST. BY THE lT. S. 1•~JSH CO)l
MISSION, WITH THE CO()PEHATIO.N O.F' THE U. S. COAST .A.ND GEO
DE'rIC SURVEY. 

By \VII.LIAM LIBBEY, jr., U. S. Fish Commission. 

Snbmitted for publicatiou December 21, 1891. 

Tluough tlie courtesy of the tT. S. Coast Survey, the steamer Bla.T;e, 
l...1ieut. C. E. Vreeland, l..T. S. N., assi~tant, Coa.st a.ud Ge-,odet.ic Survey, 
commanding, was detailed to investigate the 1·elati.ons of the cold arnl 
warm currents off the New England coast, under the direction of the 
writer, in connection with the work of the U. S. Fish Commission 
during the summer of 18HO. 

The region chosen for study was tha.t lying between Block Island, on 
the west, aud the eastern border of Nantucket Island, on the east, and 
f~xtended 150 miles to the southwai'd fron1 these two islands. Between 
the eastern and western limits given above ten lines were laid out 
nearly at right angles to the coast and 150 miles long. These lines 
were thus located a,t intervals of ten minutes (of longitude) as nt>.arly 
as possible, and upon each of them fifteen stations, also at intervals of 
ten minutes (of latitude), were placed, where observations were made 
upon the temperature and density of the water. 

At each station observations were made upon the temperature of the 
water at the surface and at the following intervals in·depth: 5, 10, 15, 
20, 25, 30, 40, 50, 75, 100, and 200 fatho1ns in deep water, and the sa.iue 
intervals were used in shoal water as far as possible. The speciHc 
gravity of the water was observed at the surface and bottom of tho 
water in every insta.nee, and at intermediate depths where it wa.~ 
deemed advisable. 

Work was begun upon July 9 and ended upon August 4; of this time, 
liowever, there w·ere only nineteen actual working days. Betwee.n 
July 9 and July 16 six compl<.~te line.A were run; between July 20 and 
.July 24 four more were made, a1ul h(~tweeu tluly 30 and August 4 
the remaining five were ma.de. This latter set of five covered the 
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same ground as the previous ten, using a 20-mile intel'val between the 
lines instead of one of 10 miles. 

Accompanying these ob~ervations a coniplete set of meteorological 
records was made each hour while we were upon tke ocean. lJpon the 
first two trips of the Blake I was assisted by J\<Ir. L. YV. Mudge, aud on 
the last trip Prof. 0. G. Rockwood, jr., took my place, and he and l\1r. 
Mudge made the remaiuiug observations. 

The astronomical work of navigation, the location of stations, etc., 
was done by the officers of the JJlake, and we are indebted to Capt. 
Vreeland and his associates for much valuable aid throughout the 
whole time we wers upon the vessel. Every facility was rendered us, 
and the resulting temperature profiles show tlie great advantages to 
be derived from such complete appliances and such able and willing 
co(iperation. 

In all about 2 500 observations were made upon the temperature of 
the water and 500 observations upon its specific gravity. In addition 
there were over 6 500 meteorological observations recorded. We oeeu
pied 225 Ktations upon the area where we had planned to work, aud 
these stations are showu upon the map which will accompany tlw full 
report of our work. The observations have a.11 been reduced _and tab
ulated for publication, and 15 ternperat\ue profiles, giving tlie tempera
ture curves of 500, 55°, 60°, and 70°, have been prepared, wl1ich show 
the relations of the cold and warm bodies of water to one another very 
clearly, and give much more distinct itfoas of their re1ative positions 
at the edge of the continental plateau. 

The full report, which il'I rapidly nearing c01npletion, involves the 
consideration of the other observations u1ade by 1ny parties iu the 
service of the U. S. Fish Commission, viz, tlw schooner Grampus, which 
was at work upon the same arf~a at the same time, and aJ~o a series 
1nade upon the Nantucket New South Shoal light-ship. 

The report shows in brief that we have to deal with two different 
sets of currents. 

1. Deep currents, flowing iu two (generally opposite) directions, 
alongside vt QU~ another, wl1ose courses are controlled more by the 
mechanical influenc~ of the impact of one current upon the other, their 
relative velocities~ etc., than by changes iu temperatu1·e aud density. 

2. Surface curreuts, flowing in the same general directions as the 
deep currents and sul~ject to the same mt"'chanical laws, but whose 
courses are in addition affected to a very considerable degree by the 
frictional influence of the wiuds, aud a peculiar condition wbieh Jias 
not been found to hold fi:)r the 'leep currents, viz, au apparent reversal 
of 'portions of the warm current. The outlying bands of warmer and 
denser water, which pass oft' frou1 the shore side of the Gulf Stream, 
are apparently drifted toward the sbore or away from it to an an1ount 
dependent upon the direction, velocity, and duration of the winds, and 
when they are forced toward tlie shore, thus bridging over the cold.er 
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current, as they pass farther from the source of their original velocity 
they are overpowered and reversed. They retain much of their tem
perature and density, and this t-0 a considerable depth, but their direc
tion is sometimes at right angles and then opposite to that of their 
original course. 

A more extended report upon the subject can not be presented at 
this time without involving a discussion which would need the help 
of the records, with the plates and maps accompanying them, to sup
plement the statements made. Enough bas been said to indicate the 
nature of the investigation and the important addition made towards 
its solution -by the help of the steamer Blake. 

The practical object sought by the Fish Commission is to determine, 
if J>0ssible, the physical conditions which control the movements of the 
schools of fish. 

As the temperature of the water controls the growth and distribu
tion of the tbo<l of the th~h, the study of the change~ which take place 
in it a.nu of their caut-ot~s becomes a matter of considerable importance. 
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APPENDIX No. 8-1891. 

ON THE CHANGES IN THE SHORE LINES AND A~CHORAGE AREAS OF 
CAPE COD (OR I'H.OVINCETOWN) HARHOR A8 SHO\VN llY A COMPARI
SON O.F SURVEYS :MADE BET\V.EEN 1835, 1867, AND 1890. 

A report by HENRY I... 1lARINhlN, Assistant. 

Submitted for pul,lication March 28, 1891. 

The com1)letion of the resurvey of Cape Cod IlarlJor * in 1890 lias 
en ah led us to make a comparison with its condition in 1867, and for 
parts of it with the earlier survey of 1835, and to ascertain what 
changes have obtained iu the shores and depths of this 1nost iinportant 
11arbor of refuge. 

In order to realize the intrinsic value of thi:-; harbor as a port of 
refuge we n1ay note the following statistics for the fiscal year ending 
.T nly 1, lSHO, kindly furnished by ].fr. Myrick E. Atwood, deputy 
collector: 

Number of vessels visiting this port for Alrnlter, 
Estimated value of commerce and naYiga.tion 

seeking shelter during the year, 
Number of entries from foreign porfa, 
Tonnage of vessels entered from foreign ports, 
Nnmlier of clearances for foreign irnrts, 
Tonnac~e of vessels cleared for foreign }Jorts, 
Number of vessels hailing from the port, 

4 000 

$W ooo ono 
27 

4 4()2 

20 
1 9:!! 

122 

For some years prior to 1867 the citizens of Provincetown bad 
entertahwd grave fears that the harbor was being silted up by the 
movement of sn11ds from Lancys H·arbor an<l Honse Point Island flat::; 
on one side, and from East H a.d)Or 011 the other side, re-enforced by Ruch 
1naterial as might find its way into the harbor from the south side of 
Long Point. 

Ju 1867 a can was made on the U. S. Coast Survey by the Harbor 
Commissioners of Massachusetts for a resurvey of the harbor of Prov
incetown; this resulted in a survey (huiug tllat year by the party of 

• 'l'ho uame first given to what i~ uow genera.Hy known as Provincetown Harbor. 
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A8sistaut Henry L. Whiting, followed by a report published in Appen
dix No. 12, Coast Survey Report for 1867 .. 

In this report. Mr. '\Yhiting discusses the results of a comparison 
made with the survey of J'VIajor Graham in 1835. The. subjects were 
discussed under three heads: First, with reference to changes at Long 
Point and on House Point Island flats; second, East I-Iarbor Inlet and 
Beach Point; and third, the Beaches at the head of East Harbor. 

Some of the recouunentlations for improvement suggested by Mr. 
Whiting have been carried out. A dike was built by the Uuited 
States at the "wading place" at High Head in 1868-'fi9; anothm· dike 
,was built across the outlet of East llarbor Creek, by the State of 
1\f assachusetts, efft:'oetually cutting off the water con1munication between 
J<Jast Harbor and the bay; and in 1870 still another dike was thrown 
across the head of I.ancys * Harbor at Abel Hill to prevent the flow 
of t-he tide fron1 Laneys Harbor into the main harbor. This dike was 
rebuilt in 1871. 

A study of the results of the present comparison points decidedly to 
the conclusion that these unprovements have in great n1easure artested 
the forces which were working towards the iujury of the harbor. '.rhe 
success of the dike at ·Abel Hill in arresting the wash of the sands 
from Lancy8 Harbor, only points with stronger emphasis to what 
should be done to al'l·est the wash of material from House Point Island 
tlats. 

So long as tlie low and narrow sandy barrier, t to the northward of 
'"\.Vood End Light-hom~e, remains intact, the wash oft' the fiats will 
remain at a minimum; hut shoulcl the seas make a breach through the 
beat~h dur·ing a gale, there is no telling what damage might follow, and 
it would seem the part of prudence for the· Government to heed the 
recommendation made by Mr. Whiting in 1867, and urged again in 
1886 oy MCljor Gillespie, U. S. Engineers, that a dike be built from 
Stevens Point, in Provincetown, to Long Point, thus eftectually in
closing the whole of House Point Is1aud flats. 

The preservation of Loug Point (a natural mole guarding the deep
-water basin of the harbor), which has been in charge of the U. S. En
gineers, should be advanced by ample appropriations from the General 
Govel'Ilment. 

In preparing· this report it was not our intention to go back to the 
.Murvey of 1835, hut the manner of comparison by areas was not pursued 
in the report of 1867, and furthernwre the survey of 1867 did not deter
mine the depth beyond the 18-foot curve; this left out of the compari
son all the area of deeper water, and it was deemed instructive if not 

* Lancys Harbor is now a. dry sand a.nd gravel slough, the outlet into Herriug 
Cove having been closed by the a.ction of the sea. 

t In 1889 the width of thia beach from the high-water line outside to the high
water line inside of the harbor was only 50 feet. 'this width would be reduced one
half during a severe gale from the westward at the tim.e of high water. 
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important to know the condition of this part of the harbor in 1835 and 
what changes had taken place up to 1890. 

It was necessary, for our purpose, to set off a part of the bay as the 
harbor proper, and to identify the limits on all the surveys to be com
pared; this was done by drawing a line from Long Point light-house 
to the summit of :Mount Gilboa as the eastern limit, and by calling all 
t-0 the westward of this line the anchorage ground to be compared. 
This line is indicated on the accompanying co1nparative map (illui-;tra
tion No. 11 ). 

By referring to this map, on which the position of the fathom curveR 
is given as they existed in 1867 and 1889-'!lO, t11e following detailed 
statement of the changes in the area of a.ncliorage ground will more 
readily be understood. \Ve have also indicated on the map, hy sharp 
contrast in shading, the places and extent of shift of cont.our under 
wat(~r and also (as in East Harbor) the areas coveretl by sands shifted 
by the winds (traveling dunes). 

In 1835 that portion of the l1arbor with greater dcptli than" :m feet 
containe{l 487 acres; this was r(~duced to 47•1 acres in 188H, a loss of 1;; 
aeres in ti4 years, or at the rate of five-hundredths of 1 per cent per 
year. There is reason to helieve that the greater share oft.hi~ reduc
tion obtained before_ 18f_i7, at which date the closure of East Ilarbor 
and J,;ancys llarbor lrnd not heen effected. 

Between Hie 30-foot curve and the 24-foot curve the area iu 18a5 wa8 
51 acre5; in 1889 it was fi8 acrt~s, tHl increase of 7 acres, or at, the rate 
(if one-tenth of 1 per cent per year. 

Between the 24-foot curve and the 18-foot curve the a.rea was 137 
acres in 1835 and 147 acres in 188H, showing- again an increase of area, 
and at t,be rate of thirtecn-thousandt.lu~ of l per emit per year. 

No comparison of the prece<ling areas conhl he llH\(lc 'vith the sur
vey of 1867, a..;; the soundings taken at that date were limited to 18 feet 
of depth. 

Between the 18 and 12 foot contours, the area was found to have 
been 178 acres in 1835 ancl 175 acres in 1867, indieating a loss of area 
at the rate of five-hundredths of 1 per cent per year. In 188!l the area 
wlts again 178 acres, the same as 54 years before, and showing an in
crease of 3 acres since 1867, or at the rate of eight-hundredths of 1 per 
cent per year. 

Between. the 12 and 6 foot contours the area was lt>O acres in 18a5 
a.nd 163 acres in 1867, an increase at the rate of six-hundredths of 1 per 
cent per year. In 1889 the area was 159 acres, a loss of 4 acres since 
1867, or at the rate of one-tenth of 1 per cent per year. 

Between the 6-f'oot curve and the line of mean low water the area 
was 289 acres in 1835 and 238 acres in 1867, a loss of 51 acres, or at the 
rate of one-fifth of 1·per cent per year. In 1889, within the same limits, 
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the;trea was 258 acres, indicating au increase of area of 20 acres in 22 
years, or four-tenths of 1 per cent p~r year. 

If we compare the entire harbor area outside of the mean low-water 
line, we find that in 1835 this area was 1,302 acres, and that in 1867 it 
had been reduced. to 1,247 acres, a loss of 55 acres in 32 years, or one
tenth of 1 per cent per year. Between 18fi7 and 1889 the area in
creased to 1,27 4 acres, or 27 acres in 22 years, which is at the rate of 
nine-thousandths of 1 per cent per year. These results are confirmed 
by an inspection of the comparative maps, which shows a result.ant 
shoreward movement of the submerged contours and thus points to the 
conc1usion that the conditioHH since 1867 are most favorable to the 
maintenance of the pre:;.;ent. depths. 

In table No. 1 will be found tabulated the areas of anchorage ground 
for the years 1835, 1867, aud 1880. 

'l'he data exhibited on illustration No. 11 extend beyond the limits 
re~mrved for this report; there is one feature, however, to 'Nhich we 
would call special attention, and that is the large belt eroded from the 
outer shore of the cape in the vicinity of what was once East Harbor. 

TABLE No. l.-lVa,tcr areas in Cape Cod Ha.rl>or, west of a line drauni 

! 

frorn Long L'oint to J.lfonnt Gilboa, 1835, 1867, 1889-'90. 

r A r'·a in acres. The + Kign dc11otc:; iucreaRing area. 'The - sign denotes aecreasing are.a. J 
--

Limits embraced. 1835. 

---

Outside of mean low-water line. I J02 
Outside of 6 feet of depth. I OIJ 
Outside of 12 feet of depth. 853 
Outside of 18 feet of depth. 675 
Outside of 24 feet of depth. 538 
Outside of 30 feet of depth. 487 

I 

1867. 
Per cent I Per cent 
of yearly 188 0

, of yearly 
change 9-9 ·r change 

1835-1867. ! 1867-1889. 

I 

I 
247 -0·0013 
009 -0·0002 

846 -0·0003 
671 -0·0002 

not gi 

:~~I not gi 

;-----
( 274 
( 016 

857 
679 
532 
474 

+ 0·0009 I 
+ 0·0003 + o·ooo6 
+0·0005 

MOVEMENT OF THE BORDER OF HOUSE POINT ISLAND FLATS. 

The encroachment of these flats on the harbor was noticed in 1867, 
and formed part of the discussion in Mr. Whiting's report of that date. 

A comparison of the conditions in 1889 with those which prevailed in 
1867 has been found interesting, and the results have been grouped on 
the accompanying sketch (illustration No. 12). We have illustrated 
the changes in the tlepth _by shading lines, which indicate shoaling 
or deepening, the lightest sl1ading representing 0 to 3 feet, the next 
heavier shading 3 to 6 feet, and so on. Where no change has been 
detected it is indicated by cross shading. 

The area examined. (which comprises the area covered by the sound
ings taken in 1867 on the slope between the line of mean low water and 
the contour at 30 feet of depth) covers 168 acres; of these 81 acres show 
shoaling, 67 acres show deepening, and 20 acres no change in depth. 
- The material brought to this slope since 1867 by the wash o:ff the 

. . 
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flats and from other sources arnountH to 196,33H cubic yards, and the 
volume i·emovcd amounts to 14>2,0H> cubic yardH. whielt leaves an ex
cess of slweJing of 34,:{20 cubic yards. Should this vohune be spreitd 
evenly over t,he area of the slope the reduction in dl•pth w0t~lcl amount 
to 1~ inch only; lmt the accumulation has taken place in spots, nota
bly on the north side and uear the end of Loug Point, on a sharp slope 
of 1: 4, as measured between the G-foot and the 30-foot curves. The 
shoaling in this case is, however, in the direction of an improvement, 
in that it Htrengthens the end of the point, which has shown a tendency 
to erosion on the seaward side. 

In tlrn bottom of the bight, about halfwa,y between Long Point and 
Union "\\~barf (see illustration No. 12), the eompari::-;on reveals in one 
place (section on AB) a retreat of t11e contours between 6 and 30 feet 
of depth, and in another Jllace (Hl~ction CD) a sbarp advance of the 
edge of the flats. Where shoaling prevailed, the slope between the 6 
and 30 toot contours has become steeper, from 1: 8 in 1867 to 1=5 in 
1889. Where deepening has obtained the reverse has taken place; the 
slope which in 1867 was 1: 6 had become 1: 9 in 1889, i. e., both the 
deepening and the shoaling processes have gone on in the shallower 
depths of the slope. 

The tabulation of the depths on cross sections, sl10wn on illustration 
No. 12, will be found in the annexed tables Nos. 2 to 4. 

The illustrations were drawn by Mr. Homer P. Ritter and the com
pilation of the data is the joint work of l\Ir. Ritter and myself. 

TABLE No. 2.*-Sectfon,"l on AB. 

-----o--1s_3_5_. ______ \----... -c.i-.._-.1-s_6_7_. _____ 1)
1 

. r.=.---·~-8,--1 s_9_. ____ _ 
Dis- ~ ~ Dis- :;;:;: ' Dis- i t-:: ;::=: l 
tance ...c • tance .,:; ~ I tance l~ ~ 1

!' 
from 0.-..:: Remarks. I from 0. . Remarks. I from a: 

origin. A~ ongm. A~ I origin. C ~; 
1~1-l--1 -----\ ; 
Jl.fetres. Feet.I Afetres. Feet. : Afetres, Feet.' 

Remarks. 

o o Origin at mean o I o 
low water of 146 o M ea n 1 ow '.: I 23 
1835. 

4 
water, 1867. 

1
1,

1

!,, 

180 

o ; !v[ ea n I ow 

224 

233 
248 
264 
274 
288 
309 
334 
392 
443 

2 Low water 208 

6 
12 
18 
24 
30 
39 
55 
53 
58 

(springs). 230 5~ ·; 214 
244 6 ) 253 
273 12 I 263 
279 18 273 
285 24 281 
293 30 338 
298 32 423 
325 45 498 
363 55 

* ~ee illustration ~Q. a. 

! wat,'r, I 889. 
~ I _, I 
61 

i! I 
30' 
52 
59 
57 
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TA.TILE Xo. 3.*-8cctions on OD. 

1889. 
--------------~--

1-- - ! 
Dis- 1 <:: ;:::= ! 
lance !...c ......j 

1
1 

from IP..__; , Re1narks. 

origin. f~""" ! 
____ ! __ l~------

1 I 
.llfetres. !Ft·ct.! 

o I o j Origin at mean 

I 
I I o w water, 
l 1835. 

( spring-s). 
161 

1

. 2 
1 

Low water 

2IO 6 j! 
225 12 Ii 
2 34 I 18 :: 
246 I 24 ! 
257 30 
260 34 
307 58 
JSI l 57 

1: 
fi 

Dis- i ct ~ i Dis- J ~ ~ 
tance ; -5 .....; , Remarks. tance 1..r::: ,.._.; 
from ' ~ ·' from iO.. · 

~ . ! ~;E : ~ 1 ~ ~ 
ongm. ! Cl : : i origin. !Cl ., 
------1---1 ------- ------~: 

.lfetrts. ! fi~·ct. 1 
:, .ll.fetrcs. ).1<ect . 

o I '1 o I 
I 50 / o Mc an Io w i 135 i 

1

1 water, 1867. ·, 
192 1£; 
2 [I 6 I 
245 I 12 

257 I .s 
264 

11 

24 
272 30 
290 i 37 
316 56 

it ,, 

II 
ii 
'I 
ji 
ii 
iJ 
1= 
;I 
H 
,I 

I 

170 
225 

245 
252 
260 

270 
280 
290 
470 
670 

12 
18 
24 
.30 
36 
54~ 
52~ 

Remark~. 

;\f can l n w 
~water, 1889. i 

jl 
____________ , ___ _I_ ______ ,,._,---------------------------I 

""8t"e illustration No. 12 . 

.. TABLE No. ,.t.•-/..,'t.ctions on .BF. 
I 

1867. 
1
· 

i 1!--.~~i~-T1 ;·5· ··----------
1

1' t~~~~ !~5---
1 

from P.. . Remarks. from : ::, . Remarks. 

1 ...... 

Remarks. 

Dis- I~~ 
tance -5.....; 
frn1n [::... · 

origin. f ::l ;;;:; i 

I~,,,:. J,.,d.i. 
0 I (JS I 

47 I 68 
99 I 70 

189 ' 73 

d origin. i;:::;;;;:;; origin. j3';;;:;;; j 

·------11 .1Jet;-~s.-1 ~;~;,/ ,l~~;~:: ... /Fec~ _______ , 
Origin at E. j

1

i o I I Origin at E. o I Origin at E. 

. 'I (q 7 4 ~~522 Ii 666~2 Ii 1ss 1 69 I • . 
II 206 561 
): 224 / 30 122 69 
/i 241 6 I 152 71 

low ,i 252 o Mean low 179 65 

2•4 I 30 
261 6 
273 o Mean 

water, 1835. water, 1867. 207 11' 
334 High water, 297 High water, 226 6 

1835. 1867. 243 I 
At Long Point 252 o 

light-house. 
352 At Lon~ Point '/ 35 2 

364 
light house. I 

Bi gh water, jl 
1835. ' 

398 0 Mean low i 

288 

352 
water, 1835. 

462 6 372 
529 9 
563 12 

690 13 
730 14 
748 18 
76<) 24 
777 30 
8oo 43 
829 81 
879 103 

d~ 
QJ, ·== ,.:.. 392 ,.?;< 0 ..:0 0 
<'!A.. 00 

..... btl -
461 6 i:::: i::::: 

(1:1 0 ·- 576 9 a"~ ~ 
·- ..... :;;J 672 12 -g 0 ~ 762 18 
:s ..c ~ 782 24 o-..i:: 
"' ::l 0.0 
0 ~ ;.=: 792 30 
z 832 78 

*See illnstration No. 12. 
c .2-- _,__.E__·-~ 

Mean ]ow 
water,1889. 

High water, 
1889. 

At Long Point 
light-house. 

High water, 
1889. 

Mean low 
water, 1889. 
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APPENDIX NO. 9-1801. 

CROSS-RF.f'TIONS OF THE ~HORE OF CAPE COD. MA~8AC'ITU8F.TTS, 
BETWEEN THE CAPE COD AND LONG POINT LIGHT-HOU8ES. 

A report lly HEN"RY L. l\1ARIN"lnx, AssiAtant. 

SubrnittNl for publication April 21, 1891. 

In t11e publication of the following tables of cross-Rection~, two ol~jects 
are attained. In the first place, it offer8 to persons interested in study
ing the action of the sP.as on the coast line, the meaus, in a convenient 
form, of comparison with for1ner surveys ; secondarily, it insures from 
possible loss, by inuJtiplication, a large amount of field and office work, 
w hicl1, if otherwise preserved, would be represented by records not in 
shape. for immediate u~;e. 

The annexed tables complete the mold of the south shore of Cape 
Cod, and include that portion between the Cape Cod Lighthouse and 
the 1nouth of the harbor of Provincetown. They are supple1nentary to 
the series published in A.ppendix No. 13, Coast and G(•odetic Survey 
Report for 1889, whfoh included tbe shore between Chatham and the 
Cape Cod Lighthouse. " 

These cross-sectionf:i will average 1 in 300 metres, beginning with 
No. 144, at a point about 157 1netres east of Ilighland· I..iife-saving Sta. 
tion and continuing to No. 229, at the end of Long Point. 

The plane of reference for the elevations is ni.ean sea level, as derived 
fro1n a series of observations of the rise and fall of the tides made at 
Chatham in 1887, which was found to be 40·51 feet below the Coast and 
Geodetic Survey Benc11 1\-Iark No. iv, on Chatham North I..iighthou:-;e. 
This plane of reference waR carrierl along· by ineans of two lines of pre
cise levels run in opposite directions. A number of bench marks were 
established at available points along shore, descriptions of which are 
appended. 

The position of the origin of the ~cross-section can readily be platted 
on a. projection map by using the latitude and longitude of the origin 
given in the ta.bh~, ancl the direction of the ~ectiou nuy he obtai11eil hy 
laying out the azimuth (which is true), also found in the table. This 

289 
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azimuth is measured fron1 the south, where it is 0° around by west to 
north, thence to south, where it becomes 3600. _ 

The tables numbered 0 to 25 give the cro_ss-sections within Cape Cod 
Bay, beg1uning at a point on High Head, Truro, and extending to the 
extremity of Bea.ch Point. 

Beach Point is the name of the sandy barrier dividing what was once 
''East Harbor" from the waters of Cape Cod Bay. While the tide still 
flowed through the inlet into East Harbor, Beach Point was debatable 
ground with reference to the causes of injury to the harbor of Provi11ce
town, but now that this inlet h~ closed artificially, its importance lies 
in its being maintained as a beach and a means of more direct com
munication between Truro and Provincetown. 

All the explanations given in the foregoing apply also to the tables 
of cross-sectiouH for Cape Cod Bay. 

The computations were made by Messrs. E. E. Haskell and Homer 
P. Ritter, and the preparation of the tables for publication was done 
by Mr. Ritter and myself joiutly. 
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Cross-sections of tlte shore of Cape Cod, etc. 

CROSS-SECTION No. 144. I! CROSS-SECTION No. 145. 

No. 157 of 1889. JI No. 159 of 1889. 

l!,,i 

[Origin; Latitt:de, .pi0 02' 49"'5; longitude, [Origin: Latitude, 42° 02' 50"·4~ longitude, 
70° o•' ="·6: azimuth, 217° 05'.] Ii 70° o-t' 3511 ·8; azimuth, ::i17° lS'.J 

--------------------]i-----,---------------
Height I II r Height 

Distance 
from 

origin. 

above or jl Distance ! above or 
below Remarks. Ii from I below 

mean sea I':,,· origin. , mean sea 
Remarks. 

level. I level. 
11 ' ____ , _____ ------------- ,1~----·----- ----------

11£.:tres. .Feet. Afetres. Feet. 
0 66-1 

I 
0 67·7 

20 70·1 20 69·9 
40 69·2 

11 
40 68·2 

6o 69·3 6o 74.3 
8o 71·9 " So 81·7 I' 

100 69·3 Bluff stake. 11 JOO 86-6 
16o 16·5 Foot of bluff. 

,, 
li 120 94·4 

168 15·7 140 82·7 
183 16-1 Edge of table. fl 16o 84·3 
188 13·8 Beach stake. 18o 77·7 
208 2·2 200 77·5 
216 o·8 224 76·1 Bluff stake. 
228 + 5·5 z6o 22·6 
248 + 8·6 275 16·4 Foot of bluff. 
268 + 0·4 28o 15·2 
273 + o·o 300 i5·5 Beach stake. 
3<"0 - 7·5 3o6 IJ'3 
400 -17·8 320 3·9 
500 --22·3 330 0·5 
6oo -~21·8 340 2·4 
700 -18·8 36o 6·9 
8oo --22·8 380 j 4·1 

900 -31·8 390 3·3 
I 000 -3]'8 500 7·0 
I o6o -36·8 6oo -18·8 

700 -22·3 
800 --21·3 
goo -18·3 

I 000 -25·8 
I JOO ---30·8 • 
l 200 -36·8 
I JOO -·40·8 
I 350 -44·8 
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Cross-sections of the shore of Cape Cod, etc.-continued. 

CROSS-SECTION No. 146. CROSS-SEC'l'ION No. 147. 

No. 161 of 1889. No. 163 of 1889. 

[Origin: Latitude, 42° 02' 56""6; longitude, ! [Odgin: Latitude, .o12° 03' 05'"2 ; longitude, 
70° 04' 44"·9; azimuth, 2x2° 37' .] 

I 
70° 04' 53"··2; azimuth, 2x2° 37' .] I 

I 
I 

! 
l 

Distance I Height Height 
above or Distance above or 

from below Remarks. from below Remarks. 
origin. mean sea origin. n1ean sea 

level. level. 
I 

Metres. Feet. Afetres. Feet. 
0 65·8 0 19·5 

20 6rs 20 18·3 
40 70·2 40 21.7 
6o 71·2 60 i9·4 
80 69·0 8o 21·2 

100 65·9 100 20·4 
120 70·8 120 24·4 
140 78·3 140 29·4 
16o 81·0 147 32·6 Bluff stake. 
18o 82·0 160 28·1 
2CX> 81·4 I8o 22·0 
220 82·4 200 18·3 
240 57'6. 220 14·5 Beach stake. 
241 55·2 238 I 1·3 Crest of beach. 
26o 37·0 240 7'9 
28o 23·1 26o - 1·7 
300 19·0 28o - 3·4 
320 17· 1 300 - 3·8 
340 14·5 Beach stake. 303 - 1·2 
356 13·5 Crest of beach. 320 - 1·2 
36o 12·0 340 - 2·3 
366 ·6·9 35° - 3·0 
38o 0·4 400 - 7·3 
400 - 4·5 500 -18·3 
420 + 2·6 6oo -20·3 
440 + 0·1 

I 700 -19·0 
46o ·- 1'6 I 8oo -19·8 
471 - 2·4 

I 
goo -26-8 

500 - 7·0 I 000 -3]"8 
<6oo -17·8 I 070 -37·8 
700 -21·3 
8oo -20·3 
C)()O -18·8 

1000 -25·8 
I JOO -30·8 
I 200 -37·8 ' 
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Cross-sections of the shore of Cape Cod, ete.-coutinued. 

-
CROSS-SECTION No. 148. CROSS-SECTION No. 149· 

No. 165 of 1889. No. 167 of 1889. 
! -

[Origin: Latitude. 42° 03' Il ""s; longitude, f [Origin: Latitude, 42° 03' •1""2; longitude, 
70"' 05' 03"'5; azitnutn, :n2° 38'.] 70° 05 1 13,,.·5; azimuth, 209° 45'.] 

Height Height 
Distance above or Distance above or 

from below Remarks. from below Remarks. 
origin- n1ean sea origin. mean sea 

level. level. 
·-

Metns. Feet. Jl£etres. .Feet. 
0 5· 1 0 6-1 

20 6-3 20 10·4 
40 11·3 

II 

40 19·4 
6o 12·4 60 26-3 
80 13·5 So 32·9 ! 100 22·8 90 33·2 Bluff stake. 

114 33· 2 Bluff stake. I 100 28·1 
122 25·7 I 104 2 5"3 I 

140 19·4 I 140 19·2 
I 

16o 15·9 I' 16o 14·1 
18o 1y6 Beach stake. 1! 180 12·3 Beach stake. Ii I 200 JI•8 Crest of beach. ll 198 10·4 Crest of beach. ,, 
220 8·2 

~ 
200 9·5 

240 1·1 220 - o·8 ., 
253 - 3·4 240 - 5·5 
2&> - 4·3 290 - 5·0 
283 + o·6 295 - I 5 
300 + o·s 315 - 1·6 
320 - 1·2 335 - 1·7 
340 - 2·5 350 - 3·9 
35° - 3·7 400 -12·8 
400 -11·3 500 -21·8 
Sex> ~21·3 . 600 -18·8 
6oo -19·3 700 ~17·8 

700 -15·8 I 
800 -21·3 

8oo -21·3 I 900 -25·8 
900 -27·3 I 000 -31·8 

I 000 -32·8 I 100 -35·8 
I 100 -36·8 
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Cross-sections of the slwre of Cape Ood, etc.-Continued. 

CROSS-SECTION No. 150. CROSS-SECTION No. 151. 

No. 169 of 1889. No. 171 of 1889. 

"' [Origin: Latitude, 42° 03' 21"·3; longitude, I [Origin: Latitude, 42° 03' 27" ·o; longitude, 
.· 70° 05' 24" '9 • azimuth, 2o6° 56' .j I 70° 051 35" '6: azimuth, 2o6° 561.] 

I 

Height 
It 

Height 
Distance above or Distance above or 

from below Remarks. I frvm below Remarks. 
origin. mean sea 

I origin. mean sea 
level. level. 

I 

! 
Metres. Fed. Metres. Feet. 

0 6-o 0 5·1 
20 18·5 20 7·5 
40 . 25·6 40 IJ"S 
6o 30·9 6o 20·9 
8o 37·9 66-5 29·1 Bluff stake. 

IOO 47·6 8o 18·0 
110 52'9 Bluff stake. 100 21·5 
120 28·8 120 15"1 Beach stake. 
13:> ---- Foot of bluff. 140 10·5 
140 17·0 16o 4·6 
16o 13·9 Bench stake. 18o - 3·5 
18o 13·2 Crest of beach. 185 - 4·9 
200 1·6 200 - 6-8 
220 - 3·~ 250 - 7·0 
226 - 4·4 300 - 3·1 
250 ·- 8·8 400 -10·8 
3<X> - 1·8 500 -20·3 
400 -- 9·8 6oo -18·3 
500 -16·8 7CX> -16·3 
6oo -18·8 8oo -18·8 
700 -15·8 goo -24·8 
Boo -20·8 I 000 -30·8 
goo -25·8 I 100 -36-8 

I 000 -30·8 I 150 -39·8 
I 100 -37·8 
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Cross-sections of the shore of <Jape Cod, etc.-continued. 

II 
CROSS-SECTION No. 152. Ii CROSS-SECTION No. 153. 
-

11' 
No. 173 of 1889. No. 175 of 1889. 

[Origin: Latitude, .p0 03' 28""8; longitude, II [Origin: Latitude. 42• 03' 35" · 4 ; longittlde, 
· 70° 05' 48" ·7 ; azimuth, 2o6° 25' .) 

I\ 
70" 051 59' ·s; azimuth, 2o6" 25'.] 

I ! 

Height I Height I Distance above or I Distance above or 
from below Remarks. from below Remarks. 

origin. mean sea origin. mean sea 

l level. level. 

I i 

Metres. .reet. I Afetres. Feet. i I 
0 4·6 0 3·8 

20 6-1 10 4·6 
40 5·2 30 7·7 
6o 8.3 50 11 ·7 

I 8o 7·7 70 16·8 

I 100 20·5 90 24·1 
120 40·2 95·5 28·4 Bluff stake.· 
140 47·4 110 18·3 
165 42·3 Bluff stake. 130 13·3 Beach stake. 
180 24·5 150 12·8 
::ioo 14·9 Beach stake. I 170 9·4 
220 14·8 190 1°8 
240 4·5 

,1 

204 - 4·6 
26o - 2·4 250 - 7·6 
300 - 7·6 300 - 3·6 
35° - 9·6 400 - 7"0 

400 - 3·6 500 -19·8 
500 --11·8 6oo -22·8 
6oo .-21·3 700 -19·8 
700 -21·8 800 -19'.i 
8oo -17·3 900 -21·8 

900 -19·3 l 000 --27·3 
1000 - 24·8 I 100 -33·8 
l 100 --31·8 I l 18o --41·8 

I I 200 -35·8 j 
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Cros.i;-seetions of the sliore of Oape God, etc.-continued. 

C:KOSS-SECTION No. 154. CROSS-SECTION No. 155. 

No. 177 of 1889. No. 179 of 1889. 

I 

[Origin: Latitude, 42° 03' 34"·6; longitude, 
70° o6' 14" ·7; azimuth, 206° 30' .) 

[Origin: Latitude, 4!2° 03' 31)""3; longitude, 
70° o6' 27"'0; azimuth, 204" 25' .] 

'r-, -----:-----------------[' I 

i I Height j 

i 

Distance above or 1' Distance 
from 1 below Remarks. I' from 

origin. I mean sea 
11 

origin. 
level. 

.A/efres. 
o/ 

20 

40 
50 
60 
80 

100 
120 

140 
150 
160 
18o 
200 

220 

240 
26o 
280 

300 
320 
32 5 
340 
354 
400 
500 
600 
700 
800 
goo 

I 000 

I 100 
I 200 

I JOO 
I 36o 

fleet . 
4·2 
7·3 

13·4 
2J'l 
11·7 
6·5 
8·2 

14·5 
27·1 

41·9 
47·9 
29·8 
25·0 
25·0 

26-4 
34·5 
16·1 
13·2 
10·1 

10·1 

1·0 

- 4·7 
- 5·6 
- 9·8 
-10·8 
-20·3 
-24·8 
-23'8 
-18·8 
--21·8 
-27·8 
-33·8 
-40·8 

Bluff stake. 

; Beach stake 

Crest of beach. 

I 
j Metres. 

I 2~ 
I 40 
I 6o 

I 
j 
i 
\ 

11 

I 

8o 
JOO 
120 
127 
140 
160 
180 
200 
220 

240 
260 
280 

300 
320 
340 
351·5 
36o 
380 
400 
420 

500 
600 
700 
8oo 
900 

I 000 
l 100 

l 200 

l 300 
J 400 
J 500 

Height 1 

above or 
below 

mean sea 
level. 

Feet. 
3'4 

13·2 
28·0 
30·6 
2 5·4 
,'.16·4 
35·5 
38·6 
19·9 
12·6 
13·0 

16-9 
22·6 
17·3 
11·0 
10·3 

15·4 
17·0 
18·5 
22·5 

16·2 
10·6 
3·8 

- s·o 
- 9·8 
- 9·3 
-Io·8 
--21·3 
- 2 3·3 
-21·3 
-14·8 
-22·3 
-26'8 
-32·8 
-40·8 

Remarks. 

Bluff stake. 

Beach stake ; 
of beach. 

-

crest 
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Cross-sections of tlie shore of Oape Cod, ete.-Continued. 

CROSS-SECTION No. 156. j\ CROSS-SECTION No. 157. 

- No. 181 bf 1889. No. 183 of 1889. 

[Origin: Latitude, 42° 03' 36"'4; longitude, I {Origin: Latitude 4" 0 03' 39"'4; longitude. 
70° o6' 41""3; azimuth, 204" 30'.] I 70° o6' 5311 ·3; azimtttb, 205° lo'.) 

... - I 

Height I Height 
Distance above or I Distance above or 

from b~low Remarks. 

l 
from beJow· Remarks. 

origin. n1ean sea origin. mean sea I 
I level. level. I 

---~---
I 

' 

Metres. Feet. 11£etres. Feet. 
0 2·3 0 1·2 Edge of marsh. 

IO 3·3 20 4·8 
30 3·4 40 15"4 
50 9·0 50 21·3 Crest of ridge. 
70 16·7 60 14·9 
90 24·0 80 10"9 
97 27"0 100 7·5 

110 -I 1·9 120 1·1 
130 4·2 140 1·1 
150 3·0 160 1·1 
170 5·6 180 3·9 
Igo 5·5 200 1·2 
210 3·7 220 2·1 
230 8·2 240 5·6 
250 27·1 26o 5·2 
270 21·6 2So 2·2 
290 8·8 300 2·3 
310 7·3 320 3·2 
330 5·3 340 2·5 
350 4·8 36o 4·0 
370 6·4 3So 4•2 
390 7·1 400 5·4 
410 6·3 420 6·5 
430 23·5 440 4·5 
450 37·2 46o 8·3 
470 48·9 474 11·8 Bluff stake. 
490 15·1 480 9·0 
510 15·6 Bluff stake. 500 10·8 

5J4 J4·4 Foot of bluff. 520 11 ·1 

516 8·8 Beach stake. 54° II·5 Beach stake. 
520 6-2 560 8·8 
530 0·7 575 7·3 Crest of beach. 
543 -4·5 580 5·4 
6oo - 7·6 599 - :2·6 
700 - 8·o 700 -10·3 
8oo ~6'6 750 -u·S 
900 -15·8 800 - 8·8 

I 000 -25·8 goo -12·3 
l 100 -30·8 l 000 -22·3 
J 200 -20·3 J loo -25·8 
I 300 -19·8 l 200 -24·3 
1400 -24·8 I JOO. -23·3 
I 500 -29·8 1400 -19·3 
I 575 -34·8 I 500 -22·3 

I 6oc -26·8 
J 700 -31·8 
I 8oo -35·8 

' I 
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Cross-secti01is of the shore of Cape Cod, ete.-Continued. 

CROSS-SECTION No. 158. 11 
CROSS-SECTION No. 159 . 

No. 185 of 1889. . ) No. 187 of 1889. 

[Origin: Latitude, 42° 03' 42"·8 ; longitude, 
11 

[Origin: Latitude, 42° 031 4411
·2 ; loqgitude, 

70° 07' 04"'8 ; azimuth, 201° 55' -1 !. 70° 07' r1""8 ; azimuth, 201° 55' .] 
·--------~~--~·---·-- II 

Distance I 
--

Height II Height 
Distance above or above or 

front below Remarks. 

I 
front below Remarks. 

origin. mean sea origin. 1nean sea 
level. level. 

! 
I --

.lU'dres. Feet. 'I JYietres. Feet. 
0 0-9 I Edge of marsh. 

lj 
0 3·7 

IO 2·1 20 4·9 J 

30 3·4 40 13·2 
50 4·2 47 17'4 
70 7·2 80 25·2 
90 14·9 91 31·0 

I 10 17' I 100 34-6 
130 23·8 120 " 41·4 
150 22·2 140 44·2 
170 2·6 16o 45·9 
190 0·7 18o 47·8 . 
210 - 2·4 200 4fr7 
230 1 9·7 220 54·4 
250 15'2 240 54.6 
270 9·7 26o 41·9 
290 7·6 280 40.1 
310 1·5 300 32.2 
330 3·6 320 28·0 
350 11·9 340 27·6 
370 4·1 36o 30·5 
390 4·1 380 25·1 
410 4·1 400 24·7 
430 6·o 420 25·2 
450 6-4 440 35·9 
470 8·2 46o 48·9 
490 14·7 464 47·8 
510 34·2 4-8o 37'4 
536 14·4 483 33·4 
550 10·0 Beach stake. 500 16·9 
558 8·2 Crest of IJeach. 520 12·9 
570 3·6 540 17·4 
573 2·0 56o 13·9 
6oo - 5·8 580 25·9 
700 -10·3 596 33·4 Bluff stake. 
750 -14·8 6oo 24·6 
Sao - 6·8 6o8 15·6 Foot of bluff. 

900 -11·3 620 13·1 Beach stake. 
I 000 -21-.3 630 12·6 Crest of beach. 
I 100 -26·8 640 4·5 •. 

659 I 200 -30·3 - 3·7 
I JOO -23'3 .700 ·- 8·o 
1400 -19·8 8oo - 7·0 
I 500 -23·8 goo - 9·8 
I 6oo -28·8 I 000 -12·8 
1 700 -32·8 l 100 -22·8 

l 8oo -38·8 f 200 -29·3 
1850 -39-8 l JOO -25·8 

I 400 -24·8 
I 500 .-24·8 
1600 -23·8 
l 700 -27·8 
I Soo :;_33·8 '. -. -·· 

; ···' 
" --. , .. 
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Cross-sections of tlte shore of Cape Cod, etc.-continued. 

I I 
I 

CROSS-SECTION No. 16o. CROSS-SECTION No. 16o-Continued. 

No. z89 of 1889. No. 189 of 1889. 

[Origin: Latitude, 42° 03' so" ·2; longitude, [Origin: Latitude, 42" 03' 50" ·2; longitude. 
70° 07' 28" · 7 ; azimuth, 202" 35' .} 70° 07' 28" ·7; azimuth, 202" 35' .} 

I 
I 

Height 
) 

Height 
Distance above or Distance above or 

from he low Remarks. fron1 below Remarks. 
origin. mean sea origin. mean sea 

level. level. 

Metres. Feet. JJ.fetres. Fut. 
0 6·1 Near edge of marsh. 465 37·6 Top of ridge. 

20 11·0 480 32·2 
40 23·8 500 34·0 
6o 22·5 520 36·6 
8o 16-4 5 25 37·9 Bluff stake. 

100 14·9 540 12·8 Beach stake and foot 
120 11·7 56o 8·7 of bluff. 
140 18·0 58o 7·8 
16o 11·1 592 7·4 Crest of beach. 
t8o 6-o 6oo 3·9 
200 5·1 614 - 2·1 
220 3·7 70CJ - 9·8 
240 6·2 8oo - 7·3 
26o 4·5 900 - 6-8 
28o 4·8 l 000 -13·8 
300 4·0 I 100 -18·8 
320 5·1 I 200 --24·8 
340 4·8 I 300 -25·8 
36o 8·1 I 400 -24·3 
38o 14·2 I 500 -21·3 
400 19·2 I 6oo -21·3 
420 17·6 I 700 -24·8 
440 14·9 I 800 -32·8 
46o 32·4 I 850 -35·8 
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Gross ·Sections of tlte shore of Cape God, etc.-continued. 

I 
CROSS-SECTION No. 161. CROSS-SECTION No. 161-Continued. 

No. 191 of 1889. No. 191 of 1889. 

[Origin: Latitude, 42° 03' 48'' ·9; longitude, [Origin: Latitude, 42° 03' 48" ·9; longitude, 
70° oi' 43 11 ·s ; azimuth, 202° 15'.] ,, 70° 07 1 43'' ·5; azimuth, 202° 15'.) 

Ir 
II 

ll ' Height Height 
Distance above or Distance above or 

from below Remarks. from below Remarks. 
origin. inean sea origin. n1ean sea 

level. I I level. 
. !I 

1lfetres. Feet. I 1lfetres. Feet. 
0 2·9 530 6-9 

IO 4·3 550 17·0 
30 2·7 570 20·0 
50 4·6 590 16·6 
70 2·6 610 18·7 
90 3·6 630 h·5 

IIO 4·3 650 9·6 
130 4·5 670 13·5 
150 6-4 690 14·3 
170 8·5 710 10·0 Beach stake. 
190 16-8 730 8·8 
210 25·9 750 - 0·3 
230 35·2 800 - 8·3 
250 28·4 900 -13·8 

I 270 24·3 I 000 -10·8 
290 22·2 I 100 - 8·8 
310 18·4 I 200 -19·8 
330 20·6 I JOO -19·8 
35° 20·8 I 4CX> -21·8 I 370 18·5 I 500 ·-26'8 

I 39° 5·5 I 6oo --29·8 
4to 4·4 I 700 -31·8 
43° 4·0 I 800 -23·8 
450 3·5 I 900 -25·3 
47<> 3·8 2000 ·-31·8 
490 3·8 2 JOO -41·8 
510 4·5 
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Cross-sections of the shore of Cape Ood, etc.-cont.inued. 

CROSS-SECTION No. 162. 

No. 193 of 1889. 

[Origin: Latitude, 42° 03' 54" ·y; longitude, 
70° 07' 55" ·2; azimuth, 205° 25'.] 

Height 
Distance ahove or 

from be!O'IV Remarks. 
origin. mean sea 

level. 

11.fetres. Feet. 
0 7·3 

20 12·3 
40 19·1 
6o 27·1 
80 34·6 

100 48·4 
120 36·1 
140 26·2 
16o 21·3 

# 180 18·2 
200 15·5 
220 12·8 
240 9·9 
26o 6·8 
280 4·5 
JOO 3·4 
320 3·3 
340 5·6 
36o 5·7 
38o 5·9 
400 8·2 
420 17·5 
440 31·2 
451 42·7 
454 40·6 
46o 33·3 

CRO~S-SECTION No. 162-Continued. 

No. 193 of 1889. 

[Or1gin: Latitucte, 42~ 03' 54" '1; longitude, 
70° 07' 55"· 2; azirn.uth, 205° 25' .] 

Height 
Distance above or 

I from below Remarks. 
origin. mean sea i 

level. ' I 
I 
i 

11fetrcs. .Fi::d. 
480 28·1 
500 32·4 
512 39·4 Top of ridge. 
520 14·8 
540 20·8 

557 37·4 Bluff slake, 
58o 4·4 
600 6-6 
620 10·3 

640 10·2 
66o 7·0 Beach stake. 
675 O'I 

700 6·3 
800 9·8 
900 -11·3 

I 000 - 9·S 
I 100 - 9·8 
I 200 ~-16·8 

I 300 --26·8 
I 400 -32·8 
I 500 -29·8 
1 600 --29·8 
I 700 -28·8 
I 800 -~24·8 
l 900 -~30·8 

I 950 -37·8 
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Cross-sections of tke shore of Cape Ood, etc.-continnccl. 

CROSS-SECTION No. 163. 

No. 195 of 1889. 

[Origin: Latitude, 42° 03' 54" ·9; longitude, 
70° 08' 071' ·6; azimuth, 200° 20'.] 

Height 
Distance above or 

from below Remarks. 
origin. n1ean sea 

level. 

Afetns. Feet. 
0 15·7 

20 21·7 
40 32·1 
6o 38·5 
8o 45·4 

100 52·7 
120 63·2 
140 50·9 
16o 45·6 
18o 42·2 
200 39·0 
220 35·4 
240 31·4 
26o 26-8 
28o 21·6 
JOO 17·3 
320 14·7 
340 19·9 
36o 2J"2 
38o 6-1 
400 3·5 
420 9·6 
440 7·3 
46o 6-5 
48o 7·0 
500 11·7 
520 11·8 
540 3·2 
56o 7·8 

I 
I 

I 

j CROSS-SECTION No. 163-Continued. 

11 
I 

No. 195 of 1889. 

[O_rigin: Latitude, 4-z0 03' 54" ·9; longitude, 
.,_ 10° o8' 07" ·6; azimuth, 200° 20'.] 

Distance 
from 

origin. 

JIIetres. 
58o 
6oo 
620 
632 
640 
660 
6So 
700 
720 

740 
747 
760 
765 

• 800 
900 

I 000 

I 100 
I 200 
I 300 
I 400 
I 500 
I 6oo 
I 700 
I 800 
l goo 
2000 
2 100 

2 175 

Height j 
above or 

below 
mean sea 

level. 

Feet. 
I 1·0 
2·6 
6-6 

20·6 
12·6 
6·6 

11·0 
12·0 

·Il"7 
10·6 

9·5 
2·8 
0·2 

- 5·8 
- 8·3 
- 7·3 
-11·8 

- 9·8 
-20·8 
-25·8 
-27·8 
-25·8 
-24·8 
-26-3 
-21·8 

-23·8 
-31·8 
-41·8 

Remarks. 

muff stake. 

Beach stake. 
Crest of beach. 
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Cross-sections of the shore of Cape Cod, etc.-continuetl . 

.,--------------------~--~--------~----~------~ 

I CROSS-SECTION ~o. 164. 

No. 197 of 1889. 

[Origin : Latitude, 4:0° 04' 12"· s; long-ftu<le, 
70° 08' t2 11 ·2, azimuth, 198° 40' .] 

!! 
'I 
j1 
t. 
Ii 
I! 

CROSS-SECTION No. 165. 

No. 199 of 1889. 

[01 igin ' Latitude. 42° o+' Is". I ; longitude, 
70° 08' 25"·0; azimuth, 199° oo' .] 

1------,-----,.--~----------l!-----~,---------------
Height \ \ Height ! 

Distance 
from 

origin. 

above or 
1 

Distance 1 above or 
below Remarks. i from below 

inean sea I j,,i origin. mean sea 
level. level. 

------ -----1-------,) j :i I 
A:fetres. 

0 
20 

40 
6o 
80 

100 
120 

140 

16o 
180 
200 

220 

228 
243 
26o 
269 
280 
286 
300 
400 
500 
6oo 
700 
8oo 
900 

I 000 
- I 100 

I 200 

I 300 
I 400 
I 450 
I 500 
16oo 
I 'JOO 
I 8oo 

.Feet. 
8·8 

I I.6 
9·6 
2·1 

5·2 

2·5 
2·6 
J'2 

7·7 
20·0 

29·2 
39·6 
42·8 
10·6 

7·8 
7·5 
2·3 

- 0·4 
- 3·8 
-10·3 
-14·3 
-- 9·0 
·-12·3 

-11·3 
-23·8 
-25·8 

-24·8 
-24·8 
-;:4•8 
-21·8 
-19·3 
-21·8 

-30·8 
-34·0 
-36'8 

I: 

ll, 3Ietres. 
(: 0 I 

ii 20 

.:1 40 
6o 

Inner edge of cran- 11 
;j 

berry bog. !\ 
In cranberry hr1g. L 
In cranberry hog. (f 
Outer edge of cran- 'i 

berry bog. l\ 

Foot of bluff. 
I Beach stake. 

Crest of beach. 

I; 
i 

l\ 11 

80 

100 

120 

140 
16o 
180 

200 
220 
240 

249·5 
268 
280 
293 
300 
400 
500 
6oo 
700 
800 
900 

I 000 

1 100 

l 200 

I JCX> 
1 400 
l 500 
l 6oo 
l 700 
1800 

Feet . 
16-4 
12·2 

22·4 
25·2 
25·4 
25·0 

30·3 
20·0 

14·2 
S·o 
7·0 

IJ'O 

38·7 
45·4 
I I"O 

3·8 
2·4 i 

- 2·8 
- 9·8 
--11·3 
-12·3 
-13·8 
- 9·0 
-19·8 
-25·8 
-24·8 
-22·8 

-22·8 
-20·8 
-23·8 
-29·3 
-33·8 
...,.,.,..36·8 

Remarks. 

Bluff stake. 

Beach stake. 
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Cross-sections of the shore of Gape Cod, etc.-cont.inued. 

i/ 
J; CROSS-SECTION No,, 166-Continued 

I 

CROSS-SECTION No. 166. 

No. 201 of 1889. 

[Origin: Latitude, 42° 04' ox"·3: longitude, 
70° oS' 44"·9; azimuth, •98° 20'. J 

il·-e·-ig-h--t-.--·--------~--il 

Distance 1

1 

above or :.•i, 

from below Remarks. " 
origin. I mean sea /1

11

1 

level. 
! :I 

--~--1-------- ------------ I 

llfetres. 
0 

12 

32 
52 
72 
92 

I 12 

132 
152 

172 i 
192 ' 
212 
232 
252 
272 
292 
312 

332 
352 
372 
392 
412 

432 
452 
472 \ 
492 I 
5 I 2 I 
532 I 552 

5721 592 
612 I 

Feet. 
1·4 

9·4 
24·1 
33'6 
56-7 
53'7 
38·3 
40·9 
45·6 
49·2 
52·3 
54·1 
54·7 
53·7 
51·5 
48·0 
45·0 
45·4 
41·7 
37·4 
28·8 
24·9 
28·0 
35·6 
33·8 
24·4 

9·4 
3·4 
J'S 

10·8 

21·4 
2 3"9 

Edge of marsh. 

,I 

i' ii 
" I' 

! 
I 

ii 
1\ 
:1 

ii 
11 

I 
1\ 
·I 
I 

i 
I 

No. 201 of 1889. 

[Origin: Latitude, .p 0 04' ox" ·3; longitude, 
70° 08' 4411 ·9; azimuth, 198° 20' . .J 

Distance 
from 

origin. 

flfetrcs. 
632 
652 
672 
692 
712 

732 

75 2 

772 
792 
812 
832 
852 

872 
889 
892 
9l2 

I 000 

I 100 
I 200 

l 300 
[ 400 
I 500 
I 6oo 
I 700 
I 800 
I 900 
2000 

2 JOO 
2 200 

2300 

Height i' 

above or 
below 

n1ean sea 

1--);::~. (I 

20·2 
8·7 I 

6·9 
5·4 
3·9 
3·9 
6-2 

15·6 
14·9 
24·6 
37·9 i 
15·5 

l0· 1 

9·6 i 

7·8 
- 1·5 
-13·8 
- 8·3 
-11·3 
--14·8 
-10·8 
~2I"8 

-24·8 
--23·8 
-21·8 
-20·8 
-24·8 
--31·8 
--3_,-s 
-36·8 

Rem.arks. 

Beach stake, foot of 
bluff. 

Crest of beach. 
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Oros8-sectfon.i; of the 8hore vf Cape Cod, etc.-continued. 

CROSS-SECTION No. 167. 

No. 203 of 1889. 

[Origin: Latitude, 42" 04' 23".1; longitude, 
70° o8' 48"·6; azimuth, 198" 40' .] 

---------~- -- --------------~----~---~' 

Height 
Distance abo,,,·e or 

from below Remarks. 
origin. mean sea 

level. 
------~--~- ---~--

JJietns. .Feet. 
0 25·7 

20 36·6 
40 30·4 
60 39·3 
80 34·0 

100 23·7 
120 5·1 
140 3·8 
r6o 20·4 
180 33·8 
198·5 31 ·7 muff stake. 
220 20·1 Beach stake. 
240 11 · J 
260 9·4 
280 8·8 Crest of beach. 
288 5·5 
300 3·3 
400 8·8 
500 -12·3 
6oo -14·3 
700 -13·8 
8oo -11·8 
goo -22·8' 

l 000 -26·8 
I loo -23·3 
I 200 ·-21·3 
I JOO ~23·3 

I 400 -27·3 
I 500 -29·3 
I 600 -34·3 
I 700 -37·3 

H. Ex. 43, pt. 2-20 

11 

Ii 
ll 
! 

I! 

Ii 

CROSS SECTION No. 168. 

Ko. 205 of 1889. 

[Origin: Latitude, ·F0 04' 26" ·9; longitude, 
70° 09 1 

01
11

·0; azirnuth, 199'.)- o(J'.l 

' iieight \ i 

Di~tance i above or I 
from below Remarks. 

origin. n1ean sea 
level. 1 

f 
·----~---

.11Ietres. .Feet . 
0 ) 10·4 

20 ! 3'2 
j 

40 j 4·5 
6o 19·8 
80 I 5·2 

100 3·6 
120 \ 15·5 

~~I 
13·3 
25· 1 

181 32·4 Bluff stake. 
200 I 19·6 Beach stake. 
220 j 14·0 
240 ' 10·3 
260 ! 10·1 Crest of beach. 
264 I 6-5 
300 \ - 8·o 
400 ~14·8 

500 - 8·6 
600 --u·8 
700 -15·3 
750 - 7·6 
8oo --11·3 
900 -25·8 

I 000 -31·8 
I 100 -32·8 
I 200 -21·8 
I JOO -23·8 
I 400 l --28·3 

I 500 ( -31·8 
I 600 -38·8 
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CROSS-SECTION No. 169. 

No. 207 of 1889. 

{Origin: Latitude, 42° 04' 29" · 4; longitude, 
70° ex)' 13" ·4; azilnuth, 198° 50'.] 

I 
/! ___________________ !, 

Height 
Distance above or 

from below Remarks. 
origin. mean sea 

level. 
' I ---- -----I----~-' -
I 

ilietres. Feet. 
0 5·8 

20 5·4 
40 5·0 
6o 3·2 
8o 10·8 

Stone. 24·7 Trur0 corner No. 7. 
100 21·9 
120 21·8 
140 • 26·1 
16o 30·1 
18o 31·1 
194 32·7 Bluff stake. 
200 25·9 
220 19·9 Beach stake. 
240 13"4 
26o u·6 
280 9·9 Crest of beach. 
287 8·o 
300 3·8 
400 -11·8 
500 -11·8 

6oo' - 8·6 
700 -13·3 
750 - 8·3 
8oo -15·8 
90C> -23·8 

l 000 _.._28·3 
I 100 -28·3 
I 2<X> -21·8 
I JOO -21"3 

1400 -28·8 
I 500 --34·8 
I 6oo -35·8 
r 700 -38·8 
I 8oo -41·8 

CROSS-SECTION No. 170. 

No. 209 of 1889. 

[Origin: Latitude, 42° 04' 31" ·a; longitude, 
70° 09' 25" ·g; azimuth, 196° 50' .J 

\ Height 
Distance 1 above or 

from below 
origin. mean sea 

1 level. 
! ·-·-----·- ------

l•fetres. Feet. 
0 8·5 

20 6-7 
40 4·3 
6o 5·1 
8o 18·2 

100 19·5 
120 21·3 
140 19"7 
16o 23"5 
18o 24·7 
200 29·2 
212 33·0 
224 17·7 
240 13·0 
26o 11·5 
280 10·2 
300 1·6 
400 -14·8 
500 -11·3 
6oo - 8·8 
700 -12·3 
8oo -12·8 
900 -23·8 

1 000 -27·3 
I 100 ~29·8 
I zcx:> -27·8 
1300 -21·3 
1400 -24·8 
I 500 -33·8 
I 6oo -36·8 
I 700 -39·8 
I 8oo -42·8 

Remarks. 

Bluff stake. 
Foot of bluff. 
Beach stake. 

Crest of beach. 
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Cross-sections of the sho're of Cape Cod, etc.-Continued. 

CROSS-SECTION No. 171. 

No. 211 of 1889. 

[OTigin: Latitude, 42° 04' 34" ·2: longitude, 
70° 09 1 38" ·o; azimuth, i:94° 55'.J 

I 

CROSS~SECTION No. 172. 

No. 213 of 1889. 

[Origin: Latitude, .p 0 04' 3711 ·9; longitude, 
70° 09' 50" ·1 ; azimuth, i94° 30' .J 

!! 
- .• ---\

1

-H

1

-ei_g_h_t----:---------11-D-. ----,\c--H-b-e-ig_h_t--c---------• 

Distance a >ove or 1; 1stance a ove or 
from I below Remarks. lj from I below Remarks. 

origin. mean sea j' origin. I mean sea 
level. 

1
. I leveL 

1---------- --------- ----- ---------------! I 

Metres. 
0 

20 
40 
6o 
8o 

100 

120 
140 
I6o 
18o 
200 
212 
220 

240 
26o 
278 
300 
400 
500 
6oo 
7<X) 
8oo 
goo 

I 000 
I 100 

I 200 

I 300 
I 40C) 
I ,500 
I 6oo 
I 700 
I 8oo 

. Feet. 
21·7 

5·2 
13·2 
18·6 
17·8 
14.2 
12·6 

18·9 
24·6 
22·8 

29·4 
34·1 
20·6 
11·6 
9·3 
8·6 
1·1 

-14·8 
-16·3 
- 8·8 
- 9·8 
-16·3 
-22·3 
-24·3 
-27·8 
-29·8 
--20·8 
-24·8 
-33·8 
-39·8 
-43·8 
-45·8 

i 

j 

Bluff stake. 

Beach stake. 

Crest of beach. 

~vetres . 
0 

20 

~r 80 
100 
120 

140 
l6o 
175 
1S4 
200 I 
205 
240 
248 
300 
400 
500 
6oo 
700 
800 
goo 

1 000 
I 100 
I 200 

I 300 

1400 
I 500 
I 6oo 

Feet. 
23·3 
30·8 
29·4 
29·7 
24·8 
22·1 
24·8 
31·2 

34·3 
31·1 
I 1· 1 

10·3 
10·3 

3·3 
- 1.9 
-13·3 
-16-8 
-16-3 
- 9·6 
- 9·8 
-17·8 
-23·8 
-27·8 
-30·8 
-25·8 
-20·8 

-29·8 
-39·8 
-42·8 

Bluff stake. 
.Foot of bluff. 

Crest of beach. 
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Oross-secti<Jns of tke akore of Cape Ood, etc.-continued. 

CROSS-SECTION· No. t.73· CROSS-SECTION No. 174. 

No. 215 of 1889. No. 217 of 1889. 

[Origin: Latitude, 42" 04' 39" '2 ; longitude, (Origin: Latitude, 42'' 04' •1'' ·6; longitude, 
70° 10' 03" ·6; azimuth, ~0 35'.] 70° lo' 1611 '1; azimuth, 19.(' 35' .] 

Height Height 
Distance above or Distance above or 

from below Remarks. from below Remarks. 
origin. , mean sea origin. mean sea 

level. 
~ i 

level. . 
Metres. Feet. I' Metres. Feet. 

0 8·6 0 15·6 
20 19·6 20 19·4 

40 2J"4 40 15·7 
6o 5·9 6o 31·3 
So 5·2 8o 37·5 

100 4·8 100 37·6 
120 6·9 120 36-7 
140 12·3 141 51·4 
16o 36-7 16o 37·4 
18o 29·1 18o 31·7 
200 29·9 200 23·1 
209 29·2 Bluff stake. 220 13·1 Foot of bluff. 
220 17·6 240 10·7 
240 10·4 Beach stake. 26o 8·9 
26o 8·8 Crest of beach. 280 10·7 Crest of beach. 
28o 0-9 300 2·4 
285 - 1·6 i 3°5 0.5 
300 - 8·8 400 -10·3 
400 -12·8 500 -15·3 
500 -14·8 6oo -13·8 
6oo -10·8 700 -16·3 
700 -"T4·3 8oo -13·8 

. 8oo -14·3 900 -22·3 
900 -24·3 I 000 -25·8 

I 000 -26·3 I 100 -27·3 
I 100 .-28·3 I 200 -26·8 
I 200 -28·3 I 300 -2Jlr"8 
I 300 -20·3 I 400 -31·8 

. I 400 -27·8 I 500 -37·8 
I 500 -36·8 • 6oo -42·3 
J 6oo -39·8 1700 -48·8 
1700 -44·8 
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Cross-seot,ions of tke shore of Cape Cod, etc.-continued. 

CROSS-SECTION No. 175. CROSS-SECTION No. 176. 

No. 219 of 1889. No. 221 of 1889. 

{Origin: Latitude, 42<> 04' 44" ·1; longitude, [Origin: Latitude, 42° 04' +f" ·6; longitude, 
70° 10° 27" ·2 ; azimutn, 187° 50' .] 70° 10' 39" ·4; azimuth, 182" oo' .] 

Height ' ~ Height 
Distance above or Distance above or 

from below Remarks. i irom . below Remarks. 
origin. n1ean sea l origin. 1 mean sea 

level. : I level. 
i I ' ----I 

I I ' A-fetres. Feet. I 1}fetres. Fut. 
0 5 1 "5 I 0 5·0 

20 56-6 I 20 4·1 
40 65·7 I 40 4·7 
6o 55·8 

l j 
6o 5·8 

8o 5fr8 8o 11·2 

98 45·4 Bluff stake. I 100 23·4 
100 41·3 120 38·2 ' Bluff stake. 
120 28·3 140 24·3 
140 18·7 16o 19·5 
16o 15·3 18o 14·1 
180 12·4 200 11·4 
200 9·8 220 8·2 I Beach stake. 

I 
i 

220 6·6 Beach stake. 240 fro 
240 9·2 t 26o 8·3 i I 251 10·2 i Crest of beach. 274 9·8 Crest of beach. 
26o 4'3 ! l 289 3·8 
265 1·9 

I 
300 - 3·2 

300 ·- 9·8 i 400 -11·8 
400 -15·8 500 -18·3 
500 --12·3 6oo -12·8 

6oo --14·3 7CX> -14·3 
700 -14·8 8oo -17·8 
8oo -16-8 l goo -23·8 
900 -23·8 I I 000 -24·8 

I 000 -24·8 I I 100 -26-8 
I 100 -25·8 

J 

I ZOO -24·8 
I 200 -22·3 1300 -28·8 
I 300 -30·8 1400 -33·8 
1400 -38·8 i I 500 -41·8 
I 500 -40·8 
J 6cx> -47·8 
1650 -50·8 
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Oross.secUons of tke shore of Gape Cod, etc.-continued. 

CROSS-SECTION No. 177. CROSS-SECTION No. 178. 

No. 223 of 1889. No. 225 of 1889. 

[Origin: Latitude, .p0 04' 45" ·o; longitude, [Origin: Latitude, 42° 04' 4511 
• 4 ~ longitude, 

700 IO' 52'' ~2 ~ azimuth, 182° oo'.] 700 -ii' 05" ·3; azimuth, 182° oo' .] . 
Height Height I 

Distance above or Distance above or 
from below Remarks. from below Remarks. 

origin. mean sea origin. mean sea [ 
level. level. 

Metres. Feet. Metres. Feet. 
0 11·5 0 21·4 

20 13·6 20 10"9 
40 6-3 40 4·0 
6o 6-6 6o 5·0 
80 5·5 8o 5·4 

100 7·2 100 5·2 
120 22·2 120 7·5 
140 32·8 140 10·8 
156 41·2 Bluff stake. 16o 22·6 
180 28·6 180 3 2"3 
200 12"7 186 37-6 Bluff stake. 
220 6·o 200 16-3 
240 5·6 220 4·4 Beach stake. 
26o 7·9 240 1·2 
270 7"4 Crest of beach. 26o 7·5 Crest of beach. 
28o 4·5 28o 1·8 
284 1·1 300 - 5·3 
300 - 3·4 400 - 9·3 
400 -11·8 500 - 1 3·3 
500 -17·8 6oo -12·6 
6oo -18·8 650 -17·8 
700 - 9·8 700 -16·8 
8oo -19·3 8oo -15·8 
900 -24·8 900 -24·8 

I 000 -27·8 I 000 ,.--28·8 
I 100 -27·8 I 100 -26·8 
I 200 -27·8 I 200 -24·8 
I 300 -32·8 I 300 -28·8 
I 400 -37·8 1400 -35·8 
I 500 --40·8 I 500 -39·8 
I 6oo -47·8 I 6oo -47·8 

I 700 -53·8 
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Cross-sections of the shore of Cape Ood, etc.~ontiuued. 

CROSS-SECTION No_ 179. CROSS-SECTION No. 180. 

No. 227 of 1889. No. 229 of i 889. 

[Origin: Latitude, 12° 04' H'"9; longitude, 
70° u' 18''·1; azimuth, ~82° oo'.) 

I (Origin: Latitude. 12° 04 1 1s"·9; longitude, 

Height 
Distance above or 

from below 
origin. me1nsea 

level. 
l 

Afetres. Feet_ 
0 25·8 

20 20·0 
40 20·9 
6o 18·8 
8o 7"9 

100 7"9 
120 14·4 
140 9·2 
16o 21·2 

.18o 19·9 
200 28·4 
204 28·3 
220 15·4 
240 7"2 
249 J"O 
300 - 8·o 
400 -12·3 
500 - 9·3 
6oo -13·8 
700 -18·3 
8oo -u·S 
900 -21·8 

I 000 -25·3 
I 100 -28·8 
I 200 -28·3 
I JOO -29·8 
1400 -33·3 
I 500 -40·8 
I 6oo --46·8 
I 700 -56-8 

I 
Remarks. 

I Crest of rigde. 

Bluff stake. 

Beach stake. 

'
.l/

1 

Distance 
· from 

origin. 

Metres. 
• 0 

20 
40 
60 
8o 

100 
120 

140 
16o 
180 
202 
220 

230 
240 

300 
400 
500 
6oo 
700 
8oo 
90o 

I 000 
I 100 

l 200 

I JOO 
I 400 

I 500 
I 6oo 

Height 
above or 

below 
inean sea 

level. 

Fut. 
15· 1 

5·5 
6·4 
5·0 
3·8 
3·6 
fr~ 

.,) 

7·5 
22·5 
24·8 
31·5 

9·4 ! 
8·5 ! 
4·0 

- 9·8 
--11·8 
-12·8 

-15·8 
--20·8 
-12·8 

-24·8 
--27·8 
--28·8 
-27·8 
-28·3 
-33·8 
-39·3 
-46-8 

Remarks. 

Bluff $take. 
Beach stake. 
Crest of beach. 
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Oross-seetions of the shore of Cape Cod, etc.-continucd . 

CROSS-SECTION No. 181. . I CROSS-SECTION No. 182. 

No. 231 of 1889. No. 233 of 1889. 

[Origin: Latitude, .p" 04' 4611 ·7; longitude, 
70° It' 44"·7; azimuth, 181° 50'.] 

[Origin: Latitude, .p~0 o 4 ' 46""6 ; longitude, 
70° u' 57 11 ·9; azimuth, I81° 56'.] 

I 
Distance! 

origin. from I 
Height 

above or 
below 

mean sea 
level. 

Remarks. 
\ 

Height I 
Distance above or 

fr.01~1 I below 
origin. I mean sea 

Remarks. 

___ I ___ _ 

1 

level. I 
-~---····-· ·-----i---------

Jlfdrcs. r~:t't. Metres. I Feet. 
0 17"4 0 9.7 

20 I 1·2 20 4·9 
40 7'5 40 4·2 
60 5·5 6o 3·8 
So 7'7 So 4·9 

100 10·4 JOO 4·4 
120 11·5 120 5·1 
140 25·2 140 5·7 
160 31·8 160 15·8 
180 30·7 180 24·.J 
191 33·3 Bluff stake. 182 33"6 Bluff stake. 
200 1 2"4 Reach stake. 200 16·0 
220 9 .9 220 I 13·3 
225 10·0 Crest of beach. 240 I 7·7 
236 4·7 260 . 9·4 
300 --IO'J 271 I 9·5 
400 -·-I 2·8 280 ' J"7 

Beach stake. 

Crest of beach. 

500 -) 3·3 300 4·6 
6oo -15·3 400 --10·8 
700 -19·3 500 -14·0 
800 -15·8 600 --13·8 
900 -26-8 700 -17·8 

I 000 --34·8 800 -12'0 
I 100 -30·8 900 -21·8 
I 200 ~J2·8 I 000 -29·8 
I 300 - 30·8 I 100 --32·8 
I 400 - 35·8 I 200 -29·8 
1 500 -43·S I JOO ~29·8 

LJsso -~~-s-o-·8~~~~~~~~~--~-1-4_00_-'-~----3-4_·_8_~~~~~~-l 500 -41·8 
I 6oo -57·8 
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Oross-sectionx of the shore of Gape Cod, etc.-continued. 

CROSS-SECTION No. 183. 

No. 235 of 1889. 

I! 
II 
!1 

CROSS-SECTION No. 184. 

No. 237 of 1889. 

313 

l1 
[Origin: Latitude, 42° 04' 47" ·2; longitude, · [Origin: Latitude, 42° o.{ 45" ·s; longitude, 

1 

____ 1_0_
0

_1_2_'_1_0_''_·_1 _; _a
7
z-im-ut_h_,_1_s_2°_00_'_.J ___ Ji 70° 12' 21" "6; azimuth, 172° 4o'.] 

Height 
Distance above or ! Distance above or 

from belm.v 
origin. mean sea 

level. 

Remarks. 
Ii I Height 

1

1
: from below Remarks. 

:'

::,· origin. I mean sea I level. 

llietres. 
0 

IO 

30 
50 
70 
90 

110 

130 
150 
170 
179 
190 
210 
230 
250 
262 

300 
400 
500 
6oo 
700 
800 
goo 

I 000 
I 100 

I 200 

I 300 
I 400 

-~·-~- -------- ·-·-·-----1.' 11--i! I 
.Feet. ·I 3fetres. J /<ed. 

2]'8 I o 24·1 

1! II' ~ ff 
5·2 HX> 5·9 
1·0 I 120 4·1 

1s·s I 140 s·2 
35·1 160 12·4 
35·6 I 180 ~1·6 
35·8 Blufi stake. 200 28·o 
18·8 !I 208 27·1 
8·3 :!.~each stake, l\ 220 7·2 
7·5 240 4·6 

10·2 Crest of beach. Iii 260 7'3 
3·1 

1

1 207 s·o 
- 8·3 280 2·2 
-12·8 i 300 - 3·8 

II -17·3 I 400 --10·8 

l Bluff stake. 

Beach stake. 

Crest of beach. 

-15·3 500 --15·3 
-17·3 6oo -·-20·8 

-14·3 700 -13·8 
-24·8 8CXJ ·---12·8 
--30·8 900 --25·8 
-33·3 I O<X1 --31·8 
--28·8 I 100 -2q·8 
-32·8 I 200 ----3I·8 
--42·8 I JOO --42·8 

I 400 --55·8 
I 500 -66·8 
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Cross-section.~ of the shore of Gape t;Jod, etc.-coutinucd. 

CROSS-SECTION No. 185. 

No. 239 of 1889. 

[Origin: Latitude, 42" 04' 44" ·4; longitude, 
70° 12' 34" ·6; azimuth, 172° 40' .] 

Distance 
fro111 

origin. 

.Jl,fetres. 
0 

20 

40 
6o 
8o 

100 
120 
140 
l6o 
18o 
200 

209 
220 
240 

248 
259 
300 
400 
500 
6oo 
700 
8oo 
goo 

1000 
I 100 
I 200 

I 300 
l 38o 

f Height )
1 

I above or 1 
j below j 
1 nieau ~ea \ 

level. 
\ 

Remarks. 

-----: -----------
Feet. 

18·0 

17·8 
7·5 I 

8·8 
8·4 
6·3 

25·3 
26·2 
29·1 
34·4 
31·3 
31·0 Bluff st:ike. 
13·6 
8·3 
9·0 Crest of beach. 

- 0·1 
- 6-8 
- 8·8 
-11·8 
--18·3 
-19·8 
-11·3 
-22·8 
--28·8 
-.-.:31·8 
--3y8 
-54·8 
-87·8 [ 

I 
! 

CROSS SECTION No. 186. 

No. 241 of 1889. 

I [Origm: Latitude, 42° 04' 4411 ·1 ; longitude, 

I 70° ui' 47" ·7; azimuth, 172" 20' .] 

t~ 

/ Distance 
Height 

above or 
1 from. below Remarks. 

! 
origin. mean sea 

level. 
I 

\ 
Metres. .Feet • 

0 19·0 
10 12·1 
30 15·4 
50 5·9 
70 5·6 
go 7·8 

110 .-g·2 
130 34·4 
150 36·1 
170 26-9 

i 175 28·3 Bluff stake. 
Igo 9·4 
210 7·9 Beach stake. 
222 8-4 Crest of beach. 
233 - 1·9 
300 - 9·8 
400 -JI·8 
500 -10·3 
600 --14·8 
700 -19·8 
8(X) -JI·8 
goo -2]'8 

I 000 -28·3 
I 100 -30·8 
I 200 -43·8 

-
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Cross-secUons of the shore of Cape Cod, etc.-Continued. 

CROSS-SECTION No. 187. 

No. 243 of 1889. 

[Origin: Latitude, 42° 04' 41"·8; longitude, 
70° I3' 0011 ·5; azilnuth, 172° xo' .] 

I Height 
Distance above or 

from I below Remarks. J 
origin. ineansea 

level. 

JIIetres. Fut. 
0 10·1 Slope of ridge. 

20 4·3 
40 4·5 
6o 8·6 
8o 4·8 

100 7·6 
1.20 17·3 
140 31·4 
16o 26-0 
18o . 23·4 

I 190 21·8 Bluff stake. 
200 18·0 
220 t3·4 
240 9·9 
257 10·0 Crest of beach. 
264 - 2·1 

300 - 5·8 
400 - 8·8 
500 - 9·8 
6oo -15·8 
700 -20·3 
8oo -12:8 
9l10 -18·8 

I 000 -28·8 
I 100 -40·8 

315 



 

U. 8. COAST AND GEODETIC SURVEY. 

01·osH-sectfons of tlie sk<>re of Gape Cod, etc.--Continued. 

CROSS-SECTION No .. 189. 

No. 247 of 1889. 

[Origin: Latitude, 42" 04' 36" ·o; longitude, 
70° J31 22" ·o; azimuth, 156° 30' .] I 

CROSS-SECTION No. 190. 

No. 249 of 1889. 

[Origin: Latitude, •P•" 041 32" ·s; longitude, 
70" x3' ~4" ·2; azimuth, 154"' 50' .] 

•----~-\~-l--Ie_i_g_h_t __ l __________ \;------H-e--i~-h--t------------
Distance : ahove or I I Distance above or 

0~~::1 • 
1

1 m~!~:':a Remarks. ,I :;~%. m~::1o':ea / Remarks. 
level. level. 

~---·--~·,---·· ---------- l---~--1-----~ -----------

}£, t \ F<'et. \ 

1 • e re:~ Ii ~:~ 
40 6-1 

6o 6·7 
So 7·1 

100 11·9 
120 23·1 

140 32·0 
l6o 33·3 
180 27·5 
200 26·8 
214 24· 1 
220 17·4 
240 8·6 
251 8·4 
268 - 3·2 
300 - 4·8 
400 -11·~ 
500 - 9·3 
6oo --14·8 
700 -20·3 
8oo -18·8 
900 -20·8 

I 000 -46-8 
I 070 -72·8 

Bluff stake. 

Beach stake. 
Crest of beach. 

. kietres. 
0 

20 
40 
6o 
80 

100 

120 

t40 
160 
18o 
197 
200 

220 
235 
240 
26o 
272 
300 
400 

500 
6oo 
700 
8oo 
850 
900 

Feet . 
15·5 
5·2 
5·6 

t8·8 
13·0 
27·1 
31·4 
23·5 
26·6 
24·3 
22·6 

21·1 
9·2 
8·8 i 

7·4 
- .1·5 
- 2·7 
- 7·8 
-12·8 
- 6·6 
-14·8 
-20·3 
-19·3 
--21·8 

-40·8 

Bluff stake. 

Beach stake. 
Cre:.t of beach. 
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Gross-sections of the shore of Cape Cod, etc.-continued. 

CROSS-SECTION No. 191. CROSS-SECTION No. 192 . . 
No. 251 of 1889. No. 253 of 1889. 

[Origin: Latitude, 42" 04' 28" ·~; longitude, [Origin: Latitude, 42" 04.' 23" ·s; longitude, 
70° i3' 46'' ·o; azimuth, 151" 45' .] 70" i3' ss" ·s; azimuth, 147° oo'.J 

Height Height 
Distance above or Distance above or 

from below Remarks. from below Remarks. 
origin. mean sea origin. mean sea 

level. level. 

Metres. Feet. Metres. Feet. 
0 24·7 . 0 19·3 

20 24·6 20 11·9 On slope of ridge. 
40 29·9 40 S·o 
6o 26-8 6o 7'5 
So 14·4 So 7·5 

lOO 16-9 100 7'3 
120 24·6 120 8·5 
140 28·2 140 13·1 
16o 25·2 16o 21·5 
18o 19·5 18o 25·2 
200 9·8 Beach stake. 188 25·0 Bluff stake. 
220 8·2 I 200 23·0 
225 7·9 Crest of beach. 220 15·7 
247 - 3·4 240 12·1 Beach stake. 
300 - 9·3 26o 7·8 
400 -II·8 268 8·3 Crest of beach. 
500 --11·6 280 4·0 
6oo -15·3 295 - 1·9 
'JOO - 1 9·3 300 -- 3·8 
8oo -27·8 400 -15·8 
goo -55·8 500 - 9·3 

6oo -13·8 
700 -21·3 ~ 
8oo -52·8 
850 -70·8 

- --
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Cross-sections of tlie shore of Cape God, etc.--continued. 

CROSS-SECTION No. 193 . ! CROSS-SECTION No. 194. . 
No. 255 of 1889. No. 257 of 1889. 

[Origin: Latitude, 42° 04' •9" ·o; longitude, [Origin: Latitude, 42° «' 12"" ·7; longitude, 
70° I'4 1 o6" ·2; azimuth, JJ6° 40'.] I 700 14' 14" "2; azimuth, 128° oo'.] 

I 

Height I Distance 
Height 

Distance above or above or 
from below Remarks. ) from below Remarks. 

origin. mean sea. 

I 
I origin. n1ean sea 

level. .I level. " !! 
[1 

'! 
Metres. Feet. Metres. Feet. 

0 20·4 0 7·0 
20 18·8 20 13·8 
40 6-9 40 11·3 
6o 9·1 6o 14·5 
So 10·2 80 7·5 

100 14·4 100 8·3 
J.20 20·8 120 10·3 

140 22·7 140 11·8 
16o 19·3 16o 14·8 
18o 13·3 18o 17·7 
200 13·2 Beach stake. 200 11·7 Beach stake. 
220 8·9 220 7·7 
300 -10·6 240 8·o 
400 - 8·6 300 -10·6 
500 ~13·1 400 --13·6 
6oo -22·6 500 -28·6 
7t:X> -65·6 6oo ---89·6 

I 
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Cross-sections of the shore of Cape Cod, etc.-continued. 

i 

CROSS-SECTION No. 195. 
I 

CROSS-SECTION No. 196. 

No. 259 of 1889. ! No. 261 of 1889. ( . 1' [Origin: Latitude, 42° 04' 04" ·1; longitude, !", [Origin: Latitude, 42° 03' 57'' · 5; longitude, 
700 14' 20" ·3; azimuth, 123" 10'.] L 70" 14' 28'' ·6; azimuth, 120° 45' .] 

ii 
,··--~-----
,1 ' 

Height i Height 
Distance above or Distance above or 

from below Remarks. ' from below Remarks. 
' origin. n1ean sea origin. n1ean sea 

level. 
!-----

level. 
I 

. 11-.fetres. Feet. i '.Jfetres. Feet . 
0 19·0 

\ 

0 5·4 
20 14·5 20 5·4 
40 9·1 40 5·4 
60 8·6 60 10·6 
8o 8·6 8o 1r6 

100 9·1 100 21·0 

120 13·1 120 IJ'6 
140 16-7 140 I t·o 
16o 7·8 160 24·8 
18o 7·6 18o tz·6 I Beach stake. I 
200 15·2 I 200 9.4 
220 12·7 ! Beach stake. I 220 8·o 
240 10·0 300 -- 9·6 
26o S·o 400 - 21 ·1 

300 - 7·6 _Q_ • .Q. 5 No bottom at this 
400 -12·6 500 -100·0 ,, t depth. 
500 -29·6 
56o -82·6 

. , 
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Cross-sections of the shore of Cape God, etc.--Continued. 

CROSS-SECTION No. 197. CROSS-SECTION No. 198. 

No. 265 of 1889. 

;/ 
[Origin: Latitude, 42° 03' 49" · 5 ; longitude, I· 

70" r4' 32" ·5; azimuth, 109° 30'.J jl 

[Origin: At dwelling of Race Point light keeper. 
Latitude, 42° 03' 43" ·2; longitude, 70° 14' 39" '6; 
azimuth, 6i 0 40' .] 

I jj 
Distance i l'I Distance 

from 'i ! from 

Height 
above or 

below 
mean sea 

level. 

Remarks. 
ong1n. 

1

1 Ii origin. 
I Ii 1-----1------ ----------11------· -----1·----------l 

' j .frfetres. Metres. 
0 

20 
40 
60 
8o 

100 
120 
140 
16o 
18o 
200 
220 

iEj, 
500 
525 r 
. ! 

Feet. 
8·9 
6·8 
rs 

10·5 
12·0 

15·81 21·2 

16-4 
21·4 r 

17·1 I 
9·3 
7-5 I 
7·8 

- 6·6 
-16·6 
-75·6 
-95·6 I 

1 

Beach stake. 

0 

18 
38 
58 
78 
98 

118 
138 
158 
163 
200 

300 
400 
46o 

fleet. 
12·2 

9·5 
8·5 

1r1 
16·9 
15·2 
8·4 
7·5 
5·4 
2·5 

- 4·6 
-10·1 

--25·6 
-90·6 

Beach stake. 
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Oro.f!s-section.~ of the shore of (Ja,pc Oorl, cif'.--Continned. 

ii:_ CROSS-SECTION Nj 1. 200. 

No. 269 of I 8S9. 

CROSS-SECTION No. 199. 

[Origin: Latitude, 42" 03' 42" ·5; longitude, 
70° 14' 27'' ·s; a7,im11th, 24" 32'.] 

1) [ Oi:i;:o:in: Latitu<le, 42° 03' 34" '1; l<mgit11rle. ii 70" 14' 18" ·9; a2imuth, 24~ 40 '.j 

Distance-- a~[~._~;l:~:-1-· II-~--1-.s-t~~c~ 1--~t~e~~l~r -·-------·--- ---

from below I Remarks. 1. from helow· Remark:>. 
origin. n1ean sea 'I 11 origin. mean sea 

\ level. I __________ ) ___________ ie_,_·e_L __ _ 

---~f,-et-r~~--1-~~~;~---- \ 1ifetres. 

0 3'9 
20 5·1 
40 10·5 
6o 13·0 

80 fr4 
100 7·4 
120 7·9 
140 I I ·o 

14·2 
10·9 

7·9 
7·9 
2-5 
7·6 

-10·1 

-1y6 
-18·6 

*B. M. 
16o 
180 
200 

220 

300 
400 
500 
6oo 
700 
735 

-64·6' 
--77·6 ! 

1 

Beach stake. 

! ,, 

0 

16 
36 
56 
66 

100 

200 

Feet. 
2·5 
5·0 
5·2 I 

4·5 
1 ·9 
8·6 

---12·6 

300 -14·1 
400 ----r4·6 
500 --18·1 
600 -26-6 I 
700 -- 78·6 I 

I 

Beach stake. 

:...-----'--------------~---· -----~---- ~------- -- ··----·-------·-··--·-----
"'SouthweP.t bonn<lary i;;hme of light-house rt.,"erYahon, J:aci· l'oint, C;tpe Cod, ~ass. 

H. Ex. 43, I)t. 2-21 
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Oross-sections of the shore of Cape. Cod, '~tc.-Continued. 

CROSS-SECTION No. 201. CROSS-SECTION No. 202. 

No. 271 of 1889. No. 273 of 1889. 

[Origin: Latitu<ie, 42° 03' 34" ·s ; longitude, (Origin: Latitude, 42° 03' 30
11 

• 5: I ongitude, 
70" Lt

1 04 11 ·3; azimuth, 24" 45'.) I 700 13' 52" ·3; azimuth, 24° 45'.J 

Height Height 
Distance above or Distance above or . 

from below Remarks. fron1 below Remarks, 
origin. mean sea origin. mean sea 

I 
Jeve1. level. 

llfetres. Fut. Aietres. Feet. 
0 3"7 0 10"3 

20 4·3 l\farsh Hatches Har- I 20 10·0 

40 13·4 bor. 40 10·8 

6o 14·6 6o 7·0 
So 7"5 8o 5·2 

100 5·2 100 9·0 
120 10·3 120 14·8 

140 4·4 140 13·5 
160 6-8 16o 8·o 
180 5·3 180 7·6 
190 10·0 190 7·4 
200 so Beach stake. 200 3·3 Beach stake. 
221 0·7 208 3·1 

350 - 6·1 300 -10·1 

400 - IJ•t 400 -13·1 

500 - 14· I 500 -14·1 
600 - 16-4 6oo -15·6 
700 - 18·1 700 -16·1 

8oo - 21·1 8oo -19·6 
goo - 26-6 900 -22·1 

I 000 - 38·6 I 000 -25·6 
I 070 -102·6 I 100 -28·6 

l 200 -33·6 

I JOO -41·6 
I f 

·~-'c 



 

I 
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Cross-sections of the shm·e of Cape Cod, de.-. -Continued. 

CROSS-SECTION No. 203. CROSS-SECTION No. 204. 

[Orig:in: 
700 

Distance 
from 

origin. 

Mebes. 
0 

20 
40 
6o 
8o 

100 
120 
140 
16o 
180 
200 
220 
225 
300 
400 

500 
6oo 
700 
8oo 
900 

I 000 
I 100 
I 200 

r 300 

No. 275 of 1889. 

Latitude, 42° 03' 23" ·s; longitude, 
13' 38" .5; azimuth, 47° 15' .J 

Height 
above or 

below Ramarks. 
mean sea 

level. 

Feet. 
8·4 

10-3 
8· 1 

7·9 
9·9 

15·2 
24·8 
34·0 
29-8 
23·5 
9·4 Beach stake. 
2·9 

- 1'5 
- 9·6 
--I 1·6 
-13·8 
-15·1 
-18·6 
-19·6 
-21·6 

-24·6 
-27·6 
-34·6 
-66-6 

No. 277 of 1889. 

l Origin: Latitude, 42° 03' 16" ·a; longituoe. 
70° 13' 29" ·7; azimuth, 53° 55'.] 

Distance 
from 

origin. 

JIIetrcs. 
0 

20 
40 
6o 
80 

100 
120 
140 
160 
180 
200 
220 
248 
300 
400 
500 
600 
700 
800 
900 

I 000 
I 100 
I 200 

.! I 300 

Height 
above or 

below 
mean sea 

level. 

Fut. 
23·9 
34·5 
39·1 
17·4 
I t·o 
15·6 

8·8 
2·b 
2·8 
7·1 

lJ"O 

Remarks. 

I 2·0 Beach stake. 
0·4 

-10·1 

-l1·6 
-14·1 
-16·1 

-18·6 
--20·1 
-24·1 
-25·6 
--27· 1 
-32·6 
-44·6 

i 
·-------- 1_1 _________ ~--~-~----~· 
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Cross-s1'_cf ions of the shore of Cape .Cod, etc.-Continnml. 

------------------------"-----------------

CROSS-SECTION No. 205. 

No. 279 uf 1889. 

[Origin: Latitude. 42" 03' o3" ·r: longiturle, 
70" 131 

22" ·fi; a:dmuth, 52° 45' .] 

Distance 
from 

origin. 

I I eight 
above or 

below 
mean sea 

level. 

Remarks. 

!! 
I/ 

11 

CROS')-SECTI< )N No. 206. 

,. 
j; 

J Ong-in: Latitude, .p0 03' oo" ·2 ; long;itude, 
70° r3' q"'S; azimnth, 52" .;:;'.I 

Ii r;;,,~~ce I 
1.r fron1 
. origin. 
II 
1! 

Height 
abo,ce or 

below 
mean sea 

level. 

Remarks. 

_______ _,________________ ~---~ --------· ----------

.1lfdres. Feet . Aietres. Feet. 
0 15·5 0 12·2 

20 9·7 20 10-5 

40 10·4 

60 12·9. 
80 16-1 

100 14·3 
120 10·2 

140 3·4 
160 4-2 
18o 4·9 
zoo 8·4 Beach stake. 
206 12·6 
232 1 ·2 

300 - 9·6 
400 ·-14·6 
500 -17·6 
600 -17·8 
700 -18·1 

8oo -19·6 
900 -·-20'1 

I 000 -22·1 

I 40 8·3 

I 
60 10·3 

8o 13·9 
I 100 4·4 

li 
120 4-6 
140 5·0 

,1 160 5·4 
1! 180 I I ·5 

11 

190 12'4 
200 6-2 Beach st:ikc. 

\I 
220 2·4 
300 4·6 

I! 400 -11·1 

' 500 -14·1 I 

I 600 --16-6 
I 700 ---J8·6 
! 
! 800 ----19· I 
i goo -19·6 
I I 000 --21·1 

I 100 -24·1 
I 200 -23·1 

I JOO -30·3 
I 36o -75·6 

/I 

I 100 -22·1 

I 200 -21·1 

11 

I 300 --19·6. 
I 400 ----24·6 
I 485 -76-6 
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. ---·--.. -~------ ------ -~-.. ------ ''"""-·------- ----- -----1 
CROSS-SECTION N(). 207. \! CROSS-SECTION No. 208. ( 

i! l 
No. 283 of 1889. 1: :Ko. 285 of l 889. 

[Origin: Latitude, 42" 02' 51" ·2; longitude, 
70° 13 1 o8'r ·o ~ az:inrJ.th, 57c oo' -1 
. r-··----

1 Heigl1t 
Distance , above or 

from belo"v 
01·igin. 

·-------

~lfdres. 

0 

20 

40 
60 
80 

100 
120 

140 
154 
160 
18o 
205 
250 
300 
4<XJ 
500 
600 
700 
Soo 
9'.XI 

I 000 
I 100 

I 200 

l 300 
I 340 

iuean sea 
level. 

,L ----····~·---- -

Fl'l'/. 
13'4 
12'4 
7-2 

3-7 
3·5 
3·5 
3-S 
6-6 
8·6 
7-6 
2·7 
4-0 
9·6 

u-6 
I fi• I 

- 17·6 
20'1 

20·1 

20·4 
21' l 
20·1 

18·1 

19· I 
39·6 

---100· 

Remad-;s. 

Beach stake. 

No bottom at this 
depth. 

j' 

[Origin: Latitude. 4;, 0 
02' """ ·5; longitucle, 

70..:. 131 00
1

' 7 ~ ar.irnuth. 62'"' 30'.! 

I 

! I I eight 
Distance I alion.'. or 

from \><:low 
origin. 111ean sea 

level. ii 
!· _______ , ------ -~ 

.lief res. 
0 

20 

I• 
40 

Ir 
60 

80 

r 
100 
120 

140 
I• 160 I' 
I 180 J. 
L 207 

I! 
300 
40D 
500 
uoo 
700 
800 
900 

l 000 

I 100 

I 200 
I JOO 
I 340 

_J-~·d. 

13'4 
s·G 
3'9 
3·9 
4·0 
3·S 
3~7 

5-7 
8'4 
2·5 
3.3 

11·6 
15· 1 
i6·1 
I ~-S . I 
19·1 

20.I 

19·6 
18·6 
17·6 
18·6 

59·6 
.. 100· 

Heach sb.kc. 

i No bottom at this , 
<lepth. 
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(
11·oxx-1wcfions of thf' .o;hon: of Oapc Cod, etC.-Contiuned. 

I 
CROSS-SECTION No. 209. CROSS-SECTION No. 209-Continued. 

No. 287 of 1889. No. 287 of 1889. 

[Origin: Latitude, 42° 02' 33" ·4; longitude, 
700 12' 53'' ·9; azimuth, 68" 25'.] ; 

I Height Height 
Distance above or Distance above or 

from below Remarks. frorn below Remarks. 
origin. mean sea origin. mean sea 

level. level. 
---

' 

Aft:fres. Fut. Metres. Feet. 
0 15·3 224 - 2·8 

20 12·2 300 -12·1 
40 5·2 400 -13·6 
60 3·9 500 -17·6 
80 4·1- 6oo -15·1 

JOO 4·3 7<XJ -19·6 
120 4·8 800 -19-6 
140 5·7 900 -18·1 
16o 6·8 I 000 -17·6 
168 7·7 I JOO -17·6 

l 180 5·8 Beach stake. I 200 -22·6 
200 1·8 I 280 -78·6 
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Cross-section."/ of tlw .~IWrf? <~(ea pc Coil, etc.-co11ti1nrnd. 

CROSS-SECTION No. 210. 
-\i 

CROSS-SECTION No. 21 r. 

'I No. 289 of I 889. ti No. 291 of 1889. 

I' 
[Origin: Latitude, 42° 02' 23 11·7 ~ longitude, \1 [Origin: Latitude, .p>0 02' 1411 ·3 ; longitude, 1: 

70° 12' 50"·6: azimuth, 70° so'.] I' 70'-' n' 47""8; azimuth, 68° 25'.} ,1 
,! 

Height 11 Height 
Distance above or 11 Distance above or 

from be1ow Remarks. I ··from below Remarks. I 

origin. mean sea 

\ 

origin. mean sea 
level. level. 

Ji 

- . 

Metres. Feet. 11 llfetres. _Feet. 
0 12°6 II 0 4·4 . 

20 3·5 Edge of marsh. 
Ii 

20 4·9 
40 3·8 40 5·1 
6o 2-6 11 60 5·1 
80 3·4 ii 80 9·2 

100 4·4 Edge of marsh. ii too 16-7 
120 10·6 ii 117 15·0 Grass line· 
140 22·3 . 

' 
120 10·2 I Beach stake . 

148 20·6 I 140 3·2 i 
16o 6·4 

\ 

Beach stake. 166 - 1·1 
18o 1·3 I 

200 - Tl 
198 - 2·0 I 300 - 12·6 ; 

300 - 12·4 I 400 - 14:6 
400 -- 12·6 500 - 15·6 

' 500 - 1r6 I 6oo - 15·6 
6oo - 19·1 700 -- 17·6 
700 -·- 18·6 800 - 18·6 
800 --- 16·6 870 --- 66-6 
goo - 16·6 930 ---100· No bottom at this 

I 000 --- 17·6 depth. 
I 100 - 56·6 
I I6o -·100" No bottom at t11is \ 

depth. 
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CroRs-sections of the shore of Gape God, etc.-continued. 

CROSS-SECTIO~ N<). 212. CROSS-SECTION No. 213. 

No. 293 of 1889. No. 295 of 1889. 

[Origin: Latitude, .p 0 02' 00"·3; longitude, [Origin: Latitude, .p 0 or' 58"·9; longitude, ! 
70° l2

1 43"·1; azin1uth, 53° 55'.] i' 70° J2' 35 11 ·6; azimuth, 48° 30'.] f 

!~----------~-------------- ··----·~----~----------! 
j Height i I 

Distance 1 above or · 

1 

Distance 
from j bel6w 1

1 

Remarks. "' from 
origin. j mean sea origin. 

Height 
above or 

below 
mean sea 

level. 

Remarks. 

I 
--~·~-~--~~~·~· ~·---------- t '~~I I -~---,, ,---------- '-----

1 

.lllt·tres~ i Peetj.
6 

I:, Metres'o 

~1· ~2 ~ 
40 5·1 ! 40 
60 I 10·9 1 60 
8o 15·1 I 76 

JOO 

J.20 

140 
162 
200 

300 
400 
500 
6oo 
700 
750 

I 3·4 Grass Jine. i So 
7·7 Beach stake. 'i 

- ~'.i I 
- 9·6 I 
-12·6 
-14·6 
-16·6 
---17· 1 

-27·6 
-- 95·6 

100 
122 
200 

300 
400 l 
500 
600 
700 

Fed . 
3·4 
4·1 
6-4 

15·9 
IJ'5 
8·4 
2·3 

± o·o 
-- 13·1 
- 14·6· 
- 14·1 
-- z5·1 
- 19·1 
-~-100· 

Grass Jine. 
Beach stake. 

No bottom at this 
depth. 
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Cross-scction8 of the ioihat·e of Cape GocI, e.tc.;--Continnetl. 

CROSS-SECTIOX No. 214. CROSS-SECTION No. 216. 

No. 301 of 1889. 

[Origin: Latitude, 42° en' 5'.l" ·g; longitude, 
70° i2' 25""' ·6; azitnuth~ 45° 30' .. J 

[Origin: LatituJe, 42° 01' 36" '9; longitude, 
;o" 12' 1o'' ·,; azi1nuth. 40° 30'.1 

Distance 
fro111 
origin. 

A1dres. 
0 

20 

40 
60 

80 
JOO 

114 
120 
140 
160 

200 
300 
400 
500 
600 
700 
76o 

---~~-- - ---~-----~----~-~-----::-------~ -------·~--

: Height I Height 
aboYe or 

below 
nlean sea 

level. 

l·~·d~·o II 
1·9 
2·3 
4·3 
1·3 I 

13·811 

6-3 
8·3 
1-5 ! 
o·6 

- 8·r 
-12·6 
--- I 6· J 

--J 8· I 
-19·6 
--23·1 
---26-6 

Remarks. 

Grass line. 

Beach stake. 

., 
1'1 
:I 
;1 
!i 

Distanc1e' '. above or J 
from ' \ielow \ 

ongm. inean sea 
len:l. 

----~1---~-

_;lfdr<'S, I .Feet. I 

0 
I 

' --
100 I 

- 7· 1 
200 I -13'6 j 
300 --14·6 

I --15·6 400 
500 ' ~-· 15·6 

I 
600 I ---I 5·4 
700 l -18·6 

i 
! 

\' IL_ 
770 

\ 
-37·6 

I 
\ 
; 

Remarks. 

I 

---·-------·------------------' i{ --------------------

CROSS-SECTION No. 215. !] CROSS-SECTION No. 217. 
!! 

No. 299 of 1889. \\ No. 303 of 1889. 

I Origin: Latitude, 42" 01' 43" ·6; longitude, jj [Origin: Latitude, 42° o,' 30" ·5; longitude. 
70° 12' 19'' "4; azimuth. 42" 51' .] !j 70° 12' oo" ·4; azimuth, -45" 35' .j 

1------------c----~-----·~-~---- ll _____ ·~------- -·--------···--------
0 

100 

200 

300 
400 
500 
6oo 
650 . 700 

9·6 
- 14·6 
- 17·1 
·- 19·6 
---- 21·1 

-100· =- ~~:~I No bottom at 
depth. 

'! 0 I 
100 0·9 

ii 
I\ 

!I 
,h,, I/ 

~~I ~~-
400 ·---
500 

13· 1 

14·6 
14. J 

12·6 

6co . 57·6 
670 

-·00 I No hottom 
depth. 

at this 
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Cross-xeetiow; '!l the Rhore of Cape Cod, etc.--Continned. 

- ----- ------------------------------~-----;,----------------------~ 

CROSS-SECTION No. 218. 

No. 305 of 1889. 

[Origin: Latitude, 42° 01' 23" '3; longitude, 
70"' u' 51 11 ·6; azimuth, 45° 10'.] 

CROSS-SECTION No. 221. 

No. 31 I of 1889. 

[OTigin: Latitude, 42° oi' 12'' ·2; longitude, 
70° 11' 16" ·s; az1n~uth, 00° oo'.] 

--------------------------! ----------~-----------
Height 

Distance above or 
from below Remarks. 

origin. mean sea 
level. 

Metres. . Feet. 
0 --

JOO - 4·6 
200 - 12·6 
300 - 20·6 
350 --100· No bottom at this 

depth. 

CROSS-SECTION No. 219. 

No. 307 of I 889. 

[OTigin: Latitude·, 42° or' 17" ·o; longitude, 
70" 11' 4111 ·5; azimuth, 33° 15'.] 

---------~---------------------~~~ 

0 

100 

150 
220 

- 6·6 
-16-6 
---8fr6 

CROSS-SECTION No. 220. 

No. 309 of 1889. 

[Origin: Latitude, .p0 01' x3" ·s; lor:gitude, 
70° 1 r' 29" ·5; azimuth, 16° 50'.J 

----~---------.. ----------------
' 

200 

Height 
Distance above or 

from below Remarks. 
origin. mean sea 

level. 

Metres . Feet. 
0 .. 

100 -- 7·6 
150 -30·6 
190 -88·6 

--------------------------

CROSS-SECTION No. 222. 

No. 313 of 1889. 

(Origin: Latitude, 42° 01' 14" ·2; longitude, 
70° u' 03" ·9; azimuth, 343° 15'.) 

0 

JOO 

190 

CROSS-SECTION No. 223. 

No. 315 of 1889. 

[Origin: Latitude, 42" or' 17" ·7: longitude, 
70° 10' 52" ·o; azimuth, 3~" 58'.J 

0 

100 

150 
18o 

- 10"'6 

-- 47'6 
-100· No hottom at this 

depth. 
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,------------------~------·---- ·-----···---·-------

CROSS-SECTION No. 224. 

No. 317 of 1889. 

[Origin: Latitude, 42" 01' 24" ·2; longitude, 
70° 10' 4,;i" ·3; azimuth, 314° oo' .] 

! 
~ : 

i' 

I 
I 

CROSS SECTIOX No. 227. 

No. 323 of 1889. 

10rfgin: Latitude, 42° 01' 47" ·o; longitude, 
70° 10' 17" ·9; azimuth, 299° 25' .J 

D):~·"~ce j ~~iJ:;T ______ R_e_m_a-rk_s_. ____ I _D_}_. ~~a~~-c-e - . a~~;!f ____ 1;,.-• e_1_n_a_r_k--s-.---r 

origin. mean sea ) ];. 
level. 1 

origin. mean sea 
le\·el. 

----~i----------------- '-----!.--~· I 
Afdres. Feet. i 1~fetres. 

0 ---- r 0 
- 4·6 
--16· 1 
-33·6 

~i~ =;~:~ '. ~~ 
i J ! 260 

---------.~~----.-.--.-.. ----------------~ i--=-===I 

CROSS-SECTION No. 225. 

No. 319 of 1889. 

{Origin: Latitude, 42° 01' 31" ·2; longitude. 
70'> lo' 33" "'; azimuth, 3t2° 25 1

.] i 
! 

CROSS-SECTION Nu. 228. 

No_ 325 of 1889. 

[Origin: Latitude, 42° 01' 56'' · 1 ; longitude, 
70° ~ro' 13~' ·o; a.zin1uth, 2':)8'-' 25' .] 

------·----------------~> ---------· 

0 I ----\ l\l. 0 
130 - ·- 6-6 ' 100 -·- 10·1 

-.. -. -. -. ~ I ~---·-9-·6_1 --,-·------..,.,..---,-,-..,,....-:-=--· ! __ l~--~;jH _______ _ 
CR< >SS-~·'1·X.'TI< >N Nt I, 226. - - 'II 

No. 321 of 1889. 

[Origin: Latitmle, 42° 01' 37" · 3; longitude, l 
70° io' 22"·~; a.r.imuth, 30_.,., 50'.) : 

------.. ----·-~---- --------~-- ~·~--~----- I 

100 
120 

-- 7'6 
---24·6 
-49·6 

11 

\ 

Cl{USS-SECTION No. 229. 

No. 326 of 1889. 

[Origin: Latitude. 42" 02' oo'' ·o; longitude, 
70° 10" o8' 1 ·c); azinluth, 2y9"" ?5 1

.] 
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I 

I 

Crox.'>-xecthm.<.; ·in Cape ·Cod Bay. 

CROSS-SECTION No. o. 

[Origin: Latitude, 42° 02' 38" ·1; longitude, 
70° o6' 22 11 ·4; azimuth, 40° 501 

.] 

Height 
Distance above or 

from below Remarks. 
origin. mean sea 

level. 
l 

Metres. . Feet. 
0 34·4 

18 29·6 
38 38·2 
58 45·6 
78 48·8 
98 55·4 

118 44·0 
138 19·3 Beach stake. 
158 4·6 
174 -- 1·8 
200 - 4·6 
300 - 5·8 
400 - rs 
500 - 8·1 
6oo --I 1 ·6 
700 --17·6 
8oo -22·6 

900 l --28; I 

I 000 -·3]'6 
I 100 ' ·-38·1 
I 200 -~41·6 

I 250 --43·6 

l1 

·-

1 
j 

CROSS SECTION No. 2. 

1889. 

[Origin: Latitude, .42° 02' 4411 ·3; longitude, 
70° o6' 32" ·6; azimuth, 40° 5o' .] 

Height 
Distance above or 

from below Remarks. 
origin. mean sea 

level. 
----~-

Afetns. I Feet . 
0 

I 
49·9 

20 23·2 
40 II·S 
6o I 7·2 
8o 6-9 

100 I 9·1 
114 17·0 
120 I 1·0 

140 3·1 
153 - 2·1 
200 - 4·6 
300 - 6-6 
400 - 8·1 
500 -- 9·1 
6oo -Io·6 
700 --16-8 
8oo --22·1 

900 -25·6 
I 000 -30·6 
I 100 -34·6 
I 200 -37·6 
1300 -43·1 
I 400 ~-44·6 
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Cross-sections in Cape Cod Buy-Continued. 

CROSS-SECTION No. 3. 

1889. 

(Origin : Latitude, .p" 02' 49" "<); h:mg-itude, 
70° o6' 3-1"·9; a:iimuth,39° 50'.] 

Distance 
from 

OTigin. 

Metres. 
0 

20 

40 
6o 
8o 

Height 
above or 

below 
mean sea 

level. 

Remarks. 

II CROSS-SECTION No. 4. 

'I !, 1889. 

[Origin: l,atiturle. 42° 02' 47" ·s; longitune. 
70° on' 46'' ·2: :uimulh, .;8° 3o'.1 

'1 i l. I 

!! Di:;tance ' 
from. 

origin. 
JI 
I 

Ii ft-fetrcs. 

11 :~ 
I .~ 
ll 

Height f 
above or ! 

below 
mean sea j 

level. , 

Fut. 
28·6 
29·9 
29·8 
26·5 
21·9 

Remarks. 

100 
120 

n8 
160 
180 
200 
218 

220 

224 
240 
254 
300 
400 
500 
6oo 
700 
800 
900 

Feet. 
35·9 
39·0 
39·8 
41·3 
27·2 
14·2 
19·2 

15·9 Center of 
track. 

railroad Ii 
120 

140 
16o 
18o 
188 
200 

220 
240 
253 
26o 
280 
295 
400 
500 
6oo 
700 
800 

:~:~ I 
s·8 I 

J 000 
I 100 

1 200 

I 300 
I 400 
I 500 
I 6oo 

5·8 
6-7 
6-8 

15·2 
13·1 
11·4 

9·0 
- 2·5 
- 5·6 
- 6-6 
- 7-4 
- 9·1 
-10·6 
-18·6 
-22·6 
-27·6 
--29·6 
-32·6 
-35·6 
-39·6 
-43·6 
-47·6 

ii 

I 
l 
I 

I 

900 
I 000 

I JOO 
l 200 

I JOO 
I 400 

1 46o 

5·0 ! 
4·6 ! 
9·8 
47 
4·5 
6·7 

14·5 
I 1·0 

3·3 
- 2·9 
- 6-6 
- 7·4 
- 7·4 
- 8·8 
-14·1 
-2r·6 
-ZfrI 

--30·6 
--31·6 
-34·1 
~36·6 
-39·6 

Center of 
track. 

railroad 
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Oro.~.~·8f:dions in Cape Cod B<tY-Cont.inued. 

CROSS-SECTION No. 5. 

1889. 

{Origin: Latitude, 42~ 02' 53" ·s; lnngit11de, 
70" 06' 47" ·g; azimuth, 38° 40.] 

Di!'-tance 
from 

origin. 

11/e trcs. 
0 

20 
40 
6o 
8o 

100 

120 
124 
140 
157 
200 
300 
400 
500 
6oo 
700 
800 
900 

I 000 
I 100 
I 200 
I JOO 

Height J 

ahove or 

1 

below 
mean sea 

level. I 
I 

Feet. 
3·9 
4·1 
4·4 
6·5 
4·6 
5·1 

IJ"9 
12·4 
4·1 

- ]"I 
- 6-1 
- 6-8 
- 6·8 
- 7·8 
- 9·1 
-14·6 
-22·6 
-28·6 
-30·6 
-32·6 
-34·1 
-36-6 

Remarks. 

Center of railroad 
track. 

. 

•i 
!1 CROSS-SECTION Nc1. 7. 

11 
1889. 

I! 

111

'i'. [_Origin: Latitu<le, +2" 03' oo" ·6; longitude, 
70" 061 57" ·7 ; at:imuth, 32" 05'. I 

11- Height 
•
1
1 Distance above or 

, fron1 below 
i• 

Ii -
ii 
i 
I 

I 
'j 
I 
! 
! 

l 

origin. j mean sea 
level. 

llfetrcs. Feet. 
0 2·9 

20 3·3 
40 4·8 
60 4·6 
80 4·7 

101 6·4 
120 2·8 
140 7·2 
157 15·9 
160 14·8 
166 11·9 
180 4·4 
199 - 3"3 
JOO - 7'1 
400 - 6·6 
500 - 7·8 
600 - 8·6 
7CX> -12·6 
800 -15·1 
900 -21·6 

I 000 -29·6 
I f(X) --32·6 
I 200 ---32·6 
I J.00 -32·6 
I 400 -37·6 
I 500 -40·6 
I 6oo -45·6 

Remarks. 

Center of railroad 
; track. I 
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Cros:;;-sections in Cape Cod Btt]/-Coutiuuerl. 

CROSS SECTION No. 9. 

1889. 

(Ol"igin: Latitude, 42° 03' 05" ·7; longitude, 
70" 07' 09" ·r; azimuth, 3t." ~s'.l 

Height 
Distance above or 

from below Remarks. 
origin. mean sea 

level. 

llietres. Feet. 
0 3'7 

20 3"4 
40 3·4 
6o 3·5 
8o 1·2 

88 6-6 Center of railroad 
100 5·0 track. 
120 1·8 
140 9·2 
16o 13·8 Beach stake. 
165 10·4 .... 
18o 4·0 
198 - 3·8 
300 -- 5·9 
400 - 6-9 
500 - 7·9 
6oo - 8·9 
700 -10·7 
8oo -13·2 
goo -15·7 

1 000 -22·7 
I l<X> -30·7 
t 200 --31·7 
l 300 -33·7 
I 400 ·- .35·2 
I 500 ~-37·2 

CROSS-SECTION Nu. 11. 

lOrig-in; Latitude, 42" 03' 1r" ·3; longitude, 
70° 07 1 19'1 ·6; azimuth, 31" 40'.l 

. ---------,-----·-··· - -~---""" 
\ \ Height 
I Distance above or 

from below Remarks. 
origin. mean sea 

le,,.el. 

j 
Jifetres. 

! 
.Feet. 

0 2·6 
20 4·3 
40 2·9 
60 1·5 
80 4·1 

100 2·9 
115 6·4 Center of railroad 
120 6-2 track. 
140 5·7 
160 I 1·4 
180 13·6 
190 12·0 i Crest of beach. 
200 6-2 ! 

225 - 4·1 
Jex> - 6-7 
400 - 5·7 
500 -- 6-2 
6oo - 8·7 
700 -10·7 
8oo -12·5 . 
900 ---12·7 

I 000 -~15·7 

I 100 ·- 21·2 

I 200 -25·7 
I 300 -- 28·7 
I 400 -30·7 
I 500 ~32'7 
I 600 -36-7 I e 

r I 

I 
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Oros1uu·ction . .;; in Cape Corl JJa,1/-Continuetl. 

CROSS-SECTION No. 13. 

1889. 

CROSS-SECTION No. 15. 

[Origin: Latitude, 42° 03' '3" ·7; longitude, 
70~ 07' 33" ·o; azimuth, z-; 0 45'. J 

1889. 

[Origin: Latitude. ,p" 03' 17" ·2; long1turlc, 
70° 07' 45" '1; azimuth, 27° so'.] 

~;;;~- •~;'.~-:-.,--- -Re=a<k,_-- --r n~;~~ee 1,\,~f~:;r 
1

1 

origin. meau ,ea j origiu. I meansca 
Remarks. 

. / level. 
1
1 i Ie\el. , 

r' , 1------~---i\ i}fetres.- -- --~-;c~---\ ,Jfrtrl'S. 
0 

14 
34 
45}{ 
54 
74 
94 

104 
114 

141 
200 

300 
400 
500 
6oo 
700 
8oo 
900 

I 000 
I 100 
I 200 

I JOO 
I 400 
I 500 
I 550 

..Ff:ct. 
o·8 
3"8 

r1·9 
6-4 : 

10·8 

22·3 

4·2 
6-2 
6-7 
7'2 
]'2 
9·2 

-10·7 
-IJ'2 
--- 12·2 

-18·2 

-23-.2 
-26·2 
--2').2 

-3o·7 
-32 7 
---35·7 

j: o 1·4 I 
il 16.Yz 6-3 I 
:; 38 I 2·6 i 

Center of r:.iilroad 58 13·1 
track. :: 78 9·4 

1: 98 I" I 

Ii 112 5·3 
Ii 200 6·2 

I':: JOO 7·2 
' 400 7·2 

1,: soo 8·2 
600 8·2 
700 
800 
900 

I 000 

I 100 
I 200 

I "00 ,) 

I 400 
if I 500 
/! r 600 
' 
I: 

I 700 

\1 ,I 

-- 10'2 

-11·2 

--12·2 
-17·2 
-22·7 
~ 25·7 
~·28·2 

-29·7 
-31·7 
-~~35·7 
----37·7 

Center of railroad 
track. 
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Cross-.sect-ions in Cape Cod Ba,y-Coutiuued. 

CROSS-SECTIO~ No. 17. 

1889. 

{Origin: Lat.itude, 42° 03' 21" ·2; longitude, 
70" 07' 57" ·3; azimuth. 26" 25'.] 

i' 

CROSS-SECTIO~ No. 19. 

. 1889. 

i [Ori!!,"in: Latitude, 42° 03' 26" ·4: lnngitude, 
i' 70° 08' 08"·3; Rzimuth,28° oo'.! 
i ----------...,.----------11·---

Distance 
from 

origin. 

Height 
above or 

below 
me.an sea 

level. 

Remarks. -

~----·------- -~------

Aietres. Feet. 
0 7-9 

15 7·7 
35 9·8 
55 I I· t 

75 12·8 
95 I 

10·0 

115 
r 

0·2 

l35 I 3·6 
155 I 4·5 
175 

I 4·8 I 
195 ! 4·6 
300 

l 
4·7 

400 7·2 
500 8·2 
6oo ! 7·2 
700 9·2 
8oo I 9·2 
<)00 ! -11·2 

I 000 l ~- 16-7 
I JOO I --21-7 

l 200 I - 24"7 
J 300 I --26·7 I ' I 400 ! --29·7 I 
1 500 1 --,3i-7 l 
l 600 l ~34"7 

i 

I 700 -]6-7 
\ 18oo --42·7 

I 
I 

H. Ex. 43, pt. 2-22 

\,: tlei<Tht 
Di stance abov~ or 

from below Remarks. 
/: origin. mean sea / 

j ---~~~! 
.Jfetres. Feet . 

0 1·8 
20 7·2 
27 7·7 Center of railroad 
40 10·0 tracl-;. 
60 8·o 
79 S-8 

100 1·2 
120 3·1 
140 ~·1 _, 
160 3·5 
180 3·6 
200 3"6 
220 3·8 
300 5·2 
400 5'2 
500 6-2 
600 7·7 
700 9-2 
goo·· 8·9 
900 ! 

~- 9·9 : 
I 000 I I "7 
[ JOQ ~-·· 1fr7 
[ 20C> 2·""l·~ 

~ ' 
J 300 - 24·7 
I 4< 10 ~15·7 

,, l 500 -26-7 
I 600 -z.9-7 
I 700 3.r7 
I 800 -36·7 
t 900 ·--41·7 

I 

I 
I 

I 
. l 

' ! 
1 

( 
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Cro88-8Cctions in Cape Cod Bay-cuutinnea. 

----------"-------~-------------------------~----------------------. 

\ 
i 
j 

I 
I 

CROSS-SECTIO~ l'o. 21. 

1S89. 

[Origin; Latitude, 42° 03 1 31 11 ·6; longitude, 
70° 08' 18" · s; azimuth, 40° 10'.] 

,; 
:; 

! 
t ~ 
I 

CROSS-SECTIO~ Nu. 23. 

1889. 

[Origin; Latitude, 42" 03 1 37'' ·9; longitude, 
70° 08' 2811 ·s; azimuth, 40° 10' . .J 

! _________________________________ ;:-----.-----;-----------~ 

\ \ Height '1 Height \ 
I Distance I above or \i Distance above or i 

:

j;' from below Remarks. ' from below I 
origin. mean sea ; origin. mean sea j 

level. i level. ! 

Remarks. 

I 
i-11--Ie_t_r_cs-~-! 

Feet. 
1 ·5 
6-1 
8·4 
9·5 
8·2 

Ji ftfetres. 
ii 
I' 
I 

0 

20 

38 
60 
80 
94 

- _Feet. -1---------
2·3 

! 

I 

I 

22 ! 

40 
60 
8o 
94 

100 

108 

200 

300 
400 
5co 
600 
700 
soo I 
900 

I 000 

I 100 

I 
I 
; 
t 

I 200 ! 
I 300 i 
I 400 I 

I 500 I 
1 600 l 
:E1 

! 

7·3 
5·2 

-- 4·0 
-- 4·5 
- 4·5 
- 4·7 
- 5·5 
- 5·2 
- 5·5 
-- 6·5 
-- 7·9 
--- 8·5 
--10·7 
-11·7 
-17·2 
--24·2 
--24·7 
-25·7 
·--27·7 
---29·7 
-33·7 

Center of 
track. 

railroad 
I, 
I 
i 

200 

300 
4CX> 
500 
6oo 
700 
800 

900 
I 000 

I 100 

I 200 

I 300 
I 400 

I 500 
I 600 
I 700 
t 800 
I goo 
2000 

2 100 

3'9 ! 
6·2 

10·0 

8·o 
- 3·3 
- 3·5 
·-- 3"5 

3·7 
- 3·7 

4·2 
- 4·2 

6·2 
fr2 

-- 5·9 
-- 8·9 
-- 7·9 
--11·2 

-14·7 
--21·7 

--22·7 

---24·7 
----- 2 5·7 
--27·7 
-31·7 
--35·7 

Center of 
trnck. 

railroad 
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Crus8-section.-; in Cape Cod Ba,y-Continued. 

. 
CROSS-SECTIOX No. 25. 

1889. 

CROSS-SECTION No. 25-Continued. 

[Origin: L11 titu<le, 42" 03' .u'''B; longitude, 
70° oS' 38"· s ; azimuth, 37° 20 J 

I 
Height I 

Distance j above or 
from I below Remarks. 

origin. I mean sea I 
level. 

------- ~-~~----~-

llfctns. Feet. 
0 1·6 

IO 1 ·9 

i. 

29~ 8·9 Center of railroad ' 
track. 

50 10'4 

70 0·4 
99 2·6 

200 3·7 
300 4·5 
400 3·5 
500 3·9 
6oo 3·9 
700 4·5 
8oo 4·5 
<)DO 4·9 i-

I 

Distance\ 
Height 

above or 
from l below Remarks. 

origin. I 
I 1nean sea 
! level. 
i -----

il.fctres. .Feet. 
I 000 - 5·2 
I 100 - 8·7 
I 200 - 7'5 
I ~oo 

~' 
-- I 2·7 

I 400 ·--12·7 
I 500 --21'2 
I 000 --21·7 
I 700 --23·2 
[ 800 -24·2 
[ 900 -2.i·7 
2000 ---26·7 
2 100 -29·2 
2 200 --33·7 
2 300 -- -39·7 
2 400 -53·7 

Eleration <?f Rf'nc_h-markx on Capf' Cod. 

Number and locality of bench-mark. I Elevation above mean 
sea level. 

' 
Jlfetres. ! Feet. 

B. M. XIII, on Cape Cod Light-House. 42· 1653 ; 138·337 
B. M. XIV, near Cape Cod Light-House. 37·5770 123·284 
T. B. M. 64, near Cape Cod Light-House. 39·2025 I 28·617 
T. B. M.. 69, High Head, Truro. 20·1455 66-094 
B. M. XV. High Head, Truro. . 1·8503 6-070 
H. M. XVI, near railroad, between High Head and Provincetown. I 3·3831 11·099 
B. M. XVII, near railroad, between High Head and Provincetown. 4·28It ; 14·046 
B. M. XVIII, on boundary between Truro and Provincetown. 2 ·6797 8·792 
T. B. M. 76, in village of Provincetown. 7·1957 23·6o8 
Cent. Ch. B. M., in village of Provincetown. 7·5621 24•810 

NoTE.-T. B. M. 76 and Cent. Ch. B. M. connected with B. M. XVIII by duplicate line of 
common levels, in 1890. 
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DESCRII'TION OF RENCH-MARKS, CAPE COD, :MASSACHUSETTS. 

B. 1lf. X1IJ.--nn C:-1pe Cod Light-howw tower. The reference iH the middlt> of a. 
horizontal mark cut in one of the granite window-sills of the tower, Highlands of 
Truro, Cape Cod. 

Esta.bJished Jn]y lH, 1889. 
R. J.f. XI V.-In a pasture owned by I. M. Sma.ll, a bout 360 metres back from Cape 

Cod Light-hom:e. The referen<·e is the to1) of a eopper holt leaded in a lar~e rock. 
This rock is one of three in the immediate vicinity a11d has the ldte1·s "B. M.'' cut 
in t.op. 

EstalJlitihe<l July 19, 18i<!l. 
1'. B. M. 64.-The geometrical eentre of tlte top of the stone poRt marking the 

northwest corner of the Cape Cod Light-lwnHe gronnlls. This 1wst i!-i of grauite, hav
ing a dressed top with the letten•" F. S. J,. H. E." cut in it. It is also just at the corner 
of the platform in frout of the Highland signal Htation. 

Established Juh 2, 1889. 
T. R. Jll. n9.-T: IL :M. 69 if' near Hiµ:h Head, town of Truro, Cnpe Cofl, Mass., and 

is on land O\Yned hy Thomas P. Small. It is the {·entre of the top of a granite post 
that is Joeatml on top of tlw second 1'1ntf to the eastwar1l of \Villi am Holden's honRe; 
the post has a flrAssml top, is a.bout 6 by 6 inches, a.11d projects one foot above gronnd; 
has the letters "U. 8. No. 3" cut in one of its sides. Placed here by Unitell States 
Engineers. 

_Established as a T. B. M., .Jn1y 8, 188H. 
B. M. X V.-B. 1\L XV is at High Head, town of Truro, Capt'- Cod, Mass., on the 

land of William Holden. It iA the top of a. cop]Hff lJOlt that is leaded in a 1arge 
l>owlder~ the howlder is buried about one foot under grmm<l and is between wagon
trat:k and fenc•·, jnst east of vVi11hun Holden's wagonhouse, being 34.~ rnetreio; fron1 
tlie north~ast corner; it its 79.H rnetrefl. from l1orthcast corner of hom;e (upright part), 
and 57.9 metreH from northwest corner of barn. 

ERtahlisherl J1ily 3, 1~8~1. 
Mr. 1Villiam Holden knows its ]ocatiou. 
R • .J.ll. ,,YFI.-R. M. XVI is in tbetownofTnno, Capfl Cod, Mass. Itisthehighest 

point on the to1J of the one ]nmdrnd and Hixt~Putli milepost, Cape Cod division of the 
Old Colon)T Railroad. The Raid post st.ands close to the trnck on the north side, and 
is about halfway between the village!-! or flppot.R of North Truro and Provincetown; 
it is a rough gra11ite pot1t abont mw foot square, proje(·t.ing five feet ahoye. gronn<l; 
two a.-ljoining facm1 near the top a.re dressed, on each of which :ne the figures "116" 
put on with black paint. 

:Estahlished .July 11, 1889. 
B. ,U. XV II.-B. M. XVII ir,; in the town of Truro, Cape Cod, Mass. It is the high

est point on the top oft.be one hunllrod and seventfmnth milepost, Cape Cod clh-ision 
of the Old Colony Railroad. The said potst sta.udi> close to the track on the north side, 
and is a.bout two and a half mile8 from the depot at Provincetown; it is also just 
east of where the wagon road crosses the track, near the east end. of tl1e dike, at 
Beach Point; it is a rough granite post ahout one foot square, projecting nearly six 
feet above ground; two adjoining faces near the top are dressed, on ea.ch of which 
a.re the figures "117" put on with black paint. 

Established July 11, 188~. 
R. M. XVIII.-B. M. XVIII is on the town line lrntween the towns of Truro and 

Provincetown, Cape Cod, Mass. It is the l1ighest. point 011 the top of the rough 
granite post known as Truro Corner 5, and stands on the northeal'!t side of the dike 
at Beach Point; it projects about. eight~en inches above ground, and has the letter 
"T" cut in the Tnno side and "P" in the Provincetown shie of the post. 

Standing just across the roA.dway (on the southwest side of dike) is a atone poet 
similar in aize and shape, that is ab@ on the town line. 

Establi&h.ed July 11, 1889. ~ 
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T. R. 'bf. 76.-T. R. lL 7() is in the villagt~ of Proviu1·etuwn. (':q>P <'oil. l\la,.;s. It 
i.s the top of the dressed g-ranite post Rtancliug n.t tlw southca><t t•orner of chnreh-yard 
of Centenary lf. E. Church; it i.s the post in which the iron post ot:. tl1e feuee sete1, 
C'orner of Co1nmercial a.ud \Viuthrop street.s. 

Standing just ou the ea.st sidt> of the bench (in \Vin'tlirop ,.;treet) is a rough grauit6 
i10Ht that ii-! ahout one foot 11ig1wr. 

Established ~eptemher 17, 1K8g. 
Ceuferwry Churd1 JJ. M.-A line cut in l1rick fonrnlatlon of Ct'ntenaT~· ~1. E. Church, 

a.t Provincetown, ~Itiss. B. l\I. is 011 ca,.;t si1l1~ of front part of diurch, 1~ metres east 
of front steps; it ii~ on the fourt.h brick from soutlwai-;t corner autl uu the :secoutl 

course below the woodt~n vart of the hnil(liug-, marke(l ll~ ~: 
o~U. 

The B. M. ii:! 27 metn•s uortheast of T. B. M. 76. 
Established June 30, 1~!:10. 
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APPENDIX NO. 10-1891. 

ON OBSERV ATIOXS OF CeRJ{ENTS \YITH THE DIRECTIOX-CURREXT 
METEU IN THE STRAITS OF FLOlUDA AXD IN THE GCLF UF 
¥EXICO, 1891. 

A re1)ort by E. E. HARl\:ELL, Ar1~i:--tant. 

Submitted for publication April 9, 1892. 

The following report on the current observation~ 1nade witl1 th(• 
directiou-eurrent ineter on l>oard tlu.:• Coa~t ·and Geodt>tic 8urvey 
steamer .BW.ke, Lieut. U. B. Vreeland, U. S. Navy, commanding, iu the 
Straits of Florida and the Gulf of Mexico, dul'i11g· tl1e months of Jannar;\~, 
February, March, and April, 1891, is herewith re~pectfulJ~~ snlnnittPll 
for publication. 

The direction-current n-ieter being a recent invention, a joint one by 
Mr. E. S. Ritchie, of compass fame, and the writer, a brief descriptjun 
of it may not be out of place at this point. 

DESCRIPTION OF METER. 
. 

As its name implies, it is an inRtrument for determining the direction 
and the velocity or the set and the dr~ft of a current of running water. 
It records these electrically on registers before the ohseryer, Ro that 
when once in the water it only needs to be shifted fron1 depth to depth 
at which information is required. 

Illustration No. U~ give:;; a general view of the 1neter as it appears 
ready for lowering in the water, tA•getller with its direction and 
its velocity register. In observing a current it is suspended in the 
water fron1 a boat at anehor by a single eable, the core of whil'11 is 
made up of the necessary number of insulated wires f(,rming the 
operating circuits. The armor or covering of the cable furui8he:-:.; the 
necessary teni;:.ile ~trength for ca1Tying the weight of the n1eter and the 
strain brought bJT the friction of the ruuniug water on both meter anu 
cable. 

The velocity wlieel is of the propeller or screw type, conical in front 
to constitute a self-clearing prow tor all debris moving with the eurrent. 

343 
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The rnasR has been concentrated a~ closely a:.. pos:-.ible to its axiK of 
revolution, tl111s maki11g its uwmeut of -inertia a 1ninimnm. 'I'he 
bearings about which the wheel revolves are of large surface and 
entirely under cover. It is impossil>le ibr grit or RaIHl to work into 
them. 1The electric connectiou or the '" n1ake" antl "break" of the 
circuit for transmitting the Humht>r of revolutions of the wheel to the 
(•ouuting· reg·ister in the boat is placed c,.utirely insitle tlrn uwter, where 
H is free from accident and sure of coutact. 

The central chamber or body of the meter is a compass, whose 
11eec1le h; free to assume the magnetic meridian at all times. This 
chamber is filletf with oil, giving stability to aud preventing rust of 
the needle aud other n1echauism. _An expansion hag compensates for 
changes ju temperature and e:o;ta-hlisbeH equilibrium of pressiue 
between the inside and outside of the chamber wile11 immersed. By 
t.l1e use of an electric circuit, tlw angle to the nearest degree between 
t11e direction of the current and the magnetic needle or meridian is 
transmitted to tht> re:pea.ter or direetion register in the boat. The two 
observatio11~ or the "-'clocity and the d·irc_ction of the cur1·en.t can thus 
be taken simnlt.q,neously and repeated at will. 

The m~iin principlei-; ·ke~)t iu view in the design and construction of 
the apparatus are: (1) That it should ofter a minimum of interruption 
to the free flow of water; (2) that nothing sllould be al1owed in 
proximity to the wheel that would tend to create an eddy or whirl; (3) 
that it sliould be e.xtrf•mt~ly sensitive in conforming to the direction of 
the current, both horizoutally anfl vertiea11y; (4) that tht~ current 
pressure should be iuteg-ra.1 and not differe11tial in its action on the 
ineter wheel (the pressure Hurface in this wheel is 44 square inches); (5) 
that the bearings of the wheel i:;;houl-1 be of larg·e surface and so pro
tected that they ma.y be suqject to a minimum of change in form by 
wear, thus n1aii1t.aining a <mnstant ra,te; (6) that it sLon1d not be frail 
hut capable of withstanding rough trea:tment, t.o which tlirough force 
of eirmuustauces it is many times subjected. 

HIS TORI CAL. 

The outfit f<>r 1naking the observations nnder (Iiscussion was one 
desigued tbr river a;ud harbor· currents or where tile depth of water 
would not be likely to exeeed :30 fathoms. It was ta.ken fro1n this 
class of work and placed on hoard the Blake for trial in the open sea 
while she was on one of her reguJa1· cruises in connection with the 
Gulf Stream investigation. Barring a few mishaps, which occurred 
mainly to tbe lowering ca.hie and which could be prevented in future 
observations, the trial was entirely satisfactory and suAtaint•d the 
good record the instrumeut had vrevioniily made. 

The Bla,ke. arrived oll the wo1·king gr-0uncl, a crosA section between 
~hl}liter Inlet, Flmida, and Memory Rock on I.Jittle Bahan1a Hauk, 
January 8, 1891. She spent the i·eruainder of the month in this 
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J0<•ality, waiting rnai11ly f(ff go0<l weather and ohtnininp; only inter
rupted set.s of ob:;;ervations on three station:4, B 1, B 1 ;~, and B:; (see illus
tratiou No. 14). rrhe wind blew nearly a g·ale the larger part of tlie 
time, keeping up such a sea that it wa;-.; impossible to anf'11or. In the 
hope of finding 1nore favorable Wt>at.her in tlie Gnlf of Mexfro the 
JJ/akt· took her tlt•parture fin' that locality a bout J7't•1.wuary l, Rpendi11µ; 
the rest of the sPason in the eaHten1 11alf. ..AJthoug·11 the weather eon
ditions here ·were not all that <·<mld be tlesire<L, quit.P. a numbt->1· of enr
rent i-:;tatio11s we1·e occupied~ at each of 'vhich good sets. of observation:-; 
were obtained. 

For nearly half a century, data from actua.1 observations on the tidt•:'I. 
and the currents of the Gulf of J\(exieo have been accumulating iu the 
Survey~ aucl from time to time they have heen <list·ussed aiul re~nlts .. 
pnbliHhed. A careful pe1·nsal of these reports revealH in nearly every 
iut':trwce t1Jat H satisfactory solution or concln~ion could not be reached 
from the cla.ta iu hand. There was an efomeut usually attributed to 
wind and atmo~plwric presl'l.ure of which tlw.y had no niea~ure. \Vith 
our obi:i.erYations of last winter here to be discussed we nTe in the Ha.me 
couditiou; we lack data, but what we haYe shonld be of Yalue, for it is 
out of a collection of :-itu~h information that eveutnally rnnst couw a 
thorough kuowledge of the circulation of this inland sea. 

DISCUSSION OF OBSERV A 'l'IONS.. 

On the small chart of the Onlf of J\Iexieo and parts of adja.<>ent 
waters aecompanying this report (illustration No. 14) are plotted the 
C1Irreut stations occupied. The arrows, with their figure:'.'l, iudit·ate the 
mean velocity iu knots per hour and tlw diredion of the i:;nrface current. 

Plotted on illustrations Nos. 15 to .:n, i11 which time is taken as the ab
scissa and ve.Jocity as tbe or(linate, are the time-cnrveR of velocity of 
st.atious X 4 , -~{6 , Y 3 , Y 5 , z:i and z 3a, Y aud v~~ a,ud N 3 and N\ together 
with the phases of the moon. The 1atter being represented by the 
usual symbols, its dediuation north or south by its position above or 
below the line of origin of ordinates. aud its npper or lower transit by 
tbe subscript u or l. * 

A careful study of all these tiine~curv~ of velocity reveals ouly in a 
few instances anything resembling a tidal flow. It is difficult. if not 
impossibl{', to pick out any reeurring phenomenon that we t.•nn say 

. belongs to the moon's transit or declination. It n1ay he, bowe-vtc•r, a.nd 
]Uobably is the case, that we have no series of observation~ long 
enough, about twenty-six hours being the greatest at any one time on 
a station, to make any predictions or draw auy conclusions, for during 
that time the winds autl barontetrie gradients might have been such as 
to entirely overbalance normal eouditions. 

"These stations being characterit::1tic of the whole group occupied, the others are 
purposely omitted. 
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The t.ide of the Gulf of Mexi<·o, an inh~.rference: one of three wave~, 
t1uit of the Gulf itself, that of the Caribbea,n Sea, aud that of the At
lautfo by the two entrances, the Channel of Yucatan and Straits of 
Florida, i8 not. well understood, and we cau hardly f'\ay that we know 
what should hf> expectecl. A gla1we at illustration No. 14 will surely 
convince the most i.;keptical tha.t a.11 t11P curreuts there showu could not 
he purely tidal or aJI taking plat~e at the same time. To clem· up thi:;;; 
seeming mass of contradictions, tlw most logical method of procedure 
seems to be to consider all of t110~e statious occupied in auy one trip 
of the vessf~l at sea as a series by tbenumlves, studying them in con
nection with the meteoro1og·ical conditions prevailing over the Gulf at 
the time. Accordingly, t-0 get our data before us for re~uly referenf'e 
and a guide, Table:-\ l a,ud II have been compiled. Iu Table I wi11 be 
fo1iud the date; the na1nt>, of the current station with its latitude, lougi
tude, and depth; the mean velocity atHl the direction of the surfaee 
current; the direction a.nd velocity of the wind and the lnoon's })bases. 
In Table II will be found for the period of observation8 in the Gulf of 
J."1exieo the direction a11d the velocity of the wind and the reading of 
tLe barometer at Brownsville, Corpus Christi, and Galveston, Tex.; 
New Orleans, La.; .Mobile, Ala.; Pensacola, Tampa, and ,Key '-'VeAt, 
Fla.; data kindly furnished us by Prof. Harrington, Chief of the 
'\Veather Btnl~au, from their weather stations bordering the Gulf, to
gether witl1 similar oh8ervations made aboard the vessel at the cur
rent stations. Prof. Harrington ha8 also kindly furuished us a 
c01nplet.e file of the morning and evening weather map for Washing. 
ton, D. C., that has aided inaterially in the discussion, giving at a 
glance a much better idea of the atn10spheric circulation over the Gulf 
than can be obtained fro1n the tabulated data. These, it is to be re
gretted, are too bulky t-0 be here reproduced. 

Befbre euteriug· upou the discussion of the observations, it. seemR ad
visable to call attention to a few points, that we may thoroughly appre
ciate an the conditions. Tbe Gulf on the twenty-fifth parallel is about 
900 nautical n1ileR Jong, aud on the eighty-ninth 1neridian, or between 
tlie Mississippi Delta and the Peninsula of Yucatan, about 450 nau
tical miles wide, and has au average depth of 860 fatho1ns. From sta
t.ion N 1, nearly central in our group, it is about 700 nautical n1iles to 
Tampico, l\f exico, 600 to Corpus Christi, 300 to Pensacola, 200 t;o 

Tampa, and 230 to Key West.. These distances, it will be seen, are 
great enough to per1nit of very difl:ereut atmospheric conditions in 
different parts of the Gulf, causing what we might ca.11 local disturb· 
ane(~s, or the atmospheric gradients 1nigh t be so 1uarke<l as to in voJ ve 
the whole Gulf area. It is only the latter that can be at all considered 
l•ere, and that imperfectly, as our data ,come from one side of the 
Gulf only. 

Unequal atmospherfo pressure and wi~d over anyar~are cause and 
effect, the greater the inequality of' pressure the stronger the wind. 
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Over a water surface unequal atmospheric pn~:-:Rm'f' mid wincl hot11 
heconie canKt>~, :wtiug generall;v~ at au a11gle witlt ea cit ot htw to pro
duce a current. The former iH the equivalent of a head to bt> spent as 
a gravity for(~e in the direetion of the trend of the harometrfr gTa<lit>11t, 
\Vhilt> the latter net:-; by frid.io11 on t11(• surfoee to produee n eurreut in 
it~ •lirectiou. Tlwre is little or uo i11formati011 extant as to tlw curr•·nt 
that auy kuown veloeity of wiutl aucl haTouwtri•: gJ·a(lit•ut will prodnc•(·, 
lllH" i:-;; there a deti11ite enough relation between directio11 of wh1d arnl 
tr':•11d of barometric gradieut to permit of making more than tlw g·eu
pral statement that the current should he iu the direction of tl1e n"'~mlt
a11t of the two forces. 

I11 tlw following but little stress is laid 011 wind8 of k•s:-; ve]o('ity than 
10 milei-:. pPr hour, unless blowing i-<tea,dj]y from 011e (lireetio11 for sev
eral •lays, 01· upon barrnnetric ~"'l·~tdie11t::-:. u1uler three or four teutl1H of 
a11 i 11el1 i 11 a~ rnauy huudred mile!':I<. 

V(•ry freqneutJy we ~ee \Vim.ls along· our coast that rai::-:.e the uwan
sf•a level fbr a time a foot or morfl. _i\_ rh;;e of 011P foot in th(' Gulf area 
11ortl1 of the tweuty-eig·hth paralh~l of latitude meaus enough wah•r to 
maintain the l\Hssisi-;ippi Hiver di:.;;charging at its flood (•apa<'it.y of 
about two million cubic feet per sPcond at ih.; mouths for over seventeen 
da.yi.. of twenty-thur hours each. This wiU conVf'Y l-lome idea of tl1e 
qna11t.ity of water that may ~i.ccumulate in aHy part of tlu-- Gulf nuder 
f(_n·ces from a certain direction, and the curre11t that would lw crl~ated 
when such an accumulation was left to obey gravity or to :;;uch torces 
as accumulated it when c01ning from other <lirectious. 



 

TA'BLE I.-Observations of current . .;; in the Strait.~ of .J?lorida and in the aulf of .Mexico. 

Dute.· Station. 

---·-~ 

189r. 
Jan. JO B5 
Jan. J8~and 19 B1 
Jan, 20 and 21 Bl• 
Feb. 4, 5, and 6 X<J 
Feb. 6 and 7 X3 
Feb. 8 and 9 X4 
Feb. IO and II yo 
Feb. II and 12 y3 
Feb. 23 and 24 ys 
Feb. 24 Y4 
Feb. 25 y:io 

Mar. ll and 12 y"j 

Mat. 19 and 20 z1 
Mar. 20 and 21 I z~ 

Mar. 21 and 22 za 
Mar. 22 and 23 v 
)far. 31 and April I z-;,a 

Apr. 1 and 2 V• 
Apr. 2 and 3 v~o 

Apr. 4 and 5 NI 
Apr. 6 and 7 Nz11 
Apr. iand 81 N3 
Apr. 8 and 9 N" 

I..ongi- Depth 
Latitude. 

tu de. (fath· 
oms). 

I 
---·" --~ -~----

I 

0 ' 0 ' 26 56 79 JO 244 
26 52 79 47 190 
26 52 79 51 190 
23 06 85 05 l, 045 
23 22 I s6 16 I, 86o 
23 58 I s1 09 404 
25 34187 12 1, 874 
26 09 86 03 11 825 
25 48 86 44 11 8oo 
25 57 i 86 26 l,750 
:26 06186 08 I, 800 

26 23 85 33 1,800 

27 35 85 39 I, 182 
27 2l 86 15 1,76o 

26 55 86 48 l,700 
26 25 86 27 I, 700 I 
27 02 86 47 l,700 
26 34 86 15 I, 756 

26 10 85 57 I, 800 

25 44 85 46 I, 800 I 

25 II 85 33 Ii 800 I 
24 55 85 o6 I, 850 I 
24 32 84 49 2,000 I 

i 

----~---· --- --~----~-~ , ____ --~-··------------------
Mean velocity and direc. 
tion of surface current. Direct on and velocity of wind. Moon. 

---------1---------~------------------·· !------------------
Knots 

per I Set. 
hour. 

\ 

---1 
i 

·87 N. 
3·49 N. 
2·44 N. 
·9r SE. 

• 

·86 NW. by N. 
1·97 NW. 
1·01 NNW. 
3'27 SE. by E. 

·57 SW. by S. 
I ·29 SE. by E. 
2·3r SE. by E. 

{
*SSE_. 

'69 SSW. 
·88 NNW. 

1·89 '· NNW. 
!{*NE. 

·95 i ESE. 
2·09 ENE. 

·75 ENE. 
1·63 NE. 

8 {*NE. 
·4 , W.byS. 

1·30 I SW. 
2·09 SW. by S. 
3·08 NE. by E. 
1·74 NE. 

Miles per 
hour. Direction. 

I , 

Phase. 

~--~~:- 1-~-----

} 

4 to 12 
JO to 18 
4 to 12 

JO to 20 
JO to I5 
JO to 20 
15 to 18 
5 to 15 
5 to 10 

5 to 15 
IO to l 5 

5 to 15 

0 

2 to JO 

} i IO to 18 

2 to 8 
3 to 5 

10 to 15 

} 4 to 12 

JO to 15 
5 to IO 

5 to IO 
IO to 18 

j SE. New. 

I 
*\VSW. a~1d NW. l:!rst quarter. 
E. and SE. F mt 11uarter. 

I
' ~~· hy N,. and E. Last quarter. 

SE. an<l S. Last quarter. 
\ SE .. and SE. by S. Last qu::i.rter anil new. 
I ~E. by K . ~ ew. 

I E. bv S. and SE. New. 

1 
ENf:. and E. First quarter anrl full. 

'i E. and ESE. Full. 
~~E. and .SW. F~ull. 

I
. Sh. and S. by W. New. 

First quarter. 
1 N. by W. to SW. by S. I First quarter. 

W. and NNE. 

1 

First quarter. 

NNW. and N. by E. First quarter. 
S., SW. and SSE. I Full. 
SSE. and SSW. Full and last quarter. 

~w. by r K. . . ~ I Last quarter. 
N. by \\.and NNF~. Last quarter. 
NE. and E. by S. Last quarter. 
SE. Last quarter. 
E. and ESE. New. 

I 
! Dec1i-
nation. 

I 
----1 

:5 S. ! 
15 K 
23 N. 
25 S. 
25 s. ' 
20 s : 
I I s: I 

I 

0 

I 

25 s. 
18 s. 
6 s. 
2 s. 
4N. 

------------ ----'--'-nm~---~··----· ---·-·"·--· --~~~---~--- -

* Directions betwe~n t.}iese limits reckoue\l in r1zinrntb. 

~ 

~ 

~ 
l./) 

() 
0 
> 
Ji .., 
Ii>-z 
t1 

0 
trj 
0 
tl 
trj 
~ ...... 
0 

\.fJ 
q 
~ 
-1 
trj 

~ 
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TABLE II.-Obsen:ation8 of currents· in tlte Gulf of Jlexico.
.. Llf eteorological data. 

\ - At Current Station. I Brownsville, Tex. 

\---------...,.---------' -·-----~----------··----- ---~ 
1 'Vind, diJection, and ve- \Vind. direction, and Date,'
1
' 1 Barometer 

locity (in miles per I velocity (in miles Barometer re
duced to sea. iS91.i hour). / (aneroid). per hour). 

1 ___________ , i~--------~----

\ 
i I , I 

8 a. m. 8 8 18 8 8 !g '8 p. m. a. m. 
1 

p. m. i a. m, p. m. 1 a. m. i p. m. 

·-----! ! I I ___ .... __ 
i I 

Feb. I 
I 

2 

3 
4 
5 

I , I I 
~
SE. 
s. 
N\V. 

7 
3 

10 

NE. 
s. 
"."\. 
:!'\. 
s. 

8 30·046 
12 29·999 
16 ·926 
10 30·382 

30-052 
29·904 

: 30·208 
. ·298 

6 
7 
8 
9 

IO 

I I 

12 
13 
I4 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 

Mar. 
I 

2 

3 
4 
5 
6 
7 

KE. 

SE. 
SE. 
SE. 
SE. 

I I 
] ~I·~· ~1yX11 l 

14 , ENE. 9; 30·17 

SE. 
9 SE. 

11 SE. 
14 

9 SW. 

4j 

·:I 
29·93 
29·93 
30·.::6 
30·12 

30·13 
30·13 

29·98 
29·93 
30·02 

30·14 

SE. 
E. 

14 ESE. 

I 
9 I 30·16 
2 I 30· 14 30· w 

ENE. 9 E. hy N. 9 
ESE. 4 

SE. 11 SW. II 

SE. 9 SE. 9 

3o·o6 

30·02 

s. 
SE. 
s. 
N. 

S. 
N. 
N. 
NVl. 

s. 
s. 
s. 
s. 
s. 
N. 
W. 
s. 
s. 
NE. 

w. 
E. 
s. 

s. 
s. 
s. 
N. 
N\V. 
s. 
s. 

12 

0 

l I 
2 

IO 
0 

12 

0 

4 
10 

5 
4 

6 
9 

10 

18 
6 

12 

7 
10 
20 

12 

s. 
E. 
s. 
N. 

E. 
NW. 
N\V. 
N. 
E. 

SE. 
SE. 
s. 
s. 
NE. 

NE. 
E. 
s. 
s. 
E. 

13 NE. 
7 s. 
8 SE. 

7 
10 

29 
12 

4 
16 
12 

SE. 
s. 
s. 
N. 
SE. 
SE. 
E. 

9 ·172 

19 29·917 
7 29·786 
9 ·747 

16 ·850 
0 30·371 

6 
3 
3 
6 
4 

·070 
29'90l 
30·043 

· t 5 I 
·086 

9 29·963 
6 29·899 
9 ·893 

16 ·843 
14 ·737 

·003 

: 29·723 
·737 

' ·720 
: 30·227 
\ ·214 

I 

I 29·931 
! ·939 
: 30·159 

·o79 
: 30·000 

\ 29·868 
i ·870 
: ·844 

·754 
·803 

10 ·931 , 3o·o61 
7 30· 153 ' ·004 

18 29·987 : 29·901 
20 ·861 ·704 

7 ·828 ·819 

7 30·292 : 30· 391 
13 ·203 ·114 

9 ·156 ·217 

9 ·198 
21 ·095 

4 29·846 
6 30·01 r 
5 29·846 
6 ·701 

5 ·570 

· 124 
'29·926 
! ·874 

·949 
·741 
·535 
·525 
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J 

TABLE II.-Obserration.fi <~f currents ·ui the On{( of Me.rico.
~1b>foorological do.ta-Continued. 

A.t Current Station.. Bro\vnsville, Tex. 

I --------------- ---------c---------
1 i 
: l \Vind, direction, and ve- · \Vind, direction, and Bai·<Jineter re 
! D.1te' l . (' .. Barometer 1' l . (" .1 : 'i oc1tv 1n m11es per ve oc1ty in m1 es I 189Ll _ _"o•~I~ _ --- (aneroid). ( __ P_e_r_h_o_t_ir __ )_. ______ d_u_c_e~to se~~---

' 8 a. m. 8 p. m. 8 a. rn~ / S p. m. j_s_a._n_1._ ~8--p_._m_. __ s_a_._1~~ _s_p_._1:.-

l\Iar. I 
8 
9 

IO 

I I 

12 

11 
,) 

14 
15 
16 
17 

18 
19 
20 

21 
22 

23 
24 
25 
26 
27 

28 
29 
30 
31 

Apr. 
I 

2 

J 
4 
5 

6 
7 
8 
9 

IO 

SSE. 
S. by E. 15 

SW. 2 E. 
SW, 9 \V. 
NNE. I I ! J\'.N\\'. 

N. hy E. 4 / 

S. 4 SW. 

s. 
SSW. 
NNW. 

l'iN\V. 

ENE. 
SE. 
E. 

4 S. 
15 N\\T. 
14 

41 ~w. 
NE. 

I SE. 
9 ESE. 

I.I 

30·00 

0 

7 30·04 

I I I 29·95 
z I 29·92 

I 

I 
9 
4 

9 
17 

4 
9 

II 

29·95 
29.93 
29·98 

30·14 

30·26 
. 10·16 I 

J0'05 

30·01 

N'E. 
N. 

SE. 
E. 

N 
1\"\V. 
E. 
K. 
N. 

s. 
30·04 x. 
30·04 N. 
29·92 s. 
2 9·94 E. 

S\V. 
SE. 
N. 
x. 
S. 

s. 
S. 
s. 

29·98 NE. 

29·9.7 I S\V. 
2 9·97 N. 

30·1 I 
30·17 

30·28 
~0·20 .) 

30·14 

N. 
N. 
NE. 

I SE. 
\ ~· Is. 
Is. Is. 

16 NE. 
IO SE. 
o SE. 
7 I SE. 
I' N. 

12 N 
7 E. 

16 N. 
to N. 
4 SE. 

4 SE. 
20 X. 

6 SE. 
3 E. 
I SE. 

JO SE. 
9 E. 

12 N. 
6 SE .. 
7 S. 

IO S. 
17 s. 
5 s. 

15 E. 

4 E. 
24 N. 

9 NE. 
6 E. 
6 E. 

7 ls. 
10 IS. 
13 Is . 
1211 

SE. 
5 E. 

5 

~! 8, 
16 i 

12 

3 
15 
8 
6 

12 

7 
9 

12 

7 
IO 

IJ 
9 

IO 
IO 

IO 

15 
9 
6 
5 

30·003 
·347 

29·933 
·SSS 

30·320 
·313 
·063 
·246 
·064 

29·869 i 
30·013: 
30·037 j 
29·986. 

·943 

·792 
·714 
·8991 

30-1271 
·044 

29·833 
·789 
·745 
·924 

·$37 
30·161 

·294 
30·395 

·397 

30·109 

·3o7 
·056 

29·870 
·980 

30·294 
'2ll 

·031 
·179 

29·864 

·873 
30·081 
29·944 
30·031 
29·859 

·692 
·793 
·986 

30.028 
29·917 

29·802 
·6q1 
·688 
·859 

·891 
30·209 

·221 
·263 
·397 

13 ·334 ·123 
15 ·044 29·q59 
15 ) 29·931 ·871 

7 I ·920 ·912 
91. ·958 .30·028 
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TABLE IL-Observations <~( currcnfa ·ln tltl' Gu{f of _Jfr.rico.
M eteorologica.l da ta-coutiu ne{l. 

Corpus Christi, Tex. Gaheston, Tex. 

_Date, \Yind, direction, and ve- ! Barometer re- \Vind, direction:-an;-i 
1 8 locity (in miles per , dlic····l to sea. velocitv (in miles l 1 

9
1. ___ h_o_u~~-- ------------------- ·--=-- --~I~)e_r _1l_~~1r). 

I 
8 a. m. 8 p. m. 8 a. 111. f s p. m.: 8 a. m. 

--- -)- :-~ 

I
/ Feb

1
. / I i 

j NE. 6 E. I 6 30·086 j Jo·o87 i 

I 
2 1 E. 6 SE. 12 ·019 I 29·908. E. 

NW. 
NE. 
SE. 

3 l NE. 8 N 22 29·987 30·267' 

I
I 4 N. 12 NE. 18 30·431 ·335: 
I 5 NE. 9 NE. 5 ·201 ·008 

I ! l JO 

, 11 

I 12 
13 
l4 
15 

~E. 

s 
N. 
N. 

N. 
s. 
1\W. 
NW. 
N\V. 

16 s. 
17 s. 
t8 s. 
19 SE. 
20) SE. 

ZI I N. 

~: 11' ~~-f~. ·' 24 s. 
25 N. 

6 
0 

9 
26 
12 

6 
2 

12 

10 

9 

s. 
.s. 
E. 
NW. 
N. 

N. 
N\V. 
N. 
NW. 
SE. 

9 SE. 
13 SE. 
12 SE. 
15 SE. 
13 x. 

9 N. 
18 SE. 
6 SE. 

17 SE. 
12 NW. 

15 
6 

IO 

17 
4 

4 
9 
7 

IO 

9 

18 
IJ 
21 
21 
12 

7 
19 
24 
24 
24 

29-897 
·794 
·742 
·999 

30·392 

·105 
2 9·935 
30·107 

. 179 l 

·062 

29·964 
·899 
·qq 
·884, 
·728 

30·007 
. I 35 

2 9·987 
-849 
·873 

29·737: 
·749 
·759 

30·278 
·278 

29·952 ,i 

·967: 
30·156 

·100. 

29·991 1 

s. 
S\V. 
s. 
N\V. 
NE. 

SE. 
s. 
XW. 
NE. 
N\V. 

·861 s. ~ 

·865 s. 
·891 ~
·769 • SE. 
·811 •SE. 

30·076 : N'\V. 
·035' E. 

29·883 SE. 
·701 s. 
·807 w. 

0 
12 

r ; 
20 l 
si 

I 

81 

I~ f 
24 
24 

13 
12 
16 
9 

4 
8 
3 

14 
12 

16 
16 
9 

12 
6 

I 26 IN. 
27 I SE. 
28 s. 

16 NE. 
10 SE. 

3 SE. 

8 
19 
5 

30·379 30·398 
·312 ·104 

N\V. 36 
S. II 

Mar./ . 
1 I SW. 
2 s. 
3 s. 
4 N. 
5 N. 
6 NE. 
7 SE. 

4 SE. 
6 SE. 
5 N. 

13 - N. 
8 IE. 

I~ i ~~ 

19 
29 
24 
13 
6 

12 

30 

. 189 ·231 S\V. 8 

·218 
·689 

29·862 
30·097 
29·866 

·748 
·577 

·114 NE. 
29·8g8 I S. 
30·009 i S\V. 
29·979 I l'E. 

·76Q I E. 
·660 I s. 
·698 s. 

! 

3 
Io ' 

9 
24 
7 
4 

12 

8 p. rn. 

SE. 3 
S. 10 
K. 28 
E. 8 
SE. 12 

S\:V. 9 
SE. 5 
SE. IO 

NW. 28 
0 

0 

N\V. 12 
NE. 12 

N. 24 
0 

S. 9 
S\V. 6 
SE. 12 

SE. 13 
NE. 6 

N. i2 

S.E. 14 
SE. S 
SE. IO 
N\V. 10 

N. 18 
s. 13 
\V. 6 

s. 9 
s. 12 

N\V. 22 
NE. 22 
s. 12 
s. 12 
N\V. 26 

Barometer re
duced to sea. 

8 a. m. 8 r- m. i 

! ; 

3o·o99; 
·067: 
·004 
·404 
·242 

29·947 
·807. 
·803 i 

·956 ! 
30-341 i 

· 154 .' 
29·952 
30·059; 

·150: 
29·970. 

·989 
·949 _ 
·998: 
·q79 
·839 

·930 
30·153 

·u23 
29·907 

·827 

30·288 
·349 
·208 

30·120: 

29·936: 
30·218: 

·361: 
·079. 

29·7~5 
·772 
·827 ! 

30·219 
·221 

-024 
29·984 
30·132 

·018 
-008 

29·909 
·921 

·968 
·884 
·802 

30·077 
·102 

29-946 
·782 
·804 

30·378 
·170 
·253 

·163 
29·976 
30·009 

·009 
29·757 

·745 
·677 
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TABLE Il.-Obsercations of current,., in the Gulf of .ftfexico.
Jlleteorological data-contiuueu. 

Corpus Christi, Tex. Gal \·eston, Tex. 

Date,

1

. \Vind, direction, and ve· i Barometer re- !-,-\-'i_n_d_, -d--i-re-c--ti-o·-11-, _a_n_d~l--B~_r_o_m_e-te~-1-_e-- i 
1891 . 

locity (in miles per ! , velocity (in miles 
1
, 1 

- !I, duced to sea. !I duced to sea. 'I 1 hour). . per hour). I 

8 a~-m-.---i--8~p.-m--. -18 a. m 8 p. m. j 8 a. m. I 8 p. m. ,-8-:~.~ 8-p.: I 
-M-a8-r.-i-N-\_V ____ 1_8_1_N_. ___ 1_4_ 1_3_0_·_0_40- -~-0-J_N_.~_2_6_ I _N_~_\_V_. _2_0_!_2_9--9-3-: -30·~8-9 1 

9 N. 4 I SE. IO ·390 ·306 I N\V. 12 l s. 6 i 30·327 ·300 
10 \V. 7 j SE. IO ·232 ·075 j SE. IO ' SE. 16 I ·305 ·138 
II S. 3 SE. 13 29·957 29·gor 1 S. 6 j' SE. 8 / ·005 29·9w 
I2 :i"\"E. 18 1 !'I. 23 ·922 30·135 i E. II , N. 28129·952 30·036 

13 N\V. IJ 1
1 

N. IO 30·369 ·3531 N. 24 l N. 12 I 30·304 ·313 
14 ' N. 13 E. 25 ·390 ·282 I E. 16 I E. 13 I ·428 ·368 
•5 E. 24 I N. 24 'I45 ·146. NE. 18 l NE. 22 I ·333 ·203 

16 N. 08 I SE. 9 ·293 ·178 N. 16 I NE. ·431 ·232 ·155 
17 E. 8 ·082 i 29·875 NE. 3 I SE. ·096 29·913 

! I 
18 SE. 2 I SE. 7 29·887 ·896 s. 4 I s. 12 i 
19 N. 346 I N. 5 30·117 30·103 N. 18 i N. 6 I 
20 N. E. 9 ·052 29·936 N. 4 ', S. 6 j 
21 N. 11 i SE. 5 ·064 30·028 \V. 8 ! N\V. 2 I 
22 s. 4 ! E. 30 2~·952 j 29·841 N\V. 4 l SE. 14 I 

24 ! E. 12 ·818 t 23 NE. 
24 I SE. 
25 N. 
26 N\V. 
27 

28 
29 
30 i 

SE. 
SE. 
SE. 

31 I N. 
Apr. 

I 

3 
4 
5 

6 
7 
8 
9 

IO 

E. 
N. 
N\V. 
NE. 
NE. 

SW. 
s. 
s. 
SE. 
SE. 

9 SE. 9 --754/ 
23 N. 12 ·982 !' 

Io N\V. 4 30·163 
o SE. 17 ·0781 

9 
15 

SE. 19 29·91 I ! 
SE. 16 ·794 

7 
12 

SE. 6 ·760 
E. .z4 ·974 

6 E. 
23 N\V. 

9 SE 
19 l SE. 

6 j SE. 

6 SE. 
Jo SE. 
11 SE. 

12 l SE. 
3 SE. 

6 ·861 
5 I J0"228 
5 ·341 
9 ·354 

12 ·479 

24 
24 
18 
8 

)() 

·363 
·049 

29·954 
·966 

J0'090 

·735 N. 
·830 SE. 

30·026 N. 
·011 N. 

29·909 NW. 

·818 
·747 
·736 
·878 

·900 I 

30·2591 
·233 
·330 
·380 

·127 
29·930 

·918 
·998 

30·059 

I 

s. 
SE. 
SE. 
NE. 

E. 
N. 
N. 
N. 
NE. 

S\V. 
s. 
s. 
SE. 
s. 

4 
12 

E. 
SE. 

23 N. 
16 I N. 
4 s. 

12 

13 
13 
12 

II 

24 
24 
22 

14 

3 
9 
8 
8 
I 

S. 
SE. 
s. 
SE. 

E. 
NW. 
N. 
N. 
SW. 

s. 
s. 
SE. 
SE. 
s. 

12 
13 
13 
20 
12 

I2 

14 
12 

12 

5 
9i 

18 I 

12 i 
9J 

19 
12 

20 I 
12 

9i 
I 

·014 

·oo6 

29·882 
·837 
·985 

30·055 
·095 

29·91 l 
·867 
·817 
·967 

·S79 
30·166 

·302 
·371 
·443 

·379 
• 117 
·023 

. :~~~I 

·888 
30·067 
29·966 

·996 
·889 

·812 
·834 ! 
·978 

30·001 
29·957 

·934 
•823 I 

·732 
·901 

·884 
30·181 

·197 
·290 

·348 

·194 
30·000~ 

·001 

·039 
·ogo 



 

I 
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TABLE 11.-0bseri~ations of currents in the G1tlf of Mea.:ico.
j)J eteorological data-Continued. 

New Orleans, La. I Mobile, Ala. J 

~~~~~~~~___,-!~ ! I l 
Date. 'Vind, direction, and ve- Barometer re- I \Vind, direction, and i Barometer re- i 

8 -1 locity (in miles per duced to sea. I velocity (in miles duced to sea. I 1 91.I hour). per hour). 
I I 

8a. m. 8p. m. 
~-1-

8 a. m.
1 

8 p. m. 8 a. m. 1-8-p._m_._.., _ 1
1
_s_a_ .. _m_.

1 

-~-P-· m_. · -, 
F•11 

4 
5 

6 
7 
8 
9 

IO 

II 
12 

13 
14 
15 

16 
11 
18 
19 
zo 

NW. 
E. 
s. 
NE. 
NE. 

SE. 
SW. 
s. 
s. 
N. 

NE. 
SE. 
E. 
NE. 
SE. 

s. 
s. 
s. 
SE. 
SE. 

21 N. 
22 NE. 
23) NE. 
24 SE. 
25 SW. 

26 
27 
28 

Mar. 
I 
2 

3 
4 

~ 
7 

w. 
NE. 
SE. 

NE. 
s. 
s. 
NE. 
E. 
s. 
SE. 

9 
8 

IO 

20 

3 

N. 
s. 
NE. 
NE. 
SE. 

8 s. 
9 s. 
6 s. 

16 I s. 
181 NE. 
IO E. 
12 s. 

6 NE. 
14 NE. 
24 j SE. 

4 
5 
6 
9 

14 

I 

13 
8 

IO 

9 

S\V. 
S\V. 
SE. 
SE. 
s. 
NE. 
E. 
SE. 
s. 
s. 

20 i N\V. 
12 I SE. 

I2 j s~. 
4 j SW. s s_ 
7 s. 

16 NE. 
10 S. 
8 SE. 

19 s. 

H. Ex. 43, pt. 2-23 

4 
9 

12 

IO 
8 

IO 
10 

IO 

15 
5 

9 
12 

9 
16 
. 8 I 

s I 
5 I 
8 

12 
20 

22 
4 

15 
II 

9 

3o·o6o 
·110 

29·980 
30·390 

·317 

·018 
29·820 

·918 
·95 1 ' 

30·207 

·189 
·052 
·056 
·164 
·o65 

·oog' 
·001 I 
·087 
·ms I 

29·939. 

·824 
30·219 

·131 
·022 

29·810 

19 ·961 
8 ~ 30433 
II 

12 
12 
10 
12 
19 

9 
22 

·286 

·278 
·204 

29·986 
30·097 

·024 
29·910 

'17f:l 

30· 131 s. 
·026

1 
N. 

·1261 SW. 
·373 N. 
·182

1 

NE. 

29·851 i N. 
·839' \V. 
·946. s. 
·994: s. 

30·2071 N. 

·116 i N. 
·010 i, s. 
·131 l 
·138 j N. 
·o65 I SE. 

29·9751 s. 
·978 ! N\V. 

30·085 I' s. 
·033 SE. 

29·8-'l.4 ! SE. 
! 

30·024 \ S\V. 
·183 l N. 
·o69 E. 

29·898 / SE. 
·6771 s. 

30·2851 N\V. 
·325 NE. 
-,215 E. 

·204 1 N. 
·077 ! s. 

29·969 ! s. 
30·103: N. 
29·894' E. 

·850 s. 
·673 s. 

10 N. j I 30·038 30·149 
4 

II 
s. JO I ·167 ! ·071 
N. I 5 29.990 ·099 

20 
6' 

N. 9 30·384 ·380 
SE. 14 ·385 ·239 

4 
8 
6 

12 
20 

5 
8 
0 

12 
II 

II 

4 
6, 

61 12 

s. 
s. 
s. 
N. 

N. 
s. 
N. 
NE. 
SE. 

s. 
s. 
s. 
SE. 
s. 

I 
6 IN. 
8 i N. 
5 I SE. 
6 I s. 
5 1 S\V, 

i 
12 j NW. 

8 i s. 
7 l s. 

8 
4 

12 

15 
6 

IO 
14 

NE. 
s. 
s. 
NE. 
SE. 
E. 
s. 

I~ I 
12 \I 12 

12 

3 
6 
4 

II 
20 

IO 

9 
8 
9 

15 

16 
7 
4 

15 
12 

12 

7 
12 

2 

15 
6 
4 
7 
8 

15 

·ogo 
29·832 

·952 
·992 

30·187 

·213 
·089 
·075 
·216 
·191 

·044 
·040 
·101 

·149 
·010 

29·862 
30·210 

·168 
·o6o 

29·838 

·853 
30·433 I 

·355 

·289 
·215 

29·993' 
30·135 

·o85 
29'925 

·864 

29·862 
·86o 
·990 

30·010 

·194 l 
·134 
·050 
·131 
·186 
·083 

29·985 
·982 

30·116 

·097 
29·867 

29·981 
30·170 

-·o88 
29·915 

·662 

·21 I 
·078 

29·965 
30·114 
29·970 

·921 
·758 
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TABLE II.-Obscr,vations of currents in the Gulf of JJiexico.
M eteorological data--continued. 

Pensacola, Fla. I Tampa, Fla. 

---·-- ··-~ 

Date, \Vind, direction, and ve- Barometer re- \Vind, direction, and I Biuomctcr re-
1891. 

lo city (in miles per duccd to sea. velocity (in miles duced to sea. hour). per hour). 
~ 

8a.m . . 8p.m. 8a.m. 8p.m. 8 a.m. 8p.m. 8 a. m. IS p. rn. 

~~ ~~·~ 

Feb. 
I SV\T. 8 N. 9 30·043 30·136 SE. 4 ,v. 6 30·184 30· 194 
2 E. 7 s. IO ·147 ·077 NE. I \V. 2 ·237 ·173 
3 S\V. 6 N. I I ·012 ·075 SE. 4 S\V. 4 ·122 ·085 
4 N. 19 NE. 9 ·335 ·381 NW'. l I N. IO ·187 ·278 
5 NE. 16 NE. 9 ·368 ·233 NE. 10 NE. 4 ·327 ·242 

6 E. 8 s. 8 ·077 29·888 N. I \V. I ·159 ·023 
7 SW. 19 S\V. IO 29·839 ·866 SE. I S\V. 3 29·992 ·015 
8 SW. 5 SE. 9 ·965 30·014 SE. 3 0 30·073 i "I I 2 

9 S. 9 s. 9 30·027 ·o~ l SE. 2 S\V. 3 "17 I ·149 .) 

10 N. 16 N. 14 ·132 ·190 s. 7 S\V. 3 ·182 ·156 

II NE. 14 SE. 8 ·198 ·148 S\V. 2 \V. 6. ·192 ·176 
12 s. II SE. 9 "I I 2 ·076 SE. 4 \V. I ·210 I ·150 

13 NE. 7 NE. II ·057 ·122 E. 3 \V. 6 ·148 · 135 
14 NE. 12 E. 15 ·197 ·204 NE. 4 NE. 12 ·219 ·209 
15 E. 21 SE. 16 ·193 ·130 E. 10 E. JO ·251 "235 

r6 SE. 7 s,v. 14 ·066 29·998 SE. I I S\V. 6 ·220 ·138 
17 0 S\V. 7 ·030 ·994 s. 6 S\V. 2 ·155 • 122 
18 SW. 4 SE. 6 ·109 30·138 E. 2 ,v. 6 ·192 ·18o 
19 SE. 9 SE. JO ·174 ·104 SE. J E. 4 ·249 ·166 
20 SE. 21 s. 14 ·036 29·889 E. 4 S\V. 5 ·158 ·041 

21 N. 9 N. 12 29·847 ·938 SE. II S\V. I 29·968 29·963 
22 N. 16 NE. 12 30·195 30·162 NE. 3 NE. 11 30·06o 30·125 
23 E. 16 SE. 7 ·186 ·112 NE. 6 NE. 8 ·134 ·100 
24 SE. 19 SE. 14 ·086 29·936 NE. 8 E. 4 ·104 30·000 

25 S\V. 9 S\V. 15 29·827 ·681 E. 4 S\V. 6 29·952 29·838 

26 W. 12 N\V. 9 ·8o6 30·210 S\V. 15 N\V. 13 ·793 30·045 
27 NE. 20 SE. 9 30·526 ·342 N. 7 NE. 6 30·373 ·362 
28 SE. 17 SW. II ·362 ·250 N. 6 NW. 4 ·424 ·325 

Mar. 
I N. 6 S\V. 14 ·272 ·230 N. 4 N\V. 4 ·328 ·264 
2 E. 3 SW. 12 ·222 ·101 NE. I NW. 5 ·271 · 1 93 
3 s. IO SW. IO ·019 29·973 E. I S\V. 4 ·169 ·118 
4 N. 19 NE. 9 ·o69 30·105 s. 4 N\V. I ·098 ·105 
5 E. 18 SE. 6 ·085 29·988 E. 4 \V. 3 •J 52 ·091 
6 s. IO SE. 12 29·947 ·930 SE. I \V. I ·070 ·005 
7 SE. 17 SE. 16 ·853 ·784 SE. 4 S\V. 5 ·013 29·946 

I 
j 



 

356 U. S. COAST AND GEODETIC SURVEY 

TABLE II.-Obseri~ations of c·urrents in the Gulf of Memco .. -
Meteorological data-continued. 

Pensacola, Fla. Tampa, Fla. 

\Vind, direction, and ve· I \Vind, direction, and 1 
Date. locity (in miles ! Barometer re- velocity (in miles \ Barometer re-
1891. 

per l duced to sea. duced to sea. hour). per hour). 

I f 
I 

8 a.m. 8p.m. 8 a. m. ; 8 p. m. 8a.m. 8p.m. 8a.m. Sp.m. . 
-- I 

Mar. 
8 s. 18 N. 16 29·752 i 29·832 SE. 10 s. 7 29·970 29·943 
9 NW. 16 N\V. 9 30·114 l 30·271 s. 8 N\V. 7 ·998 30·131 

IO NE. 17 NE. 7 ·388 ·268 N. II ! NE. 12 30·297 ·231 
II NE. IO NE. 9 ·1781 29·951 NE. 

IO I SE. II ·198 ·052 
12 NE. 6 SE. 5 29·969 ·900 SE. I; i SE. 3 ·013 30·000 

i 
; 

13 NW. 24 N\V. 9 ·998 j 30· I 75 s. NW. 9 29·963 ·012 
14 N. 6 N. 9 30·368 j ·372 N. 61 NW. 6 

I 
30·277 ·292 

15 NE. 17 N. 2 ·4o5 I ·313 I NE. II 

I 
E. 9 ·365 ·273 

I 16 NE. 16 N. 16 •219 I ·084 ~ NE. 12 E. 8 · I8I 29·9391 
17 NE. 9 SW. 4 ·o33 29·947 \ NE. 6 N. 6 29·904 ·890 

I 18 E. ~I SW. 6 29·956 ·930 NW. 6 \V. 5 ·945 ·9791 

I 
19 w. SW. 9 30·022 3o·ciog E. 4 w. 2 30·072 30·06o 
20 NE. 7 SW. 7 ·ogo 29·994 N. z SW. 4 ·102 ·155' 
21 SW. 2 NW. 12 29·890 ·801 s. 41 \V. II 29·984 29·821 
22 NW. IO NW. 7 ·946 ·goo NW. 41 w. 5 ·910 ·851 

2" NE. 6 'S\V. 7 ·928 ·887 \V. 3 \V. 3 ·900 ·874 .> 
24 NE. 8 SE. 5 ·919 ·932 NW. 4 \V. 4 ·964 '955 
25 SE. 14 NE. 12 ·987 ·951' NE. 4 w. 3 30·056 30·030 
26 SW. 15 SW. 17 ·814 ·775 / SE. IO SE. 9 ·028 29·90z 
27 NW. 17 w. 6 ·948 ·880 w. IO w. 8 29·912 ·<)08 

28 N. 9 W. 5 ·990 ·955 NW. 4 w. 5 ·957 ·989 
29 E. 7 SE. 3 30·051 30·036 NW. 4 NW. 4 30·088 30·047 
30 SE. 17 SE. 23 ·006 29,891 NE. 6 NE. l ·126 ·043 

' 31 SW. 20 0 0 29·866 ·905 SE. 12 SW. IO ·020 ·013 
'Apr. 

E. ·962 ·885 s. SW. I E. 7 II 4 4 ·033 ·007 
2 NW. IO N\V. 20 ·886 ·963 SW. 8 w. 6 29·970 29·910 
3 NW. 4 NW. 6 30·118 30·021 NW. ll NW. 6 30·000 30·018 
4 NE. 13 N\V. 9 ·210 ·218 N. 10 NW. 3 ·103 ·16o 
s N. 12 N. 9 .. 328 ·281 N. 8 w . s ·252 ·176 

6 0 w. 12 ·3B9 ·247 NE. II NW. 6 ·383 ·313 
7 N. s SW. s ·236 ·141 SW. I w. 4 ·327 ·241 

8 sw: 2 SE. 9 ·173 • 181 NE. 5 N. 6 ·283 ·219 
9 SE. IO I SE. IJ ·218 ·208 E. 3 E. 8 ·291 ·243 

IO SE. I2 E. 21 ·194 ·193 E. 6 w. 6j ·289 ·229 
I 
I 



 

REPORT FOR 1891-PART II. 357 

TABLE II.-Obse~ntions of currents in the Gulf r~f _]fexfro.
JJ[eteorological. data-Continned. 

Key \Vest, Fla. Key \Vest, Fla. 

-·~~·~~--------------------------- r: 

Date. \Vind, direction, and 

1891. velocity (in miles 
per hour). 

8 a.m. 8p.m. 

Feb. 
I SE. 6 E. 8 

SE. 8 
SE. 5 
NE. 14 
E. 14 

2 

3 
4 
5 

E. 8 
SE. 7 
NE. 6 
NE. 24 

6 NE. 
7" SE. 
8 SE. 
9 SE. 

10 SE. 

9 NE. 
6 I SE. 
s·1 E. 

12 l E. 

6 
3 
9 

12 

5 

12 

16 
8 

II E. 
12 E. 
13 SE. 
14 F 
15 E. 

,:5;11 !:: 
E. 13 

16 SE. 
17 SE. 
18 SE. 
19 E. 
20 E. 

21 
22 

23 
24 
25 

26 
27 
28 

Mar. 

SE. 
N. 
NE. 
N. 
E. 

SW. 
N. 
NE. 

24 \, E. 24 

16 E. 
81 E. 

12 E. 
12 

10 

E. 
SE. 

12 

9 
19 
19 
12 

9 SE. 5 
20 NE. 8 

3 . NW. 14 
5 IN. 5 
I I E. 3 

13 I N\V. 26 
25 \ NE. 20 
14 NE. 14 

I NE. 12 
2 NE. 13 
3 NE. 12 

4 SE. 3 
5 E. 4 
6 SE. 6 

NE. 
NE. 
SE. 
SE. 
E. 
SE. 
F~. 

6 
4 
5 
4 
8 
6 
8 7 SE. 9 

Barometer re- \ Dale.I \Vind, direct_ion, ~nd 
\' 

8 
veloc1tv (111 n11les duce<l to sea. , : I (}I • l: · · perhour). 

----r-~---- i1 

8 a. m.18 p. m .. : 
. I' 

! 
8 a. m. : 

t 
J ------ ----r-~ --

1: Mar. 
30·167 30·168 J 8 SE. 9 

·194 ·140 1! 9 SE. 8 
·105 ·088 !1 JO NE. 13 
·126 ·174li II ~E. 12 
·228 ·156 \I I:! SE. 12 

·n6 ·007 I: 13 S. 6 
29·983 29·999 lj 14 N. 28 
30·064 30·089 j, I 5 NE. 18 

·141 ·138 i 16 E. 14 
]I S\V. 15 -1 9 2 ·134 I 17 
I 

18 

8 p. m. 

SE. 
SE. 
E. 
~E. 

SE. 

6 
12 

IO 

IO 

4 

N\\'. 12 
NE. 16 
E. 12 

6 SE. 
N\\'. 12 

N\V. 12 

SE. 2 
·179 
·176 
·125 
·156 
·191 

·150 
·123 
·116 
·139 
·178 

19 
20 
21 
22 

NW. 5 
SE. 8 
SE. 3 
SW. 4 
N\V. 22 

SE. 2 1 
\V. 22 
N\\T. 14 

. ·179 
·156 
·146 
·2041-
·115 I 

I 

·021 II 

·120 
I 

·092 J 

•o64 I 

29·97 I 

·918 
30·275 

·308 

30·281 
·253 
·176 
·120 
·121 

·050 

·037 

· 128 23 
·120 24 
·132 25 
·119 26 

·036 I\ 27 

29·983 28 

30:~~~ jl ~g 
"CX>l .I 31 

29·905 i! Apr. 

30·044 \\ ~ 
·292 I' 3 
·268 4 

l 5 
·252 I 
·191 '1' 6 
·13311 7 
·116 i'1 8 
·o68l- 9 
·013 jl 10 

29·959 !I 

NW. tS NW. 12 

NE. 9 l NE. 2 
NE. 12 [. F 12 

SE. 12 Ii SE. 12 
S. 2 NW. 14 

NW. 
NE. 
E. 
SE. 

I 
13 l NW. 13 
14 ! 0 
I ... } ' SE. IO 

16. I SE. 5 

S. 1 ( SE. 5 
SE. 5 1 S\V. 5 
N\V. 9 ! N. 16 
N. 8 N. 24 
~- 20 N\V. 12 

8 
8 

N. 28 
NE. 12 

E. 13 
E. 14 
E. 9 

NE. 
E. 
E. 
E. 
E. 

121! 20 
7 

I 

lb.rdmeter re
duced to ciea. 

8 a. m. 8 p. m. 

29·980 
3o-o55 

·200 

·149 
·058 

·024 
·148 
·259 i 
• 142 I 

29·927 

·974 
30·068 

·107 

·048 
29·962 

·924 
·933 

30·013 
29·997 

·946 

·975 
30.077 

·095 
·036 

·056 
·026 

29·986 \ 
3o·o8~ l 

·2001 

:~I 
·20:~ ! 
.,..,.. , -.. .) 
-2:;9 I 

29·988 
30· I 23 

· 136 
·o53 
·016 

·005 
·185 
·211 

·005 
29·919 

·986 
... 0·068. ,., I 

·070 i 

29·954 ! 
·90-1 

·882 
·951. 

30·001 i 
29·953 I 

·908' 

·981 
30·041 

"0"' I I .) 

·028 

·028 l 
29·992 I 

30-012 I 
·t34 
-193 

·312 

·209 
·196 
·203 

·178 
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At Statiou B 5, near .1\femory Uock, occupied Jauuary 10-eha.nge of 
last quarter to new moon, 25° south <lecliuation-was fou11d a current 
of from 0·7 to l·O knot per hour, setting north, the wind in the interval 
blowing from the southeast with a velocity varying from 4 to 12 miles 
per hour. 

At Station B 1 , off Jupiter Iulet, Fla., occupied January 18 and 19-
moon in first quarter, 150 north decliuation-was found a current of 
fr01u 2·9 to 3·9 knots per hour, setting north, the wind in the interval 
blowing from direct~ons between west-8outh west and northwest with a 
velocity varying fr01n 10 to 18 miles per hour. 

At Station B 1e., off Jupiter Inlet, Fla., occupied January 20 and 21-
moon in first quarter, 230 north declination-was found a current of 
frmn 2·0 to 3·0 knots per hour, setting north, the wind in the interval 
blowing from directions between east and southeast with a velocity 
varying between 4 and 12 n1iles per hour. 

The current at these three stations is in keeping in velocity wHh 
tlrn.t found by Lieut. J. E. Pillsbury, U.S. N., when in command of the 
Bla.ke, on the cross-section between Fowey Rocks and Gun Cay, 75 
miles further south. The sets of observations are too short to deter
miue any diurnal or semi-diurnal variation in the flow or any influence 
due to the 1noon's declination. 

In the first series of curreut stations in the Gulf are X 2, X 3, X 4, YG, 
aud Y 3, occupied in order named, for an interval of about 26 hours 
ea<~h between February 4 and 12. The phases of the moon duriug this 
time were, on the 4th in last quarter traveling south, reaching its maxi-
1nun1 declination at noon on the 6th, changing to new 1noou the morning 
of the 9th, and reacJiiug a north declination of 2° by the afte~noon of 
the 12th. 

At Station X 2 was found a current of from 0·5 to 1·3 knots per hour, 
setting in a.11 directions between northeast (via east) and west, the 
wind iu the interval blowing from directions between northeast by 
north aud east with a velocity of 15 to 20 miles per hour. 

At Station X 3 was found a cur~nt of from 0·5 to 1·3. knots per hour, 
settiug northwest by north, the wind in the interval blowing tro1n 
directions between southeafit and south with a velocity of -10 to 15 
~miles per hour. 

At Station X 4 was found a current of from 1·5 to 2·3 knots per hour,
setting northwest by north, the wind in the interval blowing from 
directions between southeast and southeast by south, with a velocity 
of 10 to 20 miles per hour. 

At Sta.tiou Y 6 was found a cu:creut of from 0·8 to 1·3 knots per hour, 
setting north by west, the wind in the interval blowing first ftmn 
southeast by east with a velocity of 15 to 18 miles per hour, gradually 
veeriug to west, where it died out, th1ally a.p1)earing in same quarter 
and backing to east-southeast, reaching a velocity of 10 to 12 miles per 
hour. 
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At Station Y 3 was found a current of from 2·7 to 3·9 knots per hour, 
setting· southeast by eaf't, the wind in the interval blowing frmu di
rections between eaRt by south and soutl1eaRt with a velocity of 5 to 15 
miles per hour. 

An examination of the ·weather data in Table II shows that while 
observations on X 2 were in progress on the 4th, 5th, aull 6th of Feb
ruary the velocity and direction of the wind at Key "Yest was the 
same as fonnd at t.lie current station. A "norther" of corn.;;iderable 
force made its appearance in the northwest quarter of the Gulf ou the 
afternoon of the 3d, seen in the northea.st quarter on the mol'uing of 
the 4th, which htHted about thirty-six hours, the barometer in the mean
time indiea.ting a sha1-p. rise at an points excepting Tampa, Key "Vest, 
and the curre.nt station. The resultant of these forces would take 
about the direction shown by the current at X 2 , and its baffling tend~ 
ency is probably due t.o whichever force was tem1Jorarily the stronger. 
While observations on x:: were in progress on the 6th and 7tl1, the 
wind along the nortliern borders of the Gulf was in the quadrant be
tween southeast and southwest, there having been a gradual Yt>eriug 
from the north on the 3d and 4th to this position. The wind at the 
current i-;tation was in the sanrn quarter, showing the movement to 
have been common over the Gulf area. The barometric gradient in 
the meantime had been changing with the wind till its trend on the 
evening of the 7th was about northwest. The current at X 3 was about 
in \lle direction of the resultant of these forces toward an area tbat by 
the conditions just previous liad been made a ww water surface. X 4 

was occupied on the 8th and 9tb, the wind of considerable force was in 
the southeast, where it ltad been wliile the previous station was being 
occupied. The san1e is true of t11e wind along the northern borders of 
the Gulf, excepting in Texas, where a "norther" a1)peared 011 tl1e 9tlt, 
but too late to have auy influence at this st~t.ion. 'l'he trernl of the 
barometric gradient llad remained practically uncltanged, and tlte 
current here, as at X\ was moving about in the direction of the result
ant of it and the ·wincl. At Y 6, occupied between the morning of tlie 
10th and the lltll, the wind was practie.ally in tlte quarter it.had been, 
but shows by its having veered to the west and died out for a i-;hort 
interval that there had been a change in the atmospheric cir<'nlation 
over the Gulf, cau~ed probably by tlte "norther" that appeal'<:d iu 
Texas on the 9th, and spread over the Gulf 011 the lOt11, heeoming 
variable winds a.ml of but little couReque11ce hy the 11th. The baro
metric gradient, gentle in slope, had gradually revolved via south 
from its previous northwest trend to an ea,Rt one. The current was 
moving under the same foree8 as maintained X 3 and X 4, only in a 
JU.tie dittereut direction, dne proba.h1y to· the ea1·1ier disturbances in 
the northwest qu~u,ter of the GuH; or it may he that the aeeumulation 
ofhead in that locality was greater than fnrther to the eastward, and 

, .it was taking the direction of l~a8t i·esista.i1ee. 
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Y 3 was occupied between the evenings of the 11th and the 12th, the 
current, a strong one, was setting directly into the wind that wa.s 
about the same in velocity and direction as that at Key West, and 
almost opposite to that prevailing along the Texas coast. The baro
metric gradient, a gentle one, had revolved f'rom its eastward trend of 
the 10th to southwest by the morning and west by the evening of the 
11th, where it remained till the close of observations on the station. If 
we grant that it takes some little time for the inertia of such a moving 
mass of water to be overcome, this current can be accounted for by 
the " norther" of the 9th and 10th and the accumulated liead in the 
n<;>rthwest quarter, the two forming a force sufficient to maintain for a. 
time this stream against the opposing forces existing at the actual 
time of observation. It is unfortunate that the vessel did not remain 
at this station longer in order to find out if the current did not soon 
slacken and perhaps entirely shift in direction. 

The next series of observations was made on current stations Y 5 , Y', 
and y 3a, between February 23 and 25. These stations, as a glance at 
illustration No. 14 will show, are on a line joining Y 6 and Y 3 , which 
belong to the series just preceding. The moon was changing from full 
moon (February 23) towards la.st quarter with a declination north of 
from 150 to 30. 

At Y 5 was tound a 13urrent of from 0·3 to 0·8 knots per hour, setting 
southwest by south, the wind in the interval blowing front directions 
between east-northeast and east with a velocity of 5 to 10 miles per 
hour. 

At Y' was found a current of from 1·1 to 1·4 knots per hour, setting 
south by east, the wind in the interval blowing fro1n directions between 
ea.st and east-southeast with a velocity of 5 to 15 miles per hour. 

At Y3a was found a current of f'rom 2·0 to 2·4 knots per hour, setting 
southeast, the wind in the interval blowing for a short tin1e from south
soutl1east with a velocity of 10 to 15 miles per hour, when it veered to 
the southwest without change in strength. 

An examination of the meteorological data in Table II shows that 
while observations on ys were in progress the wind and its direction 
at Tampai was the same as that at the current station, 11ot strong at 
either place; nor was the current, which seems to have been moving in 
the direction of the resultant between the wind and the barometric 
gradient. The time curve of velocity of this station shows a gradual 
decrease in strength from beginning to end of observations, and had 
the vessel remained a few hours longer a. change in direction to that 
seen at Y 4 might have occurred; for, closing·· observations on Y 6 at 4 
a. m. of the 24th, the vessel went imtnediately to Y4, beginning observa
tions there by 8 a. m., an interval of only four hours. At Y" ..the cur
rent was r1mning almost directly into the wind and about parallel to 
the isobars. At Y 3• the current was running nearly against the wincl 
for a timet or until it veered to the southwest, and directly up the bar# 
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01nerric gradient. By going back and examining the weather data, it 
will be seen that the wind and baro1netric gradients were Emch as to 
crowd the 'vater into the nortl1ern area of the Gulf from the lGtb tu the 
l~th, and into the northwest quarter from the 18th to the 20th, 1(>1Jowed 
by a period between tbe 20th and 22d when the 'vind and barometric 
gradients were light, but in favor of a northwest movement from Key 
West to Tampa n..nd a southerly iuov-emeut front Pensacola to 13rowns
ville. The current at Y 5 was the last of the movement of the for<'es 
crowding the water into the nortlnv~st quadrant where a sufficient lwad 
had accumulated to maintain even against forces of conRiderable rf:':·;i~t
ance the current at Y" in the direction it was taking, nntil equilibrium 
along the Florida coast was established, when the direction was eliaiiged 
to that seen at Y 3

"' • . 
The next series consists of observations on one station only, Y 2

, occu-
pied l\Iarc:ti 11 and 12, a storm preventing further work. At Y 2 was 
found a current of fr01n 0·4 to l·O knot per hour setting toward points 
between south-southeast and south-southwest, the wind in the interval 
blowing frmn directious between southeast and south by west, with a 
velocity of 5 to 15 miles per hour. It was new n1oou, zero declination, 
the same phase as when Y 3 was occupied and such a strong current 
:found. An examination of the \Veather data in Table II shows this 
direction of the current to be in keeping with that of the resultant of 
the win<l as observed a.t the land stations and the barometric gradient, 
although in opposition to the wind at the station itself. 

The next series of stations, Z 1
, Z 2

, Z 3
, and V~ were occupied between 

March 19 aud 23; the Inoon during the interval was in first quarter 
and in from 250 to 12° north declination. 

At Z 1 was found a current of from 0·6 to 1 ·l knots ller hour setting 
north-northwest, the wind in the int.erval amounting to nothi11g anti 
the sea smooth. 

At Z 2 was found a current of fro1n 0·7 to as swift as 3·0 knots })er 
hou'.r, setting northwest, the wind in the interval increasing iu velocity 
from about 2 to 10 1niles per hour, and veering from north by west to 
southwest by south. 

At Z:i was fotmd a current of fro;m 0·5 to 1·9 knots per hour, setting 
towards points between nortlleast aud east-southeast, the wind in the 
interval, with a velocity of 10 to 18 miles per hour, blowing first fron1 
the west, then veering to north-northeast. 

At V was found a current of from l ·1 to 2·7 knots per hour, setting 
east-northeast, the wind in the interval blowing fro1n directions be
tween north-northwest and north by east with a velocity of 2 to 8 1niles 
per hour. . . 

An examination of tbe -weather data in Table II shows the GuJf to 
'ba.ve been in a state of quie.t frou1the17th to the 19_th, when a" nortlwr" 
of considerable force, but of short d tna.tion, matle its appearance ht tl1e 
·\':icinity.ot' Corpus Cb:dsti. .Fron1 the 20t.b ~ 23d• inclusive,. the winds 
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avpear to hav-e been local, variable in direction, aud only at one or two 
pointt-1> showing any marked velocity. There was no general movement 
or circulation common to the Gulf area. . There is a little indication 
that at z:i and V the current iuight have been taking the dire{·tion it 
did under the influence of a wind aud Larometric gradient that existecl 
just previous to oceupying these stations, as :-;howu by the coudititm8 
at Z 2 and tlrn first part of Z 3 • It would seem, therefore, that Z 1 aIHl Z 2 

were observed under nearly 11or1nal cornlitiorn.::, and that the drift and 
set at these stations is what ma.y be expected under similar phase8 of 
the moon. An examiuation of the.time curve of velocity of Z 2 slunvs a 
well-defined maxiinu1n in velocity occurring a.bout three hours previous 
to the moon'~ transit. 

The next and last series of stations-z3a, va, Y 3 ti, N 1 , N 2a., N 3 , aud 
N 4-were occupiecl between J"1rn·ch 31 and April 9. The moon during 
the interval was full, in last quarter, and reaclied new ID()On; in dcc-
1i11atiou, fr0111 maxim.um or 250 south to 130 north. 

A_ t z 3a, '"'ithin 8 nautical miles of Station Z 3, was found a current of 
from 0·4 to 1·0 knot per hour~ setting east-uortl•east, the wind in the 
interval blowing first with a velocity of about 3 to 5 n1iles per hour 
from the south, veered to the southwest, and died out; later, appeariHg 
jn the south-southeast and reaching about the same velocity. 

1\t va was found a current of fro1n 0·7 to 2·2 knots per hour setting 
northeast, tbe wind in the iuterval blowing fro1u directions between 
south-southeast and south-southwest with a velocity of 10 to 15 1niles 
per hour. 

At y 3 1> waR fouud a curre11t of from 0·3 to 0·6 knot })Cr hour setting 
towards points between northeast (in azimuth via east) and west by 
south, the wind in the interval blowing from northwest by north 
with a velodty of 4 to 12 1niles per hour. 

At N 1 was found a current of from 0·9 to 1·7 knots per hour setting 
southwest, the wind in the interval blowing from directions between 
north by west and north- northeast with a. velocity of 10 to 15 miles 
pPr hour. 

At N 2a. was found a current of from 0·9 to 2·5 knots per hour setting 
southwest by ~outb, tJ1e wind in the interval blowing fron1 directions 
between northeast and ea:st by soutl1 with a velocity of 5 to 10 miles 
per hour. 

At N 3 was found a current of from 2·0 to H·4 knots per hour setting 
northeast by east, the wind in the interval blowing from directions 
between southeast by east and south-southeast with a velocity of' 5 to 
10 miles per hour. · 

At N" was found a current of' fron11·2 tO 2·1 knots per hour Retting 
northeast, the \Yind in tlte interval blowing frmn directions bctweeu 
east and east-southeast with a velocity of 10 to 18 miles per hour. 

The weatbe1· map for the morning of J\farch 28 8hows an area of 
high barometer central over the Mississippi delta. Twenty-four hours 
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later it had 1·eached. a position central over Florida, and the re~nlta11t 
of wind and barometric gradient was toward the northwest quarter of 
the Gulf. These forces continued till sometime between the eveniug of 
the 30th and the morning of the 31st, when the wind shifted, showiug 
various directions, and the barometric gradient changed to a trend 
about northeast. From these facts it seen1s quite reas011able to suppose 
that there was an accumulation of water in the northwest quarter of 
the Gulf, forming a head that with this new position of the barometric 
gradient was the cause for the current at z3a and v·~. 

Between the morning of the 1st and the moruiug of the 2d of April, 
an area of l()W barometer, extending about north and south, passed 
northeasterly across the Gulf, fo1lowed by a steep barometric gradient 
treudiug to the northeast. The resultant of this gradient and the 
wind was a force to add to the accn1nulatiou of water on the Florida. 
coast, placed there through the movement at z:;a and va, and bold in 
check the current at Y 3 \ "\vllich was by this tune being backed by 
gravity. A further examination P.howR a shift of wind and bar01netric 
gradient to suelt a quarter as to let ont this last accumulation, and 
undoubtedly it was the ca1t8('. for the curreut. at N 1 and N 2a. On April 
5 there wa8 an area. of high barometer central on the westeru border:-:; 
of the Gulf; which by the 6th was off the l\lississippi delta, and by the 
7th over southern Florida. There was little or no wiud \Yit.h this hi!fh 
and it does not see1n possible that it was sufficient to cause a low iu the 
water surface along the Florida coast that would engender the cnrreu t 
seen at N 3 and N 4 on the 7th, 8th, and Hth, aud it may be that thi~ 
moven1ent ·was one caused by forces in the south\'!{t~~t. quarter of 1 he 
Gulf which we know not of. 

At times iu the foregoing <liscussion it has occurred to me tl1at 
possibly we were ·•reckoning without our ltost/' for our meteorologic.a I 
data are confined to the (<.Oast of the United States, leaving about one 
half of the periphery of the Gulf from which we have no information. 
We have no tidal ob~ervations from any quarter which would be of 
great value in confirming the hea.piug up or driving out of the water 
at auy particular point or time, according as the resultant of wind aml 
barometric gradient wm; 011 or off shore. But certainly there can he 
no question that the observations we have go to prove that the 
atmospherie pressure and winds can be such as to set at naught the 
normal circulation of the Gulf and create and maintain enrrents of 
surprising velocity for a eonsiderable period of time. 

Before closing I wish to call attention to tlw~e Physical l\.iaps of thp, 
Gulf of l\fexico and adjacent wa,terR on which will he seen swecpi11g 
lines representing the current h;sniug from the Caribbean Sea, follow
ing cJose arou1ul the Peuin~ula of Yucatan, the remaining coa~t. of 
Mexico a11d the coast of the Gulf States and out the Straits of Flol'ida. 
The first and the last of this 1nov(~1ne11t, viz, tlw current through the 
Yucatan Channel aud out the Straits of Ji"'lorida are well established 
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fa.ctR. But the i·emainder is decidedly questionable. In fact, as has 
been shown, the evidence gathered from our observations is that under 
normal c011dition:--;-a,ud by normal oonditions is meant the surface of 
the Gulf free from stress of (~itlter wind or barometric gradient-there 
is a current running iwrthward al011g the Florida Banks, sweeping west
ward past the i\Ii:-isis~ippi delta and along the Texas coast. As additio11al 
evidt.,nee of this ei11Te11t it is said that as a rule steamers entering by 
the Straits of Florida or leaYing IIavan~t bound for Pensacola, :Mobile, 
or :New Orleans, make lantlfa.ll to the westward of their conrFl.e. The 
Blake experieneed th1s on two occasions when running from her 
working ground to Mobile and P(•n:-;a~~o1a respectively fo1· coal. Each 
time on mak iug land we wt•1·c~ some few miles to the wetitward of the 
entrance to these harbori.; althong·h some allowance for such a current. 
had been made in the conrHe. 

:b""'rmn our }n-t~Rent knowledge we cannot say what path the current 
from the Caribbean Sea takt>s before passing out of the Straits of 
Florida aud lweoming the Gulf Skeam. Whetlu•r when uninfluellcPd 
hy atmosplwric couclitious it thllows oue rf'gnlar 1n1th that traven;e~ 
the Gulf or •lifferent patlis at diff(•1·e11t })llases of the inoon, or Ht.ill 
furthe1· wht1tl1er at cm·taiu plmses it ha.s a cour:-;e parallel with tlit~ 

northern shore of Cuba aJHl at others one traversiug the Gulf of 
Mexieo, is an open qu~•,i.;ti011.. It Heem8 possible however, that tlie 
atmospherie t•o11ditio11H over the Gulf of Me.xieo could be suc11 as to 
foree thiis stream along the cou:-;t of Cnba and ont the Straits of J1"lorida 
without its entering the Oulf at all. Auel ,rice versa, that the atmo8-
pberic conditious over the Gulf coul(l be such as to 1nake it a reservoir 
for this stream, rnatm·ially diminishing fo1· a thne the f1ow in the 
Straits of Florida. 

In conclusion I wish t-0 express my acknowledgment of the kindness 
of Lieut., U. ·E. Vreeland, U. S. Navy, aHsistant Coast an<l Geotleti'~ 

Survey, commautling tlie Blake, in remleriug me every assistauce 
possible toward making the trial of the uwter a ~nccess, arnl to lH·r 
o:fficer8, IJieut. Harry Kimmell, tJ. S. Navy; B1u1ig11s R. P. Schweri11, 
W. C. P. Muir, .Jos .. H. Uohrbacher, Benjamin \Vright, and Philip 
Andrews, lJ. S. Navy; Assistant Enghwer "\V. W. White, U.S. Navy; 
Assh;itaut Snrgeon E. S. Bogert, lT. S. Navy; arnl Mr. W. 8. Crosby, 
for kind assi:stauce in carefully taking the observations. 
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APPENDIX No. 11-1891. 

DESCRIPTIVE CATALOGUE OF PUBLICATIONS RELATING TO THE U. S. 
COAST AND GEODETI(; SURVEY, 1807-1890, AND TO U. 8. STANDARD 
WEIGHTS AND MEASUUES, 1790-1890. 

Compiled by EDWARD GOODFELLOW, C. IL S1xcLA!U~ and J. B. BAYLOR, Assistants. 

CLASSIFICATION. 

!.-Annual Reports and other document& of the U.S. Coast and Geodetic Survey, 
and U. 8. Staudarcl 'Veigbts and Measures, 1807 to1890. Also .. Report.& and 
other documents relating to U. S. Standard Weights and Measurt;~, 

1790-1890. 
II.-A Snhject-index to the professional papers contained in the Annual Reports, in 

the Bulletins, and in the occasional publication"' of the Snn,.e~· from 1815 
to l~HO, inclusive. · 

III.-Bihliob"I"aphy (a); statistics (b); official reports of cxpon.ditures :iml of per
sons employed (c); tabnhu statements of information f11rni8be1.l (d); An
nual Ilreports of offl.co op(1Ta.tions (t'); a,nd necrology (.(>. 

IV.-Tidc tables from the date of earliest publication by the Survey to the year 
1890. 

V.-Coa8t Pilot1:1 from the date of earliest publication by the Survey to tho year 
1890. 

VI.-Catalogues of maps a.nd charts published between 1843 and 1890. 
VII.-Notices to mariners. 

VIII.-Bulletina. 



 

366 tr. S. COAST AND GEODETIC SURVEY. 

I. 
ANNUAL REPORTS AND OTHER DOCUMENTS OF THE U. S. COAST .AND 

GEODETIC SUR VEY, 1807 TO 1890, AND U. S. STANDARD WEIGHTS AND 
ME.AS l'RES, 1790 TO 1890. 

.. 
Hate. 

U. S. COAST AND GEODETIC SURVEY. 

REPORTS .A.ND OTHER DOCUMENTS. 

Snhject. I. Number of 
pages 

and lrize. 
-------~-- --~ 1----------------------------------1-------

1 l-<07. 
}~el>. JO __ •• - • An act to provide for surveyin~ the coast of the United Stat.es*··-....... 1, octavo. 

Mar.25 ----· 

Apr-'.:l -·-··· 

1808. 

Circular letter addressed by the Secretary of the Trea;mry t.o F. R. Hass
lrr, requestin_g that he would SH,!!J?est, the outlines of a plan for the sur· 
vey of the coast, 1mcl: as would nnite oorrect.nesR and practicability. 

[Trausactions .Ameri,'.nn Philosophical Society. Vol. II. New 
series.] 

Letter of Mr. Hassler to the Secretary of the Treasury, transmit.tin~ a 
1~lan for putting into operat.ion thfl survey of t.he coust of the United 
States. 

{Transactions American Philosophical Society. Vol. IT. New 
sc1·ies.] 

Part of volume of Executive reports-Receipt.sand Expenditures of the 
United States. Survey of the coast. 

[Tenth Congress.j 

2,quarto. 

13, quarto. 

Dec. 26 ...... Part. of estimates of appropriations for support of the Government for -----········· 
1809. Surveying department. 

[Tenth Congress, second session. J 
1816. 

A pr. 4 . __ •.. Report on· Coast Survey hy the Secretary of the Trea~mry. Measures 13, quarto. 
taken towards a survey of the coast, etc. 

tExecntive reports, Fourteenth Congress, :first session.] 

May15 .•.•.. 

June 11, 18; 
July 12; 
Aug. a, 18. 

Communication made to the Seeretary of the TreA.Sury by F. R. Bueter, 
on the measures nrcessary w be taken to put into immediate operation 
such portions of the work a.s could be undertaken durinp: the coming 
season. 
NoTE.-'l'he titles of the reports and other docnments·re!ating to the 

U.S. Coast Survey which follow, and which cover the yea.re between 1816 
anrt 1844. are taken for the most part from two octavo volumes .PUhliehed 
by Mr. Bassler, and containing io Volume I the "Principal documents 
relating to the survey of the coast of the United State& since 1816 (New 
York, 1834~" aml in· Volume II the "Principal documents, etc., from 
Octoher, 1884, to November, 1835 (New York, 1835»." Tbeee tw9 volnmee 
(340pagf\8, octavo} are bound into a large octavo volume aod form part of 
the "Coast Survey and Wei1itht and Measure Doonments, 1832 to 18'3." 

Poot"e's Descriptive Catalogue of Government Pnblic&tions, 1774-1881, 
ha.s also been con1nilted.. 

Correspondence with the Treasury Department and articlefl of en12:a"'e
ment between the Tre&Bnry Department of the United States a.nd F. R. 
Hassler, relative to the enrvey of the coast of the United States. 

9, octavo. 

Nov. 23, 80 _. First Report of F. R. Hassler, Superintendent of the Snrvey of the Coast 3, octavo, 
oftbe United States, to the Secretary of the Trea&nry upon the progress 

1818. 
Ma.r.16 ..••. 

Apr. 9 •••••• 

of the work. 

M.essa~e of President Monroe transmitting e. repoTt of the Secrete.Ty nf 
the Treasury upon the progress made in the coaat surveys. Instruc
tions to the Superintendf!Dt, and his ~-port to the Secretary. 

[State Papers. No.143, Fift.ee.nth Congre8B. tlrat 8888ion. Vol. II.] 

Lett.er of Mr. Hauler to the Secretar:v of the Treasury,diacuumg the 
ob,jects of the survey or the coast and reviewing the progrelt8 of the 
~~ . 

Apr. 1' . _... An act to repeal part of the act en\itled ••An act to provide foT 1111T'V8J'· 
in& the coasts of the United States," approved Aprll 1', 181& 

21, octavo. 

5, oetav~ 

•The fl.rat 11ul'vey of any considerable extent of the ooast of' the Unlt.ed St.atef! wu that of tbe North 
Carolina coast between dape Hat'tera8 and Cape·Fear, as appears by letters of Alhert. Gall11.tin, Secl"fl
tary of the Treasury, to the Oommiesionera appointed for that dnty.-flbecativo documents, Ninth 
Congree., ftrst 9ell!iou, Aprlt 27, 1806, Mid HCODd eeasi~ Januaey 23, 1801'. ·· 
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Date. Subject. 
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Nurnlu•r of 
Jllll!<'S 

and ;<ize. 
---------,:---------------------------------------

1818. ' 
Apr 22 I J.etter of F. R. Rast>h,r to the Secretary of the TrenAury, in regal'd to the ' 

. . ... · 1· repPal of the act anthoriziniz the surves oft.he. coa!lt and making Atat4'>· 
ment of arnmgemeut8 desirable for the preserYat.ion of the work alrea,(ly 
accomplished . 

.Apr. 27 ' Communicatfon hy Mr. Hassler to the Secretary of 'Var, respectinJ:(" Uie 

I transfer of the work of the Coast Survey to tbe V{ar Department.: also, 
a statement of t.IH' "I'rincipal dates of the IH1r'\'.'"ey of the coast.." 

1820. ! 
Nov.16 ..... 

1

1 ltcport of tbl' SPcretary of the Treasury of the money annually appropri 
ateil and paid since 1775 for surveyiug the seacoast, bays, Inlets, har. 

i burs, and shoal>;, et-0. 
l [Senate ])oc. No. 6, Sixt·eeutl1 Congress, second session. Vol. 1.1 

1s28. I . 
May 1 ...... , Documents rdat 1vo to coast surveys. Stateme.nts relative to the 1<urn:>,y · ·1 of the coastR of tlie Uniwd States. SurYeya ma..-h\ aml hy whoru. 

[House Ex:. Doc. No. 264, Twentieth Congress, first session. Vol. 
VJ.] 

1831. I 
Dec. 22 •••••. Documents refon·i11i::; to Coast SurYey. Statement.s relative to the oxpt1-

diency of 11rovidini;?; for t.he completion of the survey of the coaf\ts of 
the Unite<l States. 

[H<mse Ex. ]Joe. No. 22, Twent.y.sec-0nd Con&rest>, first session. 
Vol. II.] 

July 10 . . . . . An act t.o carry into effect. the net to provide for a survey of the coast. of 
the United States. .Approv0<l July 10, 1R32. 

2, octavo. 

13,octavo. 

11, octavo. 

11, octa•o. 

11, octavo. 

July .•...... J,et.ter of F. R. Hasl'.ler to the Secretary of the Treasury, proscntin~ the 9, octaYo. 
principles a.nil views of his Jlhm of operation for the snrv<'v of the 
coa-st as adopt-Oil in 1807. • 

Aug. 6 . . . . . . Upon th fl article1;1 of agr(\(\mevt hetwe<'n the Treasury Department of the 1 2, octaYo. 
United Stat.e.s and F. R. Hassler, relative to the survey of the roast of 
the Uniled Stat.es. 

Aug. 9 ...... 
1 

I 
J 

.Ang. g . - . - - • 1 

1833. ! 

Letter of the Seerelar;v of the Tre:umry to F. R. Hassler, appointing him 
to make, under the direction of the Tl'casury Department, the survey 
of t.be coast as proville<l for by the acts of P'ebruary 10, 1807, and July 
10, 1832. 

Circular lett.er from tht>. Sc-crelary of thfl Treasury, re1nestil1JZ al1 ownerR 
and occupiers of lands over which Mr. H.'tssler and 1is asl'listants may 
have occasion t<) pasa in the performani:-e of their public duties to 
parmit, them freely to 11asR o-ve.r and remain on the same as long as 
may he neceasary in execntinii; the work of the surve}' of the coast. 

Dec. 1 ....... : Letter of Mr. HasRler to the Secretary of tl1e Treasury, repol"ting the 

1834
. I progress made in the work of the survey of the coast . 

.Mar. 12 ..•. J I--etter from the Secretary of the Treasury to Mr. Hassler, informiH~ 
him 1hat, with the approval of the President, the superintendence of 
the Coast Snrvey bas been transf~rred from the Trea.l'Jnry to the Navy 
Department. 

Mar, H. to 
.A.pr. 14. 

:May 17 •••••• 

CoTreRpondence of Mr. Hassler with th~ Secretary of the Navy, relative 
to the transfer of the Coast Survey to t.he Navy Department, with a 
•' Continuation of the principal facts and dates relating to tho Coa.at 
Survey, after the interruption of the work in 1818." · 

Report by F. R. Hassler to the Secretary of t,be Navy neon the "Works 
executed for the.survey of the coast of the United States, UJ>On the 
law of 1832, an1l their junction with the works made in 1817 by and 
under the dil'ectlon of l<'. R.. Hassler." 

.Nov.11. •.••• Report of F. R. Has1\ler as Superintendent of tht" Survey of the Coast, 
additional to that dated May 17, containing an account of the progress 
of that work during the summer and until November of 1834. 

1831.. 
Peb.17 •••••• 

Kay 8 •.•... 

Statement by F. R. Hae'eler of the "Considerations which make an in 
cnase of the appropriation proposed for the survey of the c.oaat for the 
pl'eeent year desirable a.nd advantageous." 

Third report of F. R. Hassler, u Supe-rintend~nt of the Survey of tbe 
Coafl.t, upon the progre&& of tha.t work from NovembOI:, 183~ to May, 
1833. -

1, octa•o. 

2,octavo. 

lff,octa.':"O 

14, octavo. 

7, ootavo. 

2, 0-0tavo. 

4,octavo. 
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U. S. COAST AND GEODETIC SURVEY-Continued. 

REPORTS AND OTHER DOCUMENTS-Continued. 

Date. 
) I Nnmbtfr of I ~~ ~ 

-----!------------------~--------------' a.nd size. 

i&32. I 
Nov.22 ..•.. ! Fourth report of F. R. Hassler, as Superintendt:int of tbe Survey of the 

! Coast. upon the operabous performed in that work l::etween the months 
of May and December, 1835, with an estimate of the appropriation 
required for the next year's werk. 

18.16. 
Mar.8 ...•.. Statement made bv Mr. Ha8sler to the Secretarv of the Navy of reasons 

for placing th~ Coast Surve:v in the Treasury 'Department, and neither 
in the War nor Navy Departments. 

Ma.r. 25-27 •. The direction of the CoaBt Survey transferred from the Navy Depart
ment to the Treasury Department. See letters of March 25 from the 
Secretary of the Navy to Mr. Baseler, and of March 27 from Mr. 
Hassler to the Secretary of the Treasury. 

A pr.13, 18,30 ReporQ from the Secretar.v of the 1~reaaury and the Chief of the Topo· 
i;raphical Bureau, U.S. Army, upon the saJariea of the Superintendent 
of the Coast Survey and hi.a assistants, with remarks by Mr. Hassler 
in relation thereto. " 

6, octavo. 

I 

I 2, octavo. 

! 
/ 

' 15. octa,·o .. 

15,octavo. 

NoY. 19 ••• . . Fifth report of F. R. H11ss1er, as Superintendent or the Coast Survey, 5, octavo. 
• * ,. exl1ibiting the operations performed in 1836. 

Dt~c. 7 ••••••. Report on the Coast Surv<'ly by the Secretary of the Treaimry. State· 
1 

60, octavo. 
ment reLi.Uve to the l.ransfer of the Coast Survey from the Navy De-
partment t-0 the Treasury, with copies of correeponden~ relaUng to 
the subject, and the report of F. R. Hassler, Superintendent of the 
Survey. 

(Ex. Doc. No. 13, Twenty-fourth Congress, second s_ession, Vol. J.} 

UNITED STATES COAST AND GEODETIC SURVEY AND U. S. STANDARD 
"WEIGHTS AND MEASURES. 

Period of re
port. 

ANNUAL REPORTS. 

FERDJNANH RUDOLPH HASSLER, Superintendent. 

Subject. 
I Number of I 
! 

pages Designation as a pnblie document. 
, antl sb:e. 

----~·1-------------1--------,-------------------

1837. ••••• •••••. United States Coast Survey \ 5, octavo Twenty.fifth Congress, second seesfon, 

1838 .••••• --··-1 
isJn .•....•..•.. I 

j No. 79, Senate. 
Weigh ta and MeaeureFI ... - . , 11, octa>O Do. . 
United States Coast Survey -,- 6, octavo Twenty-fifth Congrees, third sMJJion, No. 

4t, Senate. 
Weights and Measur08. --··1 1. octavo Do. 
United States Coaet Survey 6, octavo Twenty.sixth CongreaP., first seeeion, No. 

15, Senate. 
Wei.£?hts aml Measures . . • . . 2, octavo Do. 

1840 ............ United Srates Coast Survey I 7, octavo Twenty-sixth Congre&S, eecond sesaion, 
I I No. U,, Bouse of Repreeentativea--

f 

Treasury Department. 
Weigh ts and :Measures . . • . 1, oetavo Do. 

Dec., 1841 ••••••.•••.•• _ •••••••••.• _.......... 18, octavo Twenty-aeventh Co~sa. second aes-

1 

sion, No. 28, Houae Of RepretMmta· 
tivtl8-'l're-nry ])epartment. · 

Jan.,1842* •.••• ····················-·····-···j 8, octavo Twenty-aeventh Coagreas, sooond aes. 
• sion, No. 67, llouee of Representa· 

i tiv--Treaaury Department. 
Dec., 1842* •.••.•••••• ~- ••••••• _ ••••••••••.••. ! 5, octavo Twen~v,aeventh Congreu, third aeseion, 

' No. 1.1, Senate. 
Jan., 1843t ..•...••.•••.••..•••••••••••.•••••. 1 103, octave Twenty-seventh Con~, third MMlon, 

I No. 4.3-, House of Representativefl. 
Feb., 1843 l ......•••••• _ ••••...••..•..••.... _ .. i 98, octavo Twenty-sev8Jlth Co~ third Mllltdon, 

No.170, Bow.e of~tativee. 
Nov.,1M3,tand 
Jan., 18~4. 

8, octavo Twent;v·sishth Congte11s, first •eeslon, 
No. 97, Houff of Bepreeentati"tl'ea-
Treaaucy Dep&l'hDent. . 

* Report in regard to pl"O~ and expenditul'tli!I. 
t Repor~ of select eommittee oft.he Hol.u1e of Repr86e11Wivea upen p~aad expend.i.t.ure In the 

Coast 8ur;ey, , . · . 
! Last report of F. R. Ha1u1ler, as Superintendent of the eoa.i Survey, trazunaltted JA'mtary 39, 

1844, by the Secretar1 of the Treaspry to Congreu. · · · · 
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U. S. COAST AND GEODETIC SlJRVEY--Continued. 

ANNUAL REPORTS. 

ALEXANDER DAI.LAS BACHE, Sttperfntendcnt. 

Report 
for year 
ending7"" 

Number of I Number I Number 1' 

page!'! : of appen· of jllua· 
and siza. ! dices. , trations. 1 

Designation as a public dO<lnment. 

------ ------ _____ ,, '---------------------------~-

Nov., 1844 

1845 

1846 

::2, octavo 

44, octavo 

74, octavo 

88, octavo 
120, oct.:n·o 
98, OC'tavo 

13-l, octavo 

Oct., 
Nov., 

Oct., 

1847 
]848 
1849 
1850 

1851 559, octaYo 

1851 quarto 

1852*' 173, quarto 

H!53 
1854 

1855 

1856 

l 
18G, quarto 
28H, quarto 

i 420, quarto 
i 
1 358, quarto 

1857 448, quarto ' 

1858 46.t, quarto 

1859 371, quarto 

1860 ; 409. qnnrto 
1861 ' :!70; quarto 

1862 434, quarto 

1863 218, quarto 
1864 315, quarto 

4 

11 

18 
l9 
20 
37 

5j 

52 

5i'i 
7J 

86 

86 

65 

50 

43 

45 
34 

40 

29 
24 

4 

3 

9 

11 
rn 
1G 
.,~ _, 

58 

37 

54 
58 

60 

67 

72 

40 

40 

30 
31 

41 

30 
39 

Twenty-eighth Congress, second se11l'lion, No. 2.'5, 
HonF!e of Representatives-Tre&Hury Departnrnnt. 

Twenty-ninth CongreSF!, first sesE>ion, No. as, House 
of Represeutatives-Trea.surs Dt"pa.rtment. 

Twenty-ninth Congress, irncond session, No. 6, Honse 
of Repn1F1entat.ives-Trea..;ury Departm .. nt. 

Thirtieth Congress, first session, Senate Ex. No. 6. 
Thirtieth Congress, second seiSaion, Senate Ex. No.1. 
Thirt.y-tir11t Congres1<, first sesF!ion, Senate Ex. No. 5. 
Thirty-first Congress, see-0nd session, Honse Ex. V<Jc. 

No.12. 
Thirty.second Congress, first session, Senate Ex. hoc. 

No.3. 
One volnme, quarto, sketches accompan.'l'in,::: the 

.Annnal Report of the Superintend1·nt LT. 8. Coast 
Survey for 1851. 

Thirty-second Congress, second session, !louse Ex., 
No.M. 

Thirty-third Congress, first sflssion, Senate Ex., No. 14. 
Tbirty-thh·d Congress, secoud session, House Ex. Doc. 

No.20. 
Thh'h·-fonrth Congress, first sessfon, House Ex. Doc. 

No:G. 
Thirt:r-foni:th Congress, third se~ion, Senate Ex. Doc. 

No.12. 

Thirt.y.fifth Con_gress, first session, Senate Ex. Doc. 
No. 33. 

Thirt.y-fifth Congress, second sessfon, Senate Ex. Dnc. 
No. l4. 

Thirt.y-sixth Congress, flrst. SPssion, House Ex. Doc. 
No.'41. 

Thirty.sixth Conj!t"CRR, second session, S,,.nat.fl Ex DHc. 
Thirty-seYenth Congrl'\ss, second session, Senate Ex. 

Doc. 
Thirty-seventh Oongt·ess, third session, House Ex. Doc. 

No."70. 
Thirt.y-eight.h Congress, first se8sion1 Scm~at.e Ex. Doc. 
Thirty-eighth Congress, second session, Senate. 

" Beginniui; with 1852, the reports of the Supenntemlent for each year appear in one volurne, quarto . 

Oct., 

Oct .• 

.TULIVS EaAsArus HU.GARD, Acting Superintendent. 

1865 [ 231, quarto I 
18661140, quarto I 

1867 334, quarto 

1868 277, quarto 

18G9 259, quarto 

1870 232, quarto 

Hl7l j 219, quarto 

1872 ! 267, quarto 

18731180, quarto 

22 

20 

20 

15 

15 

22 

18 

18 

15 

H. Ex. 43, pt. 2-24 

32 

30 

Thirty-ninth Congress, first sessio11, Ilouse Ex. Doc. 
No. 75. 

Thfrty·nint.h Congress, 8econd session, Houge Ex. Doc. 
No. 87. 

BENJAMIN PEIRCE, Supi5rintcndent. 

28 FOT'tieth Cong-ress, second 11ession, Hou>I~ Ex. Doo. 
No. 275. 

29 Fortieth Congresl'!, third session, Hou,.,t·. Ex. Doc. 
No. 71. 

28 Forty-first Congress, second session, House Ex. Dt>o. 
No. 206. 

28 

36 

Forty-first Congress. third session. House Ex. Doc. 
~I~ ~ 

Forty-second Congress, 8e<"ond se&siou, H1>U8\ Kx. Doc. 
No.Un. 

24 Forty-second CongreBS, third SEossion, Bouse Ex. Doc. 
No. 240. 

18 Forty-third Congress, ftrst session, House Ex. Doo. 
No. UIB. 
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U. S. COAST AND GEODETIC SURVEY-Continued. 

ANNUAL REPORTS-Continued. 

CARLILE l'oLLOCK PATT&RSO.N, Superintendent. 

Report 
for vt>ar 
ending-

p:1gcR i ofappen- l of illns-
Nnmb~-;-~fl Number I N~1-ml.Jer I 
aml sh~e. j d iceli. i tn~tion1i. 

Designation as a pnb1ic document. 

June, 1874 ~4:!, quarto ---;_;--- 24 I Forty-third Congr.iss, second session, House Ex.. Doc. 

I 
No. 100. 

1875 

1876 

412, 11narto 20 37 :Fony.fourth Congress, first ses!'.ion, House :E.x. Doc, 
I No. 81. 

416, qnarto 

1877 192, quarto 

1878 304, •1uarto 

1879 213, rprnrto 

1880 j £19, qua.do / 

June, 1881 471, quarto 

1882 565, quarto 

1883 488, quarto 

1884 622, quai·to 

23 37 

15 25 

11 39 

16 53 

19 84 

I :Furty-:fourtb Coni:i;ress, second session, Sena~ Ex. Doc. 
No.37. 

Forty-fifth Congress, second ses.~ion, Senate Ex. Doc. 
No.12. 

1''01·ty-fifth Congress, thirtl session, Senate Eir. Doc. 
No.13. 

Fort.y-si.:xth Congress, second se>1sion, Sena~ Ex. Doc. 

Fony-sixth Congress, third session, Senate Ex. Do4J. 
No.12. I 
No.17. 

Jvuus 1-!:UASlfL'l'> H.1L,;A1n;, Superintendent. 

18 

24 

19 

19 

63 

52 

50 

25 

Forty-s«vent.h Congress, first session, Senate Ex, Doc. 
No,49. 

Forty->:1eventl1 Cougress, second session, Seuat .. ElO:. 
Doe. Ko. 77. 

Forty-ei~hth Congress, fir.'!t session, Senate J<:x. Doc. 
No.2!l. 

Forty-eighth Con;.:1·ess, second Ae»sion, Ilouso Ex. Doc. 
No.4'3. • 

Non,;.-Abstrac:t~ of t.he report.s for 1882, 188H, aml 1884 were prepared for early dist.rihutlon and 
pu1Jli1<hed as Treasury D1~pattrnent documents 364, 5,11, and 652 Coa.f!t and Geodetic Snr'l"ey, each 
abstract containing a.bout 20 pag<:ls o<ltavo. · 

June, 1885 516, quarto 

1886 435, quarto 

1887 514, quarto 
1888 566, quarto 

I 
June, 18891503, quarto 

1800 780, quarto 

FRANK M. THORN, Superiutendent. 

18 46 Forty.ninth 
No. lR. 

Congress, first session, House E-x. Doc. 

13 39 J:<'or·ty·ninth Cougres .. , secontl scssiou, Romm Ex. Hoc. 
No.40. 

16 49 Fiftieth Congress, first. session, Hoi1se Ex. Doc. No. 17. 
14 6{) Fiftieth Congress, secoml session, House E:s .. Doc.No. 22. 

THOMAS CORWIN MENDENHALL, Superintendent, 

18 
20 

50 
7l \ 

F~f'ty.first Congress, flrst i;es,~ion, ~ouse Ex. Doc.No. 55., 
. Fifty-first CongrMa, secon(l sesston, House Ex. Doc. 

i No.80. 
! 

NOTF.:.-For other papers and doonments relating t-0 the U.S. Coaat and Geodetic Survey, printed or 
published froJU the y\'mr 184' until the sear 1890, see Bibliography. 



 

Date. 

1790. 
Jan. 8 ..••••. 

July 4 .••••. 

1791. 
Oct. 5 ..•••.. 

1792 . 
.Apr. 5 ..•... 

1795. 
Jan.9 ...... . 

1796. 
Apr-12 ..... 

1819. 
Jan.25 .••••. 

1821. 
Feb.22 .••••. 

1822. 
Kar;u ..... 
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Subject. 
Number of 

pages 
and size. 

NOTE.-The titles which are here gi'"en of papertil having an official 
chJU·acter or a historical iuterest relating to U.S. Standard Weights and 
Me&&ures, and which we1·e print.eel or published between 1790 and 1830, 
have been taken (with some flli)!:ht changes) from PooTe's De!!criptive 
Catalogne of Government Publications of the United States, 1774 to 1881. 

A.nn ual message to Congress. Presiclen t Washington ...••..•...•........ 
(First Congress, 1mcond session. I 

The Presidt>nt urges t.110 importance of uniformity in the currency, 
weights, and measures of the United States. 

Report on Weights, Measures, and Coinage-By Thomas Jefferson, Sec
retary of State. 

[Ex. Docs .. First Congres!'I, second session.} 
On the subject of establishing a uniformity in U1e weight.s, measures, 

and coins; consideration upon the use of the pendulum as a measure of 
determinate length; recommends that the st.andard ofmca1m:re be an uni
form cylindrical rod of iron of such length tba.t. it shall .perform i~ vib1·a· 
t.ion11 in small and equal arcs in one second of mean time; weij!:hts and 
measures in nse in Great Britain; reports of committees of the Hou!!e of 
Commons in 1757-'59; examination of the system of measures in use in 
tht> United St.ates; standard for coins; recommendat.ions for changes in 
the weight!'! and measures in t!Je United States; the measnrf'A, weia;hts, 
and coins of the docimal system, estimated in those of England, now used 
in the United States, 

Annual message to Congres3 ... _ ••..•••••. _ .•••••.•..•..••. _. - •..... ". •... 
[Second Congress, first seasion.] 

Presideut. "y asbington calls at.tenUon to the necessity of action upon 
the sulljAct of uniformity in currency, weights, a.nd nleasurca. 

Report oft he Committee on ,\,.eight.1; and J.feAAnree-R. Izard, Senator .. 2. 
f Journal of the Senate, Sec1md Congress, fi:rst session, pp. 173, 17(. J 

Fixin~ a standard for wei,::rhts and measun·s; directions for the scien
Hftc coustruction of a standard rod; division of tile rod into fiYe eqnal 
partl'I, one of which shall be called a. foot; measure-a in the survey of 
lands; units of wei.ght. 

Commuuication from Minii!ter of French Republic ....•••..•••• ········-· 
[Ii:x. Doct-1., Third Coni::-ress, second ses!don.] 

Reganliug the acloption l::y the United States of a l'<yst.ern of weii;:-hts 
and mei•sure!'I conformable to that lately a.dopt~l by France; detailed de
ecription of the new method; standards of mensuration; standard of 
weight; di\'ision of the standards into decimal pai·ts. 

Reports on Weight.sand Me.a.snres~Repreeent.ative Carter R. Harrison •. 7. 
[Rx. Docs., }l'ourlh Congress, first session.] 

Reµ;uJations of the standard of wei~ht.s aod measures; division!! of the 
pound; division" or th1• ounce; scienti.fic experiment·s to be made b.v 
sci~ntish1 to be employed by the Government to fix upon a standard of 
weights and measures. 

Report on a standard of weights a.nc measures-Select committee of Con- 12. 
gress. 

[House DoGs. No.109, Fifteenth CongrN1s, s!"condsession. Vol. VI. J 
R~commends tJn1.t models of the yard, bushel, and pound, conforming to 

t.bose in most common use, be made under the direction of a CommiMrion 
to oo ~ ... Jected by the President, Bnd which, if satisfactory to Congress, 
eha.U be decla1'>:!1t the standard Wtlights and measures of i;ht' United States. 

Report ou Wot~hts and M~ures-By Jobn Quincy Adams, Secretary :.!t:i. 
~s~~ I 

[Ex. Paferr1, No. 109, Sixteenth Congress, second session. Vol. 
V.lII 

Plan of a st.andanl of weights and measurEs to be adopted b,v the 
U11ited Statrs, prepared in conforrnit,y with a resolution of the House of 
&pr-esentatives, dated Deoeniber 14, 1819. 

.Report on Weigl1ts aud Measurea. Select commit.tee ..••.•••••.••••.••• .f,, 
lRe~rta of committee!!, No. 65, Seventeenth Congret11s, ftrst session. 

Vol. I.) . 
The President of the United States should be reqneste<l. to obtain for 

the use of ~ dtlfereot States and Ten-itories duplieatea of the English 
tot\il6Ut"e8 we1ght6, eto. 
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Date. 

1830. ' 
:May29 •••••• \ 

IS:n. 

REPORTS AND OTHER DOCUMENTS--Continued. 

Subject. 

Extra.ct from Senn.te Journal: 
On motion of Mr. Woodbury, and by unanimous consent., 
/ll',aolT1ed, That the Secretary of the Treasury be directed to ca.nM a. 

comparison to be made of the standards of weights and measures now 
nsed at the principal custom-houses in the United States, all{l n1port to 
the Senaw at the next session of Congress. 

NOTE.-The titles which follow oft.he reports and other documents 
relatini;( to United Staies weights and measures have been taken chiefly 
from copie,; of tbe documents themselves on file in the lihraries of the 
Coa.st and Geodetic Survey and the Office of Stantlard Weights and 
:Y:eaimreJ>. The greater pa1·L of them are found in three bound volum~s. 
octavo, viz: Coast> Survey aml Weii::bt and Measnr" })ocuments, 1832 
to IS.3; Congre11sion&l and Departmental Docnments, Vol. I, 1830-1856, 
Vol. II, 1857-i889. 

N11m1Jt,r of 
pages 

and sb;e. 

:Mar. 3 ...... Rexi_ort 011 "\Vejgbts and Measures-By S. D. Ingham, Secretary of the 2, octavo. 
'l: reasnrs. 

Apr. 30,June 
18. 

1832. 

[Senate Docs., No. 74, Twcnt.v-first Congress, second session. Vol. 
Il.] 

Relative to comparison of weights and meaflnres used in custom
houses. 

Letters of the &!cretar.v of tbe Trea11nry to F. R. Hassler, Superint,fln11ent 
United States Standard Wetghts and Measures, respecting permanent 
standards of wei,(Zbt" anll mea1mres for the Treasury Deparlment, the 
mannfactnre of weightR and meaflurefl for all the custo01-hot111es in the 
United States, and tlie adoption of units of weight and of ca-pa.city. 

Mar. 5 •••••• An enumeration by Mr. Hassler of the objects and statements desirable 
to form a collection of standard weiirbta and measures of foreign 
countries for the Department of State of the United States. 

June20 ..••. 

1834. 
July and 

Aug., and 
Jan. and 
Feb., 1835. 

1835. 
Feb. 27 .••••• 

Dec. 26 .••••• 

1R36. 
Jan. 30 •••••• 

Mar. 21 •.•.• 

Report of the Secretary of the Treasury, in compliance with a. resoln· 
tion of the Senate, showing the result of an examination of the weights 
aud mea1rnrea used in the several cnstom-hon!ffis in the United States. 

[Twenty-eecon<l Congress. first e.es"ion, Doc. No. 299, Honse of 
Representatives. l 

Correspondence with the Secretary of the Treaeury, and reports of 
}'_rogross in the constru.ction of atandard weights and measures. F. R. 
Hassler, Superintendent.* _ 

Mr. Binney, from select committee to which the sn~il'>ct had. been 
refetted, made the following report on a memorial from citi~ns of 
Philadelphia. pra_yinp; Conjl;"ress to eat.ablish a standard ofwelzht. and 
meaaures throughout the Union, and uniform motle of applying and 
oonfonning to the same. 

(Twenty-third Congreea, second s~sion, Re~rt No.182, House of 
Repreeent.ativ~.1 

Letter fr<>m the Secretar.v of the Treasury, tmnsmittinll: inform Bot.ion in 
relation to• staudl\rd of weights and measures. 

lTwenty-fourth CongreSB, first se .. sion, Doll- No. 32, House of Rep-
1'6sentatives-Treasury Department.] 

Report of tbe Committ~ on Commeroo in relation to the expediency of 
. f1:n.•niBhing tbe Stat08 and Territories with the 1!5tandal'd weights and 
- measures selooted and adopted by the Execnt\Te, to be used in the(}(}}. 
leotion of the revenue of tlie United States. 

['rwenty-fourth Congreal'I, that se"8ion, Report No. 259, House of 
Representatives.] 

Mr. Pinckney, from the Committie.e on Commerce, submitted a report on 
a rel!Olution directing them t-0 inquire int.o the ex.pediency of _providlnf( 
for the distribution among ~he States and 'I'erritories of the same 
standards of weigbt.8 and measures which have been ordered to be pro
vided for tbe cu&tom-h{)11see. 

(Twenty-fourth Congress, drat sea&ion, Report No. 4'9, House of 
Representatives.) 

Non.-This is a report s11bsta.ntia.lly the -me in e:lfeet l\8 the one of 
January 30, 1836, and recommends the adoption of the same reeolution. 

2,octavo. 

3, octavo. 

122, octavo. 

20, octavo. 

31,octavo, 

7, octav<>. 

2, octavo. 

2, octavo. 

"'Contained in volume with following title: Documents relating to 1-he eonatroetion of uniform 
atandal'd11 of weights a.nd m~~UreA for the United Stat08, from 1832 to 1835. Pu.blished by F. :&. 
Baaalel", attperiutendeut of the "ftork. :New York: Prhtted by John Windt, 1831. . 
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1836. 
A pr. 30, and 
May 13, 18. 

June16 ..... 

Correspondence with the Secretary of the Treasury: in relation to a com" 
parison of tbe Tro.\" poun<l. sent from England with the Troy pouud of 
the United Stattls ~lint. and relati"e to the construction of stanuard 
weights for the Uuit~ll States Mint. ~t Philadelphia. 

Letter of the Secretary of the Treasury to F. H .. Hassler, Superintemlent 
of Weights and Measures, inclosing copy of a joint resolution of Co11-
gre<1H in regard to the preparation of complete sets of stanJanl weights 
and measures for each of the i:Hates of the Union. 

1 ! 5, octavo. 

8, octaYo. 

i 
.June 17 .. _ •. Reply of Mr. Hassler to the Secretary . --- ••. -- -·•. - -~ - - •. - -- .••..••••.... ' 2. octavo. 

Julv 28 ancl 
.Aug. IO. 

Nl•V. 19 ..... 

1837. 
NoY.18 ..••. 

1838. 
July3 ..••.. 

I~etters of Mr. Hassler to the Secretary relating to the completion and 
delivery of six: sets of sta.IHlard weights, one set to the Trea.sury I>e· 
partment and fh·c sets for c11stom-houses. 

lteport of pro),('rees in the com1truction of stamlanl weii.:hts and meas
ures, by F. R. Has::iler, Supel'int,endent. 

(This report is combineJ with that of the Coa"t Survey.J 

U.eport by F. R. Hasslei·, Snperintemlent Wei11:hts aml Mea.•mres, upon 
t.he e>1tablishment of the system of ounce wei,e;hts for tlw mints of the 
United Statt.•H. 

[abovu forms pa.rt of Senato Doc. No. 79 and of House Doc. No. :.!O, 
'I'wenty·fifth Congrm1t1, BOCond session.] 

Letter from the Sf\cretary of the TreaHnry, trausmitting; a report of l<'. R. 
"Ha>1sler, stating that complete sets of standard weighloi and me>\~urc,,i 
for· the resµPctive States of the Union have been prepared and art' nuw 
r<'mtly fo1· delivery. 

[Houao Doc. No, 454, Twenty-tifth Congress, second He»1sion-'rreas
ury Department.) 

2, octavo . 

2, octavo. 

10. octavo. 

June 26 _. __ . Report to the Treasur.v Department of the Unite'1 States upon t.lie eon- 6, octavo. 
st.ruction nntl completion of tlrn standards of weigli t for all the ~t•tte8 
of the Ullioo. 

[House Doc. 454, Twenty-fifth CongreRs, soconrl ses!'lion.] 

Nov. 14. _.... Seventh reporf of 1'~. R. Hassler, as superintton<lent of the coustrnction of 
standards of wtiigbts aml measure>-1. 

[Pa1·tof Stonatti Doc. No. 4, Twenty· fifth Congress. thir.l session.] 
1839. 

Nov. 16 _. __ . Upon tlle construction of the stanilanls of weil!hts and measures _. - - ...•. 
[Part ofSm1ate Doc. No. 15 au'l of House Doc. No. 20, Twenty-sixth 

Cougre:ss, firt1t s~ion.J 
1840. I 

July JO • • • • • Report upon the completion of tbe standard yard measures for tho re-

(House Doc. No. 261, Twent.y-sixth Congress, lit·st ses>1ion.} l 
apective S.tates-lly F. R. Hll.Ssler, Superintendent of \Veigbtoi aud 
Measur.:-s. 

Nov. 17 ..• _. Upon the construction of Rtandartl weight.'!. a.nil me:\snre~ .. - ... , ... _ .•••. 
[Part of House Doc. No.14, Twenty-sixth Congress, secund session.J 

1841. 
June 22 ..••. 

1842. 
Apr. 5 ... - .. 

Report. upon the completion of the standarJ ounce wei,!!l1t>1 for all the 
States of the Union-by F. R. Hassler, Suporinte111leut of \VtJights and 
Measures. 

fHouse Dtm. No. 33, Twenty-seventh Congress, fi1·Ht. sessiou.] 

Report. upon the construction of Rtandarcls of liquid capacity measures, 
with descriptions of the app11.rn.tus devisetl for standa.rdiuµ;, tables of 
last weighings, and ultimate results of adjustment. With 3 ilh1stra.· 
tious. 

[Sena~ Doc. No. lt.?5 and House Doc. No.176, Twenty-se\'entb Con
gress, second session. j 

June 29 .. _.. Report by F. H.. Hassler npon the works of the establishment of uniform 
weig,ht"s and measures for the Unitc~l States, made upon a. ca.ll from the 
•elect committee of the House of Uepresentatives. 

Dec.19 •••••• Letter from the Secretary of the Tro1bmry ti:ansmitting a report of Prof. 
H&88ler, Snporlntendent of the Coast SunTey, the last paragraphs of 
which relate to weights and measures. 

tHouse Doc. No~ 2a and Senate No. 11, Twenty·seventh Congress, 
third lt888ion-Treasury Depal'twent. j 

l, octaYo. 

2, octavo. 

6, oct.<ivo. 

1, octaYo. 

4, octaro. 

'.!fl, octavo. 

17, octavo. 
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Subject. 
Numb.,r of 

pa~es 

and size. 
Date. I 

Ma1~~4 ~~ •••• 1-C_'_o-1n-rn~i-t-te-e~o-n~C-'o-1n~111~e-r_c_e~(}l~r-.-l-!_a_n_d_al~1-),~to~W"~h-o-nl~"W~a-s-r-e-f-e-r-r-e-d~t-b-e-p~e-t-i--
1

~~~~~~ 

Apr., .rune, 
an!l Nov., 
aull J :l- n. 
31, 188!. 

18t5. 
Feb. 26, 27 •.. 

1816. 
Apr. 25 a.nJ 
Aug.7. 

18!8. 
July 30 and 

A.ug.12. 

Dec. 12 .••••• 

1651. 
1''eb. 7, 10 •••. 

1856. 
Dec.31 ...•.• 

1858 
Dec.15 .••••. 

1836 
May 17 •.•••• 

1867 
Mar. 1--···· 

1869 
Nov. 15 ..... 

I tion of William Nixon, reports adversely to the adoption of the metric 
system or weights and nieasnres. 

) {House Report No. 285, Twenty-seventh Congress, third session.] 

Reports of F. R. Hassler, as superintendent of the constrnction of stand· 
a.rds of weight and n•easure, upon tha progress of the works in the 
construction of stamla.rdfl. su1ce December, 18!2. 

[House Doc. No. 9-1, Twenty-eighth Congrnss, first s&->si•m.] 
Report transtnHted to Congress b.v the Secretary of the Treasury after 

the death of Mr. Hassler, tOJ,!f'-ther wit.n a tabular statement of tho work 
executed for the system of uniform standardoi. for the Uuited Stat,ea from 
the begiuning of the year ld30 to June, 18!2, with their state at that. 
epoch, and the additions made until November, 18!3. Six illustrations. 

I 
I 

Report of Alexander Dallas Bache, Superinten1lent, on the constructiou 
of standard weights, measures, and balances for the year 1844.. 

I 32, octavo. 

tSenate Doc. No. 149 and llouse Doc. No. 159, 'J'weut.y-i,ighth Con-
gress, second session.] 

Report upon the progress made in the cons1ruction of stau<larol weights, 
measm·es, and balances in the year 1815, under the superintendence of 
A. D. Bache. 

[Senate Doc. No. 483, Twenty-ni11t.l1 Cougress, first session.] 

Report to the Treasury Department, by A. D. Bache, on the progress of 
the work of constructing Rtandnrda of w""ight.s and mea8ures, and bal· 
ances, in the years 1846 antl 18'7. }four illustrations. 

[Senate Ex. Doc. No. 73 and H.,u.'!e Ex. ~c. No. 84, Thirtieth Con
gress, first session.J 

Rerw1 ts from the Secre.tary of the Troasnry of scientific investigations 
in relation to eugar antl bytlronwtt•1-. .. , made under tbe superintelltleuce I 
of A. D. Bache, by Prof. R. 8. McCnlloeb. Revised edition by order of 
the Senate. 

{Senate Ex. Doc. No. 50, Thirtieth Congress, first session.] 

Letter from A.. D. Bacl1e, Superinteudent of "\Veights and Measures, 
co11.1m11nica.t.ing a repo1·t of the computation of a manual of tables to be 
usecl with the h_vdrometers recently adopte1l in the United States cus
tom-houses. With six illnstrations. 

[Senate Ex. Doc. No. 28, Thirty-first <..:ongress, second se!lsion.] 

Report to the Treasu1·y Dt1partmeut of progresi\ mil.de unde1: the auperin· 
tendence of Alexander D. Bache, in the coui1tr11ction aml distrihution 
of st.'ltHlards of weigbts ancl mea1mres, and >iupply of byclrometer'4 tn 
custo111-hou.ses; ahl<> of ualances made and 1list.iih11t.\tl to tbe 8tate11. 
aud tho laws se"·ttrally enacto£l then,iu relativo to slaudarJ wei~hts antl 
measul'es from the 1st of January, 1848, to the Hlst of December, 185li. 
Six illustrations. 

LSeuak' Ex. Doc. No. 27, Thirty-fourth Couu;ress, third session.} 

Report of the Secretar_y of t.pe Treasury comrunnicati.Dg, in answer to-~ 
resolution of the St.ma.to, a report slwwing the amount expc1ni6f:l and 
the progress ma.de in tb.e Coast Survey, and also. (pp. 222-21'!7) the 
weights and measul'es furnishNl tile several States and custom·hou~e$ 
ancl their co11t. 

[Senate Ex. Due. No. 6, Thirty-fifth Congress, aecond session,] 

Mr. Kasson. from the Commiue·e on Coinage, Wei£btR, a;rul Jdea..<tnres, 
made the following report upon the general flUltject of a uniform 
sy.stcru of coinage, weight.s, and measures, ac.~mnpanied by bilb anti 
resolutions which, as a-0ts of Cougre8:;i, W•~rd app1·oved July 28, 1866. 

! llouse Report No. 62, Thirty-ninth Congress, first session.] 

Letter of the Viee·prcsident of the National Academy of Sci"nces com
ruunicat.iu11:. in obedieuc6 to law, a report <>f the proe~i.ugs of t.he 
Ac1ufomy durin~ tbe year 1866. Report on hydrometers, densities, 
aml Manual for Inspect.ors of Spirits, etc. 

JSeuate Mia. Doe. No.#, Fortieth Cougress, ftrst SM!don.] 

Report by Benjamin Peirce, Snperinteudeut of Standard Wei,v;hts aiul 
M~asnres, tot.he Secretaey of tbe Tre&8Ury, ucpon the p~~ ma.d6 in 
Ole construction of metric aianda.rdti o.f len~&b, weight, a.nd capacity, 
in pu1·sua.nce of a joint reaolutiou of Oongr88Jt of J uJy 27, taGG. , 

I 

23, octavo. 

~9. octavo .. 

168, octavo. 

218, octavo. 

'9 octavo. 
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Date. Subject. 

1871 I 
Nov. 30 ..... ! Re11ort of an examination of weights and halances at. the branch mint, 

United States, San Francisco, CaL-By George J)avidson, AssiRtant, 
U. S. Coast Survey. 

1875 
Ang. 17 .... -

1~76 
Mar ........ 1 

Mar', 

1887 

1878 ' 
Mar.21,23,28 ! 

Ma.y 8, 18 .... 

Memorial to Congrt-s>'I in fa•or of an International Uurean of weights 
an1l m1•.asnreH. -Signed hy :p .A. P. Barnaro, chairman cmnrnitt.ee; 
J .. E. IIHgartl, H. A.. Newton, .T.L. Smith, Jose1Jl1 Henry, \V. B. Rogers, 
Bcnj. l'oinm, E, B. Elliott. 

Report 011 the proposed Int.cruational Bureau of weights and measures 
at Pari>1. Gh·ini:- a conchie history of what has ht>(m done l.Jy the Inter-
11at.ional Conference~ by J. E. Hilgar<l, Allsistaut, U. S. Coast. Snrve_y, 
alld dl-'le~ate from the United Ht11te>1 to the International Commission. 

Pappy·s 1·dntin~ to mc~ric standards <listrihntml to the States of the Union 
11ndPr n joint !'<'solution of Congress pf July 27, 186!>, including a dc\>1Pri11· 
tion of the metric sta.udards, with dirf\ct1ons for th.,1r nse-liv J . .E. 
Hilgard, In"-p<'etor U.S. 8tandard \Veigl1ts and ~Icasttres. · 

Tim rdation of H1P lawful slawlardR of nwasnrt• or tl.Je United St.at.es t.o 
tl1os"' of Gn·a.t Britaiu an;l Fraoce-.J. E. Flilga.rd. 

[P111ilishe1l as AppPmlix No. 22 to CT. 8. Coa:-;t Survey Report for 
1876.j 

Comparison of .American and BritiRh stan1lanl yards.--.J. E. Hilg1nd. 
l"PuhH!lhed as Appendix No. 12 to U. S. CoaAt Survey Report for 

1877.] 

Letters of C. P. PaUerson, Superinlern.lent Coailt S11rv1,y, aml of J. l~. 
Bil,!!"ard, Assistant Coast 8nrvey allll luRpect'H' U.S. 81amlanl 'VPight.i! 
antl l\{<msure>1, in relation to the pl:"opm•it.ion for making the rn•e of th" 
metric:1l s~ <1tPn1 of wei~l:ts and measures obligatory in all govl·rnment al 
and imliviclnal traui<act.ionR. emhodie1I, with other statements, in a com-
11:1unication from tlie ~ecretary of th1• Treasury, in re,..ponse t.o n reso
h1tion of the House of l!epr<'sentath·e><. 

[House Ex. J)oc. No. 71, l<'orty-tifth Cong;ress, sf'con<l sessicm.j ...•.. 

Sta.tpment of .T. E. Ililgartl, Inspector U.S. Weights and MPa!!nt"f'>1, heforp 
th€> Committee on Coinagf', Wei1'!hts, amt Measures, of the Rouse of 
Uepre!!cntatives, co11cernjn~ the st11ndard welghls nml measures of tht• 
Unitml St.att'"· 

[Honse Mis. Doc. No. 61, Forty.fifth Con~ress, secom.1 session.] 

.Jnne 11 . . . . Int-Ornational Bureau of 'Vei:d1ts a1Hl McasnreR. 11.It'Rsa.g~~ from the Pre>ii· 
dent of Uw U11iteil Statf'.s transmittlng a communication from tl1l· 
Secnitary of State in re8poniie to a. rei:iolntion or the Honse or Rep1•e. 
!'.ent:.tives, Jn rf'lation to the convention for f'<Rtablisbing :iu Inkrna
tional Hnreau of Weights and Measures. 

[House Ex. Doc. No. 00, Forty.fifth CongresR, s<1cond Res:-; ion.] 
1880 

Feb.1'.! ...... Report. h~· Mr. 8t,e,>l1ens, Committee <m Coinage, 'Veights, aud M:ea.<mre@, 
on the metric system of cninag-e. 

Mal". 5 •••••• 

1881. 
Mat»3 •••••• 

\Sft6. 
Jan. 29 •••••• 

1888. 
Apl". 26 ••••. 

LllouseReport No. 203, F(1rty-sixth Congress, seoon1l session.) 

Repol't of l\,fr Vance, of Committee on Comaj:!:e, Weights, an!l Measures, 
on a decimnl system of weights and nrnasures fot· tltto English-speakinl! 
llations. 

l HouRe Mis. Doc. No. 29, l<~ort.y-sixt.h Cougresl'I, second session.] 

Com11letc set of Atandard weights anil measures to be fnrnisbetl for Urn 
use nf the a.gricnltnral cnllegeM. ~\.pproved March 3, 1881. 

[Public reRolulfoll No. 23.J 
.Joint re!'olnt-ion, dirt'cting tilt> S.'Cf"etary or t.11-0 Trea.Rnry to can,;e a 

complete set or all the weigh ti:: au'1 nwruwres adopted as 81 an<lards to he 
tlelivered t.o the Governor of each 8tate in the Union for· tile use of agTi- 1 

cnltural colleges, etc. · 

Letter from tbe Secreta.rv of the Tl'ea.snrv transmitting letter from the 
Superintendent of the Coast and Geotletie Sut'vey, relative to ;mpply. 
Ing balance!'!, weight,,. aml measure" to Tf'rritories, etc, 

[Senate Ex. Doo.No. 55, Fort.y-ninth Congress, tl.t-st session. J 

Letter ff'om the Secretary of the Treasury tran!!-miU ing an e!'!timat.e from 
the Secretary of SU.te of an appropriation to suppJy deficit fo1 lhe Iu
ternatioul Bnniau of Wei,u:bts and l\IeMuree. 

(House Jh:.Doo. No. 283, l!'ift.ieth ConJ?;reas, drataesaion.J 

Nnmlwr of 
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aud·size. 

B, octavo. 

f•. q11arto. 

3'..l, quarto. 

7, oetavo, 

37, octavo. 

12, oct:~vo. 
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UNITED STATES STANDARD WEIGHTS AND MEASURE:-:5-Continued. 

REPORTS .AND OTHER DOCUME~TS-Continued. 

Subject. 

---·-----1 -----------------------------------

ll'lfl!I. I 
J uue 15 - __ •. 

1

1 J;unetin No. 9.-0n the Relation of the Yard to the Metre. 
Tittmaun. Assistant. 

i 

By 0. H. 

I 
S<lpt. lfi .. - - -

Appendix No. 6.-Annua.l Report of the U.S. Coast and Geodetic Survey, 
1889. The relation between the metric standard~ of len;_;th of the 
U.S. Coa~t an•l Geodetic Survey and the U.S. Lake Survey. 

Letter to the Ser.retary of State transmitting a report> upon tho snbject of 1 
~eights and measures for the information of the United States dele- i 
~ateR t.o the International .American Congress--by T. C. Mendenhall, 
Superintendent U.S. Coast and G~detic Survey, a.nd of 1\'eights and 
Measures. 

Nov. 3-0 _ .••. Verification of \Ycights and Measures-by 0. H. Tittmann, Assii:Jtant. 
(One plate.) ~ 

1890. 
J,m. 15 _ ---· 

January ..... 

... ... .. . . --.. - ..... 
I 
i 

Feb.18 .....• J 

May 6 .. - -·· 

[Coast and Geodetic Survey Bulletin, No.15, 1889.) 

International American Conference. Report of the Committee on 
\Veights and Me-ures, as adopted by the Conforeuce. 

lT. S. Coast and Geodetic Survey. Office of Standard Weigl1t..~ aud I 
Mea!'lnres. T. C. Mendenhall. Superintemlant. Tables for converting 

1 

United States weights and measures, metric and customary . 

.Appendix No. 16.-1890. On the relat.ion of the yard to the met.re.. - - - .• i 
[Republication, with additions, by Assistant O. H. Tittmanu, of his I 

paper first puhl.ished as Bulletm No. 15. J 

Tal)lt~ fot• the reduction of hydrometer observations of salt-water densi
ties. Prepared for publication b.v 0. H. Tittmann, Assistant. 

[Coast anol Geodetic Survey Bulletin, No. l~, 1800.] 

Appendix No. 18.-1890. Historical account of United States standards 
of weights and measures, customary and metric; of the inception and 
construction of the National Prototypes of the metre and kilogramme; 
of their transport.ation from Paris to Washington; of thdr official 
opening and certification, and of their deposit in the Office of Weights 
and Measures. (One illustration.) Compiled byO. H. Tittmann, As
sistant in charge of the Office of Standard Weights and Measures. 

Brief account of the weights a.nd mtmsures in customary use in the 
United ~tates, with the le~islatiou relating thereto: customary length 
measure; customary standard of weight; capacity measures; weig-ht!t 
a.nil mea.anres for agriculturnl college11; metric standa.rds; coefficient of 
exp1~nsion of the metre bars; construction of the kilo~ramrnos; report 
of Dr. n. A. Gonld, delegate from the United States to the International 
Conference of 'Veigbts and Measures, hold 1lt Paris. September •. 1889; 
prototypes of the standard metre and kilo!!rammtJ <>f the Bu1·eau In.t.er
naUonal des Poids et Mesures; report of AsRistant George Davidi>.on upon 
delivering one set of these prototypes to Prof. T. C. Mendenhall, 8uper
intendent U.S. Coast and Geodetic Survey, an<l of \Veigbtsaud Measures; 
cert.ftcate of President .Benjamin Harrison in relation to the openinJ! of 
the national prot-Otypes of the metre aud kilogramme; report of As
sistant O. H. Tjttmanu, upon the transportation of national prototype 
metre. No. 21, and national prototype kilogramme, No. 4, from Paris to 
Waf!hington; descriptions and certificates of these prototypes. 

I 
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and size. 

G, quarto. 

19, quarto. 

7, largo octa
vo. 

2. 

7, large oct:1· 
vo. 

2, quarto. 

6, quarto . 

3, quarto, 

24, q ua.rto. 
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A SUBJECT-INDEX TO THE l'ROI"ESSIOKAL PA PERS CONTAIXED IS 
1'HE AN.XU.AL REPORTS, JJY TH1._· BTJLLE1'INS, AXlJ L\' THE 0<'('.1-
SION.AL Pl.JBLICATJOSS 01' THE U.S. C0.1ST AXD GEUl.JETIC SURVEY 
FBOM 1845 1'U JS!:JO, L\"CL rs1 rE. 

KEY 'I'O INDEX. 

GEODESY; 8CRVJ<""'.YING: 

Base lines Rllo stamlardR of length. 
Reconnais.-•auce. 
Triaugulatiou aud instruments. 
Time. 

Topography. 
H;vdrogTa11hy. 

PHYSICAL HY l>HO<> RA PHY: 

Latitude. 
Thlt>s, cnrI'(•uts, 'vinds, aud shore

liue chaHges dne to nctiou of the 
Rea. Lougitrnlc. 

Azimuth. 
Arc measures and local <lt'flection of 

the J>lnmh line. 
Gravity. 
Geographical ]>08itions ~rnd projec

t.ions. 
Geographical explorations. 

G n U-stl'cam explorations. 
Decp-s1ia souncling;;, temperatures, 

and 11,·nsit.ies. 
Sur,·c.n; au1l -_•xplorations of oy:,;tcr 

heils. 
TEHHE!'.TH.IAL MAUNETISM. 

A:-·n·uo:-.:11:\tY .. 
HYl'HOMR.'l'RY: 

:-:.pirit leveling. 
l\IATllE:\·1 ATIC~. 

DnAWIXli, E.:-.;GBAYING, AND ELECTrro

TYPINli. 

1854. 

1855 

1856 

1857 

1857 

Trigonometric an d b arum et r i c 
heights. ~!ISCELLA ~E.UU S. 

35 

41 

60 

GEODESY. 

BASE LINES AND STANDARDS OF LENGTH. 

Subject and author. 

103-108 1 Ba!!!e-measuring apparatu>i, description of, as used in tlie Coa:1t ~ur-..~y. -
Lieut. E. B. Hunt, U. 8. Engiueei-s.-[Sket.ch M.} 

264--267 

308-310 

302--305 

Preliminary base a.pparatus.-C. 0. Boutelle.-! Sketch 53.] 

Su bsidiar.v base apparatus. 
Description of a modification devised for ascertaining the temperature of 

rode in u-.-{Sketcb 64.] 

Epping base, 'Ma.ine.-A. D. Ba.ehe. 
Notes on the preparation of site, Wf»Lsnremeut of line, an11 prog1·e!\s, as 

compared witbother meaam-ements of the Coast Survey .. -j Sketd, 3.] 

Baae appara1;DB for measuring subsidiary lines; description.-J. E. Hil· 
1i&rd.-lSketch 69.) 

Base-meas11ring app11ratue.-J. E. Hilgard. 
Reeulta of expetiroenta for detenuining the lenl!'.th and rate of expansion 

by heat. of the six,m.etre standat'd bar, will! table of cowparisona of 
ataudard ~r with sis. wetref!l.-[Sketch t9.J 

377 
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GEODESY-Continue~. 

BASE LINE'S AND STANDARDS OF LENGTH-Continued. 

Year !A D,Pen- l Pa..,ues. · a1x. I 
--- -~~-~ 1---~-

1864 

1865 

I 
l 

18661 

186fl 
j 

1867 

1868 

)869 

1873 

1873 

21 187-2(13 

49-54 

140 

134-137 

133-139 

105-112 

12 123-131 I 

12 132-136 

Subject and author. 

Epping base line.-C. A. Schott. 
Heport on the method of computation and reimltiDI! conuc-ction with tl1e 

primary triangulation.-(!) General remarks or1 the method of reduc
tion; (2) instruments and methods of horizontl1l ni.'asnres employe(l 
in the triangulation near the Epping base; (3) determinaUon of prob
able error and weiJ?ht to each direction obset·vetl with the 30-inch 
theodolite; station Howard; abstract of remaining differences; nb-
1-1tract of 1·emaining errors; table; (4) determination of J)robnble enor 
and wright to each angle and direction from observations with a 
repeating- circle; (5) resulting horizontal angles from tbe ohser>aHons 
at each statioll, with their probable error; (6) effectfl npon the hori· 
zontal angles of a difference of level between the fltat.ions occupied 
and observed upon; (7) spherical excess of trianglE's ; (8) residuals in 
the sum of aoglefi of each triangle, anti their di!rnussion ; (9) final de
tel"ruination of probable errors (and weightM) to each direction; (10) 
relative value of results from the 30-inch and the 10-inch repenting 
theodolites; (11) formation of the conditional rqnl\t.ion of the nnnagou 
around the Eppillp; base; (12) equation of correlatives and normal 
equation.i; (13) resulting correction to the observed directions; (14) 
complete adjust111eut of the nonagon and finitl clirectionf!; I 15) lriangle 
side computationtl; (16) resultine distauceH from Mount Desert to 
llnmpback; (l 7) conne('tion of tlw azimuth mark with the adjusted 
directions._,_ I Errata, 143: 1866, p. 141. l 

Results of tbe primary triana:ulaliou of the coast of New Eni;:land, from tbe 
northeastern boundary to Urn -vicinity of Niow York: Jeogth anrl accu
racy of too lt'ire Island ba1ow !in.,; 1ength And accuracy of tlte Massa
clnrnetts base liue; length and accnracy of E-ppin!! bmm Hue; geo, 
detic connection of tile three primary base lint's in Maine, Massacbu
f!ettl', and New York; their degrt>e of acconlance u.n1l resulting: a.ccn· 
rn{;y of the Jlriruar.v triangulation intervening; result.ing angles and 
distances of the p1imary triangulation betwef'n the Eppin~, Massa.
chust1tfs, and Fire Island base line;i.-[Errata, 198: 1866, p. 141.j 

l'rimary triangulation of the A tlantfo coast. -C. A. Schott. 
Geodetic connection ofthu two primary baRe lines in New York ant1 Mary

land, their degt"ee of accordance and accuracy of the primary trian
gulutiou inte1·veni11g, with the. resulting angle11 and distance!!! as fiua.lly 
adjusted. 

Length of the Kent blantl base line.-LSupplement to C. A. Schott's report 
on 11rimar.v trian~ulatiun of the same year.] 

Comparison of nwtres. -F . .A. P. Barnard and H. Tresca. 
Comparison of an iron metre forwarded to France hy the Government of 

tl1e Unitf'd 8tates of America; Table J, the Uniled 8t.nteR metre upon 
the comparatm.· ;: II, the Conservatoire standard upon the compararor; 
III, the United States metre upon the comparator; IV, results. 

Full explanation of the different successive 01~erations connecte(l witl1 the 
measurement of a subsidiary ba.86 Hne. 

Connection of the primary base lines on Kent {Bland, Md., and on Craney 
Island, Va., and on the degree of accuracy of the intt'rventng primary 
and subprimary trianplations.-C. A. Schott. 

Statistics of conditions; hnear diecreJJancies in tho ba11e lines; degree of 
aecnracy ; final ('orrection of directions; adjustment of the subpri
mary stations; Cape Charles Light and North en(l of measurement: 
adjuatment of t.he secondary stRtion, Hampton Seminary; table of 
Atlantic aeries of primary triangles continued. 

P.-ach Tree Ridge base, near Atlanta, Ga.-C. A. Schott. 
1tfoasurement. of line jn 1872, 1873, by C. 0. BonteUe (Sketch No.18); condi

dition of the apparatus; comparison of the tnoos; scybopsis of results; 
table of horiJIDnta.l distanC1es measured between temporary markl'I 
near the monuments in each of the three measures; corrected dis
tances; dlMJrepancies in the three m~ures; heights above mean 
ha.lf tide; probable error of computi'd length; comparbon with tbe 
accuracy of other base llneoi. 

Description of the co:npensation base apparatus of the United States Cout 
Survey.-E. B. Hunt. 

(Reprinted f~m App.mdh:. No. 35, Coast Survey .Report of l~) 

136 Supplement.-The "Bo~tla thermometer" a.ttaohDlellt. 
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1876 22 

1877 12 

1880 17 

1881 12 

1881 13 

1882 7 

1882 8 

1883 11 

1889 6 

GEODESY-Continued. 

BASE LINES AND STANDARDS OF LENGTH-Continued. 

402-4.06 

148-181 

341-34.4 

357-358 

101-138 

139-149 

273-288 

179-197 

Subject and author. 

The relations of the lawful stantlards of measure of the United States to 
those of Great Britain~nd J<'rauce.-J. E. Hil;rard. 

Measures of weig;ht, of capacity, of leng;th ; relation of yard to metres. 
Annel'.: T. An act to autho1·ize the use of the metric system of weig;hts 
and measnres; measures of length, of surface, of capacity, weights. 
Annex II. Comparison of yanls ancl metres. 

Compari,.on of Anierican aml British stamla.rd yar<ls.-J. E. Hilgard. 
(l) Relation of the lawful stamlarcl~ of measure of the United States to 

those of Great Britain and Frauce; meiumres of Wt>ight. ca.pa.city, 
len!ltl1; relation of yal'll to men·<': annex I, Resolution of Congress 
prov!cling for the diRtt·ihution of weights and measures; II, An act to 
authorize the UHe of the metric i;iystem of weights and measures, 
mensnt't'S of length, surface, capacity, weights; annex III, com1,ari
son of' yards and metrt>s: {2) de;icription of the Tronghton 86-inch 
scale; {3} description of British stanclar1l ran.ls, bronze No. 11, and 
iron No. 57. 

Coefficient of expansion of the British standar(l yard bar, bronze No. 11; 
being a new diseusf!ion of t.be e:q•eriments of Slrnepshanks and 
Clarke.-ByJ. Homer Lane. 

The relative expansion of bro11ze 12, and Low Moor iron; for absolute ex
pansion of bronze 12 and hra>1s 2; equations of Pondition; recapitula
t.ion; addendum h_y 0. H. Tittmann; {5) relative leugths of bronze 
ya.rd No. 11 and iron yanl No. 57; ex11eriment~l comparisons on the 
diYiding ruachine; comparisi>n ou line and eu1l eoroparat-Or: on t.lie 
beam compass comparator·; comparisons of British bronze yard No. 11 
with the Imperial yard and other sbtndardsof Urt'lat Brit.aiu; (1) C'Otn· 
parisons with standards of the Dominion of Canada; ahstnwt of com
parisons bet.ween No. ll an•i No. 16; uetween No. 11 and Dorniniou 
Standal'd A; bet.w(een Dominion Standard A and No. 16: compa1 isow1 
with t.he Imperial yard and other standards of the Standard Ofiice, 
Westminster, London; rates of expansion; r"sults ot' compa.riRou of 
bronze No. 11 (U.S.) with bronze No. 1 (Imperial yard); of No. 11 with 
bronze No. 6 (Generatot'); of No. 11 with caRt iron Band C; tahnla
tion ot' results of compa.rieon between No. 11 am1 foreign stand a 1·ds; 
(7) comparison of the Trou~hton 8Cale with the British LH"ouzt> 
standard No. 11; (8) concluuiu~ atatemt-nt. 

Base apparatus.--J. E. Hilg:a1d. 
An acco11ut of ~ perfecwd form of the contact i.li<le liase appm·atu~ used 

in the Coast and Geodetic Survey .-tSketd1 82. 'Figs. l to 8. J 

Ou tl1e length of a nautical mile.-By .r. E. Hilgard, Superintendent Co.a.at 
and Geodetic StH"f"~Y· 

On a. roethoil of rea.<lily transferring the underground mark at a base 
monument. -By 0. H. Tittmann, A.tlsisl ant. 

Description a.nd construction of a new com1mnsntion base appara.tu>J, with a 
determination of the length of two 5-metre standard bars.-By e. 
A. Schott, Aasistaut. 

Report of the measurement of the Yolo ha.sf', Cal.--Georg{l Davit.Ison, 
Assistant. . 

Results for the length of the primary base line in Yolo County, Cal. .Mea.snre
meiJt in 1881 by George Do.vhiaon, As;\iatan~. Computation and dis· 
cuesion of results by Ch~les A. Schott, Assist.ant. 

Relation between the metric standards of length of the U. S. Coast and 
Geodetfo Survey and the U.S. Lake Survey.-B,r C. A. Schott and O. 
H. Tlttmann, Assistants. 

Introducticm; the Committee tnetre; the Repaol<l metre of 1876; the nerlin 
metre N·o. 49, apecia.l use of; the 'l'oise du Peron; reasons for present
ing results ofcc>1npaTisons; comparison of the Repeold metre of 1S76 
(R~ :M.), U.S. Lake Survey, and ~he Committee metre (C. M.>, U.S. 
Coast a.nd Geodetic Survev; d.escription of the opHca.l beam compa~111 
comparator; mict"Omet.en!; micrometer valul.",s; Illuminati.on; th Or· 
mott1.eters; comparison of line aud end mtitres; special ffo;-ice ui1etl 
with C. M.; two plates illustrating same; ph1.0e-a of observation; 
p;eneraladjustments; discussion of results; eompa1·ison of the coelfi
eiente of expansion of the iron Cemmiltee met.re (C. M.) and of the 
Repaolrl Rt.eel metre \R. M.); comparison of the Repsold met.re of 1876 
(or R.H.) with the Berlin metre No. 49 (or B. M..); recapitulation of 
resulting normal differences R. M. -- B. M. ; eomparh1on of valnee for 
aoetllci&nt of expansion of the Berlin brass metre No.~ (or B.14.); 
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Y IAppen· 
ear.' dix:. 

1889 

1889 

1889 17 

1800 16 

GEODESY-Continued. 

BASE LINES AND STANDARDS OF LENGTH-Continued. 

Pa;,: es. 

165-113 I 

217-:'.31 

45-50 

157-159 

479-'91 

715-720 

Snbject and author. 

relation of the Committee metre to the Metre des Archives and to the 
new International Prototype metre. Abstract of Record of Compari
sons: A.-Record of comparisons between the Committee metre 
(C M.) and the Repimld metre (R. M.). B.-Record of comparisons 
between the Berlin wett"e (B. M.) and the Rep.sold metre (R. M.); 
abstract of comparisons between C. M. anll R. M. ; abstracts of results 
of comparisons between C. M. and R. M.; final abstract R. :M:. -C. 
M.; abstract of results of carnparisons between B. M. (No. 49) and 
R. M. 

Bulletin No.17. The relation between the metric standards of length of the 
U. S. Coast and Geodetic Sqrvey and the U . .S. T..ake Survey. A 
report by C. A. Schott and O. H. Tittmanu, Assistants, Coast,,and 
Geodetic Sm·vey. 

Report on the mea~nrement of tbe Los Angeles base line, Los Angeles and 
Orang;e counties, Cal., by George Davidson, Assistant. 

Previous ba>1e mea!lnrements at Los Angeles; search for base monuments; 
tlcesirabi!ity of ucw baso measurements; reeonnoiesance and examina· 
tfon for ba1:1e·llne sire; preparations for the measurement; general 
location of the Los Angeles base line; final location of the line: 
lmiMing the ba.se piers; marking the base stations; the refereneo 
or witness marks fm· the sonthellost. base station; the base line h;v. 
eled and preliminarily measured with 100 metre wire; half-kilometre 
marks a.:id temporary marks on the base line; the movable cover for 
the base apparatus; the organization anll movement of the party ; 
foot 11lates of the trestles; comparisons of the base- bars Nos. 1 aml 2, 
aud tho fiPld standard No. 2; compari111ons during the ba..~e me1v111re· 
weut; 11lacin_g the forward bar in position; moving the bars into line; 
measure 1br fractional ha.rs; the alignment of the bars; the compara
tors; t.he operation of a 1lay's measu•·emf'nt; the rate of mensure
ment of tlw l.taae; tabulation of daily work; first measurement Los 
A.ng::eles base line ; R&e0nd measurement Los Angelea base line; thiul 
measurement Los Augeles base liue; i:mmma.ry of t-he statistics of 
tbe three measm•ements of the Los Angeles base line ; exbiuit of 
the thil'cl measurement by days. Illm1trations: No. 20, Markings of 
en1ls of pl"imary base line, Los .Angeles, Cal ; No. 21, Map showJng 
tlrn ~eneral location of the Loe Angelos base line and its connection 
with t!Je ma.in trian~ulation; No. 22, Profile of the Los Augeles base 
line; No. 28, Los .Angeles base line, sketch showing tuovement of 
part.y. 

Bulletin ~o. D, on the relation of the yard to the metre.-By 0. H. Tittmann, 
A. ssintant. 

Bulletin No. 15, Verification of weights and measures.-By 0. H. Tittmann, 
.As.;istant. (One illustration.) 

Report on the re1mlting length and probable uncertainty of five principal 
base lines. mea1mred with the Bache-Wiirdemann compensation base 
apparatus between ~847 and 1855.-By Charles A. Schott, Assisl&nt .. 

Introductory remarks: Part I-Resulting; length and probable nncertaint.y 
of the base line meaaured on Dauphine Island, Alabauia., in 1847--by 
A. D. Bache, Snperil1tendent U.S. Coa~t Hurvey; P.art II-Ue;mlting 
length and pro liable uncertainty of the bwJe line meaaured on Bodies 
Islaoll, Nort.h Carolina, in 1848-by A. D. Bache, Sllt>et"intendent U. 
S. Coast Survey ; Part Ill-Resulting length and -probable un
certainty of the base line mea.sured on Edisto Island, South Carolina, 
in 1850--by A. D. Bache, Supe-rinteodent U. S. Coe.at Survey ; Part 
IV-Resulting length ant! probablA uncertainty of the baae line 
meunred on Ke_JI' Biscayne, Cape I:t'!urida, in 1855-by A. D. Bache, 
Superintendent U. S. Coast Survey; Part V ~!!8"1ulting. Jen.i:rtb antl 
probable unoortaioty of the base linemcasal'ed at Cape Sahle,Florida, 
in 1855-by A. D. Bache, Superintendent U.S. Coast Survey. 

Qn tho relation of the yard to the metre.-By O. H. Tittma.nn, Assistant. 

NoTB..-Thia paper is a second edition of Bulletin No. 9, rev1sed by the
author, with statement of later_comparisone. coniirming his results. 
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Yea,1'.: A<W;~n-\ Page!'. I Subject and aathor. 

1850 

1850 

1851 

1852 

1852 

185,& 

l&il 

1855 

1856 

1857 

1857 

1857 

1857 

1858 

1858 

1869 

1860 

\861 

1873 

--- -------- ~--------------------
23 106-110 Extra.ct from the repm·t of AssiRtant F. IT. G(>rdeR to the Saperintentlent 

on the recnnnaissauco of the Florida Kcy.i, ote. 

31 119-120 Re}lort accompanying a reconnaissance cl1al't of tlrn weRtPrn coast of the 
lTnit-ed States, from Monterey, Cal., to the Cnlnmhia Ith·er, Oregon.
By Lieut. Comman1Ung, W. P. McA.rtnur, U. ::;, N .. Assbtaut. 

31 488---494 }l.orida coast reconnaissance.-F. 1-I. Ger<les. 
A, de><criptio1l; B, survey; C, tides aiid cnn:cnt<i; D. railroad acroBR the 

poniusnla: E, light-houses and buoys; F, general remarks on Cedar 
Keys Hat·bor.-[Sketcbes 27, 28, and 29.] -

12 87-94 Extracts from Hie report of .Assistant r. H. Gflrrles on a reconna.issan!'.e 
from Suwannee River, Florida.1 to I>elta of Mississippi. 

18 10i~:07 I Report. of Lient. Commancllilr James Alden, "G. S. N., on t.ht>- reconnaissance 
i from Sau .Fraudsco to ~:~u Dil~\>, inc1udinl!; :Si\nta Barbara Islands 
\ and cbaunel. 

20 28-30 f Extracf.R from the report of F. II. Ger!les on the recounaissance of the 
cnast of .Louisiana in 1854 (Mi;.si8sippi Delta>. 

21 30-31 Extracts from a report hy \V. E. Greenwdl on the genernl features and 

25 

52 

41 

34 

35 

peculiarities of the coast of Lowei· Texas, with RUggestions in regard 
to facilities for naviga.tim;,t,, from the harbor of the Erazo!'> do Sau
tiaj!O to the mouth of the Rio Grande. 

Surve.v fo"r the General Land Office, inc1udin.u; reports on tb!l general topog
raphy and triangulation, on the- determination of t,be shore-line, and 
r~·connaissance of Barnes' Sound, Florida. 

171-1761 FlorMa K.--vs. 

286-289 \- Report of the Superintendent to the Commissioner of the GenNal Land 

I 
Office on progr<'>ss made in tl1e survey and marking 'in quart-er sec-
tions. 

379-382 j Florida Penimnlla air-line. 
lteport of a reeonnaif!sancB ma.<l"' between :Fernandina and C<.idar Keys.

Hy Capt. J. H. Simpson, Unit-ed States Topographical Eugi neera: 

382-390 Florida Keys. 
Superintendent's report to CommiF<sioner of General Land Office on prog. 

ress made in survey and marking of the keys. 

390-391 CoaRt of Santa Barllara Channel. 
Report of Suba.ssistant W. M . .Johnl'!On on its topographical character

istics. 

392-395 1 Santa Barbara Islands a.nd main. 
i Report on the character and progress of the work.-'V. E. Green 'I> ell. 

224 I Eastern coa.st of ~'lorida, south of St. J"ohn'fl l~h-er. 

! 
Report of Subassistant J. Meehan on local charact(•ristics. 

225-227 Florida Keys. 
Superintendent's report to Commissioner of General Land Office on pro).{· 

ress made in surveying and marking of the koys-Conti11uf'1l. 

32 324-328 Cm~st of Te11.as, l.'tnbr&<1ing the shores of E>'piritu 8ant-0, San Antonio, and 
Ara.nM.S Bays. 

Report on a rooonuaissance. -S. A. Gilbert. 

34 356--357 Corpus Christi Bay and Lajtnna Manre, Texas. 
Genera.I description and charaeteristics.-S. A. Gilbert. 

29 263-264 Coast. of Texas above Gl\lveston Ba.y. 
Extracts from a descriptive t'ep<:1rt.-Capt. Goorge "Bioll, U.S. A. 

11 111-122 Geographical and hydrogt:a.phieal explorations on the C-Oa.at of A.la.ska.-
- W. H. Dall. 

(Sketch No. 17.J Islands of Attu, Bonldyr, Kyska, Amchitka, Adakh, 
.Atka Amli1t, Four Craterll, A.gashagok, Unalashka. Sann.:ikh n.~iefs; 
Popoff Strait: current observations; azimuths; positions and mag
netic declin~tionB, Tables 1 t-o 16; tbermoniet-er, mean for l8i3: <'lnr
tace oi sea water: 5 fathoms below surface-current ohservatio11"' 
ma.de on boa.m the Ynl'lon du,.\ni.t the voyage from San 1''raueh.l;'o 10 
Unalaahka, »-a.y, 1878; heights of mountains di;termined ill 1S7a~ 



 

382 U. S. COAST AND GEODETIC SURVEY. 

A sulJject-index lo the lffofessional papers contaitt(/d in the annual reports, etc.-Continued. 

GEODESY-Continued. 

RECONN A 1 SSANCE-Continned. 
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~~--

1885 10 

1855 ! 57 

I 
I i 

18.'i5 t 58 

I I 
I 

1855 \ 59 \ 

I 
I 

'"i 1856 j 

1856 61 ! 
I 

469-tSl Ou Geodetic R~iconnaieeance.-By C. 0. Boutelle, Af<iistant. 
l'rimarv triangulation and base lines; reconnaissance for stations of a 

primary triangulation : tables of values of curvature and refraction; 
thre('-poiut problem; two-point problem; computation of linear co
ordinates; selection of stations for secondary and tertiary triangula
tions.- [Illustrations 27, 28.j 

361-363 I 
I 

:>63-3641 

·, 

TRIANGULATION AND INSTRUMENTS. 

Bontelle's tripod and scaffold.-C. O. Boutelle. 
Description of, as construQted and used by him at the atationa or the 

primary triangulation in Section V.-[Sketch 52.] 

Fttrley's signal.-J. Farley. 
Description and drawing of a convenient signal for observing on secondary 

stations -lSketch 52.] 

Sands's lteliotrope.-ll. F. Sands. 
Description and drawing of a. con -venient signal for observing on secondary 

stat.ions.-[Sket.ch 55. J 

291-292 I' Mississippi Sound.-J. E. HH~ard. 
. Details of th(IJ work of t.riangulation ; Hignals and station marks. 
' l 

310--315 ! Theodout.e teet.--J. E. Ilil11:a.rd. 
· Examination and trials made of a 10-inch t.heodollte, a.pµlicable to the test. 

in:!" of instrnment8 of like construotion.-Table I, readings of every 
10° on the cirdn. anJ dt1l:.erminatio11 of angular distance of verniers; 
II, determination of eocantricit.y; III, residual errors of graduation 
and readings; figure of pivots. 

1860 35 1 357--361 Repeating theodolite. 
Supplement to th~ metho{l of testing (described in the preceding paper.)

Table I, readin~s of every 10° on the circle, and determination of 
angula;r dis ta.nee of vernier11; II, determination of eccentricity; Ill, 

1867 

1867 

I 

J 
l 

1868 7 

1868 8 

1871 15 

1873 13 

im• \ 
15 

1875 17 \ 

1876' 20 

1 

140-lH 

145 

109-1391 

140-14(1 

185-188 

137 

153 

279-292 

391-399 

residual errors of graduation and readings. 

Jtailway-s, on the nee of, for georlfltic eurvt:iye.-:-J. E. Hilgard. 
Wheel records; linear measurement; reetiftcation of curves! reduction 

of the measured lines and angles to a simpler syetem.-[Sketch 26.] 

Itetlector.--J. E. Hilgara. 
nescriptiou of a new form of geodetic signals.-(Sket.ch 26.] 

Memoranda relating to the field work of a. seoondary triangulation.
It. D. Untt.s. 

Selection of stations ; names of stations ; signals; tripods and scaffolds ; 
unflergroun~ station marks: surfaoe station marks; observations 

· and reoords; number of observations; limit of error; proba.ble 
error; reduction to center; correction for phase; correction for 
eccentricit.y; spherical exCe83; distribution of error; trigonometrical 
leveling; OOefti.cient of refract.ion; three-point problem; rootailJtU}ar 
co-ordinates; measurements of subsidiary ba.se lines; records, oupli
catc.s, and computations. 

Methocl of ad_j ustment of the secondary uia.ngulation ofLong Ialand Sound.
C. A. Schott. 

Example of reduction of angular measure of Shelt-er Island; ftnal oompu. 
ta.tion and proof of corrootnesa. 

Adaptation of trianj?'ula.tions t.o the various conditions of oontta;urat;ion a.nd 
oharaoter of the surfeoe of country and other oauses.-0. A. Schott. 

Int&rvisibility of stations.--1. E. fillgard. 

Improved clamp for telescope of the theodolite.-George Davideon. 

Method of cloalrig a oirouit of tTianit:nla.tion under certain oon.dltlons.
C. A. &hott, M:. A.. Doolittle. IDoetra.tions. 

Adapt.ation of triaugn.la.tions to various eoudition.8 depending on the con
:fiJ.{uratlon or~ograpbic character of a country, a.Dd on the degree 
0£ accoraey lllmed at, with due eoneiderntion ot the time and i:µeaas 
available; also noUJs on tho mt:'~hod of o~rvlng horizoatal a~ 
and direetion11 in geodetic •n!'"Ys.-C. A.. Schott. · ·· .. 

lReprint.ed, with additioua, from Be-port. for 18'11, Appendix No.15.l 

.. 
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1877 

1877 

18'7 

1878 

1880 

188:.? 

1882 

1884 

1884. 

lSSG 

I -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

l1 ll~H7 

182 

8 D'.!-l 18 

96--IO!l 

i 
ii 151-l'J7 I 

10 199-208 

8 377-385 

g 387-300 

g 441-&67 

' / 

An <'Xamination of thrne new :!O inch the,)clolites--.T. 1':. Hilgard. 
Exarninnt,ion of No. 113: of No,..114 aml 115; 1<uudivi8ions on limb of No. 

114: of No_ 115: examt~le of r-•<°or1l: graphic project.ion of ~sin 
(r-p): examination of limh of~<). 114: Tflhles I. II, III (first set); 
Tabk>R f. H. l!I (eecornl Rot): Tahles I, II, JU (third set); resi1lual 
f'rrnrfl of !!t:nduation and roaitin!!: eitandnation of limb of No. 113 -
'l'n.hl<1'> I, I I, II[ (firnt set): Tables], II, III {second "et): Tables t' 
II, I II (third >1et-1; residual errors of g:radnat.iou and reading; exam'. 

• in at ion of limb of N'o. 115: Tables I, II, III (first set) : Tables I, II, 
• 1 I I ('°lec<>n•l RM); Tables I, II, III 1third 8et); residual errors of 

gra•lnatiou and rea•1ing;; examination of liruhs of '.!0-inch theodolit()s 
with rPforene1'1 to J>erimlicity of errorR within 50; specimen of recorJ. 
(No. 114); moan value of 5' spa.ces; of degrees. 

Im1m1>ed opf'n vertical clamp for telescopes of theodolites and meridian in
st rumen tf;_ -George Davidson. 

Fiel•l wurk of t-he tri:1II)!11lation.-Ily R. D. Cntt-B, Assistaut. 
l Reprintt••t with allllit.ions. from tht' Coast i:3urvey Report for 1868.J 

Primary trian;:nl:ttiou hetwN•n tl1e :Maryl11.nd and Georgia b11<-ie lines.
C. A. Schott. 

A rra.ngeruellt of i>tTOl"8 in closing triangles, in tabular forn1: average proh
ahle error. Pa per 1. ActjustAd primar,v triangles between Kent Itilanct. 
Marylanri, and Athnta, Ga.: (:H estimation of the prohaule accu
rac:v of a triangulation or approximate determination of the a.-eritc:o 
prohal>le error of the adjusted diffenmces: (3) raper b_v M. lL 
Dooli.tth.•; I, p;eru~ral incthotl of solution. of uorma equat.iona.; I I, 
atldition of new eqnations; III. onler of solntion: I \T, se1eclion of 
angleeqnations; V. treatment of small angles; example. 

Georfotic night signal>1.--C. 0. BontR-11e. 
Considerations; different kinds of lights: coudit-ious of the proJ,lem: ex

periments in North and South Carolina: operations at Sul?ar Loaf 
Mountain in 1879; method of observing; comr)arii;on of day and 
night ohsen·at.ions; additional mi::pense in using night si~uals; off
sets to the expense; conc\usioM; sk.etches Nos. 36, 37. 

l-''ield work of t.he triangulation, third edition.--R. D. Cutt-11, Ai;sistant. 

On the construction of observing tripods au<l tU:affc111ls.-C. O. Boutelle, 
Assis taut-. 

The run of the micrometer.-By George Davidson, As3istant.. 
Explanation of tbc expression in reference to an astronomical or gAodot.io 

instrument,; coudit-ions when !\micrometer hafl and "'hen it has not 
a rn,"I'\, dismts'dion of formulre for the determinat,iou of rnn. wit,h ex· 
amples; t..ab11la.1ion ofthemicrometerrunsobsen•f'<latetation Nortu
wei!t Yolo Ba!'le; tables of the corrections for the •·run of micro
scope micrometers." 

Connect.ion at Lake Ontario of tbe primars triang;ulation of tbe Coast arnl 
Geodetic Snrvey with that of the Lake Snrvey.-Ohservatfons by 
Charles 0. Boutelle, Assistant. Discussion by Charles A. Schott, 
Assist.ant. 

Probable <'rrore of the hot"izontal directionl'I of thfl Coe.st and Geodetic 
Survey; summary of resulting directions at Mount- Hamilton; dif
ferenOO!\ in the linear values of the lines Sodns-Oawegu, Vietory-Os
wego, and Clyde-Victory; differences in the lonA"itudes and la.t.itude!! 
of the stations Sodus and Oswego, and tlifferences in the a..:.imuth of 
the line Sodus _to Oswego, as determined by the Coast an1l Geodetfo 
Survey and the Lake 8nr-..ey; compari11on6 of the me-an ,•nor of an 
an!?le &k determined by ea.ch survey; jnnction in Illinois of the Coast 
and Geodetic Survey; transcontinental triao,i.rnlation (through Assist
ant Fairfield's field computation} and the Lake Survey aoo of the me
ridian, vfoinity of' the Olney base.-(Illustration 20.] 

Results deduced frum the •eodetic Mnnootion of the Yolo ba.ae line with the 
primary triauJ?:ulation of California; a.lso a. reduct.ion and adjustment 
of the Da.vidaon qua.dt'Uaterallll, forming part of that tr~ngulation.
By Cha.t'lN A. Schott. Assistant. 

Prefatory note; sketch of Yolo hase oonnectionR; deseription of instru
ments need and method of observation: abstract of the horizontal 
directions resnltln~ from tbe Jooal a.dJustment a.t each of the st&tions 
composing the Yolo base net of triangulation; determination of 
wetp:hte tO directions in the adjustment of the triangulat-ion: table 
(If cloahig errors of the trianizlea fonnin" the Yolo base filil:ure, ar
a.uged iu the o~ of'. the ei:z.e of the trla.uglea with th.e probable error 
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1854 I 
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1865 j 

1865 il, 

1866 I 

I 
1867 i 

1868 

18691 

1s12 I 

1872 

1874 

1874 

30 

15 

16 

9 

8 

10 

12 

12 

18 

17 

" ............. ~ 

187' I•.,.•••• " 

1875 15 

1877 131 
1879 \ 7 f 

! 

I 
' 1880 14 : 

I 
{ 

I 

of a direction; adjustment of a triangulRtion net or of conditioned 
observations: application w tlH1 11dj11stmeut. of the Yolo base net; 
corr!"lative equa.tion11: normal eqnatious Yolo base net with 11oln
tiom1: determmation of the pI"ohabln error nf the adjusted length of 
the primar,v side, Mount Helona to 11fonnt Dia.blo; triangle side com
putation; formulre for the computation of geodetic latitudes, longi. 
tndes, anrl. a?.imnths .. umctently preci!le for sid('S of the largest trian-
11:les that may be directly measnrC'd; cleter·minatfon of standard 
J?;eodet c data.for the computation of J,?;eograpbicalpo6itions; geodetic 
or standant latitude of Mount Helena, and cm1detic or standar1l i.zi
tnuth of dir .. ct.ion, Mount. Helena. tO' Mount I>iabJo, for the David1wn 
quadrilatentli'l, geodetic rl'1mlts of the Davidson l)uadrilatf'riHs, intro
ducing the Yolo base into the primary triangul&tion of California. 

TIME. 

121 Di!'!ca~ion ofpTobable error of observ<>tinn with a. Wur;lema1m 2fi inC'b port
aMe transit; from obsl'>r~ations by G. Da\•idson in 1853. [Report of 
1866, Sketch 29. ]-J. E. Hilgard. 

ir.2-154 Report, with tables, on the deolinations and proper motions Jn dec1ination of 
sta.udard time stars.-B. A.. Gouhl. 

155-159 Report, wit.h tables, of the positions a.nd propel' motions of the four polar 
stars.-B. A. Gould. 

55-71 

138-139 

154-157 

226-232 

22~-226 

The trnm•it ins!rlimPnt, ilo;;cription, use, adjustment, arnl method of obeerva. 
· tlon.-C. A.. Schott. 

New meridian instrument for time, latitude, and azimnth.-George David
son.-[8ketch 28.] 

Addenda to Appemli.x No. 9, Coast Survey Revort for 1866, on the determina.
tion of time by means of the transit inRtrnment.-C. A. Schott. 

On tbc use of the zf!nitb telescope for obstorvations of time, with an example 
of observation.--J. E. Hilgard. 

Dct.ermination of wei~hts to be given to observations for determining time 
with portable transit instrument, recorded by the chrnnograpbie 
metbod.-C. A. Schott. . 

Relative weights to tra.m1ltA depending on the star's de<!.Unation; relative 
weilO{hts to incomplete transit observa.tions; reduction of observa· 
tiona for time. 

266 Improvement on the Ripp chronograph.-William Eimbeck. 

156-159 / Two forms of poM:able personal equation apparatns.-T. E. Hilp:ard. 

\ 
Example!! of observations; observations for abaolute personal equation; 

. diagrams. • 

a21 

69 

249-2W 

I 182, 183 [ 

I 
103-109 i 
205-227 

Field catalogue of 983 sta:r·s, for time observations; mean places for 1870.-
George Davidson. . 

Star factors A, B, and o. for reducing transit observations.-Georl(e Da
videon. 

Description of an apparatn.8 for reeordini:t the mean of the times of a set of 
obaervations. (Diagram.)-C. S. Peirce. 

Improved open vertical clamp for tel68copes of theodolites and meridian 
instrumt>nts.-George Davidson. . 

Deecr!ption of the DavidBOn meridian instrument.-George Da.vid&on. 
See Appendix No. 8, report of 18G7, for first print.ad description. 

Determination of time.bymeans of the tranait instrument. (Four plates.}-
,. c. A. Schott. 

General remarks; description; adjostment; method of observation; equa
torial jntervals of threads; incomplete transits; corrections for rate 
o:f chrouom&ter, for inclination, for inequality of pi vot.e, for coUkna.· 
tion, .for devla.Uon, for diurnal aberration; pet'80ni.J equation ; chro
nometer corrootlon ; reduction of ob&et'vationR by least squa.T"6R ; prob
a.\ile errot'; example~ weigbt.8; prepa.Ta.tlon fOT ob&erving transtte; 
e:x&m.ple or reoorJ. and oomputa.t\on of inequMity ot p\vot.a ; apeei.Dien 
of reoord for VAl~e of le'"el by le.vel-trler; t.aboli.tion of factoTI1.; table 
of faeton for rednotiQll of transit o'baervatiou. · 
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1883 i 18 l 383-172 i Field cnta1o,gue of' 1278 time aml circumpolar 1'1ani: mean placee. for 1885·().
By George Davhl,..t•n, Assh•tant. 

Notf• on a device for ahhrc\'iati11g timi• 1·edndions.-l3.v C. S. Peirce. 188.'> Hi 503--508 

1889 9 

A11sistaut. 

213--2llf D1>script.ion of hvo uew port11hle trn.n;.it.l'I for 1m1c:it111lf' work.-By Edwin 
~mitll, A;;si'!ta:nt. 0111' illustration. (1'11hlislwd also as ·Bulletrn 
No. ltl.) 

___ · -~-~·"·-----·---·--------~--

1852 

1855 

1857 

1838 

18G6 

1867 

1873 

1876 

1877 

1879 

l8SO 
i 

i 

I 

31 

20 

17 

10 

8' 

H 

7 

13 

7 

LATITUDE. 

i 
Hi ' Notes on t-he nsC> of the zenith tel!:'RCOP(' in <letPnninin,g latitudPs in thn 

Coast Survey by Talcott 's method. and on thf' reduction of tl1<· nhsf'1. 
vations, by A. D. Bache, Supf'ri"terHlcnt. lT. S. Coa.><t Snn ey. ( F10111 

the .American Journal of Sciencf' and Arts, Yol. :XIV, Ref'nnd ;~'"it'"· 
New Haven, 1852.) 

276-278 1Je11cription of Wlirdemann's zniil.h telf•l'!Cope of 18.5,'i, nse\l al Db:.monL MP. 
-G. W. Dean. 

324-:i34 Latitude.-On the method of determination with the zeuith frlescope - (·.A. 
Schott. 

Principle of the method; d_etermination of •!Llueof microm•~ter~-exampl0;o: 
determination of value of hwel- exatn1)le; t"'orrection for rrfra ct ion-~ 
example; redaction to meridian-tables; selection of stars: snurcl' .. 
of error in the determination of the value of micrometf'r: method of 
correcting -..alne from the latitude ohMerva.tions tht:'mst-lnis; di,..c11s
sion of the results of observation - exampln. 

184-11'6 Personal eqnation.-A. D. Bache. 
On the use of the ;wuith telescope for <let.t>rmining labtmlP liv Talcott·,_ 

metbod-tal,le sbowi11g rPf<liltR of ohs!'rvations for iwrsu1rnln1p1ation. 

160-11371 Utiport. on the latitude ofCloverden Ktation in C:uuliridge.·--B. A. Gould. 
Micrometer •alue1!: r·eduetion of s!ar obsernltions-table:'l: discreJ>a11de;. 

with uncorrected catulog-ue placeR-tahle: resultaul. mean places nf 
stars, et.c.--tahl€1: •led ueed l'laee.1< for ClcH·erden st.at ion- ta.lilP; mean 
error; otber dutl•I minations-

72-85 Latitude by the zenith tell'Rcope.-C. A. Sl'lrntt. 
(1) G-eneral rem:uks on Takott.'s method: (:3) modification of inRtrument; 

(3) desc.ription; (4) adjustment: (5) f!elcction of stars for observa. 
tion: (6) directions for observir.i;::; (i) off the merhh~n; (8) gen('ral 
expression for the latihuh~; (9) det1·rmiuation of the -.-alue of a rlh-ision 
of miurometer; (10) of lt>vt>l: (l]) correction for <iitferential refrac
tion; (12) reduction to th£< me.ridian: (13) r<">cord oft.he obser\-atiom1: 
(14} reduction of the obsen·ations: {15) di>'cussion of the resultfl; 

l 
138-189 i 

138 

83 

182-183 

103-100 

(16) combination of the ro,..ults b_y weight..-Examples to articles 9, 
10, 13, and 14.-ISketch 28.l 

New meridian inshument for time, latitude, and azimuth.-George David-
aon.-{Sketuh 28.) 

List of stars for latitude observations. 

.A catalogue of eta.rs for latitude observations. 

Improved open vertical clamp for tele~cope!'I of theodolites and mt'!rklian in· 
atroments.-George Davidson. 

Deecription of th"' Davidson merhli:-m instrument. -Geor;::o:e Davidson. 
See Appendix No. 8. Report ot 1867, for fir::;t pri11ted description. 

H 2-tj-::!59 I Latitnde determinat.ion by m1ians of tbe zenith telescnpe.-C-A. Schott. 
l (l) GE»neral l'«:'marks on Talcott'i.. mPthod; (2) modification of 'iust-rument: 

)

. (3) description: (4) mlju-Rtm._·11 I; I 5) twlertiou of ,..lnrs, (f•)_ direct ion111 
tor observiuµ:; (7) bisection of !'<tar" off the DH'n<linn; (8) g~neral ex
pression for latitude; (9) 1letenuinatiou of v;iluc ot micrometer; ( 111) 
det.ermiaarfon of value of levi·l: (11) 1lifferential refraction: (12) re
duction to the meridiaa; (UH form of r~·cord; (l4) <lf reduction; fl.5l. 

. discusRion of resnhA: (16J combinatioo of results by weighte.-Ex-
i amp\e3 to att-iclcs 9, 1-0, t:i, and U. 

ll. E':t. 4.3, Jlt. 2-25 
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Year. \Appen-
1 clh;. 

1888 ,-~-
Pages. ] 

! 

GEODESY-Continued. 

LA. TITUDE-C ontinuE>d. 

Subject and author. 

--------
Differential method of computing: the apparent place,. of stars for determi

nations of latitude, by E. D. Prest,on, assistant. 

1888 H i 471~563 Determinations of latitude and gravit:v fort.he Hawaiian Government, by E. 
D. Preston, assist.ant.. 

[For abstract of e(m tents see under "Gravit.)."] 

1889 1
• _ •••• _., 13i-142 Bulletin No. 11.---An ab;,r.ract of ahoY" paper publiAhf'd in advance of the 

appearance of tbe ful t paper in the repo1·t for 188!'1. 

18tG IO 

18l6 11 

1848 

'i 

181.8 I 
I 

1s4s I 
1s4s I 

I 
18'9 

1850 

185() 

18~1 

1851 

1851 

1853 

1853 

1853 

4 

19 

5 

6 

13 

18 

25 

2rl 

31 

32 

LONGITUDE. 

il-i2 Differences of longitude of Philadelphia and Greenwich, by re-duction of 
observations llt Cambridge, Mass.-S. C. Walker. 

72-i4 Differences of long-itTide by telegraph. ---8. C. "\Valker. 
Correction for personal equation. 

6 i Letter from Professor Baf'he to the ooit.c.r of the Astronomii;che Nachrichten, 
dated at "\\Yashing;ton, February i, 1848, and communicating a repot·t 
of Prof. SearR C. Walker of Novewher 10, 1847, on the re!'<ults oh· 
tained in the Survey of the Coast of th<'- United States for differences 
of longitude by t-be electro-magnetic t-elegraph -Prof. Sch11macher"<1 
Astronomische Nachrichtcn, No. 632. 

iB-83 

72-78 
i4 

85-89 

476-479 

480-481 

8t 

84-86 

80-88 

Recapitulation of results for personal eqnation, 1844--1848.-S. C. Walker. 

J,ongitmle computations.-S. C. Walkiw. 

Letter of A. D. Bache, Superintendent U. S. Coast Survey, to the Secretary 
of the Treasury, dated December 26, 1848, communicating a report by 
S. C. Walker, on an application of the galvanic circuit to an astro. 
nomical clock and telegraph register in determining local di1forences 
of longitude and in a.strouomica.1 observations generally. 

lHouse Ex. Doc. No. 21, Thirtieth Cong1ess, second session.] 

Mechanical r~ord of astronomical observations.-Prof. 0.1\I. MitcheJ. 
Revolving disk; arrangement for recording differences of declination&, 

Differences of Jongitnde between Cambridge and Liverpool observatories.
W. C. Bond. 

Telej!Taphic operations and compntations.-S. C. Walker. 
I, Experiment:s for 11:aJ.vanic wave time between Washington and St. 

Louis; II, attempted experiments on wave time throngh different 
conductors; ,III, experiments with the chemical tele~ra.ph line; IV, 
Jlrogress of the researches on the velocity of the galvanic current; 
the Bond spring governor. 

Telegra~hic arraugement to det·ermine the difference of longitude between 
Ca.m bridge and Halifax. -S. C. W it.lker. 

Mea.suree of wave time, made from 1849 to 1851.-S. C. Walker. 
Speciftca.tions and tables of results . 

.Abstraet of reports on longitudes.-S. C. Walker. 
By moon culminations, eclipses, transits, occultations, and telegraph. 

On lonJZitnde from moon cnlminations.-Benja.min Peirce. 
On the detet"minat.ion of longitude from observation of moon culminations; 

standard probable error of observa.tion ofinterpola.ted luna.r transits: 
constant errors of epoch and periodical one of half lUDatiOlll!. 

On moon culminations observed by the "American metbod," with remarks 
on the performance ofBond1s spring govemor.-W. C. Bond. 

Comparison of reeordl'!I made by two spring ll;'overnore ditferlnjt one-tenth 
of a second in time of vibration of their respective pendulums; 
table of star transits; amount of probable errors. 

Telegraphic longitude of Charleston, S. C.-B. A. Gould. 
Results of obserTations for the detennination of' d11ference of longit.ude by 

telegraph between Seaton Rtatian (Washi,ngton, D. C.) and Obarles
ton, 8.C. 
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• Year~\ _A._d_i_1;._~n · _P_a_g_P_"_·_ \ 

1853 1- ------- 88--89 

I 
185! 

1854 

185! 

1855 

""I 
1855 : 

I 
1856 ! 

i 

1856 

1856 

1856 

1856 

]856 

36 108-120 

120 

38 120 

3fl 121 

41 128-131 

42 138--142 

267-~H II 

275-276 

42 

46 286-395 

20 163-166 

21 167-181 

22 181 

23 182--191 

. 24 1!11-197 

198-203 

Snl•.ied and author. 

Cambridge and Liverpool chronometer Pxpeilitions in 1849, 18.50, and 1851.
G. P .Bond. 

Cornputat-iom• of re:mlta for determi.ning: diffi>r<'D<'-fl of longitude. 

Longitude by moon cnhninations.-Beojamiu Peirct>. 
Geueral considerations: con~tant t>rror1< and pPr><onal e<prntion;;>. rorrt><'· 

tion of t-he lunar ephemeriP.: st.andard probable error of observatwn 
of a lunar transit; limit nf accuracy attainable; longitude of thf' 
:National Observatory, Washington. D. C.: three forms of correct,inl:: 
lunar epbemerjs anti tlrn modl'F1 of co1uputation. -[Errata, 112, 11 :;, 
114, 115, 117. 1855, p. xix. J 

Moon culminations.-W. C. Bond. 
Observtd by the American method. chronometric longitude of Cam bridge 

and probable error. · 

J\loon culminations.--E. 0. KendalL 
Observed at High School ob1:1er1C11.tory, Ph1lagelphia. 

Di1:1cnssion of probablP error of ob;;en·ation with a Wi.irdernann 26-lncb 
P.ortable transit. From observations hy G. Davidson in 1853. [See 
illustration No. 29-Report 1866 }--.J. E. Hilp;ard. 

Telegraphic longitude.-H. A. Gunhl. 
On telegraphic ol1serva.tions for th0 differer1c0 of longitude betwePn 

Raleigh. N. C., anrl Columbia, S. C. 

Chronometric lonc:itude expedi1 iou s (Cam hridgi>- Lh-erpoon.-G. P. Bon<l. 
Results of the expe•.!itrnnt< of 18W, 18a0, anti 18:>1, and on t·ho method of 

compnt-ation.-[Enata, 140: 185,'l, p. xix.! 

Longitnde!"l.--Report on the method of determining longitudes b:-· occnlta
tions of the PleilHles.-Beujaroin Pt>-irce. f EtTJ.ta, :.!68, 269. 270, 272, 
273: 1850, p. xvili.J 

Chronometric lougitudes.-W. C. Bond. 
On moon culmiuat-ions oh8t..1rverl by him, and the chronmnetric expedition 

for detel'mi.niug tb<'l long1t-1l(le •htfor•·nc<' between Cambridge, Mass., 
and Liverpo!1I, Enp:la.nd.-1 En·ata, 275: 185:>. T'· xviii.) 

Telegraphic longitudes.-B. A. Gould. 
J{eport, on tt'lt1gTaphic op<>1·ations for {]itferenmi of 1ong-itudf'\ between 

Col um b1a, s. C., and l\I>icon, Ga. : progTamme of teJ.,gr:tp htc cam -
paign; for inatrnmeutal corn"ction s anrl lon.i.titudA red actions; 
battery memoranda; to put up Ko~sel's clock. - L Errata, 288: 1855, 
p.xviii.1 

Telegra.pbic longitudes. - 'B. A. Gould. 
Operations for difference of longitude bet.ween Wilmington, N. C., aml 

Montgomery, A.la., with list of st.ars for observation. 

Tele):!;l'aphic method of detet·mining differences of lonj!itude.-G. W. nean. 
Details of the method used in the Coast Sur.,.•ey for telegraphic det,ermj. 

nations of difference of longitude: transit instrument; astronomical 
clock; chronographic reg-ister; batteries; list of stars arranged from 
the British ARsociation Catalogue for determlninµ; the differ~nc::-<' nf 
longitude ootween MaA}on, Ga., and Montgomery, A la., March, 11'\f>il: 
Q;K:change of star signals; reading off the chronograpbic i;heets; 
example of reduction; obse•Tations· for determining the ine•J uRiity of 
the pivots ,1f Coast Survey transit No. 8; personaJ e,_,,J..ations. 
(Sketch 66).-{Errata, 169-170: 1856, p. xx J 

Chronometl"ic and astronomical longitudes.-W. C. Bond. 
On longitude-computations anol occultationsobserved; lunar-spot transits. 

ChronometTio results.-G. P. Bond. 
Results of the chronometric expeditions of 1849, 1850, 1851, and 1855 for 

difference of Ioni:titude between Cambridge, Mass., aud Liverpool, 
England; table of lox1_gitudes hy voyages of 1855. 

Pleindes.-Ben'jaruin Peirc~E'. 
On the <leter'rumation of longitude by occultations of the Pleiacle!'l; for

mulas for the correction uf the co-ordinates of the stars; table fi•r 
184:0; table of logal'ithms for n and k for the principal observat-0Jiea. 

Lnnar-l!p-Ot translta.-C. H. F. Peters. 
On the suhatitution of lunar spot.a for the moon's limb in ob.serving cul

m.inationa. 
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1::!36 

1837 

1357 

1857 

1858 

lSfil 

1851 

18Cil : 

i 
1862 I 

I 
1Sfi2 I 

I 

isaa I 
! 

1863 

GEOV:E~Y ~Cont.innl'll, 

LONGITUDE-·Uontinnetl. 

Subject and author. 

26 203---208 Occnltation.<; on the> wc•stern coa'.'<t.-G. Davi~l8on. 
Ohser•ations made at Port Townsend, 'NllSlL 'l'er., April antl May, 1856; 

tables and remarks. 

2i' 303-3 to Telegraphic longitnnes.-On th<' pro;;ress made in the differeut campaigns.-
. B. A. Gonld. 
List of tiine-P.tat·s ailnpted: 1lifticultiet1 and cliscr('lpancies of transmi1:ision 

for signals between Wilminj:{ton, N. C., and Colurubia, S. C. 

23 310, 311 1\foon <'nlminalions.-\V. C. Homl. 
On the numhe1· nb!-!ern,,11lming t.he year at Carulnidi::e. CO-O]lorati•e with 

tho:;e on tlw l'acitic side ; star-occultation photographs; conneetion 
wilh Quebec. 

29 3ll-3H Longitude met.hod.'!.- Benjamin Peirce. 
On the relative prt>eision of rl('termination'3 hy occnlt,ations and solar 

eclip;ws; upon thCI uF;o of the solar- eclipses: upou the occultations of 
the PJeiarles. .· · 

30 314-321 Chronometric determination of the difference of lonii;itutle between Savan· 
nah, r<>l., auil f•'ornantlin:<, Fla. •. u.ud di;;cusaion o[ the m&thod.-A. D. 
H•lCht' an(l C. A. Schott. 

Chronometers uscrl: pe1'>1onal e'lua.t.ion; t('mp1wat11re comp•·nsation ; 
chronometer comprnlsou><-fahle; At.ationar.v an<l traveling rates; 
t.aules of comparison and discussion. 

2l 186-189 Lcmgitrnles.-~fethorl of computing from moon-c11lminat.ion8; notes on oh-
ser\'ations of rnoon·cnlminations; fonns and example. 

23 101) ~Toon cnlmlnatiom1, f't('.-0. "M. 11.Iitcbel. 
Numlwr of ohserva.tions made by lli1u for tlte Coast Sut·vey. 

21 ~78 1fonn.cnlminations.-O. M. :Mitchel. 
OlJ:<er\'itt.ioas made for U1e Coast Survey at the Cincinnati Obser~ator.r for 

longit u<le purposes. 

16 18'.!-Hl:'i Lon:;:itnlle .. -Ur>njamin Peirce. 
Dit1cus'>in11 or ubservatiorn1 of tlrn solar eclipRe of July, 1851; obBervalions 

uf the total pha-e; European obsPrvations. of which the beginning 
an!l the e11!l, hot.h ohs1w ... ·erl at the BRm.<' place, have heen admitt.e.il 
into t.he comp1Hatitm; Ai..uerica.n observations; method of comput..i.· 
tiou. 

17 196-'.:!21 Report on the determination of Ion~itu1le by occult.ations of the Pleia.ileR, 
with an example showin~ the mO(fo of compnt.ation; Greenwich. 
Ca.mbtidi;e (England). Al\hursl, Wa;ihington Cit:.•, Philadelphia, and 
Boston ohserva.toriet'I cnmputed; solutio:u1 of tbo equations for thl'l 
correlation of the moou's place anil of the longitude. 

18 

12 

13 

17 

18 

231-232 Longitude of Albany, N. Y.-B. A .. Goull\. 
Al1,,.trnct of a report on tbC< dt:'tenuination b.'i" t-0leu;raph of the difference 

of longitude between New York Cit,y and Albany; t.able of insf.l·u. 
mental <IOnections; collirnatinn a.nd azimuth correction, and honrly 
clock-rate; personal equations; comparative t,able of long;itude rcisulte 
at the t.wu stations. 

155, 156 Lon.1dht<le of America from E11rope.-B1>njnmin Peirce. 
On the rt'sult from occuJt.at.ions of the Pleiades. 

157, 158 . Lunar t.ahles ui;ied in reducing observations of the Pleiadea for longita.de.-
'I " Benjamin Peirce. 

On their progressi\•e improvement.s. 

158--160 : Longitudes in Maine, Ah~ba.ma., and Florida.-B. A. 'ion.Id. 
! On progr~ss in computing results from teltigraphic obaer~ationl!I. 
I 

146-154 ) Occu1tations of the PJeia.rles in 1841-'42.-Benjamin Peirce. 
On computatiomi for longitune, Nos. r, 11, and V; records of Edinburgh, 

Wa.sbington, and Ca.muridge. observations; ephemeris; stereogr&phte 
co-ordinates of the moon referred to Alcyone; equations for the cor
rection of the moon's pla.ce and of the \ongitnde; aolutioq. \ 

15'-156 1 Longitmlc.-B. A. Gould. 
/ On compntatfons connected with the telegraphic method. 

205 J Induction-time in mfay-magnets.-G. W, Dean. 
I Report on experiment.a ma.de to determiue their relative power. 

• 
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Year.'.Appen· 
; d1x. 

1864 11 

1864 12 

1864 20 

1865 12 

18G5 1:1 

1365 14 

1SG6 9 

1866 12 

181;6 

1866 

1866 1u 

16 

18GG 17 

lf.(;/ 

1870 1:.! 

1870 D 

J 

GEODESY-Continued. 

LONG ITU DE-Continued. 

'1 
Pa.gcH. I SnLjtwt and author. 

1-~--- i. ------ -·-··------·-··-

I 
! 

J 

114 

115, 116 

~11-'..''.::tl 

rns- au 

Hu 1-HI 

L<•ngitwle. ··-Ht>n,iami 11 l 't>ircc. 
On the method uf deterruiuiug longitudes by ClCCU 11 at wns of tLe Pleia1les. 

On t·esults hy telegraphic method .. B. A .. Gouhl." 

Etluction-time of1·elay·magn1•tR, deduced from experiment,.,.-(L \V. Dean. 

t:(•pnn. <>ll the progTes;; of tlctermiuing longitutlt< from '"Ttdta.t.iorno1 of tbe 
Plt<iades, c1•utin11t<il fnnn pre\-ltms n·µort;;. -HenJd.miH Pd1-ce. 

\'illues of ~c-p fur 11:1.'.>8 '4'.! a11il 11-'57 '61. 

Me.:hml of determining longitude from the oc~nltat.ion>; ot the PleiadeR, con
• tiu11e1l f1 out prev iou-;;, re1wrt.i.--He11jarn in L•eiJ'ee. 

CorreetionR of' lunar ;;emidiameter, mean place, t>llipticity of m·hit_ loug-i
twle ur 11e.rihelion, coefficient of auunal pa1all;n, ttutl longitude of 
.Europe and America: example. 

Jfi1\, l.-.1 Report, on tl1e t·esulti< of determiuing lougitwle by telegraphic metho<l.-
B. A. Gould. 

f•'"-'il The transit instrument. deRcription. use, a1l,i•1stnwnt, antl inethod of obscr
vathll•.- c. A. St.'hOlt. 

!Hl, HIO Longitude.- [From Repor·t fo1· 1846. I- S. C. \Valker. 
Ditfor·ene{' of lon!!,'itwle het.Wef'u Philadelphia awl Grt'enwid1 bs reduction 

of Carn bnd l!e ( ..\la.ss.} o llservat ioll 1'l. 

100 li)2 Longitmle.-[Report for 1846.]-S. C. 'Valker. 

10:.!-10'.> Lnu~itucle.-] l<'rom Re1101·t for 11H8. l-8. C. v.-alker. 
Difference uf longitude between :Nt·w York. Cumbri.dgr, and Greenwich. 

106-H•l-I Lo11git11des.-[l•'rom 4eport for 1850.)--8. C. \\'ulker. 
(11 Exp(·riment" for galvanic.w;ivc time l1etw1oeu \\":uihinetn11. H. C., an•l 

SL Loni,. . .lHn.: (~) attempted experinientR 011 wan;-ti111{' 1hrn11Jrh 
diti!:'renl <-otl(luctors; (:\) experiments wilh the chemical tPlt-;.:ra~1h 
lllle; (4t progress of the rmiearches on the vdocit.' of the galnn1ic 
current. 

109-111 Calvanic-wa.ve time.-\From Revort for 18f>l. ]-S. C. \Valkor. 
Ou measnrenieuts from 184.g to 1851, with tables. 

Ill, 112 Longitudes.-1 f<~rom Report fot· 18fiL J -S.. C. Walker. 
A hat.raot of reports 011 lou1"itu.Je;.., by moon culmiuations. h:r edipFi<?S. trnn

tiits. and occultation;;, by chronometer expeditious, ul!d l>;\· tdepnpliic 
operations. 

57-133 Ou the lon,::itude between America and Europe from signals Htrougli the 
Atlantic cnlJle.-R. A. Gould. 

100 

101 lO!l 

( l} Ori~io of the Coa,.t Sun·1>y e'."\:µeditions in 1865 and 1866; (2) 11reYiom• tle· 
termiuations oftrausatlantic longitudes from edi11ses an1l oe(·nl1atiom1; 
.rro1n moo1J-culmination11; from cbnrnomet ... rs transported fn>m Hoston 
to Liverpool; (3) hh1tor;-,· oftheexpeditiou of 1866: programme of'1ran.,.
ath1ntic-lougitude campa.ig:n ; (ot) ob8t'rYa1iom~ at Valei1l'itt ; tal1k ,,f 
equatorial interva.ls; t,';lble of obsetTatiom1, October ~r. to X0Yemht>1' 
Hl, 1866: (5l obsen-at,ion,; at N ewfoun<lland, Octo1Jer 2f• to De<"<~mlu.•r 
16, 18tl6; (6) obsen·atioul! nt Cnlais, De1 em her 11 to lt'. 1866, (7l lon
gitndc·signals bet.ween Ft•ilhommerum aud ll<'Rrts t'on1ent: dock
corrections; transatlantic longitude arnl tr:;imm1il'sion tirne. Ot>!ober 
25 to NovernON' 9, 1866: (8) Jong-itude-!liµnnl,. Let'IH•en li•·l'rts Con
t.ent. and Calais; tables of NewfonncHand :nul C1tlni.s Rignul;i; tahle,; 
of longitude and times of tran!'lmiBsion; (9l perHonal c1·n·'r in noting 
!'ligna\8; (10) pe1·l'Oonaleqn:uinu rlrterminingtirnl"; (11) fi10al rel"ultR 
for longitutle: (12) Telocit;..- of transrnis,;ion, caulel'I of 1"65 and l!'in6; 
1 ables of comparison. 

[Published also by the Smithsonian Institntion, ''rashingtou, 1869.) 

Results of the telegraphic determination of the longitude of San Francisco, 
Cal. 

Abstracts of rel'!ults for difference of longitude hetween Harvard Ob!!t'l'YO.· 
t()l"}', Massochnsetts, t.be CoaRt. Stuve'.\' station, Seaton, and the Na.~al 
U\Jsf'.rva.tocy, Washington, D. U., a11 determint'<l b~, mt,ans of tlrn 
electric telegraph in 1867 hy the r. s. Coast SUt'Ti.')", with the (:U· 

operation of Prof.Joseph "~iuloc'k, Director of Iiar•ard Ohsmvatory, 
and Comwodore B • .lt'. ;Sauds, U. s. N., Superintem.le.ot Naval Obse1v· 
aio.cy. 
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Year. : A,fl~~n-/ Pages. 
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8ubject and author. 

1872 13 I 227-23! Pre1iminnr~· report on th!' lleter111ination of trausatlantic longitudes.--J. E. 
• llilganl. 

1873 

187! 18 

1876 9 

1

1

, Brest. Greenwich, Paris; reimlts of observation for personal equation; lon-
gitmleH: Rrest-Greenwich, l~ri>st-Paris, Grcenwicl1-Paris; Brest-St .. 

I 
Pierre-Cambridge: Harvard Ol)servatory-Greeuwich; "\Vasbington-
Greenwich; "'asbington-Paris. 

. 437--477 On the tletermination of transatlantic longitmlps by means of the telegraphio 
calihis.-By Prof .• Joseph I.overing, of llarvartl College. 

163-'.'47 

182 

139-155 

Smithsonian Contribution to Knowledge, No_ 223. 

Trammthmtk longitudt:1s.-J. E. Hi12:ard. 
Fiual l'<;>Jlort on the detel"mination of 1872, wit.h a. revitow of previous de· 

terwinat1ons. ' 
Part I-8e4"tion I, Cambrid~e; II, St. Pi<'rre; III, Brest; IV, l'arif!.-Green· 

wich: Y, Cambridge-St. Pierre; VI, St .. PieYTe-BreRt; programme 
for· cable excbanj2'.es; VII, p•WRonal error in noting cable time signals; 
V [I[, wave tim6 of cable signals; IX. Brest--Par'is and Hreat-Green
w ic h; X, personal equation, l~lake:-Folain; XI, personal equation, 
Blake-Greenwich sta111lanl observ»r, and long:HudeGreenwich-Pa•·iR; 
XII, per,.onal equation ot' Coast t->urvey ub;ierver"; XIII, flexure of 
transit axis; XIV, final discussion of the resulh1 for longitude diifer
(•ncf'R, Brest, G:reenwicb, Paris; XV. final combination of tne longi
tnd•'· differences deduced from the observationA of 1872. 1870, and 1866; 
tinnily adopted Jon,e.itwlBR from observations of 1866, 1870, anll 1872. 

Pnl't n --Rednctjon of the ObRervations ma-de for the trawmilantic Jong-i-
trnk rleturmination of H!72; computation of ol1serYations for clock 
arnl iu"-tI'umental correetion:1 at Camhridl!e. "h--lass., 1872: Cambridge 
clock corrt'etionP., fTom stars of leP.s than 65° N. declination; compu
ta~ion of obaer·,ationf! for elock and instnunental correction at St. 
l'ierr~. Miquelon, 1872; St. l'ierre dock corrections, from stars of less 
tlian 6fP N. ;leclinatiou; adopted clock correl',tious, Caml1:qi.dge and 
St. Pierre at, tbe epochs of exc11a11gi11g: longitude signals; table of 
sud1 clock correctio:qr a,nd rates at 8t. Pien·e afl relate to the lougi· 
t.nde determination with Brest; computation of obsei·yations for 
clock and "im1t-rumental correctionti at Brest, Parifl. and Greenwich; 
adopted <1hronomet.er corrections from all stars south of 60° N. decli-
11atio11; errors and ratefl of the sidereal s~ndn.rd clock of the Ro:-.'al 
Observatory at Greenwich, connected with tbe fon~itnde differences, 
Greeuwich.:_Brest aud Gre-enwich-Paris; computation of observations 
for clock and instrumental corrections of the National Observatory at 
l'aris. J<rance, relating to the differences of longitude1 Paris-Brest 
and Paris-Greenwich; observatfons for inclination or axis of the 
Garn hey meridian transit; azimuths of the meridian mark; observa· 
tions on«, ll, and l\ Ursre Minoris; eoetficienh• employed in the reduc
tion of the observations; observations ma<le with the Gambey 
meridian tl'anl'lit for difference of longitude, Pads-Brest; clock correc
tiona and hourly rates at, Paris; olu,crvatfons with the Garubey 
meridian tram'>it and the Morse-Dip:ney chronograph for diflerence 
of Jler .. onal equation of Blake-Folam; clock corrections and hou1·ly 
rale11 at Paris; observations with the Gambey merjdian transit for 
difference of longitude, Parh~·Greenwich; clock correctfons and 
hourly raws at Pa1:is; results of telegra:phio time signals exchanged 
between Cambridge and St. Pierre; between St. Pierre and .Brest.; 
between Brest and Paris; between Brest and Greenwich; between 
Greenwich (Coast Surve~ transit) and Paris: personal error in noting 
cable time signalf'I at St. Pierre; at Brebt: tlilferenee of personal 
equation of Folain and Blake: Criswick a.nd Blake; personal equa
tion; Goodfellow, :Blake, an<l Smith; observations for personal egua
t;ion at Cambridtze, Mass., October and Novembtlr, 1872; result.I!. 
lErrata pp. 163, 164, 167, 168, 169, 172, 173, 177, 178, 180, 207, 237, 242.] 

Telegraphic longitude of Key West.--C. A. Schott. 
lufroduction ; description of obser,:ing stations ;md of instrumental outfit; 

relative pel"l'lonal equations; equatorial interv-e.l of wires of transit 
cirde: adopted mean places in right ascension of star-a observed at 
Wasbingtou and Key West:: probable error of clock corrections; 
reduction of transits for clock corrections, W11...,bingt-0n; conditional 
and normal equations ; synoi)sis of results for correction and rate or 
clock; reduction of transits for chronometer corrections, Key West; 
norma.l equations for azimuth and chronomete~ corrections; synopsis 
of results f01: correction and ra.te of ehronom~ters · 1elegra.pbie ·con, 
nection and ~cha.n~e of time signal~t ti:)legraphfo dift'et"euce of longi
tude, W8i!bington-Key West; reeullil.llg longitude of Key Wea.t and 
ot ligh.t-houeea in ita vioillity. 
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Year_jAppen-) Page;,. / 
i d1x. 
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Subject ::uul author. 

• j 

1B8U i 6 T1•legrapbic longitndmi. --C. A. :::.chott. 
Re11ort 011 the results of telPgraphk loug;it.ruleR determined b5 the Coast 

and Geodt_t1c Stn'\"ey up to the JirBsent time. au,l pr«liniinary :vljust
ment by least squares; two groups; specimen of the tirst g1·oup; 
Atlanta and Wa,.;hini:?:ton: result1J for ditt'erence of longitude; revit:1w 
of the telegraphic longitude wm-k; published results: ruethOil nf 
combining rei'mlts: table of resnlt.s of differences of longitude; table 
of results determining sub-Ordinate Atations; combination aud ad
justment of ohsern·d ditference:-1 of longitude; diagram Nu. 33, 
conditional equations; resulting adjusted longitudes (west of Green
wich). 

\ 

lRSn 

1880 

1884 

11:!89 

1b89 

1889 

1$89 

7 

11 

93-9:'1 Telegraphic longitmlfls.-Edwin Smith. 
E~planation of apparatus used for observation; description; caseA l t•J 5; 

adju8tment.s; interchange of signais; diagrams Nos. 34 and 35. 

:?31-'.!t l DeterminaH<~n of lor1gitwle by ruellJIH of the electric telegraph (two plate;i). -
C. A. Schott. 

{l) TelegnLphic deh·nuioation of longitude; (2) pe-rsonal equation: i;,p,~ci
men of reconl of re;,ults for difference of longitu1~; variability i11 
-pet·i'lonal equation; \:l.) weight» tu tran»it observations recorded on 
the ehronograph; wei~ht>'I depending on tbe star's declination; 
weigl1ta to incomplt>te transits; reduction of observations for ti mt; 
(-0 di»po!lition of telegraphic im~trumenta in the obser,Tatory; arrange
ments I to Vl; (5) concluding remarks. 

407-430 Longitude,. tleduce1 in the Coast and Gemletio Survey from determinations 
by mea.n~ of the electric telegraph, between the years 1846 and 1885. 
Second adju;o;t.ment.-Hy Charles A, Schott, Assistant .. 

147-150 

Prefatory note; cornpat•ison of the state of the longitU(le worlt of the Sur
vey in 1880 with that of 1885, growth of the work, with an aoconnt of 
its gradual <levelopment iu the Survey; explanatory remarks t-0 the 
table of rcsul ts; Table I, general table of results for differences of long i · 
tu.le of stations, determined by the U.S. Coast and Geodetic SunTey. 
by mPans of the electric telf',!!rapb, between the yea.1·s 18411 and 18.<4 
(Jul_,-); '!'able II, ohsen-ed differences of longitude, their probable 
errors, numbers tor reciprocal of weights, and !!;>tnl.JOlic corrections; 
d~itree of 11ccuracy attainl•d by tbe Survey of late yeari;; a.djustment 
of resul~ by lea>1t ~quarea; form of the conditiona.l equations; re
duced conditional equations to be satisfied: sclleme of coetlicicntl< n.nd 
of inver-se weiirhts for the formation of normal equations and. fot- corn· 
put.inµ: the correction"' .,;{pn~ssed in tenus of the correlatives; normal 
equations; values of C 1 and of o1 ; final >alues, A, of lon~itudes from 
Or;:,enwicb, in accordance wil ha decision of th<' International Merid
ian Conference, belt! ut, Wa1>.hini;:tton, October, 188'; comparison of 
results with those of first adju.stment of 1880; tables of longitude1:1, A, 
of the remainin~ stat.ions, arrang-etl by States and Territories, in &lpha
lietical order; computatrnn of probable errors of a<Uustet.l longitudes; 
tlet(lrmiuation of the prouable errors of the l'esulting longitudes of 
""ashing-ton, U. S. Naval Observatory, ancl of Cambridge, Harvard 
College Observatory; longiturlo of Detroit, Mich. ; comparison of tbs 
U. O.. Coast au<l Geodetic :Snn·ev l'esnlt with the longitude used bv the 
u_ :s. LllkB 8nr...-e_y; lon!.!,il.ude of Ogden, Utah; (~Oruparison of the

0

U. s. 
Coat'lt and Geodetic Sur...-._,y result with the value a.dopttd by the U.S. 
]<;ngineer>l, junction of the A.1n<>rican and E1uopea.n systems of longi, 
tulles, with 1liagram shu w i ug connect ions adj ustetl .-( lllnstra.ti.on 21. j 

Bulletin Nu.13.-Telei;rrapbic deter-ruination of the longitude of Mount Ham
ilton, CaL Fiel1t work uv C. H. Sinclair, assi.,.ir,ant_ and R . .A. M11.rr, 
Snhassistant. Report by· Charles A. Schott, Assistant. 

161-16! 

..• ) 2 .. 0212 

Bulletin No. 16--Descri1)tiou of two new tran,,.'it irn'ltrnments for longitude 
work.-Cono;;trncted at t.ho office of the Survey irom desi11:ns 1.y Edwin 
Smith, A1:1eistant. (One lllustratiou.) 

Telel(raphic determination of the.longitude of a. sM.tion on .Mount Hamilton, 
Val., and its trigonometrical cooneotion with the Lick Observatory. 
Field work by C.H. Sincla.ir, Assistant, and R. A. MaIT, Subassistant . 
Report by Charles A. Schott, Ass1stant-

. I .,. .. ,. Description of two new p!.lrtable \nstro.ment;; for lonjl;itude work-Con
. st1·ucted at tbe office of the Survey from del!l!.gns by Edwin Smith, 

Assistant. (Que illustration.) 
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GEODESY-Con ti uumi. 

AZIMUTH. 

Suuject and anthor, 

~zimuth.~J. E. Hil~arrl. 
~Meth oil or using the transit instrument for azi111nth oh;;e1 Voltioll8: fvn:u o t' 

record and reduction. 

Astronomical azimut11.-C. A. Schott. 
11) Principal methods, (2) a'IU'ouomicaJ azimuth; (3) gPmlet.ic ;1zirnuth; 

(4l p1·im1ny ana secondary aziiuutlui; (5) time; (6) instn1111tml>1 11,11~•1; 
\7) azimuth mark!4: (8) erroNt eliminatetl; (!I) circulllpolar i<t:H;i 1.1-1~1!; 
(lOJ higtu1tars; (ll) seti< of observations; (12) method of ieeordiug 
and1edncing; <13) observations of a close circumpolat· star uea1· it>1 
elongation; (14) at any bcmr an)l'le; (15l compnta1 ion by fuudamt1ntal 
trigonometrical formula; (16) by Napier'" analogieR; H7) by a devel
opment i11to a series; (18) at equal mterval>1 before and after culmina
tion: (19) ob;iervation of sun for a1>.imnth; (20) examples of recor'<l.1 
and reductions to .Artidos 11, 13, 14, 15, 17, 18, antl 19.-[Sketcbe.i 2ti 
and 27~ J 

1 St1pplt">ment,.S68, p. 157 .-Specimen taule of local times of elongation,. and 
cu!minatlons of tont cit-cum polar Htars for 1873, la.t.itnde -too, lo11gil mle 
6h. west of Greenwi.ch; correction for altered dates antl latitmles. I 

[ t5upplement, p. 158.-In vertical of star; example of record and rt>ductioo; 
micrometer val1'les; deductio11 ot' p.zimuth.J 

f8upplement, p.160.-(a) Near culmination; example of record amt compu. 
tation; eye-piece micrometer, values deterrniued and appl ietl to lt>vel 
con·eetioo; (b) pivot micrometer, ditto, with e::icample aiHI 1·eeor1l of 
rti<luction; single micrometer t11rn, ditt(); disc11ss10n of set. of four 
stars; centering of instrument for connection -;-ith triangulaUou.] 

Changes of elevation and azimuth ca.u'led by the action of the sun e.t station, 
Dominguez, Cal.-George Davidson: 

Azimuth and apparent a.ltltnrle of Polaris.-George Davidson. 

Astrouomica1 mdmuth.-C • .A. Schott. 
l J:.'our plates. l (I} General remarks; (2} instruments; (3) general consid

enttious; (4.} methods; (5) observations of a close cil"cnmpolar star 
ne:ir elonj.l;ation; (5b) observations with the transit in the ve1tival of 
a close circnmpolar star, near its elou~ation ; (6) at any ho11r angle; 
(7) computation hy fundamental formula; (8} by Napier's analogies; 
{9) by de\•elopmeut into seric11; (If.I) at equal intervals before and after 
<•,11lmiua1ion: (lOl>) near culmination with eye·piece mi<'r·om<'ter, cor
rections; ( lOc) with pivot micrometer; ( 11) observations of sun for 
azimnth; ! 12) examples of recortl an1l reclnction to .Articles 5, 5b, 6 and 
7, 9, 1-0, !Ob; line of collimation by rever.ial on sl ar; o::icamples to A rti· 
cles lOc, 11; table of local time of elon·.?:atioo and eulminat'.on of four 

.i circumpolar stars for 1885, latitude 4-00, longitude 6h. west of Green· 
wich. 

215-2l8 Hulletiu No. 21. Determin:ition of an azimuth from micl"ometric observa
tions of a close ~irvnmpolar stat:" near elongation by tneaus of a me
ridian or transit and equal altitutle instrument. or by me.ins of a 
theodolite with eye-piece mtcrometer. Report on wet.bod and exam
ple of coropntatiOn by Gharles A. Schott, As.~istunt. Obeervations 
by A. T. Mosman, Assistaut. 

,\I~C ::\t l~AS lJRES ANI> l~OC.AL Dl!:F'LECTION' Ol<~ THE PLUMB I~TNE. 

!l 

7 

6 

l-l7--1-.:1 Results of the measurement of an arc of the meritlian.-C. A. Schott. 
Length of the a.re by four methrnls; accuracy of the preceding results; 

ta.hie a.od diag:ram; determioation of the astrouomical latitude>!; re
capitulation of re>1u)f;s. 

J 1:1-115 Local fleffectiom:1 of the zenith in the vicinit.Y of Washington City.-V. A. 
S(1bott. 

8l !t:i 'l'he P.irnp1ico-Cl:tesa.pce.ke arc of the meridian and tts combination with 
the Nantucket and the PPruviau arcs for a determination of the
tl;.cure of the earth from American measures -C. A. Schott. 

Ba>1e lines; latitudes; rMlllting azimuths determined 1.-itronomically; 
conditional equations; com!Jination of arcs of the meridil\D.; re.suit. 
mg conditional eqq~tion11 of a.eh arc of the meridian; Nantucket 
ar~; Pa.mplioo-Che8apeake are; Peruvian arc; combination o( a.rc11 
tor detcermining the tigure or the earth onnsidcred a.a & apl~roid; 
table of data for figure of .tb.e earth, Beasel, 18'1, Clarke, 1800, Coaat 
Sarvey, lS.77. 
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GEODI~SY-'-C011tim1ed. 

A~C .MEA~rRES AND LOCAL DEFLECTION OF THE PI.UMB LINE-Continued. 

Yea.r.TAxpen- Pag:s. I 
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8ul~ject and author. 

18791 B '. 110-123 i Compari11ons of local deflection of the plnmh line.-~C. A. Schott. 

18.SS 

18";'6 

1876 

1881 

1881 

1881 

1S81 

1862 

' ' . Deter1ninat.ion of thl' standanl geodetic b.titnde: tahle of ;i:i.-st<•m•ltic ap
parent deflect.ions in the n1et-idian; d .. ten11i1Ltt.ion of thP sta1ubrJ 
g-eodetic azimnth: tahle of >1ystematic detlection at right angl<"s to 
the meridian resulting from oh.-iervad azimuths: 1letermin:it.io11 or' 
the standa.n1 g;eotfolio longitude; exllihition of tbe apparent local 
th·tlectiont1 of tlw ver·tieal with refet·•mce to ti•<' Beflsel and Clarkl'I 
ilJ)heT"oiti;:.. iable of compal'isou of effect of apparent. ).,cal detiectiou 
of tlie ve1 tical in latitude for the Bessel and t)larke spheroids : table 
of >1ame for detlel'lion8 iu azimuth; in loniritrnle. Appendix A, 
\Table 11, a;,tronmnical latittule"' of the oblique arc along: the At, 
]antic; (2i compai i'!on of the regi'!f.{'l" latit111leH, apparent. df'tlcdmu iu 
the mf'rid ian. A ppeudix: B (Table 1 l,.n,.trono111kal ;iz imnths of the 
oblique itn· aloni.:: the Atlaut.k; (2) compari::;1on of the T<'gister azi, 

' ' I 

t 
i 

4 

7 

15 

15 

14 

15 

16 

17 

22 

I I 
I I 
! I , I 

l 
l 

mutlls, appar<>nt 1letle•·tions of th•~ meridian, ruH1 c< rn•s11nnding ap· 
parent 11..tleL't.ions in the pl'ime vertical. Appendix C (Tablt> H. as
t.ronomicaJ (telegraphic) longitudes of the uhli'lne are along the 
Atlantic; (2l comJHU'ison of the re~iater iongitulles. apparent deftec
tiom~ in longitude, a1ul correspondiu~ apparent detlections in th~ 
prime vel'licu1. 

4 71-::i!i:3 Dtikrmination;i of latitude and gravity for the Hawaiian Govf'n1ment.-By 
.E. V. Preston, Asshtant. l 1',or abstract of coutents see under 
"Gravity .. ') 

Hl'J-208 Th;, n•'Nl of a remea.~nrement. of the Peruvian arr.---By E. D. Preston, A~
sistant. 

GRAVITY. 

2!L!-:rnl Measurements of gravity at initial stations tu Anwri<·a arnl Europe.-C. S. 

410 

359. 44 l 

44:.!-t56 

457--460 1 

•••4•3 / 
503--516 

Peirce. 
8tatioiis Gt'lleva, Paris, BPrlin, Kf>.w, Hoboken; instruments; diag:ram; 

olmervation:i of the 11111.·ation of an oscillation; corrections 1 to 12: 
<'<ffre('tion for rate of timekeeper; Paris meridian clock ; diagram ; 
t-;tand urnl {iaug v•m Sertfert. 1876, April 15-,Jnne lG; Ke-w; 1·ompari
sou of chronomt't.erl-l, •liagram; Hoboken; table of instrumental coo
Mtants: comparison of chronomoters; instrumental constants : rates 
of chronometers gr;·tphically reprei.ented; fliai;::rams Nos. 31 'to 35; 
correction for arc; tnble1-1 showing times of reading half amplitudes; 
Paris, Bedin, Kew, tahl" of decrement of arc from F' 10'; dimillu· 
tiou of nrc: tlecrement of pendulum arc, Hoboken, N. J., times of 
reachin.~ 1liffereut a111plitudeR; tauleH; dia_gram 36; reduction to a 
\•acuum: coefticient ot expansion; diagrams .'!";'•, 37"; compari>1on of 
n1et.er>1 "A." and "4\l": roJTection for wearin!l; of the knife-edges: 
cort·ection for slip of the knit"e·ed~eR: corrt>etion for shorter length 
with hea'"Y entl up; for tloxnre of the support: length of t.h(l pondn· 
lum; on tho tenihe of millimetres at tlu• en•lR of the l 1 nite•l St>ltes 
Coast SuT"vey pen•inlum metre, and on the screw revolutions of tbs 
Reps<iltl V<'l'I ieal comparator; va,lue of th t1 S('rew re>oh1t.iom1 of l h"' ur per microscope; of the lower n1icrt•scopc ; l'"l'lllllA of ol.iserratimu 
o leuiorth; snrumar."f oJ resnll.:; of comp!lriimn of len~ths b<'t.Weeu the 
sta1ulard mer re "49 "and others; comparison or Prni<Aian and Unitt><l 
Sta.te;:i JW'ntlnlum stan1lanls, 1875; couchuled leugth of the pendulnm: 
ceuter of mass ; periods of oscillation aml \"alnes of ~ravit.,\· : <I u
~ram; l~n~th of secon~s ~endulum at Uen•wa: tal>les of ex \>t::t'i· 
ments, I a1·1s, 1876, Berhn, Rew, Hoboken, N. J. 

Adden1lum t.o A.pptiudix No. 15. 
Tables showing Urn modes ofrrnl11dng the experinwnt.'l. 

On the flexure of µendnlum snppor·tri.-By C. S. Peir·<•c, AsMistnu t. 

On Ow deduetion of the ellipticity of the earth, fro111 peu11ulnm experi
ment.R.-By C. S. Peirce, Asi.h1tant. 

On a method of ob':\t-t'Ving tlw coiucitlenctl of vihni.tionA of two pemlnlntus.
Uy C. s. Peir<:e, Assisrant. 

011 the value of gravity at Paris.-By C. S. Peirce, AsMist.a.JJt.. 

Report of a conference ou gravity dctermi11u.ti1•n:;1 heh! at '\Yashingtou, D, 
C., in May, 1882. 
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1883 19 
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379-381 i Determinations of gravity and other olmtirv at iou::; wade in 1·onnPction with 
! the Solar Ecliµse Expedition, -ri.1ay, 18i'<3, to Caroline Island. A ie-

1 port by F.. D. Preston. 

<173-487 Determinations of gravity at Allegheny, Eben::;burg, and York, Pa.-By C. 
S. Peirce, Assiscant. 

<i31l-473 Determinations of iz:raYity with the Kater pendulums at. Auckland, New 
Zealand; Sydney, New South "\Vales; Sin~apore, British Iu<lia; To
kio, Japan; San Francisco, Cal.; and \Vasl1ington, D. C.-lly Ed
win Smith, Assistant. 

475-482 i 
<t> 

On the use of the noddy for measuring the amplitude of swaying in a pen• 
dulum support.-By C. S. Peirce, Assistant. 

483 485 

509--510 

511, .SI:? 

471-!'iGii 

Note on tlie effect of the flexure of a pendulum upon its period of oscilla. 
tion.-By C. S. Peirce, Assistant. 

On the intluence of a noddy ou tbe period of a pendulum.-By C. 8. Peirce, 
.A.ssietant. 

On the effect of unequal temperature upon a reversible pendulum..-By C. S. 
Peirce, Assistant. 

DeterminatioJ1s of latitude and gra·dtv fort.he Hawaiian Go...-ernment.-By 
E. D. Preston, A.s.sistant (22 illust:i;ations). 

Letter of E. D. Preston to Snptuintendent CoaRt and Geodetic Survey, 
transmittin!J! report of work for Hawaiian Government; plate Rhow 
ing crater of Haleakala; note on Hawaiian pronunciation; report; Jn
Rtruments; brief account of journey and work accomplished; plate, 
''Resting at •Ana Moe Haole' (9,30fJ feet elevation) Edji!e of Crater;" 
triangulation; plate, ''End of Cart Roarl (5,500 feet elPvAtion), Slope 
of Haleakala;" plate, ".Gravity and Latitude Station, Pake.oao," Island 
of ],Jani, etc.; plate. "Trail from Paka~o to Kaupo Gap;" l·onnections 
1>etween the trigonometrical and astronomical station1t, and geodetic 
latitudes of the latter (with skekh of triangulation); ph1te, "meridian 
telescope;" sketcll of tr1angulation, showing the connection between 
latitude and gravity ;i.tations on the llllBn1l of Maui; latititde; inclina
tion of roicromt>ter thread; micrometer; level; discussion of the 
results; summary of results; observatioufl and reductions for Hono
lulu; list of star· catalogues consulted: mean places of Hawaiian lati
tude st.a rs; gra...-it_v; description of stations; methods of observation; 
methods of reduction; sketch of Island of Ma.ui, !!!bowing eont01n
lines and compar'trnents; results of pendulum observations on Maui; 
dtnsity of tho surface rock; reduction of tbe timE'- observations; plate, 
"Relative Weiglttil dep1 nding on Star's Declination;" plate, •· Pendu
lnm Hf'ad No. 3;" plJlte, "Pendulum Stand;" general chart of 
Caroline Islands, showing gravity station of 1883; observations oL 
1883; description of &tations; length of pendulums and position of 
center of mass; plate. "Gravity and La1itude Station, Labaina, 
Maui;" plate. "Trunsit No. 2;" plare, "Pendulum Stand, 1887;" 
platB, '' ltepsold Vertical Comparat<:r, with Pendulum No. 4 and • Y 
and M ·No. 1,' in position;" plate, "Pendulum No. 3 (Peirce);" plate, 
.. Chronograph;" plate, ''Variations of Clock Rates;" diagram 
showing relative times of star observations and pendulum swings; 
difference between pendulnms No. 3 and .No. <i; instrumental con
stant.fl and chronometer corrections; star residuals; pendulum obser
vations; reduction to standard temperature and pressure; petiods of 
oscilla.tion at 29•554 inches of reduced barometer at Washington, and 
at 16° centigrade. 

137-U::! Bulletin No. 11.-Determina.tions of latitude and gravity for the Hawaiian. 
Gover·nment-By E. D. Preaton, Assistant (4 illnstrathms). 

Introduct-Ory remarka; relative gravity determinations; gravity results 
(with diagram}; latitude determinations; geodetic <!onnection.!I and 
conclusions; map of Hawaiian Islands, showing the primary triangu
lation, latitude, a.nd gravity stations; sketch of lsland of Maui, 
showing contour Jines and compartments; sketch of triangulation, 
ehowing connection between latitude a.nd gravity stations on t.he 
Island of Maui. 

[ThisBulletln was published as an abstract in advance of Appendix 1'. 
1888, the full Report not having been printe.i until January, 1891.} 
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I 
eleme11tR at stations on the west coast of Africa and on some islands 
in the North and South Atlantic, 1889---90. -By E. D. Preston, Assist.ant 
(11 illustrations). 

i 

GEOGRAPHICAL POSITIONS A.NH PRO,JECTIONS-TOPOGRAPHIC AND 
HYDROGRAPHIC SHEETS. 

18:;} i 

1853 

18;)3 

1€55 

1856 

1857 

1857 

1859 

l85i 

12 

7 

39 

8 

58 

23-24 

18 

1\l 

IC'2-442 

14-42 

96-Hl3 

!Hl-148 

296---307 

Lh1t of g-eograph ica.l positions detennirwil b;r the Const Survey. 
Sections; method of t rianp1lation alJ.'l verification ; iwerage error; a.s

snmed size aml form of the globe; station errors; checking of geo
detic loug-itndes by telegrapb; longitude of Cambridge from Green
wich; explanatfon of tables; list.-[Errata., 168, 169, 21~, 304, 32,, 31:!, 
374, 375, 378: 1851, p. viii; Errata, 16~!. 169, 189, 190, 191, 194, 217, 2lfl, 220, 
258, 271, 276, 286, 3:!4, 360, 372, 374, 375, 378, 400, <102, 40-i, 409, 416, 425, 4iW: 
1853, p. 181; Errata, 185, 252: 1854, p. xii; Errata, 192, 225, 340, 341, 3ol2, 
344, 346, 411 : 1855, p. xviii. l 

List of geogr~~hical pos_i,t~ons.:--[Errata'. 15, J:6. et seq: 1 17, 20, 28, 29, 31, 32, 33, 
34, 36, 4~. 185-l, l-'· xu, Errata, 19, 20. Js.,5, P- xvuJ-] 

Tables for projecting maps, with notes on mnp projections.-C. A. Schott 
and E, B. Hunt.. 

Map pr~jections classified and deftnetl; Bonne's or ruodifie11 Flam~tead's 
projection; the poly conic, its properties and varieties; formulas used 
for the computation of projection tables in nse at the Coast !'iun·ey 
Office: graphic construction of polyconic projections, Coast Survey 
D1etbods ; rectangular polyconic method; Table I, relation between 
the measures of length used in different countries; II, for converting 
(A} metres into statute miles; (B) statute miles into metres: (C) me
tres into yards; (D) yards into metres; {E) yardR into miles: III, 
leni;cth of a degree of the meridian in nautical and statnt.e mile:-. for 
each fifth degree of latitude between 20° and 50°; IV (A), len-,;t!:: of a 
de~ree of lougitude between the. parallels of 110 and 500, for each de
l<J'ee of latitude, expressed in nan ti cal miles; (B) length of a degree 
of longitude between the parallels of 17° and 50" for each degree of 
latitude, expressed in statute miles; V (A), length in metres of 10 of 
latitude and longitude for each dPgree of latitude between 170 and 
50°; (BJ co-ordinates of curvature for each de1?Tee of longitude from 
1° to 35°, between latitudes 17° and 50°; VI, projection tables, 
giviniz latitude and longitude arcs, and co-ordinates of curvature, 
from latitude 24° to 50°--[Errata, 96, 97, 98, 102, 134': 18il3, P- 182; 
EJTata, 101. 113, 114, ll5, 116, 130, 159: 1854, p. xii; Errata., 132, 137: 
l 866, p. xx. J 

List of geographical positions.-(Errata, 138-HO : 1856, P- :x:i:.] 

Projection ta.bleR.--J. E. Bilgard. 
Tables applicable to t,he projection of maps of large extent and minimum 

distortion in represented area; method; earth'>\ dimensions; Table 
I, ot co-ordinates for projectin~ the points of intersection of meridilLDs 
and parallels; II, length, in met.res, of one degree of latitui'le and 
lonp;itnde from latitude 200 to 540; valnes of t.he corresponding radii 
of the devcJoped J)arallel, and angles at each pole for 10° of longitnde; 
111, tables for converting measures {A) of metres into statute miles; 
(B) of statute miles into metres; (Cl of metres into yards; (D) of 
yards into metres ; (El of yards into miles; IV, length of a degree of 
the meridian in nautical and statute milt>e for each fifth degrte of 
latitude between 2{)<> and 500·; V, length of a. dejrree of longit.ude for 
each degree of latitude from iGo to 54°, expres11ed in nautical and stat
ute miles; VI, radii a.nd polyconio development of a sphere with 
ra.dins = 1. 

223-2641 List of topographic and hydrographie sheet.ft. showing their titles, date&.· 
scales, and registered Dlllll.bere, a.a filed in the office. 

264-301 1 List of geo~phfoa.l position&. 

212-2141 Topographic sheet& 

215-:-216 Hydl'ographie sheets. 
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1859 

1@59 

1861 

1862 

l86:J 

1664 

l6G5 

1865 

186!'. 

18G5 

18Q7 

1868 

1871 

1873 

11'74 

1674 

1875 

1877 

u:so 

2-0 

33 

13-H 

39 

lf-lti 

15 

8 

!J 

10 

20 

18A 

13 

f; 

6-7 

6 

11 

i 

8 

15 

15 

216-2•7 

328-358 

176-180 

4.18-420 

1-li!-146 

144--182 

50-91,1 

!JV 136 

137 

176-186 

265-274 

171-242 

$9--114 

HH-HI:.? 

287-296 

J 

J 

Lisf of geoµmpld,·al position;;. 

P1·ujection tal>l<·>i t~..- :tua_ps of large ext•~nt.-J. E. HilgarlL 
Tat.le 1, l<-ngth in uwtreH of 1° of latitude anti longitude, Yalnes of thC' cor

rPHponding radii of the <levelop('<l llfl.rall€'1, and angles at ~ch pole for 
10'' ot' longitude; ll, co-ordinates of curvature. 

List of topogl'apbic and liydrogt'apbfr ,;heets-~Cnntinued. 

Part of Appemllx :l9.-(ieographical pvsitions on the Pacific coast, United 
!")1ate,,._---G.:oorgt• DaYidson, Assistant. 

List. of topog;rapbic anu lJydrograplJk sheets--Continued. 

List of g>eographical posit.ions. 

List of topogriq•lik and 11yd1 ogra1•l1ic sheets-Continued. 

List of g<0ogn1pl1ieal vo::iitiunsi iu Sections Y. VI, VI I, and TX. 

Li.it of !!eograpbical positions det.Pnnine<l, approximately, in West Virginia, 
Rentuck~-, Tenuesf!ee, Alabama, Mississippi, al:ld Missoul'i. 

l'rojectiou t11.hle1< for a map of North America. 
Diagr·am; tall IP of lengths, in n1t·tTt~1<1, of 5° of latitude on the 11traight me· 

ridia.u; table of the rallii of the parallels, and ;;<· of lt•ngitudci <>11 each 
parallel: I, table of' co~ordiuates, latitude 5c> to 85°: lI, co-orclinatt:" of 
curvature, Jatitutlci fi5° to 89°; III, length, in metn,s, of J.> of latitu,le 
alul longitude 55° to 890. · 

List of topog-raphic antl hvdr<>graphi<", sheets of .A Jaska, by Russian au· 
thority. ' 

List of geographical positions determined hy tbe Coast Sarvey. 

List of original topographic an1l bytlrographk sheet11 register<'•l in the 
al'chives of the U. 8. Coast Snr'l"ey from January 1, 18G6, to Dt"ct>mht'r 
31, 1871. . 

~ 

List of original topographic and l1ydrogra11bic Rbeets registere'l in the 
archives of tbe Coa.~t Sul'vey from June, 186!>, to January, 1873. 

(~t>Ol.!;J aphical pogitions of prominent pl1LCes in tlie United Htate:1. 

Additional geographical positions determined astronomically b,v the Coast 
Survey ou and 1u111.I' the westeMl coast. 

(11.'iginal topographic sheets reizisteren in the archivesoftht>Coast Survey 
from Janum·y, 1834, to July, 1875 (No. 1to1378, inclusiver. 

List of h;nlro,gra11bie sbeetR, geograpbicaHy arrau:re1l, regi8t..re•l in the 
nr<'hives ot the Coast Sttt"Vey from January, 18:.I[">, to Jul_y, 1875 (Nos. l 
to 1244, inclusive). · 

A q11in<'uncial projection of the sphere.-C. 8. Peirce. 
Tahle11 I, II, of rectangular co-ordinates. (Diagram. I 

Cmu1uiri1<on of the relative value of the poly<:onic' project.ion oseil in tl1e 
Coast and Geodetic Sarvey, with some other project.ions.-C. A. 
Scl1ott. 

1 Six pln:te~ .nml a chart.) 
Mnp J1ro.1ect10ns classified anil defined; three groups; ftrst group-the 

sqm1re projection, the rectang:u.Jar projection, the rect;a.ngular equal. 
surface pi'o,iection, Cassini's prnjection, projection with converging 
meridians. proje-0tlon by devl'llopment of an intersecting cy1ind,·1·, 
Yet·ce.tm"s projaetion; aec.ond group-Flamsteed's P-roj~ction, Ue 
J,or~1m'11, Babinet's eqna.l-eurface "proJection, De l'Isle a eoulc proj<M.:
tion, the simple conic projection, Murdoch's projection; tbird JtTOUp
Lambert's projection. Boi.ine's, the polyconic; remarks on the bi~tory 
of Coast Survey J•rojection11; formnlre for computation~ {l) Il'f•r an 
1u-c of a &Teat circle of the sphere; (21 for the rbnmb-lioe on Mer
catot"• projection; (3) for the straight line on Bonne'& projection ; (') 
for the et.-a.i~bt line on tbe pulycwic projection; ruulting di11tauce11, 
iu nautical miles; reeultiDg azimU1·bll. 
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188! i 

1885 

1888 
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6 135-321 

8 

8 313-403 

Sul>ject am1 autbor. 

Tables fot the projection of maps, basNl upon a polvconic development of 
the Clarkt~ spheroid. and computed from the .. ,q·uat•OT to the polo. 

History of t,he projection 1ab1es of the surYey; the Cla.rk4:' spheroid; 
formul:I:' used ln eatabli&hing tables: arrangement an<l explanation of 
the tables; grapl1ic construction of polyeoni•,• projections for limited 
an•as; conversion tables; length1; of degrefl!; of tlle mflridian: are11 
oft.he parallel in metres; meridional arc~; cniirdinates of cur•Tatnre. 

Geographical riositions of trigonometrical points in the St.at.es of Massaebu
sett" and Rhode Island, determined by the U. S. Coast antl Geodetic 
Survey \wt.ween the years 18.1.5 and 1885, allll including tl1ose tle
t,errniued by the Borden survey in t.be years 1832 to 1838.-Ey 
Charle" A. Schott, Assistant. 

Introduction and e.xplanation of the table of pC)sitious: nutn ber of stations 
and locatiou; other statistical 1natt••1·; ohserv('lrsand :vears of observa
tipn, accuracy of the work; index of stations in· .Massachusetts; 
tal>1e of geog1·apbical positions deternnned in the 8tate of Massachu
setts_ and <·onnection with stations in the snrroundiug St.ates; tri
anµ;ulations of 18:.12-1885. [I1lm•l-mtions 25--26.j 

<<.-.oµ;raphical positions of tri~onometrical points in the State of Connect.icut, 
d£>termine<l by the U. S. Coast and Geodetic 8nn~y bet.ween the 
yl.'ars 1833 aml 1~86. Introduction and explanation of the tabular 
results by Charles A. SclloU. As,.istant .. {l illnstrat.ion.: 

Introductory remarks and explanaHon of data and results; i:;taudanl 
,E!:f\01letic data of the Survey; thf' unit of length; the ireodetic surface 
of reference; the stamlard latitude; tbe st,andard longitude; the 
11tau<lar;l azimuth, f',le..-aboniJ of stations above sea lev11l not yet. 
available; description" of stations; positions of !\tat.ions and connect
in,e: lines shown on map; reduction of observations, Pxplanat-inn of 
method used in comvutation; table of logarit.hmic factors fo1· thl' 
coruputation of geo(letic pOl!litions, bet,.-e1en latitudes 40"' 55' and 4~" 
551 ; poi.ition computation, form for <lirect computation: position 
compnt-ation. form ior inverse Rolution; length of a.re of 011e minnt-1' 
in meridia.n and in parallel; effect of earth ·s curvat.nrf'; positions 
arranized in ~eogra.phica1 groups; ob11en-ers and year11 of observation; 
computerfl eni.:;aged in work; n1etric converRion tables; errata in 
Appen~lix 8, le85; index of stationR ln Connecticut; tabular stflte
meul!' of ~eographical positious' pritnat·y stations; l'lnl1ordlnate, 
primary. and secondary 1<tations: Hho<le lslaml State Hue to '.l'baml.'s 
Rivf'r: 'l'hames Ri\•er; Tham'" River t-0 Con1iect.icut Rh·er: Cou
TIPl'ticut River; Connecticut R.i Vf'l' to Housalonic River; Honsatouic 
Uiver to New Ym'k State line. 

GEOGRAPHICAL EXPLORATIONS. 

1855 ~ ' 374-375 A hstract of a complete hil!torical aoco1111t of t be progress of discovery on 
the WeRt.t~rn coMit. of the United Stat.el'! from the earlie!lf. period; 
comf.iled, undl'r the direction of the Snperinten<leut, by Dr .• J. G. 
Koh. 

1855 65 376·~398 Bl11.ke'R Geoloµ;ical Report. Wf"Rtern coast.~-,V. P. Blake. 

1856 65 

1856 

1857 

18GO 

31D--322 i 

a=ul 

Observation!'! on thfl phssical geogra.pb,v and geology of the coal'!t. of Cali
fornia, from Bodefr&. Bay to San Tiiego, physical geography of tb€' 
n1ountain ranp;eR ad.joining tl11:> coa>1t, ~eology of the pTincipal !Jays 
an•l ports from Point RP.yes t.o 8au Diego.-(Errata, pp. 379, 380, ~82, 
as7, 388, 392, 39'1, 39:;, 396; 1857, p. xviii. l 

Annals of dl1mover.Y on Uie Atlantic coast.-J. G. Kohl. 
Abstract of a. hi11tory of th" progress of discovery on the Atlant.ic coast 

of the Unit~ Sta.tea. 

Annal!O of discovery, Gulf of Mexico.-J. G. Kohl. 
Abstract of a memoir on tlle di11covery ancl. ftCO~rapb1ca.l deYelopment of 

the tthores of the Gult' of Mexico witbrn the limitA of the Unit&} 
States. . 

Ut-43-1 l Western eoast a.nna.ls of maritime dh1cnvery Rnd exploration.-J. G. Kohl. j J5.uport of t.be method and scope of a mmuoir on. 

399-402 j Labrador expedition.-Lieut. A. Murray, U- S. N. 
l.teport of a voyage of tho steamer Bibb. [Oue illi1strn.tion.1 
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1867 18 187--329 ' Ala.ska Territory; roa.st foatnrcs and resonre('f<. -G. Dav-id!'lon. 

E 

F 

G 

H 

I, 

N 

1868 14 

1868 15 

1873 11 

28l-· 2ll0 

290 2G2 

293 298 

299-~17 

318-324 

32.'i-329 

243-259 

260-277 

Directory of the coast, 22ti- 264; list •·f geographical position;,1, 265- 274; 
aidil to navigation, 274-·280. [Skt1tclws 21 to :!3.] {Errata, 289, 22 from 
bottom. read Eschult z Ba~. J 

Alaska Terri1.ory, g•:mlogy of.--Th. A. Blakf'. l bid. 

Zoiilog:v of Alatika Territory.--.,V. G. '\V. Harford. 

Vocitbularies of th<> Kodiac, Dnafashka. Kenai. and Sitka languages. 

Alaska Territ.or.v. meteorology of--·A. K.t>llog. 

Botany of Alaska Terr:it.ory.--A. Kellog. 

Vocabulary, Alaskan. 

Geographical names on t.bf' coast of Mainf'. ~Ed. Ballard. 

Con<len><ed acconnt of M. Helfort's exploration" on the Isthmus of Panama, 
includjng his special explorations on t.he Isthmus of Darien, with 
sug::,:;e&tionR for condudioJ..?; a future f-<l.HYey. ·-G. TJayidson. 

EJCplcrations; plan for explorati[)n of tbc I:..iver Darien; outfit and duties 
of eJ1gineers: in;;trurnent,al outfit; use of the heliotrope for ~·om. 
municating messages; form of reco1tl of le.-elings, courses and dil'
tances, rod fo1· levelin.cr. d.ist.ance, and station mark for courses, to 
pack, unpirnk, and refill steel b:irow0t'3r; methods O't" as~ertaiuin;:; 
the dfaC',barg" of watAr in any 1>trcam. 

111-112 Geographical and hydroi;:raphical t-icplorations on th<" coa.st of A.l&l>ka. -W. 
H. Dall. . 

Islands of .A.ttn, Bould:vr, Kys'ka, Amchitka. Arlakh, Atka, Amlis, Four 
Craters, Aga..,hagok, Unala.sbka, Sannakh Heefs, Popoff Strait, cur
rent olJservations, azimuths, 1msitions, and magnetic d~linRtions, 
tables 1 to 16; thermometer, mean for 1873; surface of sea water; 
five fathoms below ;rnrface; current oh11er•arions made on board the 
Yukon duriD!:l' the voyage from San .E'1-a11ci.ico to Unalal'!hka.. May, 
1873; beiJZbts of mountains determined in 1873. [Sketch No.17.] 

1874. .• - .• -·. 22 United States Coast Survey. Report on the Nicaragua route for an inter. 

1815 

1880 

1884 

oceanic ship flanal, with a review of itther prop0>1ed routes; made by 
Maximilian von So-:inenstern to the minister of publie workR of 
Nicaragua. (One illustration, Translated for the United St.at.es 
Coast Survey. Separately published.) 

10 1 157-188 Rl'port~ on Mount. Saint Elia..'I, etc., Alaska.-W. H- Dall. 
I. Hist-Orica.I notes; tabular results of heights, latitudes, and longitudes; 

general considerations. [Sketches 22, 23.] 
II. Discussion of data; reduction of obRerva.tions, made in 1874. t.o de· 

termine the height8 of Mounts Sa.int Elias, Cook, Wrillon, :Fair
weather, an<l Vancouver; eetJ!.ils of computations. 

18 346-411 Landfall of Columbns.-G. V. Fox. 
An atwmpt to solve t.he prohlem of the first landing place of Columbm< 

in the N~w World. Introduct.ion; narrative a.nd discussion; the 
t.rack of Navarrete; of Varnhagen; ot Wa'!hington Irdng:; of Capt. 
Becher; according to G. V. :lfox; conclusion; summary. Appendix 
A, p. tOl; ag;e of Cohnnbns. Appendix B. p. 401; mile and league of 
Columbus. Appendix C, p. 403; "Variation of the compass in 1492. 
Appendix D, p. 405; the log of Colarnbm< across the Atlaut;ic Ocean, 
1'92. Appendix E, p. 408; the vessels of Col um bus. [Sketch No. Ba.] 

19 405--617 History of discovery a.nd exploration on the coasts of' the United States..-By 
J. G. Kohl, PH. D. 

Prefatory note; abstract of' contents ; discovery 1Y1d exploration on the 
A tla.ntic coast; the N ortbmen ; Sebastian Cabot, 1497 ; Ponce de 
Leon, 1512; Lucas Vasquez de Ayllon, 1520-1525; John de Verra.zano, 
152'; Estevan Gomez, 1525: Engli&h voyage. 1527; Spani&h expedi
tions, 1524-1543; Capt. Jean Ribont; Sir .Tohn Hawkim1, 1565; Florida, 
1565-1574; Sir Walt~r Raleigh; Capt.. John White, 1587-1690; Coast of 
New England, 1602-1605; Gosnold and Gilbert, 1602; Martin Pring, 1608; 
Bal"tholomew Hilbert, 1603; Sieor de Monts and Champl1lin, 1605; 
Ca.pt. Geor~e Weymouth, 1605; Capt. Christo{)l1er Newport, 1606; 
Ca.pt, .Tobn Sm'ltb, 1608; Capt. Popham and Raleigh 1007; Capt. 
Samuel Argall, 1613; Ca.pt. John Smith, 1614; Heney Hudson, 160t); 
David Pieteraz de Vries, 1632; table of maps ot the Atlantic ooas~ 
of .North America, or parts ther"o~, published betweep 1500-1770; 
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1 
i 

I 
I 

j 

1886 7 

1888 

1890 i l9 

18~0 20 

dio;covery and ex.p1oration of the Gulf of Mexico--abst.ract of con
tents; Columbus, 14!1~ -V\02: Sebastian Cal1ut, 1·1.'l7; Juan Diaz d" 
:o;0Ji0 and Vincente Yane:>. Pin:>;on, 1506; SehaRtian Ile lkampcl, 1508; 
.Juan Ponce de Leo11, 1512: Vdarff[lW'z, 1:)11-1514; Diego M:ruelc). 1516: 
CordoYa: Grijalva and Alamiuos.1518: Fernamlo Cortez, 1519; Dou 
_-_\..louzo A.h-m'.ez I'ineda.1.519: Narva.uz, 1520; PilH"'da and Cam:irg-o, 
1520; Jl'rancisco de Garn.i, 1523; Narvaez, 1521-1536; Df' Soto, 15;!9; 
Diego Maldonado, 1540; Andres <le Ocampo, l'A3; Guirlo de Las Baza. 
res, 1558: French and Eugli>ih ad\·•:mtureri', 1555-'61; Men<>nd..,z, 1513; 
New Mexico, 1581-'8:>. Robert, d<' la 8;\lle, 1682; .Tnau Enrif]uez 
Earrot-0, 168;;; Iberville. 1698-'99; St ..• Toseph'"' Bay, 1718; Gah·eston 
Bay, 1721; Charlevoix, 17:!'.:: titles aucl copies of maps illustrating 
Dr". Kobl's History of f,be Discovt<ry aud Exploration of the Gulf of 
Mexico; dh;;cover~· and exploration of the Pacific coa>'!t of the United 
St.ates, ab~traet. ot eont.ents-introduct.imL 15;~2-1579; California, 1532-
'34; California, J 53:'1--'36, California., ff39- '40; Sir Franci8 Drake. 1579; 
Franci .. co Gali and Jayme Juan. l:'>Bi; 8ehastian Rodriguez Cerme
non, 1595; Sebastian Vizcaino. 1596: New Mexico and Califol'nia, 
.1582-1717; ,Ju1u1 Ugarte. 1722, 1732, 1746, 1766; Russian expeditions; 
J>'rencb expeditionB, 1769; Franciscans and VancouYer. 176U-'9.!; ~hs
Rions, 1769; .Don Juan BantiRta A lJZi'•, 1774: Sonora-::fan Diego, l"i'75; 
Northwestern coast. 1775; San Francisco Bay, 1775; Sau La Clara 
Mission, 1776. 1779; Capt. James Cook, 1778: La Perou>:1e, 1786,1785-1767; 
Capt. J,lhn :Meares. 1788: Htl'aitofFuC'a, 1'789; Don Manur,l Qu1rnper, 
1790; M.al<1.spina, 1791; Marchand, 1791: Vancouver, 1792-'95; Gali· 
ano and Valdez, 1792 Caamano, 1792; Capt. W.R. Broughton, 1795-'98; 
Lewisaml Clarke, 1804-'t16; Russian expeditiom1, 1803-'06; Fur compa
nies, 1806-'21; Russian settlements, 1812-'41; Missionary travel,;, 
Capt. F. '\V, Heechy, 1827: Sir Ed ward lwleher. 1836-'42; :French ex. 
plorat.ions, 1820-'42: Unite•l St.ates expeditions, 1820-'47, United 
States exploring expeditwns. 1838-'41; Oregon and California, 1812- "4fl; 
Maj. \V. B. Emory, U. S. Corps Topographical Eng-ineeTs, 1816-'47; 
titles of copies of maps of tlrn Paeifie coast of N o:rth ..A m1·1·ica, or 
'J)arts thereof. 

A.n examination of some of the early voyages of discovery rind exploration 
on the northwest coast of America from 1539 to 1603.-By George 
Davidson, A. M.,' PH. fl., Assistant.. 

Introduction, prefatory remarks: efforts to niconcile many of the discrep
ancies of the old Spanisb, English, American, and French navigator8 : 

indomitable coura~e and perseverance of the old Spanish navigat-0rs; 
many of the position" of Ulloa, Cabrillo. Ferrelo, Drake, arid Viz
caino can now he locatell: effort· to follow t·he navia:at.ors day b_; dav; 
1>ome of the autbortt.ies cited; ori11:i11 of name. California: what· it 
designated; principal work consulted; dt.>seription of localities by 
the diffe1·ent na.vi.gators, Ferrelo. Cabrillo, Ulfoa,, and Viz.caino. with 
notes by Da.vidson, placed in four parallel columns: table of the 
Ja.ndfa.lls of Cabrillo (C.) and Ferrelo (F.), with their names by Ul· 
loa (U.), Drake ( U.), and V\zcaino (V.), and the present names and 
latitudes. Imlf'x to Appendix 7, 1886. Prefatory note; authorities 
and 'J)nblications consulted or referred to; discoverers a.nd exp,lorers; 
harbors <port.s) and anchorages, l1ays, channels, coves, gulfR, agoous. 
Rt,raitA; headlands; cap;;s, 1wints, bluft'..i; islands, reefs, and roeka; 
mountains and mountain ranges (Sierras). table-lands (mesas); rivers, 
and streamR; sett him en ts; Indian village& (Pueblos); miscellaneous 
notioes. llllustration 18 .. } 

3--G Bulletin No. 2. Note& on Alaska from reoent surveys. 

759-774 Notes on an ori_ginal manuscrlpt. chart of Bering's expedition of 17:!5·-"30, and 
on an onginal manuscript chart of his second expedition; to:,?<1ther 
with a summary of a Jt>urna.l of t.he first .expedition, kept h:v Peter 
Chaplin, and now first, n,udered into Eng-lu~h from Bergh's Rn"81an 
version.-By William H. IJall. (Two illnRt.rations.) 

7"i5 .771 On an Parly chart of Loni;:: Island Rn•tn!L-·· By Capt.. c. rr. Town!'!h<'n•L 
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I I 
Year. I Apyen-
___ /_~~-· -

1854 3! 95-103 

18()-0 38 397 

1810 7 i5--76 

lRiO 90-91 

187! 11 154-170 

1R7!l 2 J2-20il : 

1879 212 213 

- JS80 I 11 

1882 11 517 5::.6 

Jfyp;-.;o.M ETRY. 

SPIRfT LEVELlNG. 

--- - -··-----------------
Subject and author. 

-------~----- ---------
Jtieasnrement of height.s.-T. J. Cram. 

Experimental comparison of the met-hods of measuring heights ti:-· level· 
ing, by vertical angles, by the baromt.ter, and by the boiling-point 
apparatus. tErrata, 102; 1855, p. XIX.] 

Table of heights for the use of topographers.-C. A. Schott. 
Height in feet corresponding to a i?;iven an,.le of elevation and a given 

distance in metres, for use in the constra.ction of contour lines b.v 
plane tables. 

Ueport on the leveling operations between Keyport, on Raritan Bay, and 
Gloucester, on the Delaware River, to determine the heiJZhts above 
mean tide of the primary stations Beacon Hiil, Disboro, St.ouy Hill, 
Mount Holly, and Pine Hill.-R. D. Cntts. 

Heights above tneaii tide determined by the spirit level, p. 75; tidal sta
tions, p. 7:-.; inHtrnmenls, p. 75; tidal ob.i,ervations and records. p. 71i. 

List of heights, above the half-tide level of the ocean, of trigonometrical 
stations determined by the U. S. Ooa.st Survey. 

Comparison of the methods of determining hei_ghts h_v means of leveling, 
vertical an_gles. and barometric 1neasures, from ohservations at Bodega 
Head and Ross Mountain, California.-George Havidson, C. A. Schol t. 

(l) Result of the leveling operations. (2) Results of hourly u\u•ervationi:> 
of reciprocal aucl simultaneous zenith distance~ for difference of 
heights. of the two station,.; TableH 1 to (i, zenith distauces, atmos
pheric pressure, etc. ; reduct.ion of zenith <lif!tllnces: diai;rrams. 
(<$) Results of hourly observations of il.t.mospheric JU'68SU.re for differ
ence of heights oft.he "rations; diagrams. 

Precisf'I leveling.-0. H. Tittmann. 
Instruments and methods used in the Co&Rt- and Geodetic Snr'"ev 

{Sketch No. 53): d.e .. cription of leyel; rod and target; adjuatmenid 
(Figs.1 to 6); verification and acl.1u,.tments of the rods; 1netbod11-
(l) ·aimultaneous double levelina- in one direction; t2) levelini;i; in 
opposite directions; method of ouserving (a, b, c, d); river erossin:,:: 
bench marks; degree of precision; records and computations; 
curvature and refraction; temperature correction ; table of cnr•a· 
ture and refraction ; form of record; form of computation; form of 
abst:r:a.ct of results. 

flefra.ction on lines passiniz near a surface of water, from observations made 
at different elevations a.cross the Potomac River.-Andrew Braid. 

S11mma.ry of results. 

( ;podetic leveling on the :Mississippi River.-Andrew Braid. 
llench marks: instrument; rodf!.; metliod of observing; ~pecimen of 

record: probable and mean error; abstract of results; sketche;; 
45, 46, 47. 

Hesults of the t.ranscontinental line of geodet.fo spit-it- levelin~ near the 
parallel of 390_ First part_ from. Sandy Hook, N. J .. to St~ Loni8, 
Mo.-Field work exeeut-ed by Andre~ Braid, Assistant (with map). 
Reduction, by Cbarles A. Schott, Assistant. 

Prefatory remarks: determination of the mean tidal lev1;>l at. Samly Hook; 
instrument.al constants; probable error of results from jte0tletic 
spirit leveling: M.hle of results from Sandy Hook, N. J., to Ha~('rs
town, :Md.; descriptions of primary and secondary bench marks 
between Saml_y Book. N. J., and Hager<"town, Mel.; tltble of rel\ults 
from Hagerstown, Md., to G1·aftoo, W. Va.; dtiscription of JU:imaty 
and secondary bench roat'ks between Ha.gtirstown, Md., and Graft-On, 
W. Va.; table of re11ult.s from Grafton, W. Va.., to A thens. Ohio; d.-. 
scription of primar} and secondary bench marks between Grafton-, 
W. Va .. and Athens, Ohio; table of :resulte from Athens, Ohio, to 
Mitchell. Ind.; description of prit11ary and secondary bench marks 
from Athenli!, Ohio. to Mit-0hell. Ind. ; t.able of rosults. from :Mitchell, 
Ind., to St. Louis, Mo.; description of r,rim11ry and aeconda.ry 
bench mat'ks ht.tween Mitchell, Ind .. and St. Louis, Mo. ; sketch 
showing the position of the principal bench marks from Stul.dy 
Book, N. J., to St. Louie, :Mo. (Illustration 321.] 

Height. from spil"it IeveJi:ugs of precision between Mobile, Ala., and Car
roHton {New Orleans>. La.-Execnted by J. B. Weir, .A..88.iatant, in 
1885-'86. R.epor~ by Charles A. Schott, ABSiatani. 

Route of' levels, date of levelinp;, obllerver, 1nstrumelltB, 11.nd instrnmeutal 
oon&t$.llts; com»,a.ri1Wn of lenitth and diviatonsc of l'Oda -w\t,b at&ndaTd 
oa S..:1'.ton's divldtng a11d oompariug machine; method of observing; 
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HYP801\1ETRY-ContinnNl. 

SPIRIT J_,EVELlNG-(:on1inued. 

Appen- p 
Year. dix. ages. Subject and author. 

---1----1----- ----·----- ·--------------------·--·-----,-------~·----· 

1887 

11'881 

1888 I 

.... I 
l8S9 

1854 

1868 

18i0 

1870 

1871 

14 

10 

11 

12 

15 

7 

8 

9 

11 

275-300 

427-45~ I 

461-466 

statistical information ; computations; results in tbree. tal1les. I 
contains the individual results l!>nd t·he uecesaary data to enablfl one 
to Jndge of the accuracy of the measures; II shows the resulting: 
heights and probable uncertainties of the principal bench mark>i 
between Biloxi imd Carrollton above the a>erajl;e GnH level anll a 
comparitWn of results from two levelin~s. i. e., that lJ,V t.be. Misais
sippi River Commh1sion and that by the Coast and Geodetic Survey; 
111 exhibits the result.ing heights and prol~able uncertainties of the 
line Biloxi to Mobile; description of bench marks. ~ 

Re:port of the .-esults of fq)irit leveling of preciE1ion about New York Ba;v 
and vicinity in 1886 and 1887.-0bAervations by .Tobu B. Weir, Assist
ant, and J. E. McGrath, Subassistant. Discussion by Charles A. 
Schott, Assistant. 

Rout.e lines of levels, with map: observer" and dates of leveling:; instru
mental constants: method of obElerving : computation .. : resn1tin g 
elevations: result of geodetic leveling in tbe vicinity of New York, 
1886-'Si; main line from Sandy Hook, N. J., to Dobbs Fflrry,Hudson 
Rh·er, N. Y.; accuracy of th6' prece<l.ing result!'! for height.a: loca
tion and deseription of bench marks in the m>iin line and branches of 
,.pirit levels, Sandy Hook to DobhEI Ferry. t Illustration 43. J 

Heigl.its from spirit leveling of p1·ecision bet.ween 'Mobile, Ala., and Okolona, 
:Miss.-Field work hyJ. B. Weir: Assistant, and J.E. JttcGrath, Snb
a8!1istant, in 188i, 1886, 1887. Reduction b) C. A. Schott, .Assistant·. 

Heights from spirit leveling of predsion between New Orleans, J ... a., and 
Arkanaae Citv, .Ark.-Field work hetwt»en New Orleans and Green
vllle, Miss., \)j O. H. Tittmann and Andrew Rraid, AssiatnntA. and 
by ,John B. Weir, Snbassi8tant, in 1879, 1880, anrl 1881, and betw{'len 
Gret'lnville, Miss., and Arkansas City, Ark., bJ the Missie!dppi River 
Commission, in 1880 and 1881. Reduction hy Charles A. Schott, 
Aasistant . 

Heigbta from spirit leveling of precision het'IJl"een Arkansas Cit:\', on the 
Mississippi River, and Little Rook. Ark.-Fiehl work hy .r. E. 
McGrath, Snba.saistant, in 1887-1888. Reduction hy Charles A. Schott, 
A&eieta.nt. 

Result of spirit le~eling betwpen tide water at Annapoli!ll, Md., and the 
Capitol bench mark at Washington. D. C.-From obgervatiom• in 
1876, by F. W. Perkins, Assistant. Report by C. A. Schot.t, As· 
si15t.ant. 

TRIGONOMETRIC .A.ND BAROMETRIC HEIGHTS. 

95--103 

12-4-129 

77-89 

90-91 

154-llO 

:Measurement ofheights.-T. J. Cram. 
Experimental comparison of t.he metbo(lfl of measnring beij!:hfs by level

ing, by vertical angles, by the barometer, and hy the boiling-point 
apparatus.-[Errnt&, 102: 1865, p. xix. 

Trigonometrical leveliniz.-R. D. Cutts. 
(1) By reciprocal zemtb distanoes: (2) by 1ienith distances measured at 

one stat-ion; (3) by observed zenith distanoes of tbf'o M".a horizon; (4) 
by ob~rvf!ld angles of ele't'ation or depression. 

Report on the results of barometl'ical observations made in connection with 
the line of epfrlt leveling, from Raritan Bay to the Delaware River, to 
determine the heights, etc.-R. D. Cntte. 

Comparison of instruments .and the determination of personal errore, pp. 
77-81; the oomputat.iuns, pp. 81-89. 

Li11t of heights, above the half-tidf'I le't'el of the ocean, of t.rigonometrical eta
tions determined b~ the U.S. Coast Survey. 

Comparison of the ~thode of determining heii;th ts by means of leveling, ver· 
tical angle&, and barometric mewnire1J, from observft.tions at Booega. 
Read and Ro85 ~ounti.in, California.~ George Davidson, C. A. Schott. 

(1) Rcieult oft.he leveling operations; (2) results of hourly ot.servations of 
recJproc&J and simultaneous 111enith distan<•.es for ditfe1-ence of height& 
of the two statione; tables l to 6, zenith distances, atm{)spberio Pl'el'!· 
sure, efu. i. reduction of zenith_ dit1t&nces; (3) re811 lts of" hourly ob11er
vatlona 01 atmDspheric prnuli-e foi- 4i1fefence Qf heigh ta of the st_. 
tlon• 1 o;li~~.. , - · 
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----1--------1-----,-----------------------------------
Year · Apyeli-i Page11. 

. du::. : 

1871 l:.l 

Jr. 

1S"7G lR 

1876 HI 

1881 1 (l 

1883 12 

8nhject and author .. 
----- ~-------------------------------

171-175 Report on the leveling opr--ratinn" lwt.wPn11 Kf'_q>0rt, nn l~aritan Bay, aud 
Gloucester, on the Delaware River, to detennino the lieii.<ht ab11\"e 
mean tide of thA primary stations Beacon Hill, Di>1lioro, 8tony Hill, 
Mount lloll:v, and l'me HilL---R .. D. Cutts .. 

Tidal stations; instrnrueuts; field operations and records; Tahles 1 t.o V. 

31~::1.">3 Reprint of Appendix 11, Report of 187L 

:_c,-,5.31;7 OhAen-ations of atmospheric refraction.-ContrilrnHon ~"- IT.-C .. A. Schott. 
Determ'nation of several heightA by the spirit levo>l, and mea.i.urei; of re

fract.ion by zenith r1icitauces ; also, observatious of the haromete1· at 
l-tagged Mountain, Maine, by- F. \V_ Perkins. -

(Al Results of the operations by spirit level e~eeute1l nea.r the entrance of 
Peuobacot Bay in 1874; {B) resnlts of observations of zenith dis
tances at Ragged -M:onnt-ain for atmospheric refraction; tables; dia
gram; meteorological observations; IC) meteorological observations 
at Ragged Mountain, at Mount Degert. and at White Head Light; 
two :ibort simultaneous seti.; resulting differencea of heigbt. 

3GS--1Fi A tmoApberic refraction and a1lj nstment of bypsometric measures.-Conti:i
h11Hon No. III.-C .. A. Schott. 

llPtermination of the coefficient of refraction from zenith distances ob
sen·eil in northern Geoq::-ia, by Assistaut" G .. 0. Boutelle and F. P. 
\Veb!Jer, in 1873 and 1874, and adjugtment of difforence of heights hy 
t.lrn method of leMt squal."es; (1) results of atmoapheric refraction ob
IH~rvcd at stativns in northern Georg;a in 1873-1874-; tabulated zenith 
distances; determination of the coeffichmt of refraction from observed 
;r,~rnitb distanct>s; resulting values for coefficient of refraction; (2) 
~ouq,utation of bei ghts of st,ations from measured dittereuce of height·. 
with application of the method of least !H]Uares; h"iµ:hts at>O'I">.' mean 
sea level; adjustment of results; formation of conditional equations; 
equationf'I of correlatives; normal equat.ions; probable ert·or of result· 
ing heigh ts; additional rt'marks and examples for adjustment or 
heights measured under conditions different from those obtained 
above; table of log.Mand log. N; table of logarithms of r.i.dius of 
curvatur~ 10 the earth's surface for v11riou!! latitudes anil -azimuth!ll, 
llased upon Clarke's ellipsoid of rotation (1866) and for the metric unit. 

3!'-3-:l~·O H,>psometrfo forrnuke, ha.sed upon thermodynamic princip1es.-C. A. Schott. 

2c'.;. -'.:'1'1 Metc.:>roloizical rflscarches, Part III-Barometric hy1 sometry and reduction 
of the ba.romPter to sea. level, by William Ferrel. 

ChaJlter I, the theory of barometric hypsometrv; Chapter Il, practical 
application A of the theory; Chapter Ill, reduction of the barometer 
to tho sea. level ; hypsometrical tables; errata in Part II; dia.gram.
[Illustl'ation 3~.j 

28!1 -321 Resultd of obRer~ations for atmospheric refraction on the line Honnt Diablo 
t.o Martinez, California. iu connection with bypaometric measures by 
11piri t level, the vertical cil"Cle, and ba.romet.er, mi:i.de in March aud 
Aprll, 1880, by George DavidflOn, Assistant. Reported by Charles A. 
Schott, A&siatanL 

Int.roduction; observations of double zenith distances for the measure of 
l'efrnction and or differences of heij?ht. 

Table I, Zenith. flist,ance~ of Martinez ea.st, obaerved at Mount. Dia.blo, 
and reduced to stntion minke at both stations, March and April, 1&10. 
Table l l, Zenith distancea of Mount Diablo, observed a.t Martinez 
t:'a.st, and l'educed to station marks at, both stations, March and April, , 
1880; combination of the pniceding tabular zenith distances to obtain 
a homoi;reneous seriea of houl'ly meau values. Table III. Observa
tions at Monut 1JiabJo, Ca.Jifornia, Mat·cb and Aprll, 1880. Table IV, 
Observation11 at 'Ma.rtioez east, California. Table V, Diurnal varii:i.
tlon in angle of refraction, in the coefficient of refra.etion, and i:> 
6rror of computed differences of height.· Table VI, At.mospberic 
pressure obse1·ved at Mount Dia.blo, March and April, 1880. Ts.hie 
VII. Atmospheric pr683ure observed at Ma.rtinez ea.at, March and 
April; 1880. Tablo VIII Atmospheric temperature observed at 
Mount Diablo, March and AlJril, 1880. Table IX, Atmoimheric tem· 
peratnre ob11erved at Martinez eoaat, March and Aprit.1880. 'J..'alile X, 
Ohl«ln>ations of at;mospheric humidity at . .Moont Dh1.blo, :March and 
AvrU, l&ro. Table Xl, Observ11tious of humidity &t Martinez east, 
Yarob and April, 1380. Table XII, Observ.at.inns at Mount Dia.blo. 
California., March and A_pril, 1880. Table XIII, Observations at 
ll.M'ti®Z out. Table Xl V, Obe.crvations at Houu1; :O~blo1 C-Mi-· 
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10 

1855 21 

1855 2::! 

1855 ::q 

1856 48 

I 
1860 I 

186;'> 

HYPSOMETRY-Continned. 

TRIGONOMETRIC AND BAllOMETRlC HEIGHTS-Continued. 

Subject aml author. 

fornia, March and April, 1880. Table XV, Observations at Martinez 
east. California.. Table XVI, Observations at Mount Diahlo, Cali
fornia, March and April, 1880. Table XVHJ Observations at Ma.rt.iuez 
ea.et, California: ba.rometl"ic difl:'enmces ot height; Dr.Jordan's for
mula. Table XVIII, Values of f\h, compntePd !from .Jonlan aml 
Riiblma.nn's formnlm. with appanml error in mean temperature t. 
Table XIX, Comparison of Banernfeind's thoory of refraction with 
observations at Mount Diablo and 1\fartiuez ea~t. Table XX, Com
parison of Jordan's theory of refra-;:ti.on with observations at Mou.nt 
Diablo and Martinez en11t. Taule XXI, Rat .. , of change of tempera
ture with nUitndf' for the stratum of air between Martinez east a.nu 
Mount Diablo. Table XXI (b), RM,<' of chang" of temperlltnre with 
ahitnde for the stratum of a,i.r betwoon Bodega Head and Ross 
·11t:oantai11, California, and comparison of ohse1·ved and computed tero· 
pAratures at, thePie Rtations. 'l'able XXII, Comparison of deduced 
and ohser\'ed t,emperatures of the ah- at. thA obsen,.ing stations Mar
tinez ea.flt. and :Mount Dia1Jlo. Table XXIIC OIJ:,iervations of the 
direction and fon·.e of the wind and stAt,e of the Rky at. Martinez east, 
California .. March and Afril, 1880. Table :X:XIV, Obsen·ations (1f 
the direction an1l force o t.he wind and stats of the sky at Mmrnt 
Diablo, California, March and April, 1880. Dia.gram of the hypso
metric measures a.t Mount. lHahlo and Martinez ea«t, California. · 

:m1 io;, Results of a trigonometra.l determination of the h~ii:bts of t.he stations 
forming the David~on quadrilaterals. Obaervations by George Dav
idacm, a1111i11tant, 1876-1882. Discussion by Charlea A. Schott. a.ssist
aut., l88i. 

1'>2. 16.'l 
I 

161 
I 
I 

llit, IG5 

Tntroduetory remarks; aC',commodation of obser\'"ations to .Jordan's for· 
mnlte with a.uxiliary tables; abstrn.et. of resulting vertical meaaure'I 
and computations of heights of sta.tions forming the Da\""idson q•iad. 
rib.terals, California; specimen of rncord; sp~cimen of abstract of 
re&uUing daily measanl8 of tbs zenith distance of the same objeot; 
abstract of resnltini zenith dintance1< and of ot-her data for the cum. 
pntatioa of heis:hts mvolved in tbe Davidson quadrilaterals; re-9ult-
ing tlifferences of heigh ta ; estimate of the probable error of the 
resu1ting f'!.h a.ml determination of weights for t,heir adjustment; 
adjustment of the meaiounid diffe1·en<"IOIS of heights of stations form
ing the connection ot the Yolll base with the principal triangnlation 
by npplication of the met,bo<l cf lea.at sqniues by t.he process referring 
t,o indirect obserYations, with diagrams; recapitulation of nrna.snres. 

SURVEYING. 

TOPOGUAPllY. 

New York City.-Report of F. II. Gerdes, Assistant, on his topographica,1 
survey of Manhatt.an Island. 

Report on topography exeented by the. parts of Assistant. S. A. Gilbert on 
the western and southern si1les of Loni.;: Island. 

Report on topography executed b~, tile party of As,.istant A. M. Harrilrnn on 
the coaat of New Jel'81;'!Y· 

281, 282 Comparative maps, New York Harbor.-~·A. Boschke. 
~lethod of survey. 

3lH TalJle of heights for the use of tovographers.-C .. A.. Schott, Al'lsistant. 
Ji.eight in feet corresponding to a 11;iven a.n11;le of elovn.tion and a given 

distance in metreB, for mm in the construction of contour lines by 
plane t&bles. 

203-231 Trnatise on the plane table and it.'I use, with die.grams.-A. M. Harrison, 
Assistant. 

Description; adju.11tmenta; paper; scales; projections for field work; 
tliree-pni.nt problem; pract1ca.l modes of determining the position of 
a. fonrth JlOint by resection upon tlN'ee fixed points; Lehmann 'a 
method; Netto's method; Besael's methode; two-point problem; field 
work: C-Qt>,tours; example; ta.bleofhei11;bta; chain; telem6ter; mble 
of rilduction of bypothen.use to base; reoonnlloieaanoe; oftioe work.
[Sketobes 30,. Sl, 32.) 
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TOPOGRAPHY -Continued. 

Year. A ~pen- Pages. 
dix. Subject and author. 

1879 

H'eO 

1831 

1883 

1852 

1853 

11'155 

1855 

1855 I 

I 
1857 I 
1857 \ 

I 
1857 

I 
I 

1860 ! 
1856 

1857 

1859 

1862 

11 191 Report on Lhe preparation of atantlard topographical drawings.-By Edwin 
Hergesheimer, Assistant. ! Illustrations 42 to 49. inclusi 'Ve. J 

This paper was afterwards republished as the first part of Appendix No. 
U.1883. 

13 17'.!-200 A treatise on the plane table and ita use in topographical snr~eying.-By 
E. Hergesbeimer, Assistant. 

Description; alhla.de, new style; old style; adjustments; field work ; 
three-point problem; by construction; b.v tri_gonometr.v; determina
tion of position by resection; Bttssf'l's method by inscribed quadrila t
eral : hy construction of similar t.riangles; practical modea of deter
mining, from tLe trian~le of error. the position of a fourth point bl 
r<;iaection upon three tixed ·points; Lehmann'" ro<;ithod; Netto 11 
method; two-point problem ; reprel'lentatiou of the terrene; table of 
heights; example; formula for determining; heigbt.s b,v a vertical nngle 
and <listance; example; compal'i,,ion of feet and metres; regular and 
irrf1gula.r method of determining curves; adjtu!!ltment of the new ali
dacle for observation of altitude .... ; example; distance; stadia: com
posed of two parts, rod. and telescope 'vith vertical arc ; f0-0al dii<
tance; its relation to the distant ob1ect; tab)t;i for reduction of 
bypoLhennse to base; projection foT field sheets.- LlllustratioIIS 49 
to 61. l 

7 ! 124, 125 Type forms of topography, Columbia J;:.iver.-By E. Hergesbeimt<r, Assist
ant. 

Discussion of the forms of the hills and mount.aios of 1he ba.~iu of the Co· 
lumbia River below Wallufa, with dia.grams.-[Illustration 33.] 

H 367, 368 Report on the i>reparl\tion of sta.ndanl topographical drawings.-By Edwin 

H 

37 

16 

56 

60 

ta 

4'1 

48 

39 

18 

21 

15 

5 

H er;tesheimer, Assistant. . 
List of drawings which represent various special typ~s of topography, 

with topographical drawing8 to be used a.a guides for inking original 
plane-table sheets.-[ Illustrations, 35 to W.J 

HYDROGRAPHY.* 

97, D8 Screw-pile signals along Florida r8('f.- James Totten. 

93, 9l ' .Aligning retlectoror interranger, Hunt's.-E. B. Hunt. 

157-160 Florida reef screw-pile bea.cons.-Description of signala.-Jamea Totten. 

361 \ Specimen hox.-B. F. Sands. 
) Instrument fot' procuring specimens of hot toms in sonuding.-l Sketch 55.] 

365, 3661' Sands'11 hydroi;i;rapbic sii;1;nal.-B. F. Sands. 
Description aml drawing of his i;i:as-pipe 1'1ignal used in the brea.li:el"$ on 

Dog Island Bar.-( Sketch M.] 

150, 151 I Method of sweeping.-{See Depth.a a.t Tiell Gate, etc.) 

398-IOl , Sounding apparatus. 
l New metb.od proposed by E. B. Hunt for sounding in moderate depths. 
I 

401, 402 ! Experi111ent&l soun.iini;i;s made with Hunt·!' sounding apparatus.-W. G. I Temple. 

398 \ Sounding apparatus (specimen). Mitchell's, for aha.How wat.er.-[Sketch 40.J 

133-137 i Depths in oha.nnel entrances of harbors, rivert1, ports, and anchorage.- on the 
I co"st.s of the United Sl4tee. 

17S-l.841· Th"' &&me.-[ Errata, 182, 183; 1857, p. xviU.] 

IM-171 1 The same. 
i 

80-92 1 The same. 

*There at"e a lat"ge number of appendioee ht the earlier reports of the Snrvey which are properJy 
c1A88iffed under this heading, but which have only a traneieni value, ainoe they relate to a1aUing direo• 
tions f'or entering harbc:•TIJ, to the establishment of light-hons-. the placing of buoy-. eoo., ud in g.-· 
eral to hydrographieal coc.ditloua exiating between t.birty And forty yeare ago. 
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4 subject-index to the P''Of88Bional papcr8 con fained in the o.nnt1al report8, etc.-Coutiuued. 

SUUVEYING-Continned. 

HYDROGRAPHY- Continued. 

~-----~-----------·~----~-- ---·-·----- --·------------------------
I 

Year :,AJlptn· Pages. 
-... ~: d1x. Suhject and authot'. 

1874 ! 
1883 i 

17 

7 

-------- ------------
66-71 The same. 

137-237 A table of depths for thto hall;01·s of the coasts of the United States.-Pre
pared in outline by Commande1· Edward P. Lull, U.S. N. Expanded 
and extcrnle'l by J. S. Bt-adford, Assist.ant, and Mr. John W. Parsons. 

Tides; table of depths, Atlantic coast; table of depths, Gulf coast; table 
of depths, Pacific coast; table of ileptbs, Pacific and Arctic coasts, 
Alaska and ea.stern c;oast of Asia. 

1878 

1883 

' 50 General instructions in regard to inshore hydrography. 

1
1........ 1--81 l' General imitrnctions for hydrogr>i.}il1ic work--(One pamphlet, octavo, sepa-
l rawly printed.) 

~~~~~-~~-~~~~~ 

PHYSICAL HYDROGRAPHY. 

TIDE::-\, CURRENTS, WINDS, AND SHORE-LINE CHANGES DUE TO 'l'RE ACTION OF 
THE SEA. 

184[. 3 

1845 8 

1850 8 \ 

\ 
1850 91 

I 

1851 71 

1851 
. I 

1851 28 j 
I 

31 I 1851 I 

\ \ 
1851 I 

50 I I 

I 
56 ·1 1851 ! 

I 

' , s I 1852 

\ 1 1852 ! ....•••• ' 

18;;2 I I 
I 22 I 

41--43 

68-70 

80-81 

81-82 

127-136 

136-137 

482-484 

488-494 

528-530 

653-558 

84 

12 

111~122 

Remar·ks on the current.fl in Mi,.sissi1•pi S-Ound anil changes in the ruasmetic 
variation -F. H. Gerdes. 

Tides at the entrance of Mobile B-.y.-C. P. Patterson. 

ll:ncroachment of the 8f'I& on the south aide of Long; Island.-Prof. A- G. 
l .. endleton. 

Progress ot" Sandy Hook from 1848 to 1850.-H L. Whiting.- LSee Sketch 8 
(B, No. 4, 1851). J 

Notes on Cat Island tides.-A. D. Bache. 
Discu-ssion; table of diurnal and semidiurnal cnrves.-[Sketch 35 (Il, 

Nos.2-5).l 

Graphical method of representing current observations, as used iu the Coast 
Survey.-A. D. Bache·-tSketch 3 (A, No. 3}.j 

Beaufort Barbor, North Carolina.~H. L. Whui.ng. 
Operative causes of its physical permanency.-[Sketch 17 (D, No. 5).J 

Florida coaet rE<Connoissance.-F. H. Gerdes. 
{A) Descri1)tion; (B) 1mrvey; (C) tides and currents; ( 0) railroad across 

tbe peninsula; (E) li11:ht-houses and uuo:vs; (I<') general remarks on 
Cedar Keys Harbor.-[Sketcbes 27, 28, and 29.1 

San Diego River entrance.~ l Sketches 6 and 7. j -(See C, statistics ; a, coast, 
western.) 

Hell Gate Channel.-W. A. Bartlett. 
Examination of reefs and changes prodnc~l by blasting.-( Errata, p. ix.] 

On Pot Rock, Bell Gate.--W. A. Bartlett. 

U. S. Coast Survey. Directions for observations of tides. Printed for the 
m~e of the tidal observers from the ml\.Dnscript instructions, 185'2. 
(Two illustrations.) Gideon & Co., printer.t. 

DiMnssion of Cat Island tidee.-A. D. Ba.che. 
'.l'able I, Skekh l, diumal and seruidiurnal curves deduced from observa

tions, with curves of sine!!; (A) diurnal wave; heights and times; 
II. Sketch 2, maximum ordinates of diurnal cnrve, etc.; III, Sketch a, 
etrec~ of aun'a declination ou heig-ht; IV, effect of moon's parallax; 
V and VI, coefficients ; VIl, computed diurnsl ordinateR compared 
with observation!!!; VIII, Sketch 8, residuals classed by moon's aJlea; 
IX, ea.me, corrected by change of co .. ines 1 X, ditfei-.. nce of diurnal 
maximum ordinatetJ. Ii-om last and from nret methods of i:;roups-
~midiurnal effect; XI, correction to ma.:xinnun diurnal ordinate for 
bi5[h-water ordinate; XII to XV, further 1•• i;1idual oor1ections; com
pariso'll with hypotbesi11; (R) 66midiurnlcll curve; XVI, balf-m.ontbly 
ineqU&lity in height; XVI!./ dit1crepancieR between Ob8'erYll.tiOll8 an.ii 
formula.-[Sketch 25 (ff, .Noa. 6-U}.}-lErra.ta, pp. ll:i,119,121; 1853, 
p. 182.J 
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Year.;~~ ppenJ PageR. 
dix. i Sul1ject and author. 

1853 27 71-7G NoteA on tides at Ke; "\Y 1>st.-A. D. Bache. 
'l'able I, half-roontbly inequality af tides, one year's observation!!; II, diur

nal inequality, with Jormula; decomposition of the curves of obKerva
tion; semidlurnal ti<les; Ilf, first. six montLA; IV, second six months; 
V, the whole ~year; diurnal tides; VI, 11ft",..ct of moon's declination; 
VII, moon's aj!e, chanp:es of mean level; VIII, hei~bt of high water 
referred to moon's age, first and second months; IX, monthly mean 
level.-[ Sketches 27 (F, No. 4} and 28 (F, No. 5) j 

185.l 77-81 Notes on tide& at Rincon Point, Cal.-A. D. Bs.che.-!Tables I to IV.]
ISketcb 48 (J, ~o. 71). 

1853 29 81-82 Notes on the tides at San Francisco, Cal -A. D. Bache. 

1853 

1853 

1854 

1854 

1854 

i 
! 38 I 94 -96 
\ I ,---·····1·-·---·--l 14 \ 21 23 

: J 
' 21J ; 35 ::7 

1854 

1854 ' 

37-40 

1854 j 

1854 I 

~J 
l 

46 

I 
48 ' 

I 
161-166 

49: 166--168 

I 
\ 

1854) 50 
I 

168-179 I 

i 

1854 r 189--190 

I 
1854 l 53 100-191 

,J 23 164-165 

1S~5 : 
I 

24 170-171 j 

Sandy Hook chanires.-[Sketch 8 (R, No. 3).] 

Self-registering tide gauge, Saxton'R.-E. B. Hunt.-! Sketch 64.] 

Craven's cUJTent indicator.-[Skek.h 55.] 

Beaufort Harbor, North Carolina.--.T. N. Matfit. 
Its capacity, changes, and iwprovementA.-- (Sketch 23. I 

N antncli:et and Y ineyard Sound tides.-H. Mitchell. 
Met bod of >iecnl'ing Mitchell's tide ii;ange; Teruark>\ on swells.-[Sketch 57. l 

WeRtern cnaf!t tidal and magnetic ol>ser;ations.-W P. 'L'row\1ritlge. 

Coti<lal JiueA, Atlantic.-A. D. Ba.:,he. 
Preliminarv determination" of eotiflal lines on the Atlantic coast of the 

United State>1, from Coa<1t SnrvAy obser"ations. Table T, obser'va
tions f<H «[)tidal honrs; II, cotidal honrs of ports on the AtJantio 
coast; III, rate ana tren•l of cotidal lines.-[ Sketch 26. )-tErra.ta, 151; 
1855, I?, xix.] 

Diurnal inequality, western-coast tldes.-A. D. Bache. 
Comparison of the diurnal inequality of the tide.':! at San Diego, San Fran

cisco, and Astoria, with tables.-[Sketch 49.J-[Errata, 153; 1855, 
p. xix.] 

On the currents of Nantucket Shoals.-C. A. Schott. 
On the currents of Nantucket Shoals, from Coast Survey cut-rent observa

tions.--Table I, mean direction; II, ma.xi.mum velocity; Ill, groups 
of luni-current intervals.-jSketcb 13 (A, No.12).J-[Errata, pp.165, 
166: 1855, p. xix.] 

Muskeget Channel and Marthas Vineyard currents.-C. A, 8cJ1ott. 
Table showing the cnrre11tR anfl rate of current in Muskeget Channel llnd 

on the northeast coa"'t of Martha;; Vineyard; velocity of current; 
duration of ebb, flood, and &la.(lk water; current-e11tablisbment1S.
[Sketch 14 (A, No.13); also, 1855, Sketch ff.)-[Errata, pp. 167,1681 
1855, p, xix.) , 

Tidea, Long Island Sound and approaches.-C. A. &lhott. 
'!'able I, range, or mean rise and fall of tides, to April, 1853; . .II, eorrected 

or mean 1·stablishmente, to April, 1853; III, set and maximoin rates 
of ebb and 1Jood streams; IV, Iuni-t•11rrent int-er\'al :for loe"'inning of 
outgoinf? streams; ea11te.rn part.of the Sound, 184-6-'47; western part 
of New York Bay and channel, 18«; New YoTk Harb-OT, 1844-'45; 
Hell Gate, 1845; Hell Gate and Throg& Neck, 1846; V, mean dura
tion of slack -waters and of respective ebb alld flood streams, from 
the middle (time) of one alack-water period to that of the next; ~I. 
irrei:ularity of lnni·Curl'ent inter\'als of su&ceasi ve tides.-[Sketch US 
(B, No. 2).J~-(.Er1-ata, pp.172, 17-i: 185f>, p. xix.) 

Current· bottles. 
One from Mobile Bay to Mosquito Inlet and one from Cape Florida to 

Jupiter Inlet. 

Seacoast tide-gauge.-H. Mitchell. 
Del'uripti~·D of t.hle-gaoJ{e used at stations on the open seacoast and.in 

situations exposed to strong currents.-(Sketch 57.]-{SU, also, 
35--37.)-[Errata, for Sketch K read Sketch 57.J 

Sandy Hook changee.-[&e New Jeraey, eto.j-A • .H. Hanison.-[Sketch 
So.9.} 

Remarks by Mr. Boscbke on surveys made at dltfere11t periods hl New York 
. Ha1-bor. 
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-..· .. \ Appen-_,_ ea1. tlix. 
' 

180-J[j 33 

1855 50 

1855 51 

18:h 5~ 

1856 34 

j 
is;,c I 35 i 

! 

j 
I 

I 

18561 

J 

361 I 

I 
J85Ci :n I 

I 
I 

18;>6 38 \ 

I 
1856 39 I 

I 
I 

1856 40 ! 

I8r.6 

. \ 
43 l 

1856 44 
) 

H!56 45 

1856 46 

18:>7 ! 16 
I 
j 

1857 
j 
' 17 
i 

""I 3'J 

I 

_ ~~~:s~ \-------------Subject and aut,h_o_r_. ~------------
222-221:: j Nantucket Sonncl.-IL Mitchell. 

Tidal obse1vatious; inter.forence-phenomena. 

338-342 Pacific co-tidal lines.-A.. D. Bache. 

3-12-346 ! 

3lil-34.7 

I 

249-251 I 

! 
252-200 ' ' 

260-261 

26l.-263 

263-264 

204 ,~I 
266-267 

271--272 

~72-276 

276-278 

27!.l-280 

152-153 
I 

1 
153-155 

342--347 

Tidii.l obAel"vat.ions.-T;ible I, tide stM.ious on the westf>rn coast of the 
United State!-!; II, data fot· co-tidal lines of the Pacific coast of the 
United States: co-tidal hours; co-tidal groups: III, discussion of 
the middle group between C<lpe Mendocino and Point Conception.
Chart of cn-tillal lines.-lSketch \l9.] 

Earthquake waves, Pacific Occan.-A. D Dache. 
Notice of earthquake waves on the We>itern coast of the United St&te!'I, 

December 23 and 25, 1854.; com1H1ta.lion of ocean depth.-[Sketch 5o 
iJ, No. 9).]-[Errata, t)p. 34.2, 345: 1855, p. xviii.] 

Gulf' ot l\fe-xico ti1les -A. D, Bache. 
Observations and t.v1w curve" at the ;,ev-eral stations, showing their de· 

~·om position into diurnal and semidiurnal tides. 

J>rediction tables ---A .. D. Bache. 
Xotes on the_progn•s,, ma.de in their }Jreparation with refel'ence to tides of 

l:loston Harbor. 

Co-tidul lines, Gulf of Mexico.-A. D. Bache. 
DiRc11»Rio11 and p1·eli1.11ina1·s det":!rcuiuatiou.--'I'able I, diurnal wave; II, 

stfttion.;, etc.; III, lli11rna,l int,.rvalA; IV, t.l1le tJleroflnt·R of the st.a
t.ion"; V, He111idl11rnal tideR: VI, eomparisou of estal>lishments of 
llinrual and semidiurnal tides in the Gulf <>f Mexico.-[Sketches 35 
and 36. j 

Ty1le ClHH'H, Gulf of Mt1xico. 
Des.-riptive references to Sketcl1 N-o. ~8, 1·epresenting the decomposition 

of curves of observatiomi.-[Sketch :J8 I 

Interference tides.--ll. Mitchell. 
On observations made in Nantucket aml Marthas Vineyard sounds, 

Tidnl currents at Sandy Hnok.~A. D. Bache. 
Notes on the cau"c"' of northwardly increa.se of the peninsula.-[Errata, 

p. 264: 1S5G, Jl. xx.} . 

Nf:'w Yol'k Harbor arnl dependeuf'ies.--H. Mitchell. 
On tidal and current ob><ervations made in New York Harbor, city docks, 

Newark Ba_y, and the Kills. · 

Hudson Ri"\"er.-·-G-. \Viirdemanu. 
Or. tidal obseJ"va.tions made between Albauy and New York City-.

! 8ketcb fi. l 

Winds of Alhemarl.o Sound.-L. F. Pourta.les. 
Discu.,,sion of their effect upon the t.ides.-[Sket<1b 16.1 

Winds in the Gulf of M<'xico.-A. D. Badie. 
Discussion relative t-0 1hf; disturhance cau,.ed in the int.ervals of snccessive 

ti<les flt several stations on the Gulf coast.-'l'able I, qnaotity and 
direction of wind at Ke.v West, Fla,, 1851--'52; II, a.t lfort Morgan. 
Ala., 1847-'49; III, at Galvi"ston, 1.'ex. 

Winds and tides iu C:it Island Ilal:'bor.-Results deduced by G. W. Uean, As· 
sietant, from obsel",..at.ions ma.de by G. Wnrdema.nn and :&. 'J.'. B.11-
sett.-[Sket.cb 39.) 

CardR from carrent-hottles. 
Picked np on the shore of Loggel'head Key, Fla,, and on the North Caicoa, 

Bahamas. 

Beaufort HaTbor, North Caroltna..-C. R. P. Ro.lj!;ers. 
Present condition of bar and a.ncborage.-(Sketcbes 29 and 30.) 

Ca~ Fear Entrances, North CaroHna,-J. N. Ma.flit. 
Ji:lement,s of physical changes wrought.-[ Sketch 33; also, 1855, Sketch Ul. l 

Atlantic coast. tidee. -Generalization of h1'i~l1ts relative to the oonftguntion 
of t-bf' <1oll~t.-A. D. Bachf'. 

Ta.ble l (A.), hdg-htl'! of tides on 1 b~ AUant-k coast of the United Sta.telt; 
ll (£),on tb.e eulll!t of Cn1it• n .. cton imd New R-.:unswhJk.-LSketcb 65. J 
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-.7 • !Appell- I 
-" e.al'. i d1x. ' 

I : 

1857 j 

1857 

1857 

1857 

]857 

1858 

1858 

1858 

1858 

1851'.'l 

1858 

1859 

1869 

1859 

1860 

1862 

1862 

lts64. 

"I 
3C ! 

37 

49 

5-0 

\ 
13 i 

I 

I 
27 

1 

I 
28 I 

I 

30 i 
a1 I 
3tl I 

26 

28 

35 

41 

9 

24 

6 

9 

----·-----·--

Pages. :Subject and author. 

350--354 1 Tides and currents in the Na.ntnd;:et a.nd Vineyard sounds and in East 
River.-B. Mitchell. 

Hell Gare and vicinity, tides and currents; Hudson River levelings; 
Nantucket and Marthas Vineyard sounds, tides and currents. 

354-358 Win els on the western coast:-A. D. Bache. 
1'able for deducing from the three daily observations the mea.n of the dav, 

quantities of wind, tables for Astoria., San Francisco, and San Diego 
and special wind statistics.-[Sketch 66.J ' 

358-373 New York Harbor; report of advisory counciJ. 
Physical causes of changes: (1) Changes at Sandy Hook; (2) northern side 

of entrance, Coney Island a.nd south shore of Long Island; {3) New 
York bar; (4) New York Upper Bay; (5) Newark Bay; (6) Hudson 
River; (7l East Ri ~·er to Tl.Jr(lg's Neck; statistic extra.cts.-(Errata, 
p. 272. 18.,8, p. xx.j 

4(12-403 

40:l--404 

150-151 

197-203 

204--207 

210-213 

213-216 

311-317 

320-321 

Tide gau;?;e, TreJJchard's. 
l Sketch 72.] 

Tide gauge for deep water, Mitchell's. 
lSketch 72.] 

Ca],Je Jt'ear entrances.-T. B. Huger. 
Recent changes in the hydrography.-[Sketohes 12 and 18.J 

New York Bay and Sandy Hook.-.A. D. Bache. 
On t1ie character of the tidal currents in the vicinity of the bar, (1) 

Normal currents at t.he entrance to New York Bay; (2) False Hook 
Channel and the approaches; (3) currents of Sandy Hook Ba.y.-Table:t 
I to IV, lunar time, duration, velocity, and direction of currents; V 
and ·VI, velocities corrected for diurnal and half-monthly inequalitiea. 
-[Sketch 39. I 

EfWt River and New York Bay.-H. Mitchell. 
On the observations of surface and subcunents. 

()o.t.idal lines of an inclosed sea, as derived from the equilibrium theory.-I Benjamin Peirce. 

! 
{I) General t.l1eory; (2) its modification by the incompleteness of the in

closure. 

1 
Dyuamics of ocean t~urrents.~E. B. Hnnt. 

I 

I
• Sounding a.pparatut1 a.nd tide meter, proposed by E. B. Hunt.-J. M. Batch

elder. 
Notes on it8 principles and a.pplioa.tion. • 

I 
New York Harbor.-H. Mitchell. 

On its physical survey, with description of apparatus for observing tke 
cnrreuts.-lSketch 4U.J-tErrar.a, p. 317; 1S60, p. xx] 

i Cur1·e11t cards thrown from the surveying steamer Oorwin, and found on the 
eastern coast of Florida. 

i 
365-366 ! T1de rneter.-J. M. Batchf'lder. 

I 

- .. ·I 
12<i-128 ' 

238-2"1 

Result!! of experiments made with the apparatus devised by E. B. Hunt. 

I.abra<lor expedlti<m.--·A- M11rra.v. 
Re1•ort of a. voyage of steamer Bibb. and remarks on the winds and tides. 

Cotidal lines of the Gulf of Mexico, deduced .from recent observatio:oa.-A. 
D. Bache. 

Tables of diurnal and semi-diurnal tidea. -(Sketch U.] · 

Earthquake waves.-A. D. Bache. 
Repfint ofa paper deducing the depth of the Pa.eifio Ocean from tile effitct 

of the S1moda earthquake on the tide gauges in California and Oregon 
in 1854.-[Sketcb 50. J · 

57 Beaufort Harbor.-E. Cordell. 
Development of changes •t the bar and tn the channel. 

91-92 JI Tides at Tahiti, South P&eHlc Oce1t.n.-Tbeir gt>neral charaet.sr.-J. Rod.gen. 
I Sketch 40. J · 
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Year. Appen- Pages. 
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1865 

1865 

1866 

1866 

1853 

185& 

l8S5 

1856 

1857 

issc. 

1859 

1860 

1861 

1862 I 
1003 I 
18641 
1866 

1867 

1867 

1867 

1867 

--- --·-- ·-··-----·------------· -----~·-·---. --- -··----·----··---·--------

11 

6 

18 

26 

51 

53 

17 

20 

43 

14 

16 

9 

8 

12 

8 

7 

12 

13 

15 

15 

45 

138 

44--461 

113-119 

I 
67-70 i 

I 
180-189 i 
3-17-359 ' 

120-133 

137-178 

275-297 

13&-1671 

131~1M I 
98-131 

93-126 

84-117 

58-90 

•7-49 

149-157 

1&8-169 

170-175 

176--179 

61-102 

Entrance to Cape Fear River, North Carolma.--.J. S. Bradford. 
Hydrographic c·hanges.-lSketcb 13.] 

Explanation of diagram of type curves of the tides on the Pacific coast. 
[Sketch 26.} 

Hell Gate tides (East River, N. Y.).-H. Mitchell. 
Preliminary report on the interference tides of Jiell Gate, with directions 

for reducing the soundings.-Table of relative elevations of tidal 
planes fro01 obser>atious; tides and cunents of Hell Gate, from 
obser>ations of 1857. 

Tidal observations at Cat Island, Gulf of Mexico: Notes of a discussion.
A. D. Bache. 

(Reprinted from the report for 1851. )--[Sketch 30.} 

Tide tables for tbe use of navig;i.tors, with description of bench marks, 
ex:µlanations and examples for u1:1e.-A. D. Bache. 

Tide tables for the use of navigators.-A. D. Bache.-fErrata, 181, 182, 183, 
185: 1855, p. xx.] 

Tide ta.hies for the use of navigators.-A. D. Bacbe.7 [Errata, :l49, 3i>l, 353, 
354, 358: 1857, p. iviii.] 

Tide tables for the use of navigators,-A. D. Bache.---[Errata, 130: 1856, 
p. xx.] 

Tide tables for the use of naviga.t.or~.-A. D. Bache. 

Tide tables for the use of navigators. -A. D. Ba;:!he.-[Erra.ta, 279: 1859, 
p. xvi. I 

Title tables for the Ul!e of navigators.-.<\... D_ Bache. - [Errata, 
p. xx.] 

Tide tables for the 
p. xx.] 

use of navigators.-A. D. B.i.cL.e.-[ Ena.ta, 

Tidtl tables for the use of navipto:rs.-A. D. Bache. 

Tide tables for the use of navigatoi·s.-.A.. D . .Bache. 

'l'ide table& fo1· the use of navigators.-.A.. D. Bache. 

Tide tables for the use of navigators.-A. D. Bache. 

Predictions for Eafltport, as a speciw6n.* 

145: 1860, 

161: 1860, 

Provincetown Harbor, ¥.assa.chnsettil.-Special snrve:v.-H. L. Whiting. 

Tides and currents of Hell Gate, N. Y.-H. :Mitchell. 
General E1cheme of tides &nd currents: (l} General schetne of tida.1 interfer

ence; observ~ions and result!!; corves. (2) Tides from stations se
l~ted. a.e cba.ractedstic for New York Harbor a.nd it11 approacbe:t. 
1857-'58, with diajl;ra.w; intervab and heigh tit of tides from simul!fo.1.
neous observations, :Ma.y and June, 1857, arranged a.ccordin~ to hour 
of transit; curves of half-monthly inequalities. (4') Restoration of 
level bt>ctween gauges a.t Hell Gate Ferry and Pot Cove, 181~7; dia
p:ra.m. (5) Currents of New York Harbor; general scheme of cur
renS8, graphic. 

Merrimack River, Ma.saa.chuaetts.-H. Mitchell. 
Surveys respecting its navif;tation, with ta.blea.-{Sketcb 2.] 

Report on aouudinga made to develop the character of the Strait of Florida 
betw-u Key West and Havana.. :By IL Mitchell. 

Diacnasion of' the tides in Bost.on Harbor.-W. Ferrel. 
'.rhe observatioll8 and the locality ; expreseion of the disturbing forces; 

·· tidal expressions; object and pla.o of discnssion.-Ta.bles I. II, III, 
it.nd IV, of 11.verage normal values; V, the constant or mean tide; the 
110mlmonthly ineqna.lity; VI, inequality depending upon the moon'• 

"In 18611 was begun the &epa.J"&.te publica.tion of Tide Ta.bles, predicting 
Lor one yeu in advance the tideit on thl.l Atlantic a.nd Pacific CQ&sta. 
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186~ 6 

1869 5 

l8C..J 13 

1870 ft 

v;-;u G 

11'<70 10 

11 

1870 lH 

lci70 ~{J 

1871 6 

lSil 7 

IS71 8 

I ~~~~~~~~~~~~~~~~~~~~~~~-

mean anomaly; VII, inequality depending upon tlrn moon's louµ;i· 

I• tnde: VII bis, inequality depencling upon the sun's anomaly and lon-
1 gitude: VIII, inequality depending upon the moon's nrnle; IX, ine-
1 qualities depending upon 118 and .,,9 ; diurnal tide; recapitulation of 
1 results; coruparifo1ons with tile equilibrium theory; determination of 
I the gPneral constantA; comparisons with the d;vnamic theory; pre

diction formulai:i and Tables I-XI; computatio11 of a tidal epbeUJeris; 
conclusion ; exam pie of the computation of a tidal ephemeris. 

103-108 Mode of fo1·ming a brief tide table for a chart, with example.-R. S. Avery.
fSketch 29.] 

75 -101 Reclamation of tide la.rnh, anti its relation to navigation.-H. Mitclrnll. 
( l) General rlif!cnssion ; suour of .tidal and river current.s; general rule of 

llar-scourin,!!;; parallel workM; tram1verse works; physical hiRtory of 
salt marshe;i; shingle leveeA; other natural Iev.-es; Peirce'8 er1 te
rion; (21 field work; Green Harbor River; North River; tabular sec
tions of sh inglE> levees; sand beach; &ection of sluewa.y formeil by 
Minot.'s gale; general ri;..e; local <.'hauges of heights of tide-tables; 
effect of a dam; general conclusions relative to the pr~jects of recla
mation; shore of Nahant; ta.bul<>r sections; maps and diagrams (in 
text). 

2:u 23-t Al;stract of a paper read before the National Academy of Sciences. April 16, 
lil69, on the earthquake wave of August 18.1868; wave table.---J. E. 
Ililgard. 

23G-:..:59 Report.~ concerning Marthas Vineyard and Nantucket.-H. L. Whiting and 
H. Mitchell. 

66~f.9 

7u 7-i 

9:..:-u1 

!11-<--!l~ 

180-181 

190.199 

!l:J .. 9:-i 

100-lOR 

IW 131 

{A) Edgartown Harbor, change!'!: Vineyard Haven, its character as a port 
or refuge an<l its pn•se11t condition : Table I, exposure of anchorages 
in Provincetown Ilflrhor; II, in Vineyard Haven; III, in Great 
Woods Hole; IV, in Tarpaulin Cove; V, iu Edgartown Roadstead; 
VJ, in Old Stage Harbor; VII, in New Beel.ford Harbor aad Qnick's 
Hole; VIII, in Plymouth Harbor: IX, iu Boston Harbor and Nan
ta;;ket Roads : X, in BtJston Harbor and Hull Bay ; XI, in Bost-0n 
II arbor and Prtisident;; Roa.tls aml Georges Roads; XII, in Marble
head Harb'lr; XIII, at Salem Harbor; XIV. at Gloucester Harbor: 
XV. in Lower Bay, New York Harbor; XVI, in Upper Bay, New 
Tork Harbor; XV'IT, anchorag-e room and average exposure in the 
re;;J')ecti ve barb-Ors. ( H) Surveys of summer, 1871: (1) Physical aspect 
and pecu liaritles: (2) Edgartown tides. difference of heights; (3) Nan
tuc ket tide table: (4) elements of the field work. 

Tabular statement of res1dts of computed tide tables for cbarta of the west-
;,rn coast of the United States. - It. S. A very. 

Mo1le of forming brief prediction tide tables.-R. S. Avery. 

Description of bencl1 marks at tidal stations. 

J£xtra.ct fl'om a. report relative to a motbod of de-termining efovations along 
tbe course of a tidal river, without theaiclof a leveling in'ltt'nment, bv 
settiag up ~raduated staves at l'IUCh distances apart tb flt the slstcks of 
the tidal ;;urrent'8 extend from ont1 to a.not.her.-Rnle: The diJference 
in the elevations of the zeros of the gan:Ies is eqtial to one-half tl.te 
!mm of the differences of their readings at the two slaek waters.
Hen1·y Mitchell. 

On the pt'obable effect. of extende<l pierR in modifying the channel facilities 
of San Francisco BaJ", near Verba Buena Islarid.-Henry Mitchell. 

On the moon's masR, a.s deduced from a discussiou of the tid~s of Boston Har. 
b_or.-Willia.m Ferrel. 

Met~roloizil'al effoc~ on tides.-WUHam Ferrel. 
Graphic representation of the relative amounts and direction of the wind 

for each of the four seasons for Boston. 

Meteorological register, St. Paul Island, Alaska, lSi0-'71. By Capt. Charles 
B1·yant., flpecia.l agent Treasury Department. 

H1t1-bor of New York, 1873.-H<mry Mitchell. 
lncroa~e of' Jenrey Flats; diaa:rr11m A; chan::res in Bntterrnilk Channel J. 

eh:ioges in the vicinity of Mid1lh; Ground Shoal :anti Gowauus Bay; 
cluu1ges at and near the Sa.ndy Hook entrance ; tides and c11rre11ts; 
phenomena in the pathway ot the Rudaou ; movement through. Eui 
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7 . ApJWD· 

Year. 
1 

dix. Pag:e'" 

134-143 

1871 10 144 153 

1Ri2 6 69-7::! 

1872 7 7B,74 

lSi~ 10 li"7 -212 

1872 16 

J81:! 17 

1873 8 !ll 10~ 

1&73 g 1u:: 107 

1873 10 lOl<, 109 

18<4 12 I 135·147 

• ! 
! 

1874 2GS 

187-l 16 IM 

18i4 ..... .._ .. _ 16 

1875 11 189-Hl:l 

1875 12 194-221 

Subject aml autlior. 

-·-·--·---·· -----
JU,·cr: East ]liver anll llnol,.on tidal cnrreJll cornpai·•·d: relat.io1rn of 
Eaist River movements t-0 those over t.be har; 'rabies 1 to 17: dia
grams H, C, D.-[Sketcltes 30, 31, 32.1 

Nauset Beach and Monomoy Ptminsula.-H. Mitchell. 
Ph,vsieal bistory of the neighborhood or Monomoy (Sket.ch No. 35); recent 

moverneut of Chatham Beach in de':ail; tables. 

Locatfon of harhor lines.- Henry Mite bell. 
Value of tidal '\"olume; eneroa.chment on tbe e.haunels; isodynamic lines 

(Sketch No. 35); example; anehora!?,e and winding room; rtqni,.ite 
•leptbs of frontage; length of slips ; riparian rights; lawi;i establi:oh
in)!.' harbor lines. -

Field and office work i·elating to tltles.-R. S. A'\"ery. 

~laxiwa and minima of tides on the coast of.New Euglaud for 1873.-William 
F01·rel. 

Harhors of .Ala>1ka aml the tides and currBnts iu their vicinity.--W. H. 
Dall.-·\:::lketch No. 18.l 

i:'>tottistics; notes ou tbe North Pacific cu1Tent: h,Yclrogmphk U()tes nu 
Cautains Bay a.ntl vicinity; meteorolog~~ of Uualashka; titles of 
IHnlink; e-0mponml tilles: serui1Hurnal tides; tide referred to the 
luwer transitl'I; to the uppei· transits: semid1urn1..J tides; tidal cur
rf'nt of UnaJashka; the Alaska current; its effect on the climate ot 
the Aleutian district; the circular curreut of Hering Rea; t btt :-\hu
n1a_giu l!<lall(ls: westeru; ea.stern; miscollo.neons hy<lrographic notes; 
rnet<'orolog;ical ohBervat.ions from ~eptember, 1871, to October, 1872; 
current obs~r'\"ationR; tiJ.es of lliuliiik. 

1.liddle-g~·ouud sboal New York Harbor.-IL Mitchell. 
Tables of current observat.ions.-[Sketch No. 22.] 

~bore-line changes at ~E,lgartown Harbor, Mass.--H. L. Whiting.-{Sketcb 
No. 23.) 

Phvsical survey of Portland Harbor. ---H. Mit.chelL 
Correspondence; s""cthms 1 to 10 for velocities of ticlal current;· diagrams 

of the ten sections. 

A Jditioual r0port, C-OUCAJ'Iling the changes in the neighborhood of Chatham 
oml .Monomny .. -II. Mite bell. 

Tbe real po1nt or' interest; corr<:!dious of previous paper; results of the 
last surn:.y, table,;, diagran1s. 

Changes in tlw submetgell coutour;; off Sandy Hook.-[ Tables, diagram.1-
Renry Mitchell. 

'l'p.rminal points of tl1e proposutl canals through Nicara.gna and the ,Isthmus 
of Ua1'ieu -lL MitehelL 

Gre,·tuwn; history of the harlJor; causes of it,s {lecline aml iinal destruc
tion; Uie work of re,.toration; obstruct.ions of the lower San Juan; 
recapitulatiou; result of forej{oiug discussion; Ural•a mouth of the 
Atrato; conclusions reltttive to the improvement of the Urabli.; 
Brito; conclusions; Li won and Chiri Cbiri Bays; genm:al exposure. 

Tidal researcbes.-Vi'illiarn Ferrel.-(FOl.JT illustrations.) 

Ocean salinometer.-J. E. Hi1gard. 

On the air contained in seawater.--ByOscarJacobse11. Republishedforthe 
U.S. Coast fiurvey from Annals, Ch. aud Pb., Vol. 167, 1873. 

Rece11t obi'lervations.at So11th Pa.s:,i Bar, Mississippi River.-{Sketch No. 2:t; 
tables.]-H. Mitchell. 

DiRcnssion of tides in .New York Harbor.--- "°'illi~ru J<~erreJ. 
General :Plan and immediattl object of the tliscus:;ion: adopted notation~; 

avel'aJ?eS ooouced from the <>bservatiom1; Tables I to Vl; Stlmidinrnal 
t.id<lcs half.monthly inequalit'" ; lunar parallaetic inequality ; mean 
lunat'. declinationai iuequality; lnna.r notlal inequalit.y; solar 1leclina
tionnl at~d parnlhtctic inequalities; wean atta level; dhnnal tide, 
'l'abl~ VII; eom1larison of thf'ory ~itb observation ; practical apA'li· 
c11tit>t1; directions for t'omputinlo(' .a tidal e11llemeris. .A PP•'ndix' !'a
ble.el. to IV, for computiug heights aud times of high w"kl' i c-1..awple. 
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1875 I " I ,,,_,,. Ot.<1ervationa on r,f"/ta.in harbor and river improvements collected on a voy

from Hor.~kong, via Suez. to New Yo1·k.---George Davidson. 

I 
! 
r 

20 

1875 22 

1876 8 

1876 t 

1876 'ti 

1876 11 

·~71' 12 

>l/'17 8 

l877 9 

1877 10 

1877 14 

1878 9 

1f 8 

102 

:r·.,~asaki; 5hitne;hai; Hongkong; Canton; Singapore; Pem~ug; Cal
cutta; l'.ombay, Suez and canal; destructive action by passing ves
sels; ;,urrent t.hrough the canal ; i;altness of water; tides; break
wat,,r Aot Port Sa.id; dredging, estimate of co>it; Alexandria; Naples; 
Ge.nua; Swinemuude; Copeuhageu; Kiel; Hain burg; Brernerhafon; 
Wf,helmshafen; Amsterdam Canal ; entrance· locks and sluicea: the 
Let.on blocks; North Sea. Harbor Breakwater; design; methOd of 
\.uilding; dam at. Schelllngwonde, eastern extremity of the Amster
.Jam Canal; difficulties of con;itruction; Cberbourg; docks; break
water; BresL; docks ; Admiralty Pier; Dover; con;otruction; cost; 
Portland Breakwater; ripraps; descdption; cost; Hol_vhead Break. 
water; Alderney Break water ; co11clusions ; fa.scinage for break· 
water foundations; river improvements. 

'1eteorological researches for the use of the Coast Pilot.-[Sketchea 31 to 
37. ]-\Villiam Ferrel. 

Prefator.v note by C. P. Pa.tterson, Suferinte11dent. . 
Part I. On the mBChanics and genera motion of the atmosphere. 

Chapter I. General e<1uations of the motions and pressure of the atmos
pbere. 

Chapter JI. The temperature and pressure of the atmosphere at the 
earth's surfoce obtained from obs~r,'ation; Tables I to V; Tabl08 
VI to X, of distri hu ti on of atmospheric pressure. 

Chapter III. The ,1teneral motion ot the a.tmosphert1; Table XI, velod· 
ties; Table VII, direction and velocities. lErrata, §§ 8, U, 13, 15,42.) 

800 On tid.,s and tidal actiou iu harbors.··- Hy Prof. J. E. Hilgard. Repriukd 
from Smithsonian Ueport for 1874. 

B0-142 Metbods of regiate1ing tidal observations.-l:L S. Avery. 
Beocb-warks; tide-gaugt:o .. ; self-rel'isteriug tide-gauges; dia~r&m!!; how 

to use three roller gan 11;e ; large cylinder gauge; talmlatmg high and 
low water; hourly readings ; scales of heights ; tiwe, precautious. 

143-146 

147-185 

186-1891 

!90, 191 I 
9>!.-103 ' 

Changes in the harbor of Plvrnonth. Maas.-H. Mitchell. 
(Sketch No. 22.] Champlain (l60!'.); Blaskow-itz tl774); general conclu

sio118 and remarks. 

Physical survey of New York Ha.rbor.-H. Mitchell. 
Section XXXVI, 'l'able A; eositions of origins and termini of seetiona ex

amined in 1872-'73-'74- 71'>; transverse curvt\8 of velocit.v, and perim
eters; Sections I to XXXVII. 

Report concerning the location of a quay or pier line in the vicinity of the 
United State" nav:'l·-ya.rd at New York.-Henry Mitchell. 

Sections VI to VIII.-[ Sketch No. 23. I 

Review of the characteristics of South Pass. Mississippi River.-Henry 
Mitchell. 

Alleged changes in the :relative elevations of land and sea.-HenryMitchell. 
Salt marshes; rocks: Perce Rock; Isle Perce; Green Ledge; Mary .Ann 

Rocks; Bulwark Shoal; Drunken Ledge; Brazil Rock; Jig Rock; 
Trinity Ledge; Harding's Ledge; Grnat Ledge. 

104-107 . Apparatus for observing currents.-H. L. Mariudiu. 
I Description of fioaU!; diagram. 
i 

108-113 1· Optical densimeter for ocean water.-J. E. Bilgard, Aasista.nt 
office. 

in cbar"° of 

i 
184-100 j Density of the wat.ers of the Cbe1:1a~ake Bay and ittt principal estuaries.

Lieut. Frederwk Collin~ U.S. N., Assistant. 
Iustrnments employed ; specific gravity; method of working ; explan11. 

I tion of tabfos in the full report. 

12l-175 ) Playsi<'.al aurvey of the Delaware River at Philadelpbia.-Henry Mitchell, 

I 
Assistant. 

The channel; form of cross-11ection; aection 7t, Southwest Pa88, ·M:iaaiB· 
_ 11ippi River; diagram A; the Delawa:-e; location of the cb&nnel; 

crosa-section ; dia~m B ; ta.bll'I; diagram C ; tables; table& of trawt
v~ree curves of velocity ; di&gram D. 



 

REPORT FOR 1~91-PART II. 413 

A Bubject-index lo the pro.fessio11al 1wprrs c~ntained in the mw1wl reports, etc.-Continued. 

PHYSICAL HYDROG RA PHY-Continnetl. 

TIDES, CURRENTS, WINDS, AND SHORE-LINE CHANGES DUE TO '!'HE ACTION OF 
THE SEA-Continued. 

--~1-----1 

Y I
Appen-: I' "l" _. ti ear. llix i ages. ~u )J~Ct a.nn a11 1or~ 

-- • ~-- ------ -~··--------------· - c-~- .-~~,----•--••• ·-•••• ---·--

1878 I 10 176-267 Meteorological rABearehes for thA nse of th.-. Coa11t Pilot,,-"\Villiam Ferrel. 

18i8 11 

1879 10 

1879 13 

18RO 1 ....... . 

·~I D 

1880 1 10 

206 

24,3 

Part II. On cyclone,., wawri<pouts. and tC'rnadoes. 
Chapter J. The theorv of <\\'clones. 
Chapter If: Practical application of the tbemy an.I comparison with 

obseTvat10n. 
Chaptm· III. Tornadoes, hail stoTms, and water~pouts.-[Sketches Nos. 

33 to 38. j 

268-304 Tidi:>s in Penobscot Bay.-\\"illia.m Ferr"'l. 
J, ~eneral principles of th A harmonic analysis a-nd discussion of tide 

o\tserv1ttions. II, p. 281, anal_vsis of the ticleA of Pnl?h Co,-e. III. 
p. 296, comparison of observations wit 11 theory. IV, p. 599, practical 
ap!)lication. 

175-190 Ph_vsieal bydro,1trapby of the Gulf of M:ain.;.---1!. :Mitehell, A!l!>-i'ltant.. 
General de8crlpt.ion; tides and tidal current,s; Tabl"'s l to 7; Geori::;e"s 

Bank : Tables 8, 9. ~ 

199 Addemlmn t<l a rAJhH"I on a ph_-.-sical sun·ey of the Delaware River. -Henry 
Mitchell. a .. siBtaut. 

1-221 Deep-sea sounding and dredging. A de!!<"ript.ion of the methnrl11 and 
appll11.nce11 1111ed on board the Coa!lt n.nd Geodet.ic St.f'&mer Blake.
By CT. U. Sigsbee, Ltentenant.Umumauder U.S. N., Assistant.
(41 plates, 13 wood c!lte.) 

110-12~ Comparison of the snt''>eys of Delaware River in front of Pltiladelphia, 
1843 and 1B7B.-H. L. Marindin, Assistant. 

Tables 1, 2. Snpplement, p. 116; Tables 3 to 10. 

126-13' Comparison of surveys of Missi11sippi IU-.-er in the "<"icinit.v of Cubitt's Gap.
H. L. Marindin, Assi11taut. 

Tables 1to5.-LSketch No. 44.] 

1880 16 297-340 Bering Sea.-W. R. Dall, Assistant. 
Report, on the currents anrl wmpera.tures, and nl!!o those of the adjacent 

waters; sonrces of information; surface temperatnt·e; tables of tt>m
peratnres; 1iackioe; summer temperatures; the Kuro Siwo and its 
ext.en11ion11; table of North Pacific Sea tempe.ratures: comparison of 
8ea. temperatures from obser-.-ations by the Chu.Uenirer, 1873 and 1875; 
currents of BeTing Sea; oh«er-.-ations of the Tn!lcaro= anil Venn!l; 
those of Krusenstern, 180l--l806: notes by whalers aml othe1·": table 
of t,emperatun!!s ; of currents; ob11erva.tlons off the coast of Asia ; in 
the Arctic in lil:6Deral; in the vicinity of Point Barrow. 

SU!'PJ.ItMENTARY NOTE.-Adrlitional obser-.-.ations :n t.he Arctic Sea; bound
ary line between the territory of the United Sta.t.es a.nd Russia; 
diagram of suT"face and _vertical isotherm!'!; chart of currents. 

1881 18 461--169 • Re}lort on a new rul~ for currents in Dela.ware Ba.y and River. -Ry Henry 
Mitchell, Ass1stant. 

Proposed new rnle for the cnrrentl\ of DelawaTe River: curr€'nts of Dela.
wat'e Bay; "Statiou No. 4," outside of Ca.JIB Henlopen--H~ht.hou<1e 
bearing nearly west by compaM: diagram showing- m&nner of com
puting middle line; rule; table of currenti< of Delawat'e 13ay: table 
of currents of Delawal'f\ River; note relative t.o the line!I of high_ and 
low water in Delaware Bay and River; progres,; of tide in Delaware 
Bay and Rivet". 

1882 15 427-'-i32 Comparison of the l!mrvey of Delaware River of 1819, l1l't.ween PM,ty's nnd 
. Tinicum Island11, with more recent survey,..-By HNiry I~. Marimlin, 

, Ae1dt1tant_ 
Different ~ross-sectionf! compared and c.hanges notet1.--[Sketebe1141, 42, 4.3. l 

1882 16 '33-436 Stnt!,y of Mtfi effoct .of river bends in the Lower Mississippi.-R.r Henry 
Mitchell, Aiunatant. 

Introduetorr -remarks; inductiona; Table I, a compat·ison of air-line and 
riv"r d111ta.nces with mean depths, mean -.;vidths, and mean are<ts in 
Mississippi River, beginning in latitude 390 20' 46". longitud.s 
89" 24' 11'>". and endin,12'; in latitude 30" 06' 36", longit.ude 900 54' 47"; 
Rupplementa.ry te.nle; Table II, bend effects in the Mia.,i~sippi River, 
from 4i ruiles below l"t'ort Sa.int Phili}:I to near Point Houmaa, 160J 
miles; inferenoel!; authority for ~ata.-[S1$.etch "·I 
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Year. 'Appeu- Pages. 
ti IX. 

1882: 17 

11383 8 239-245 

1883 : 

18113 

1884 

1885 

1885 13 

1885 4.95-501 

1886 8 2$5-21\l 

1886 !) 263-26'1 

1886 10 267-279 

1886 11 

\ 

Subject and author. 

Diflcussion of the tidefl of the Pacific Coast of the UnitBd Staws -By 
William Ferrel. 

Introd11ctory l"tter; tides of Pod Townsend discusl'!ed; tides of Astoria. 
dil!!cnssed; tides of Ran lliego discussed; determination of the 
general coni;ti.,nts.-[Sketches Nos. 45, 46, 47. I 

Tht:' Pf!tua~v of t1H1 Delaware.-B,, Henry Mitchell, AsRistant .. 
Intrrnlucforyw;ml'l,rks; term f'stuary defined; table of half-tide dimem1ions 

of thf> est.1rnry oft.he Delaware; diagram representinµ: m£>an depths, 
widths, and sPctional arf>as for each nan heal mile; table givinj.l; prog
re"'" of the tidP in Delaware Ray and River; discussion concerning 
tide: r0sum6 of data used; e11tuary of the Delaware; table of 
widths, areal'!, and d11pths.~(Ske~h 25] · 

Rf'port on tb" harmonic analysis of the tides at Sandy Hook.-By William 
Ferrel. 

Introductory letwr: res11lt11 oft.hf' harmonic ani1.lysi11 <>f the tides at Sandy 
Hook; this 1m1Jject discnsse•L--LSkE'tch No. 26. I 

nef;niption of a ma.xima and minima tide·predicting ma.chine.-By William 
Ferrel. 

I' rda tory letter; int'l:od uction; mathema.t.ica.\ t.beory of the tide-predicting 
machine; mechanical solution of the probl"'m; construetwn of the 
machine; directions for setting anll t1sinJ.?:; efficiency of the machine; 
App1mrlix.-L!:5ketches Nos. 27, 28, 29, 30, 31.J 

Pbn;Jcal hydrograJlhy of Delaware River ttnd Bay.-Comparison of recent 
· with former snrvevs.-By H. L. Ma.riudin, .Assistant. 
Comparb~on of Cl'OB'3 sections": Table No. 1, changes in Delaware Rb·er 

between 18H and 18.'\l: T1thle :t>io. 2, chan.l!:es in Delaware River 
between 1840 and 188:.l.-{Sk;;tches No. 22, 2il.1 

Comparison of traverse sections in t.he Delaware River between .Old Navy 
Y:ud and eaAt end of Pet!y's Js~and, for the years 1819, 1813, and 
1878.-By Henry L. Marindm, Assuitant. 

Explanation of sketches No. 29. 30, 31, 32, 33, M, giving a comparison 
of th!'> t,ransv~•rse 11ections of the Delaware at varioua points fol' the 
year~ 11:!19, 1843, 1878. 

On the harmonic analyl'iiR or the tide!! at Governor's Island, New Yo'l:k 
B.a.rbor.-l~y 'VilliMu Ferrel. 

Results oft.he 11,nalysi& with sketch showing position111 of tide gauges at 
Governor's Island and Sandy Hook; determination of general con
stanta.--[Dlustra.tfon a5.] 

R.-port on deep sea current work in the Gulf Strea.m.-By J.11:. Pillabnry, 
Lieut. U.S. N., Assistant. (See Gulf Stream explorations.) 

A report on Monotnoy and its Elhoah.-By Henry.M:i.tchell, A.11111istaut. 
'l'onna.ge of tho ve!'lsels navig;aling these waters; da.nj;ters to navigation; 

comparison of Capt. l'aul J:>inl1:ham'" snrvey of~ 1784 a.nd the U.S. 
Coast anrl Geodetic Survey chart of 1885, with a aketch of the1iwo 
11nrvey<1. 

Also a.report conccrniu~ the earliest topograp~1ical snrvey of Monomoy. 
with sketch.-By Charles 0. Boutelle, A.a1nstant. · 

Report, of cbange11 in the shore linfl and beacbea of :Martha's Vineyard, as 
derived from comparisons of recent with former survey11.-By Henry 
L. Whiting, Assistant. · 

Changes discnssf'od; map showing ahanp;Ps in Cotaruy Beach, from surveys 
made in 1846, 1856, 1871, and lS!;l6.-fTllustration 21.J 

A. ~port on the Delta. of the Dolr1w11re,-liv Henry Mitchell, Assistant. 
Joe Flogger Shrui.i; method of • oonparinir old and new surveys ;.,diagmm I showing cros!'I s!lct.iou of J01• FlO'gg.·r Shoal.l. results of oomparl110na; 

I table g l ving oomparati ve di• nensi •ns of Joe Flo.11:u;er Shoal, also a 
table for lower channel (Blalrn's) nu:1r Joe Flogger Shoal, and a table 

I 
for upper or ma.in channel, ne..i.r Joe ~'logger Shoa.1.-(Dlnstration 22.] 

A. repo1·t of Gulf Stre&m explorations.--Observatione of currents, 1886. - lly 
[ J.E. Pillsbury, Lieut. U. S.N., Auiat.ant. (SN Gulf SLi-ea111 explo_.a-
l \lQU.) 
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TIDES, CURREN'l'S, WINDS, AND SROH,E-LINI<~ CHANGES Dl~E TO THE ACTION OF 
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Year.! Adiprm-'ll J>agN1. ! 
I IX. 
I : 

Snhj0ct. and author. 

--1~~ -----------------
1886 i 13 I 4og.4:13 

1887 6 

1887 7 

1887 8 

1887 13 

1887 15 ! 

I 

I 
I 

1888 j ~ - - ... ,._ ... I 

i 
1888 11! 

188e ...... ..\ 

On thn circulatfon of the ~ea throngh New York Ha!'bor.-By Henry 
M itch!'ll, A f'.F!iBtant. 

Diagram A, type~ of the titlal profil<'s; fif'lrl work of 1881;; reca-pitnlation; 
current- ohservation>l, UlkPn b_r the Na-.al p'ln.ies Od.ol1er lf!R6; Ea,.t, 
Hh·er t.ide.s and tidal currents; f!iagn1m B. East Hi n•r ti<lf"R: ta hie 
gi\·ing lunar int-ervals of 11ppf-r a1al lowt>r resrorniion!1 of le•d 
between Go•ern01"s Islautl awl \Yillet.'<" Point-, wit-h RynehrmionE< 
heights Dl ot.her stat-inns, from t"i..cl1t t.i1le,.;, October 4 to 6, 18f:6: 
1liagram C. maximnw arnl rnin1m11m· F-iO}l<'R, tahle gh·in~ acompari,,1>n 
nf restorarwu~ of l<,vel: niaxin•lifil Hloiw (hy reaches) of t.lw Ea;<t. 
River. (ktoht>r 4 to 6. lf'f'6; eompariP-on of "lnpt'i<, ITu'<'ern<>r's I.Q)Rn<l t-o 
'Willet'>• Point: iuten-<tl~arul h .. igh1" <>f reP-turation of Je,"1 betw,.•rn 
New Yo1-k Hn1 h"l' l(~on·nun"s l;.hmt11 and Lung lE<land 1:'01mt1 
nviih•t'F- l'oint_l. from obsen·ation.~ 111aue in (J('tober. 1&!<6; diag:1a111 
])_ of'cm-r-P-nt.f-'; ta.hies or-..ariatirmP- of slope a11d Yi:'loeity; diagram E 
sbnwF. \·ar-iationi'- of ><lop" and Yt'lnci1y in Ea8t l!iveT; ruiscelhiueous; 
table show in!! th•· d'""-""l'""ition or tid""'' rliagriun F. de-compusitiun 
of tidf'R graphieally repn•sf'-ulm'l; f'ompari,..on ot' mean l,,-.;els. G-on•r-u -
or·s l~land find \\'illet's J'nint: cuuclnding- remarks.--[ lllutlt1 at inns 
S4-31l. / 

159--111;~ On the moYemell!H of I.ht> sarnl,; at thP eaRtPrn Pntnincf' at V-inl'vanl Sonn!l.--
Rv Re111-v Mitchell, As"i"tant. · 

A continuation of the disruR,.io11 of the "11aug"R amonc: t.lie ~[nnomo\
HhoaJ,.;: table ot' tic\Ps a111l c•irn'nt.,. at tlw t-ntr:u1ef\ of Vineyar1l Soun<\; 
rlhµ:nun I, t>ntnrncf• to Virwy<ll'•l Sound; <"ompo8ition of ti11a1 foree-i1; 
diap;ram 11, titiP<' at. e11t.t'a1W-f' of Vin .. ~·ur1l 80111111 graphically ren1·e
l!P1lled; c-011clndinµ: n•mark·s . .,-1Tllu~tmtions31, 3:.l.] 

16&-172 Fluctuations iu the le.;el ol Lak,, Champlain and wveraiit- h<'ig-ht of it11 
surf'Hoe aboYe t.he l'-Nt.- Hy <:harlH"l A. ~ehott, A><si;;tant. 

Jnt.roduct<Jr_,. remarks: ftrn'tu:it.ion~ of the ll>\'d of" Lake Cbamplniu. as 
shown hy 1nonthlv ru1:anR from •lailv oh1-1P!'<"atim1s n1atl1• hy t·he l'uited 
States Engiue<W<' 'at Fon Mn11tgouH~ry. N. Y., het.ween tlie ~·e.an< 18il 
and 188:.!; ttm·-t.uat.ion!\ iu th" lc-vd !•f Lak<:» 0111 •rio, shown b) u1onthly 
mean--< from obser>ation.~ at CiiarloU<> Hal'l10r I'S a represt'ntativa 
!'talion, h('tweon t-hfl >ear" 185!• and 18BI; compari.'lon ol t-be >it-at" of 
Lake Champlain with th•• amonnt of rain (and nrnlte<l i;nowl during 
the years 1871-181'2: t.ihl1i E<howiug t>tf1·ct of wind: secnlar va1iation 
in the le'<'<>l ofJJak•• Cl ... -rnplai11: diagr<1111 showing annual variation iu 
thi:' 1.,,.,1 of I.ake Champlam arnl Lake Ont.ario. with~annual -..ariati11n 
in rain fall: diagram shnwit11{ Rf"!'a1la1· variati•)ll in the le•<>ls oft.be 
two lakes; absolute height of Lak•• Champlain al>o•e t.hfl ocean; 
probahle imeert-ainty of t-hi!l n,sult. ~- [ 1 llnstration 33. l 

t7J--HU 

269-273 

301 311 

7-12 

405-4.()8 

u~n 

(inlf Stream tu:plorntions: observations of cm-retlts, 1887.-By ,T. E. Pills· 
hnr_v, Lieut. U.S. N., Assistant. (See Gulf Stream exploratioT1s.) 

Addendum tn Appendb: Xo. R, l'flport of. 188.'3, on the es1nary of the Dela
wan•; tah\e givini;:: physical ,.Jemex1tfl of the estuary of the Dela· 
war<', w\th int.1·oductm·y letter. -By Henry l\litchell. AssiRtant. 

r..._.port 011 t.l1e r~·1<nltR of the pliyah'al surveys of New York HarboT.-~By 
Hem·;;- Mitch'1ll, Af'.8i1:ttai.t;. 

lntroduetor.Y Jet.ter: Part 1-The umkrrun of t.he Hud"on RiYN'; its re
lation to New York lJar; diagr1rn1 A; umlerrun in Urn Hudsou in 
the dr;1· season; tahles giving demlit.ies at .iHforent, depths. fro1n 
obsm·,·atious 1akf'n in Hie a nm mer of l8e5; diagram gi-.ing: currents 
at. !liffol'ent deptlu1 in varinm1 loealit:ies; table gi\·ing curn·uts at 
di:trerm1t deptlu1,, fr1•m obaP.r<·atious fot· 1885: titble giving cn1T1m~ ou 
the outer slope of New York Harbor, 1885; table Aiviug 1lepth of 
neutrnl J•lane below flttl'facc : limit. of tile ti<k, a.;; affo('.t.ini:; tlrn l'<eour 
of tlle cbu.nnelfl in New York Harbor; recapitulation. l'art' 2-" 
Cou'rse11 of the Hudson tides through New York Harbor: tabl#of 
alopt•s of the Hmlson and :ER-st rivers; this subject •HRctts!lcd, dia
grams of tides (synchronous) in the tract of the Hudaon.-[IHna
t-ra.tions 44--41!.] 

Bulletin No. 3. Abstract of following paper, brnring sams titfo anrl with 2 
Hlustrations. (Superseded by second edition, published in 18~9.) 

Tidal level;i and ftow of currcnt.r; in New Yo1·k Bay and Rarbor.-By H. L. 
Ma.iindin, Assiata.nt.-(12 illustrations. l 

Bulletin lfo. 8. Currents iu J)fow Yol'k Bay a.nd l!a.rbcm (Second edition.) 
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Subject and auihor. 

1880 i·-······1 1'3-146 
I , 

] 889 i 12 ' 403-407 . 

Bulletin No. 12. A Riphon tide gauge for the open sea.coa.et.-B;v H. L. 
Marinclin, Assistant. 

I I 
I 

1f89. 16 

18ll0 10 

1890 11 

1890 

1890 15 i 

I 
1890 .. ·······I 

I 

EncroM.bment of thl' aea upon the coast ot Cape Cotl, 1.[oAR., aA shown by 
comparative surveyi..-By H. L. Mariudiu, A.ssii;tant.-ll illnstra
tion.J 

459-460 Recent chan11:es in tbe south inlet into Edgartown Harbor, Martha';; Vine
• yard.-By H.L. Whitinir. A11sif1tant.-Ll illn11tratiou.] 

467-4,77 Gulf Rtream e-xplorationA: obAervation1< or currents, 1888-'89.-By .r. E. 
Pil1t1bury, 1.ientenant U.S. N., Ae11istant.-(8ee the sub-heaclinii Gulf 
Stream exploration!!.} 

461-620 The Gulf Stream; a de11cription of the method11 em{'loyed in the investiga. 
tion and the resultA of tbe re11earnb.-By T~ieut. J. E. Pilh;bury, 
U.S. N., Asaistant.-[25 ill1tstrations and 12 lip;nreA.1---(See abstract 
under Gulf Strea.in explorations.) 

621-623 Rt>port in relation to a portion of honn<lar.v line in diRpute between the 
States of Maryland and Virg-inia.-Ry Henr~- L. Whiting, Assi;it,11nt. 

NoTE.-The pDrtion of lmundar·v line to ht> examined and located was 
near Hflg Island, in the Lower Potomac, and it11 cour;ie depended upon the 
method adopted of measnrin~ the low-water line of the river. 

691-703 On the use of observation11 of current" for prediction purposes.--Report by 
John F. Hayford. Tidal Division. 

i05-714 Comparir:wn of the predicted with the oh11erve1l times and hei)!hts of high 
and low water at Sandy Hook, N. ,J., during thf.' year 1889.-12 Illus. 

l trations.]-A report by A. S. Christie, Chief of th'e Tidal Division. 

175-177 Bulletin No. 18. Table fol' the 'n'lfluction of hydrometer obAervations of salt 
water densities.-By 0. H. Tittml\nn, .A11si~tant .. 

NoTl!:.-A l'lecond edition of this paper is to he prepared by JI.Ir. Tittma.11n 
as n.n _A_ppenrlix to the Report for 1891. 

------~-------------------------------~ 
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GULF STREA.M EXPLORATIONS. 

------ ------~-~-~~----~L~-~---- -~·----

4&- 53 l J..et.terf'! on the exploration of the Gulf Stream.-Lientenant~Commanding 
i Geor;:re M. Bache. 
I 

75 ! Table l'lbowing temperatures at depthsa below 700 fathoms, taken b}· Lil'll· 
'I. t.ena.nt11 Commanding C. R. Davis in 1815, George M. Bache "in 1846 

and S. P. J~oo in 18f7.--(See Sketch.) ' 
I 

4f>--51 '. Gulf Stream exploratione.-(Report.)-lSketches 15 and 16.] 
\ 

82-83 : Examination of Apecimens of bottom ol)toined in Gulf Streatn.-L. F. 

I 
Pour tales. 

156-161 Gulf Stre1tm tempera.tures.-A. D. Bache. 
On lbf'. distribution of temperatures on and near the Gulf Stream: (1) At 

different depths; (2) a.t the !'lame depths on sections across tbe 1n:is 
of the Gulf Stream, Table I, probable nncertaint:y in determination 
of the maximum and minimum point.I=!; (3) conneet1on of the fi,l{llre of 
the sea bottom with the distribution of temperatnre: (4, the ''cold 
wall;" (5) reference to shifting; (6) 01bart of Gnlf St1-earu • .'..-f Sketches 
'14 and 25. J -fErrata, pp. 158, 159, 160: 1855, 'Xix. J 

53-M> Gulf Stream exploration.-{R.eport .. / 
'\ Pro11;ra.mme, Craven'11 Cape Florida 111ection; Mnndin1-1:11 by Sanda along tne 

Gulf Stream axit1; depth11; bottom oontlgnrati0n, tempera.tu~ &nd 
I \JottolW'l. 

84 /Gulf Stream deep se1uonndin~11.-(Report.)-[Sketch 38 (H, No. 3).} 

M9 (Bottle paper. 
· Cnn-ent bottle card thrown ever near Sandy Hook and pieked un -t the 

b11.t 1\t Santa Cruz, on1' of tbe W este:rn blr.nda. ~ 
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Appen· 1 I 
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360 'i Guif Stream bottom!l.-.J. W. Bailev. 1855 

j 

1858 
I 
! 

! 
I 
I 

1858 I 

l 
J 
I 18591 

,. .. I 
I 

1867 

1867 

1868 

1fi68 

1869 

1869 

lmr.l 

55 

32 

39 

25 

17 

15 

16 

11 

12 

10 

ll ! i 
l 

UI ! 
l 

On the characteristics of some bottoms from the Cape Florida Gulf Strea1u 
section. 

217-222 ! Florida Gulf Stream.-E. B. Hunt. 
I Notice11 of certain anomalie.s; changes of current depending uvon the 
· winds and sea.lions. 

218-250 1, Analysis, microscopical, of sp<:cimens of bottom taken in sonnding.-L. F. 
l'ourtales. 

I Green and ochraceous incru.itation of Fora.mini/era, and jet tint of specio-
f mens. 

306--310 i Gulf Stream: distribution of temperature in the water of the Florida chan
nel and straits.-..!.. D. Bache. 

Form of bottom; change of temperature with depth: temperat!Ire in a 
direction acros;> the stream; band~ of warm and cold water; thn ''cold 
wall;" longitudinal !Wction; effects of pres~nt e on Saxton's d0ep sea 
thermometer, u111ler pressure and free from pressnre; therruomete1·s 
Nos. 5 and 10.-fSketc'h 35.l 

GulfStream.-A. D. Bar.he. 
GeJJeral account of the method!! 1u1cd in developing its hydroj!,'raplw. and 

165-176 j 

176-179 

18<1-182 

166~1,.67 

168-170 

208-219 

220-225 

459-t61 

summary of re1<_lll_ts obtai~ed: (1) in11trum.-nts for temperatures; for 
dcpth; for obtaining spec1men1o1 of the bottom; (2) plan or" the work. 
(3) metl1ml of discussion or re11ults: ( l) rei:mlts; t:vpe curves of law of 
temperat11re, with depth at t.be most characteri!'.tic positions; tYpe 
c11rve11 of law of distribution of tem1wrature a.cross the stream; 
curves of t.>mperature at the sa.me .lepth11; curves of 1h·pths at. the 
same temperatures.-Taule I, distance of the cold wall from tho 
shore, and widths of the several bands of cold and warm water of the 
Gulf Stream, measured on the lines of the sections; (5) limit of ao· 
curacy of the det(•rminat'ons; II, probable uncertaiut.y in the deter
mination of maximum and minimum points by running the saw., 
sections over in different yeau, by differtmt observers: III, value of 
probable error of determination of' the bands for each section and the 
avet·age of the whole; {6) figure of the l'ott-0m of the S'i'a below the 
Gulf Stream; (7) general features of the Gulf Stream.-[SketcJH,s 
19 to 22.] 

Soundings in the Golf Stream between Key West and IIa.vana.-II. 
Mitchell. 

Table I, soundings in the Gulf Stream near the coast of Cuha, 1867: II 
current obl'lerv11,tions.-(Sketch 25.]-(Snpplement, 1868, pp. 166-167.) 

Fauna of the GulfStream.-L. F. Pourtalea. 
Dredgings in the Straits of Florida. 

Note on Gulf Stream observat.ions.-H. Mitchell. 
Decrease of bottom temperature in still·water channels.-(Sequel to 1867, 

p. 179.) 

RPport npon dredgings near the .Florida Reef.-L. F. Pourtales. 
Organic 5}lecimens; corals, echinoderms, brachiopods, etc. 

Report upon deep-sea dredgings in the Gulf Stream during the third cruise 
of the United States St.earner Bwb.-L. A;1tassi:i:. 

Fauna of tl1e submarine zones; re(•f zone: sedimentary zone; cora.l slope 
of living cretacenn typel!-; door of foraminiferine mud; ~eolo!!:ical in
ferences; inclination of the reefs: vot holes; formation of oi:ilithie, 
amorphous, and cltnpact limestones; the Jllra%1c submarine seam; 
embryology of co1als and formation of colonies by disk emhraneb. 
ment; exliinct forms rflpresenting modern developmental transitione ; 
lines to be dredged. 

'l'he GnlC Stream.-Characteristics of Che Atlantic sea bottom otr the coast 
of the United St.ates.-L. F. Pourta.les. 

Manner of dredging ; silicious formation ; green sand formation. 

I Recent deep· sea. soundings off tho A.tlantic coa!'lt, of the Unitell States.-

I 
fWith ,.references. to dev"lopment of be?- of the Gulf Stream.}-By :r. E. I 1llshm·y, Lieutenanc U. S •. N., As1ust-ant. 

(One illnslr.rttiou ) 

H. Ex. 43, pt. 2-27 
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1885 

1886 

1887 

188[) 

1890 

185! 

1857 

1858 

14 

11 

8 

10 

---------------------
495--501 Report on deep-sea cnrrent work in the G11lf Stream.-n.v J.E. Pillsbur3·, 

Lrnntenant, U.S. N., Assi:'ltant, Coast and Geo(1etic Snrvey. 
Letter-A of instruction ; report; de.'!crip ti1m of apparatus dlWiRed hy Li Put. 

l'1l1>1bnry ror obser'>·ations of dei~p-sea cuITents. with diagram arnl 
detailed aeconnt of its use; oli~ervations madt>, and lines run ; chart 
showing loealit~· of cross >1ection A, between :Fowey Rock>! and Gun 
Cay; charts ,;lwwing positions of carrent stations, cross section .A, 
Bult' 8tream; illustra1ions :39 to 46 givinf{ a graphic picture of the 
deep-sea current work. 

:.!81-WO A rnport of Gulf Stream explorations.--Oh:'>crvations of currents, 18811.-By 
,T. E. I>illshury, Lieutenant tr. S. N., AsRist.ant .. 

Detailed rt'lport of sea;;on'!'! work, with a tr•':ttrn<"nt of the snb,iect, under 
Urn following head>1: I. Genel'al clH\ractcrlstics of the Gnlf :5trPa111 
as dcveloprni b:v the ol1servati1rns. IL Daily variation of the stream. 
lII. Monthly nuiatlon of tho stream. IV. Axis of the stream. V. 
Efft>ct of wi1id 011 the Yt•locity of tbo stream, :rnrl tht1 yosition of its 
axiA. VI. u,•pth of the f'tnmm, and velocit.y at different depths. 
V r I. (h·ueral summary for t,1,., guidance of naYigators. J'Jates (:2;J to 
28) presnnting curves of observations of currents iu the Gulf f>trean;,i 
<lvrlutr 1885 an(l 1886. 

173-lBl Gulf ~tream explor:tt\onfl.-Obsen·at.iom• of e1)rre.nts, lb87.-A report hy 
Lieut. J.B. Pillsbury, U. 1'. N., Assistant. 

Detailed report uf >1eason's worl; , f!ec>tions occupief1, CC, lJet'\\'een Rebecca 
Shoal aml Cu La; Dn, Twtween Capo Sau Antonio, Uuha, and Yuca
tau: :ciud Re<·-Uon F', lrom C11pe Hattf"ras Shoal in a direction n••m·ly 
HDuth.-,aGt; a tz'eatmcnt of r!ie R!lh,ject in the follow in!! order: (I) Ge11-
eral eharacteri,;tics and limit of the stl'Can.1 at eacl1 croM i;o<"ction. (2) 
D::iily variat.ion. (::\) Axio; of the .. tream. (4) De11th of the i'itream, a.rnl 
Yeloeity at different t1epth11. (5) Coniparison of r•isults obtained at 
va1·inus sections.-l lll it,;trat ion fl 34-42.1 

t6i-477 Gulf Stream ex1llorations.-Obst>rva.tions of currents, J8S8-18H\l.-I~y Li<>ut. 
J'_ K J>iUshury, U.S. N., Ao;sistaut, U.S. Coast and Geodetic Sun·ey.
(20 ilJu,.trations.J 

461--620 The GulfStrc>arn.~A description of t.hc methods muployrd in the. i11>flstiga-
1ion nnd tlw resultR of the re81mn:h.-By Lil<at. J. I~. l'illtSbury, 
U.S. N., ABkiRtant.-(25 illu,;tratious and 12 tt;o:urr·s.) 

Preface; ir.t,rotlnotion; general hbitorical 1wconnt of t.lw Gulf Stream and 
its invc>,~tigation up to thti 1 ime of Friwktin: Gulf Stream iuv('.stiga
tio11s from the ti11te of Frank liu to tlios<> made b_v tlw lf. S, Uoni;t Sur
vey: Gulf Stream investii:ration11 mad11 hy t lw lf. S. Cm1.st S11rvey until 
1884 and thos" contempo1-ary with tliem: ouuit of the J>lake for au· 
clwri11g :H Bea nntl olisrrYing' tho cuTTents; chara<:tcriHtics of the 
Hulf Stream in the .,traits of Florida a11d in tlrn Yu<>a1 :in P11SK&.!('<'; 
the Gnll' Stn·am off Jupiter lnh'ii aml Cape ll!ittm·as; the PquM.orial 
('llTl":nt; <·a1v;es of the (}ulf Stream an<I uf Atlant.ic c11rrcnts; conclu
sions; index. 

DEEP-SEA SOUNDING8, TEMPERATU-RES, AND DENSITIES. 
--~ ----·--------------- --~--------~-~--~- n~-----~--------------------

191-l92 i Craven's SJl<'cimen box for deep.sea bottoms.-T. A. Uraven. 
[Sketch 56.j 

-- _::. i -- __ :~~-I 
37 228-246 

Deep-sea soumlini.: apparatus.-Desc1iptiuu of a form propose1l itud used l.Jy 
B. I<'. Sands. 

[Sketch 70. I 

• B'.'rryman-Hrnoke's deep-sea sounding apparatus. 
iSketcb 71.] 

D()Cp-SNl BOnndingA.-W. r. Trowlnidg-o. 

l 

I 

Investi:;!ation ol' the laws of motion 11:over11ing the descent of the weiµ:ht 
and Hue; fot•mulm of ·velocity of descent.-Tahle I, rates of descent 
and resil!t»ince, in pounds, upon the sinkl'r and liue, wit.hone and with 
two 32-ponud shot, attaohl'd t-0 a line 0.07 nf an inch jn (liiimetcr; II. 
same, with 00 arnl 126 pound weights. dee[Nlea Hae; III, intJmmce of 
diflerent len~tliR of line movini,! with the sa.mp, velocity; ratios of 
lenp;ths to ratio of resistances; Vll, c•m1parison of resistance.s upon 
th-e flame lPn:::;th& of lines ()f l\ilferent {liamr>ten1, movini:t at the satue 
veloclt_v; -Vl, influence ol;' fongths at.<litfernnt (lepth11; VIl1.11ame. 
continued; IX. rates of desc.,nt, Y{"loclty, resiHt<1,nce t-0 sinker· and 
line, aud weight of line in ~vater, frC1m oh>1en-.atlons :made by Joseph 
Daymau; diameter of line, 2 inches; wei~ht, 96 pounds; spooiiicgi-av. 
ity, 1.3.-[Sketeh 38. J- [Errata, p. 235; 1858, p. xx.L] 
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A subject-i11<1ex to the p1·ofe8sional papers contained i 11 the a111111al 1·eports, rtc.-Continuml. 

PHYSICAL HYDROGRAPHY-Continncd. 

DEEP-SE.A SOUNDING~. TEMPERA.TURES, .AND DENSITIES-Continued. 

·u •' ' AJipen-j l'a". ea, .1 .. ar... ix ! ~ ~ 

_____ ! __ -_._!_ ·----···---
Subject and author . 

18::.8 39 

34 

1861 11 

1866 

1866 5 

1868 12 

187' 14 

18l·i 16 

1876 23 

1877 10 

1879 6 

1880 lG 

1880 

1882 18 

1882 

188i 13 

248-250 Analy1<is, microscopical, of specimens of J,ottom taken in euumling.-L. F. 
Pourtales. 

Green and ochraceous incrustation of Poram inifcra., and jet tint of speci-
111cns. 

a59-36! Jlecp-trna ROlllHliug apparatns.-Description of a form devisetl \.iy ,V. P. Truv.·
hrid;:?;e, inu1 nxplanation of Hs method au11 use. 

[Sketch 39. ]-[Errata, ;;59, 1860, p. xx. I 

l::l5-139 Sounrlini-: apparatus aml log.-"\"\". P. Trowbri1l).!;e. 
Hesults obtained with an instrumeut dc>ised hy him. 

:.>5~H :Florida Straits. --·lL Mitt-hell. 

139 

l68--1rn 

152 

154 

4.07-4.09 

108-113 

95-102 

297-340 

Repvrt on !!onndingr1; northArn approach; so11thern approach ; d1fficul
tie" int-hf' way of laying a te1Pgrap11 cablt': remarks upon line!-\ anrl 
lea<lA: t.'\hle of som1<liug-s acrosio the Straits of :Florida trom Saud Key 
to El llloro, 1866.-[Sketch 17.] 

Uerr_rman apparatus; rates of outrun of li1w.-(See 1857, specimen souuding, 
Sketch 71.) 

U<>port npon dredgingfl near the "Florida Reef.-L. 1'~. Pourtales. 
Organic specimens; corals, echinoderms, bTa.chtopods, etc. 

Device for lletaf.',hing from a line the heavy weight requisite in deep-sea 
smmdings.-[Sketch No. 23.j-Lieut. Com. C. D. Sigsbee. 

Ocean salinometer. -J. E. llilga.rd, Assistant. 

List of puhlicat.ions relating to the deep.sea inn1sti;::ations carriPd on in the 
..-ic\n1ty of the coasts of the United States nuder the aui;piceJO of the 
Coast Survey. 

Opt.iC'al dcnsimeter, for ocean watcr.--J. E. llilgard, Assist:1.nt. 

Dredging operations in tile Caribbean Sea.-[ \Vi th two maps. ]-Alexander 
Agassiz. 

Bering Sea.-W.H.Dall. 
Rt.,port on the currents aml temperatures, and ahw 1hosfl of the- adjacPllt 

waters; sourct'R of information: surracP temperature; t.abloR ot t1'111-
pt-ratnTes; pack kl'I; summer tempenit.ure": th" Kuro Siwo and its 
extensions: t.ahh; of Nort.b Pacific Sea temperatnl'es; comparison of 
sea temperattll'es from obs1•rvations hy the Challenger, 187:! aml 11'75; 
cnrrent.A of Bel"ing Sea; ol1sernttions of the 'l'u,scarora and Y.;nu...- .
thosP. of Krn,.,enilf tirn, lfi04-1806 : not.es hy whalers and others: t.ahln 
of tt•mperatures; of currents; observations off the coast of Asia; in 
the A.retie in general: in the ..-icinil,v of Point Barrow. 

Sttpplemeutary note.-A1ldltional OU!ll'rvativns in thti A.retie S\'a: lmun
ilary line between tbe tt>rritory of th1:1 Unitflil States in Alm;ka and 
Ruseia in Asia; diagrnrnB of surfa('.e and vertical iimtlwrm"; chart of 
currents. 

Det,p-sea sounding and llredginl'.-A deseript.iou aml discm1sion of the 
ruet.l1ocls and appliances m~eil on hoard the Uoa"t and Geo1kt,ic 811nrev 
st .. .anrnr Blake.- By Charles D. Sigebee, Lieutenant-Commander, F. S. 
N., Assistant int.be Coast.und Geodetic SnrYey. 221, quarto. {\:\'it-b 
54 illu.&trations.) Washington: Government Printin~ Ofl1ce, 1880. 

4.51-457 neport on the Siemen8 electrical deep-sea tbermomcter.--By Commander ,J. 
H. Uart,Jett, U.S. N., As,.istant. 

Test of thermometer on the lT. $.Coast Survey st.eamer Hlake, with tables 
of 1·ei111lte ohtained at ditft'lrent depths and umJ,~r oiifferent COJl(litions, 
and a description of the :ipparat.ns.-By 'Verner l:lness. 

lSketchel'I 48 a.n<l 49 ancl .iia.grama with tex:t. I 

4'>9 i61 i Recent deep-sea soundings .:>:tr the A tlantfr cm1st of the Unit.eel Stat~.-By · -
1
. ,J.E. Pillf<bury, Liout.anaut, tr. 8. N., A.ssif1tant. 

A gerwr11.J summ.1ry of the operations of tlw U. 8. Coast Survey steamer 
Blake. in the examination of th!' western Atlantic lmsin durin)! the 
years !880, 1681, 181'!'2, and 188.'l.-(Illu:1traliun 50.} 

! . .· 
43~438 1\ Geolo~ or tbe sea bottom in t.he 11.f>T'roac.hes to New York Bay.-By A. 

; . Li.nde.uknhl, U.S. Cmu1t anll Geodetic Survc~' Dflice. 

J

' i Prefatory rema.rk;.s; ebara.cteristics of sea bott.oui; ( l) a wdl-llefinfld ,:ml•-

J 

marine valley; (~} an area. or clay bottom extemHnf.t al>oot 100 miles 
. &f'laWard; (3) a deop riivine &t the edge ot' tho <'ontmental slope. t.bo 

Hudson Itiver .tl.ord; geology of the .. ea bottom in the approaches to 
New York Bay illustrared.-[llla.st.ratio.n Nv. 24..] 
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A subject-index to the professional papers contained in the annual reports, etc.-Continued. 

PHYSICAI, HYDROGRAPHY-Continued. 

DEEP-SEA SOUNDINGS, TEMPERATURES, ANn DENSITiES-Conthmed. 

~ear. )Asr:.n· I 
f 

1884 17 

1800 i--······I 

\ I 

1881 11 

I 

Pages. I Subject and a.ntbor. 

619----021 ' Description of a model of the depths of the sea in the Bay of North America 
and Gulf of 1'tlexico.-By J, lt~. Hilgard, Superintendent. 

A detailed description of the m01.lel; oceanic depressions and terrestrial 
elevat:ons contr&11ted; addendum giving effect of an a.asnmed reduc
tion in tlie depth of the sea of 100 fathoms.-[lllustration No. 25.) 

175---177 Bulletin No. 18.-Table for the reduotion of hydrometer observations of 
salt-water densities.-Prepa.red for publlcation by 0. H. Tittmann, 
Assistant. 

SURVEYS AND EXPLORATIONS OF OYSTER BEDS. 

'..:69-353 

i 

\ 
I 

j 

Report on the oyster beds of the .James River, Virginia, and of Tangier and 
Pocomoke sonnds, Maryland and Virginia..-By Francis Winslow, 
Master, U. S, N., A~sistant, Coast and Geodetic Snrvey. 

Preface; instrnctions; methods of oonduetine: the investigation; (l) de
lineation of the beds; speci.lnen of recor<l; tides; 11pecimens ; bot
tom a.nd water specimens; 1mbetratnm of bottom; currents; number 
of oystern to the sqwi.re yard; temperature of the water; names aml 

. at-eas; report of the investiiz:ation conducted daring the summer of 
1878; o,n;tcr beds of the J :unes River, Virj?inia; currents; 'Rection 
across Ja.1nes River; .Mulberry Point beds; Point of Shoals and Jail 
Island be<ls; Blunt Point bed ; Thomas Point, Kettle Hole, and \Vhite 
Shoal beds; Brown's Shoal bed; C1uisers Rock and Nansemond 
Rirlg:e; the fh1hery and its effects ; Tangier and Pocomoke sonnds ; 
1''ishing Bay beds; Were Point beds; Sbarks Fln bed; diagram 1, 
profiles 1-4; Nanticoke Middle Ground bed; Clump Point Rucks; 
Horosey11 Bar a111l T.~lers Rock; Drumming Shoal hed; Cedar :Rock; 
the Cow ancl Calf beds; diagram 2, profiles 5-8; Turtle-E.gg ll!land 
bed: Mud Rock; the Muscle Hole bed; diagram 3, profiles 9-12; 
Piney Island Bar; beds of the Manokin River; beds of the Big 
Annemesselt Ri"er; diagram 4, profiles 13-15; Terrapin Sand beds; 
Pauls bed; bed of ,Tane't Island light-house; the Great Rock; 
diagram 5, profiles l&-20: the Womans. ].la.rah bed; '.rborougbfare 
beds; Califoruia beds; diagram 6, profiles 21-24; Jolmsous bed; 
Oak Hammock Rocks; densities; oomparison of densities-Tangier; 
currents; deposit; effect of p;ale11 and ioo; Pocomoke Sound; scat
tered oysters in Pocomoke Sound; diagram 7, profiles 25- 31 ; Buoy 
Sf it bed ; Muddy Marsh bed; Tbe Bird bed ; Hern Island bed; beds 
o Gnilfonl Channel; Beach Ialand bed; Parkers bed; Th ... Brig 
bed; densitieti; comparison of densities--Poc<>moke; currents; de. 
posits; effect of ice and gales; general information given by o,rster
meu; conclusions; Table I, iriving number of oyster dredgers seen 
in Crisfieli.l HaTbor in one day, and number of bmdiels of oy!'!tel'S 
taken; Table II, number of young ~_ysters taken; number of oy>itl'TI! 
taken in one day in the Upper Tangier, Ml1ldle Tangier, 1.ovn·..
·ran11:ie.r, and in thl'I Pocomoke; destruction of oyarer beits; their 
pTe111i:rnttion ; investiitation condncted during tho summer and au. 
tu um of <87!1; instructions;. plan of work; illustration 39, cluster of . 
oy11ter11 and s:pon.!!;e taken from nnworked heds of the Cheeapea.ke; 
delineation <>I the bed,.; bPds i.n the Nanticoke Rive,r; boos in the 
Little Annemes11ex; be1ls in Hedges Strait; investigation of tbe 
Chesapeake Bay west or Tangiel' and Smiths IRiand; illustration 4.0, 
cluster of oysteni snd sponge from unwn1·ked beda of the Chesa
)leake; t«ble showhignnmber of oysters to tbesquare .vard; Table J, 
dredp;ing resnlt.A--CneBapeakeB&y; illustration 41, rutnlt oyster, natu
ral size; Table II, dredgini? results-Chesapeake l~ay ; fecundity of 
the beds in the Sounds; Table I, dredging results-·l'an:i:ier Sound; 
table abQwing the success of spatting at different 11easons-Tan11;ier 
Sound; Table showing tbe i;;uccess of spatting in different ssa.sons
Pocomoke Soun.I; Table 11, dredging re1mlts-Tanp;ier and Poco
moke 8-0Unds; illustration 42, specimen tile No. 7; table showing 
number of oyster!'! to the square yard in Tangier Sound and 
in Pocomoke tiound ; information obtained from spat-collectors ; 
illnstration 43, specimen tilo No. 2 ; investigation of tem peraturM; 
investigation of the changes in density of the wll.ter; illustration 
4A, apeeimton tile No. 6; incidental information; information ob. 
tained from "rucord of sta.tist.les;" table showing eMimat.ed mun
ber of oyetcrs renmve<l in 1879--Upper Tangier, Mid.Ue Tangi!lr, 
Lower Tauu;ier, and Pooomoke Sound; table showing number of 
oysters r·emoved; <::-0•clueions; t.able showiup; number of oysters n. 
mov"d from G rf'at Roclt and Woman's Marsh; Appendix A, area IJ( 
oys!er beds-Tan~itt and Pocomoke sounds; illna.tration 63, AtityriR: 
va,net,y winslovU; All~ndix B, d~s,crivtion \Jy .a.1uilataut Dall of "Ckill" 
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A srtbjcct-iude.r to the pro.fessiu11al papers contained in the mm ual rcpm·ts, cfc.-Coutiu ued. 

PHYSICAL HYDROGHAPHY-Continned. 

SURVEYS AND EXPLORATIOYS OF OYSTER BEDS-Continued. 

Subject and author. 

OJ' lll<tyris referred to in tlie l'bpol't of tbe Operations during tbe season 
of 1878; Appendix C, table showing number and class of dn•dging 
''eso;;el" >icen from the Palinurus durin)?: the season of 1878; Appeudi:i: 

18811 l _ --... -·) 51-13() 

D, form of qaestions lli'!ed iu C<)llecting information from ossterrnen; 
Ap11i'.ndix E, table giving analyAis of water from Tan~ier and Poco
mokfl sounds and Chesa11eak9 Bay, by Prof. Moore, U. S. Naval 
Academy; diagrams 9-J5, eurl'es sliowing dilferPnce of density of 
water at bottom; chart of Jamt>B River, showini:: approximate limits 
of oyster bed fl: upper part of Tangier Sound, chart showing approx- -
imatC\ 1iosition of oyater ht>ds; lower part. ot· Tangier Sound, cl1art 
showing approximate poP.ition of oyster beds.-[Illustrations, 39-63.] 

Bulletin Ko. 10.-Report on the Soundfl and Estnaries of Rorlh Carolina 
with reference to O.rster Cnltur·e.-Bs Fraucis "\Vinslow, I,.i1?>utenant 
U.S. Navy, Assistant, lJ. S. Coast and Geodetic Survey, co1Urnanding 
Pcbooner Scores/J,11.-[2 ill m~tratiom1. j 

1890 , ~ ......... . 179-209 

18!.5 3 41-4:~ I 

I 
185! 30 37-40 I 

I 
·, 

1854 43 I 142-U5 \ 
i 

1854 4t 146 

185ri 47 295--306 

1855 48 ' 300-337 

Table of contents: Introduction; p~faet'; information df'Birf'>d; metlwds 
used in the survey; area examined; ~eneral description; description& 
of sections, with results oft-he work in detail; Uruits of µrojeciions, 
wit.h areas of public and private oyster j!ronnds; specific gravities: 
general •mmmary of rei:mlts; general condition of the oyster iudu>'!try 
prior to 1B87; recomrnendationio for new- legish1,tion; histor_y of the 
Sholl-Fish Cmnmission; operatiou of the new law; method of locat
ing: Iota: conclusiun: appeno1x: an act to promote the cultivation of 
shellfisJ1 in the State, und form of application for prj..-ate oysler 
grounds. 

Bulletin No. 19.--0n the Sounds an•l E>Jtuaries of Georgia with reference to 
Oyster Cultnre.-A report by J.C. Drake, Enaign U.S. ~avy, Assist
ant, U. S. Coast and Geodetic Survey, commamling schooner Re.ady, 
1889-'90.-[7 illustrations.] · 

Preface; met.hods; 1imit8 of the nreA examined ; dOE!cript.ion of t.he areas 
examined ; general conclusions; densities; table of areas examined 
with reference to oyster culture; l'Blloh1tion anthoriziil_a- the appoint
ment of an oyster comniissfon; State of G.iorj!ia: an uef for the regu
la.tion and protection of oyster cult.ore; form of applicat.ion for oyster 
_grounds; charts to accompany report on oyster survey of tbf\ follow. 
ing sounds, harbors, or rivers of Georgia: Tybee Road>1 ami Wassaw 
801m'1, 0Rsahaw Sound, Vernon and Ogeoolieo ri'l'erf!, St. Catheriues 
Sound, Sapelo Sou11d, Dohoy an<\ A.ltama.ha sounds, 8t. Simon Sound, 

·Brunswick Harbor and TurtJe River, and St. A.ndrewR Sonnd. 

TERRESTIUAL MAGNETISM. 

Extract from a letter addre~i:u:u1 by Ferd. H. Gerdes, .Aasif!tant-, U. S. Coast 
Survey, to Prof. A. D. Bache,, Superintenclent, containing renuu-ks 
UJ)Oll the change in the magnetic variation within short distances 
in tl1e Gulf of Mexico. 

(Report for 1854..)-Page 119, App.' No. 30.-Reference to magnetic observa
tions made at stations iu California.-\\". P. Trowbridge. 

(1844-'45.)-'Table of magnetic dedination. 
Reimlts of Coast S11rvey magnetic obi1ervatio11s at 186 stations along the 

coast of the United States.-[ Errata, 144, 145: 1855, p. xix. J 

l\{erldian liotis.-Report of Assistant- G. W. Dnan on the e11tablishment of 
meridian lines at Petersburg, Va., and Raleigh and Wilmington, N. C. 

(184.4-'55.)-Table of magnetic deelina.t'ions in geograTJhica.l orl\er, from Coast, 
Survey ohscrvati<lns; with note!! by A. D. -&ache an cl .r. E. Hitj?ard. 

Di11cnsaion of 111ag-netic declination: (1) Northern part of the Gulf of Mer .. 
foo; i2) Atlantic ~mast; (3) Pacific coast.-[Sk:etch 56.] 

(1717-1855.)-Secular variation in the magnetic declinlltfon.-C. A. ScJwt.t. 
Discru.sion of the secular chan~e in the magnotin declination on the At. 

la.ntio and part, of the Onlt coasts of the United States; Providence, 
R. I. ; Hatboro Pa.; Philadelphia., Pa.; Boston, Mass.; Cam btidi;te, 
lllass.; New Haven, Conn.; New York, N. Y.; Charleston, S. C.; 
Mobile, Ala.; Havana. Cuba; Budingtou, Vt.; Ch~stedield, N. H.; 
B1tlem . .M>1a11.: Nnntuf'ket, ]da.ss.: Alh:rny, N. y_; Washington, D.C.; 
.Pe11sac0Ja, l!'la-jSket-0.U 51.]-[B.rr~ta, pp.814,335; 1855,p.:rl·iii.J 
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' I 1'.,:i.r. :, A<lp.pen-: Pag<>s. 
I IX •. 

---··-, 

185:i 49 

18'16 28 

185C :~o 

185G 31 

1856 

J85G 

1s;:.7 32 

1858 2t 

1858 .... ... 

ll<58 :w 

11:\:l'J IG 

185~1 2.! 

337 

209-?25 

220 

227 

223-235 

:.'46-2411. 

33l-3.t'.l 

191, Hl2 

192-195 

195-]!)i 

172-17;) 

278-2!15 

27R 
279 

2s;, 

286 
287 

200 

TEIUU:STJUAL .MA(:<NETI~M-Continucd. 

f;u l>ject. auc1 aut hoL 

( 185;:;. )-Magnetic o bsen· at ion,., -C. A. Schntt. 
RurnltA for <ledination, dip, aml horizontal intensity. a.t sixtec11 easto1·n 

Mtations, July tu :-'.eptem lie1·. 1855. 

( 1839-1855. )-Terre.stria l rnagnetisrn .-Di.o;cus.~ion n• lative to its distribution 
in the Unitl·tl State,..-A. IJ. Badie a111l J.E. ITil2:ar<l. 

Method~ arnl AOHI'l'<'" U>lfnl : c·.orn•ctiurn; for s••enl:u- variat ion>O; C"Onstruction 
of1111lfi.S ISketche" 61arnl62): cPmp~rison of nrnps fnt· <l1•.clin11tion, dip, 
miol inten>1it.y: suppl,•mf'ntarynote I t\f(•.xic.t11 01 .. e1''''1tions): Tat.le 1, 
Atlantic. Gulf. and Padfic 88etions; II. nP:u· p:lr.11lel 35-', by ,r, C. 
IveR, \Yl1ipph-'" expe<1ition; III, from various uew RllUl'CPs-lakes, 
territorieR, Pan::um•: 1 V. rt>sid1rnl ditli•ren"e lit'1 ween the Coast Snr· 
vey obsernlt.ions, re1luced to 1850, R!HI cue values obtained fro11; the 
accompanying: map-! ~kPic hes 61 :llld 62.] 

1'fogn<'t ic ob;wrnit ions.-C. A. Schott. 
Me1 !Joel~ used i.11 ol.Jservations of the preseut year; magnet H. 

(185G.)-'Magnr,tie elementf•.-C. A. Schott. 
ltes11lt,; of observations f,ir declination, dip, and iuteneity at statio11s in 

Delaware, Minyland, an1l ViTgiuia. 

( 17U~- l8.",5. )-Seenlar cliang:e of' \l('lelination; W ea!Bn1 co::tst. --'~. _.\. Scl1ot.t. 
List of magnetic dt:elinations olls.,rvctl on the western coaRt from the •'!Ir· 

liest to the prnsentoues. :l.rran~nil in orcl(•r of g,•o:;raphieal laticucies.
A 111111al cuangc; {1) San Dieg;o; (2) M1.nt<"rey; (:J) ;.,a11 Fr11uci:rno; 
( 4) Cap" ::MeIHloci110: (5) IJnpe 1lisappoi1.1tmeut.-ltecapit nlation of 
results for secular ch:mg(' .. 

(1780-1855 )-Secular cbaug;e of inclination; Atlantic coaRt..--0. A. Schott. 
Toro11t<1, Canada; Al\ia11_v and Gr·e;:nlJ11Hh, N. Y.: Cmnltridite, M1u111.; 

l'ro\'idonee, R. I.; \Ve;;t Point aHCl Cold Spriul!. N. Y.: Nf'w lla,·en, 
Conu.; New York, N. Y.; Philadelphia. l'a.: '\Vashiugton, D. C.; 
Bait imnro, :Ud. ; recapltula.tiou c.f I'flfllllts.~Tablo 1. 1$eogrnpl.Jical po
siti<•ns arHl nnmher of din ohservat.ion>i; 11.. lonnula tor t·ach station; 
III, probable error, opoeh of minimum dip and annual variation in 
current :year.-[ Sketch 63.) 

(17!J0-1855.}-Secnlar change of inl'.lination ; westt'rn coast.-A Jll'roximate 
a .. t.·rmination of the Aecular Ch>lnge of l1!Cli11atim1.---C. A. Schott. 

Table of o\Jsen·ation rnad01 np to the present. ti.me; ded11ction1t tllllrefrom
( 1) San Diego; (2) 8.rn Pc,lro: ( 5) Mon ttffe,Y; {0) San l<'ra.uciseo; 
(RJ Fort Vanconv<c>r; (IO) Cape Dlsa.ppoi "t111ent. 

Ma«11"1i~n1 .. --Heport upon the gr1ul1rnl Joss of mngnctism of the seveJ•al 
" ma.!!IieL'< in use in tlrn Survey of the ( :oa>1t .. -C. A. Sehott. 

Accou.nt. o!' 1rnl.!!Uets: H 8, C :12, C !.l, U, CG, II, and SmiU1souia.n magnet 
n>iecl in 1855.-1.'alile: Recapitulation of values for waguets severally, 
and f!iscuf!sion.-[Sketch 68. I 

( 1856-lR58 )-Magnetic element.!1.-Continna.tion. 

(Hl80-l8:»0.)-Hecnla.r variation of magnetic declination at Hathoro, Pa..
C. A. Schott. 

DiHeussion a111l devel<>pmrmt of an intermediate period. -Tahle of declina
ti:rns from 1680to 1850.-Diagram.-fE1rata,p.193; 1858, p. xxi.] 

(1809-li':,7.)-8ecular Yariation at \Vashington, D. C. -C. A.Schott. 
Dndiuation from 1809 to 1857.-Dip from 18:19 to 1858. 

( 1~53. )-Variation of the compass.-Geueral tablefor the use of navlgators.
[Sketd1 :~.] 

lllseussion of the mngmitie and mctcoroloirical observations matlc at the 
Gira.r<l College Observatory, Phil;i1lelphia. in Hill, UW.!, 1813, J8H. 
aml 1845.-A. U. Bache.-[Sketuh :17. )-l Errata, pp. 2711, 280, 293: 
1860, p. xx.) 

Part 1 . .Innoi.tiga.tion of tl1e elenm-~·ear period in the :implitmle of the 
80lar"•ii urnal v:~riatiou antl of tbe di1H.urba11ces of the wagnetic decli-
nation. ' 

Introduction. 
8l:'l)<'lration of d11>tnrbanccs and e.lita.blishmeat of normal reru:llngs of the 

dec.linometer. 
Analytical expre11eionl! of tho t'e~lar solar.diurnal variation of the deo. 

lination. 
Ineqmllif,y oi the amplit.ucle rlne to the elflven (or ten> yea1· perl0tl. 
Dise1111Rion of the number of dit,turuaneea of the doo1i11ation; their an· 

nual inequality. 
Di urn.al inequality of the uum her of distu:-bances of the declination. 



 

'Lear. 

1859 

lK1::l 

kGO 

lSGO 

JSGO 

1860 

1860 

1860 

18GO 

186(1 

1861 

A p]1t•11-
dis. 

23 

24 

21 

23 

24 

T)a::res~ 

290 

2\12 
:;u5 

29G 

::!flG-30:> 

2D8-27J 

293·-3!2 

29:l 
:Ill:! 
:m3 

307 

3()9 
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TEHRESTlU AL l\IAG:!\ETif'l\l--Contiu11etl. 

Snhject anll a11thor. 

D{•fl<"dinn.- hv •li~lntl1nnc1's: their mean armnal amount: \'fleet of tl1e 
. ek>elc (or ·t,'ll) yenr perioi!. 
JlPlil'ctions h_,. disturl.JtuH·<'s; tl1ei1· rnean tliurnal nmou11L 
Conuection of t11e fn•qni:ucy nf tlw solar spots with the chaug-es iu tlw 

awplitnde or tho 1linrnal >ariaiion of the decliuatiou. 

(11'\:,n.)-IlPelinatiou. dip_ am1 intensity.-C. A. Sd10U_ 
J:1:><nhR or observations rn1t<l1~ by him in Canncb_ Alaine_ New Ilarnp,;l1ire. 

V Prmont, M assachnsetts, nnd Connecticut. -Footnoh• on dbturb
n:11ct~ ~. 

(lf180--1Rli0.\--Recnlat' cba11ge ill c1e<"li11ation.-C. A. S<'hott. 
-.,rurialicm oft'.1e 1we1llP on Ull\ f'.uas1s of tlw Unit.etl Statt•s fm· l'Yerv tenth 

sear si11c" 1(;80: formnlns ex-pressing secular c11:rn1J:•'. U»ltl foi· ca.kn· 
lat.i11g the talmlarvalues fnr Gronp 1, staiimH< lwiwl'en Portla11d, ::\lP., 
~1rn1 \Yilliamshurg;, Va .. with taulo or o1J,.,etYa1.ious made lietwtwn 1680 
and 1860; for Group 11, southern statio1rn aud w1•stern coast.-Heconl 
of :TH observed rl<cclinations miule mw of In tlie ahove JHlJ.•Cl' not here. 
tofore published in tho CoaBt Survey Report;;. 

(1860.l-Edipse expedition to Aul•·zavik Island, Lahnulor. Hc·port on tbe 
dckrmination of the rnagrn:tic elenwnts liy Edward Go0t1fellow, .Ab· 
~i,;taut, with not•;., hy C. A. ::lchntt, Assistant. 

Discussion of the maEnetic autl m<•teorolo)'.';icnl obser>atious rnadP at the 
Gira1·d College ulisei·yatory, Philitdelphia, in 1841, 184?, 11-i43, 1841, urnl 
184G.-A. D. Bache. 

l'1ut 11. luYes1igation of the solar-rliurual varintion iu the magnet.le Y:U-i· 
at.ion, and its annual inoquulity. 

Investigation of the snlar·dinrnal variation of the tloclinatiou. 
Its serni1umnal inequality_ 
Analytical and graphical exhibition of the 1:1olal'·diurual ·variation fol' 

each mont-h, Rummer, wir.ter, and year. 
Maxima and minima, and times of average ;-alne of t.he dec1iuation; 

diurnal ran;:e. 
Annual var·iation of the declination. 

Di,;cnssion of the maj!netlc auii met0oi·ological obR!'l'\·ations mall(\ at the 
Girnrd College ObserYutory, Philuclelphia, in 1840, 1811, 11'42. 1~43, 
184J, :mtl IR4::i.-A. D. lfache. 

Pu rt Ill. lnvestigat ion of the influence of the moon on the magnet fr u(•cli
nation. 

312 J,unnr inflnP11ce ou tbc magn•:tic dedinati<>u; talmlation of results 
according; to tl:L• moon's hour a11gle. 

:q~ Com1iarism1 oflu1m1··tli11rnal variil.tion for three epochs. 
319 lksnltin_g lmuu-·diuni:d Yariation. 
<121 1nL•<1nalit.y in tlrn lunar-diurnal Yariation. 
324 Inve!'.tip;ation of tlt>tlections depending upon lunar phases; variation in 

declmatiou arnl in parallax. 

25 324-326 Rohn spots.-Re11ortof Assistant C. A, Scl1ot.t on the res111t1(of obse>rvations 
made during the tirst seYen months of tliu year 1860. 

I 

27 

::s 

2D 

22 

Rev West ruagnetie station.-D<•Hiription of instrnme>uts and 11lan or rua,g· 
- netic obs<'rvntory; with re1rnlts.-W. l'. Trowbridge. 

Declinonwh,1', l !'cording c:vlinder, a1td d11ck: ve1·tical-f•wt·e mag-1wt.om1'ter; 
adjnstnrnuts: D1Nln daily range of temperature for <'Heh mont11. 1851, 
18':1:.!. and m<lllthly nn1µ:e for fnu1· yeal's; me:u1 monthly temperature 
fo1· fourteen ye:1r>!: lamp8; scaJe n1ea.->urements: tcnl}wraturP t'o<'lli· 
cielll8 of the Jwr·iv.oHtal llUfl vertical fnrees of magnetH; photogmphic 
arrnng(•ments; 1l!UJ!net H-axis anll int<'nsity; dip; 1<cale values for 
iu\,f'nsit.y maj!ncts~tables and computation' <'Xpnrimeuts for tPmper
atnrc; coefilcienta of borizonta,l.force magnet. with hot water n.ud ict'l.
[Sketches 2~ aud 24.] 

350, 351 t Eastport stat.ion, Maino.-General description (•f ma.guotic station.-L. F. 
Ponrt::tlea. 

351,352 

352 

24'2-251 I 

Declinatiou, (lip, :iml intensity at \'at'ious st·!\tions (sup}llemental'y to 1856, 
p. 2'.::7, an<l 1858, V· 191). 

Docliuatioll\ !lip, allll iut.ensit,y, d<'tenninetl in 1860 on the coasts of Ma8sll.
clrnsctts, Lon~ lshnll\, anrl :New Jersey.-C. A. Schott. 

8('.cular <thau~e of h1tensit.\·.-('. A. Scli<>U. 
Discussion of obsf'n·ationa rnado on thn A tlantie, Gulf, arnl Pacifte c<>a~ts 

of tho Uuikd Stat .. s; tnh'n~ity statistics; llOtl!s; table of auuual 
change fot· Atlantic and l:'ncitlc groups. 



 

424 U. S. COAST AND GEODETIC SURVEY. 

A subject-index to fhtc professional papers contained in tlie annual repm·ts, etc.-Coutinned. 

Y ··ar 'Appen· 
t. . <l tX~ 

1861 23 

1861 24 

1861 25 

18G2 15 

1862 16 

18G2 17 

1862 18 

'l'E~R.ES1'RIAL MAGNETISM-Continued. 

Su~ject and author. !'ages. I 
,-----~------------------------------

251 ~256 ! 
i 

New discussion of the distribution of the magnetic d4.'clination on the coast 
of the Gulf of Moxico, with a chart of the isop;onic curves for 1860.
C. A. Schott. 

256-259 New discussion of the distribution of the magnetic declination on the coasts 
of Vir~inia, South Carolina, 1rnd Georgia, with a chart of the isogonic 
cun-es for 1860.-C . .A. Schott. 

259-261 Solar spots.-.Abstract of observations made at the Coast Survey Ofilce.--C. 
.A. Schott. 

HH-ISG Discu;:ision of the magnetic and meteorological observations made at the 
Girard College Obser·rntory, Philadelphia. in 1840, 1841, 18(2, 1813, 
1844, and 184,5.-A. D. Bache.-[Sketch 48. ]-[Erntta, pp. 178, 18'~: 
1862, p. IV.J 

Part IV. lnvest,i,gatfon of the ele"t'en (or teu) vear periorl and of the dis. 

161 
Hl2 
169 

173 

JU 
175 
178 

180 
182 
185 

186-200 

186 
193 
194 
195 
198 
200 

202-212 

tnrbances of the horizontal component of the magnetic force. 
Instrumental notico. ~ 
Correction of readings for chanu:es of temperature; scnle values. 
Correction for progressive instrumental change; hourly normals for 

each month. 
Horizontal intew~ity; absolute value; effect of the loss of magneti11rn ot 

the bar; secular change. 
Separation of the larger disturbances. 
Corrected normals. 
Investtgation of the eleven (or ten) year period, from changes in the 

ampfitnde of the solar-diurnal variation. 
Eleven (or teu) year inequality;as indicated by the diRt.urhances. 
Analyeis of the dh~turbanoos; annual and diurnal variation. 
Claaeification of disturbances according to their magnitude. 

Discussion of the magnetic and meteoroloiiical observa1ions made at the 
Girar<l ColTege Observatory, Philadelphia, in 1840, 18-U, 18~2. 1843, 
1844, and 1845.-A. D. Bache.-[Sketch 48.] 

Part V. Investigation of the solar-diurnal variation and of the annual ia-
eq uality of the horizontal component of the magnetic force. 

Preparation of houriy 11orma.ls for ea.ch month. 
Regular solar-diurnal variation. 
Semiannual inequa.Hty in the diurnal variation. 
Analysis of the solar.d:iurnal "arlation. 
Epochs of maxima 11.nd mluima; amplitude; epoehs of average value. 
.Annual variation oftbe force. 

Discussion of the magnetic and meteorological observations made at the 
Gira.rd College Observatory, Philadelphia, in 1840, 18'1, 1842, 1843, 
184.4, and }Q4,5,-A. D. Bache. 

Part VI. Investigatlou of the infiuence of the moon on the magnetic 
horizontal force. 

202 Number of observations for lunar discussion and their distribution 
according to western and eastern hour angles of the moon; differences 
from monthl~' normals, arranged for moon's boor angles. 

206 Luna.r-dlurnal variation for two periods. 
207 Lunar-diurnal variation in summor and winter. 
209 Anal,vsis of the lnnar.diurnal variation. 
210 Investigation of the horizontal foroo in reference fo lunar phases, 
211 Influence of the moon'f< changes of declination. 
212 Influenee of the moon 'e changee of distance. 

212 Results for declination, dip, and horizontal intensity in Pennsylvania., in 
the Dist1·ict of Columbia, and in New York.-C. A. Schot.t. 

1862 19 ; 212-229 Abatr11ct of results or a magnetic survel of Pennsylvania and parts of Ml
jacent Stat0!1 in 1840 and 1841, with some additional reaults ot 1843 
and 1862.-A.. D. Bache. 

18(12 j 

' 
2-0 l 230, 231 i 

Declinations observed h.v him in 1840 antl 1841; tabular comparis<m of stic
ular changes in 1810, 1841, and 1862; ohronornetrio result"' for loogi· 
tude; geographical po11itions; distribution of decltn•tion for 1842.0; 
ireoeral table of results referred to common epoch, l8i2.0; comparison 
of observed and computed -v•lnes; dip, distribution of, and iooclioal 
lines for 184'.!, Grf)ups l to 4; correction to epoch; ooruparioon of ob
served antl computed dip; horizontal intenslty and iaodynamlc lin!N! 
for 1842; ta\mlar formation of Jitl'OUP3 for the ana.lytical expresai.on of 
the distribution of horizontal t'oree referred to 1842.0; comparison of 
observed and hypothetical computed values; representation of the 
total force.-[Sketch 47.] 

Declina-tion, dip, and intensity at various stations (supplementary to liata 
given in Annual Reportll of 185e, 1868, a.nd 1800, lJP• 851,352), 
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.A. subject-index to the profi:ssional papers contained in the annual report", etc.-Continued. 

TEHRESTRIAL MAGNETISM-Continued. 

Year. i Adi~~n-1

1 Page8. I Suhject and author. 

___ I ------~--------------- ·-----
1862 21 I 231, 2a2 1 

I 
Solar .ipots. -.Abstract of ob8ervatious matle at the Cm1t1t Survey Office.

C. A. Schott.. 
Supplementary to those published in Report f"r 1861. 

1862 2? i 232-235 Bessel'" p<>riodic functions developed for periods frequentl_y occurring in 
magnetic and meteornlogical inve11tigat.ions, with examples.-C. A. 
Schott. 

1862 23 2:J6·-238 Dipping ueedle.-Description of a new form of axis changeable in position.
.J. E. Hilgard. 

1863 19 I 156-183 Discussion of tbe magnetic and meteorological obscrYat.ions macie at the 

156 
157 

164 
168 I 

171 

172 
174. 
177 

178-183 

Ul63 20 I 183-195 

183 
18U 
190 
190 
rn:; 
195 

1863 21 I 106-204 

100 

201 
202 
204 

18G3 22 204 

1863 23 205 

1864 16 183-190 

183 

184 
185 

186 
187 
187 I 
188 ! 
18" 
Iii 

Gira1·d Co1lege Observatory, Philadelphia, in 1810, 18i!, H'42, 18-t3, 
1844, and 1845.-A. D. Bache.-[Sketcb 30. i 

Part Y II. Investigation of the eleven-year periotl and of the disturbances 
of the vertical component of the magnetic force, with a supplement. 
on the effect. of auroral lights. 

Instrument.al notice. 
Determination <•f the effect of changes of temperature; scale values; 

rt>duction of obserYations to a. uniform teruperattne. 
Recoiznition and separation of the larger disturbancea. 
lnYestigation of the eleven (or ten) year period, in the amplitude of the 

diurnal vaiiation. 
Investigation of tlteeleven {or ten) year period, in the dit1turhances, and 

their ge1]f)ral analysis. .. 
.Annual inequality in the number and amount of disturbances. 
l>i11rnal inequality of the disturbances. 
Classi:fieatiou of the disturbances aceording tu their magnitude. 
.\ 11pendix; effect of the aurora horealis on the declination, the bori

.-Zontal and vertical force. 

Discnssion of the magnetic aud meteorological observations made nt tl1e 
Girard College ObserYatory, Philadelphia., in 1840, llUl, 1842, 1843, 1844, 
and 1845.-A. D. Hache.-fSketch 30. l 

Part VIII. Invt'stip;ation of the solar-diurnal varia~ion and of tbe annual 
irregularity of the. vertical component of the magnetic force. 

P1·eparation of hourly normals for each month and vear. 
Regular solar diurnal variation. • 
Semiannual inequality of the diurnal variation. 
AnQlysis of tbe diurnal variation. 
Maxima and miuima; ranges; epochs of average force. 
Annual inequality of tb.i vertical force. 

Discussion of the magnetic and met.eorolog-ical observations made at the 
Girard College Observatory, Philadelphia, in 1840, 1841, 18'2, 18'3, 1814, 
and 1845.-A. D. Bache. 

Part IX. InveRtiga.tiou of the influence of the moon on the magnetic 
vertical fo~ce. 

Nnmbor of observations for lunar discussion; distribution according to 
eastern and western bour-an11:les; differences from monthly normals. 
arranged f()r moon's ho11r.a11glel". 

Lunar diurnal variation bi smumer anrl wint1'lr. 
Analvsis of the lunar •linrnal variation of the vertical force. 
Lunar effoct upon inclination and total force. 

Reenlte for the magnetic declination, dip, arn1 intensity, from observations, 
by C. A. Schott. and G. W. Dean, in :Jl.faine, Connecticut, and the Dis
trict of Columbia. 

I.nduction-tlme in relay magnets.-Report on preliminary experiments m1ule 
by Assistant G. W. DNm to determine thf'ir relative power. 

[See under ••Longitude" rt'lference to Ann. Report for 1864, App. No. 20.] 

Diacnssion of the maiznetic and meteorolop:ical observations made at tbf' 
Girard College Observatory, Philadeiphia, in 1840, 1841, 1842, 1843, 1844 
and 1845.-A. D. Bache. 

Pa.rt X. Avalysis of the distnrbanees of the dip and total force. 
Formation of table of disturbances •f tlie two component partB and 

their combination for dip aml total force. 
Aualysi11 of disturbances of the inclination. 
The annual inequalities in amount a.ud nnm ber; eleven (or ten) year 

inequality. 
Diurnal inequalities, in amount and numbt1r. 
Classification of disturbances in dip, a.ceording to their magnitude. 
Analysis of disturbances of total force. 
Their annual ineqnalities, in amount and number; eleven (or ten) year 

inequaiity. 
Diurnal inequalities, in amount and number. 
Classification of disturbaneea in tot.al force. 



 

426 U 8. f'OART AND GEODETIC SPHYEY . 

..,1 .'!ttl~jrf'f· inrlct lo !ht• p1·11ft'ssio1111! 1HtjltcJ',, r·o11laiucd i11the0111111111 n•ports, efc.-Coutiuuell. 

-i 

18tj.j. 17 

18 

l F(il 18 
' 

1~!)4 ! l!l 

JRfit 20 

lhfi.'i 18 

rnr.·, 19 

18G9 !l 

1870 H 

1870 15 

lB72 14 

TERimSTRI.AL MAGNETlSM-Continued. 

Subjt>ct and author. 

HJl~l9!J IHsen,·slon of t1•e mHJ!rwtfr flTHl rnetPorologfral oh><to'rvations rn:itle at tbe 
f;ir:tnl Collogn ()11s(•r»atorv. Philadelphia, in 18'10, 1841, 1842, Hi4:>, IKH, 
::md 1845.-A. H. Bacho.-j:o-i1rnfrh 38.] 

Part XI. Roh11· •linrnal yarialion ::rntl annual ineqnalit:y of the incli11ation 
ancl tot:1l fo1·c<'. 

]!)3 Combination or the diurnal norn11ol>i! of tllc twu componeuti; foi· dip nud 
to1 :i I fo1·n« 

rn:i Rol;,r dmrnal niriat.ion of t.111~ incE11atio11. 
lH-1- It.-J HPJHiannnal inequu1ity. 
l!H A Balysi" of tlie !'<Olar cliurnal va1·iation of the •lip. 
1n:) l\laxinu1 and 1niuiinn; ranµ-.r~:-:t. and PJHn·hs of ave1·.ag;e value. 
J!1G :"0!:11· 1iillrnal ,·ariati<in of the total force. 
191; ItH Hendannnal ineqnalit;.·. 
1!17 Analn;is of tlrn 1mlar diurn:>l variation of tb!' total force. 
1!18 .A noual inh1uality of the dip and total force. 

rn9-2UG ll~1'c11.•rni••n of tl1e mai:rnetic and meteorolol!ical oh•en·atio11s made at th!' 

Hl!l 
20.1) 
20:: 

~OJ-~Ol 

20::1, 20l .. 

207-210 

211-220 

166~17-l 

G iran1 College 0b'1crvatory, Philatlelpl1ia. in 18!0, HAl, 1842, 1843, 1&44. 
and 18!'1.-A. n. H>\Chtt. 

l'int X n. Di:«·n.i!'lion ot' tlH1 rna!.!:li<'t.k inc1inatio11 and table of al.1~011,te 
V:'l11W8 of the declination, .inclination, and iut,,-•rn;ity oetWe(>U lk11 
and 1845. 

Di,,.ctrnsiou 1>f tlie rnnguetic incliua!ion: intro<lnctory notice. 
A hstniet of ;.l.>•eryalio11s or dip: rnont.hly means. 
Col!1wfin11 of !lip olisnTationfl at .P!Jila1l!']phia. 
.A naJ;.·tical cxpn'flSio11 of "'~cular durni,:e of dip uorrna1; ub.-.<olutA valnes 

of tlw niai.,'Tieti•~ deelination, dip, horizoutal, vertical, and total force 
for five ppndrn, and th(1 IUl:'f•ll 1.opucb, January, 1843. 

Girarll (;ollflgc, ohs•.'n·ations -In<lex tu di11e11sllion by A. ,D. Bacbe. 

}{Nmlh• of mag11('tic ohflen·a1.iomi nuule in the United l'tates h:v Prof. 
J. N. 1\il:ollet bdw••eu 18:!2 ancl 1836. · 

Ednction time of relny magnets, deduced from exp<>rirnents.-G. \V. Dean. 

H1·irn1t>1 of rnagnetic observations maole at Ea:;tpoi-t, Me., between 1860 
nml 1864. 

JJcdiuatim1 1 diurnal range of; annual inequality {diagram); epodrn of 
groatest diurnal ddkcti•·ll; nrnau rnontl1ls values of tlediuation 
bet-ween An.gust-, 1860, llnd July, 1864; aIJHual etfoct- of the P.('cnlar 
cbnuge; nnuual i11r>qnnlity of the declination; >rnme at Torouto; 
cornparativ" curvc.-[Skctch 29 (tlieotlolite nrngnetometerl.J 

l74-17fi noport on tl1e distribution of the magnt-tic declinat1on on the coast and 
part11 of the interior or the Utiited StateA.-C. A. Schott. 

l>;ogonie chart for 1S7u.-fSketcb6s 27 and 28.] 

199-207 J{e1wrt on the result11 from the oliscrvation;,s made at tllE> magnetic observa
tory on Cavitol Hill, '\Vashington, D. U., hrtween 1867 aud 1869.-U. A. 
Scbott. 

107-110 

111-114 

235-'.'M 

I 
I 

• \ 
\ 

! 

11!agnetic im1tnrn1ent.e: sclieme of obsEirving:; instrumeutal eonstant11; 
n•snlt11; •leclination on Capitol Hill; turning epochs; dif; hm·izon· 
tal force; tabular synopsis of'magnetic elements ou11erYe( in tbt; Vis· 
t.1·ict of Col um hia.. 

New investigation of the secular cbanc:es in the declinatiou, 1lip, and in
timsity of tlie magnetic fot·co :rt '\Vasliington, U. C.-· U. A. Schott. 

Hesnlts of ol•"l:'>r,·ation11 for daily variation of the magnetic declination, mrulo 
at Fm·t 8te1lncoom, '\V11.i,il1ington Territory, in Ul66, anll at Camp Date 
Crrjek, A1izona, ln 18G7, by David \'Valker, acting assistant 1mrgeon, 
U.S. A., and discussed an<l reported by Assistant C. A. Schott.. 

Magnetic observations by means of portable instrnmentH.-C. A. Schott. 
(1) Determination of the magnetic declination; a.tljustment of the decli-

1rnmcter; cxamrle of scale reading; magnetic declination ; example; 
(2) ahsolutn an< relative measurf'll of the magnetic .force ; tile mag· 
netometer; observations of dt1flect.ione; bol'Jzontal iutensitv; deflec
tions; fm"Tn 1 ; magnetouw.ter with nt.tached theodolite; il.eflectiu,!!;'. 
ma11;11et in the magn(>Uc l>Time vertical ; form 2 ; theodQlite m&g»e· 
torueter; l\eftecting and deflected magnets at ri11:bt Bllgles to ellcll 
other; observations of oscillations_; example; calculation; example 
of obscr'>ation of tleflections; (3) determination of the magnetic dec
lination; ro'<"ersal of poles of dipping neodles; magnetic dip; 8J1eci
mcn of record for fintling magnetic iueridian; magnetic dip; compa· 
tatiou; CA.lDclmlln~ rn1m1rks • 

.A.ppeudix.-OrdiDary adju .. 11tment8 of the theodolite. 
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TE1UU£ST1UAL l\1AGNETJ,-.;M-C;m1i11ut·1l. 

Subject arnl author. 

8 72--108 Secular change of m:•g:netic <lecliuatton iu 1.111· TTni1e<l Sta(L'" :n"l ollwr p:ll'!h 
of North Ami>Til'a: new <li!'!<"lll'-8ion.-C. A. Sd1c.t.t. 

Colluctiitl! of 1na~Ju~tic th:e~inatio1H~. lLilit.1:...: 1 Xo\~a :--;f'Pfia: (~ui:·1~ee, ('an
a<.Jn: York J:<'a('tor~-. Hnilso1i Ba..-: Pur-tlanil, :'Ile : Bal'l111£:IOIJ. 1:u1. 
lan<I, Yr.: Port.smontlt, N. H.: 1'\ewburq1o!'t, Salt·111, Hot-llOit, (\nn
l1ri<lgc, Nantucket, Mass.; Pr· .. vi<lFrn«·, J{. 1.: 1Iai-tfo1 <l, :K1•w lbn-.. 11. 
Co1111.: Allmuy,Oxfnrl1, Buffalo, N. Y : Erh·. l'a.: Ck;-el;111d, Uhi .. , 
Detroit, Mkh.: NPW York anti vi.-inifl·, N. Y. -_ H:nhoroui:;li, l'l1ila
delp!J~a. Pa.; \Vashington, JJ. C.: Cape ll1·r11·,-. Va_: t:ha1·Jpston, S. C.; 
!'ava1111:1l1, Ga.; Key '-''est, Fla.: Hav:u1a, ('uha: Kin:c,t<•H .• Ta;nai<·:1: 
N~\\~ t.Jd~·anA, I"'a.; \-rc-ra (!ruz, City (1f M1•xico, _:\,·:qndC'o, t-'an l~las, 
:hlPxico: J>auanHt, N(.lW (;ranada ~ Bn11 IH\'go. -:\tonte1·t·\·, Pn111t PiHo~~ 
San 1''1:rnd>1<·11, Cal.: Cape Disappointment. \V. T.: ,.,;i1kn. Captain" 
Hiu-bor, l'ualasli ka Island, Al:u1ka; Ea,.,qiort, ::'II t:'. : 11.rno,.,-r, Che"t ,,, .. 
fiehl, N. H.: 'l'onmtn, Cana11a; nilltin1on., 1lf;L; \\'illiarnsh1n·_c:. \'a.: 
Nf'w BC>l'IHl, N. C.: J\!ohile, Florf'!ICt\ Ala.: ~t. Loui,.., :\1".; C:qw :'.1e11-
docino, Cal.; Ne>otlrn, Vaucouver Island: I'etropa11J.nski, Kamt
rhatka: tablu of ''mpi1·ical expres,,ious for rnag1i.·tk decl111atiou: 
co11q1ar i8on of magnet le tlPclina ti on obs1•1'v•·il and •·on1 pn t ,.,; . 1 it hit.., 
llUlHhCI' Of OlJ8e!'YatioH8 at each vla"'-': talile Of dt•q•Jlllial \·alll<'-K (>f 
tl1e magnetic dec1ination. 

9 109-l:lO Magnetic obs('rvations, K<>y \Vest, Fla.-C. A. Schott. 

Hl ' 251-2i8 ! 

21 400 

7 96-97 

50 

9 124-174 

{ 

Moul illy r~,.,ultwftff mag11etic rlt>dination, lf:GO-J,:ti;J: annn.1l •·lt',.,·t oft.he 
FJflcular chrmge of declination: ni1n11al Ylll'ialion of tbc ll"elinatim1; 
observed annual val'iation of the declination at >itation,.; n.·:ir t IH· Al· 
lantic "Palloard; monthly vnltn·" for magnetic dip at K<>y \V,·.-t: 
annual l'ff'ect of the secular cliang<' i11 th•• dip: monthly ,-,1111<1~ for 
horizontal intensit.v at, Ke-y '.V1•st; an1111L11· t·tlect. of tlw l"fl«ular 
cl\'1.llge iu the hvrizontal intensity; a11n11ttl ,-;niatim1 in 1 he ho1·\zn11-
tai int('nsit.y; ge1Hcral tabla of rPsult->< from ahRnlnt-l' measnr<'s of the' 
mag1wtic 1leclinatio11, dip. aud intt•n>1ity: dit1«n•11t.i,1l nH·a~nr .. s nf 
cl1All~eR in mag-net ic dt-"Cliuatiou front· th,_. l{roi~ke :n1aguv-t n!.:rr-11111~ 
at Kt'.)' 'Vest., J860--18tJ6; montblv mf'ans 111' h<)1lrly r•'a<lin~s l'i "'u the 
photog1·n.phic t.raees of the fh:e.) tlec!inat.ion :ir K•'Y \Y,·><t: n·c:ipitn
Jation of monthly means of declinometer reR,ding.;i: 1><•rm:u1e1H',\' in tJi,, 
line of <ler.orsion in tbfl suspe11l'.liu11 1:1kl.'in: diSt'.\ll">'in11 of th .. · di"'t 11l'h
ances of tbe mag;netic d;•clinatiou; montl1l~- tHH'mab of honrl,Y read
i1tgs ,_f 1110 tleclinometer at. Ke:y "\Vest, moan monthly norma1s of 
honrl., Tt>adin;.:sfrom observations t•xte1111iug OYlll' i;ix yPar~: n11n1lwi: 
of disturlmuces ilurin;: six SlltlC'-e8Sin; ''em·s: c\istrib11ti"n of 111,;t 11rh
ances in the searlv JHH'iod; in t1w '1ai1_,. 1wrio•l: a\'<·l'a)!t' magJ1it111ln 
of 11i .. tnrha1H'M during snceP8sive yeru·s; in the yearl.Y period : in 
the daily pL•riod; solar diurnal variat.iou in the magnetic ''"'·lim\
tion at Key \V'est for the epocli ll"G::l.:J: th<' )Ol:l!lle !Jet"'"''" l8fi J ancl 
1866; the same at Philud<>lphia for tlw epneh 181:! .. ~: diagram : ehur
aeteristic features of the daily va1·iation: (,].-.·en-:niar iueqnali1y i11 the 
solar tlinn1al variation; mean annual norma\s of hourly rcmliur.:.:1 uf 
t.lie declinometer foT six yearl'I, 1860-1866, at Key \Vest ; mean au11nal 
normal deflections at eacb hour. 

Terrestria~ ma;:metism.-C. A. SdtoH. 
Instructions for ma~nt'1tical observations.-{Reprintt'ld from _1. ppernli x X o. 

14, Rfl-port of l 87:!.) 
(l) Determination of the maii;netie declina.tion: ~kN d1: a"ljnf'.tment of tho; 

declinoniet<ll'; example of s<.rn.le-reo.ding: uwg1wt ic dt>climnion: onli
nary adjnf!tments of t-110 t.heodulit,e; diagr:im: exampl<' of n•conl ainl 
reduction; solar diurnal variation of l1Pdi1uition at Toronto, Ua11:t<la, 
Philaddphia, e.nd Key \Vest; (2) •letermination of the ma;_!IW!ie in
clinatiou; revl:'rsal of the pol Ni of dipping ntwd!rnJ; ningTam No. ~u. 
of di~ circle; 29 B, dip circl<'; ma~ecic dip: sp1.·d111en of rl'cortl for 
fiuilin,e: magnetic mer;.ihnl; (:{) absolnt.o a.n<l t"elnl i\·e me:LSllN'l< of 1 li\' 
n1agnetic force; t.be ma!!uet.11meter; oh,,,•rvalions of th•tlection,;; 
forms 1, 2: observations of oseillations; fo1ms; exarnpl11 t.o oh•wn-a
tions of deflections for value of q of mag1wt H. 

Chart of magnetic dccli11ation iu the United States, 1875.-,J. E. Hil.t')U·d. 

Magnetic observatory at Madison, Wis.-C A. f'chot.t. 

Secular change of the magnetic declination in the Unit<'ll Statl·s anti at 
some foreign stations.-('l'birtl etlitlou: t Wl) ill nst.rations. Se1Hu1,tely 
printed.) 

Secnlat' change of magnetic declination in the Unite-d States an<l nt. some 
foreign stations--(l<'onrt.b i>,ditio11, .June, 18Hl.}---C. A. Sclwtt.-f-'1. 
third-e<lit.ion "-'llB pubH:-1lrn<l HeJl&rately ,rurn., l87!J) . 

Magnetic declinution, dethiiti&n; solar dinrnal variation; annual var1a. 
tion ; lun11.r inequalities; magnetic dh1turbanc68 ; histodca.l note; 
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412-417 

126-158 

159--224 

the needle used among the Ch1nese and Norwegians; the ilecliuatiun: 
iso,gonic chart-s; secular variation of the declination ; anah-tical 
expres,.fou of the secular oluu1ge of the declination; cullectiOn of 
magnetic declination for the di1'CUssion of the s<'cular changf' ; p,,riH, 
France: Halifax, Nova Scotia; Quebec, Montreal, Callada: York f:<'ac
tory, Hudson Bay; Portlaud, Me.; Bnrliug:tnll, Rutland, Vt.: Porti.1-
mouth, N. H.; Newburyport. Salem, Boston, Cnmhridgc, Nantticket, 
.Mass., I-'rovirlenc<', R. I.; Hartford, New Haveu, Conn.; All.mnv. Ox 
fonl, Buffalo, N. Y. ; 'l'oronto, Canada; Erie, Pa.; Cloveland, Ohio ; 
Detroit, Mich.; St.Louis, Mo.; New York and vicinity, N. Y.: Pbila
de;phia. Harrisburg, }'a.; Baltimore, Md.; ~Ta,.hington, D. C.: Capo 
Henry, Va.; 1'avannah, Ga.; Ke'>' \Vt"st, Fla.; Hava1111. Cuha; Ki11gs
ton, Jamaica; Panama, Nt'w Grimada; Rio Janeiro, Brazil; Mobile,· 
Ala.; New Odea11s, La.; Vt>ra Croz, City of Mexico, Aca1111lcn, San 
Blas, M..,xico; Magdalena Tiay, Lower C><lifo1·uia; Sau TJit.1go. Monte
rey, Point. Pinos, San :Francisco, Cal.: Cape Disap1mi11!nu~nt, W. T.; 
Kailua, Hilo, and Kealakekua Bays, Owhyhetl, Sandwicl1 I~lamls; 
Honolulu, Oahu, Sandwich Islands; Sitka, Alai<k1i: Captairni Harhor, 
U ua!;rnh ka; PetropauloY..iki, Karo tchatka; St. ,J olrns, N ewfonndland : 
Eastport, Me.; Hano'\"er, ChestPrfield, N. H.; Sault Ste. Marie, Hrand 
Hayen, Mich.; "\Villiamsburg, Ya.; New Berne, N. C.; Florence, Ala.; 
Bermmla 1HlarH1s; San Ant.onio, 'l'<>x.; Omaha, Nehr.; Council Bluffs, 
Iowa; Salt Lake Cit,r, Utah; Cape Mcmlocino, Cal.; Pol't Townsend, 
\\', T.; Nee-ah Bay, '\V .. 'I'.; Nootka, Yancouver Islaud.-Tahk' I, 
fotruula for ma1-tnetic declinntiou at .-arious places; Table If, com par
isou of observed an•l computed magnetfo 1leclinatio11s ; Sketch No. 
3fi: T~•ble Ill, number of observations; apparent probable error of 
observation; Sketch No. 37: Sketch No. 39; Table IV, <lecenuial 
values qf the magnetic declination computed from precediug Pqna
tions. 

Yariation of the compass oft'tbe Babaroa Islamls a,t the time.i:if the landfall 
ofColumbUR in 1492.-C. A. Schott. 

Uem!l.rks on tbe early use of the compass; at the time of Columl>m~; reck
oning time; notes on the Yoyages of Columbus; lirie of no variatloll: 
corrections t-o the agonic line; t1·ack of Columhn< across the Atlantic 
in 1492 iu tabular form; conclusious.-[Sketch No. 84.] 

Dircctione for m11tirnetic observations with portable instrnments.-(Thinl 
and enlarged edition, with 4 plates.)-By Charles A. &hott, Assist.ant. 

Introductory remarks; selection of stations; I, determinatiou of U1e mal?
netic declination; definition; finding the true meridian: adjnstment 
of the Lheodolite and alt-azinmt 11 instrument; fonnulre t'or det.ermin· 
ing azimuth and time; examples of record, and reduct.ions frum sun 
observations and from observations on Polaris; adjustment of the 
declinometer and ma~netometer; observations tor magnetic axis and 
Reale vaJnoo, with examples; table of solar diurnal variation of the 
declination at Toronto, Uanada, at Philadelphia., l'a._, aud at Key West, 
~'la.; t-ableR of f,he times and azimuths of Polaris at elongation, for 
the use of surveyors in determining the true meridian ; observations 
for magnetic declination; rr. determination of the magnetic iucJina
tion; description of in!ltrnment; i•djustment of dip circle; reversal 
of poles of dipping needles; observations for inclination or dip, with 
example; obserYations of dip by means of a loaded needlo (the Mayer 
method), with examv.le of 1"6cord and reduction ; determinatfon of the 
relative total intensity by rueans-of the dip circle in connection with 
detlecting weightR, as devised by Rev. H. Lloyd, with formulre and ex
ample; determination of relative total inMnsity by means of the.dip 
circle, comhiningdcrlections by gravity and magnetism, by Dr. Lloyd's 
method, with formu!re and example: III, absolute and relative meas
nreA of the magnetic force; unih of meaettre of the magnetic force; 
description and use of the magnetometer; observati.-.ns of deflect.ions, 
with examples of record and reduct.ton; determination of ma1t,netic 
cor.staut8; observa.t.ions of oscillations, witb example of record and 
reduction; corrections for inc.quality oftemperatu:re; example of ob
eervations of deffection for valne of q (temperature coefficient) ; iotro
dnction of a-ln1olnte for refative val•les of the horizontAl force, as <lo
terrnined b.v osciUations alone; concluding remarks; form 11la for total 
force; constants for the conversion of inten11ity int-0 diiferent units; 
list of stai:.dard works on magnetism: illost1·ations of tbe difi'ereut 
forms of magnetometers, and of the Kew dip circle.- [Illustrations 
3'--37.] 

Terrestrial mairnetism.-CollPetion of results for doolination,1.. dip, and in· 
tensity, from observations ma.de by the U.S. Coaat and uendetio Sor
ve.r between 18:13 au!I 1882, Jul.r.-By CharJe.s A. Schott, A1uriatant. 

Intro!lnctory remarks; ex pie.nation of the table11 of magnetic reeldts; 
tablm• of TTiagnet-ic resu 1 tH a.l"ran ged b:v States and Terri.torielil in alpha., 
blitical ot~tler, with a tablt-J headed "J<,oreign cou11tries," ending with 
a description uf ata.twus arranged in 11ame ordOl'. · 



 

REPORT FOR 1891-PAHT 11. 429 

A R11flject-i11d~x to the profl3S8ional paper.<; contained fn the ru1111uil re11orf8 1 f·fr.-Continued. 
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TERRESTIUAL MAGNETISM-Continued. 

Pagef!. Sul•ject and autl1or. 

--------,------------------·---------------------
211-276 On t.be s<:icular variation of the ma;.;uetic dvcliuation in the United StRtea 

an<l nt some foreign station~.--{Fifth edition, Noveruber, 1882 )-Hy 
Charles A. 8chott, .Assistant. 

lutrutluctory remarkl'I; sola.r-tliu1·nal variation ; 11nnual vai·iation: lunar 
i1wqua1ith:s: secular Yaria1iuu: ma~udie t~i,;turbances; historical 
not.c; the- declination;- ilwgoui.c chart;i: the secular variation of the 
tlecli11ation ; a1rnl,\·tieal (•xprcdsion of tlw "ccular Yariation of thl' mag
netic dm·liuatwn: coll vet.ion ofma:.nrntic declinations, ollserved at va
rious places in tlte Uuitetl :::it.ates autl at son¥' fon·ign stations, from 
the earliPRt t.o th<' presPnt time, aJHl fonnd •mitahle. for tlw iuveatiga. 
tiou ol the l!ecular variation ; Ta blP. I, form ulor l' xpresMing t-l1l' lll:l.l!;
n('t ic tkdiuation at various placeR autl for any time within the limits 
of ohR{'I">ation, deduced from the prf'ceding collPctiou of results; 
Table I (bl, exprPssion8 fur the magnetic dl'Clination at subordinate 
statiuns; Table IL •·ompnrisun of observer\ and computed magueLIC 
de<'linationH; 'l'al1J,. 1 ~ l annual change of the drdiuation and other 
data; 8ketches 3:1, :i,,, ;..:rnphically representin;! th" Heeula.1· vatiation 
at Baltimore, 111d., San .F'ra11cif!eo, Cal., nud at Pinis, Fl'lHICe; Sketch 
34, showiug tlw position or the 11.gonic line for 1790 and 1885, and an
nual ch:>nge of the magnPti<· 1leelinat1011 for the epoch 18S5; chart, of 
the secular change in the position of the ag;onic line of the North At
lmitic between 1500 and 1900; Tab\., 1 Y, decennial values of the mag
netic tkclinution.-flllustrations 33-36.J 

1882 13 277-:128 Distribution of the ma~1rntic declinatiou iii the United States at the epoch, 
January, 1883, with three isogonk l:liartl'I u111l one plate.-By Charles 
A. Schott, As><iHtant. 

1882 14 329-4'.!G 

1883 

I'refatory rema1·ks: rnetbod of formin~ tablt>s of obRer,·ml magnetic dt•c
Hnat.ions and c.orr<•s1•om1ing vahws referred to epoch, Jan llary, 1885; 
a. chart showing tliHturlietl isogo1tics; table of results for Alaska, 
formed witjl. a Yiew ofexpre11,.,ing th<; dt•cllnation to 18!<;, in a. function 
of the latitude</> an<l the longitmfr A: discn,.sion h\- Lloy1l's formula: 
ta,ble of maJ?;Df'l ie dPrlin:tT ions, for t.h<> mo;it. pa1·t oh><en•pd in the pres
ent century, reducer! to the •·pod1, J"11nuary 1, 1885. whi1·-h fonns the 
basis for the 0-011;,tn1cl.ion of tbre.i isogonic chartfl of tlie Unit.P.d 
States, Noa. 38, :19, <1rnl 40. 

Hi>con1A anrl re~ults of magnetic observations rna\\., at tile chargti of the 
"Bache fund" of the Nat·ouat Acailmnv of ~cit·nces. from 1871 to 
1876.--Executed uuder the direct inn of

0

J. K Hil~ai1l, M. N . .A.. 8.; 
uata collated and abst1·acts prepared lty II. \\'.Blair, AsRbtant. 

l'nfotory rnma1k1<; magnetic survey, 1871-'72; d(·scriptiou~ of stations: 
dt>cliuation-s for 1871-'72; table of <ledinations, with an explanation of 
ta Lie; horizontal intensity for 1871-'72; metbotl of obi;crviup:: tables 
of 1·esnlts for horizontal intensity, anaugetl h_v 11ta?;ions; table of gen· 
cral results for 1871-'72: d,•.cliuation, (lip, horizontal intc11sitv: de-
1Kription11 of statil)n>< for 1873; tahleof results for declination fo1· 187:l; 
obRervatious 1·or local time; ol1servations tor dip; observations for 
hori7.outal inteno:1it:v; ~en<>ral rNmlt.s for 1873; descriptions of Rt.ations 
for 1874; obserniti.ous for decliuatiou for 1874: obscrvationi; for local 
tim1•; obsen·ations for dip: observations for iniensity: ~e1w1·al re
sults for l8U: descriptions of :stations for 1875; observatfom; for dec
lination; ob!'lervatious for local time; observations for dedination, 
continued; obset">ations for local tiine, continued; 1876, obs, rvatirrns 
for declination; obsmva.tions for dip; obs<'!rvations for horizontal in
hmfr!ily; general results fo~ 1876; P.nmmary of resnlts, 1871to1876. 

Account 11.1111 results of magnetic ol1ser~·atio11s made n11<1er the direction of 
the U. S. Coast and Geooet.ic S11n·1-;r, iu co-openi.tion with the U.S. 
8iitual Ofli<l<", at the U. S. l'olar Sta.Hon, Ooglaami!', Point Barrow, 
AJaska.-Lieut. P. Heury Ray, A .• S. 0., commanding post; reduetion 
aml discussion by Charles A. Sdwtt, Assistant.. 

'l'aule of contents; Part I, int.rodU<:tion; instructions and 11ot.es for the 
l!nidanct~ of the ob11er"\"erR to bf' st.atione<l at Point Ball'OW, Alaska., 
arnl at. LaJ.y ·Franklin Bay, north of Smith Snuml, Ardic O<:eau, with 
a plan for tnal!:Detio house for Point Barrow ; mP1110rnndum fu,rnished 
Pumt Barrow Hilief party, with plan for new obsernttm·y ; notes on 
th<' mounting; the atljustment and the detern1iuatit•n of !ustrnmental 
constnnts of the Brooke differential magnetomcten1; (1) tbe declina. 
tion or·unifllar majznetometer, (2) the horizontal force or bifila.r mag
uctomP.ter, (3) the vertical force or balau<'e magnetometer; .1teograph
ical polf.ition of Ooglaamie St>1.tion, Alaska; sketch of U.S. Polar Sta.
tion, Ooglaamie. Alao;ka; Part II, absolute mtlasures; monthly values 
of the ma.gnetir declination, dip, at:td intensity at. Ooglaamie, Decem
ber, l!S8l, to .Augu~t, 1883; Part l[I, difforent.ial mea~l.ll'es; hourly va
riations of the ilt-clinat-ion, horiz.ontal, aml vertical intensities. with 
bimonthly 1.enu-day 1 eadiUj.r!', a.t Ooglaam]e, December, 1881, to Au
guat, 1883 ; adjusu:nents of the Brooke a.itferential maicnetometers; 
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TEIU~ESTHIA L ~IAGN ETIS:\I-Cont.inneu. 

Subject ancl auLhnr. 

recapitulation of monthly rncat1 va]11BF1 (incl11sive of tlislurbauces) of 
hond,v readin~s of Brooke dt,clinonrnterat Ooglaamit'>, Alaska, 1882-'83; 
solar-diurnal 'ariat.ion or 1 he dcclinatiou, inclmiive of disturbances, 
with n gr·apltical r<'pre~ent.ation; separation of the larger magnetic 
Yariation8 or so-ea llml 11isturlwnceo> and their di· cnssiou ; tile bililar 
magnetorneter.-[Illustration 34. l 

129-'.!7! Thr ;:::coi!;rnphic.-.1 cUfit.rilmtion and 1>eenlarvariation of tlw magnetic (lip an<l 
illt<'n,ity in 111e l."nited Ktates.-lly Charles .A. Rd1ott, Assistant. 

Pn·fat11ry letter, introduction; Pnrt 1, •'xplanation of the general Lal1le; 
Tahk I, observed rnaJ.!Ul"tic dips and horizontal and t.otal mawrntio 
in teu,,,iti<:>s i11 thb Unitt'd Sta.teR sn<l adjacent rt•giou.~, arranged nlph•t· 
hPt1eally; l'Jnt 11, !H"Cnlar vari:11 ion of th<' magnf>tic dip in the United 
f'tateP.; ]utrodnctor.v rt>markP>: di&cnssion of rlip hy least sqn:u·es; 
Tabltl Ir, an1111a! value" ofol»en'Pd l11aµ:11etk •lip at prominent Bta
tlo11s and <:oml>arison of ob>;erveo.l and co1uput.etl 1\ipR; two groups of 
stationR exhil1it.il1i,r for every flf b ~·ear clumge in dip, t'roni 1830 to 
1~85, to l1l' iu1r'fl in connection witli secular variaUon11 uf Uie horizon
! al componl'nt. of tl ... fm <w, an(l of 1lie total force: type curves of the 
SP!'.11lar .-ari:1tion of t.lw dip; Part III, secular variation of the hod
zout<il eompouc·nt of the magnetic forue ;rnd of t.lio tot.11.l intensity in 
tlH• Unih-d Stat•:s; Tab!" 111, annnal val11H1 of obsf'rn•d magnetic 
horizontal fore''' at prMninent Rtatio1u1; three t.\l.H' curves showing 
H1<0ular Yari•tion n'f the horizontal intPnsit.y-fin•t., fot' the northeast
<:rn part of th .. {'uitNl Stat<'!'!; second, for tli"' f'nRt<'>rn part of the 

• 1'.nit ;·d States; third, f<;H'. the wei<t01·n co11st of tbi: U 11ited 1:$tate~; sec
ular Yat·iatio11 of tlw tot.al inten,.it.Y of tne magnetic force; R"lcular 
"ariat ion of t.h1, 1linwt.io11 of a fret'l.Y·fmspenrled magnetic needle, with 
a t ~ pe !'Ul'VI', for I h<' Nc·w :En:rln111l Slat.-!<, from 1820 to 1885; com1tr11c· 
tion of iB<•mngnetic mapA of the United Stntei<, sbowinir the distnhn
tion of tho dip, :uul of the horizon1a.l comJ1<ment and total value of I he 
eanl1';; m11gwot.ic inteusity,fo1· tbe epoch, January 1, 1!'85.-\Illustra
tiomi Hl-'.!l.) 

275-:is.s. Culledion of some mngnctlc ,•ariatiotH• off tlie coast of California and Mex
ieo, obsN'V<'(! by SJ1nni,.l1 navigators in tbe last quarter of the 
eiglitee11th ce11t11r)«-Con1mm1icale(l hy George Davidson. Assistant .. 

Prefarory letter; table pf re~11Jts '>l•taiued duriug th<' vo.vage of the frigate 
8an1iai;:-o for di,.covery of north ('Oa,.,1 of California; tahle of result!! 
obi n i11•·1l by frigate SaLl iaito and schooner Sonot-a; table of 1·e!lults 
nh1a.ine<l hy :-;r. Yin:_,. a11d Antonio Uncareli, <·ommandin)l t.wo frig· 
:11.-;; in e~qie(li.tiou of 177!1: tahk of results obtained during the VO\'a~o 
of' 17~8. in Y<:lls<'ls l'1·incf',.sa ;rnd S;Ht Carlos, northern N•ast of Califor. 
11ia.; t.nl>le of. reAultR ol1ta.i11eil t111rin;.:; the voyage of the pa-0ket SM• 
Carlo!' from Ounal•H•ka 10 Ran Blas woincidently with frigat.P. Prin
CN•8a.); table of r·estrlts ohtaiue1l during Hie vo;r11gt' from San ilia'< to 
Nntlrn. 1790; 1·ce'ord or the packet Philipino, comman1fod hy Fhlalgo 
in 11 i !-! V•\V!l!Il' of d iFco>ery, it1 1790, from N'ntkn. t.o l'ritwe William, 
C•H'k"' Rfrcr. ano.l rdurn to Montiwe~·; 1·ecord of the sloop Princess 
ltoyal, vo.\ a::." from S11uta Cruz to i::\trait" of Fuca., year 1790, com
manded bs lJon Mai1uel (inim1wr. 

:!~11 407 The !le<·nlar variation of the m:1gnetic declination in the TTnited St.ates and 
at ~onw fo~'l'lgn 8tat.i~m11 (sixth. edition, gn•atly enlarged, AJ)ril, 
l887J.-By Chades A. :Sclwt.t, AMnsta.nt. 

Jnt1o<luetinn; tlrn magnetic flechnntion; the solar-.:linrnal variation; the 
Hnnual varia1ion: tlw iwcnlar variation: map:net,ic disturbances or 
8torm1>, hi!'.toricRl note; the clecllnation; isogonic charts: the !-!ecular 
Yariation of the clcclination ; anal.\·tkal cxpros11iun of the secular va
riation of thf' magnetic 1h.'clinatfou; il111strn1~on rep:res!'}lting grnpl~i
call.r tile secular vanat1on of tbc magnetic ded1nat.10n at l'at·1s, 
France, from 1.">40 to 1000; colli>ction of ohservf'd rnaµ;netic 1leclina
t.ionR 1mitnhle for the investigation of the 1<ccular ,-ariati•m, Group I, 
Rerics of mapietic slationA, HJainly on t.he .Atlai1tic noa1<t" n.nd inf.he 
re1?;i011 cai<t of tlie Appalachian range, 43 s1 ationR; T"P><nlts for Group 
I, with an analytical expres.-ion (in which the magnetic tleclinatiou is 
e);preAned a" a funetion of the ti.me) foT el\f'h station; Group I. com
parbon of""Ol:JAM'Vetl and computed .. agnf't.lc declinations; resnlts for 
f;roup I, co111pl<eted: Group 11, series of magnetic RtationA, mainly in 
the central pa1·t of tho United Statt-11, between the Appalachian and 
lfoi:ky .Mountain ra.ng(IS, :J4 statiomi; results for _grouJ'• with an ana
lytical e:xpn sRion for each Rte.tion in which the magneho declination 
i'> expr1"R>1ed af! a fnuction of the t.ime; Group II, conrpariAon of ob
servi:<l a11.1l ('.ompute1l m11.~uetk declinations; results for Group II 
completed; Grmq1 III, co\lel'tion of magnetic 1\(~c\inatiolls from the 
en.rlie><t. tn the pre,.ent timt1, observed on (JI' near tb1' Pacific cont of 
th"' l'nit~1 Stafrs an<l west of tbe Ro1·ky Motmta.ins and extend\nJt 
over the re~iou from the I111thmus of TehnanteJ)ec, Mexico, northwanl 
to Betiag St.tait and tire Arctte Ocean, c-st of A.Iuka; subdiTlalon 
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TEH:RESTIUAL ~LHi":'\ ETJ,"'.\l~C011tin11e'1. 

Sul•jeet awl author. 

into 1::r-onT1s fi:oni A to G: thit·ty-nitw rnag-netlc ~tatin1rn. ni.1\nly on 
th(• Pacific ('tH-i.,-...,;;f ~n•d h1 111f-'; rt.~~ion \V(_<~f or 1ht) 1~0-f"cky ~1011nt .. a1n~. 
r1•,.ults fm·{>ro11p Ill, wilh a11 anal~·tical oxprPssion fur Pad1 -<tAtion 
in v...-hi('.b 1l1P n1a~11Pti0 dc1·h11:tt..ion i.-..; P.-..:pr~~~se.tl .as a f1111etiou of" tintt"; 
(:;.roup II L cn111pa1'i:'-liO!l. or Oh!it>l'\'('il an,1 t_'OJHlHltt->•(l Jll;);,!lh'fil' l1L'('.li11a
r.ions: re,..11lu; for {;1011p Ill eouiplt'lPd; graphical ill11~l.ratio11 of 1 lw 
~t•(·ul1n· Y~u·1al ion, i.llustl'a.tion Ko. ;)1 f't1~»1dar l"hant;-P in. tht> JHF;...;.ition 
of the a.gnnic li1H'· of :So1·t)l At!aurie betw«rn J5t:O .. [!J00, ill\t8tr:1tion 
No.:;:;: pro~rN1s1''c clinn;;e in tlw s.;t·nh.r nn·iatlon. w1th a •li"''"""iou 
of the snh,iect; the pr11bnblt: errors of SOIHl' •)f the: early oh><"n·a
lions.-1 Illustration>< 29--3:\. I 

'..'O-<--'.'IO Tl,.., '"lll':TJPtic work of thf' (;n•<'l).· ~\r<'lic Ex1w<lition.-.\.hst.nrnt of a 1•oport. 

~5~28 

20-33 

35-40 

l1v Charim1 A. Schut.t, Al'si.~1:1111. 
~\ b1to~·1 J11sturjl'al::u·l'OlU1t. of tin• l'XJH.'ditinn;-.:;. ~Pllt out i11 (:on1Inflnd ~1f Lit•.ut. 

('rpp]y ntul LiPul. lt~lY 7 aR1Y.onornical and lua~JH·-tic \\'Ork oi ~l't', 
.g(•H..:lt- !1-1-racl ~ HHV!Ttt•til'. oh~t>TYatnr: .... al lo1.\n·t (~011:,.::t•r: 1lPt~·n1l!natlu11 uf 
latlttule, loni!;itud:o, ant.l azin1u1h: th1:~ n111n1HH' 11f nu1g1h•ti1· oh:o-:.t'l'\-a
tions auc.l 1-ichen10 for o\H~Pr,-in~ tl1P dt~eliunlion; solar.diurlial Yaritt
tio11; aunual variation; hour]\· ohs•_·r•atiorrn: tcr1n.da\· and term· 
hont" nhHer't'"a.t inn,..;;; nhsP-rvntinn~ of <L.,.,t·illat 1on~: observa(iou~ for thp; 
<lat"" ol aurora diRpht.Ys: tables of 111:1~ndk rP"n[t,., d1•1·h·,•d from tlw 
"\Vork of ol.1n'r .Arl·tie 1•xpi~•rfl.1;.~: ~nnual 1·hal1,;.::t- in rt,,,clin.;1tion in thi:;. 
re!!!iOn ~ i1Hporta1l(·~ of a rt'lll·tC"rtniuat.ion of thv .....-\ 1nericau pol(• of dip-. 

Bulletin No.5.-Th1· Yalue oftlw "Arca.uo <ld ::\I:n-.... with l't'f"n'll'''' to 111ir 
ln1owle1l!_!;e of the rna~ll<'lil' <l«r·linrttion in tiH' eal'l.iPr part of the"""
i:11tt.•entl1 ei;11!ury.-(Two illust.rat.ion>'.)-By C. A. ;-\ehott, ARsislauL 

BnllL'Un No. G,-Se;cnlnr n1rillt.i11n in t In' Jh•'<ition of tlw ag-oni1· lin1· of 1111' 
Nort.h .-Ulantic awl of .Anwrica l1<'1W"l.'ll th1• <>pocht< 1500 ,nHI lHUO 
A. H.-(Tlir<'l' illustrations.)-~H.' Chark'< A. fkl!olt. A~~ist.anL 

Hu1lctin "No. 7.-11181 oricnl r<>viPw uf tlw work of thf' C oa"t a111l G 1·ni1dk 
Xur\~P\w in eonnr>ction '\'\"it.h t1·1T.-u.tria1 n1a:.!'?H'fi~Ht.--J~y Cliarli_•~ A~ 
Sdwtt, A.1:1sistaut. (F.,nr illm,tratiolls.) · · 

Hi7~ 176 (Sam•· title REi B11llntin Xn. 5-188F.) Tl1f' valnc of t!Je Arcaiw tlPI :Man', 
etc. (Two illustrations.) 

l'i7 .312 Tlw H(Wt1lar Yflriation of the mairrwtie IWf'<1lo in i ht' lTnitl'1l Stat"" a.rnl a1 
:..::.nn1e fon~)-tru :-;t~tin1u-•.~·"Hr l ;11arlPR _-\. Hehntt. ~\.s.si,"'-ta11L 

(S1c>'entl1 «<liti·o;;, ,Jun<' .. 188~1.) ·Tntrn<lnct\on: th<' rn:1~1wti1·<1•·P]iuatinn: rill• 
,....,oln.1·-dinrnal v-a.r1aLion; tln.,annua1 v .. n·iatiull lbt• Yarlatiou di'pe1ul111g: 
on t.iH' ~olarrotntion; tlielu11a.rln;_·1pL11~t-lf~~: t)lH'-Mi..·.cularvariatlnu: plate 
!5110\\~jn_g Ht:cular varia.f ion of t hn nHt ~Hf~t.ir· dt->chn at inn at P·a riB, I~-...rayu·1•; 
rna!Znf'.ti-.· 1lhdurha11c1~s or Rtnr111s: l1i.o;;.tnric11 uot.f ... : tbP dc1'linatiP1l: i:--:·~
~•HJi" 1·.harts: ihPHWular'\·ariat ion ol'the decli11,ui.,11: ;uwlyl ical l''-Jln'"· 
fli1111 of tlw ""eular vn.riittion oi' ilw 1w1;,rnPtio-<!,-cJiimtinr•; 1·ol!el'tio11 of 
ohl'PrYed U.H•gnetil' llPcliuat.iou-. !'luitabh' fn1· ilw inn»•tiJ,:;atiou nf tlw 
""crdaT variation: Group I.-~0ries ••f 1nai:,:nPt1e Rtation.« mainl\' n11 
thf' Atlautic coal'1· awl in tlH, re11ion cao,;t of thP A11p:th11·hia11 rau;.: ... 
liRt nf station" n111l explnn:itiou of tahkfl: ti1·r;np l .C.>ll<'<'1i1111 uf 
oh,...er\·cll nutguet·k dedmatio11~, eai,itur11 "''t:'iP~; '"-"'"h" f(lr 1;101q1 1; 
Group I..--Compnri«o11 of olmcrvrnl nrnl l'omput"d mag-neli<' dt't'l111a 
1 inri8; result.;;;; for (:i.roup 1 continned; (~ roup 11 ---St.·rit. _..., of 111ag1u.~t i~~ 
l'la1 iouo< Jllainly in tlrn et•ut.r:tl part of th•' l'nitetl ,,;tat<>>< hd "'"'"1 t],., 
Ap11al·1cldau an1i ltfwll:s ~lnuutain y·an;.!t1 ~: rf·.~u1l1~ for lironp II; 
Group 11.-Compa.ri~ou of olis1·1·n,1l anrl r·umpat1•d ma,c:netil' tlPdina
tioll~: result;; for (;roup lI t'ontin11Pd: Ciroup lll.-Cnlltwt1•11t uf 
1nap:nt•tic dt•clinntion~ frnu1 tho ea11ie~t to th(~ pri·~~·IJl tJuu\ oh~Pl'\~e\l 
on nr near t.he Padiic coast of t11e Unit•"! Sl:tt<''' llnil west of lhe 
J(o,,ky 1\ionntai.nf'. arnl exl••nding <>\'(ll' tl11' n·.~ i"" fro1n 1 he I c;thmus 
nf Teltualltcp••c, \It•sko, IH>rt.hwr,nl IO nr-rmg . ..:ti;1it :rnd tlw ,\retie 
()cr•an 1 coa~1. of .A 1nj.;kfl.: n1np H-lHJ\Vln~ ~~ol!onii&.·. J i~H·~ for tht"' _yPa.r 17R:l, 
·con~tructt.,,.ct front ob~ervat_iouH. nuul-P l1.\· ~l!aHL~h nHvigatur:;.-i. lu.1;twt~.P.n 
177l arnl 17!!0, 8an Hl:rn, 711Px.ko, t1) Yn1wn11\·p1 l~lan1I: 1'<">11t1t1< for 
Gronp III: Group 1Il.-Con1p11riR011 of ob>;ervud am! UJ!Bllllted mag
Ut>lk <lP<'linn.t.ion><: gTaphicnl illn»ti·atiun of t.lw sPculat· ·n1riat.ion 
and of tlrn annnal change iplntf' arnl fPxl): >'<>•·11lar variation in llm 
po~ition of tlH' a:,::011ic lirH· uf tl11• :Nnr!fi Atlan1.ic and of L\rnr,ri1:a 
lwt.wt•c11 t!w f•pcmlrn lf>flO <tml l:JllO A. J>. (l. plat<'); platt.• slwwiu~ 
iA<•;e::onic ~·11r\·p~ ot 1700 to 17.~,o A. l ~.: prou:1·e8'-'l\·p t•ha.n~e in t.l.1l' 
l'<'CH l<ir ,-iu·iat.iou; early ttttem pti; to J,ieute. the }'{or! h A merloa n nia;:::
net.ic pole. 
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_I 81tbjcct-i11dex to tlte 11rr;feasional papcr8 con fained in the a11 nnal report.q, etc.-Continued. 

TERRESTRIAL )lAGNETISM-Contiuued. 

' I 
Y1•ar. ;A.pdpen· J Pages. 

1.X. I 
Subject and author, 
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1800 
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1819 I 
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1851 

1855 
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12 
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·Vi 

21 
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19!l-2Al 

24;;-!57 

. 
The distribntion of the magnetic declination in the United States for the 

epoch of 1890. 
Tat.le of cont<llHs: list of illnstrati<Jns : intrQ1l nction ; retrospecti>e view 

of w<'trk done by the Coa!lt and GPodetic Snrvey rela.ting to magnetic 
declinations; thcor.f arnl effect of local tlisturha11ces in the distribu· 
tion of the declination, dip, an!l int.,nsity; collection and tabnlar a.r
r:ingement of ma::rnetic dl'clln 'ti on~; geo.-ral distribution of data in 
the St.ates. Tert"itories, and utlier c:eographical division;;; table of ob
serYed det:;linations and •alues rt>ductid to the _yea.r 1890; conl3trnction 
of the i:<o:,!.'<mic curves for the Cnited St.ates (exclusive of Alaska); 
di~trilmtion of the declination in Alaska and adja~ent regions; cstab
Ji,.hment of an analstical ex p:res11ion for tbe distribution in Alaska; 
constn1ctior. of the isogouic curves for Alaska; definition of mag· 
netic meridians and para.ll_tils, con!'ltru .. tion of magnetic meridians 
for the United States (exclusive of al.a11ka). 

llln~tr.1tions: Plate No. 24. disturbed isomagnetic curves; Chart No. 25. 
isogonic cur•cs for the Ucite(l States (exclnsive of Alaska) at the 
epc.cb 1890 (January); Chart Ko. 26, iso~onic curves for Alaska and 
a<ljaeent 1Hi.rti., with annm<l ..Iurnge of the declination, for 1800; Chart 
No. 27, magn!'t ic m~ridfon11 of tht> Unitetl States (exclusive of Alaska~ 
and annual change of the declination for the epoch of 1890. 

Terrestrial magnetism. -Results from the magnetic obaervatory of the Coast 
and Geodetic Survey at Los Anp;eles, Cal., between the yeara 1882 and 
1889. 

I'ai-t. I, l~esuHs of the ahsolute rucal!lures of the l1irection and intensity of 
tl1c earth'" roaguetic fo1 ce.-Diacussion and report by C. A. Schott, 
As.-is\ ant. 

l'art II, }{<·1111 ts of the tliffert>nt.ial ruensnres of the magnetic declination, 
v.itb houri.> re:-.11ings of the uuitilar traces.-By Charles A, i::;choU, 
AH><istant. {Nine illuatra•ions.) 

2!1-'!14 Uulktin No. 2<l.--Tbe ma2'ne1ic observations made on Bering's first voyage 
to .the coa~ts of Karocba.tkA. and Ea.stern Asia in the years 1725 to 
17:l0.-Dis<:nssion by C. A. Schott, ASHistant. 

G'!f!-".:St Dcterminalions of gravity and the ma.J?;netic element.'\ in connection with 
the lJ. S. Scientific .Ex1)edition to the west coast of Africa, 1889-1890.
A report by J.:. D. Preston, Assistant. (Eleven illustrations.) 

ASTRONOMY. 

72-78 ' Meclrnnkal reC'ord of astronomical ol>servntions -0. M. Mitchel. 
Revoh·ing di .. k; arra11gement for recor11ing differences of declination. 

137- 145 Report on a new method of recordin_g differenc<·s of n0t·tll polar distances, 
or declination, hy electro-mai:netism.-0. :\1, Mitchel. 

122-127 ' 

I 
Solar eclipse, May 26, 18!>4. 

Observations made at Brooklyn, Long Island, reported by E. Blunt· 1tt. 
Seat.on i.t.ation, Washing;lon, D. C., b:v C. 0. Boutelle; at Ro11lyn sta· 
tion, near Petcrsh .. rg, V1~ .. by L. l!'. Pourtales; Jllaok Mountain ata
tion, Cal., by R. JJ. Cutts; llellicia, Cal., by Prof.James.Nooney· Hurn. 
boldt Bay, L'al., h;y G. Davidson, Assistant. ' 

278 '.!86 1 Star cat~lo:rnes.-C. A. Schott, Assi11tltnt. I Comparison of star places giYen in Rumker'11 and the Tweh-e-Year Ca.ta· 
I loirues.-'I'al.ile I, comparison of ri.11;ht ascensions; Table II, of north i " polar dista11ce11. 

:!'.!'.l-:!75 ! ~olar eclip!!e, Jaly l8, l860.-Prof. St,ephon Alexamler. 

I 
UPsnlt,.of thecxpetlit.iontoAnlezavtk Ii.land, Lahr1ul01-, toobservetht>total 

6Clipse of the 18th t>f July, 1860; tabuh1.1 comparison of chronometers· 
arrangement and prog:ranune; delWriptioa of the telescopes empl<tye<l ~ 

· I synopsis of the ousm·vations; tim66 of contacts; same in local mean 
i time (civil reckonin:?); other oh8">rva.tions; -reports from sJ>6Cial 
i parties; earth tt>mperatnre (A.nleza•ik) ; atmosphe.1 ical electricity; 
I iceb,•rgs, mirage, etc.; t.riple rainbow; aui-orM; table of tncteo1·0· 
1 ln~icar ob>'t-rvat.lons ma.de dr.rin.I! 1hl' hours corr~spondivg to the 

"•·1' eclipse at .Aulezavik, from Jnl.r l4 t.o July 23. and dttring the-Oonthm-
. noee of a\1r"o1 a;i from Juo.e 30 to Auirust 6: observations with A r11go's 
I polariscope; report of pb1>tograpber11; chan2'(la of illumi .. ation · sea· 
1, men's o\w!ervations, winds; maii;netie el~me.nta; longi\wle "by 

ch\"ouomelera.-lnkotoli; 39. l-lErrnta '239, 2.7~~ 1800, p. xx.l 
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A 8ubjcct-indc.r tu the profc88iu11alpapcn1 cv11tai11cd in the annual reports, eic.-Cuntiuucd. 
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239-241 I 
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259-!!61 

155, 156 
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ASTHO:\OMY-Cou tiuued. 

Suhjeet and author. 

Solar eclipse.-Lieut. J.M. Gilliss, U.S. N. 
On the results (•f observattons m.ado near Fort. Steilacoom. W. T., !ill tlw 

solar eclipse of ,July 18, 1860; preliminary; table of m"1eorolo:,:ical 
obser,·ationfl on Mnck Prairie; latitude ob1u~r;-ationa; time ob,;,.rva
tions: chronometer err•H'B and rates; longitude; the eclipse; reports 
from RJH'Cial parties. 

Report upon t lrn deterruinRtion of the longitude of America and Europe from 
tuo solur eclipse of July 28, 1851.-.By Benjamin l'eirc{•, LL. D. 

Ih•port of Profrssor Benjamin Peirce on an example for tl\e determination of 
lougitndes by occultatious of tbe Plda1les. 

Solar .c.clipllt'> of .Jnly, 1860.-A. D. Bache, Su1•erintendcnt. 
A bgtract of observations made H.t Gu ustock .hl onntain, X. R. ; ( 1) diRposi

t~ons; (2) fin;t coutHct; (3) positions of spots; J~ ia.~ih· of oLs!'rn<
llons, July l 7 ; II, J ul.v 18, l1<:for·e : Il [, durrni:; I\ , a tter tht> <'cliinw : 
{41 1·cc.ullalion of spo1s; (5) last contact; (6) phenomena.--g;kotch 
29.J-!Errata, '!32: 1862, front leaf.j 

Solar eclipse of Ju 1y, 186~1.-e. ,\.Schol t, A ssb1tant. 
Abstract of oh~<'n·ations made at th,· Coast l-'nrvey Oftke. Wa .. hing-ton, 

D. C.; first contact; lallt contact; aftel" the edipst1; heliogrn11hic po. 
s1tion of the spots. 

Solar eclipse -0f July, 1860.-Dr. U. A. Gould, Assi11tant. 
Abstr.rnt of obl!<'rvations rnnde at Cambridge, Mass. 

Solar spots.~C. A. Schott, Assistant. 
Abstract of obsen'ationfl ma1le at the Coast Snrve~· Office, Wa~hinl-'ton. 

D. C.; table from .A 11i:u,,t, 1860, to Deceiol.Jer, 181.il, anti nw111hl:; 1·1•la· 
tive numbc·rs, compare'l with 'Volf"H revised uumbers; 1:1notles« 
da:'Js.-iSketch 29.] • 

On the computation;, of the occultations of the Pleiades fot· Ion_gitude.-
ltevort hy Prof. Bf'njamiu l'eirce, of Harvard. 

U1ion the Tables of t11e Moon used in the reduction of the Pleiades.-- l~y l'rof. 
Benjamin l'Pircl'l, of Har;-anl. 

15 Stan•lard places of fuudaurnnU1l atars (first edition).-Dr. B. A. Gould, 
Assistant. 

231-232 

152-154 

155-159 

15 

113--115 

116-l!JS 

115-177 

Solar spots.-Report 011 ol>se1·vatio1rn mad•> at tl•<' Coast Snn·ey Otlice from 
Jan11at·y to August, 186:,!.-By C. A. Schott, ARf!ist.anl. 

lteport aml tables on the decliua.ti.ous of sta.nda.nl time-stars.-Dr. B. A. 
G-ould, Asi;istant .. 

Report and tahleR on the po~itiow; arnl proper motions of tlw four polar 
stani.--Dr. 13. A. Gould, Assio;tant. 

Stutulanl places of fundamental stars (seconu edition).-Dr. n. A. Gould, 
A.s1:1hta11t. 

Local tletleetiom• of the zenith in the vicinity of 'Va:-1hiugton City.-(). A.. 
8choU., Assistant. 

:-\olar eclipse, Angust. 7, 1869. 
UPp01·1s of obF!erva.1ion:v. of tlrn eclipse of thEJ sun nn AuguRt 7, 18Gfl, made 

hy Jlll-Tties of the Cn.ist Survey at. t.lrn following :;1 a.ti111111; Uri•tol, 
To·nn., in cl1ar.c;e of Jt, D. Cot.ts; Shelbsville, Ky., J. 'Viulod< atul G. 
,\'.Dean; Spriui.rfiel<l, Hl., C. A. So·bot.t; Dot\ Aloinel', Iowa., ,J.E. llil
_1!aru; l(<:>hklux, Cbilkaht lUver, Alallk.i, 0. Dll>\'i<l!lon.-fieneral path 
of the eclipse; contacts; ob,.r.urat ion of solar spot·!!: breaki.o,g of sun's 
limh hy lunar asperitfo.i; eft(-.cli> of opt.ical inaccuracies; totality; 
prot n l.f'ranoe11; col'(>lla; emcrg-e.nc1• : northern aud sou1 hern limit.,. 
of totality a-;certaiued; spectro.-copic olrnervat.ioas; phot.ogr:-.phi" 
reronls; reduction of nti .. ronwtric photoizr~ph n1N1.11urcs: neviation 
of pltot-0~rnplwll sun's ontlint". from a circle, after corn·ct.ions; oom
putatiom1 (Jf ree.ults.-l8ketches 24, 25, aud 26.J-ll<~ITata l&i.] 

Re.port!! ?f ol111t•rvation11 .up<~ll the !llolar eclipse of DeC(>mbey 22, 1870: Eixt.ent 
of t]1., corona as 1nlhcated l>y t Ile i<peclf:•osc.ope, p. 1.-,0; 11atuni of tho 
c.orm1al envelope aud it.s relat.ion t.o 1 Jie- .;1111, p.152; cousti tntion of the 
solar 111 mo>1pbe1·e, p. 15 ! ; sn.c;ge><tiont1 wilh rererence to the observa
tion of future edipsei;, pp. l5i-lfl8. 

H. Ex. 4.3, -pt. 2-28 
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~I 8u1ijcct- i ndc.J: to I~<; p1·ofcssiu11a l pape1·8 co11 ta ined in the annual reports, etc.-Cou t,inueil. 

\"par , Apyen-j 
cC 'i d1x, i 

1870 

J871 

1~71 

]871 

187:! 

1872 

1873 

1873 

1874 

187!'i 

1875 

1876 

1818 

1878 

JSP~ 

16 

13 

14 

16 

s 

14 

15 

10 

13 

14 

7 

7 

i 
I 

I 
i 
I 

I 

Pages. 

229 

170-179 

ll'll-184 

189--191 

75-172 

173-li6 

1:~8-174 

175--lR() 

131-133 

:l31--2~1' 

83-129 

81-87 

88--91 

463-468 

ASTH0~03IY-Continned. 

SuhJect an<l author. 

Hcport on thl' solar edipse of December 22. 1870.-Prof. Benjamin Peirce, 
LL. n.-[From report for 1871-j 

To_tal 8ob.r eclipse, December 22, 1870.-G. '"· Ueau, As8istant. 
Ab.~tract of the cl11·onograpl1ic record. 

Total solar ecli!'i;e, Decemht>r 22, 1870.-Prof. C.H. F. Peters. 

New form of mercurial l10rizon.-J. Homer Lane. 
Dir.,ctio11R for setting up and using. 

H11port-; of the astronomical nn(l meteorological obsf'r>'ations maile at SJ1er
man, '\Vyo. T.-R. D. Cutts. _;\.Rsistant, and Prof. Charles A. Young. 

J'art I, R.-.port of H. D. Cutt" [Sketch No. 18 .A]. 
Latitntie and longitude of Sbtorman; terr .. ,.,trial magneti>nn; m<:iteor. 

ology; Talile I, difference of reading of ohsen·f'rs; Tah1e II, daily 
mean8: diagram l; Table III, hourly means; diagram~; Tahle IY, 
hourl~- ml'al1s; aneroid barometer; imlar radiation; Table V, anwunt. 
of l'lolar radifttion; Table VJ, solar ra<liation: alt\tmle of tlte su11; 
atmni;plterie ele<·tricity; diagram; Table VIll. altitudtoJ of the astro
nomical station: "Pirit levc·l; barometer; Tahl•11• IX, X, XI; ln•iling
point apparatm•; Table XI.l, 11C'mperatnre of boiling: wat.er at, Slrnr
man; Table XIII, be;g:bt of Lung'>i Peak, etc.; Sherman, its atmos
phmc arnl climat.o: mPteorologica.ljournal. 

Part II. llepurt- of Prof. U. A. Yonnj.!;. 
t:\p<'l'trnm of the cbromos-µhcre; catalogue of bright litrns in the spectrum 

nf the chromo.<;phr•re, 18i2; table showing tho nnmbcr of coincidences 
lwt\•f>•~11 the 1irigbt lines observed in the spectrum of the chromo
Rplwrc aml thoirn in Urn spectrum ;->ft.h<' chemical eleme11t,.;; Rpectraof 
snn i;pot,;; (•atalogur, of line.fl affected in tho spot-spcct.rurn betwe.,11 
n an<l I>; sr)]ar eruptions and other distm·bances. 

Astrono111kal obs<:>rn1tions on the Sierra NeYada.-George Davidson, As
;;istant. 

Description of 1hl· co11nt.ry ad.ia.c<>nt to the stiltion at Summit; the climat-0 
and opp<fftnniti.e"' for obsm·,·iu:::;; the observations; l'olaris, Saturn, 
JI.loon, etc. 

A li>il of stars for obscn·at.ions of latitude. 

Errata in the Hei.i CatalognP of Stars. 

Transit of Venns, 176!J.-C. A. Schott-, A Rt1istant. 
Rc:mltR of observatiorn< for d<1termim11~ pnsihons occupied in Lower Cali

fornia and at Philadt·lphia.-(Sketcb No. 2:l.] 

Transit of VennR .• Japan, 1874.-\;e-or;.ni D1wirlP.on, AAAistant .. 
~tat ion near N11ga>iaki, ,J ap:rn; o~'~e1...-era; telegraphic lon~it-uilH work; 

detail« of obserYations of the Transit; pl1otogra:,hic work; obsorva
tiona at great elcwations. 

Tran'<lt of V;'nll". 'Jhatham lRlan<l, 1874.-Etlwin Smith, Ass1stant. 
Sm ti on: fonndation; instrnrnentR: [Sketch No. 25]; observations; pbo. 

to~r;1phy: da_\' of t1·anf!it: work aftur the tran>iit; compntations and 
rel'ult:.; l11t.it11cl" oh:..,n·ations: ruean places of stars ohservml for lati
tw1~i; rn:.u!t" for_Iat.itu1k: magnetic QUservations; declination; dip; 
hor1:rnntal 1nt-0ns1ty; results. 

A cat11-logne of stars for obser"<;>ations of latitude. 

Trani;it ofMercnrv, Summit Station, Central Paoifio Railroad [Sketch No. 
27J.-l~. A. Colonna, AssiRta11t. 

First. external and internal cont actH; second internal and external con
t-i;ct"; extracts fn_nn record book of ol>>iervationH, by B. A. Colonna; 
diagram; observat:on of contacts, by J. F. Pratt, Assistant. 

Transit of Mercnry, WasliinJJ;t<m, D. C.-C. A. Schott, Assistant. 
Observations by R. D. Cutts, William Eimheck, and O. H. Tittmann, As

sislrmts. 

The tot~! l'lolnr eclip111> of .Tann>i.ry 11. 1880, as observed at Mount Santa 
Lncia, California.-By George Davidson, .Assistant. 

Selection of :\1.ount 8;u1ta Lucia; height. nnd topog:rapby of RUrro11nding 
co1111tr_v; instr11me11tal outfit: facili!.i,•s affor.Jetl Prof. Frisby, of the 
U:· 8. N'."l'·al Ohscrvator,v, and fa.cilities affordfld by the Southern Pa
m fie Railroad an•I Mr. Newhall, examination of approaclws 1,o moun
tain; clr·t<'rni inatim1 of la.titud1• aml time; plau of observing eclipM»; 
instt"Umeuts and olJ.iervers; condition of atmosphere on day of 
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A subject-index to the profe::rnional papers contained in thea11n1wl report1>, efo.-Continued. 

1882 21 

1883 15 

1883 1G 

ASTROXOMY-Continued. 

Rnbject and author. 

eclipse; 11tearlineF1:< of limb of Snn; obs1'r">ation of fin1t contact; clis
appea1a11ce of the umbra': Alrn.11)uesl< of Snn"s cu11pi1; apparenrly 
clonl1led hy atmospheric 11ist11rbanee: dupli[~ation of cusp, shown by 
Yi:,;. 1: diffe1·enee in thf' darkne!>R nf "k~· 11(1,iacPnt to :->nn"i' dillk: 
1<harpneRs of e11Api' SO mi1111tes after cornnwnceme11t: one hour after 
commencerueut li:"h of :Moon 1;tt.ady enough to see lunar mt11mtaini1 
near appareut rlght c11~p. :Fig. 2; irrezula.rities of lunar 011tli1rn; 
atmosphere io.lightly di!ltnrbed by cirru;. 01011111' towar1l totality: long: 
and nan"w <·n•scent of "unlight. af\ totality rapidly approadws·. 
illu;;tl'ate<l b:v Fig. 3; no distortion from atn10;111heric distnrbancei'.; 
only slight· shivering: euRps 'ery sharp: laRt li11e or >1unlight first 
l)rokt>n bv tb(' lunar mount11in": ahse11<·0 of "HailPY'R lwad;;:: •· col
ored gla~s used in oh;;.,1-..ing t·ontact; on acmmnt. of small rliamlo'ter of 
<'oi;ie, 1.lle bright.nes" of corrina, and the effect. of cirrus don<ls. sky too 
bngl1r to see any 11t.m·g or Bmall planet"' studv ofroge-colorf'd tlann•s 
and tirst circle of hriµJlt light: .Fii:. 4, corona ~kc.tched: Hl•aP'' of hi il
liant rose-colore1111ames; hri:.rhtnf'sR of fin;t ('•>nceutrie ring of white 
light: second an<1 fainter <'OTICt'ntrie ring: ~k•'teh of corona iu1mcdi
ately after totalit.y; agrPeml'.nt of outline nrnl µ:eneral feature!', as 
noted h:v tliffer('nt o1>ser>er"; rapiu change in appearance of coro11a, 
3.8 note'.! Irv ><Olllfl of the obsf'rn~r8; lhirol contact. oh~ervt•cl; Rba<1ow 
of total pb·a~c sel·n on o<«.'!lll h,,i·.,rP totalily; i;l1adi> of retrf'atiu)! cone 
seen Oil sky aft.f.'r tnt.alit·V", hut nn i;l,.Hlow Been Oil the dark mouu. 
tain.'<: ("]01id8 inti:wfore and fourth euntact 111!8ati~faetorily rhe<erv<cd; 
ta\Jlt" givin):! time" of crmtaet . .'<, ou• noted h\ <1illcrent ohRf'rvf.'rs: tem
perature antl. liarmuet.rie re:1dini.:R: ,Jupiter anti .:'tf:al's seen before 
totality; no star" RP\'ll: limits of the southern line of totality; 
<>C.li})!lf' observed h_v Dr. Eisen, at Horclrn, on Southern Pacific Rail
road; extract from hi,. n•1><>rt, with sl·"'kh, Fig. 5: :Mr. Moore, at. 
Ran Hafiwl, sees irridesccnt eolon at pa.rt of l")nn tir1<t tonchPd hy 
IIIonil: edipt'le of l!<G!J. in Al:rnka, contr:i.f't!'d with •·clip.'<e of 11'80, in 
Caliiornia; confirmation of theory t.hat ·• Bailny·s uea1ls." "liga
nwnt." iuHl "black rlro11" art>. 1hw tn atmospheric disturbances; 
.:otliacal light. ohsPrve<l nt. Mount Santa Lnda; gt•ographical position 
of station.-[Illustrations 51, a2.] 

·Afitl-502 i A new rPrluction of I,a Cuille"s ob,;rrvat.ions. mad" nt 1 he rape of Go0<1 Hope 
lwtween 174!1 ancl 1757, and g:iVPll in hi" ''AR!ronomia· 1''nwlam .. nta," 
toitether with acompuris,m of the n•8nlls wlth tlw "Bra,.ll1\y-Ih1sAel" 
"Funflamenta:" also, a catalogue of the J•hlc<'8 of 150 starB ,.out.Ii of 
rlecliuation -:{OD, for the flpochs 1750 and 1830.-Il~· C.R. Powalk)·, 
Ph.D. 

I'refa.tory note hy J.E. ll ili;:ard; prPface: intrmhwtion : exftmplPs of oh. 
ttf'r,~a1.in11~ wit.h a sex.taut. at l'ari ..... ; •J'al>l•- 1 1 l-ight :l.S('{:H1sionR: Ta.l1le 
II, rlL,clina tionH; Tn htf' II 1, dflclinati"n" •·On! in 11"1l : Ta hie II la. cle•~
l i11ationH, with Rf'C".tor, nt Paris. •·nntinne•l: Table IV, deelinatinn,.,, 
witl• S!'xtant at tho Cape conqrnrt•!l witb La Cnlll(• in his" A,.tro
nomim Fnntlament{•;" Tahiti lVa, s<·xtant at th<· 1·iq1,..: Table rvi.. 
Rector at the Capt>: Table \T, m{lan deelinntion for 176U (corr£>cted): 
res11ltH compared: 'l'ahl» VT, ca.talo,l.,"ltt> of1:'l0 fixed stars, 1<outh of 30" 
rl1;1clir1ation, from La Caill<"'R obs1·1vatimrn at th" Cape of CTood Hop•'. 
in his ".,c\ Rtronomia1 Fn1ulamentn" fm· 11:,n.o au<l for 183(}.0, without 
regarrl to proper nwtions; rt>port. on tlw pr1·cetlin;:,?; reduct.illn of La 
Catile's observations by l'rof. C. H . .P. Pet.en1. 

369-370 i TIH' transit. of l\fercury of Novembor 7, lE!i!l, as ohstJ'.rY<'d at Yolo Hasf', Cali-
r fornia..~By fteor;re lJavidHon aud J ~ J~ (iii hert-, A AHh-itnnts. 

Point. of observation; instrumeutR uRed; g;Pographir.al po1•ition of st>ition: 
first. contact lost: ohiwrved thnP of 8econd contact: e>ltimated time 
wlwn 1l1<' plmict. wn.i' onP. tHnmcter on Rllll'fl di~k; appearanCt' of 
J1lnnet whP.11 on face of the sun ; oh1<ervntionR of error of dirononwtM' 
with sextant: ohscrvat.ion of trAnAit. nl· 1\Iid1lle Bnse Cnmp: inRtru· 
mentB nnd ob.~Prvf'r; gengraphical po>iit.ion of Rtation; ohservetl time 
wbi>n pbnet. on<' fitth diamefrr· on snn; o:nuirved time of Recond eon· 
tact; Prror of watch from sextant obBPI"vations; re1uarks: con•lition 
of ntmmmhereat.time of transit; topograph.'' of ;rnrront1ding c,ountry; 
sun's disk, at time of ingress, not shal'p at. ftn'!t fltat.iori: "black liga
ment," '· hlaek drop," etc., 8e<.'n: not o•nwn at. Aecond statiou : cl<>,.;c· 
neflR of two oln•en·.,,] times: atmm•pheric 1lh.t 11rha11eE<;..; similar tliA· 
turha.uct>.R of Aignals in the da.~·time ol>servat.hms of geodetic work, 
inte11"0 blacknP88 of planet'" disk; problt'ma.ti<'al pla.nt't Yukan 
,.1wnl<l lun·c lwen i.t>en if it l':itisted; tinrn arnl gp,ogntphical positions 
rfott-rrninf"ll hy Mr. Hill. 

:J7l-:l7R Ol•1'i'l'Vl\ti1mR of tlw tran1<it of Vcnn!I of DecPrnh<'r 6, 188:?, at 'V>H1hiugt-On, D. 
C., at. 'l'op1rnqu<'l Station, California, and at Lehma.n'i, I<-anch. ~eva
d:.>.--Lol'at ioH of t<tation at 'Ya!lhington: in,.t.ruHH'ntR anrl observers; 
first exte.rmtl <'out.act: firi.t. intflrnnl cont.'\ct: Rccond intei-na.l con· 
tact; tho last contact; error Qf chronometer, from Naval Observatory 
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AS TRON O.l\1Y-Continued. 

-.~e,,1·. Appen-: l' 
i " <!ix. ages. Suhject and author. 

1P83 

1886 

11'88 

1854 

1s;,4 

1856 

1860 

1860 

1A64 

1864 

18 

(j 

13 

41 

I 
40 : 

5!! 

36 

37 

13 

21 

----~--~ ------- - - ·------ --··,~--~~--- - ~--~·------

tirn••-liall.-Cbal"les A. Schott, Assistant: J. G. Porter, Computer, 
Co:ist. mul f.ien<leti1· Sun·ey. 

ObscrTat-iou.~ hy H. A. Colomrn, Assi.-.tant: prefalory r•miarks; in,.tr11. 
mcnt~ for tim<' and for olJsen-atiou: cornpari.-;on of l-inwpit>ces; finit 
extc111al contact.: note; secondint1•rior cmitaet; nole; secoud ex
terior 1·0.1<tact; IJ<•te. 

lHr. l' . .A. \Vdker·,. olJ~cn•at.ions of thinl and fourth contact~ at A1ation 
Tep11sqnet, Cal.; Atation; ol11<t"rYer: in,.tru1nent.~: 0111lint·~ Yery 
shar-p ;iud di,..tinet: o4s.,rveu tira•:s of third an•l fonnh contacts; 
hourly rate of chronometer.-ReportP1l by Jame.~ 8. Lawson, As
sistant. 

Assistaut .Ei1nbeek">l obsern1t-ious of third anrl fonrtli contact8 at Ld1-
man ·,. Han ch. J'.\ evada.-G•mgra p!i ica l position of :<tat.ion , iirntn1 I l!CIJ t 
t11"ed; arrno,:;plieric con1lition;;: ohser,·e<I t-iweof thfr.I and f"'.nrth "'-"'· 
tacts: chronometer US<'•d awl itR errorc<: 111Pt.lw1l of ob1<en·in;!; uo 
.c black chop" i<c<l'n: contacts well ohser~ 6<i: cleft>div" a.1Tanµ:e111l!Bt 
fqr S('l"<'t'llillj! ilown snn'>1 exees'-h·e light: co1npari:<m1 nf chrono111,,, 
fer": J\Ii-. "t>Iarr'>1 resultR coruparf'd with Mr. E1rnbl't'k'~: no 1l"l:1y i11 
the roigulnr work of the 8nrvey.- \Yilliam Eim ht;ck. A :<Ri,.;(.;11Jlc. 

Mr. ~farr·s ob1wrvations of third an<l fonrl h co1Jt,H·h.-Instn1ment 11H•1l: 
atn:10sph1,n•; oh.;crverl time of third contact: ol.•>wrv<lll time of nppa
rent rni<ldle 11f planet; ob1<en·ed tim., of fourth ('ollt<1ct _: appea1·a110e 
of sun an<l planet.-n. A. MarT, Aid. 

3R:l-4il Fil'!d "atalo,!.!;1rn of 1278 time and circnmpohtr stars-mcau 1,Jttces for 1885.0.
By Geoni;e Da ddso11, .Assistant. 

153 Tllf' solar (annular) eclips9 of 11'.[arch f>, 1886.-l~eport.cd hy (h·org"f• IJ;n-iil
.~on, A ~siRI ant. 

J'rditton· le! ter·; ohfm1Tatlons made at tho Coa;;t mu! f:eo1letie ."urn'y 1'1 a
tio11, Lafa~'Ctte Park, s,m Francii.co, Cal., anil at t.hf' IlaYid1wn Obsurv
atorv: obsernttions of tir.:1t arnl steond contacts; h1>1trumc11t~ aud 
ob1H~n·en1. 

·165- t7il lli fler.-.ntial method of comvnting th c apparent phlC<:I' of st;mi for 1lot"1'm ina.
tion;, of latitude.,--g_y 1~. D. I'ro.~ton, Assioilant. 

151-lfJ5 Bulletin No.14.-AJ•fll'(•Xirnatc times of cnlnii11alio11s un<l do11!!;:1th•1•" nn<I 
uf tlw azimnths at elougation of Polaris for the yea1·1:1 Let weim 1880 
and 1910. 

MATHEMATICS. 

63--95 Comp11f.ation of t.riang-ulation.-Comp11ri1wn of t.ho re1l11d.ion nf borir.ont.al 
:mg-leR !.y t-he mo;thods of "<icponil•~11t. dlr<-'dion>1 .. 1u1d of" 1i<-'J'"'Hl
""t ani;:p1h1r qu11nt-ities" hy the rnothod or 1..,a><t· 1-1q11ares.---A.. ll. 
Bae lie. 

l Kkelch &8. ]- [Errata. 65, 70, 72, 75, 78, 79, !II, 04: 1855, l•· xix. J 
Ad,inM-nHmt, of lior·ilwntal angks of a t-ria11gulatiou. l'roln1hle enor of 

oh11..-rvation, derivrd from obser\•at.irms of hm·iiwnt.al ::mg-lcs at any 
sing-le Rl:Hion and depending- on directiomi.--- C. ,\. Schott. 

131--138 Ucport. contaiuini:- diri>ct.ions 1rnd tahlef. for the URC nf Pl'ir•·e'1i c1·ilerion for 
th" n\iection of doubtful ohRen·atiomi.-B . .A. Gould. 

I Enata, l•· 138. I 

25!; 264 Norm11.l eqnations.---C. A. 8chot.t .. 
Sol11tio11 of 11orr11al equatiou.'< by indirt>d diminatfon. 

307-308 ' Probahlc<>rror. ---Article from ".Astronomiselrn Nachricbten, No. 10~4." tra11a
Jated hv C. A. Schott. 

JJett>rmiriatfon of the probable err{lr of au olHH'rvatfon by the differences 
of tl:e ohserni.tions from their arithmetical mcau. 

361-301 I<'ormul;P for rowputing: hltit>rdes, Ioniritn1IN1, and azimuth~. witb an e~am
ple a,; W!ctl In tlie. Coaiit 8urY(\V Otllce, and ta\J1es for each minute of 
latitmlP from :t:io to ;;oo. 

302-396 Cauchy',. iur,·rpolation formula•; with remark;i hy C. A. Schott. 

116-119 Prol>l•·rn iu· geodosy.-D(·t.ermining- a poaiiion hy angle" ol1Mrvm) from it. on 
auy nnmhel' of sta.t-ion11. Sol11tio11 of Ga.1111s, with exam~•le, commu· 
nkatoo LJy C. A. Schot.t. 

220-222 ·, Trajectory of ric-0cbet allots from a. l5-inch P..odman p:tm; notes on.-C.A.. 
Sclwtt. 
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l\lAT I I E~lATI t:S-Cuu tinned. 

Subject antl author. 

shot from 15 awl 20 inch gnu-., iletermiuat,i(rn of, by C. A. Schott. 

:-;oJntion of tlw tbree-poiut p1ohlem. !.y<.'kt-e1·miuiui,.:t!te point of intt·r'!Nctiou 
of a sitle of tla- giH:'ll tri<lll,'.'.'k wit.ha line fr,nu tlie op}io:>itu point to 
the trnknown 1wiut.- A. Li11<~1.:ukol1l. 

On tho theory of errors of oh~erva1i01v .. -C. S. Pvircc. 

Formula-. a1u\ fa<'tor>< for t1H1 compntatiou of g«<><lPl ; .. latit111lt>'I. lon~itud(',.,, 
and a1.imotlrn. 

(Errata. pp. :n!l, 317, 318, 367.) Fi).!. 1. L. 1\1, Z, fonns for primary aml •wron
tbn·.'- tl·ia11g-nla1io11, antl iHY(\r~~ solnnon ~ tal,lt·H or fa.1·tor~ ln.e A, lo~ 
11, Io~ C', ln.~ lJ. log E; tahh~ of cotTt._•etiou to lougitnde fortliH"ert.'"IH"t• 

J 
in arc a111l "ine; Yalnes of log

1
,;;;l'. /, ,1 L: tahle- for r.·ferrin;;: Yalue>1 of 

cn<·ftid,,111,. A, H, C, D, E, frolll B,.;,.,.)',. to Chr1«•">< ellip~oi•\: t:>hle of 
lo~ F : nu :xi I iary tal •h'8 for <·on vt~r~ i 1i ~ arcs oft lu· l~~Rst~J f'lii p~uid i nl o 
nn•s of 1lw Cbrke- ..llipsoi<l: fornrnla· ai11\ tahh- for comJ1Lt\i111,!; tlJ1• 
r;plwrical l'XCl""'" of a triaHgk: tali!.•. nf log 11L 

.A unw s.\'idem of Binary Arithmetk.-~llenjandn l'ei1 ('e. 

~ot<: 011 tlw tlu~cn·y of thc ecmwmy of 1·,•8eard1.-C. S. l'drce. 

General propcrtk;~ of tlw P1p1ations or >Heady mot_ion.-B~· Thoma" Craig. 

A Tr;·.a1i"'' 011 Pro,icetiolls. 1-'art 1-- -1fat henrn t ical Thcor~· of l'rnj..-etiull". 
1'art lI-CoustrudioH of Pn•i<>ctio:15.---B\' Thorna~ Crail!. 

!TI'fla>mry DC'J.Hl.I t.ment, ltocnmeut No. I'll. Coa~t au1l G!lo<letk S11r,·ey. I 

Forrnul"' awl factor,; for the compnta1io11 of gentktic Lit.itudes, loug;itudn~, 
a1"1 az1mnth'l \lhit-<l editiot>J, 

1'1·,,fatnrv nnmnlo,: <lirw1t and in1lirf'.C't- mC'thod><: Be,.sel',; a11•i l'Hi,.,.a.111:,. 
"ol•itiLm~; t"nrm11la· for dL, dM, nml <IZ, •liscu><secl aud ""tabli"l" ll: 
cxainpl•' of L. ~1. Z for primar:v tr·i:rngnlation: <>,xmnpk of L, M, Z 
for ><llhnt·<1ina1t• triau;n1\ation; the iuve1·"<· prohlem: L, :\1, Z, fonn 
for in\~(~J~e- ~_olutit'n: lot.! factor~ A~ H, C, l). and E. UPt\YPPll latit11dt.1~ 
2;:0 ani1 ();,c, lH>>wd on 1 lw Clarke ~Jll!l"'I"oiol uf 18GH: table of •"llT«•· 
tiun,,; to luugilude for difforellC'<et; iu arc :tllfl.sin,•: tallle ot' \'alue:> of 

1 
log: eo" ~ d L·· table of lu:! P; formula and tahli- for eompntiug; th" 

spherir'al excess of tri:nig:Je,i, liase•1 on tl1.:· Clllrkc sph1•1·oid of 11'ii6. 

50'l-508 Notf'- on a <lc\'ice for alihn,viating timo re1htcti1m,..-By Uhru·ll'A S. Pt"'Ir<o•\ 
AR~i!lLl]Jt. 

465-410 lJiffercuti:il nwt hod of com mi tin;,!; th<' appanmt. plaf'<'S of star" fo1- tlt-lt'J'lllh'll· 
tiunH of latitmle.---By E. D. Pn,.4011, AM•ist.aut. 

G85-G87 On a.u approximat<?> ml'thml of dedudnJ,?; probable errm»-Uy C. ll. Knmmt•ll, 
Cornpnting- ])j\-i,.ion. 

On the dcte1·rnination by 1 .. ast squares of tlw relation lwtwt•flt two \'aria
hles, ptc.-By .P1·uf. M<111s!ld<l l\1erriman, la.tc Actin.~ A~~ist ant. 

----------------------- ··------- ···--------- --~ 

DRA\VING. E1'GH.AYINn, AND ELl~CTRO'I'YPlNG. 

5U-5f>3 

108"-lll 

90-113 

54-57 

193-201 

201-212 

BGG-368 

Elt1f'trnt,\'Jliu_g operations of ~be Co:~~t Sr~r.-c~-.-G. l\foth!ot. . 
A1lhe><1Ull o! <11ipmnt1omatnx; ad1011s1n tlwe!ectrulytH11'.olntion: labora· 

tury apparatu,;; mimipulatio11.-[Sk(•tch 58,J 

Ou litliographic-trausfer prjuting.-Maj. 1. T. Sti:>nm;i, U.S. Eng-itH'erA. 

Notes on lithography and lithogt·aphic tr.msfer.-Lieut. E. B. Hunt. U. S. 
E ng\neei·s. 

On eloct.roty-pc 011(1ratiorn~ nn<l chemi;!;lyphie ex11eriml'nts.-G. Mathiot. 

Mat-hiot's self-1111rnt..aining baUery.-G. Matbiot. 
ltd priuciplos and workings.-- [Errat~i, pp.194, 198; 1855, )). xix.J 

Art- :rn<l practice of engraving.-I,ieut. E. B. Hunt, U.S. EngiHe('rs. 
Coast Sur\'ey engravin~; its otl.ice, organiza.Lion, an1l history.- [ l<~rrata, p. 

20!; t1ee lmh1x C>f errata..] 

Galv11e11ic experimtn.1t.--O. Mathi()t.. 
'.rime requit·e11 to produc.e tho iuaximum intensity of a "\'olt.aic current. 
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. ·1 NUl~jecf-intle.T Iv the profc8:-.in11al 1wprrs cvulai1wr1 in the a11nual reporfli, dc.-'Coutinued. 

DllA \\'IXG. EN<+R.A VI.KG, ANV ELECTHOTYPII\'(_i--Co11ti11m~J. 

-------~ -- -------- ~------

Year. A ppen- l'agcs. 
dix. ' · Suhjeet and author. 

1855 

J.~ij(j 

Jf;ljl) 

l8GO 

18()1 

1862 

1866 

1867 

1875 

1879 

1881 

1883 

62 36!J EJ.,ctrot.yptt art.-G. Matl•iot. 
l1uproved 1netho<l foi· joining <letacltetl plates by electrot_\'ping. 

63 :nu-:>7:l l\J "t.hiot·~ hrn1wh-circuit. gah·anometer.-13. Mathiut. 
(Ju a wl'llwll of n11.·a':!uriu;; galnmie cun·ent.H of great quantity. 

62 316-317 El .. ett·ut_\ pe~ .-G. Matl1iot. 
Ou the n.·in1lt of experiments made in printing from thin ·plates. 

20 216- :;29 Topograplrieal ai"l h y1lrograi1liical ddineatious.-H. L. Whitiui;, .Assistant. 
1-

1 

Ou the co11t<mring an•! rP<lndion of maps: on the scale nf slrn . .I .. s, and ou 
tlie application of phot.ot:rnphy i11 preparing details for the l'llg"TaYel'; 
{IJ J.!t'llPrnJ;zation of ccmtunr and utller u:i.tnral fpat11rPF1for·1·cductio11 
to 1-80,000 contour; 1-1al1 nH1nih; sa1HI beaclrt>s an1l ~awl hills; woods; 
f1·psh rn:ir'"'h; shore line: low water: (::!) Lydrographfr reduction><: 
(;{) i-t'<l11C'f.io11s hy phnlograpl1.) : (4) ;;ca.le of shat.les; report of E. 
lic1·ge:"!bPi111er-, A&sislaut. 

40 3[18-399 Div'der,. for tidal curn~s. 
Dcsniption of form invent"-'<l by .J_ It. Gilliss for g1·aphic•tl decomposi

tion.-[ Sk<'tch 4.0.J 

la ISO -181 Drawing J1:1per. 
He1rnlts or experiments Illa•le on the relative expansion and contraction, 

under atmospLerie <'-lrn11_geri, of pa1·cluuent p:-iper am! hacked anti
quarian pape1·.---P3ketch 31. j 

27 255 Ura.wing 1rn1wr tested with refori;nce to expansion and contraction unt.ler 
atmo>iplwric cl1anges. 

24 206--207 lb n·ison glolw leu~ -J.E. Hilgar<l, A sRistant, in d1arge of the Utlice. 
Ou te;;ts ma.le at the Coast Sur~ey Office. 

20 130-138 Ele<·trnt,\ ping- opcrationR.-G. Mathiot. 
II i:;t.orical; a<ilwsion of d.-posit to nrntrlx; time aml expeu;if• of electro

ea"t ing; actiorn-i iu the electrolytic solutio1,; lalio1·atory appar.i.t '''; 
Dl'lll i p ul11 tiou. 

5 55-56 The 11antograpb; itB use in engraving.-E. Hergeshciruer, .Assistant.--
[ Sketch 27.) 

6 87 l:.epm·t upon ('lectrot.rpiug an11 photographing.-Dr. A. Z11111br1rnk. 

11 l!ll .Prnparation of ;,t.audar1! topogr11,p1.tical <lrawings.--E. Horgc><heimer, Assi,.t-
aut.-[l'latt'S 42 to 4!).j 

7 124-125 '.l'ype forms of torwgraphy, Colnmhia l~iver.-By E. Hergesheimer, .Assi><t-
ant.-! Illustration 33. J {See Topogr;iJJh_y.) 

J4 367-368 Re1•ort ou the p1-.1paration of 11tandard topograp1dcal drawing1'1.-1~y E. Jfo1·· 
gesheimci·, A.s11i>1taot.-[lllustrations :>5---50. l (See Topography.) 

MISCELLANEOUS. 

1817 I. __ .. __ 1- ........ . An account of p:-;-romdric experiments made at Newark, N. J.-F. R. Hass 
ler, Supc1·111tt1ml1>nt. 

1s51 I 
1866 

Hl53 I/ 

185:l 

·~I 

i 
I 

I 
lo r 
19 I 

i 
18 

I
: 

35 

\ 
55 ! 

j 

1'5-161) f 
l2U-130 ') 

l 
50, 51 

89 

192 

[Transaction!! American Philosophical Society. New Se1·ie~, Vol. l, pp. 
21()-227.] 

Florida reet°8, keyA, and coast.-Prof. Lonis Agassiz. 
Topography of Flo1·i<la: mmle of formation of the reef; animal life; the 

ke:VH; coral reef,.: 1:1hip channel; the maiJJland; coaRt. survey; phys
ical changes in the Gulf Stream: changes in ages tu come. 

Glimare, soil, antl geuer·al character of Florida Keya.-Lieut •• Tames Totten, 
D.S . .Army. 

BoilPr incrmitation.-J. Hew11ton, jr. 
Anal.'· sis of two spt·cimcns of deposit from the boiler of the Coast Survey 

steame1· Hetzel. 

On the action nf sea-wat••r on metals.-J. E. Hilgart.l, .Assistant 
Ou the action of sea wat••r 011 metals nsed 1n the construction of instru

ments, and 011 ma.;.:11ctic n~etlles; l'bwuix disaoter.-[Enllta, p. 19'2, 
5 froru bottoiu, word 9, read preiscnce.J 
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A 81tbjn·l-i11dc.i:: fr> IJ11· prof1:si-iiv1wl pap0'8 co11tlli11ed in tlte n111111al ri-porl13, dc'.-C011ti1uwd . 

I I 
Year iL\ppeu- 1 Pages. 

· - dix. I 
___ J 

1855 26 17G-185 

G3 317-318 

1856 64 i 318-319 

1851J 
I 70 335-340 

1858 40 251-270 

1858 41 270--27.'l 

1860 42 402-408 

1862 25 241-248 

1867 17 183-186 

1870 19 182-189 

1872 11 213-221 

1873 

1874 13 148-151 

1876 13 1!}2-IDG 

1879 12 Hl2 19H 

1879 14. 201 

1880 12 145 171 

.Mii::;c E LLA~EOUt;-Cuuti1111ed. 

~uhject and aurhor. 

Deseriptive l'<'}lot't of localities on the weskrH cor.st, from t.he north •'n<l of 
Rosario ;-;1rait. \\'11.hhiugton Tcn·iun·.v. to tho ~uuthcn.1. l.Joun<lary Qf 
Cn.Iiforuia.-(;, Uavidsou, Assit-1taut. 

Analysis of >ma watPr.-Chmuical aualy"i" of thi:- wn.ter of New York Har
ho!·.-Prof. \Yolcot.t Gillba. 

Analysifl of Rands from ba~t~-sit.es nem- east and 1wuth coasts of Florida.
l'rof. \Vokott G-ihhs.. 

Exarninati<m of ,.pec:irnml8 of sand taken from the base-aittS at Cape 
Floritla an1l Cape Sable. 

CoaBt 81U\'ey steamer HttzeL--Report. on eam;e of boiler explosion.--
1 Sketch 67 .] 

Foreign geodetic snrveys.-Prof. W. P. Trowhridgt;, Assistant. 
Review shnwing their u.ost and progre~!l, an1l otlicr 1lata, for compari,;ou 

with the res.ults of tht-1 lh1ite-tl 8tates Coast SurYl\V; trigonornetr·ical 
s11n·1'_\-,. of 1•:ng:larnl, Ireland, and Scot! «1\Cl; h,\ (lrograph_r of Eng
land; anal_n;iR of the report of the seleet 1:01umlttr·n appoiute<l to con· 
sider t.lrn 011luance snrn;y of ScotLu1d, 1•f('., 1fi56; 1'nu11:.-; [tH!ia; 
Russ.Lt; l'rn>1Bia; ta1)]e of <1tati8ties of topo;ri·aph i<'al maps. in E1nope; 
recapilnlation; 1narilrn tlisash•r,.-Uuite•l :-;tate>' ves11els, 1855, 11'.15ti, 
au<l 1r;:,7; imports, ex ports. tonna~e. et<»; Ur-eat Hritaiu, 1852 to 1855; 
Gulf of Mexico shipping; l<'lol'id:t i·eef. 

Proi:ress of the United State~ Coast Sul'\·ey.-l'l'Of. 'V. P. Trowbridge, A.s
sishrnt. 

Hatio of results for cousocutive periods of twel \'c yea.rd. 

Geology of tlrn coast of Labrador.-Notl-.s hy 0. M. Lieber. 

Florida reef' its origin, irrowth. im bstrnctm"<>, »IHl c hrouoloii;y .-Capt. E. B. 
Ru11t, U.S. Engineers. • 

Geolo)l;ical antl zoiHogical r<"sear.-.hes: their refation and general iutorest.s 
in the developmeut ot' <·-oast featnres.~Prof. Louis Agassiz. 

Ou the phosphate beds of South Caroliua.-I'rof.N. S. Shaler. 

Voyage of the steamer Uassh1r from Bost.on to Sau lt'rancisco.-L. l't'. Pour
tah,s, A.si:>istant. 

On the air contained in sea wnter.-Osein .Jacobsen. 

Economy in coal, IUI exemplillod by the action of componml engines in tho 
Rfoamer llassler.-Charln1 E. EUJery. 

General description of the Has!'ller. 

On marine governors.-Chal'les E. Emery. 

Ueconstrnction of the <lividiug engine of the Coast and Geodetic Survey.
G. N. 8aegn111ller. 

Table of corrected sc1·ew re:uli11irs for eYer~' degrtle: Ta1Jlfl I. resi1l•wl 
errors of graduation of thooJoJitcs Nos. 5, 118, 133; Table II. 

Internal e<>natitution of the emth.-Benjamin J'(1irce. 

Hine cla:r of the J.Ust>iRsivpi J{i\'••1'.-GeoTj?e Litth1. 
I.ist of authorities: geol.,g:ieal history of the Mississippi River; sontl1er11 

•hi ft.; hlnff or lool!I:' : loess or loam; t.be MisAissippi hott oms; Port 
Hudson; water, soil>! I to V, an:\lyi;ia; summary: sections 1 10 4.-t; 
forruntions, st-ct ions, and localities tabula.te.1.-[Sketch :No. 48.] 

On steady motion in an iucom1n·essil.Jle viscous fiui<l--Thomas Craig. 

377~385 The run of th& mie-rometer.-lly lioorge David.son, Assistant. 

1880 

1884 

1885 

8 

11 483-485 A plea for a li,gllt 011 St. Georo;es Bauk.-By Henry J.IitchE>il, AssiAtant. 
Ex:ict posilion unknown in earls- times; position now accuratel.v known, 

but unmarkP1l; its poE<ition with refen~nc:e to important surrouudinir 
points; beuefit to he derived by European comme1-ce aiul t11at or 
New York, New Enl!land, and New Brunswick from light-lwusP; 
size of the ti.8hing ftN~t on aud crossin_g thn llank, irnportanee of 
li1Zbt and horn as n- guitle t{I thia fleet; great loss of lifo and v''~sels 
under prm1mit conditions; shoal d1rect1y on shortest route from New 
York to British Cbann.,], an<l near routes of oeean commere.; of 
:M:assacli use! ts Has antl B;1y of Fnndy: fishiniz fl0et delaye•t for want 
of signal; loss of larg:e11t privateer of 1812 (tlie Da1·t.) ou St. Gcorg;es; 
sug~estivn tliat memorial ue enicte<l in slmpe of lighthouse. 
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III. 

RiflLJO(ilUI'TlT (a); STATISTJCS (b); OFFICIAL REPORTS OF' EXI'EXDT
J'CltDS ASlJ UF l'JOtsoss ELVJ'Lorf:D (c); TAI>CLAJ~ ST.ATHME_'\"f'S tiF 
JNFURJIATIO~V FFJLYISJJEil (rl); AN.J.Yi'AL llEl'URTS OP 01''.FJCE UPEK.J
TJUX,S (e), AXD .J.VECllULOU Y (.f), 

Illa. JlJBLIOGnAPHY. 

U. 8. UOAST AND GEODETIC SURVEY. 

U11der this heading (I I la) the titles of pHJlers and dof'urnents dating 
from the inception of tl1e ( :oast Survey until the year 1858 are takPH 
for the mo..-:t part from a (·o!Jectiou of Coa:-;t 8nrvey pamphlets boimd 
tog·t~t11er in 011e volume. atHl llO\V in the }WSS(•s;;;ion of one of the eorn
pilen; of this Appcrnlix. 

Year of I Nnmhcr· of I ' llow printecl or puh-i111 hlica- / Title. 
tion. 

pagell / lisl1e1 l. 
and 1:1ize. 

1807 Ci rcula.r of the Secretary of the Tre::urnrv {A llwrt I 
Gallatin\ in rl'latiou to a plan for e:rnl'i1ting tho : 
Mnrvey of the COll!lt, a'11lressed to Mr» Hassler, nt 
l'hilallelphia, from the Treiumry Department, 
Ma.rcb 25, 1807. 

1,·:ctavo-.--

1

1
1 

Colleetion of pa m -
phleh1. 

1843 Lawll of 180i, 18.'!2, and 1843 relating to the Surv.-.y 
of tb(; Coast of the Uni terl States, wil h tlrn plan 
of re-organization nf 1843, a nil regulations hy tho 

19, octavo. j Gidl'on &Co., printers, 
''\'a.~hingtou, D. U. 

Treasury Department. 

18H Coast Survey.-Communicatiou from the Secre- 4, od;avo. 
tary of" tlle Trca;rnry to the Commit.tee of \Va.vs 
and Means relative to the Coast Surn·y 

March 9, 1844.-Read and laid upon th" iable. 

1H4ti The Coaet Survey of thr United States.-From I 24, octavo. 
the .American Journal of Science. Vr)]. XLIX. 

184:1 

1845 

The Coa.~t Survov.-.An article from the Prince
ton l{e'View for April. 1845. B.v .JosPph Henry, 
LL. D., Pro~'"'klor of Natural :Philoaophy iu the 
College of New Jersey. · 

Report on re-organi:7.ation of Coast Survey.-By 
the Secretary of the Treasury. Transmitting 
jonrual of Jloard appointed hy the }>resident to 
prepar" plans for e:i::ecuting the work of the Sur
'·cy. .February 28, 1845. 

24, octavo. 

32 pages. 

1sn i The U.S. Coast Survey.-.An article byC. F. Iloff.

1

4, quarti-. 
man, eclitor of the Literary \Vorld. 

18!7 
1 

Review of the annual report on the U. S. Coast 11, octavo. 
Survey .-From the American Journal of Science 

, and Ar~. (Second series.) 

1848 / Notes on tlie organization of the Coast Survey. 15, octavo. 

1848 I\ Re11ort 011 appro{lriation!! for Coaat ~urvey.-By \ 2. 
the Se<>.retary of tlie Trens1u-y: Rel'lfonse to 
Senate resolution. St.atementof a111ma amount 
61.pJn·oin·inted from commenceme.nt, of Survey. 

Twenty-eighth Con -
iz-ress, ti rRt. session. 
Doc. No 168-'l'reaR
ury D(•partruPnt. 

New Haven, Con 11. 
l'rinted bv ll. L. 
Hamlen. · 

P,rinceton. Printed )Jy 
John P. Roblu1;01i, 
1845. 

Twent.y-eigl1t11 C 011-
p:ress, RP.t•ono ses,.,ion. 
House Doe. No.164-
Vol. JY. 

Litera.r_v World, New 
YoTli, 8opt. ll, 1847. 

New Ilavev,Conn. 

I . 
I Thirti<>th Congu".,"'' 

secon<l sesAim1. s.,n· 
ate Ex. Doc. No. 4-
VtJl. l. 
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lliblioyraplty,· stati8tk1>; ojJicial reports of cxp<:1trlilu1·t'.', d«., ek.-Con1 innt•(l. 

' 
Year of I vuhlica· 

tiou. 

1849 

1849 

j 
I 

I 
1$491 

18.f.9 

HU9 

1849 

Illa. BIBLJOGRAPHY-Coutinne<l. 

U. S. COAi'i'l' AND GEODETIC SURVEY--Continued. 

Title. 

~~~~~~~~~~~ 

Lttter of tlie Scer!'.t-m·1· <1f thf' 'l'ro;asnrv ~nhmit· 
tin)! a report in re pl.\. t.o a resolnUou ol' the bbl!· 
ate of Dec'.'mlwr 21, 18-iR, n+itinc: to t\.t(• expendi· 
ture8 and rt'>mlts of the U.S. Coa8t. Snr·v.-\". 

Fl'.\iruary 1:', lRHl.-H1,l',·1re<l to 1.lw Committee on 
Fimu1C(' aud onl•·r1•d to hr· printed. 

Heport in relation to sti·amer" of the l~evenne 
~ariw:i transten·etl to tJ1., Coast Snrvey. 

Mes~ago from tbc l're;ii1lent of th•~ Fniterl St.ates 
commnnicatiIJg a re11ort of the s.~·crMary of t!Je 
Trea,.,un· in rdatioll to tlw number and eo~t of 
Vt'8Hel~ and 11\llll ber Of pel'801iR t;lllJllOyed in tlll' 
Harvey of tli(• Coast of tbt' Unitt1<1 t;rntt•!<, arnl 
tbe amount of money receivPcl from the sale of 
map» l(nd char(H. ·· 

HAport of the Sr•crt•tar;v of the Tremmr:v eorn
n1unicating; a n~port from the Snperi11temlent of 
the Coast Su1 Vl'V iu r .. lation to t.lie RUIT<'·Y of 
lh!' eoaRt of Flori.Ila. · 

F .. brunry 17, 1~4!.l.-Laiil upon the table and or
dered printed. 

:'ipeech of Mr. J. A. Pearce, of :Maryland, on thr. 
subject. of the Ooafit Survey of tlrn Uuited 
States, dell\'eretl in the Senate of th" Unitt'ld 
Sta.tea, on Saturday, February 17, 1849. 

Number of 
pag-t-:"8 

and ,.j,,.,. 

111, octaYo. 

2, octaTo. 

9, octavo. 

H, octavo. 

16, octavo. 

J".peech of Mr. J t>fforson Davis. of lllis~issippl. on 18, octavo. 
the subject of the Coast Sm·,·e.Y of thfl Fuite11 
l5tates, delivered in Lim S<"'llllt(• of t.lw Unitod 
States, Monday, :February 19, 184!.l. 

As 1u1 appemlix to the &hove~named a1wech. 
there were printnl the following: reports and 
mcruoriafa: 

lteport of a commit.t.ee of the Ameriean A<:>ad ... rny :1, oct 01vo. 
ot Arts and 8ei••nces of Boston and Ca.rnbridl.!o. 

Memorial of t.11e M:aritw Societ.v of Bost •n in rela. 2, octavo. 
tion to the Coast Survey, and ruerum·ial ol the 
insurance companies of Bo>it-On in Hilat.ion to 
the Coast Snn·ey. 

ltt>port of a committe.c of the Uhamher nf Com· 2. octavo. 
merce of New York, with resolt1ti<•nil of the 
samo body on the U. ~.Coast Sur,·ey, for trans-
mission to Cnngn'sr1. 

Heport of a cornrnittPe of the A rnerican I>Lilo
sophical 8ociety of l'hiludt'lphia on the Coast 
Survey. 

Hcport of a committee of the Franklin Institute ;, oct11.vo. 
of M1e State of Pt>nns~·Jvania on the progress of 
the Snrvey of the Coast of the Unirnd !'itate~. 

ltesolutione by the Boar<l of Trade of Philade.lphia 4, octavo. 
relp,tiye to tbe Coast SurYey; resulw ions by un- ! 
tlerwriter~, u11.1rchants, and owners of YeRill'l" of 

1

, 
the city of B11.ltimore; memorial of the faculty 
ofSt.,John's College, Marylanil; letter from the I 
faculty of tlic Unh:er~ity of Vir~rinia; nsoln. 
tions of tho Chambor of Comnw1·ce of Charles- ( 
ton, S. C., and resolutions of stockholders of tlie 
Mobile and Obin Railroad---a.11 iu reiat.ion to the 
Coast Su1"1ey. 

NoTR.-Tbe spee'lhes, memoria1s, and resolu.
tions above named led to Urn defeat of 11n eftort 
mule in the Seuarn in Febl'unry, 1849. to reduce 
the approprlatfon for t.lrn Survey from $186 000 to 
$:l0,'100, and to provide that it 1'houlil be ea.rr:ied 
on exclusively by the Navy Department, uIJdt>r 
the direction of the President. 

Ho\\ p1·i11ti'd or pnu· 
li.~hetl. 

·--~-·· ----
Thirtil.'tl1 Conirr•'R", 

Elrt~('OJlli l"f~~.-,ioH. :'t·n
at.e .Bic. D,w. s ... :.'.ti. 

Thirtieth Cougr<'RR, 
Sl~·COUd ~l'HHiOJJ. }~p. 
port Xn. 137, Holl~<' 
ot' J!epi·es(·JllatiY«R. 

Thirtietl1 Cong1·""'"• 
;St•C(,lhl ~t'lifiiol!, S,•IJ· 
attl Ex. Doc .:-.; o. 2!1. 

Thirtietl1 Co u i::r es I!, 

secornl st:11~i011. Seu· 
ate Ex, lhw. No. :rn. 

'Vasl1ingt011, D. C.-.J. 
& (j S. liidn1Hl, }1rinl
t•r8~ l t-'.4U. 

,] , & (i. :5. (J itl<'Oll 
pl'iuter10. 
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Number of' 
pages 

an<l size. 

1849 Lt•tt.m· of the Secretan· of thP Ti·ea!'mrv commn- i 13, oeta...-o. 
Ilicati11)! a report by ·u ... Snp,·rin1end.:nt- of the 
Cmii,;t. 8urvev, dated Ueeember 26. 11'.'-!8, on an 
app1kalion of the gnlnmic circuit to an astru
uomical clock and tde!!raph re)l;ister in cleter
n1ining local dltle1·encet< of lon;:·itu<le-, aud in 
aRtro110111ical oh~ervatiou~ j!CllPl'all.Y~ 

J auuar~· Ii, UH9.-Laid 011 the taule autl urdel'ell to 
to ue pl'ili!t\d. 

18-19 Survey or tlrn Coa1<t or tho l.'nited States ......... : 18, octaTO. 

184!1 HPply to au artklo in the l<'ehrnary 11un1b•'r of 15,octavo. 

J8J!J 

Hunt'~ J;f,·.1 chant"' :?.fnga7.iuc on the Coa"t 8u1·
\'l\Y of the l7nitel1 State8.-J>y Lieut. VbaTles 
lfonr-y DaYis, U.S . .Sa\y. 

Remarks ln· an A11sistaut int.be C'oast- Survev on 
an ar-tiefo in the Feliruar-v IJ1Hllbr·r of Hu'.nt's 
:\1e1·ehaut-s' Jl.fagazine on·· t!w Smvey of' the 
Coa,;t of the Uuiterl Stat .. s. 

14, oetavo. 

l>'rn Th .. U.S CoastSu!'vey .. A r<'ply ................. 20,octa.vo. 

lFGl 

18~1 

1851 

18:>1 

1 S::i2 

}';ot.f' from Prof. Haehe to tlie eilitor of the 6, quarto. 
.. A.-.;tronondr~aJ ,Jouruat, conunnuicatin~ an aL...-
NI 1aet nf a rAport hy Sears C. \Valki:r. As;iist>int, 
n. 8, CoasJ. Survcv, on reet•nt telPj!raph opera-
! ion,. !or iougitudt•, inclwliug experiment.~ for 
wave t-im(). \\'ashingt.on, l<'ehrnary 1, 1850. 

1->otes ou the Gulf Strearn.-lh .a. D. BadJC, Su- 16, octavo. 
P"I'iI1temle11t. U. S. CoaRt Sur\·ey; commnni.
ntlt·t1 hy authority of the Trea81ll':'•' DeparUnent 
for lilnul'.i .Memoir oft.he Atlantic Ocean. 1851. 

Tl1e Coa;;t Snrvev of the United States.-Ilv Lieut. 2R octavo. 
(J. H. na~·fa,. U. 8. Nav.v. Heprintc'd from 
tlrn A merkau Almanac and Repo:,iitor.r of Useful 
i.{11owl1,,lg(· for 184\J. 

Heport of Urn S(•cretarv of the Na'1"y, in answer to 14, octavo. 
a n•i,;olntiou of tlrn Senate, relative to tho trans-
fo1· of the Survey of tho Coast from the Treasury 
to tho Kavy DeparlnHmt. 

FPhruary 15, 1851 -Rd'erred t-0 tlie Committee on 
.l•'inau(,e and. ordered to be printed. 

l:.q101·t of the Secretary of t.lie Treasury, iu 47, octavo. 
umnve1· t-Oa resolution of the ::ienate, relAtiveto 
tit('. tra11sfe1: of the Snrvcv of tbr. Coast from 
tlw Treasury to the Navy i)epartmeot, 

F"bru:11-y 15, 18~1.-Relerred t.o tb<J Committee on 
l•'immce and ordered to be priuted. 

G•·1wrn l rules for estimate11. acc<•unts. and classi- i 8, octaYo. 
tientiou of expenrlitureR for the j?;nidance of the · 
cliiel'" of parties of theU. S. Coast Survey. 1851. 

Nutl'H on tbe mm of the zenith telescope iv de- Hl, octavo. 
f<'rrnining latitudes in the Coast .Surve_v b_v 
'l'alcott 's rnetbo<l, a111l on the r·ed uction of tho 
ob•w•vat.ions.-By A.D. Bach!'l, Supt·rintendent. 
l'/. 8. Coa~t Survey. J{opl·1ntn1 from the .A.meri· 
can ,J our111U of Science and Art!!. Vol. XIV, 
1we1.n1d serieB, 

Cornmlidated alpiiahotkal iudex of the ten Annual I' 50, quarto. 
Coast Survey l~oporf-8 from 18.1.4, t.o 1853, i,11<·!11- , 
"i\·~·-~-Pr·••Jlltr'ed by Lieut. E. 11. 1I11nt U. 8' 
Ji;llgincer-R, .A.ssistant. ' 

How pl'inted or pub· 
Ji shed. 

Thirtieth Congress, 
secon1l .ies.ii ou. 
House Ex Doc. No. 
21. 

From Hunt's Mer
chant!l' Magazine 
and Commercial Ifo· 
view, Febrnary,lS"!J, 

New York.-G. "'· 
\V ood, printer, 1849. 

,J. & G. S. Gideon, 
priuters. 

Gi<leon, printer. 

The .Ast ronomlcal 
Jour·ual, Cambridge, 
Mas•"- Avril 20. 1850. 

New Yo1k, :E. & G. ·w. 
Blunt.. 1851. 

\V :uihington. Gideon 
& Co., printerll. 1851. 

Thirty-first Cou~rc•hB, 
-'!econd •H'lssiou, Sen
ate Ex. Doc. No. :i5. 

Thirty-first Cong~s. 
11econd session, Sen· 
ate Ex. !Joe. No. 36. 

Gideon & Co., printers. 

! New Daven. Printed 

( by H.L. Hamlen. "'"· 

i .Appendix to the An-

'

. mrnl RPport of th0 
Suµerinten<lent for 
1854.. 
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Y rar of i 
puhliea· I Titl ... 

tiou. 1 
~---~-!,_-~-- ----~----- --~ 

I 

ll!M-1>5' I 
1855 I 

UOu!'Hllidat.Pd iudPX or sl<t·tdieA Pl!iU1"HoPd in 1l1e 
Annual Co:rnt 811rn·~- Hf'porb from 1844 to p.;;:,:;. 
iuclusiv•i-~ PH•1•:trNI by Lieut. E. B. Hu11t, U. O".>
Eugin<'ers, Assi!itant. 

Au aeeount of the mea>1nrernet1t of two base Jin•'~ 
iu Florida. 8ection Vl. U.S. Con;.;t. Sms•·v.---
Hy Fairtnau ltog:ers, Civil Euµ:h1ePt'. ' 

11<;;3 The U. 8. Coast 8uryry. It" hi8tor.\", oh_i<>.-t~. 
lH"gRnizatinu, nrnthmis, and rrn~nll;i.--Fro1u Put
n;Hn'.i Mollthly of No,·emliel', 185:>. 

1856 

1858 

1858 

18:-.8 

]85b 

1858 

1858 

RPport on au iude:, of n·fpr•'ll('•'- to nt<'rnoir>< a1111 
l•O.jl"-l'S 011 ><nh,iiwts rPlat1"l 10 the Coast- S1n·vi;y 
O\HorHtion,.;.-B~· Li••ut. E. H. llnut.U. :S. Gorps 
of Eugineern, Ao,si;;taut. Coast 8nn·,·y. 

On systematizing th1'- abhrf'Yiatious of titlHH of 
}Jf'riodicals, transactions. ctc.-B~' Lit·nt. 1r., 
B. Hunt, U. S. Corp.~ of E11giuee1·>< .• ·\ "~i~ta11t, 
Coa>1t Survey. 

Report of LieuL :E. IL llnnt, U. 8- }'2nJ!llll't·r». 
A8sista11t in the Coa..it Snr;-c_v. <lll thl' JH't'J>a.ra
tio11 of au index of scit'lltifie refl'reuce~-

Laws relating to th<1 S«n ._.,. or tliu Coa~t of tlu• 
1Jnited Sta1Ps, with tlrn plau ofrc-orgm1i?atinn 
of 1R43, and negnlatiol1>< Ly t.lie Treasury lle
partJneJJ t. 

Report on the history and progr""" of 1he Auwri
enn Coast Snn·,,y t1p tn thP yt,ar 1R:.x. l1y thl' 
Con1rnittee of 'l'wcnt,\' appointed 11y 1he Anwri
can A!\Rociatiou fol' 1\11· AdYa1H'f'l11t'nt of :-;c1-
eueeatthe Moutnial medi11g. Augu;it, 185i. 

Report. of t.lrn St>cretar_y of tlw Trea.'!ttrY, sliowini.:; 
the amnuut e"Xpenlletl and tlw ]irog:n,s>i rniul•· in 
the Coast. Sun·ey. :n1d al;;o in thfo "tati<lard 
weight>1 awl n1ea8ure,;i fnrnish<>d to the l'!Pve1·al 
State" and cnsto1n-honses, and thefr co11t. 

Special rl'pO·t on the com1iarative pro~re";i and 
•'Xpenrlitnrc of the Coa11t Survev in diil'erent 
yea1-s. Fot·eii.:n HHrve~'H, ote. · 

A popular account of the TI. :5. Coast S11n·0y. 

X1nul1nr of 
pa;:.rt·?l 

and siz0 

•) qHartn. 

11. qu:111n_ 

25, Oct H, \ ll. 

kl:!, octavo_ 

1859 Rcviliw l>y Prof. ,V, P. Trowhriilire, Asf!i,;ta.ut in ~fl, •i11:n10. 
tln; CoaM Sun·ey, relatinir to t,!Jc origi11, <'O!\t, 
autl proare""' of foreign geo<1otie >1111'Y(',\'S, with 
other <lam. for comparison with the 1·1•s11lt-~ of 
the F. S. Coasl Snrve.)'. 

18~>\l Compa1'iso11 of tlw C{ll\t and JH'Ogrc11!' of th" U. 8. 4, quarto. 
Coast 8urvey 1lnring the perirul" from 18:12 10 
1844-, and from 184! to 185G-'57.-By ProC \V. l'. 
'l'l'owbridge, Assh11ant in the Coast Sm·ycy. 

1859 Li>1t of papers ncc1m11i;mying :t !lpeci.tl report t, qnarto_ 
made to the Treasur.Y Uer1artmPnt. h_v Prof. A. 
D. Hac11e, S'uperintende11t U.S. Com~t 811n-ey, in 
December, 1857. t8"e. l'flport, 'I'hfrtv·fifth Con-
gress, 11ecoud session, Vol. VI, S<:natl· n..-.port 
No.6.} 

1860 Report OD MiRsissippi 8onnd uy the ~eernf•HT of 9, octavo. 
the TreaAnry, in answer t-0 a rnsolutinn of Hie 
Houso. Memoir with eh:u·trt JH't'Jn.tn•d from the 
archives of the Coast Survey. Uy \V. P. Trow-
bridge, A11ril 6, 1860. 

lJo\•,- lrt'ill1•~<l Ol' }Hlh-
1 ; ..... li {' 1 ~ • 

.. -\pl1t'!Hlix t~' ~]11~ ~\Ii· 
nu.al l:r-pot i ol' t hn 
:--=.11r1i·1·i11tt·l!11t'llt 1or 
l.~5+. 

J•'1·nn~ tl1~~ ~T nnru~'l ,,f 
t IH-' l'"'l'i'\"l:I k ! i ti I 11 ~ti" 
tu ii'! 1 .... :r:,_ 

1'1-w Ynr], lli:< •"- Ll-
W'<lnl:-<. ltl!F< 

A Jli''''"lh: Xn_ 1:-;, l~,.
l'oi·i uf St1l1t-'I inf(•tnl
CH~ fut' 180~~-

App<·ndix '.\o. 68. ][, .. 
po1·1 ni' ~operint(·nd
t·J:Jt fn1~ 1~5t;. 

App1·1Hli:>. C'n. r.i. 1:,•
po1 t ,1f th~~ :--:.1qh'l iLl
tt~-l_idt'l\l fdl' 1~;1-:-. 

Pul1lic P1·it1tt•L .. Jul·~:, 
18:11'. . 

, J'rint1·il hy th<' AnH·ri-
; {'a11 ~\ ~:-;_()1·i;lt i<:111. 

i 1"'ldrtY-1ift11 Cnn:..;r:i.~~;. 
~t·{·1)1Hl s1•!u~.io11: \' 1: !. 
\'I, i:';.·11at<' l~"l>"''t 
::-.-n.u, par\'.!. 

\\"a,.;loi11gt,,11. Pnlk\o· 
horn, pl'lutt·r. 1,.:;,;;_ 

From A Pl ~t<lmi-,_, ;-,;,.w 
A1n1·1·lJ"lil (\\·cl1111;1' 

dia. 1~~,8 - · 

.,,_\ppP1Hlix No_ 40, !:,•. 
port fo1· 18~>1'. 

.Ap111•11t1i'< N•1. 41. lif'· 
110-rt f1lr 1 kf!it 

.Appemlix Nn. 4:!. Tt<•
J>o>·t for 185tl. 

Thirt\··si xth Con· 
c·res·~. fir11t- ll<'><Pion, 
Ex. Doc. No. 58, 
Vol. rx. 
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Ilow printte<l or pub. 
lisliecl. 1;~1~;: j ··-· Title. _____ __I, ----~:Ij~r €e~r 1' 

I 1860 J'>f•'s;>aµ;e ou th•· uavi:.unioi~ of llH· H:.ilvrn !:i•·"r : G, octavo. Thirty-sixth Con. 

eut U. S Coal'>t Sun·ey, n·!atiHl! to 1hat river Ex. Voe. No. 64, 
and to Spnyt.eu Duyvil Crnek, April 12, 1860. Vol. IX. 

Containing report of A. D. Rachi-. Srip•·rintf'1ul-1 :!l'CS>1, fin1t session, 

18GO The U. S. Coast Survey. Revi<lW of a report of i :l2, octavv. From the North AmPr·-
tlle Secretln-y oft.he 'l'reainiry. i ican He-...iew for 

i April, 1860. 
i 

lEGO Lecture ou the Gulf Stream. Prcparccl at the 17. O(:Lavo. l'ul,Jislietl in the Aml'r-
rt'1lUl'st of the Arner-iean Association fiff tb..- iean Journal of f'ki-
A<lvan(·Hment of Sl'iencn, hy A. I>. Baiobi>, Su- cnce arnl A r·tH, No-
pPrrnternlent Coaf!t Slll"Vey. l~Had at tho Nl'W· vember, 186tl. 
port uweting, Hi60. 

1 S6l--18GG Consolidated alplu\hMical index of the ten A nnnal 
CoaHt Sarvey Reports from 1854 to 181!3, inclu
sive. Prepared by SnbaRsistant F.1''. Nes. 

227-ll08, incln- i Appendix to the He-
Rive,1111a1·t.o. JH>rt. of the Superin

teudcnt tor 1HG4. 

HH;4-18fi6 Consolidate11 index of sketche11 emhracefl in the :l09-315, unar. 
Annual Coast Snrvey Reports from 1 H54 t(l 1863, to. 
inclu>iive. 

li'G;) What the CoaHt Surnw bas done for th11 ·war.- 24. octa.>o. 

18GR 

18W 

1Fi71-187-1 

1871-18i4 

18i'l 

18i3 

1875 

Bs Richard Meade Bache, Assisfant, U. S.Coast 
Survey. 

Report on los!les sustained h_.., Coai,,t Snrvoy offi
cer>< l>y f.he sin kin1< oft-he "teamer A r111.:o in the 
Neufle River, North Carolina, July 21, 1868. 

2, ocf.nvo. 

i 
Statntm1 relating to the Survey of the Coast nf the ii 27, octavo. 

Unit.ed State8, with the pfa.n of re-organb.ation of 
1813 and regulations by the 'l'rea8ury Depart
ment. 

General index of profassional a.rnl scientifie papers 
contained in the U. S. Coa1;t Survey Reµort11 
from 1851 to 1870. 

l~rrata in the Coast Survey Reportfl from 1851 to 
1870. 

On tkloA aml tidal a<:tion in harhori•.-Ily J. E. 
Hilgard, Assistant, U.S. Coa1-1t Snrn~y. 

Tl1e Const. Survey. A le<>ture tle1ivere£1 lwfore 
the NPw Hav,.n.Chamh~r of Cnnnneree, l'tiarel1 
2G, 1873.~H.r lt . .Meade l~acho, Assistant, U. S. 
Coast Snrvey . 

. Account of a base.line measm·ement, three tinws 
repeated, in the U. S. Coast Surves.-By J. 1'~. 
Hilgard, of Wri.,.hington, D. C. 

1 J9~l-'.!09, quar
to. 

. 21 o. 210, qnar-

\, to. 
17, octavo. 

19, octavo. 

90-98, octavo. 

1878 Surveys of the T>'rritories. Letter from the Act- i 27, oct.avo. 
in;.:: l"resident of the National Academy of 8ci- i 
ences, transmitting a re1)ort on the surveys of I 
tue Territorit•11. - ' f 

Appropt·iatioIJs and ordered to be printed. 
December 3, 1878.-Ueferred t.o the Committee on f .... ..... · ··· · · · 

11!;78 :Memorial from Ch·il Engineers asking an appro- I l, octavo. 
prfation for continuing tbe t.ria.ngul.a.tion of the I 

\ Coast Survey in certain States. I 

Appe111lix to the Ue
vort of I he S111wnn
t.endont for 1864. 

Reyn·intt-<1 from t11e 
.i une an1l ,Tuly num
hen~ nf the ·unite1l 
Service Magaziut>. 
New York, 1865. 

Fortieth Cong1·i;"'"· 
second seHsio11, Sen
ate Report No. 181. 

"\Vaehinii:ton. Gov .. ru
ment Printing Olli cl'. 
1869. 

Appendix No. 17. Re· 
port for 1871. 

Appcm•1ix No. 18, Re
l>Ort for 1871. 

A lecture l>eforo the 
American Institnt.e, 
New York, Jamuirv 
27, 1871. Rep1'int.cd 
with revisio11s in the 
Smithsonian I~eport 
for 1874. 

Puhlishoo by request 
of the Chamlmr of 
Commerce. 

I~rom tlrn proccedillJ.r-" 
of the American As
aociat,ion for the Ad
va11cement of Sci
ence, Detroit meet· 
ing, 1875. 

Forty.fifth Congress, 
third session. Hou&~ 
:Mis. Doc.No. 5. 

Publi~hed in part, also, 
as Senate Mis. Doc. 
No.9. . 

Forty-fifth Oongrese, 
second se&sion. Sen. 
ate M.is. Doc.. No. 
58-Vol.lL 
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Title. 

Lett fir from tlit> Secretrirv of \\"ar trn11t<mi1ting a 
COJ:>.\· of a cumnn111 kafiou fronl General Cow. 
stock. IT. S. Engineer,.., telative to tlw uuplica· 
tion ••f th,-. 111n-veys of tlrn !".1issis>iippi lUn·r b.v 
tl:e Coast SntTey. .Tanua1·y 10, 1879. 

Letter f1·om tl1e S(•c1·et.ar> of the Treasury trans· 
mitting a commnnicat.ion from the Superint<>1Hl
~nt of the Coast aurl (s("Hktil'. Su t·,·ey rnlat h·n to 
the cost of certain elaM1es of the work of thn Sur
vey. January 20, 1879. 

H1•port by tho Secretriry of the Treasury relating 
to tlic organization of the Coast and Geodetic 
811rvey. 

4, or:tavu. 

6, odaYo. 

Row printed or }rnl•· 
lished. 

1''ort;y.fiftb Von:::rre><>1, 
third sesfliou. l!.(11U"' 
Ex. Doc. No. 20~ V ul. 
XI. 

Forty.fifth Congre>1;;, 
thit·d ses><ion. Ilnn"'" 
Ex. Doc.No. 29-Vol. 
XI. 

I<'orty.fifth Coug-rr:"'"· 
t-hinl ,. ... ,.,,.ion. Hon~e 
Ex. Doc. No.62-Vol. 
XVI. 

1879 Tli e t ~oast Survey. An articl11 by Mrs. Martha J. 
JJamb. 

;;Q7-521,or:taYO Hrii·per·s :New 1\f ont Id,. 
~1 a::;r;t;;ine for Mardi 
1879. ' 

11'8U-J8f'.'..' 

1881 

1881 

1881 

1881 

1881 

1881-1883 

1882 

1883 i 
I ,_,_) 

L\t1atti;mptto11oln' t.lrn probfom of th<' fir11t lall(l· 
in.~ place of Colnm\Hu1 in tirn New 'Yorld.-.Bv 
Capt. G. V. Fox, Assi11ta11t Secretary of ttl(· 
Na '"Y, 1861--1866. 

R""olntion instnwting Comrnittor. on 1•'inanC('. of 
the> tienate H1 make (;er·taiu in11uirie.s with l'efrr. 
e11ce to the oriranization of thf' T1·f'n.1111r.Y n, •. 
p:.innamt., aurl {o cm1sid(•r «Xpt•.1liPB1.',\' of tran5 
ft1Tiui.r eert.ain hnn,a11>1 oft.hat Jlepartment. and 
among thnn tho Coa><t and Geodetic tinrTey, to 
thn Navy Dqiartnwnt. January 12, 1881. 

T,aws and regulations rt'lat.in_g to the Coast atHI 
Gc,Jd!'ltio Surve~· of the Unitt<d St.ates. Tr·ea«ury 
1JPp1trtme11t, 1881. Document 110, Coast and 
G .. odo.;tic Survey. 

La\\"!! of p;eneral application for tho usf\ of tho U. 8. 
Coa8t a.nd (h•odetic Survey. Tt·(•as111·y Depart. 
un•ot. Document 167, Coa,..t auli Gt>o(letic Sur
vey. 

Rcecnt in,·P.sligati.Hrn of tlrn Gulf Str.eam l•:; th<' 
U. S. Coa11t a.ml Geodet,ic Sun·ey "'teamer 
ntake.-By Commander John R. Bartlett., 
U.S.N. 

The Basin of the Gulf of :Mf'xico. Communica
tion tc() National A.:adem~- of Scieucei<, N OVN11-
b1ir 18, 18SO.-By J.E. Hilgai-<l, M. N. A. 8. 

General Imlf'x of Sci1'ntific Papf'r!>, J.fetl1od11, :rnd 
lt<•f<Ult-s contained in the A.ppendice11 to the An
mrn.I Jteports oft.he U.S. Coaflt lllHl Geodet·i<' 811r· 
vn.y f!om 1815 to 1880, iuclm;ive.--Hy C. IL Sin
clair, Subassista.nt. 

The Gulf Rtre:im. N •l?.' data from the investig-a
tiona of the U. S. Coast and Geodetic Snrvt1:f 
!!teamer Blake.-Hy Commander John H. Eart
Jett, U. S. N. Na~-al Instituto, \\~asbington 
Brnnch. May, 1882. 

Lett.er of tbe Superintendent U.S. Coiuoit and GP..O· 
detic 8urve.v on the propOsffil trausfor t~l the 
Navy Department. January 6, 1883. 

Descriptive Cat.a.Jogne of Puhiic.ations relatiug t.o 
t,he Coast and Geo•fet.ic Snrvev ancl to st~ndard 
M.eaanres.--Vompiled by Jl:d~·ard Goodfellow, 
Assistant. 

I 346-ll! ...... ,,. 

' 1, octaYo. 

42. nctavo. 

29-46. octa:vo. 

288-·29 I, oetan>. i 

\ 
!Jl .. 123, quarto. I 

I 
221-·231,oetavo.l 

8, octavo. 

Appendix No, 18, Coaf\i 
n11d (ieodet.ic SnrYt''. 
Report for 181'1.l. · 

Fo1rt~··!'ixth Coni::r<>F<.~. 
th il'd Rt>l<fii<m. Ren
ate Mis. !Joe. No. 
Hi-Yul. I. 

Wa!<hington, (~o,·,..ru
nwn t, l'rinting Oflice, 
1881. 

\Va'::'bi112ton, Govorn
lllf'nt Print in!!; Oflice, 
1881. 

Bnlletjn of American 
Geogrnphical Rod· 
et:t. New Y nr k. 
J881-No. r. 

R,·printed from. the 
American <Tonrnal of 
:-;ci<•nei,, April, 1881-
Vol. XX!. 

Appendix No. 6-l{e
]Hlrt, for 1881. 

lleprint<>d from No. 20 
oft.he proceedings of 
tile U. ;..;. Naval Iu. 
stitute. 

121-135,quarto., Appendix: No. 6-Re
port for 1883. 
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Yenr of 1 
:rrnhlka- I 

ti on. · 

Number of I 
Title. P~.l!e>! ! How printed or pub. 

and she. I lished. 
-~---- -----~-·-- ! ------- ___ ,_ ~~~----

neneral considHationR sl1owiug the impolicy of : 1, <1na1 to. J Philadelphia, 1883. 
the ado11t.ion lty Congress of the l·ecommenda- : 

1J':83 

1 ion of the St>ereta1'\' of the N av\." to transfer 1· 

the Ct1aat an<! Geodetic Survey from the Trea~.-
nry to tlw ::\avy Department.-By R. Mead" 
Bache, Assietant. 

1884 'rlw I.at<' At.taclni upon the Coa.st and Geodetic 
Smvey-.-By R. Meade ]~achr, Assistant. Re
pri11te;l from the October and November num
hcrs of tlt"1 'Gnited Service, 1884. 

1884 1 ~otel'< on a propo11ed trauAfer of the Coa>1t Survey 
tf) tlrn N avv.-Bv Rear-.Admiral Thornton A. 
.TP.nkln,., U.S. l'f. · 1884-Jnne 5. 

188-i F. S. CoaRt and Georl.-tic Survey. Histori<ifll 
Skekh.-Prepared by H. W. Blair; Assi11tant. 

lSKi luq uiry of tht> National Acadm:ny of Science8 
concorning the operations of the Coa"t and 
(l.podP.tic SurH\Y· A statement uy the Snper
int.endetJt. addrn:.sed to Gen. M. C. Mei~s. chair· 
man ot a. committee ofth(1 National Academy of 
S<:ieuces. September 19, 1884. 

lSiH rofl.o>.1 and. Geodl'tiC 8nrve:v ; article in the Snp
pl<'ment to the ninth e11iUon of the Encyclo
p:P<lia Britannica; Vol. II of Supplement.-Bv 
0. H. Tittrnanu, ARsistant. · 

52~ octavo. 

6, oct.a>o. 

8, octavo, 

20, octavo. 

i 

\ 

Phil11.dnlphia. T,.R. 
Hamersly & Co., No. 
1510 Chestnut street, 
1884. 

I w ashin)?ton, n. c. 
I 

I 
! 
i WaF1hin~ton,D.C., I June, 1884. 

I Pol kin horn &Hon, 
, Printer"', Washina:· 
[ ton, D.C. 

I 
260·-272, quarto. II .American edit i o B; 

' Philadelphia an (l 
New York. Hub· 
bard Bros., 1884.. 

1884 BriPf aeconnt of the exl1ihit. marle hv th" Coast 480-4!J3. 
and Geodetic. Snn·<'y at the Southern E~osi-
tion, J,011isv111.-, Kentucky, 1883.-By H. W. 

Appendix No.18. Re
port for 1884. 

1886 

1886 

1886 

18R7-18S:J 

Blair, Assistant. 

Tei;timony hf,fore the Joint Commh;sion to con-
flifler the prellent. orl!anizllt.ions of tbf'I Signal 
8.-rvice, Geolo_!!kal Snr:ve_y, Coa~t and Geodetic 
Snrvey, and tlw Hydrographic Office of the 
Navy Department. 

Rnport of the Joint Commi8Flion QD the Signal 
s.,,.rvice, Geological Survey, Coast a.ud Geodetic 
snrve_v, etc. 

Letters of Gen. W. F. Smith and Gen. H.G. Wright, 
relative to thf> topographical work of the U.S. 
Coast aud Geod~tic Survey. Jnne 30 and .July 
1, 188G. 

General in1lex to the prog-re11s, sketches. and 
illn!ltration~. mrtps and cbar·ts published in the 
Annual Report.a of the U.S. Coast. Survey and 
U.1'5. Coa11t arnl Geod.itic Survey, from 1M4. to 
1885, inclusive.-Prepar1,1d by Edward Goodfel· 
low, Assistant. 

• 1-36 aud 1-1104 J Forty-ninth CongreP.s, 
oct>l vo. · fil'st 11ession. Senate 

125, octavo. 

3, quarto. 

Mis. Doc. No. 82. 

Forty-ninth Congress, 
1 first l!ess"lon. Sena.te 
I Report No. 1285-

1 

Parts I and II. 

Washington, 1886. 

\ 
217-268, quartfl.' Appenr1ix No 12. Re

port for 1887. 

18RR ' U. S. Coast and Geodetic Survey. Risktric0;l com~ 16, octavo. 
pilation. A atatemiint o:v the Superintendent 
on the ha.sis of the Historical Sketch of 1884. 

Wa.11hinii:ton, 1888. 

1887-1880 · A BHliio.eraphy ofGeodeay.-ByJ. Howard Gore, 
; B. S., Ph.D., profest1or of mathematic.I!, Colnm· 

I bian Univer111ty, Acting Assistant, U. 8. CC>ast 
. a.ml Geodetic Survey, etc. 

313-512, quarto.; .Append.ix No. 16. Re
port for 1887. 

rnss ; The u. s. Coe.st and Geodetic Survey.-By Renry I quarto. 
i P. \Yells. 

I 
1888 Short descriptfons· of articles forminJ;t the Coast 44, octavo. 

1md Geodet.ic Sun•ey exhibit at. the Centennial 
1

1
. . ExpoA.ition of the Ohio Valley and Central 

StateA, Cincinnati, Ohio, 1888.:-Gornpiled and· 
I arra.nged by C. 0, Boutelle, A11-sista.nt. 

\ Suppleme.nt to Ra.r
i pe.r's Weekly, Oct. ! 20, 1888. 

Washington, D. C. 
Polkinborn, Printer. 
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--Y~·nr --::r1· 
publica-

liuH. 
I 

Illa. BIBLIOGRAPHY-ContinuP<l. 

U. S. COAST AND GEODE rIC SUHVEY-Continw·d. 

Title. 

~--- --------

1 

Nnmhf'r of 
pagP.~ 

---------1 -~~~~~-~~-
Coast Survey.-An article by J.E. Dilgard, e:x- 1123-126. qnarto. 

8uperintende11t, in .Johnson's (revised) Univer- 1 
sal C_yclopmdia, Yol. JL I 

! 

Jlow print•·d or puh
liHhPd. 

Xew York. A .• T.Joltn
SOll &: Co. 

1889-1891 International Georletic Association. ninth confor- 4!l~ ;,o;i, q11ar- Appr•11dh: 18. l~q1ur! 
ence. l'aris, 1889. J{cport of Georl"e IJavjdson. to. · tor 11'89. 
Assistant, U. S. Coast and G<oodetic Sm-...e-.,. 
Delezate Rllpointed by the President of ti1,• 
United States. 

1890--1891 lnternat.ional GeodPtic AR8ociat.ion. ninth eoufer- 721-733. 
ence. AddreRs of George Dacidsun, A1'sistant. 

,.\ppemlix 17. Hepurt 
fo1· 11'90. 

U. S. Coast and Geodetic Survf'_y. Delegate 
from the United States. 

1890 Standin.z of Coast Surve:I'· officer.~ dnrinu: thP :2, octa.-o. 
Civil War. Referrted h> tue HnnC1» ral1mda1· 
May 26, 1890, awl on1ert'd to ht• printed. R<cJHH'I· 
submitted l>y ?.lr. ::Spooner, from the Committeo 
on Military Affairs. 

J1~ift.\--fir·~t (~on~rPR8 1 
Hr~t. se ... ~inu, llons-P 
Ht•port ~o. 21r>I. 

1B90 An act to d,,.fin<' the stanrliJ1g of oflicPrn of ttw '.!, odavo. :F-'i fty-ti rst Con :,.:-rr• H .~. 
fir·J:!t ':Wt:<Hion, fl. H. 
6[!1)4,. 

Cuaf'.lt Sur..-e.\· 1lnring the lat<• Ci•il \Var. P:1s,;ed 
t.hp. H ou;in of Repr·eson tatiyPR. ::>rpt1•m uer 17, 
1890 In Senate, September 18, 18tl\I, r.·ad twiei, 
and •·f'frrr!'d to the Committee 011 Militarv 
Affair8. . 

l!If;. STATISTICS. 

-·---·---- -·---,.·---··--------

U. S. COAST AND GEODETIU SlTl:"EV. 

Under IIIb, Statit1tics, a,n enumeration will he made for e:wh Anmrn 1 
Ueport puhllshed by the Survey, beginning with the Ttepol't for the 
year 1849, of the Appenclieel" wliich contain resnlt~ of t.lw work in the 
form of tables of statisticR. The Iteport for 18·in is the first in which 
a full tabular statement of statii.;;ticR rn grven. 

Year of Number 
R of Ap

eport. pend tx. 
Title. I. Nr.mber of 

pages 
\ and size. 

---~--·----·-------- -- ------ ·-----··-·--· -··-- ---- ·- .. i ----·-·--

1849 ! 

~~~II 
1852 
1854 
1855 
1856 

1857 

ResnltB of the Coaf'.lt Snn·ey at. dilforent ptiriods from 180i t.o 1849 ... ! l. octa.-u. 

R.esuHA of the Coast Surve.v at 11ilforent perjods from- • j 
39 1844 to 1850 .•••••••••••.•. - .•.•••••. --- ••... - •....••.... - • - •••.••. ·1' 2, octav11. 
5 HU( tol851. ....................................................... 3, octa•o. 
4. 1844 to 1852 .•••. - ••• - .•••••••••••••••••••••.•••••.••..•• - ••..••••• .I 1, quart<>. 

7 ) 18" to 1854. _ ......••••••.•.•.•.•••.... ---- ........................ \ 1, qnart-0. 
7 184' to lf'S5 .••..•...•••..••••••..••.•. - •.••.•.•.....•.•. - •........ -) 1, <jllltrto. 

7 1844 tolB..56 ..•...••.••••• ··············-·················----------' 1, quarto. 
7 StatisticA of field and offic1> work of the Co:u1t Survey. (These sta- 2, quarto. 

' tiRtics are a.rranged in a table, the first column of whicl1 
A bows the statisties previotts tu 18H; the nPxt <'-Olumn p:i>os 
those for 18l.4, and the following column11 thmm for each sub
sequent year, t.he last beiu11: for 18fm, a.ml the final column 
one of t-0tals.) 

Statistics of field aml offi<"<> work of the U.S. Coast Snn·ey during tlit' 
.'!tears previoui. to 18ii anrl thenl'e to :ind including- , 

8 1857 .. ~ •••••••••••••••••••••••••.••.••••..••..••.•••..•••.••.•.•••. / 3, quarto. 
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Year of ~urnberli 
R t of .Ap· 

epor .. pend1:x. i 
Titfo. 

Number of 
pages 

and size. 

1859 
1860 

1861 

1862 

1863 
186t 
1865 

1872 
1873 
1874 
1875 
1876 
1877 
1878 

1879 I 
1880 I 
l8P.l 

1882 

1883 
1H84 
ISP;; 

1886 

1887 

1888 

1889 
1890 

7 

7 j 

5 

3 

2 

2 
2 

2 

2 

2 

2 

S~atistks of tiel<l and office ·work of the U.S. Coa~t~i:'nrve~· dm·inf!" the i 
_ ~·e11rs previous to 1844 and thence to aIHl induding-Cont'd. j 

1818 ......•.........•.............••.••.•...•..•.......•...•....••. 
1 

3,qnart.o. 
1~5~1 .............................................................. i 2, quarto. 
186Cl •.••••••••••••••• _ .......................................... - . ' 3, quarto. 

18Gl ............................................................... 3, quarto. 
liiti'.!............................................................... 4, quarto. 
li'';:l ..•••••...•••••••.•••••.....••.....•............••.••••••••.••. 2, quarto. 

18G·i ..••.••••••••.•••.•••••..•.....•...•.....•..........•••••.••••• 2, quarto. 

Stati.>1tks of field-and office work of t111' U. S. Coast Snrvey-

Dnring the years previous to 1865, aud thence to and including 1871 
During the year 1872 ....••.•••••..••.•..•..•...••...•...••......•. 

During the year 1873 .•••••••••••••••.•••••.••..••.••••••.••..••••. 

During the year 1874 .. - •..••.••...• - . - . - - ..•••.••..••..••..••.••• 
To the close of th6 year 1875 .••..•••••....•••.••..... - ........•••• 

'.l'u the close of the year 1876 .••....•.•. - - ... - • - •.•. - • - · · • · • • · ..... i 
To the close of tlhe year 1877 .•••.....•.•.......••.....•.••........ · 

Statistics of field and office work of the U. S. Uoast and Geodetic 
Survey-

2, quarto. 

2, quarto. 
2, quarto. 
2, quarto. 

2, quarto. 

2, quarto. 
2, quarto. 

To tho clo>le of the year 1878 .•....••••.•...•••••..•....•••.••..... 2, quarto. 
To the close of the year 1879 ....•................ _................ 2, quarto. 

}'or the year ending Uocem ber 31, 1881............ . • • . . • • • . • • • . • • . 2, quarto. 

For the righteen months ending June 30, 1882 .....••.•••••. __ ..••. 2, quarto. 

1 Statistics of iiel<l and offico work of tbe U. 8. Coast aud Geouetio . 

z 

2 

2 

Snrn~y for the yt•ar ending J,me 30- ! 
1883 ......................................................... .•.••. ! 2, quarto. 
1834 •.•••••..•..••••........••.••.•...............•......•...•..••. ! 2, quarto. 
1885 .•••••.......••.•.••........•.....••..•......•...••••.••..•.... 2, quarto. 

1886 .............•.....................................•............ 2, quarto. 

1887 ...........••...•••.....••..•••.••..•••...•...••..••..••••••••. ' 2, quarto. 

~:::: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ~::.::: : : : : : : : : : : : : : : I :: :::;~: 
I 1890 ...• - . • . • • • • . . . . . • . . . . . . • . . . . . • . . • • . . . . . . . . . . . • •.••..••.•••••• 
1 

3, quarto. 
~~~-'-~~~-~~~~~~~---,~ 

• 

Uk. OFFICIAL UEPORTS OF EXPENDITURES AND OF PERSONS EMPLOYED. 

U. S. GOA.ST AND GEOUETIC SURVEY. 

pnblica- Title. pages 
Tear of 1· Kumber of 

__ t_.io_n_._ ------------------------,-· and .size. 

1842 Re.port. by the Srnweta.ry of the Treasur;ro.f the ex- · 8, octavo. 
penditure11 for the survey of the United States 

1843 

1843 

coast. January 25, 18t2. 

Repm·t of select committee on the resnltof an ex- 1 103, octa-vo. 
am ination of" the proi.:-rel'11;1 and expenditure of / 
the Coast Survey. Janmu·y, 1843. 

HA}l{lrt of sefofJt committ~. Adl1itional informa- I\ 93, octavo. 
t.ion to that communicated in Janun.ry by the 
same emnm-ittee upon f.h<'> prog;rel'!s an.:l (;xi;)endi-
tures of the Ool\5t Sur.,ey. .February, 1843. 

How print.eel or pub
lishei.1. 

Twenty-seventh Con
g_ress, se.oond session. 
tloase Doc. No. 5i
Vol. u. 

~'wenty-seventh Con
IJ:re.ss, r.aird 11essioi:i. 
House RoportNo. 43. 

Twenty-eeventh Con
i;rre!ls, third st>1111ion. 
Honse Report No. 
170. 



 

rn:POHT FOH l~!ll-PART IL 449 

flihli•i.'f/"l'IJ•h!J." R/olislic8; o.f1i,·i,,{ 1't'JWrts of (!.rpcndilurcx, r.:lc., de.-Contiu11ed. 

Ilk. OFflCL\L l-lEl'OHT;-; OF EXPE~lHTlJllES A~D OF PEl~SU~S 

E :\11' LOYE D-Ct1ll tiu ued. 

'C. S. C~ l.·\ ST ASD C<EOUETIC 8URVEY-Uontinuetl . 

Y«Rr of II 
pn):liica

non. 
Title. 

. -~----------,--- -------------------- ---------------- -~ 

Nun~lg;wr of l How print.f'O 01· puh· 
p .. 0 " I' l I 

\ 

! and l!ize. I is ie< · . --- : -·-------~-~------- •-•--r~----- -·----
i8l8 H<'port hy tlw S.-creta.ry of the Treasury on appro- :?, octavo. 

n,!"iationR for the Coast Survey. December 22. 
1848. 

Jr>~!l l{eport 11r SP<'rf't.ar;v of the Trea1rnr.\· re~ardinl! lll, octavo. 
I ~oast Surn•y expenditures and i·e!!ult!! Febrn· 
ary -;, 18411. 

184!1 Re11ort of St1cretary nf the '1.'reasur.v of n1unber 9, octavt .. 
and cost of vt•.s,.eh and nHmberof UL•'ll employr>d 
in survey of United Sta tel!! coast. February 9, 
18'9. 

11;;,;: ~"ecretnry of the Trmrnur_,. 1ntl1111its report of Ruper· 16, octavo. 
iuten<lrnt of CoaHt S111 .. 1·ry Hhowiug number and 
uames of per,..ons t1mplo."'''l in Coa.11t. SnrV{\V dnr. 
it1g yf'lar <'nding- .JunP :w. J i-53, their compensa.. 
tion anrl l!!f'rvicf'., with ex1wnditures made under 
his direction. December 25, 1853. 

l ti:J4 Secretary of the Treai.ury .1 ransmi t8 1·eports show- 10, octavo, 
ine: disbllrRement.11 in behalf of the Crnuit Sur-
vey. December 27, 1854. 

1ij6 Let.t.er of Secretary of the Trea,..ury transmittin!!; 1:!, octa,-o. 
report. of nnmb~r and name;, of JH'l"ROn" em-
plo~·efi in t.he Coa.~t Snr,·e~· aud ex pP11d it 11 n·~ 
nH•<le during the year 1854-'55. lkcemb.~r 2:.!, 
1856. 

18:,g SPcret..ary of the TrNurnr.1• trarn~111it,.. li!<t of p<'l'· 1:.:, octavo. 
""n" employed in'Coa"t 8un·"'y alHl "'"l""ndit ol'<'>< 
for ,Yt'al' en1ling ,rune 30, 1857. ,January 15. J/i;:.8. 

ll'l:">8 Secretar.v of the TttJa.,.ury n•port" arno11111 ... ~. :.!8i, ot·ta.-o. 
pen<l<'<I aml progr""" marl" iu t IH1 Coa><l ~11r«•·.\·. 
14nd al~o t.he st&nrlar<l wril!ht>< ;irnl mensun,,,. fnr· 
ni,.hed the ><everal State" and cu"tom.honses. 
aml their co;<t. lleeemlwr 16, 18f>B. 

1859 U"'pod by 8fw1 t•f.ary oft.he Tre11.snry of namp,s and J ;;, octaYo, 
>«tlari@s of per,..nn" employed on the Coast Sur· 
vey. .January 7, 1859. 

1860 Repnrt hy SecretaTy of thfl Trea;oury t.ran;imit ting 10, octavo. 
Ji>1t. nf th<:' nnmh<'r anrl i1amC's "f 1wrso11s Pill· 
ploy1·1l on thr Cou•t Hnrvl.'.Y, aruount of com pen· ' 
"ation. etc. Decelllber ::!4, 1860. 

1862 R<'port hy Recr!"tary of t.he Trea .. qur~· of <1xpendi- 79, octavo. 
tnre11 on account of the1 Coa"t !Survey for tl11i' 
year endinl! Jun ... 30, !Rfil, list or persou11 ell!-
ployed, eal~ries, etc. Ma1·ch I\ 1862. 

1862 R<'port. ]Jy SecrAt11r.1· of the- 'l'reasurs tranflmittinp; 11, octavo. 
IH1t of the number and na1m·11 of per11on" em· 
ployed in t.hE> Coal'!t Surv•·,y and el'.penditur"" 
dnriug: the year ending .June 30, 18til. March 
26, 1862. 

186::: Report b_r S~cret,ary of the Treasury t.ranRrnitt,i.ng 11. octavo. 
staten1ent showing number and name" of per-1 
!!ODii employed in th" C•>ast Survey during tht> 
fiscal ~·ear ending ,June 30. J8ii3, amonut of flt<iir 
compensation, and time. of emplovm••11t: wi1 Ii a 
Rtatement of all e:"1;pe1Hhtures made dunu:.: the : 
y-T. DecemhPr 16, 1863. I 

H. Ex. 43, pt. 2-29 

Thirtil'th Cou~r'"""· 
"econ<! "e><><iou. S~,n
atti Ex Doc. ::\o, <&. 

Thirtieth Coni.:r"""· 
~eCOlHI ~.p-~~ion. SP!11 4 

aw. Ex. Doc. Xu. ::!(i
Yol.111. 

Thirt,i0tb Cougr"'""· 
s<'cond :-!l"...,.~ion. Sen. 
at>• Ex. Doc. No. :.m
VoL n1. 

TliiTty.third CnnCt'('";o" 
tirAl Rt'S8itlIL ~··n~ro 
Doc . .X o. 11 ·-·Vol. I\. 

Thirt:<"·thinl Coni.::n"SA, 
secoud :b'I. e ~ ;..;i, i on . 
Honse Ex. Doc. No. 
2:l-Vol. v. 

Thirt.y-fourl h C n n . 
g-n,.;11!,-; 1 Hrst. R€'!'1Hion. 

llou"e Ex. Doc . .::.\o. 
H-Yol.IX. 

1 Thirt;Y-fifth Con(!'.r<•ss, 
tirst l\(•,.11ion. Hnn,;e 
.Ex. Doc.~o.20-Vol. 
111. 

\ 

Thirty-tifth Congr'"'"· 
t'~cuud ~e~Hion. St>h
at•• Hepol"t No. li
l'art. :.!, Yo!. n. 

Thir·ty.fi fl h C>'nJ.!.rP.!';., 
~peou~l s (..\. ~ ~ i n n. 
llon.-1· ·Ex. Doc. 1\o. 
·~ri-Yol. v. 

Th irt:1--·8lX th Cnn;!r('!'R, 
fll,P.("OlHl ="~~R1PlL f~'\.. 
Doc :N" o. 15-Vol. Y l. 

Th irt . .--1w ..... nth •.con. 
gr°P~R. ~P.conri ilP~-
1'ion_ H o 11 " ... Ex. 
Jloc. No.68-VoL v, 

I
' Thil't-r Sl"\'011tb c 0 II 

grP~s. ~f'f'·nnd ~P~
,.ion. fl o 11 ,. P Ex . 

!.i Doc, No. 83-Vol. VI~. 

Th\t-t;Y·ei:;::hth Con. 
:rre!<f'., fir><t ,. .. ,.siou. 

!
. Hot1><e Ex. Voe. Ko. 

la-Vol. vu. 



 

l~. :-:-:. C'OA:O-:.T AXV GEODETIC HUHVEY. 

f:ibliograph11: 1>lafi:<fic8: o.tffrial report.<; 1~( eJ.:pe11clil11re1<, Pfc., efr.-l'outinued. 

lllc. OFFICIAL REPORT~ OF EXPE::'\DITURES AXD OF l'EI{:SU::'\:-S 
EMPLOY EI >-Co11tinued. 

U. S. COAST AND GEODETIC SURVln.·---(Jontinnerl. 

YPar of 
1n1blica

tio11. 
Title. 

Number of 
])a,!!' es 

and si7.e. 
--··- -.~-----·---------·------------·· 

11<64 

1866 

1866 

1868 

1870 

1871 

1874 

1879 

1880 

1881 

1S82 

lfl84 

1884 

1886 

1887 

Heport of Secretary of the Treasur~- tt·an;.rnitting 9, ncta\·o. 
lil'lt of emplo_y{,,., with conq1enRations aud Ht.ate-
ment of ei.;pt"nditures ot' Coa,.t :--i11rv.-.\· for tio;cal 
year ending June 30. 1864. December 21, 1864. 

J1eport of Secretary of Treasm·y, t.ransmittlng a 9, octavo. 
Rtatement (lf employes in the Coast Survey 
during the _year ending June 30. 1865. 

Heport by 8t•cret.arv of the TreaBnr.Y trarn1mit,ting 10, octavo. 
list of employ(~R of Coast Surve~· with compeu-
Rations, etc., for the fi1<eal year ending .Tune 30. 
1886. Dec em \ler 15, 1866. 

Report by ~P«retary of tlH' Trea,.ury 011 PxpenseR 9, octavo. 
of th.~ CoaRt :-;urv<'y foT' t.he year cn,!ing ,Juno 
:w, Hi67. Ma,,- 8. 1808. 

l{cport. hy 8.:»crf1tar.v of the TreaAur.> tl'ausmittiug 8, octaYo. 
J1in. of employ•";:-1, with cnn1pen .. ations, and "tat•'
ment of expent\itu1·e.;< of CoaRt Survey for th1cal 
year ending June 30, 1869. .Tan11:-.r.v 22. 1870. 

1h•port b)- Secretar.v of th•' Trea,.ury trawrn1itting 9, octavo. 
Ii Rt of ernpio:-.·t'>s of the Coast .Survf'.V, with <"nm 
pern;atio11R, fluring fiscal Y<'fll" Pn•liug ,Tuun :l(', 
1870. Ff'hrm1.ry 2.'>, 1871. 

l\eport of Re('retar.\- of tht' Trf>af<ut·.\· tranflmittlOJ! 8, oet.avo. 
liRt of Coa"t l"'nrve.v enq1h•.Yh• f"nr .\Par t'Ji<hn;.: 
,J nne :JO, 1874. P1.• .. ·em lwr :.!:l. 1874. 

Report by l'\cerntar.v of the Treasm·y of expendi- 7, oota•o. 
turel' on account of th., Coast Snrvev for t.he 
fi1<cal year emliug .Jun" ilo, I87R .. January 21-l, 
1879. 

Report h;>· Sen·etar,v of tJw. Tn'a.,..nry trawnnittinJ! 7, Ot:'tavo. 
a re}lOrt of expen<liturN'- of tlw Coa"t an<l C<eo-
<leti•·· Survey for tl1(' ,ve"r l\nding .June :io, 1879. 
Mardi :!6, 1880. 

Report bv Seeretar;v of thP TrPRRnr·~· t1·am1Joitt.inJ! 7, nctavo. 
a report. of the expenditure>'< of tht> Coast and 
(;·eodetic S11rv,;y for the yPar enrlmg ,Jnne 30, 
1880 .• January ;n, lHiH. 

Brief report, of tht> 1-'upi•rinff>rnlent of the Coast 18, oct.a>n. 
and neodf!tic 81HT••5·, cont n 1ning 11tatt>n1Pnt of 
.-.x1Hmrlitures for tht> f\<1cal yf·ar t>nrlinp; with 
.Tune 30, 1882. De<'emht"r 2. 1."82. 

Letter from 8ecrfltarv of t.h" Trea1>u1 v tntnRmit- i 8, nctavo. 
ting statement. ••I "exp6111Htluf','< of· Coast. and 
Georlt'tic Snr•f>y tor thefil'lcal yrar ending .Tnni> 
30. 1883. .Jannar.v 22, 18P4. 

Letter frnm Secre.ta.rv of thf' Trf'afrnr> tran!'lmit .. 
tinJ:: statement of expenditures of.Coast and 
Geodetic Survey for tbe fiscal year endin~ ,June 
30, 1884. Deceru ber l 8, 1884. 

i 8, octa.,-o. 

\ 
Lett.e1· fr-0m ~creta1·y of the Treasnry tran11mit· i 30, octavo. 

ting st:<temeut. of rxprnd itlll"PR oft.be Coa;;t. and ,. 
~;eml"!icRurve.v f.br the 1i'9cal year ending June 
au, 188::>. .Janu:u,v 9, 181'16. 

lA•ttA:'r from Seeret1<ry of the Trea;mry trauf'lmit.- / 27, octavo. 
ti.ug !ltatement of elqumrtit.nres of Coast. and \ 
GemlctH· ;';ar..-ey for fiscal Yl~<U' cndin~ June 30 
1886. l"e1ffuat'); <l, 1887. · ' 

How printed or pnb
Ji!'.hed. 

Thirty-ei i.rh th Con· 
g rei<s, second R<l'l!sion. 
Hon11e Kx. Doc. No. 
13, Vol. VIII. 

'l'hirt.y.ninth Congress, 
fhst. session. Hon1<P 
Ex. Doc. No. 24, Vol. 
\II. 

Thirty-ninth Co:n· 
gress. seconrl fie~ -
...ion. HouseEx. Doc. 
:-.fo.15, Vol. Vl. 

Fort.ieth Cot>)!re""· 
'Hf"Cond BPBKjon~ 
Bouse Ex. Doc. No. 
286, Vol. XVII . 

.Forty-first. CongresR, 
f'l«Cond .. ession. 
Honse Ex. Doc. No. 
75. Vol. VI. 

Forty-firRt Congr·esR. 
tbir1l RP88ion. Hou1<<' 
Ex. Doc. No. 1.42-
Vol. XII. 

Fortv-third C'ong:re1<". 
.. e~cond sesAIOTI. 
Hono;e Ex. noc. No. 
71. Vol. XU. 

Fort·y-fifth Congrt>si<, 
third sesf'lion. Ho1111.; 
Ex. lloc. No. 40, Vol. 
XVI. 

Forty-sixtu Co11gro>i'IF" 
Recond se1-Hdon. 
HouRe 1<'.:x. Ilo<"· No. 
68, Vol. XXIV. 

For~-sixth Cono-re1111, 
third ReRsion. Honse 
Ex. Doc. No. 64, Vol. 
XVIII. 

Treasu r.v Tlf>pa.rt.men t. 
Dnc. No. ;J64 • 

Forty-eigbt.h Congress. 
fin•tse~flion. Hou11e 
"Ex. Doc. No. 63. 

.Fort-y-elghthCongresA, 
second 1111>11.s ion. 
House Ex. Doc. No. 
52. 

1forty-nintb Conves1<, 
first session. House 
Ex. Doc. No. 32. 

Forty-ninth Congresll, 
second 1>1assion. 
Rouise Ex. Doc. No. 
149. 



 

HEP«HiT Fill~ lF-~1-I'AHT Il. 

Bihliograpltp; "'lnti.~li<'·': o.(Nd(/f 1rporl8 nf O'JH'11dit11nN. rt•·., t'fr.-Con1in11NL 

Ille. OFFICL\L REl'ORT~ OF EXPEXDlTLmE;-; AND • w l'i·:n~o:\"~ 

E:\ll' LflYE l>-( 'outinue<L 

\ear of 
puhlica· 

t.ion. 

1888 

188{) 

1890 

1891 

D. S. COAST AJ'\D GEOPJ:<:1'IC Sl'1tVEY-Contin11ed. 

Tit IP. 
Nnmbc-r of 

J•a!,!eN. 
~lli~l t-liZe, 

Let.ter fron1 S<icri;t.arv of 1 Ii<" TrPa~111T tran,,.mif. 2ll. octa~·o. 
ti11g- ~t.atfl.ttH~llt of Px pf·Iuiit nl'P:i of'· ( 'na·4 ar11i 
Geodt_~tlc ~ur·vey for ti:-tP~l ,,~ear PtH1iut!' ,J1tne :m. 
1887. :FPbruar·y ll, U<i<i'. 

Letter fron1 S<'<'t·et:H'\' of th<" Trerrnnrv t.rani;mit. ,:w, octa~·o. 
t,i11g statement of "exn<'111iitun·~ or' Coa~t iuid 

0

GBrn:leti{· Surv<'y for fis••;1l year !•ndhig ,.Juuf' :io. 
1888. January 2. 18.'l!l. 

Letter from Secretary of t.lrn TrPasury trawrn1i1.. :n. octavo. 
ting 'ltatement of expenditures of Cmrnt and 
Gflodetic f>nn-<>:O.' for fi,.cal year ending ,Jum• ;iu, 
188!). Janua1·y 2, 1890. 

J,.-ttf'.r from )'\f'\Cr('tarv of t111' TrPas1trY 1 ransmit · 28. octavo. 
ting st.at.em PD I of ·,·xirnmlil un·~ of· Crnrnt awl 
Geo1fotic Survey for !i"'cal ·'·.,a1· eud!ni: ,Tnn« :m, ' 
1890. Feiiruary 26, 18lll. 

' 

How printNl nr pub. 
lishN1. 

Fiftidh Coni:rP.'l.•, fioJ>t 
!leso>ion. Liou~•· Ex. 
Doc. Xo. 154. 

Fiftidh Conc:re""· Sf?C 

oud ""''sion. nous<' 
.E;c l>(W . .Xo.5:J. 

Fift>-tirst Coni,::rf'H>'. 
th:~t 1<e,;sion. HouBe 
Ex. D•)<". ::-;o. :io. 

FH1 v-ftrt-1.t (~nn;,!:·Pl'S, 
Rf~ Pon rt Rn.~ s J n n. 
Hou"" Ex. I>oc. No. 

·-~-------------~-----" 

III<i. TABULA H :-'TATE:i.l E'\TS OF I:\ F1 lR:i.lATH )'\ FCR:\"1:-'HED. 

P. S. COA:-OT AND GEODETIC SUKVEY. 

Tahula1· staf.('l1H'nts of i11ftffllrntio11 fu1·11islw<l hy f lw ~un·<',\' i11 n .. 
spouse. to ollh·ial <'alls, 01· i11 <·0111pli:1111•p with n11ntli('i<1l n•qllP=-'l~, 1t11dl'1' 

thP n'g-nlationi-:. of tlH• 'l'rca~ury I )ppartuu•11t, will he fmwd ill the 
mrn ual re1l0rt s, as f(,llo'"R: 

Year <•fi No. of I 
rf'port.. / a!~f:.11· Pa~f'r<, 

-·~i~~-i--~-- ~ 1-.. f~-~~ 
1s;;4 s I u. t::! 
I i!f>5 ;, i 115, 11 fi 
li'!'if; il 1 10!-106 
11',">7 5 l:lO>. 1:16 
18.'il>\ 6 i t'.'14, 1 :~r, 
18.;9 6 i lli-, 1 rn 

·-·~~~ -~-L-~~~1-~ 

l8G~ 
Jl'6:: 
lH>t 
18fi;, 
1866 
1 )o;(i"j 

1868 
l l'fHl 
IR711 
ll'il 

. I 

'.!Yf'al' of' 
Pa.g(l',~. rc..,port .. 

' 2 74, 75 1!<7'..! ;1 63, fi4 11<8::: ' 
2 M-69 lH7:1 ;1 'if>, 77 ' !Rii:! I ., a w 1874 ;{ m, :i.<1 ·: 1884 
'.' 41, ·~2 Hr;;, 3 81 fl" ,• 188.'"> 
2 :1~ lKi'fi ;l 75: 7fi 'i 1 l'\.'16 I 
" 5'.' lHTi ;; 71', 7!1 1' 18.117 
2 ·Vi i:;-;i; 3 -;;., 76 '1 .IAAR I 
2 71 lF"i!l ;: 8fr 87 .18R!l i 
2 5H 62 11<80 i :! 711-7'..! IR~O !1, 
2 78, 70 lR81 i.· ;1 7f> 80 

_____ i ----!~-- ---·----. ·-·---- - -· ·- --

:1 79 .. f;J 
:l R7·-!l::': 
;1 !17 10:! 
;i "!l 9;; 
3 107-· 11 ;1 
;{ 105111 
3 107 111 
3 115-119 
3 ! J Hl-I:Jb 

In t.he earlier l{.f'pm·ts of the Coast SurvB,Y 1't.:i.tements of progrcf'..,: 
made in office operations will geuera.ll,\- be found following· the abstract~ 
of reports of fiel(l work, attention being- eallet'l alt\o to office work of 
special interest or importanc~ in the i11tr<Hlnct.ory portions of the 
R~ports. 

This will be found. t'° apply to the Auumtl Report:-; fi:orn 1844 ti<' 1s;;.;, 
inclustve. 



 

452 U. S. COAl-'T AXD GEODE'J'l.C t:-iUBVEY. 

In the Nt>po1·ts from 1 H;)f) t.o 11'ti4, inclusive~ in addition to the notice:'\ 
of oftice operations in the body of each Report, there are Appendices 
which eontain reports from the Chiefs of the Divisions, of the Office, or, 
in some t~ascs, the ('omplete reports of the Assistant in charge of the 
Office, and of the ChietS of Divisions. (See list of Contents of Appe.n
diees preced1ng A.Jphabeti<'al Index.) 

The publication of the aimnal report:-; of the Assistant in charge of 
the ( )ffice, aud of tlte Chiefs of the Office Divisions, was discoutinued 
d1ui11g the years 18(;r, to 1880, inclusive, a.11d the refc1·euees to office 
operatious were made in the same ma.1nwr as those in the Aunual 
Ht>poets of tlw Survey from 1844 to 1855, iuclnsive, these references 
l1eiug :-;upplernented hy Appeudice8 giviug lists of drawings or engrav
ing~ of chartis in progress or completed, and by Appendices deta,iling 
tht· field and office work relating to tides. 

I 11 the Annual Report for 1881 the reports made by thP Chiefs of the 
Computing, Tidal, Drawing·, Engraving, and Hydrographfr Divh;:,ious 
of' the Office were printed in full; in the Report fo1· 1X8~ thest~ reports 
were published as Appe11dix No. 6; in the Aunual J:pports of the 
Surn_•y froni 1883 to 18SU, inclusive, the annual report:-; of the Assista11t, 
in charge of Office and Topography, and of the Hydrographic In-
1-'JlCctor, appear as ~'\..ppendices NoH. 4 and 5; in t,be Annual Report f<H' 
JSf.10, Appendix No. 4 contains the annual report of the Assistant in 
eharg·e of tJie Office; Appendix No. 5 the annual report of the Hydro· 
grn.phic Inspector; Appendix No. 6 the annual report of the Di::~bnrs
i 11g Ageut, and Appendix No. 7 the annual report of the Assistant iu 
charge of the Office of vV eights and J\leasures. 

lt has not hN•n deemed advisable to add to the bulk of this De-
1-il'l'iptive Catalogue hy extended Ji~ts of the~m Office report8, embody
ing as they do mnch matt.Pr relatin~ to routine operations antl detail~ 
of value cbiefiy for official reference. 



 

llf/. :\Ef'H~ILO(;\·. lXll TO 18!10. 

lJ. S. COAST AND GEODETIC SlTRVEY. 

Under IIlf will be found in alpltabetfral order thf' narnef' of t11ose 
officers arnl employes of the Hurn•y who have dif'd in ]ts 8(•rYiee. and 
wit.h regard to wliom rne111twi:tl 11wPti11g·:-; Vd'1·e lwld or ohitn:tr,\~ 11otict>:-' 
issued. 

-----·----· 
Refore1H·e l·O 

1

1 

I
' in A Illll'al 

Hf>. port. 1 01· date of , ':JJ:!;es. I obit.nary I 
1 -~otic_~· ___ \ _________ _ 

Alli;>,OIJ, Ricliard, Pas11ed l\lidsl1ipman SlH1 )\ cr in.:.:· ).ta.-t<'J', n - :-\. ".\:. -- - --
Rac;lw, A 1exauder Dalla11, 811periutemlPI1t. 181~ 11'67 .. - ...•••.•........ 

Hm·he, Char~e:.< M., A11!!i11taut .............. -- .. _ ............• -- ...... - . 

. Bacbe, George M., Lienteonant U. ~- N., .As"<istaut., U .. -;. (\1ast ~m·v··y 
Baclw, Henry \Vood, Su hassiHt.nut .•••.• _ ••.•••.••....•••.•••••.•..•. _ 

Baker, \Voocls, A ""isl'.ant ......•. _ .. _ •...•.•. _ ••••. _ ......... __ .......•. 

Barker, John R., l>raugbh~mau nml .A rti>1t .. _ •.. __ .••••..•..••...•..... 

fiaTnard, Henry f'., Engraver ..............••..•...•..•............... 

Bi>1sell, Gem·g;e W., Hyurographic Ai!l ................................ . 

Blair, Henry \Vnyne, As11if1tant . __ •....••••. _ .......................... ' 

Blnnt, Edmund, AssiRtant .•••••••••••••.••.. _ .•... _ •.. ___ •.. _ •. _ ..••... : 

Boutelle, CharleR Otis, A Rsi sf.au t. ..... __ ... _ ........... _ ..•............ ' 

ll-'·17 

] i'6i 

Ap1·.'..'l, J89ll 

184(i 

187\l 

1852 

18~4 

187ii 

1871 

188!· 

1866 
1890 

t•JUIW '..'5, 1800 

Cordell, Edward, Assistant .........•...•....... __ ...•.•. _ ..••......... : 1870 

Cutts, Richard D.,.A>1,.istant ••••••.••••••.••..••.•••..••........••..... ! I>ec.15, 1883 

In char·ge of t ht' 0 tli ce •.••.....••.•...... __ . . . • . . . . . 1884 
Dau k worth, I<'., Engraver .•.. _ .. __ •...••. __ ... _ . . . • • . . • • • • • . . • . . . . . . • . 18!",9 

De Koven, William, l'as8Pd Midshipman. TT. S. N ..•••..•••••.••••.. _. 

IJickius, Hn~oL., As>1iRta11t ···········--····-·····---· ..••.••••.••.• 

1851 

1:-:u 

:.?'l.6:!,68 . 

10, 11. 

JG. 

JO. 

15 

7:1, 76, 9'7' 98. 113. 

8. 

84. 

8. 9. 

14. 1:.. 

:12. 

533. 

li? 

Diggs, John H ., Messenger .......•..• : . ___ .. : ...•...........•. __ ....... · ] 87 l 13, lll. 

" ·-- ! Dorr, I<'rederick William, Assistant ••••....•.....•......... _ ...•...... _: l1et'. -4. H<, , . 

Drinkard. C. L., Clerk .• _._ .. _ •••..••• _ .. __ •...• _. _ .. _ •... __ . ___ .. . • . • . . 1881 
1 55, f>G, G4. 

l)uer, .Tohn K., Lieutenant U. S. N., Assistant, U.S. Const Snt'\"t'.Y ..•. 

:Fafrfax, \ViJ,.on 1\1.C., A,.sistant. .....•.•.•••...•..•....••..••••....... 

Farley, Joh11, Assistant ............................................... . 

Farquhar, George, Hydrographic Drarigl1tsman .•••••..•..•.•.•..•.... 
F11nntlt>roy, E. II., Aid ..••..•••••••.•....• -••••.................. - .. - -
Jt'anntleroy, R. I'l., Assist.ant_ .•••••.••..••..•.•...... --- _ ••.•..... _ .. . 

1''eudall, Clarence, Subaiuiist.ant. ...............•......•..•... - - ........ . 
Fot\ter, .Tames, Pa1111ed Midshipman, e. ~. N ...............•.•.•.......• 

Gerdes, Ferdinand H., Assistant ................................... - .. . 
flilbert, Sa.muel A..,A.Histaut -------······ ........••....•............. 
Gilbert, Wyllys 8., Hnba.ssistant.......... •• . . . . • . • . . . . ............. .. 

GluclL,Jvhu H., A1101istaut ·········-····--··········-· --·······--· ·--· 

.l85!l 

lt:UO 
1874 

Aug. 3, 18i4 

1880 

u;Go 

11".50 

1861! 

1847 

1884 
]868 

18tl:! 

18S2 

a2 . 

30 

lfi. 

40 
~I. 

47, llG, 117. 

7. ~. 

l!l. 

:~. 2~. 131. 

4'.~3 
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lllf. ~ ECHOLOGY-Coutiuned. 

U. 8. t.COAST A~D GEODET1G SUH \'EY-Continued. 

-------- ·----------------------·---------i Hefere11ce to! 

i11 Annual 

Name aml .!::TU<lo. 

Haruiu)!;, \\!illiam W ., S11lias>1h1ta11t - ............................... --- . 
Ha1Ti>1011, A. M., A><>1ista11t ............................................ . 

Hassler, J. J. S., .Assistant ........................................... .. 

Heiu, Samuel, Disbursing .Agent, 184t-187i: Libral'ian, 1Ni7-188:; .•..... 

E ein, Harry 8., Clerk .............. - •. - - .. - - - - . - .. - . - . _ ....... - - - .. - - .. 

Heq1;esheimer, J<::.lwin, Assi'!tant, and Chit'!' of the JJrawing Dh•ision, 
lJ. S. Coast amt Geodetic Hurvey Office ....•...••...............•••••. 

Jf eriu g, ~1. 0., A id ................. - .......................... - - - .. - . - ... 
lJO<Jver, J 01111 T., Cliif'f of the l\fisc .. Uaneous Diyisiou, U. H. Urntst and 

Geodetic Survey Ottice __ .. _. ___ .. ____ . _ ..... ___ ••. ______ • __ . _ - - ... - .. 

II ough, S. ,J., A i1l .•.....•.........••... _ ...••• _ . • . . _ . _ ...•.••••..•••... 

Ho,.,me1., Charles, Assi;.1t-aut ....•..•...•.•.•... _ •. _ •..•.•..•••..•.•..... 

lfumpllries,G.E., Ahl ........••.•.•.•..•...•...........•••.•.•..•••... 

Huut, E. B., Maj., -C. S. Engineers, Assistaut .......................... . 

HutchiDson, llenry T., Sailing Master .......•..••.......•............. 

Jolinstonc, ].1. 'I'., in chargfl of ].lap Room .•••••.••• -..···-··. ___ ..•. --·· 
K·archer, Lon is, ])raugbU.1nan ....................... _ .••. __ . _ ... _ ..... . 

Kincheloe, Julius, 8ubassistant ....................................... . 
Kni11:ht, J obu, Engraver ............. _ ................................. . 

Kondr11p, Jolin C., Engraver_ ......................................... . 

Mapes, W. B., Acting A id ____ .. __ ..•••••.•..•••..••.•••••..••........ 

Mapes, W. II., Inspecting- Engineer._. __ ..... ____ •• _ ...•.... __ ...... _ .. 

McArthur, Wm. P., Lieut., U.S. N., Assi:otant, Coast Sun«'Y- _ .. _ ..... . 

McClery, M. J., Dntught sman .....••.••••• ···.: ••••• __ .. ______ ...•.••.. 

MoCoy, Hazzard, Mail Messenger .................................... .. 

McDonnell, Thomas, iu cba1·ge of M.ap Room ......................... .. 

Ncs,1''rederick F., Assistant_ .......••..•.•••••••.•.•.•..•.•......••••. 

Oltmanns, J-0!10 G., Assistant_ ......... _ .•...•.••.•••.•.•• _ .....••..... 

O'Sullivan, T. J., Draughtsman, iu charge of Drawing Division ...... .. 

Over, Frank, Assistant E1ectrotypi1>t .•.. __ . _ ..••••••.•.••. _ .... __ ..••. 

Palmer, William R., Maj., U. S. Topoirraphical Engine.en•, Assistant 
in charge of the Coast Survey Office 1858 t-0 1862 •..•••. _ •.. _ ...•.•.. 

Patterson, Carlile P., Superintendent, 1874-1881 ....................... . 

Patterson, W. P., 'Vatcbwan .......................................... . 

Pearl, .Arthur F., H_vdrol{raphic Aid •••. _. _ ........................... . 
Peirce, Benjamin, Superintendent, 1867-1874 .•.••.••••..••.••••.••••.•.. 

Cou1mlt.ing Geometer, 1874-1880 ..................... . 

Pleas'\Dte, W. H., Eugint1<:1r .••••.••.••.....••.•.••......••••••••.•••••• 
Rumpf, Gottlieli, Computer ................................... _ ...•.•.. 

Rut11, Joseph S., A!!l!il!tant ........................................ _ ... . 

Sands, Willim11 F., Hydrographic Aid ................................. . 

Seib, John, Assistant_._ ....................... _ ....................... . 

Sengteller·, A., Engraver ..•••. _ ...................................... . 

St"ngttill.~r, Louis A., A ssiatant .••....•••••.•.••. 7 .................... . 
Smead, J olm U., Ca1lt., Fifth U. S. A rt.illery .. _ ........................ . 
Stevens, lsfrnc I .. Brig.Gen., 11 • 8. Volnn1.eera, Assistant in -0harge of 

the Ce>1n1l Sui Vtl.\" Offict'. 1849 t<• 1~53 _. _ ..•.••• _. __ ................. . 
Stewart, G01·Jon A., Keepe1· of A rchi vel! ..•••••••••..•... _ .. _ ......... _ 

Report, 
or date uf 
oLituary 
uotice. 

1871 
1881 

Feb, 2, 1881 

1858 

1886 

1871 

1889 
1861 

1878 

1857 
1888 

1857 

1863 

1879 

1866 
1886 

1867 

1875 

lti75 

1886 

1879 

1851 
1866 

1886 

1882 

July 8, 1879 

1870 
1886 

1886 

1862 

Aug. 17, 1881 
1882 

1868 

1871 

Oct. 11, 1880 

1881 

1879 
1882 

.1952 

1862 

1860 

1~8' 

1889 

1862 

1862 
1882 

Pages-

15. 
9. 

42. 

lIS. 

15. 

96, 123. 
2:1. 

10,63. 

83. 
22. 

43. 

17, 18. 

42. 

9. 
118. 

ll. 

10. 

10. 
57. 

12. 

82, 509-511. 
8, 9. 

ll8. 

15. 

9. 

118. 
118. 

19, 431, 432. 
22. 
H, 15, 559-563. 

Et. 

15. 

8, 9. 

''· 63, 95. 

6, 51, 52, 132, 133. 

20. 

3-0. 

16. 

70. 
19, '3,. 
19, 432, 433. 

us. 
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Biblio9mphy; statixticx: o_(fkial report.'< o.f r.rpcndit1trf's, etc.. efr.-Continnctl. 

lll.f. NECUOLOO Y-Contin11ed. 

U.S. COA.ST AND GEODE'l'IC SURVEY-Continued. 

Name aml gr a.de. 

' R ... fo1·e11ce to . 
in Annual ' 

Repo1·t, 
01- <1ate ot 
obituary 
notice~ 

Taney, Edmund L., Subassil'ltant. .......... ,........... .. . . . . . . . . . . .. .. Ma.v 10, 1890 
Terrill, \Villiam l!., Brig. Gen., U.S. Volunteers ...................... . 
Terry, Carlisle,jr·., Subassistant .....•.....•...•...... - - ............. - . 

1862 
1887 

Mar.14, 1887 

19. 
62. 

I-' ages, 

'.rhompson, A. W., Aid .................................... _ ... _ ....... _, 1861 ~3. 

Throop, J. V. N., Engraver ..... __ . -- --------· ................... _ ... - .. 
Totten, Joseph Swift, Lieut., U.S. Artillery, .As1<istant .. _ ............. _ 

\\Tads worth, Alexander S., Assistant ................................. - . 
Walker, Sears C., Assistant ................................. :a.· ......... , 
Waters, Richard, Fireman ..•....... _ ........... _ .. _ ...... _ .. ___ . _ ..... _I 

\Vest, Benjamin F., Suba.11-sist_Jlnt ............ ___ ....................... . 
Wharton, Edward, Engravin~ Dh-ision ...•.•..•....................... 
Whyte, Joseph, Clerk ........................................... _ ....•. 

Winlock, .Joseph, Dir{'ctor~ of Harvard College Observatory and ~s- I 
t1"0nomer for tile Cua.at :Survey .................. _ .•...•. __ ... _ ...... _ 

Wiirdemann, Gusta vu~, Tidal Observer ............................... . 

Yeatman, A.., Master Carpenter ..... ~~ ................................ .. 

1860 

1853 

1862 
1853 

1886 

185:t 

1868 

1858 

1875 

18511 

1884 

30, 

1;,, 167, 1G8. 

19. 

15, 166, 167. 
ll8. 

15, 168, 169. 

~-
42, 

10. 

32. 
16. 



 

IV. 

Lf . ..;,'T 01' T!JJE TAT:CF.S FRO.lf THJ~· JUTE nF EART..JEST YCBLIC-1TIO~\
JS THI:.: SURVEY TO TH.1"' YEAH 1..S.90, 

U. S. COAST AND GEODETIC SURVEY. 

poblica- Description. Jmge.. Mode of publication. 
Year of Number of I 

tion. --------------------r ~~~-~i;e. _ -----------------

1854 Tirle tables for the United States; pre
J.>ari>d from the Coast Snrve_v ohRer\•a
tio1J>1 by A. D. Bache, Superinteutlent. 

1855 Tide table.a for the coast of the United 
8tat.e8. 

18!>6 Tide tal1le!I for tbe nse of navigator;,; pre
pared from the Coast 811rve.v oh1;erva
tions by A. D. Bache, Superintendent. 

1856 ..... do .................................. . 
)8;,Jl _ •••• do .................................. . 

~:~~ : ~: ~ ~ :~: : : ~~ ~: ~ ~: ~: ::: :: : : :~ ~:::: ~~~ ~~::: J 
1~ , -:--:-~~ ~: ~:: :~ -~:: :: ::: : : ~: :~~: .:~:: ::: : _ J 
1866 I Ti1le tahle"' for thfl Atlant.fr coast of the j 

I
I "C11ite<l St11t.es for the yo·ar 1807. i 

Title talileP- for the Pacific cosv•t of tbt> 
United States for the year 1867. 

1866 

4, quarw. I 
I 10, quar·to. ! 

12, quarto. I 
J4, qnar1o. I 
21, (1narro. 

1 

22, quarto. 
32, quarto. 
34, quarto. 
34, quarto. 

34, quarto. 

34, quarto. 

33, quarto. 

101, 12mo. 

32, l'.!mo. 

I 
Tide tab\l"s for the A tlantfr cnAst of the 109, 12mo. 

Unit.ed StateR fot· tbe year J8ti8. 
1867 

I Tide tahle11 i(>r th•• Pacific coaRt of the 

I 
Uuited 8tates for th<' year 1E68. 

Tide tables for the .A thwtic cnaHt. of the 
Uuited Stat.- for the year 1869. I Tide t~bles for tlrn Pacific coast. of the 
United State11 for t-h<'I year 1869. 

1867 

1868 

1868 

58, 12mo. 

110, 12mo. 

5S, 12mo. 

1869 Tidt' table8 fm· the .Atlantic cnaRt of the 111, 12mo 
United Statel!I for the ~·ear 1870. 

1869 Tille tables for tbe Pacific coa.st of the 59. l2mo. 
United St.attm for the .v<>ar 1870. 

1870 Ticle tables for the At,Jantic <'O!lst of the 112, 12mo 
United States tor the year 1871. 

1S7Cl Tide tables for the Pacific coast of the 
United State8 for the year 1871. 

59, 12mo. 

18il Tide table11 for the .Atlantic co0111t of the ll9, !!!mo 
United States for th"' year 1872. 

1871 Tide tables for the Pacific COIU!t of the 
U nit<'d St.ates for the year 187 .!. 

59, 12mo. 

ll!7:? Tide ta.bleB for the Atla.utie eoaat of the 121, 12mo. 
United ~tat.es for the year 1876. 

1872 '!'Ide t.abfoA for the Pacific coast of the 60, 12mo. 
Unitoo Statf\8 tor 1.he year 1873. 

1873 Tide ta hies for tbe .A Uantic coast of the 122, 12wo. 
United States for the year 187*. 

456 

.Appen11ix No. 26, Report for 1~53. 

Appendix No. 51, Report fo1· 1854. 

.Appen1lix No. 53, Report. for 1855. 

Appendix No.17, Report for l!l56. 
Appendix No. 20, Report for 1857. 

Appendix No. 43, Report. for 1858. 
Appendix No.14, Report for l!-!59. 
Appendix No. 16. Report for 1860. 
Appendix No. 9, Report for 1861. 
Appendix No. 8, Report for 186;?. 

Appendix No.12, Report for 18fl3. 
.Appendb;; No. 8, Report for 1864. 

Pamphlet [Government Pdntinll 
Office]. 

DQ. 

Do. 

Do. 

f)o. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

no. 

Do. 

Do. 

Do. 
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Li8f n/ liil" ta1"1°.~ from the date o,r earliN~f publication, eff'.-f'onti1nu•d. 

U. S. COAST AND GEODETIC SURVEY-Coutimwd. 

-------------- ---- -------~---

y,..,.,, of 
}'"l•lic••·: 

t)oIL l 
Description. 

--- --------------------

Nnmher of I 
-

_P_"_!.:_"_,s __ i --M·o· de ofpnblieation. and size. _ 

1873 

1874 

1875 

'l'ifle ta.hleR for the Pacific coaRt of the 
l:nited States for the year 1874. 

Ti•le lable>i for tbe Atlantic coast of tbt> 
United States for the year H>i5. 

Tille tables for the Pacific coal'\t of the 
Unit~l States for the year 1875. 

Ti1le tahl~ for the .d.t.Jantic coast of the 
Unite<l States for tbe year 1876. 

1875 i Tide tahleR for the Pacific coast of the 
United States for the year 1876. 

1876 

1876 

1877 

1877 

1878 

1878 

lF.79 

11<79 

1880 

1880 

1881 

188l 

1882 

188:! 

1883 

1883 

Tiile ta.bleR for the Atlantic coast· of the 
United States for the :year 1877. 

Title tahleg for the Pflciflc coast of the 
U11ited States for the year 1877. 

'l'icl.e tables for the Atlantic coast of.the 
U uited States for the yea.T' 1878. 

Tide tables for the Pacific coast of tbe 
United States for the year 1878. 

Tide tables for the Atlantie coast of the 
United States for the year ~879. 

Title tables for tlie Pacific coll.!lt of the 
United Stat~s for tbe year 1879. 

Tide tallles for tbe A.tlantic coast. of tbe 
United States for the year 1880. 

i Tirle tablee for the Pacific coast of the 
United States for the year 1880. 

Tide tables for the Atlantic co~t. of the 
United States for the year 1881. 

Tirle tal1lea for the Pacific coast of the 
United St.ates for the year 1881. 

Ticle tables for the Atlantic coa&t of the 
United States for tbe :;-ear 1882. 

Ti<le tahles for the Pacific coast of the 
United St.ates for the year 188~. 

Tlile tables for the Atlantic coast of the 
United States for the year 1883. 

Tide tables for the Pacific coaBt of the 
United States for the year 1883. 

Titie table11 for the Atlantfo cO&!!t of the 
United States for the year 1881. 

Tide tableR for the Pacific coast of the 
United States for the year 1884.. 

1884 Ticle tabl.,s for the Atlantic coliU!t of the 
United States for the year 1885, 

1884 Tide tables for the Pacific coa11t of the 
United States for the year 1885. 

1885 Tide tables for tbe Atlantic coast of the 
United :::itates for the year 1886. 

1885 Tide tables for the Pacific coast of the 
Unit8d States, together with a. few sta
tb11s in Lower OaliforniB., British Co
lumbia. and Alaska Territory, for the 
year 1886. 

1886 Tid6 ta.bleA for th6 Atlantic coast of the 
j United States for the yeAr 1887. 

11!86 1 Tide tables for the Paeifio coa.et of the 

\ 

United States, to~etber with a few su.
tious in Lower California, British Co 
lumbia, and AliLllka Territ.ory, for th., 

i 
year H!87. 

1887 Tide tahl1;" for the .Atfant.ic coa.tl of tbt> 
Unit.ell Statt:s for tL., y"'ar HU:ll:!. 

60, 12mo, Pamphlf't [ Gover11uumt Priutiug 
Utlice]. 

122, J2mo. Do. 

61, 12mo. Do. 

109, 12mo. Do. 

61, 12mo. Do. 

124. 12mo. Do. 

61, 12mo, Do. 

124, 12mo. Do. 

61, 12m?· Do. 

128, l'.lmo. I>o. 

66, 121.10. Do. 

129. 12mo. no. 

65, 12rno. Do. 

l29, 12mo. Do. 

65, 12mo. Do. 

130.l!mo. Do. 

65, 12mo. Do. 

130, 12mo. Do. 

66.12wo. Do. 

136, 12mo. Do. 

66, 12mo, Do. 

136, 12mo. Do. 

66, 12mo. Do. 

157, 12mo. Do. 

75, 12mo. Do. 

241, 12mo. Jlo. 

75, 12mfl. Do. 

2t2. l'.!1uo. 
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Y.earofj 
pu~lica

llon. 
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List i~f tide f:abl~:-; from the daft'<~{ 1'a1'liest publication, etc.-Co11fin.ucd. 

U. S. COAST A ND GEODETIC SFltVEY-Continued. 

Description. 
J Number of 
. page" 
I and Mize. 

Mode of publication. 

I·------ ·-----·"------~----~-------- __ I __ ···---~ -------

18117 

1888 

188.'i 

l&i9 

18fl0 

189(1 

I 
Title tables for the l'adtk 1·oaRt nf' tt1e 

CTnitt"I State,;, together wicb a few !-!La· 
tion,., in Lower California, .HI'itisb Cu· 
lnm b;a, a Hfl Alaska 'l'torr·itor.v, for u,., ' 
.vear 1HHH. 

Tide t.01hh•1:1 for t-he .Atlantic coa1it of tlie 
United Stati->8 for the year 1889. 

'.l'ide tahl"" for the Pacilioi coast of the 
United States, together with a few st.a
tions in Lower· California, British Co
lumbia, and Alaska Territory, for the 
.vea1· 1889. 

Ti.le tables for the .A tlautic coast of tbe 
Uuitod States, togi>ther with !!06 i-ita
r.ioui-i on the ..A.tlautic coast of Briti1:!11 
America. for the year 1!!90. 

Tide table" for the Pacific coast ot· the 
Unite(l States, t11gether with l'.!l sta
tions iu Lower Califon1ia,.Briti•.t.1 Co
lumbia, antl Alattka Territory, for the 
year umo. 

'l'ide tahlth~ for the .Atlantic coa11t of the 
United States, tol[ether with 206 sta
tions ou the Atlautic coaMt of British 
.America, for the year 1891. 

'Tide tllbles for the Pacific coast of the 
United State._., together with l'.!l .. ta. 
tionl'l in Lower Califoruia, British Co
luwbia, aml Alai.ka Territory, for tbe 
.\ear 1891. 

1'0, 12mo. 

242, 12ruo. 

79, 12ruo. 

237, lar~e 
octavo. 

fo::;, large 
octavo. 

25-0. I a r g- e 
octavo. 

111, large 
octavo. 

Pam plllet j U onJt·uweut l'l'iuting 
Otlieto. j 

Ho. 

Do. 

Do. 

Do. 

Do. 

Do, 



 

v. 
<'!A TJ [,()(; rR OF (!OA8T Pf!~OTS FOi.' 1'11 J·: .I TLA NTH' .4 YJ> l'AJTT P!r ('VASTS 

Uf" THE US!TE/J 81'__-4'.J'/~·s PL:O}J TH.E 11.:JTE 01<' EARLJl:';sr PCJJLJC,J
Tlu .. v By J'H E CO..JST SUH J'EY TU THE y HA// 18!-JO. 

U. S. COAS'l' AND UHODETIC SURVEY. 

I I ~111nber i 

catiou. 1, a.ud t:tize.. '. vie.ws, 
Mode of publication. 

Yearofl 
1
. Nuruherof I' publi. Title. pa.f.!'eB ·, of~'hartr;, 

j etc. 
'-----------------~ i---' --- ___ ,, -~-----,-- ------ ------------ -·------~ --

1850 '1 Sailing directions to accompany tl11; ~- 13, octavo. 
new chart of the western cnaRt-. of : 

1851 

1&6 

the United Slates. (First 1·ditio11.) 
Puhlishe<I Dectiniber. 1850. 1!.'f A. 
1.>. Bache, 8uperintendent. 

Notices of the western coast of the 55, octavo. 
United States. U.S. CoastSnrvey. 
A. D. Il4cbe. Snpcrintendenl:. (Rtl· 
visetl edition.) Dece1uber, 1851. 

.Extracts from a report made to the 10, quarto. 
Superintendent. by AA;,h1t.an t George 
Davidson, upon toca.ht.ie1> on tbe 
western coast of the Uniwd States 
from the north entrance of Roaario 
Strait, Washin,!!;tou Tenitory, t-0 
the south tom boundtfY of California. 

1856 I Extracts from letters iuldressed to 2, quarto. 

J 

1856 i 
I 
I 

I 

tlrn Supuintendent by Lieut. W. 
P. Trowbridge, U. S. EngiDl."Ars, 
.Assistant, relat,ive to BodeJ(a Bav 
and SOllth Farallon Island, Cali· 
foruia. 

Extracts from the reµort of Sub· 
aRsistant. W. M. Jobmmn relative 
to the foatur<'l'IOfSant.J:L Cruz It>land, 
the valley of San Buenaventura. 
and the ·coast of Sant1,1, Barbara 
Cha.unel. 

3, quarto. 

1856

1

: Letter of Commander .Tames Alden .. 4, quarto. 
U. S. Navy. As•d .. tant, relative to i 

1 the coRst, hi.irbors, and commerce ,' 
l of Washini;rton Territory. i 

1856 j' Catalo11:ne of sa.iling directionfl, list of j 8, quarto. 
dangers, etc., prepared fol' publica- .

1 1 tion under the direction of· the 1 I Superintendent. !,' 

1856 I Report upon the sailing direct.ions 31, octavo. 
I for the port of Naw York and itl'I ! appro&flhes, taken frocr. thfl general 
l chal't of thf'I Coa-st Survey. pub· I 

I 
liehed in 1852, by A. D. Ba.cbe, 

I 
Superintendent tr. S. Coast Survey, I 
together with a copy of the aailing 
clfrectlons themselves. 

18591 Directory foi: the Pacitl<J Coast of the 1 162, quarto. 
United States, reported to the Su- 1 ! perintendent of the United St.ates j 

• Coast Survey by George David11on, , 

I Assistant. (Fint edition.) : 

186& The same. (Second edition.) / rn3, qaart-0. 

1869 I Report of Assistant Georj,!e Davi<l1mn j 14:J, quarto. 
1

1 

relative to the reS<'Ul'C('"' and the 1 
ooast t'eatur68 of A.la.ska. Territory. \ 

NOTtt.-Tbia report. whieh i" the I' 

j 
ha.sis of the Coast Pilot of Ala.ska, 
published 1n the same vear as a 

. aeparate volume, wa..i firat Mi.th· 
ruitted for _ pubUcRtioD by Mr. 
Davidl!O:ll on Novewbe1· 30, 1867. 

~ ~ ............ -. 
I 
i 
1 ·-- .. - - I 

! 

I 
I 
1--- --·· 
l 
j •••• - ••••• 
I 
r , 

I 

I 

Gidton & Co., Pr in t•H'>!, 
\Va>1biugton, .0. U. . 

Do. 

Reµort for 1855-.Appendix 
26. 

Report for 1855 - .Appendix 
:.!7. 

J{eport for 1855-.A.ppenclix 
'.:8. 

J~eport for 1855-Appendix 
~9~ 

Report for 1855-Appeullix 
30. 

Carnbrid~e. Printed by 
Alleu & Farnham, 1856, 
t'm· g-ratuitouM di11trilm
tion by tlie Life Saving 
Benevole11t Ar1sociation of 
New York. 

CoaRt Survey report, 1858-
Appendill 44. 

CoaRt ~nrvey report, 1862-
.Appendix 39. 

Coast Snrn·_\- report, 1867-
App.,udh. U:I. 
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460 G. A. l'OAST AND GEODETIC SliRVEY. 

ratalo!fne 1~( ('of/l;f l'ilolx for thr Alfontit• and PacYh Conxfll, f'fc.-f'ontinnetl. 

lT. 1-i. COA8T ANI> Gl~ODETlC :sunVEY-Contin11Nl. 

.... ···--····--------
Year of 

..... uli
eation. 1

, Nu m lrnr of 
'I'i tle. page11 

awl size. 

1869 l'acific CoAAt. Coast. Pilot. of Cali- 262, quarto. 
fol'nia. Oregon, and \Vashin2ton 
Territory. By GeorJle l>avid>ion, 
Assistanl, Coast Surv.,y. 

18G9 l'acHic Coast. Coai<t Pilot- of Ala!'.ha. 251, quarto. 
(First pare.) From i<outhern 
boundary to Cook '11 Inlet. By 
Geoq!e Davidson, Assistant, Coast 
Survey. 

1875 CoJl.st Pilot for ti.Jc At Ian tic "ea-board. 960, ()llarto. 
Gulf of Maine aud it11 coa~t f1om 
}~astport to BE•ston. 1874. .tty ,J. ! 

S. Bradfortl, AMsistant. 

1878 .Atlantic Coa>1t J>iJot. Hm11011 Bay to ! 628, quarto. 
New York. 

1879 A tlantk Coast Pilot.. Boston Jfay to 92, q nartc.. 
M.m..1omoy. 

1879 A.tlan tic Cna;;t. Pilot. Nan tncket an1l 107, quarto. 
Viue}arcl :-\onndM. 

)879 .At.!antic Coai<t Pilot. Buzzard's and 122, quarto. 
N arr·a1Xansett l:layl'I. 

1879 .Atlantic Coast Pilot. Block Island 66, quart-0. 
au1l 1''llihe1·'s Island Sounds, Hardi· 
l!er't> arnl P.-cuuic Hay><. 

J87!t A tfantic Coast J>ilot. Long lslan1l 86, qnart.o. 
Sound and East R ,·er. · 

1879 Atlantic Coast Pilot. Harbors in 112, •1narto. 
Long Island Sound. 

1879 Atlantic Coa:;t Pilot. 8outh coa>1t of 90, •1narto. 
Long- I11h111d, NE->w York Bay, and 
Hudson Rh·er. 

1879 

NoTE.-Tlie seYen volunH.>!'. above 
named. 1rnblisbed early in the ~'ear 
1879, comprise a HerieH intt>ndecl to 
1ueet local wants. and 10-e all con· 
t.ained iu th<' oue volnrne of tht> At· 
lant.ie CoaRt PHot for 187R, <'orupiled 
and verified by .J. ~- Bradford, 
_,\ sAist.ant. 

Atlautic Coast Pilot. 
EaHtport t(• Boston. 
edition.) 

Division A. 
(Second 

18i9 Atlantic Local Coast Pilot. ~nhdi
Yi><io11 1. Pa,,.,,1~ma<111od•I ~- liay tu 
Scboodic. · 

1879 A t1a11tk Lo<-.al CoaRt Pilot. 8nbdi
vision 2. Ji'renchmauR Bav to hile-
au-haut. · 

1879 Atlantic Lo•~al Coa1>t. Pilot. 8ubdi
,·ision 8. Penobscot Ray and tribu
taries. {First echt.ion.) 

1879 Atlantic Local CoaRt. Pilot. 811h1li
vi1:1ion (. \Vl1ite Hee.d !zllancl t,o 
Cape 8maJl Point. 

1879 .Atlantic Local Cos.st. Pilot. 811bdl
vision 6. Cape Small Point to C'1£Jle 1 
Ann. 

1879 .A tJa11tfr Lo<""al Coast Pilot. Snbdi. 
Ti~ion 6. Capt' Aon to Coha><ttet. , 

NoTE.-Tlie sh: volumeit of the At--\ 
lantie Local Coaat Pilot n&med 
alJo\'e and publi8hed abont the 
middlt" of the year 1879, appe1H" as 
separatto partB of the Jarj!e "\""ol11m., 
'·A Uautic Vo,.,.t Pilot. 1Jivi,.iu11 a. 
Ea~tporl. to .Bo>1to11 " ( s •·" on .1 
e.htiun1. cbrnpil.,.l bv ,J. S H1a'1· 
ford, Assistant.. · 

694, qnarto. 

115, quarto. 

196, quarto. 

121, qnnrto. 

126, qnnrto. 

14,J, quarto. 

107, quiirto. 

i Numl,.•r 
:ofdiar·t«,; 

·dews, , Mode of publication. 
<!I<:. 

a:i 1 vol., 0 ovt> n11uent J>riu ting 
Office, 1869. 

8 l vol., Gov .. rnment Printing 
Office, 1869. 

12 vol:, no·rnrnment Printing 
Oftice. lt>7!>. 

55 

7 

4 

4 ' 

4 

22 

56 

10 

7 

lB 

6 

10 

r; 

l vol., Government Printing 
Office, 1878. 

l vol .• Govi:-rnme11t Printin~ 
Ottice, 1879, 

vol., Go"\""ernment J•rinting 
Ultice, 1879. · 

vol.. Gon-'rnuwnt Printing 
om('e, 1879 . 

vol., Government Printing 
Otli<:e, 1879. 

1 vo~ .. novernment Priut.in« 
Ottiee, 187U. ~ 

1 vol .. t<ovm·ument Printinl-! 
Otti<'e, 1879. 

1 vol., Oovernruent Pdntin" 
Office, U!7D. ,... 

1 vol., Government Printing 
Oftl('.e, 1879. 

1 vol., Government Printing 
Office, 1879. 

I vol., Government Printing 
Office, 1879. 

vol., Government Printing 
Ofilce, 1879. 

1 vol., Government Printing 
Offict', 1879. 

1 vol., CTovernmtrn t Printing 
Offloe, 1879. 

I vol., Government Printing 
Office, 18711, 
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Catalo911e of Coaat Pilols for thv Atlantic a1ul Paoijiv Coa8l8, etc. -l 'o.u ti 11 Ht>ll. 

G. S. COAST AND GF:ODETIC SURVEY-.Continued. 

l 
Year of! 

publi- / 
cation. i 

-T--;1.mbf'r of-r~umber ! 

I pagAl'I i of ~harts, Title. 
: anJ size. I views, 
i ! etc. 

Mo<le of pul,lication. 

. 18i9 I 
! 
; 

Pacific Coast Pilot. Coast and 
i•danfls of A lllRka. Secornl ;..m·ies. 
.Append_ix 1._ M'.'teorolor,y :rnd_ Bibll
oi;i:raphJ. E.1 VI . fl. Dail, Ae:»ustant. 

375, quarto. 

1880 Atlantic Coast. J>ilot. Divii'<ion 1~. 675, quou·to. 
Em•ton to New York. (Second 
edition.> 

ld80 ~tlantic Local Coast Pilot. Sub.ii- 86, •piart ... 
viinon 7. Rm1ton to Monomoy. 
(Second edition.) 

188(1 Atlantic Local Coast Pilot. Subdi- 116, quart-0. 
vision 8. Nantucket, and Vineyard 
Sounds. (Second edition.) 

1880 .Atlantic L0-0al Coast Pilot. Subdi· 131, q11arto. 
vision 9. Buzzard'& and Narraµ;an· 
sett Bays. (Second edition.) 

1880 Atlantic Local Coast Pilot. Subdi- , 10, quarto. 
vision 10. Block Islaud anfl [ 
1''islrnr"s 1sland Sounds; Uardiner'R , 
andPeconicl~a:rs- (Secondlbdition.) · 

1880 Atlantic Local Coast, Pilot. Subdi- 92, quarto. 
vision 11. Long Island Sound an•1 
East River. (Second edition.) 

1880 AtJanti<i Local Coast 'Pilot. Subdi- 126, quarto. 
vision 12. Harbors in Long Island 
Sound. (Second edition.) 

1880 Atlantic I.ocal Co11.1<t Pilot. Snbdi- 95, quarto. 
vision 13. South coast of Long 
Island, New York Ba.v, and Rnd1>on 
River. (Second edition.) 

l-i'oTE.~The volumes of the Atlantic 
I..ocal Coa11t Pilot 11umher.-d al'I 
Subdivisions 7 to la inclm1iv1>, autl 
f'llumerated aR aboYe, appear as 
separa1e part,,. of thr lar~<> '\"olume 
Atlantic CoaRt Pilot, lJh-ision B, 
Hoston to Nt1w York (see.on•! 
i:>dir·ion), &lid lilrn that. volume wen; 
compiled am! pmpal'ed fm· puhlk;t
tion by J. S. Bradford, Assil!!tant. i 

1882 Atlantic Local Coast Pilot. S11hrli- !I[•, quarto. 
vision 14. Nrw Yo:rk to Delaware 
entrane.e. (~'irst l'dition.) 

1883 At.la.ntio J~ocat C1,ast Pilot. Suhdj- 159, IJUarto. 
vision 15. Delaware Ba~·ancl tribu-
taries. (First etiition.) 

1883 Pacitie. Coa.11t Pilot.. Alaska. Part h aoi:l, 14ua1to. 
Coast from Dixon entrance t,n 
Yakutat Bay, with the inland 
passage. 

1886 

1685 i 

I 

Atlantic I,o.·al Coast Pilot. l:h1bd( 
vl11ion 19. .Caf'6 Hf'nr.v to 'Vinyab ; 
H1e1y, and u1side passages. (:Fust l 
ed:ition.) J 

..\ t.laotic Loe.al Coa.cit Pilot. 8nlldi- , 86, qtMrlo. 
vision 20. Winyah Bay to Sa.vim- j 
nab, with tbe inland pa8Sage to : 
Fernandina. (First edition.} I 

1886 Atl&ntie Looal Coast Pilot. Snhfli- l 99, quarto. 
vision 13. South coa.st of Long ' 
Ia\ani.l, New York Bay, and Iiudaou ' 
River. {'I'hird edition.) 

1887 Atlantic Local Uoast Pilot. So bdi- 106, quarto. 
visiou 21. Tybee Roads to Jupiter 
Inlet. (First edition.) 

1888 {r Atlantic I..oraJ Co&8t Pilot. Snhdi· H3, quarto. 
Viiliona 6-7. Cape Ann tu liloao· 
mo)'. (Third edition.) 

27 1 vol., Government Printing 
Oftk;., 1879 . 

53 vol., Go\•ernment Printin:::; 
om .... , 1sso. 

5 l ..-ol. (;o,·ernruent Priulin:::; 
OHke, 18tW. 

9 I vol., Govf'rnment Priutiui.: 
Office, 1880. · 

5 1 vol., Govt>rnrnent Print.ing 
Ollie~» l.Si'U _ 

5 l vol.. Gov"1·nn.wnt l'nntini.;: 
Ottice, 18'30. 

6 1 vol., Go..-t>rnment Piintin~ 
Office, 1880. 

4. 1 vol.. f~oYt>rnment Priutini;!; 
Oilice, 1880. 

:!l 1 vol.. Gff•·,.rn1uent ri-inting 
Oftice, l~Su. 

1:1 1 \'ol., Gov<>rnment Printin"' 
Office, 1882. 

11 l vol., G11nwnment Printing 
Ofhn•, 188a. 

jJ 1 vol., Govf'1·11111ent Pnntrng 
Offict>, lli8J. 

21 1 vol., Go.-eroment Printing 
Office, 1885. 

17 yol .. <iovernment Printin;i: 
Offici,;, 1885. 

8 l '·ol.. Go-..ernm1mt· Printinjl; 
Offioe, 1S86. 

11 1 ..-ol., Government Printing 
Office, 1887. 

11 1 voL ... Go,•ernmeJJt PriDting 
Office, 18ii. 

' 



 

462 U. S. COAKT AND GEODETlC f-'URVEY. 

Catalogue of ('mud Pilots for the Atlantic and Pa.c{fic Coasts, efr.-Continned. 

U. ~.COAST AND GEODETIC SURVE¥-Contin_ned. 

YPar of,. 
publi

<:ation. 
Title. 

__ 1_8_8_8_ l_u_n_i_t_e_d_!S_ta_t_e_s_Coast Pilot. Atlantic 

1889 

1889 

I Coast. Part-IV.* Long Island Hound. 
with &pproache1t and adjacent 
waters. ()first edition.) 

United States Coast Pilot. Atlantic 
Coast_ Part VL Chesapeake Bay 
and tributaries- (First ~lition.) 

Atlantic Local Coast Pilot. Subdi
vision 22. Straits of Florida, Jupi
ter Inlet t-0 Dry Tortugas. (First 
edition.) 

~um~~of -. ;-;~1-r~l1;;1-------
; of ~hal'ts, I Mode of pu blicat.ion. pages I views, 

and size. . etc. . 

155, quarto. 

135, quarto. 

05, quarto. 

15 1 ..-ol., Government Printing 
Office, 1888. 

33 1 voL, Go..-en1ment Printing; 
Otl.ice, 1889. 

2 1 'l<·ol., Go..-ernment Pri11ting 
Office, 1889. 

1889 Pacific Coast. Coast Pilot of Cali- 721, qnart.o. 
fnrnia, Oregon, and Vt'"ashinµ:ton. , 

457 1 vol., Govf>rnmer.t Printing 
Office, 1889. 

By George Davidson, At1sh1tant. i 
(Fourth edition.) 

NOTE.-.At the datfl at which this 
Catalogue 1roes to prei;;.111 there haA 
been pulolished another volume of 
theseriesdesiguatedas the "Dnit,e•I / 
StateP. CoaP.t Pilot," whkh is to 
appear first in Parts. aml later in a ! 
large volume intende(1 to embrace l 
the· Atlantic coa11-t of th!'. Unit.ed 
State!'!. TbE'! title of thii. volume iR 
"l:Tnited States Coast Pilot. At
lantic Coast. Parts I and II. F'rom I 
the St. Croix River to Cape Ann. 
(1"ir11t edition.)" 

~This TOlUm(' talrn!'I the ~lace of S11hdivi;:;ions 10, 11, and 12, Atlantic weal Coast Pilot, and of pp. 
304--54-9 oJ' Division B, AUantic Coast Pilot. 



 

VI. 

CATAJ,OG[TF:S ()F J!A I'S ASD ('fL1HT8 PrBLTSHED RY THE r. 8. COAST 
A.ND GEUlJEl'lC SCIU~El' BETJI EE_Y THE YEARS 1843 LLYD JS:JO. 

D. 8. CO.AST AND GEOD:E'l'lC SURVEY. 

Date of puhlica- i 
ti on. i 

I Cat;: I ---- ---
lo.s:ub. i Cbart.s. 

Title of ca.tJ\loune. 
Nnml)er of 

Pa.it es 
ami size. 

--~- -----~---· _, -~~----------· 

1843 1835-1842 List of th1;1 imliTidnal mapi. 1, octavo. 
executed anti (fofh-e1·ed. 

I 
NOTK.-'l'he 1 i <it abo,·e '! 

namoo ii. J:rnblisbed ahm in 
ReJ>ort No. 170, designate.d I 
as Twenty-seYenth Con· 
gress. third session, Report I 
No. 170. Honl'le of Repre- J 

sentat.ivN. 

1849 ! 1842-184!! J,ist of Coast Survey tnapR I, octa'<"o. 
enJ!n~ved. 

I 
I 
I 

1850 l 842-1 850 , .. - ..• f]o •••••••••••••••••••.. I ) , oC't.a. VO. 

1852 1842-1851 List of CoaRt- Snn·ey mrtpR, 2, octa.,.o. 
sketches, and pr.,limin~r:v 
chart><, rnptraved. 

1853 1842-1852 ; Lh•t of Coast Surv1w rnaps, : 2, quarto. 
sketches, and preHminary 

i charts. · 

I 
1854 f 1842~1853 / List of Goa.st Snr ... ey map>i. 2, r1narto. 

sketches, and -preliminary 
charts. 

"'" 11"2-ll!.o;; --- --.do - -- ---- -···· •••• - • __ _ 

1856 184?-1855 r··-··'· ------------- --------
1856 18.2-1856 ,I Liat of Coast Snrvev maps, 

I 
preliminary char~. and 
sketcbe ... , en11:raved, jteo· 
graphically anangeu, 

3. quarto. 

4, r:inarto. 

! 5, q llRTt(). 

Mode of publication. 

i< Twen t .. \··,.l'l"<"<lnth Con I! re B 8, 
third RllRE<ion. HouHe Report 
No. 43. n:,l'J>OH of Select 
Committee on Coa.st Survey.) 

33 Thirt_'l'.first Conp:Tf'!'"" flrqt s~,.. 
,.ion. Senat-e Ex. Doc. No.!'>. 
(Report, of Su}W'rintendt>nt 
CoaRt Suryey for 1849. AP· 
pendix .No. 2; bis.) 

4:l Thirtv-first Coni;rresR. secou!l 
iw1.11'1on. HomwEx. Doc.No. 
12. (Reporr. of Superinten
dent Coa•H· Kurvcv for 1il50. 
Appendix No. 3R.) 

';'8 Thirtx-l'lccond. Con(!NIRR, 61'1"t 
Rt•ssion. Senate Ex. Doc. No. 
:i. (Repor·t. of Ruperint,end
ent. Cos.At Survey for 181'>1. 
Appendix No. ll.") 

89 

129 

Thirt.y-11e<",ond ConJl:l'llRR, ser.· 
ono ses!lion. E-,;N·uth·e No· 
64, Bon11e.of Repre11entative1<· 
I Re11ort of Superint.Pndent 
Coa.st Survey for 1852. Ap
pendi:<: 6.) 

Thirty-t.hir•l Conirn•ss, flr11t 
se1<11ion, Exl'cttti..-e 14, Sen· 
ate. (Report.of 8uperint.en1l
ent Coast. Survev for 185.". 
Appendix 5.) · 

14.7 Thirtv·thirfl ConitrMs. iu•rnn;\ 
session. Ext>cntivl' 20, Hou"'" 

, ofReprf'Rentatives. /Report. 
I of Superintendent Coast Sur. 
' v•'\Y for 1854. Appendix :n. 1 

192 \ Thirt:v-fonrth Conj!;Tes.s. firp,t 
se..~sion. Executive 6, House 
of Repres""ntat\ves. (Re.port. I of Superintendent Coa11t 8urI vey for 1855. Appendix 36.) 

221 / Thirt:t"-fonrth Gongl't'.s><, third 
1 BMl'!ion, E'.'recutivf\ 12, Sen-
1 ate. (Report ot'SupM'intend-

1 
ent Coast 8urvey for 18.'m. 
Appeudix 19.) 

463 



 

464 1;. s. co_\ST ANlJ GEOHETIC SUHYEY. 

Catalo9ueB of ~llaps and Charts, elc.-Coutinuetl. 

1-::. S. COAST .AND GEOlJETIC SURVEY-Contiouetl. 

-Date of publica-) 
tion. 

Cata- :.· Charts. I 
logue.: 
~~--~-.-~~I 

Title of catalogue. 
Nnmber of 

pages 
and size. 

1858 1842-1857 List of Coa>1t Sur-re:v m11ps, 0, quart-0. 
preliminary chal"f.s, and 

' 

Bket<·hes, en;?ravPd, geo- II, 

gra[JldcaHy arranged. 

1859 1842-1858 do · G, quarto. I !"" --- - - -- -------1 

1860 i 1 I 

1

1842--1859 !- ----.do __ •• _ •••••••••. _ -- - - -1 •· q~•'°-

1861 18;i2-J860 '_ .. __ .do . • • •• • • . . • . • • • • .•.. · 1 6, qua1·to, 

I I 
1862

1

1"2-1'61 r- .... do •••• _ ••• __ •••••••••• _ 6, •tu""'-

1863 1846-18d3 Ca.talo11:ne of hydro,zra.pbio 
maps.cbaru•,aud sket;ches 
publiAhed by the U- S. 
Voae t Survey.-A. D. 
'Bache, Superintendent, 
1863. 

18&6 18'6-1864 Catalogue of hydroirraphio 

I
' mapB,cbarts,an<f Aket.cbes 

r 

publif<hed by the U. S. 
Coast Survey.-A. D. 
Bache, Sllperintenilent. 

. 18d6. 

186j , 1846-1867 [ Same.-Benjamin P"irce, 
1 I SuperiI1t.endent. 1867. 

1872 [ 1846-1872 [ Same.-Benjaniin Peirce, 
: ( Superintendent. 1872. 

1875 ' 1851-1875 I U. 8.CoastSurvf'v.-Ca.rlile 
P. Patterson. Sn p t>rin· 
t. en d en t. Catalogue of 
charU!. 1875. 

1877 1851-1877 Clltaloirue of charts of the 
U.S. CONltSurvey, 1877.
Carlile P. Pattel'llOn, Sn· 
perintendent. 

1880 1846-1880 U. S. Coa.&t a.nd Geodetic 
Sur•ey. Cataloi;rue of 
ebartll, 1880.-Carlile P. 
Patteraon, Superintelld· 
ent. 

1883 l846-18i3 I U. S. Co-t •nd Geodetic 
r SurYey. Oatalo~e of 

, I chart&, 1883.-J. B.. Bil· 
I \ prd, Superintendent.. 

1884 't 18'6-1884 u. s. eo-t and ~etic 
\ I Survey. C•talogq.e ?f 
.
1 

• chart.a. 1884.-J. E. Htl-
j gat"d, Superintendent. 

1886 j 1846-IBBG : U. S. Coast and Geodetic 

I' Survey. Catalo.irire of 
charte. 18&;;,-~·.M. Thot·n, 
Superint.endent. 

17, quarto. 

17, quarto. 

18, quarto. 

20, quarto. 

28,quarto. 

29, quarto. 

t5,quarto. 

6(, qu~it.o. 

SS, q ua.rto. 

72, quarto. 

I No.of· 
maps 
antl 

I charts. 
t 

i-;~ 
' i 

278 i 
i 

Mode of publication. 

Tliirty-fifth Congress, fl1·st sefl
siou, Executive 33, SAnAte. 
(Report 'lf Superintendent 
Coast Survey for l85i. .Ap· 
pend ix 22.) 

Thirty-fifth Congress, second 
S<'lssion, Executive 14, Sen
ate. {Report ofSuperiutt>nd
e1:1t Coast Snrvev for 1858. 
~4 ppendix 19.) " 

Thirty-11ixth Congress, 1JI'l!t 
se11si<ln, Executive 41, House 
of Represent&tives. (R1iµoq 
of Supel'int.endentCoast Sur. 
vey for 1859. Appendix 17. 1 

Thirty-sixth Con~Te88, stw~md 
Bf'>l<sion, Executive -. Sen· 
ate. I Report ofSuperinteml
ent boast Survey for 1P60. 
Appendix 19.) 

Thirty-aeventh Congress, see
ond eeesion, Exeoutive -, 
Senate. (Report of 8nperin
tenc!ent Coast ·Sarvey for 
1!<61. Appendix 12.) 

242 I Washington. Government 
Printing Office. 1863. 

276 

278 

29!) 
i 

I 
325 I 

... 1 

~J 
i 

884 i 

l 
395 I 

l 

\V;u~hin;::ton. Government 
I'rintiui;; Uili<.;o, 

no. 

no. 

I>o. 

Do. 

\VJl.llbitii::ton. Government 
Print1ui; Office. 

Do. 

Do. 

Do.. 
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Calafogu,cs of ~Hap>: and Clwrf8, c/,·.--Conti11nf'd. 

U. S. COAST A~D fiEODETIC SURVEY-Continuf'ri. 

---------· 
Date of pnblica·. 

tion. Number of No.of 
maps 
and 

'charts. Cata-I 
logue.! 

1881 I 

1800 

Chn.rts. 

184&-188i 

Tit.le of catalogu(). pa,(?es 
and l'li:<e. 

-------·-·- -·----· -- . 

. I 
U. S. Coast and Geodetic I J4u, 11narto. 

I 
Survey. Cat.alo,1rne of I 
charts and other pnhlica- , 
tions, 1887.--F. M. Thorn, j 
Superintend<>nt. : 

1846-1890 i U. 8. Coast and Gf'o<lf>tk 1'16, q11a.1 to. 
Sn r v e y. Catalognt'I of 
charts and othet· pnhlica-

1 tions, 18!JO.-T .C.MendL·U- , 
hall, Superinwndent. ! 

458 

476 

W':.tl'hin:;rt.on. (;overumeut 
l'ri11L1ug Utti~. 

no. 

----------- -~·-- ----

NOTE.-& ~·atalogue of charts for 1892 is in prnss a.t the uate of compilation of this appendix. 

H. Ex. 43, i•t. :!-30 



 

.XOTICE8 TO ,lfA RLVERS FROM THE T>ATE OF EA RLTEST PUBLICATION 
Br THE COAST SURVEY TO THE YEAR 1890. 

This list. beg·imi. with the earliest separate publication of these uotiees 
on fil~ iu the Coast and Geodetic Survey Office. The annual reports 
previous to 1869 contain many such notices in the form of communica
tiom; from the Superiutiendent to the Secretary of the Trea1"ury, with 
requests that authority be given to publish for the benefit of mariners. 
The separate 1mblications of these notices since 1869 are for special 
distribution, and are supplementary to the publication formerly made 
and still continued in the leading commercial and nautical journals. 
lt'or general lists of discoveries and developments see the Reports from 
18t;o to 1864, inclusive. 

U.S. COAST AND GEODETIC' SURVEY. 

N'lID· : Date J Title. 
her. i __ of no~-------~---------------------------

: 18fi9, .Jnly 12 Notice to Mariners. Pacific Coast. Shoal off Cape Reyes, California. 

1

1872, Ja.n. 22 Notice to Mariners. Atlantic Coast. East coast of Florida. St. Lucie Shoal. 
1874, .Jnne 20 Notice to Miuiners. Northwest coast of ~merlca.. Aleutian Islands. 

\ 187l, Oct. 10 Notice to Ma1·iners. Atlantic Coast. Long Island Sound. 
1 ' lf'7i'>, .Jan. 14 Notice to Mariners, No. 1. Atlantic Coast. Sailing directions for St. Augns. 

tine Flarbor. 

2 ' 1R75, .fan. 26 Notice to Mariners, No. 2. Pacific Coast. Sailing directions t'or Macks Shel
ter, Oregon. 

3 1875, Feb. 10 Notice to Mariners, No. 3. Pacific CoMt. Sunken rock off the boundary of 
1 California and Oregon. 

4 1 18ifi, May <I l>rotice to MarinerR. No. <I. Pacific Coast. A.ddit!ona.l pea.ks, Noonday Rock, 
enr.rt.nce to San Francisco Bay, California. 

u 18i5, May 7 Notice to Mariners, No. 5. Pacific Coast. Sunken rock off Cape Mendocino, 
California. 

6 '1875,Ma.y 20 

7 1~75, July 24. 
8 ; 1875, Sept. 4 

9 : 1875, Sept. 20 

Notice to Mariners, No. 6. Pacific Coast. 
Bay, California. 

Sunken Rocks. San Lnis Obispo 

Notice to Mariuers. No. 7. Pacific Coast. Shoal near South Fara.Hon. 
Notice to :Mariners, No. 8. i'acifte Coast. Dangerous shoal in the northern 

approach to San Miguel P~sage. 
Notice to Mariner1t, No. 9. Atlantic Coast. Approach~ to Chesapeake Bay. 

Wreck 12 mHe11 to the iwuthward and eastwa.ro of (;ape Henry. 
10 ! 1875, Nov. 4 Notl.ce to Mariners, No. 10. Atlantic Coast. Ledge in Delaware River. 

11 : 1876, Feb. 81 Notlce to Mariners,. No. 11. Gulf of Mexico. Positions of wrecks a.t the en
trance of PentlBcola Bay, Florida. 

12 1877, May i6 Notice to Mariners. No. 12. Atlantic Coast. Chesapeake Bay. Wreck off 
New Point Comfort., Virginia. 

la · 1877, Dec. IS Notice to Mariners, No. 13. Atlantic Coast. Wreck off Cm-rit.uck Beach, 
North Carolina. 

H 1877, Dec. 21 

15 1878, Mar, 7 

l5 1878, June 15 1 

16 1878,May 9 

17 1878,July 16 

18 1879, June 27 

19 '187'1, .June 27 

466 

Notice to Manners, No. 14. Gulf of Mexico. Obeervations upon northers 
and southeast gales. 

Notfoe to Mariners, No. l.'i. Gulf of Maine. Tidal currents at entran~. 

Not-ice to Mariners, No. 15. Gnlf of Maine. Tidal currents at entrance. [Sec. 
ond edition.] 

Notice to :Mariners, No. 16. Atlanth.1 Coast. Florida. Reefs. Disappearance 
of a. beacon. 

Notice to Mariners, No. 17. Atlantic Coast. Nantucket Sound. Wreck b:t 
Hyannis Harbor. 

Noticft t.o Marinf'rs. No. 18. Pacific Coa11t. Depth of water over thfl bar at 
eu> ra11ce of\.VilwinitW•l Hnrbor, California. 

N-0tfoo to Mariners. No. 19. Cout of Al&11ka. Location ot Kemi Rook in the 
middle p1u1l!lage to .Sitka Harbor, .Atuka. 
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U. S. COAST AND GEODETIC :-;PnYEY. 

-N um~r·-·--ll~~~---·----

her. ! of notice. Title. 
-----l -- --- ----·------ ---~----··--,-~-~--~-~~--~-~···· 

; 
20 ; 187!l, ,June 27 

i 
21 ,' 1879,.Jnly 9 i 

' I 
I 

!!2 1879, Juls 14 

23 1879, July 25 

24 1879, Oct. a 

Noti"" to MRrint1r8, No. 20. Atla.ntic Coast .. Cl0!1ing of New lnlet, mouth of 
CapB Fea.r RivPr, Nor-th Carolina. 

Notice to Mar-ineril, No. 21. A tl;ntic- Coa8L lncn•a.aed dl'pth of wat4r at en
trance of Cape Fe.II" Rivei·. North Carolin:-t. 

Notice to Mariners, No. 22. A tlantfo Coaf!l.. 8unkf'n wreck in thl'> track of 
vesaelR runnin~ along the New JerFl<\V coa,st. 

Notice to Mariners, No. 23. Atlantic Coast. Devt;lo1m1ent of Jobnsons Rock, 
Casco Bay, Maine. 

Notice to Mariners, No. 2.t. Atlantic Coast. Dangerous rock near Isle of 
Wight Shoal, coast of Maryland. 

2:, 1879, Nov. 15 Not.ice to Mariners, No. 25. Atlantic Coast,. Det-elopmentofSchuylers Ledge, 
off Sakonnet Point .. H.hollc f8lantl. 

181'0, June 7 

27 1880, Dec. 16 

28 1881, .Apr. 26 

29 1881, A.pr. 27 

Notice to Marinerfl, No. 26. Pacific Coa.flt.. Development of dangerous 1·ocks 
near Fort Ro:<s, Calif1)r11i:-t" 

Notice to Mariners, No. 27. A tlanlic Coast. Sunken wreck in entrance t-0 
Rappahaunock Rh·er. Virgini~-

Notice to Mariners. No. 2S. Atlautio Co&l\t. ImproYements of riYers antl 
harbors on the coas~ of .M»inl'> and Ma-saachusetts, under the direct-ion of 
Gen. George Thom, J<;ngiueer Corps, IT. 8. Army. 

Notice to M11.ri11er!l, No. 29. Atllrntic Coast. Connecticut. "Hrea"!.watn in 
process of construction to the we!!tward. of Bartletts Reef, l<'isht>rn Island 
Sound. 

30 1881, June 1 Notice to Mariners, No. 30. Atlantic Coast. Sunken wrt',ck offtbe east coast 
of Florida. 

31 18til, June 1 

32 1881. July 20 

1881, Nov. 10 

1882, Au_i. 24 

3;, 1883, .Jan. 14 

36 1883, May 14 

37 18i33, June 8 

38 1883, June l.9 

39 1883, June 22 

-tu 1883, Oct. 31 

Notioe t-0 ~rariners, No. 31. Pacific Coast. Reported dangers in the approaches 
to St. Paul Harbor, Kadiak I.slaud:.A task a. 

Notice to ld.ininers, No. 3'.!. Atlantie Coast. New shoal. Frying-Pan Shoals, 
off Cape E'ear, North Carolina. 

Notice to Marinerfl, No. 33. Atlantic Coast. DM·e]opment of Fiske Rook, 
Narmgansett Bay, Rhode Island. 

Notice to MarinerE<, :No, 34. A tlaut.ic Coa!lt. Dangerous rock in eastern t•n
trance to Fishers Islaud ~ound. 

NOT&.-The great.er nnmbf'.r of the above-1Latne<l noticeeo an' printt'-cl Ro1ne
wha.t as handbiHs, in large type for easy reading, and occupy abo11t one page 
quarto. 

Notice to :Mari11er.<, No. a:.. Atlantic« 'oa'lt. Da11gerntl'l rockf'! in we11t<'rn pit,rt 
of .Flshl"rs faland 8ouud. .Approaches to Nt'W J,nndon ant! M_ystic Harbors. 

Notice to Mariners, No. !16. .Atlantic Coal'!t. Sunkeu wreck in the track of 
ve11sels alo11g the New Jer,;c•y 1.ma:it. 

Notice to M1uint'rs, No. 37. .._\tlantic Coast. Wreck in the track of vessels 
along the east coast of Florida. 

Notice to Mariners, No. 38. Pacific Coast. Di!!cove.-y of a rock in Surge (or 
Southern) NarrowA, Peril Strait, sonthea.~t Alaska. 

Notice to M>trinerA. No. H9. Atlantic Coa'it. "\Vrt:ck in the track of coasting 
vessels off New ,Jersey. 

Notice to J.Iariuers, No. 40. Atlantic Coast. Dangerous rock off \Varrens 
Point, Rhode Island. 

U ; 1883, Nov. 0 Notice to Marinl".rs, No. 41. Atlanti<" Coa11t Dangerous rocks rooentl;v re-
ported on the coast of Maine, near Muscongus and Booth .Bays. \Vreck otf 
Tarpaulin Cove, Vine_vartl Sound. 

43 

18$3, N QV, 13 

1883, Nov. 26 

Notice t.o Marinei:-s, No.,,42. Atlantic Coa.st. IV.ck reported in Eggernaci::;in 
:keach, Maine. Rocks-in Ea,,;t J:l1ver, New York, near North Brother 1rn.d 
Riket·s 18la.nds. 

Notice to Mariners, No. 43. 
lopen, Delaware. 

Atlantic Coast. Dangerous shoals off Cape Ren-

1883, Dec- 8 J Notice to Mariners, No. 44. Atlantic Coast. Wreck in Potoma-c River, near 

I 
Ela.ckistone Island. ' 

\SSt, Mar. 20 Notice to Marinel'l!I, No. 4-'">. Atlantic Coast. Daugernus shoals in Monomoy 
PaMiage. 

1884., May 27 N oUce to XarlnerR, 'No. 4.6. Pacific Coa8t. Notes on dangerA in Neva and 
. Peril Straits and anchorag;es iu Fish Hay, South~li.flt Alaska. 

188j, May 28 J Notice to Mariners • .No. 47. Atlantio Coa&t.. Dallgerous ledg~~ in Fisherw 
leland -$ound. 
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~Y•Jlices fo Jfari11rrg.fro111 lft1· dafp nf fh<' carlir.sf puhlifY(fiOJ1, Ff•'.--Contint1c1l. 

U. S. COAST AND GEODETIC 8l'HVEY-··-Co11t.1nu111l. 

~11m-; 
h.,,r. 

Date i 
of uotice.·---1------

Title. 

1884. ).fay <11 j Noticfl to Mariners, No. 48. Atlantic CoaS1t. 
I New York. 

48 Dangerous rock in Ea.st R.i..-er, 

I R84, ,J nne 1 I N oticfl to Mariner!', No. "49. .Atlantic Coaat. 
; Bay, coast of 1'-Jaine. 

49 Hangerom; ledge in Englishman~ 

18~4. ,June 10 i Noticfl to Mariners, N<•. 50. Atlantic Coast. 
Led~e Lighthouse, Massachm1B~t-c'! Bay. 

50 DevelopmPnt. of ledges otfMinots 

51 l8R-1, .Jnne 30 Notice to Mariners, No. 51. Atlantic Coast. Important changes at and near 
Cape Henlopen. 

I 
i.i2 f 1884, Aug. 11 :Notice to Mariners, No. 52. 

New York. 
Atlantic Coast. Dangerous rock in Easl- River, 

53 ' 11'84, 8Ppt. 15: ~otice to Mariners, No. 53. Chan~es in the pi:lotage laws of the port of New 
York. 

ii4 1884, Oct. 7' Xoticl' to Mariners, No. 54. Atlantic Coast. Rocks recently rrported on tho 

55 1884, Nov. 

56 JP.fit, Xm·. 15 

57 , 1884, No>. 1;, 

58 188;;, F'flb. 10 

5!J 1885, Mar. 23 

60 1885, Mar. 23 

coast of New England. 
Xotice to Mariner,., No. 55. Athrntic Coast. I. Dangerons lerlg-fls drvl'l!oped 

in the resurvey of Long Ishrnd Sound. IT. Le1l,1re near Seal Rock, Rhode 
Island. 

Notice to Mariners, :Nn. 56. Atlantic Coa-11t. Shoal developed in Vineyard 
Sound. 

Notice to Mariner«, Xo. '11. Pacific Coast. Di.~covery of a rock in Secnrit.v 
Bay, Kuin lsland. Chatham Strait. .Alaska. 

Notice to MarinPrs. No . .'ii!. Atlantic Coast. I. De..-elopment of shoals in Nar
ragansett Bay. Rhode I"land, and Block l>'la.nd Sound. IL De..-elopment. of 
Sabine Bank, off Sabine Pass. (iulf of Mexico. 

Notice to Mariners, No. 59. Atlantic Coai;t. Changes in main ship-channel, 
Vineyard Sound. 

Notic.,, to Mariners, No. 60. Pacific Coast. Sailing directions for Wrang-ell 
St.rait, .Alaska. 

61 1885, June 12 Notice to Mariner", :'\o. fiJ _ Pacific Coast. Sailing directions for inland paR
Ra~e betwef'n Sitka Ha1 hor and Hooniah Sound, through Olii;a Strait, Neva 

62 

63 

64 

6i> 

66 

67 

68 

69 

70 

71 

~-. 
·~ 

73 

74 

75 

1~85, ,Jnly 1 

J 885, .Aug. 24 

: 188.=;, Oct. 6 

188:i,Oct. 12 

li'85, Oct. 21 

18!':1, Oct. 21 

1&•mt Nov. 20 '. 

! 188.'i. Xov. 20 i 

' 11'85, Ko\•. :"O 

1885, I>ec. i 

lX8fl, ~tar. 31 

: IR86, May 12 
. 1;<;86, May 21 · 

• 1886,Ma.v 31 ! 

Strait, and Peril StraitA~ Alaska. 

:Notice to Ji.farineni, Xo. 62. (iulf of Mexico. Shoal developed ne~r Marquesas 
Keys, Florida. 

Notice to Marinei·"· No. 63. Atlantic Coast. Ledges developed in the resur
vey of Long hhrnd Sonn1l. 

Notice to Marine1·1;, Nn. 6i. Atlantie Coa ... t. Dangerous rock developed in the 
resurvey of ·EaRt- River, N1•w York. 

Notice to Marine1·s, -:!'io. fir.. A tlau!ic CoMt.. DaugerR developed in the resu1·· 
vey of l<:aHt Hiver, New York. 

Notice to Mariner,., No. 6fi. .A tl11nti11 Coast. Development oi bar between 
Thnt1·h••rs 1 .. land au<l Milk f'lland, 1>fa.sAaohusettR. 

Xotice to Mariuers, No. 67. Atlantic Coa..qt. Ledge developed in Bottton Ba.y, 
.. Ma11sachu><etts. 

Notice to Mariner,., Xo. 68. Atlantfo Coast. Dangers develoJled int.he reaur· 
vey of 1'"'.:aRt J{ive1·, N.,w York. 

Not ice to 1rfarlnere, No. 09. Atlantic (:oast. Important changes in Monomoy 
PaRRngc. ~l;1ssacb uset t>1. 

NotiN· t., Mariner,., No. 70. Atlantic Coeet. Ledge developed in Fisbere 
folancl Souml, Co.tnwcticut. 

Not.ice. to Marinen1, No. 71. Atlantic Coast. Examinatfon of dangers reported 
on the <·oa'!t of Maine. 

Not.ice to ltlarimirs. No. 72.• Coast of t11e United States. Chart corrections 
during: t.be quart.er endinir Ma}l(\h 31, 1886. 

Notice to Mariners, 1'\o, 73. Dangerotu; w1·eck on Charleston Bar. 

Notke t-0 MariJlers, No. 74. Allantfo Coast. DanS?;eroua wreck on Charleston 
Bar. (Addition to Not.ice t-0 Mariners, No. 73.) --

Notictl to Marinen1, Nu. 75. Atlantic Coast. Danger developed in the resur
~·ey of East .. Hiver, New York. 

76 'l88fl,J11ne 3Q: Noti~e to Maril.iers, No. 76. Coast of the United Statel!. Chart cor'reetions 
; \ during tl1e quarter e1Hlluj1; ,June 30, 1886. • 

77 : 1886, Se1lt. ao 
1
• Not.ice to Mariners, !>to. 77. Coa.Bt of the United States. Chart corrections 

: duriog the quarter ending September 30, 1886. 

* NoTE.-Thi11 was tht• first number of the quarterly series of these uoticee, the publication of 
which was recommended by the liydrogl'"lllphio Inspector. 



 

Num· 
ber. 

'iB 

79 

80 

81 
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]\,'o/icf8 to !Jfari11£'1'1J from tl11' dafo of flu, earlifl8t puhlfratio1i, rtc.-Co11ti nuell. 

U.S. GOAST AND GEODETIC SUI!VEY---Co11tin11etl. 

Date I I ! 
of notice. Title. 

I 
1 1886, Oct. 

1886, Oct. 

1886, Oct. 

1886, Nov. 

rn i 
i 

15 ! 

I 
'>3 I - I 

8 

Notice to Mariners, No. 78. A.tlantic CoaM. Velocit_v and dirPction of th .. 
Gulf Stream between Fow•'.V Hocks, Florida. and Gun Cay, Bahamas. 

Not.icP to Mari1u•rs, :!\:o. 79. At.lantic Coast. Develo1nnent of shoals off Fal;if' 
Cape, Virginia. 

Notice to M:uiner,.,, No. 80. Atlantic Coast. J,edi.:;es deq•)oped iu the resur
vey of I.on.a; Island t:;ournL 

Not.icf' t.o Manner", No. 81. Coa.-t of th.- U11it-e<l StatefL Correction of ar. 
error iu Not.ice t~ Mariners, No. Ti. 

82 1886, Dec. I NoticP to Mariners, No. 8:!. Atlantic Coa11t. J,edge developed in 'Ea..-it }{iver, 
New York. 

8:1 1886, Dec. 31 

84 1887, Jan. 8 

85 1887, Mar. 31 

8G 1887, Apr. 16 

87 1887,June 9 

88 1887,June30 

89 ! 1887,July 30 

89-92 1887 ······-·· 

93 1887, Nov. 8 

94 1887, Nov. 22 

95-96 1887 ....... .. 

Notice to Mariners, No. 83. Coast of the United States. Cha1·t correcti1m~ 
during the quarter ending December 31, 188ti. 

Notice t.o Mariner11, No. 8£. Atl.intic Coast. Obsiruetiou to naYigation ·in 
the Gulf Stream. 

Notice to ~fariners. 1\ o. 85. CoaRt of t hf'c 1:: n jted States. Chart corrections 
during the quarter ending March 31, 1887. • 

Not.foe to Mariners. No. 86. .Atlantic Coast. Dangerous sunken wreck in 
Long Island Sound. 

Notice to Mariners, No. 87. .Atlantic Coast. Sl1oal spot on rocky ledg:., otl' 
Ea.tons Point, Long lslan<l Sound, New York. 

Notice to Marineri•, No. 88. Coa.-t of the United Stat<'s. C!Jart COTTe<'tiorn; 
during the quarter ending June 30, 1887. 

Notice to Mariners, No. 89. Coast of the Uuit.ed States. Chart. corrections 
during the month of July, 1887. 

NOTE.-With this nnmher was begun tl1e monthly se1:ies of t11ese notiCt'ls, 
a.s follows: 

No.15. 89 to 92, inclush-e. Cb art <wrrections for th<' wontl1s of J uh, .t\. ugust. &lp-
tewber, alld Oct-01.>er, 1887. ' 

Notice to Mariners (1887), No. 93. At.lantic Coast. Dange1·ou11 roek in Ville
yard Sound, Ma.ssachusetts. 

Notice t-0 Mariners (1887), No. 94. Coast of the United States. Gulf ::;treaw 
cur1ents. 

Nos. 95 and 96. Chart eonections fo1· tile wont.hs of Novernl.11:.r and D..cem. 
ber, 18~. 

Indei to U.S. Coast and Geodetic Surv,.,y Noticer> to Mariners (No11. 1 to 96). 

97 1888, Jan. 9 Notice to Marinera, No. 97. Coast of the UnileJ State,.. Coast currenttl ap
proaching Samly Hook. 

98-109 1888 •.••••••. 

... -................. 

........... .,. ... ____ 

110-113 1889 .......... 

114 1889, May 1 

115--117 1889 ·····-··· 

118 1889, Aug. 15 

lHl-123 lSRU .•••••••. 

- ...... -.. -~ -........... 

124--13.'i I 1890. •• •• • ... 

136 1890,Dec.31 

Nos. 98 to 109, inclusi\"<'. Chart corrections for t:he months of Ji~nnary, :Ft>bruc 
ary, March, .April. Mav. Juue, July, Augu.-t, 81Jpt.erulnir, O;·tober, NoV<'ll.I· 
her, autl December, 1888. 

Index to U. 8. Coast and Geodet.ic Survey Noticea t-0 M1u·iner!l published dur-
ing 1868 (Nol!. 97 to Hl9). · 

U. S. Coast and Geodetic Survev. Ind~:s: to chart corrections. Janua1·y 1 h> 
Decetul>t:lr 31, 18~. · 

Nos. llO to 113, inclusive. Chal·t. corrections for the mouths uf J·a.uua.ry, ·F',.b
rua.r.v, M&1ch, and Api·il, 1889. 

Notice to Mariners (l889J, No. 114. Atlantic Coast. Oft~;ilwre cn1Tent oli .. er11a
tions. Info1·mation of special importance to marint:lrl!. 

Nos. 115 to 117, iJJclusive. Chart correction1:1 for the JUonths of Ma.x, J u11e1 awl 
,July, 1889. 

Notice to ::Mariners (1889), No. 118. Information conceroing U. S. Cuut aml 
Ge0<.\etic SUt·vey clunt11. 

Nos. 119to123, inclusive. Chart couections for the mouths of .AUJ!:USt, S-ef!
tember, October, November, and Deoemller, 1889. 

U.S. Coast aod Geodetic Survey. Index to chart. c11~rections, 1889. January I 
to December 31. 

Nos. 124 to 13!1, inclusive. Chart. corrections for tlrn months of J&nnar~·. l<'Pl>
ru.ary, March, April, Ma.y, June, July, Augnet, September, Oct.Ober, Novem-
ber, and December, 1800. . 

U.S. Coast and Geodetic 5urvey. Index to cha.rt corrections. .January l t.o 
December 31, 1890. (Notice u. Jd.u.rinera, No.136.) 



 

VIII. 

BrLLl~'TJNS. 

Bulletins are issued by tl1e Survey fron1 time to time as material for 
them accurnu lates. T11ey are iuternled to g'ive eal'1y nrrnouncement of 
work accomplit-;hed or information of importanee obtained, and will in 
many casf~s anticipate the usual rneanf.i of publication afforded by the 
Annual B.eports. • The pages are nurnbered consecutively, and will be 
indexed when their 1mm her demands it, thus augmeuting tlteir value 
for preservation and reference. 
--,--------.-------------- --··----- -------------------;--

N Dll_te o_f I 'l'itlo. . 1' l'a<>eR. 
~ _llU~C~~lOD_'. ,---"---

1 1888, May 14' RPcent l'nl1lication!< .•••.•••••••.•.•....•.•••••••••••••••..•.••••...• _ ..•. -I 1 

2 1888, June 20 Notes 011 Alaska from Recent SurveyiL ......••.••••••••••...•.•••....... ·I 3-6 

3 1888, Aug. - Ti.dal Level" and Flow of CurrentH in New York Bay s.nd Harbor. (Two I 7-12 
11111,..trations.) By Henry J,_ Marlndi11, A8sh1tant. 

4 18i38, May 25 Re1>ources of aml Devdop1uents in .Alaska. Uy Geor,2:e Davidson, As· 13-24 
sistant. . 

5 1888, May l TLe value of the "Arcano del Mare" witL reference to our knowled.1re of j 
tl1e Magnetic Declination in tbP earlier part of the Seventeenth Century. i 
By Charle>< A. !Schott, Assistant. (Two illustratio11s.) 1 

ti 11<88, May 5 SP<•ular Variation in tlw Po,.ition of the A !!Onie line of tbe N OJ'th Atlantic 
i ! anrt of Anll'rica, hetween the "!•Ochs If;OO aml 1900 A.]). 13.v Charle" A. 

I I Schott, Assistant. ('l'bree illu1<tratio11i;.) 

7 1888, June 7 Historical Review of the work of the Coast: antl Geodetic Survey in con-

! 
I. uection with terrestrial magnetiHltl. By Charles A. Schott,, Assistant. 

(Four plates.) 

8 11889, Fell. 181 Currents of New York B~y autl llarlior. Compiled by B. .A. Uolonua, Ao· 

t

; !~:.an~;./:;?<>~:J'~~[~f~:~)of a. 11b.vsical surv~y by H. L. 1/larindin, Assi>1t 

No-n:.-··'I'hil'I >1up1>nwdel'I tl1e first editiou, the h;;sue of wliicli was sup
p1·esse1l. 

9 ! 1889, June lfi Ou the Re-latioil'of the Yar1l to the Metre. By 0. H. 'l'ittmanu, .AsBistaut. 

10 ! 1~89, ,J:i.u. :io; ltcport on the Sounds a111l Eiltnaries of North Carolina with reft>reui·e to I 

I 

I 

l l I J 88!J, A pr. 23 

Oyster Culture. lly }'nuwil'I \Vinslow, Lieutenmit., U.S. N., .Ao,,sistant, I 
l.f: 8. Coat<t and (;eodetic SnrvP_v, Con11mindiug schooner 8t~oreslly. I 
(Three illustration>1.) 

Veterminntions of .Latitude and Gravity for tlie Hawaiian Governmcut. I 
!:Sy 1~. D. Prest.on, A8ilieta.nt. (One plate and three progreHs maps.) 

1 
12 \ 1889, Mar. ao 

13 I J 889, Oet,. i 

14 ! 1889, Nov. 21 

"!5 18811, Nov. 30 

rn 1889, Oct. 7 

17 1889, .J nne lo 

18 1890, Feb. 18 

19 1890, Mar. lo 

470 

A Syyl1ou 'l'ide-Gauge for the open Seacomit. By Henry L. Marhulin, I 
Assistaut. (Oue plate.) i 

Telegraphic Detcrmiuatiou of the Longitude of Mount Hamilton, Cali- 1 
fornia. Fieldwork hy C. Il. Sinclair, As>1iatant, aud R. A. Marr, 8ubas- ! 
sistant. Rtiport by Cbal'le11 A. Schott, Assistant. 

Approximate 'l'ime>1 of Gulruinationt< and Elongations an<l of the .Azi. 
1
. 

muths at Elougatwu of Polaris for the years IJet ween 1889 and !!HO. 
Prepared fo1· publiNi.tiou by CLar),,a A. Scuott, Al!>1istaut. I 
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APPENDIX No. 12.-1891. 

THE TRA"KSlT OF l\iElWlJRY OF MAY 9, 1881_, AS OBSERYED AT WAIKIKI, 
HAWAIIAN ISL AN JJS. 

A l'e1iort hy E. D. PRE:"TO-x. AsRista11t. 

Suln11it.t,_.d fo1· p11hlicat.io11 S!'pteinher 8, 18!.JL 

PRF.FATffRY NOTE. 

Ar:;sistant E. D. PreRtou~ haviug- been detailed for duty in obr:;erYing 
the vai-iations of latitude iu coi')peratiou with Dr . .1\far«use, rt-.preseut
iug the International Geo<hi:tic Association, ~11ul haying been direct.f'd 
to occupy stations on the Hawaiian l!':.lands, advantage was taken of 
his expected arrival at H·onolu1u, lslaud of Oa1m, e~rly in .May, 18~1, 
to obtaiu observation~ of t.he trarn~it of ~ft-rcm·y on the 9tL of that 
ruouth. 

REPORT. 

• 
The observation~ of tlw transit of 1\1t't'cm·y in tlw Hawaiian Jslands 

on J\fay·H, 1891, were madt>. po:..siblt> hy the kind cooperation of the 
Hawafow (J·overnmeut Survey. Wheu, ahout April l 5, it appeared 
probable that we 'vould only arrive at Houolulu tlte day preceding the 
transit, I ·immediately wrote to Prof. Alexauder, the Surveyor-general, 
aRking that a. chronometer might. bt.~ rated for the occa.8io11. rrhi:-; was 
doue hy Mr. C .• J. l..iyous. 'J1he. mail 8teamer JJfonowaf arrived in port 
at 1 p. m. of M.ay 8. Onr chronometers were immediately uucorked 
and started, n.nd then compared 'vith tbe standard clock iu tlrn otlice 
of the Hawaiian Survey. 

Duriug the afternoon several places were visited in search of a suit
able ~ite for tl,te observations. An approximate computa.tiou revealed 
the fact that the last conta.ct would occur only a very few minutefi 
before sundown, so that it was 11ecessary to observe from a spot giviug 
a pe:rfectly c]ea.r J10rizon to the westrnorthwest. This point waR found 
at \Vaikiki, a }lla.ce about 3 miles southeast. of Honolulu au(l about. 

47t. 
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midway between the two beautiful craters of Diamond Head (I,,eahi) 
and tlw Punch Howl (Puowaina). The Jatitnde and long·itnde of tlw 
statiou are : 

rp =~ .:! 1 o 1 (;1 :.! I 11 
); o d It . 

A= 1.'J7° 4D 1 40" \Ve:-;t. 

"\Ve left HonolnJn about 10 a. m. of J\Iay 9. Arrivillg: at Waikiki, the 
instruments were set up and adjusted in the yarcl of tlie ,1 oLnson villa, 
within a few feet of the d1ur«ll, wltkh is a triangulation point of the 
fiovernment survey. ·The 'lay was only partiall.'' dear. Light banks 
of cumulns elouds drifted at intervals down from the mountains, hor1w 
across by the tradt· winds which bhrw c~o11stautly at this seaso11. The 
i-;un was entfrely obscured during fhe first exterual contact and for 
r;everal minutes thereafter. Before the first intm·ual contact the clouds 
passed away and '!isclosed a perfectly dear image of the sun, witl.l the 
planet aJmoHt complet.ely inside the rlisc. The 8eeoud cont~wt was very 
Hatisfaetorily observed. There was no appearauce of tl1e black liga
ment sometimes seen at the moment of separatio11. At the time of 
third contact (second interior) the sun was within a couple of degrees 
of tJ1e horizon. The image of the limb ·was of course quitt- mist(:'a<ly. 
The pltn1omenon, cornrnonJy called "boiling," was very perceptible, 
but the boumling- Jiue of the djsc was not hard to make out and the 
ol•servation was tolerably good. 'l'he progres:-; of :\1ercury was now 
followed witk the Aye for three minutes, when it was lost in the ser
rated aud continually changing limb of tbe sun. At least two miuntes 
hefore the time of last contact the form of tlie planet waH utterly iu
diHtinguishallle· with my telescope. 'l'Le times noted hy meau time 
chronometer, Bond & Sons, No. 177, for the two co11tact~, wt•.re-

Secon1l t~ontact. 

lh _:,!jm 20"' 
Third contact. 

611 l l 111 20" 

This cJirononH•ter wa:-; compared witl1 tJw Htamlard clock (Mo1,yneux) 
at t11e Su1·vt\Y Ollicc· at 9 a. 111. and at 8·30 p. rn. of May 9. lt was also 
<~ompared the day before and for sevel'a1 tlays aft,erwanls. 'l'heRe 
comparisons show that the trjp!"l to ""\Vaikiki lmd uo significant in:tlu
m1ce on tl1e ra!e. Applyiug to the observed times, the eorrectJonH to 
rednc'.e :Bond to Mol_yneux aud t110se to re<luce 'Molyneux to Honolulu 
rnea11 ti mt', we get for tile times of coutact as ii'•Hows: 

h Ill s h 111 s 
Honolulu mean time, 26 45 6 10 42 
Correction for longitude, 8 8 
Waikiki mean titne, 26 53 6 10 50 
Observation by Mr. Lyons, 26 32 
Observation hy Dr. Mnrcuse, 27 3 6 I l 22 

! 
'~-~-· 
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Obs,.n·nfion.o;; '!l tlu~ Tra;isif of Jlercury, 1llay !1, /.1·•.'il--Conti11111·d . 

. M.v teJe:-;cope had an aperture of :~~ inches, and the diagornd t~p·

-piece u8ed gives a mag-1ii1yi11g power of about 100. The time as gh.·cn 
by tho standard clock dqu:>nds on observatious of both Jirnhs of tlu• s1m 
in one posit,iou of tl1e 11wridia11 teleseo11e of ti.Jc Go\'Crnme11t Oh~wrvatmy. 

The transit of l\lerc·nr.y was ohserv(•d to tht• uearf'st 8econd of ti 11w. 

Jn order to test whetl1er tl1e <'OrrectioHs dt>peudi11g on tlln i11stl'u-
11wntal constants arnonutetl to as mneh as half a se<·rmd, star obse1·va 
tions were made on a 11ight precedi11g and foJ1owi11g a solar 'lctcnni-
11atiou in the usual way. 'l'he corrections to l\fo1yneux are ge1u•raI1y 
1ktcrmiued but once a week, which is quite suflicieut for the require
ments of the regular time service. From the star observations the 
followll1g corrections were d{'dnced for the time as given by t.hc sun OH 

May !J wht•n t11e cirde wa::; west: • 
Uorreetio11 to observed t: 

For a1.imutli, 

For levd, 
For collimation, 

s 
+ 0·2 

-+ 1·3 
·- - I 'O 

The lflveJ correction was always taken aeconnt of in the 8olar obscrva
tious, so that the outstanding sourcP8 of error give a correc·tion of 
-08 ·8 to the regular time determinationl-l. This l1aA been applied to 
the times given above. 

It may be mentioned a8 a matter of intere:-:;t that the meridian 
telescope has not been a<ljusted since it , • .-al"I !'\et up by rny:-;elf in 
August, 1887, and that during the nearly four years intervcninp: 
between theu aud now the azimuth has t·luwged less than ~i", the level 
less than 2 8

, and the collimation not more than 1". Consirleriug the 
size of the instrument and the high temperatnre to whieh it has been 
snl~jeded in the daytime during this long period, this shows a remark
able stability in the pier. 
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APPENDIX No. 13.-1891. 

ON OBSERVATIONS FOR THE VARIATIONS OF LATITUDE MADE NEAR 
HONOLULU, OAHU, HAWAIIAN ISLANDS, IN COOPERATION 'VITH THE 
WORK OF THE INTERNATIO~.Al, GEODETIC ASSOCIATION, AND ON DE
TERMINATIONS OF GRAVITY AND THE MAGNETIC ELEMENTS. 

A preliminary report hy E. D. PRESTON, Assistant. 

Submitted for publication January 17, 1893. 

This preliminary report will include notices of-
1. The international latitude observations from .Tune 6, 1891, to .Tune 2.1, 1892. 

II. The measuremen~ of the force of gravity on Oahu and Ha.waii from June 9, 
1891, to July 25, 1892. 

III. The determination' of the magnetic elements made a.t intervals from August 11, 
1891, to September 9, 1892. 

IV. Meteorological observations, including bar11mctrie detel'minutiou of heights of 
Manna. Kea, from July 1, 1892, to .July 27, 1892. 

!.-OBSERVATIONS FOR THE VARIATIONS OF LATITUDE. 

The following are the circumstances that led to this work: Some lat
itude observations made in Germany, at Berlin and Potsdam, and at 
Prague in Bohemia, showed a progressive yearly change in the results. 
As the motion was in the same direction for aU three places~ it became 
desirable to make a further study of the movement by observing at i;:.ta
tions differing greatly in longitude; for if there had been a real motion 
of the pole~ the effect on terrestrial latitudes would be in opposite direc
tions on different sides of the earth. In order, therefore, to bring ont 
the law of change. most advantageously the Int.ernational Geodetic .Al'.'
sociation took the matter up and proposed to send an observer to the 
Hawaiian Island1;;; to make latitude determinations simultaneously wjfh 
those executed in Europe. The difference of longitude of Berlin and 
Honolulu is llh 25m. The United States Government wa.s asked to 
e<>Opera.te in order that the result of work, whatever it might be, should 
be checked independently by another observer and another instrument. 
This Jed to my assignment by the Superintendent of the Coast and Ge
odetfo Survey, with instructions for some additional gravity, latitude, 
and magnetic observations during my stay in the island::;. 

479 



 

4RO U. S. COAST AND GEODETI<' ~URVEY. 

' l left \Va8hing;to1t on April 18, l89L in eornpany with Dr. :\lar<'Ul:'f\1 

the European repret-ientative of tbe International {ieo.detic Assodatiou, 
arrivi11g at Honolulu on the 8th of May, in thH afternoon. HaviJJg
heen directed by the Superintendent to observe the TranHit of l\lereury, 
which took place on the 9th, provided we shoul<l arrive in time, the in
strumeutH were passed through the custom-house on the day of Janclin~:r; 
tlte t-:;i me t•veuiug· the stati011 wa:-5 selected at. vVaikiki, ;~ miles south
east of Ilonoluln, and the transit was suceeHsi'ul1y observed the follow
ing- 1lay.* Our next oecupation wa:-; to choose a permane11t site for the 
astronomiea1 work. After Revera! disappointments, the observatories 
were finalJy located on the property of J\fr. J. F. Brown, of t,he Govern
ment Survey, who generously gase the use of the ground duri•1g the 
year. 

\Vaikiki was preferred in order to avoid the clouds of Honolnln, a8 

my experience there in 1883 and 1887 showed that place to he YPry 
unfavorable for continuous star observations. There '"ere numerous 
unavoidable <lelays in getting material and workmen, and, as the pro
gramme was to begin work a~ soon after l\I ay lG a::; possible, it was 
decided to <'Oncentrate all tLe fore<' on one hnildi 11g all(l let one observer 
begin immediately. As I 11ad seYeraJ more i11strumcuts to set np than 
my colleague, it waR deemed adYisnble for him to begin first; so that 
my observatory was not finished until ti ve dayR after his. He began 
ohsel'vations on ~Tune 1; my first 01u:•s were made on .lune n. From 
this date ou, the plan of \Yol"k adopted was coutinuously carried out. 
Latitude observations were made in eonnection 'vith Dr. Marcnse. 
Time was determi11e<l fo1· tlte gravity work in tlJe intervals between 
pairs of starR, and tlu· peudnlnrn was swung <luring tlie Pntire evenin~, 
concjdeuce:o; lwin~· uote<l at t11e lwginniug au<l end of the 11ig:ht's work, 
and whenever opportuuity otfored cluriJlg the latitude and ti111e observa
tionR. This gh"es a deterrni11atio11 of gTavity corresponding to eaeh 
latitude determination, and will l1elp to decide the question whetlrnr 
the change of latitude come8 from a real motion of the pole or from 
trausfors of large bodies of matter under the surface of the (•artb. 

From .June n, 1891, ti0 .Ju1}(_~ 2r,_, 1892, there were made~ ·!34 determi
nations of latitude; observations being made on 220 nights, as follows: 

1891 
l nne, 
July, 
August, 
September, 
October. 
November, 
December, 

. Nights. / I .atitnde::;. ;i 

i 

Nights. Latitudes. 

I 1· 189 2 

20 I 212 January, 18 195 
14 I 156 i' February, 19 267 
20 / 254 ii March, 18 215 
II ' 155 ii April, 16 122 
Il 124 i! \1ay, 23 219 
15 169 i: June, 16 127 

_:_ \ ___ 

1

:_·~-~'j\_~----------- ___ :~:_l ____ 2_4_3_4_ 
*See a report of these observations in Appendix No. 121 1891, 
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!!.-GRAVITY DETERlUNATIONS. 

Before leaving for Honolulu I suggested to the Superintendent the 
feasibility of making continuous observations for the force of gravity. 
This was possible without increasing the expense of the work, and 
such observations were made at \Vaikiki every night that latitudes 
were observed. We thus have a series of nearly 200 nights of gravity 
determinations extending throughout the year. Time stari-> were 
observed before the first coincid~nce and after the last one, and as 
many observations as possible were ma.de on the pendulum at intervals 
between the latitude pairs, so that in all there are not far from 1 000 
measures of the force of gravity. 

On June 15 the pendulum apparatus was ta.ken down at 'Vaikiki and 
mounted at Honolulu. As I desired to continue the latitude work at 
the former place as long as possible, the zenith telescope was left 
standing and the latitudes were continued on every c1ear night while 
preparing the stations in Honolulu. After the pendulum observations 
were in operation the Waikiki work was still carried on whe11ever pm;
sible to observe stars. The pendulum was observed during the day at 
Honolulu and stars obtained during the early evening. Then the trip 
was made to Waikiki (3 miles), and latitude continued until the end of 
the list. 

On .June 28 we left for Hawaii, the party consisting of Prof. W. D. 
Alexander, the Surveyor-general, 1\fr. \V. l'J. Wall, .Mr. vV. W. Cham-. 
berlain, Mr. Louis Koch, and myself. At \<Vaimea the party was joined 

. by Mr. J. M. Muir, a volunteer C!bserver, who rendered valuable service 
on the mountain both in triangulation and magnetic work. 

The object of this trip "'"as the determination of the force of gravity 
at the bat:m and summit of Mauna Kea, the highest peak on the islands. 
The elevation is nearly 14 000 feet. Other observations were also 
made consisting of latitude, magnetic, meteorological, etc. 

Landing at Kawaihae on the evening of June 29, this station was 
occupied before July 7. Observations were made for lat1tude, time, 
gravity, and magnetism. 

From this point we passed to the plains of Waimea at an elevation 
of 2 600 feet. At this i)lace animals were engaged for the ascent and 
packers hired. While making the necessary arrangements, two stations 
were occupied for magnetic observations. One of these had been 
occupied in 1872 by the Government Survey officers and the other was 
a new station at the end of their base line. This work was done at the 
request of the Surveyor-general. 

On July 12 the party left for Kalaieha. The ascent is very gradual. 
TJ1e trail winds around the mountain, and after a journey of 35 miles 
we found ourselves at an elevation of 6 700 feet above the sea. From 
this point to the summit the path is rough and steep. Only 12 miles 
more travel were necessary to overcome the same vertical distance 

H. Ex. 43, pt. 2-31 
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that we had ri.sen in traveling the 50 previous miles. A. full serie8 of 
observations was made at Kalaieha, but as this p9int lies just at the 
beginning of the cloud region the greatest difficulty was experienced in 
getting stars. 

Only five pairs conld be secured for latitude and the time determina
tions for gravity are rather weak. Much of the work was done during rain. 
The object glass was uncovered long enough to make the observation 
while the star was pa~:;;iug, and immediately after a pair was observed 
or after a half set for time the telescot1e was carried into the t~:mt to be 
wiped and dried. Owing to the ·great difficulty of transporting 
baggage, no separate observatory tent was taken and the telescope 
was mounted in the open air. 

At this point the party was reinforced by l\lr. E. D. Baldwin, of the 
Government Survey, who hall come up on the windward side, bringing
i;;ome pack mules and a guide from Hilo. 

We began the ascent from Kalaieha on July 19, with a pack train of 
twenty-two animals and eleven men. One of the donkeys that carried 
the magnetic instruments and some Lrewood became unruly and ran 
away. As we were enveloped iu fog, he found no difficulty in escaping, 
and· was 011ly recaptured at 3 :30 p. ni., after eight hours' hunting by 
ejgbt of the party. This necessarily deferred the trip one day, and 
another start was made at 7 :40 the following morning. 

'Y\7 e arrived at \Vaiau, over 13 000 foet elevation, late in the after
noon. About half thP. party made the ascent by 3 p. m., but as many 
of the animals were suffering from the rarity of the air and from the 
travel over the rough lava, it was impossible to urge them much, and 
many did not arrive until late; in fact, some did not get up at all, and 
from sheer exhau:oition refused to go beyond about 12 000 feet. They 
were unloaded, and their loads taken by stronger mules that had 
already been to the top aud unloaded. 

A stay of five days and six nights was made at Waiau. The rangeR 
of tem11crature were from 13° F. at night to 1oso at noonday, the ther
mometer being in the same poBition for both readings. 

The pack animals arrived from below at 11 a. m. of .July 26 . .Every
thing was in readiness, and after two and one-half hours spent in 
packing the mules we started down. On the way we passed by 
Lilinoe, where in past times the natives had established a burial ground 
at an elevation of about 12 500 feet, and farther on we came to Keana
kakoi (the ax-makers' cave), where before the introduction of iron a 
quarry bad been opened for the production of battle-axes. The eleva
tion of this point is over 12 000 feet. 

We arrived at Kalaieha the same evening. Two <lays were passed 
here, repacking the instruments and putting the records in 0rder. All 
the luggage was sent down the lee side of the island to Kawaihae, a 
distance of' 50 miles, to be shipped to Honolulu. As it was desired to 
make magnetic observations at Hilo, Mr. Baldwin, Mr. Wall, and 
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myself left the party here. This eould be done without increasing the 
time spent on the -i~Ia.nd, as we were able to take the same steamer that 
was to pass round.the i:.;;land and load the instrume11t8 at Kawaihae. 

111.-MA.GNE'l'IC OB8ERV ATIONS. 

The first of these were _made on August 11, 1891, when engaged in 
the latitude observations at Waikiki. The date of occupation of this 
station was chosen :.;;o that all the work could go on together. .At the 
time mentioned our astronomical observations extended from 7 p. m. to 
11 p. m.. With these hours for night work it was possible to make 
magnetic observations for a.II three elements during the day and allow 
no break to occur in the regular series for time, latitude, and gravity in 
the evening. 

The second station was made at Kabuku, on the extreme north point 
of Oahu. This made it necessary for me to be absent from Waikiki 
from November 24 to November 29. Leavi11g 1Vaikiki a.t ()a. m. of the 
24th, the distance to Waialua was made by 3 Jl. m., where lunch was 
taken. In the evening the remainder of the trip was made, and we 
arrived at Kahuku at 8 p. m., having- rid.den horseback more than 40 
miles over a difficult. road. On the following morning, November 25, 
observations were begun. They were completed on the 27th, and we 
were back in Honolulu on the evening of the 28th. Prof . .Alexander 
accompanied ipe and kindly recorded these observations. 

Honolulu was occupied on June 2, :{,and 4, 1892, at the same time 
that the Waikiki work was in progress. The subsequent magnetic 
stations, np to the time of the conclusion of the Mauna Kea work, 
were occupied in connection with gra.vir.y and latitude observations, 
and have already been described. 

We arrived at Hilo on the evening of July 28, having passed thirteen 
consecutive hours in the saddle. The trail from Kalaieha is 35 miles 
long, and much more than half of it is over bare lava of the "aa" and 
"pahoehoe" types. No traveler attempts this trip without carrying 
horseshoeing implements, for the lava is of such a nature that the hoof 
of an unshod horse would be cut through in a fow minutes, and noth
ing could induee the animal in that case to continue the journey. We 
saw the carcasses of a dozen horses that bad been mercifully killed or 
unmercifully left to die of starvation. 

Coooanut Island was occupied at Hilo from July 30 to .August 3, 
and we arrived in Honolulu 011 .August 6. .At the request of Prof. 
Alexander, the Surveyor-general of the Kingdom, I left on the next 
steamer for Kealakeakua Bay to re-occupy the magnetic station of 
Oa.pt·. Oook at N apoopoo. His observations were made more than 
one hundred years ago, and were finished just before the outbreak 
which cost the great discoverer bis life. On the way back to Honolulu 
J stopped three days at Lahaina, and made magnetic observations 
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where De Freycinet had an observatory in 1819. Honolulu was again 
reached on August 27. Two more stati ms remained to be occupied, 
and on August 30 we left for Kauai. The work being done at W aimea 
I went on board the Mikaha,la,. Learning that before returning to 
Honolulu she would go to Niihau I determined to make the trip and get 
011e station on that seldom visited island. This neither increased the 
expense nor delayed my return, as otherwise it would have been neces
sary to wait at "\Vaimea until the vessel came back. 

IV.-METEOROLOGICAL OBSERVATIONS. 

When it was decided to occupy the summit of the highest monntain 
in Hawaii, the occasion was taken to verify its height, as determined 
previously by Prof. Alexa"Qder. To this end barometers were read 
at the four mountain stations, Kawaihae, Waimea, Kalaieha, and 
'Vaiau. Simultaneously with this, barometric observations were made 
in Honolulu, and at Hilo and W aim ea, on Hawaii. The wet and dry 
bulb thermometers were also read for the relative humidity, and the 
direction and force of the wind, the percentage of' clouds, etc., were 
noted. On the summit the mercurial barometer stood at approximately 
18·:~ inches at a tempeimture of about 54° F. 

On September 14 I took passage in the steamship Auytralia for San 
Francisco. Arriving on the 21st, I found orders from the Superin
tendent to measure the force of gravity at the Lick Obseryatory. This 
was done between September 28 and October 2, the time between 
September 22 and 27 being employed in getting the instruments through 
the cnsrom-house and in repairing the pendulum apparatus, which was 
considerabJy out of order from the experiences on the top of Manna 
Kea. Ou October 4 I started for Washington and· arrived on the 16th. 

In c1osing, I desire to express my obligations to the Surveyor-general, 
Prof.'-"""· D. Alexander. Throughout my entire stay I was the constant 
recipient of pi:ofessional favors. The observatories at Waikiki, the 
meridian mark on Makiki, and the transportation of the heavy outfit 
to the gravity station above the clouds, all bear testimony to his 
generous aid. It is due to the Hawaiian Government Survey to Rtah~ 
that tl1e greater llart of the ~la.uua Kea expe111:1es were bon1e'by that 
Httrcau. 
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The following table gives a summary of the season's work: 

Summary of obser,vat-ions ·in the Hawa-iian Islands in 1891-'92. 

Station. Island. 
I I • 
I Date of occupation I Class o_f obser-
1 ' vatwns. 
I 

1~~~~~1~~~-1~~~~~~~ 

Waikiki. Oahu. 

Kahuku. 

Honolulu. 

1891_ r892. 
June 6-June 25 
June 9-June I I 

June 9-June 1 I 

1891. 

Latitude. 
Gravity. 
Time. 

Aug. 1I-Aug.13 Magnetic. 
Nov. 25-Nov. 27 do. 

1892. 

Kawaihae. Hawaii. 

June 23-Tune 25 
June 15-June 27 
June 2-June 4 
July 4-July 6, 
July 3-July 6 

Gravity. 
Time. 
Magnetic. 
Latitude .. 
Gravity. 
Time. 
Magnetic. , 
Meteorology,

1

1 

Magnetic. Waimea. 

Kalaieha. 

Waiau. 

Hilo. 
Napoopoo. 
Lahaina. 
\Vaimea. 

Maui. 
Kauai. 

July 3-July 6 
July I-July 3 
June 30-July 7 
July 8 
July g--July 11 

July 7-July II 
july 14-July 15 
July 14-July 16 
July 14-July 18 
July 14-July 16 
July 13-July 18 
July 21-July 25 
July 22-July 25 

!! July 21-July 25 
July 21-July 24 
July 21-July 26 
July 30-Aug. 3 
Aug. 18-Aug. 21 
Aug. 23-Aug. 25 
Sept. 2-Sept. 3 

Sept. 5-Sept. 6 
No!Jopapa. Niihau. f Seµt. 9 

I 

Jo. 
Meteorology. 
Latitude. 
Gravity. 
Time. 
Magnetic. 
Meteorology. 
Latitude. 
Gravitf". 
Time. 
Magnetic. 
Meteorology. 
Magnetic. 

do. 
do. 
do. 

do. 
do. 

Nights! N f I 
ordays' J. 

0
· 0 

of ob- i de_ter- , 
serva-: ~ma- I 
tions. i ttons. I 

1-····-: 
220 I 2434 
199 827 
2C2 202 

3 
.3 

3 

'i I 
4 jl 
8\ 
I I 

~I 
2 

3 
6 
3 
6 
4 
4 
4 
3 
6 
5 
4 
3 
2 

2 

I 

3 
3 

57 
IO 

3 
23 
91 

4 
3 

I 

2 

3 
67 

6 
3 

55 
81 

4 
3 

3 
3 
3 
2 

2 
r 

In the column" Number of determinations," the figures indicate: 
For latitude.-The number of pairs of stars. 

Remarks. 

West base. 
Old station. 

Latitude station, 
1887,and transit 
of Venus, 1874. 

Thorny Croft. 

fior graviry.-The number of intervals, each giving one value for the period of oscillation 
of the pendulum. 

Fo1· time.-The number-0f sets of stars, each one giving a correction to the chronometer. 
For magnetic.-The number of determinations of all thr~e elements-declination of the 

needle, the dip and the horizontal intensity, and time and azimuth. 
The meteorological observatt"ons were made many times during the day. The barometer 

was read at the times of maximum and minimum, at 9 a. m. and 3 and 9 p. m. On the 
summit of Mauna Kea it was read more frequently. 
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A:?PENDIX No. 14.-1891. 

REPORT OF AX EXPEDITIOX TO :.\H!IR GLACIER, ALASKA, "WITH DETER
MINATI0~8 OF LATITUDE A:ND TH.E MAGNETIC ELE:ME:N"TS AT CA.MP 
MUIR, GLACIER BAY. 

By HARRY FIELDING REID, 

Professor of Physim; at, the Case School of Applied Science, Cleveland, Ohio. 

Submitted for publication December 10, 1891. 

IN'.l'R.ODUCTION. . 
In the spring of 1890 a party was i(nmed, consisting of :Messrs. 

H. P. Cushing, H . .l\<fcBride, R. L. Casement, J. F. :M:~orse, C .. A. Adams, 
and the writer, for the purpose of exploring and studying l\fuir Glacier, 
Alaska. All my companions rendered most efficient aid. ~Ir. Cushing 
took entire charge of the geological and meteorological ob8ervations. 
Messrs. Adams and Morse did most of the trigonometric work, while 
the writer did the plane table work, made the magnetic and latitude 
observadons, and had general charge of the expedition. We estab
lished our camp, which we named Camp Muir, near the end of the 
glacier, on .July 1, 1890, and remained there until the middle of Sep
tember, mapping and studying the region. 

Many of the necessary instruments were lent us by the Ur S. Coast 
and Geodetie Survey. A list of them will be given at. the end of this 
report. 

General Geograplly.-The southeiu;;tern extremity of Alaska consists 
almost entirely of an archipehigo of islands, which occupies a space 
nearly 350 miles long and 100 miles wide. These islands, large and 
small, are closely packed together, and the waterways between them are 
deep and narrow, and often form long strait can3ils. The islanqs ·are 
monntainous and precipitous, affording fow lauding places. Their slopes 
are densely wooded, mostly with spruce. The rough surveys of Vancou
ver, a hundred years ago, as revised later by Tebenkof and others, were, 
until 1867, la.rgely relied upon as supplying the most accurate informa-

'87 
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tiou of part~ of the coast. Since that year the explorationR a11d S111n·eys 
made by the U. 8. Coast and Geodetic Survey, under the direetion of 
A:->sistaut Davidson, Acting Assistant Dall, and· during the period 
from 1881 to the present time by officers of the Navy attached to the 
Coast Sm·vey Service, have resulted in the publication of charts and 
Coast Pilots making known the more important channels and water
ways with ample accuracy for all purposes of navigation. Southeast 
of the Alaskan boundary the island:-. become larger and the waterways 
wider. Cross Sound and Icy Strait form the northwestern boundary of 
the archipelago. From them two deep inlets, I .. inn Canal and Glacier 
Bay, stretch to the north and north west, forming, with the Pacific 
Ocean, two peninsulas. 

Thu great Fairweather group of mountains occupies the western part 
of the peninsula betw·een Glacier Bay and the Pacific. The eastern 
part is occupied by another and much lower range, whose peaks rise 
about 1 800 metres above tlte sea. Their northeastern slopes are 
gradual, and are covered with large glacierR, some of which reach tide
water and disd.1arge icebergs iuto Glacier .Bay. Between these two 
rauges the1·e seems to be a deep valley, which drains the easteru slopes 
of the Fairweather group. This is probably filled by a long narrow 
glacier discharging into Taylor or Dundas Bay. 

T .. ittle was known of the peniusula between Glacier Bay and Lynn 
Canal before our expedition mapped its northern pa1·t, except that it is 
entirely made up of glacier-bearing mouutaiuH, whose peaks are from 
1 800 to 2 400 metres high. 

Northwest of Cross Sound the character of the coast changes 
abruptly; the coast line becomes continuous without outlying islands 
and broken by few inlets. Mountains of great height rise immediately 
from the water's edge. We can therefore topographically divide the 
southeast coast of Alaska into two regions; the line between them 
pa8~es along Cross Sound, then follow~ the valley just north~.tst of the 
Pairweather range tor 60 or liO kilometres, beyond which point we kuow 
uothing whatever a.bout it. This topographical difterence 8eems to be 
accompanied by a geological difference. Mr. Russell bas shown that 
the St. Elias Alps are of tertiary origin, and probably the Fairweather 
group belongs to the same range, though I believe it has not been at. 
aJl (-\Xplored. lf this is true, the Fairweather .Mountains are of tertiary 
odgiu, while the mountains about .Muir Glacier, and probably the rest 
of the same topographical region to the southeast, belong to paleozic 
and archean time. (See Nat. Geog. Magaz., Vol. IV, Supplements I and 
n to" Studies of Muir Glacier".) 

Another difference is quite marked. Mr. Russell has found raised 
beaches about Yakutat Ba.y, indicating that the land there bas risen, 
whereas the submerged trees in Muir Inlet show that this region is 
sinking. These striking facts seem to show that the valley between 
the Fa.irwea.ther Mountains a.nd Glacier Bay follows the line of a.n 
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immense geological fault, which brings tertiary aud paleozoic rocks 
into close juxtaposition. It is most unfortunate that we have no obser
vations on the Fairweather Mountains that will enable us to confirm or 
correct this interesting indication. 

Ula.cier Ba.y and Muir Inlet.-Glacier Bay itself has not been sur
veyed; its delineation in the Coast Survey charts is correct only in its 
g·eneral outline. It lie:-; northwest and southeast and is about 65 kilo
metres long by 15 kilometres wifle. There are a great many islands in 
the bay. The Beardslee Islands, which fill the eastern side for a dis. 
tance of about :30 ki1ometres from its mouth, are made up, at a11y rate, 
in part, of modified glacial till, and are generally thickly wooded, as 
are also the shores iu the lower part of the bay. The channels betweeen 
these islands are narrow, and often give one the impression of wa,ter
wa.ys cut through the land. The islands in the upper part of tbe bay 
are quite different; they are of solid rock, and are scored, polislied, and 
rounded by glacial action; they occur singly, are usually elongated, and 
have the long axis paraUel to t11e nearest shore. They, like the inain 
land, descend abruptly into the water, and only at long intervals can 
even a small beach be found. In this part there are no trees. Several 
glaciers force their way down to the water's level and discllarge herg:s 
into the bay; most of them end in a narrow iulet two or three miles hack 
from the bay proper. Muir Glacier is of this type; its inlet, •j1d1ich runs 
about north and south, has its southwestern terminus on Glacier Bay 
about 8 kilometres frnm the end of the glacier; the ea.stern shoreline 
rounds gradually into the bay without any well-marked headland. 
The inlet gradually narrows as we ap1lroach the glacier, being about 
2·5 kilometres wide at its upper end. On each side are ~eposits of 
roughly stratified sands aud gravels, covered with a thin layer of mo
raine debris. On tl1e west side, these deposir,s form a comparatively 
level plateau from 45 to 60 metres high, which extends about 6·5 kilo
metres south of tltP present endmg of the glacier, and is about 1·6 kilo
metres wide. Its surface bears a number of shallow lakes: and here 
and there deep ravines, mark the position of former water courses· 
The west,ern subglacial stream has cut a gorge through this plateau, 
and exposed the buried forest described by Prof. Wright.• For three
quarters of' its Jeugth the plateau endi;; on the water side in precipitous 
bluffs, below which there is a narrow beach, ouly covered by the high
est tides. On the east side the hlntt's only extend for a kilometre or 
so; the upper surface of the deposit is not a plateau, but slopes g!'adn
ally down to the bed of the glacial stream at the foot of the mountains. 
This stream empties into the inlet just below where the bluffs end. 
South of the stream the deposits slope gradually up from the beach to 
a height of about 120 metres against the mountain side. 

*Ice Age in North America, ch. llL 
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The inlet is quite deep. Prof. Wright reports a sounding by Capt. 
Hunter of 86 fathoms about 1 200 metres Routh of the present position 
of the ice-front. Capt. Carroll last summer (1890) ·found within 100 
metres of the ice-front a depth of 120 fathoms. This does not necessa
rily indicate that the inlet increases in depth as we approach the imme
diate neighborhood of the ice, f()r the earlier sounding may not have 
been taken in the deepest part of the channel. 

Muir Glacier.-1\fuir Glacier (see illustration No. 22) occupies a de
pression in the mountains about 60 kilometrer; long and from 10 to 15 
wide. It is fed by a great nun1ber of tributaries, of which the First 
Northern, the Second Northern, and the Northwestern are by far the 
largest. These again are made up of many smaller glaciers. The gen
eral slope of the ·surface is about a degree and a quarter. This is based 
on a barometrical reading ·made between Tree Mountain and Granite 
Canon. The appearance of the glacier to the northwest indicates that 
the slope there is about the same. The total area drained by this sys
tkm is about 2 250 square kilometres, the actual surface of the ice being 
about 1000 square kilometres. The area draining into Muir Inlet is 
about 2 000 square kilometres. Most of the precipitation which falls 
on t.his area flows off as water in the subglacial streams; the rest, com
pressed into ice, is forced through the narrow gateway about 4 kilome
tres wide into the in]et, where the glacier terminates iu a vertical wall 
of ice, varying from 40 to 65 metre~ above the water's surface, from 
which large maRses are continually separating to become icebergs. As 
already said, the depth of the water is in places 120 fathoms or 220 
metres, and as this is not enough to float a mass of ice which rises 
as high above the water as Muir Glacier does, the ice must reach to the 
very bottom, and n1ust attain a thickness of 275 metres. The actual 
length of.the ice-front facing the water is 2 800 metres. On each side 
the glacier sends forward a wing, which rises in the shape of a wedge 
over the stratified sands and gravels of the shore~ The upper surfaces 
of the wings, like the ice-front, are about-60 metres above the wate.r 
level. This applies only to the l'arts of the wings overlooking the inlet; 
the parts nearer the side mountains are 15 to 30 metres lower, and here 
the ice ends like an ordinary alpine glacier.• The wings are fringed 
by treacherous quicksands, which support large stones and look firm 
enough, hut the tourist who steps upon them care]essly will quick1y 
sink in over his ankles. These quicksands are composed of fine glacial 
mud, thoroughly soaked ·with water from the melting ice. 

The ice-front has a wonderful coloring. Places from which ice has 
recently broken off a.re deep blue, sometimes almost black. This color 
lightens under exposure to the air and sun, and in a few days becomes 
pure white. All stages are represented in the ice-front, which there
fore shows all shades of blne in striking variety. 
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Report of an Expedition to Muir Glacier, Alaska,, eto.-continued. 

Tributaries.-Beginning at the right (see the illustration), .we find 
three tributaries coming in from the southeast. The Dirt Glacier ' 
sweep~ around in a great curve from behind Moun,t Wright; its lower 
part is completely covered with debris for fully 2·5 kilometres from its 
mouth; above this the glacier is particularly clean. The White 
Glacier, which joins the Muir just beyond :l'tfount Case, is remarkably 
beautiful. Arising in a eircle of snowy mountains, it flows down a 
deep and narrow valley at an angle of about 100, its very white surface 
marked by the wonderfully symmetrical parallel curves of three or four 
dark moraines. It is about 6·5 kilometres loug and 0·8 wide. ~~ little 
further js the Southeastern Tribut?..ry, fed by a number of Rmaller 
glaciers. This glacier is not hemmed in by mountains, but crosses a 
divide to the east of a,15 , over which the ice flows into some valley on 
the other side. This divide has an altitude of 600 or 750 metres. 
About 15 kilometres southeast of our camp a. large glacial stream dis
charges into Glader Bay. It must drain the southern side of the 
mountains which bound these thrr·e tributaries. A little fartlwr to the 
east is l\fain Valley, which, though it probably once contained a tribu
tary, is now an outlet of J\1uir Glacier. The ice :flows down this valley 
in a stream a miles wide, but apparently with a very slow motion. A 
few mi1es dowu the valley the ice ends in a high wall faeiug ~Iain 
Lake, into wl1id1 it occasionally diRcharges a berg. The stream drain
ing this lake flows through a broad flat valle-.y of sands and gravels to 
the southeast, and fiually empties into Lynn Canal. The three valleys 
entering the eastern si<le of Main Valley also have fiat, gTavel-covered 
floors, through which rush the streams from the snow fields and small 
glaciers at their beads. Two of these valleys are beyond the present 
termination of the glacier. Formerly the ice must have extended 
across their mouths, hemming them in and converting them~ int,(> lake 
beds. The upper valley is now in just this condition. 'I'he lake whic11 
occupies it has been called Berg Lake on account of the great number 
of icebe1·gs iu it last summer (1890). Just to the north of the eutrauet:' 
to Main Valley lies the Girdled Glacier, so called on accouut of the 
moraine wbicl1 completely surrounds it; it can be seen from the end of 
Muir Glacier, bnt is so fore-ohortened tliat one would not suspect that 
the visible portion is 5·5 kilometres long. To the west a,nd separated 
from the Girdled Glacier only by a narrow ridge is Granite Canon, a 
deep gorge with precipitous' sides running about 13 kilometres into the 
heart of the mountains.• The ice slopes downward into the canon, 
whose drainage, however, must be back under the ice; for although I 
was unable to see every point of the ridge which closes in the back of 
this valley, I could see sufficient of it frmn different points of observa
tion to convince me that no part of it was less than 300 metres above 

*This was named,from the crystalline nature of the rock, which, however, is not 
a true granite. (See para.graphs uuder heading Geolog!J.) 
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the floor of the Yallt•y. This c·te·ious eoudHiou .secws to be due to the 
fact. tlia.t this valley once contained a tributary glacier, which on 
aecoun·t of the present smaller supply of ice,. and the reflect.ion of the 
l1eat from the northern side of tfw canon, has melted down more 
i·api<lly than tbe surface of the main glacier; so that uow, although this 
1 could 11ot see~ the glaciers draining into thi~ va1ley are probably 
entirely separated from the ice enteriug at its mouth. The trilmtaries 
so far mentioned supply none of the ice which forms ice front iu Muil
Inlet; all the ice coming from them that does reach the end of the 
glacier i.s compressed into about 750 metres between the ice fro11t and 
the mountain to the east. If a lirn~ were drawn from station H to the 
eastern side of the first Northern Tributary, and a second line to the 
northwest at right-angles to the :first, the sources of all the ice which 
reaches the ice front would lie in the quadrant between them. 

The first and second Northern Tributaries, and the main glacier 
present no striking peculiarities. These are immense streams of ice 
ied by innumerable smaller glaciers; the mountains which rise 
between them and through them are deeply ladeu with snow, and 
toward the northwest seem to raise only .their summits through th~ 
icy sea. The extremities of these branches could not be c1early de
termined, although they all seem to conneet by low divides with valleys 
beyond. The Northwestern Tributary 1iea<1s iu two beautiful white. 
conical-looking mouutaius, which we have called the Snow Cones. A 
part of its ice flows over the divide between h and ]5 and joins a large 
glacier which is probably identical with the one which enters the head 
of Glacier Bay. The Western Tributary supplies no ice to the ice front; 
moreover, its snow fields are too small and too low to supply ice for a 
glacier of its width, and it is evidently melting away. At its western 
extremity it crosses over a divide and flows into a va1ley beyond. 

The mountains immediately surrounding Muir Glacier are not high, 
the l1igltest peaks being between 1800 and 2 400 metres. The moun
tai11s which tirst attract the attention of the visitor are Mount 
Wright,• ~Ionut Case,t and Pyramid Peak; the first two, by their 
jagged crests, seamed by snow couloirs; the last by its symmetrical 
form; all three by their proximity. The more distant mountains seem 
to lack somewhat in individuality; this islargelyduetotheir distance, 
for they are f'rom 25 to 50 kilometres away. All is bare and bleak, and 
the scenery is entirely lacking in pfotureKqueness. If we go out on 
the ice as far as H the three bold peaks of M-ount Young show them
selves over Tree Mountain; and the beautiful Snow Cones at the 
head of the Northwestern Tributary can be seen. 

Drainage.-The principal drainage of the glacier is into Muir Inlet. 
On each side of the inlet a large 8tream issues from the end of the ice 

*Named after Prof. Wright, who spent some time stndying Muir Glacier in 1888. 
He ha.a described it in his Ice Age in North America. 

t Aller the Case School of Applied Science, Cleveland, Ohio. 
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at a number of points, and after a rapid course of lwtween 1 ·5 a.nd 2·5 
kilometres empties into the inlet, forming quite a larg·e delta. These 
:-treams were about 10 metres wide and half a mf'tre deep. Their 
course is so swift that they roll down stones H~ large a~ ont>'s fist; but 
the principal material that they carry off iH in thf' form of fine mud. \Ye 
used this water Jargely in our camp, and found that although most of the 
mud would precipitate when allowed to stand for a few hours, still the 
water remained quite turbid even after three or four days. The muddy 
character of the water in the inlet a little We-Rt of the middle of the ice 
front shows that another stream must discharge iB that region, either 
under or through the ice. A small part of the drainage of the glacier 
passes down l\Iaiu Yalley, but this does not amount to Yery much. I 
think the principal sources of the stream in this valley are from the 
snow fields and Hmaller glaciers on its sides. 

aeolog,v.-The geological observations were undertaken b;\7 Mr. Gush
ing. Some rocks collected near the glaeier were snbmitted for micro
scopical examination to Dr. George H. \Vil1iamt'i, of tht>. Jolms Hopkins 
Univ·ersity. The following is extracted from their reports.* The rock 
bordering tlie glacier on the south aud southeast is slate. It liaH a. 
very variable, but in g-eneral, hig-h dip to the southw<~f:'t.. and is much 
faulted. On the east side of l\:fuir Inlet this is overla:-id c011forrnably by 
limestoue, the junction reaching tide water, about 13 kilometres south
east of the glacier. The southwestern shore of Glacier Bay and the 
islands near it are composed of this rock. In oue of these islands Mr. 
Cushing found fossils which make it probable that the limestone and 
underlying slate a.re of paleozoic age. 

The western part of the glacier's basin consists of quartz diorite, 
light gray in color. 'l'he Jine of junction with the slates, beginning at 
the small glacier on the northern shoulder of Pyramid Penk, runs 
easterly, pas~es between the F and K ridges, and then between H and 
I. lt then turns to the northwest, passing between g5 and fz. The 
nortbern mountains are diorite, bordered on the south by a narrow 
band of slate. · The eruptive rocks (the diorites and quartz diorites) 
are full of dikes running in all directions. The eruptions oecurred at 
two or more periods. Some of these rocks are very old, and closely 
resemble archea.:u terranes occurring iu the Cordilleras further south. 
Although the difficulties of trave] prevented Mr. Cushing froru exam
iuing the region very thoroughly, he thinks we have to do here with a. 
tilted block dipping towards the southwest, but much distorted by 
minor folds and by faults. 

Oka,nges going on.-Many indications show that Muir Glacier is 
becoming smaller, and considerable changes may be expected before 
many yeare. Main Lake and Berg I...iake are now separated by a very 

.,These reports are given in full ill "Studies of Muir Glacier," Nat. Geog. Mag., 
Vol. xv. 
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short distance, and it will uot be long before they unite. This will 
result iu the draining of Berg Lake, ·which ff\;ent will probably he 
marked by a fiood. The melting of the ice in Main Valley must be 
rapid, for the great extent of its terrn.ination there presents a. larg·e 
surface for melting. vVhen this termination has receded 4 or 5 kilo
metres, and the surface of the ice has sunk 00 to 100 metres~ the ice 
from the first northern and from the southeastern tributaries will 
probably be in part deflected iuto Main Valley. 

The small lake which occupies a lateral valley opening into Granite 
Canon will probably extend as the ice diminishes, and perhapis occupy 
a large part of the canon itself. 

Prof. "\Vright has kindly sent me some photographs which he 
took of the glacier in 1880. By comparing these wil!b our pl10togTaphH 
we can readily fix on our map, within 100 metres, the position of the 
ice front] at the time of Prof. vVrig·bt's visit. This showH that in 
the four years from 1886 to 1890, the western end of the ice front has 
receded 1 100 metreH ~tud the eastel'u end 900 metres. 'l'he center bas 
also receded about 1100 metres, so that the average recession of the 
ice front i:s about 1 000 metres iu four years. .Prof. Muir write:-; 
me that the notes of his first visit to the glacier in l87H show-- that the 
iee then extended almost to our station D. The rate of retreat deduced 
from this accords· fairly well with tha~ given above. The ice front, 
therefore, must have extended as far as island C twenty years ago. 
Below C, I think the retreat was more rapid, for there the glacier 
presented a much wider front to the water, from which a. correspond
ingly larger quantity of ice must have broken off. And this could 
hardly have been entirely compensated for by a greater velocity of 
flow, on account of the many obstructions ]n the neighborhood of the 
present position of the ice front. It does not seem at all incredibfo 
that the ice from the variom; glaciers of Glacier Bay may have united 
t-0 fill a la.rge part of the h~.ty a hundred years ago. Prof. \V right's 
interpretation of Vancouver's description seems perfectly in acq,ord 
with what our observations would lead us t-0 conclude. 

The retreat is probably not regular, but is faster some years than 
others; and even varies considerably at different parts of the satne 
season. For two or three weeks in August (1890) there was scarcely 
any fall of ice; in the two weeks following the fall wa~ so rapid that a 
great bay, fully a quarter of a mile deep, was made in the eastern part 
of the ice fro~t, which was, before this, only slightly concave. I have 
collected on the map the positions of the ice front at several periods; 
this shows the retreat at a glance, .much better than it can be described 
in words. The changes in the shape of the front will also be evident. 

The }>resent rate of recession of the ice front in Muir Inlet, a kilo
metre in ~our years, will probably be exceeded in the near ,future, for 
it bas reached a point where, the conditions change. The deposits 
which support the wings ~re almost at the water's level at th~ ioo 
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front, and slope down at an angle of 6° or 7°; a little further bac4 
they will be below the water's level and tlrn ice front will be bro::1der, 
resulting in an increased amount of loss by br~akage, and hence a more 
rapid retreat. Ten or fifteen years will probably see the Dirt Glacier 
on the east and the Western Tributary on the west, entirely separate 
frnm the main ice stream. The middle part of the valley which con
nects Muir Inlet with the upper part of Glacier Bay is now occupied 
by a small glacier without feeders, evidently the remains of a much 
larger body of ice. It probably derived its supply principally from 
the main body of ice which formerly filled the bay. This g'lacier, which 
we called the Dying Glacier, is rapidly melting· away; in fifteen or 
twenty years I think its bed will be empty. ·The maps I have made 
will enable us to determine with considerable accuracy the amount of 
these changes in the future. I should, however, say that although the 
northern end of Main Lake is in its rig-ht place, the i-:;outhern end is 
only approximately determined. The ends of the Dying Glacier are 
also only a.pproximate. 

THE SURVEY. 

t:-BY TR.AXSIT. 

" 
The west side of the inlet was the best place for measuring our base 

line, as it offered a pretty long stretch of fairly leYel ground. The 
base line was measured 011 .July 5, with a 30-metre steel tape (No. 23 
U. S. Coast and Geodetic Survey). 

Wooden stakes were driven int-0 the groi1nd, and into the top of each 
was driven a tack; the measures were all made from the north edges 
of the tacks. The tape was stretched by a spri11g until the tension was 
16 pounds. Where the ground sloped, the tape was held as nearly 
level as possible, and plumb bobs were used to project the tape upon 
the edge of the tack. The base was mea:-;ured twice, first from B to A~ 
and then from A to B. The two values obtained were 962·301 and 
962·330 metres. This close agreement shows. that the measures were 
carefuJly made; and the average adopted, 962·32 metres, is probably 
not in error by 5 centimetres. The temperature of the air was 12·5o C., 
and would ca.use but a slight correction if the tape, as usually made, 
were correct at ordinary temperatures. No temperature correction 
was introduced. White flags were planted at the ends of the base line 
and the stations called B (north end) and~.\. (south end). The stations 
A and B were then determined trigonometrically. Angles were taken 
from these st,ations and from D, Camp, E, and K. The transits used 
were Casella 120 and 3123, having 2£-inch horizontal and vertical 
circles reading to minutes by two verniers, and telesco1les magnifying 
5f times. The angles were measured several times; the sum of the 
three angles of the various triangles differed on an average about 2' 
from 180°. The excess or detect wa:s divided between the three angle~, 
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but no attempt wa.s made to make the ~mm of the angles at a particular 
station equal to :Jtm0 • The points L. M, b4 , c2 , were also determined 
trigonometrieally. bnt the transit wa~ not set np at those points. The 
fo11owing arc some of tl1e di:-;ta11t·es tbns determined ( A-B i:s the base 
line measured): 

Metres. 
A-B 962·32 
E- -D 2492·2 
]) Camp 819·26 
E Camp 2201·2 
D-L 3091·0 
E-L 4110·2 

Metres. 
D-.M 1075·6 
E-M 1973"2 
lVl-L 2444·7 
E-h4 23713 
E-cz 28865 

The distance D-E was determined through the four triangles B, D, 
E; K, D, E; Camp, D, E; and A-B, D, B; the other two sides of 
each of these triangles having been already determined. The average 
gives 2492·2 as in the table, which is probably trne to the fourth figlue. 
At E and at D cairn8 of :.;t-ones were made ~nrronnding- the flag. 1~11ese 

cairns were about four feet high, and werP madP of the largest l"tones 
that we could move, so piled np aR to hold tlie tlags firmly in their 
midRt. I think they will remain if unmoleHted five or ten years, and 
will serve to connect our map with any future surveys that may be 
made in this region. If these cairns should not last I think the two 
peaks, :Mount "1~right an<l c4, would make thf best points of connection. 
The former on the east side of 1\1 nir Inlet can not be mistaken; the 
latter is a sharp peak with symmetrical shoulders, and when seen from 
the end of the glacier is slightly to the west of the entrance of Granite 
Canon. It is the highest peak in itR neighborhood. 

The meridian line was determined 11ear our camp in connection with 
observations for magnetic declination, but it was not determined at any 
of our trigonometric stations, aml tbtwefore we must determine the 
orientation of our map graphically. ThiR gives for the direction of 
the line E-D, ~- 41° 4~3' E. (astron). The error is probably not more 
than .rs'. 

Altitudes were determined trigonometrically with respect to Camp 
Muir, and 8 metre8 (the estimated height of the latter above mean tide) 
added. The followiug are some of these altitudes: 

.Afelres. Metres . 
Camp Muir, 8 Mount Case, I 679 

E, 271 Wright, I 507 
D, 32·5 b4, I 678 
A, 53 C2, t 995 
B, 59 dz, ·2 175 

Pyramid Peak. 1240 d4. 1473 

We expected to determine many altitudes by simultaneous observa
tioni:; of the barometer at camp (mercurial barometer 1738, CoaRt and 
Geodetic Survey) and of the aneroids at other points. But the latter 
iustrument."'I worked so unsatisfactorily that few of our barom.etrical 
altitudes were reliable. Only the reliable ones have been entered on 
the map. 
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II.-IlY PLAKE TABLE. 

The instrument used was Plane Table No. 81 of the U.S. Coast and 
Geodetic Survey. The table itself was 39 by 49 centimetres. The top, 
alidade, and tripod complete weighed about 40 pounds, and was very 
clumsy to carry. 

The scale of the map was 1-99300. This was changed to 1-100000 
for the final map. · I have carefully abstained from filling in uncertain 
portions of the map conjecturally; I have, however, in some places 
added with dotted lines the ridges or peaks whose positions were 
roughly determined, also the bouud·aries of some small tributary gla· 
ciers, when the positions of the surrounding ridg·es ma.de it probable 
that no serious error could he made. Cont<nir lines of 200 feet were 
added on the glacier to show the general shape of its surface, but they 
pretend to no accuracy. 

The survey was begun at E and H. The point H, though not de
termined trigonometrically, had its ])Osition fixed as soon as some trigo
nometric stations were plotted in. The plane table was also set up at 
Camp, D, L, M, O, P, R, N, S, T, and V; the positions of all these :::;ta
tions except the first four being determined by the three-point method, 
by aid of mountain peaks, which had already been plotted in. The 
points determined by plane table or trigonometrically are marked thus: 
0, on the map. I do not think any of these points are out of their true 
position by 1% of their distance from E. At each of the stations V, 
O, P, R, N, and T, a number of photographs were taken in different 
directions. These have been very useful in working up details of topog
raphy, and in.some instances have served to fix with considerable accu
racy the position of certain peaks and thus the direction of some ridges. 
I have also made a map"" of the northern part of the Muir Inlet on a 
scale of 1-20000. This map shows pretty well the general topography of 
this region, and also the position of the ice-front at various dates. It also 
shows where we planted our tlags for measuriug the motion of the ice. 
This work wa.s carried out with great care. The greatest velocity we 
found was 2.2 metres a day for Flag 61• The side flags showed scarcely 
any motion. 

Geographical pos-Uion.-The latitude of our camp was determined by 
the following observations on the meridian altitude of the sun, made 
with the Casella 2f-inch transit No. 120: 

Latitude of l Latitude of Date. Station. station. I Oamp l\luir. 

1890. 0 , 0 , 
July 13 <:amp Muir, 58 49·75 58 49·75 

16 E,. 58 50·25 58 49·75 
17 K, 58 50·50 58 49·50 

Sept. 8 Camp Muir, 58 50 ·58 50 
i - .. -.... 

•See Nat. Geographie Ma.g&zine, Vol. 1v, Plate 15 • 
. I[; E.t. 43, p.t. 2-32 
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This gives an average of 58° 49'.7 for Camp Muir. Our ins,;truments 
read to minutes, so that this average can not be relied on closer than a 
half minute, though I do not think the error is greater than this, This 
would make the latitude of E 58° 50'.5. 

No satisfactory detel"lllinatiou of longitude was mac.le. When we first 
went into camp the chronometer was unfortunately allowed to run 
down; and when we left, it stopped without any ap1mrent reason. An 
attempt was made to det.ermine longitude by comparing o-ur chronome
ter with those of the steamers of the Pacific Coast Steamship Company, 
which brought tourists every week to see the glacier; but these chro-
11ometers differed so much among themselves tbat no reliance could be 
put on the result. 

Mr. Junken, of the Coast Survey, by reference to the best map of the 
region, which is somewhat conjectural, has given me as the longitude 
of our camp 136° 8' west of Greenwich, which lie thinks is not in error 
more than 5'. I have adopted 136° 5' west. 

The eastern limit of the region surveyed must lie between 19 and 20 
kilometres from the shore of Lynn Canal, and probably the mountains 
o_tt the east of our map are visible from Sullivan Island. Davidson GJa: 
cicr must have tributa,ries in the mountains which close up Granite 
Cafiou. Whethei· or not one of its tributaries connects by a compat'a
tively low divide with the First Northern Tributary of Muir I can not 
say; but it does not seem impossible.- If there is any such connection 
between these two glaciers, the point indicated is where it will undoubt
edly be found. 

Magnetic observations.-These were made with the Bache Fund 
Magnetometer and Dip Circle No. 12 (of about 24 centimetres diam
eter), both belonging to the Coast and Geodetic Survey. The magnetom
eter was not ~adapted for determining deflections, but only for declina
tions and oscillations. For the latter a mean time chronometer (No. 
1285, Coast and Geodetic Survey), was used. The moment of inertia was 
determined in the field. -. For this purpose a special stirrup was made. 
The upper bar of the stirrup was cylindrical, 2 millimetres in diameter, 
and carried two small brass cylinders, which could slide on it so as to 
press against stops near the center of the bar (cylinders "in"), or 
against stops at the ends of the bar (cylinders "out"). The moment 
of inertia of the system could thus be altered by a definite amount (the 
increase was about four~ftfths of the moment of inertia with cylinders 
"in") without changing the mass. The masses and distances between 
the oon ters of mass of the cylinders, "in" and "out," were determined 
in the laboratory before starting on the expedition. 

The variation of magnetic moment with temperature was determined. 
Two series of observations gave, respectively, for the coefficient of 
variation for 1° centigl:ade, ·00073 and •00077. The mean was 
adopt.ed. The magnetic moment of the magnet was determined some 
time after our return; and I do 119t think the va.lnes of the horizontal 
and 'total forces can be relied on mor~ closely- than 1 or 2 per cent. 

~~ . •, 
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Quantities given i:rr this report are in Coast and Geodetic Survey 
units (C. G. S). In the observations for declination, the astronomical 
meridian was determined hy afternoon observations on the sun. 

Special tents were erected for the magnetic instruments at Camp 
Muir. The magnetometer was 80. and the dip circle 60 metres from our 
tents. During the observation with the former the latter was about 
100 metres distant. 

Magnetic observations at Camp 1lf1tir, Glacier Bay, Alaska. 

Date. Declination.* Daily approxi- I Dip. \ Horiz.o1:tal in- Total Ill· 

mate range. I tensity. tensity. 

1890. 0 I I 0 / 

Aug. 22 
·150 23 75 49·8 

Sept. s 75 51·7 
8 - 30 27·8 6-9 
9 - 30 2fr1 8·4 

JO -- 30 24·1 .. 5·4 
--------

Mean,~ - 30 26 6-9 75 50·8 0·150 0·614 

~ 

*The negative sign means easterly declination. The observations were made by the writer. 

Meteorowgical.-Regular observatious were made under the direction 
of Mr. Cushing, and a complete record sent to the U. S. Signal Service. 
The barometer used was No. 1738 of the Ooast and Geodetic Survey. 
The maximum, minimum, wet, and dry bulb thermometers we:c lent me 
by Prof. Whitman, of Adelbert College. The rain gauge was lent by 
the Signal Service. 

A short summary of these observations is appended.* 
. 

Temperature. Barometer. 
(Fahrenheit scale.) (Inches.) Rain- Mean 

1890. falL humidity. 
Mean. Max. Min. Mean. Max. Min. 

0 0 0 

I July. 45· 2 6J"I 35·4 30·089 30·335 29·565 3·o6 82·2 
Aug. 45·1 63·9 27·2 30·123 30·418 29·787 4·88 83 

LIST OF INSTRUMENTS LENT DY THE U. S. COAST A.ND GEODETIC 

SVRVEY. 

Two Casella Theodolites (Nos. 120 and 3123). 
Two Telemeters (No. 81). .. 
One 20-meti:e Steel Tape (No. 23). 
One Plane Table (No. 81). ,, 

•For an &QOOunt of other observations made on this expedition see Studies o:f .Huir 
Glac~sr in t.he Nat. Geog. M~., YoL IV •. 
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One Bache Fund Magnetometer. 
One 1\fean Time Chronometer (No. 1285). 
One Dip Circle (No. 12). 
One Artificial Horizon (No. 30). 
One Mercurial Barometer (No. 1738). 
One Prismatic CompasH (No. 108). 
Two Draw Telescopes (Nos. 114 and 116). 
One Clinometer (No. 3). -
Two N egretti & Zam bra Deep-Sea Thermometers (Nos. 66727 

and 57080). 
Two Casella Aneroid Barometers (Nos. 1098 and 2738). 

The telemeters, artificial horizon, and deep-sea thermometers were 
not used. 

In addition to these a trarn;;it and several other instruments belonging 
to tbe Case School of Applied Science, and a number of thermometers, 
aneroids, compasses, etc., belonging to various members of the 
expedition, were taken with us. 

MAGNETIC OBSERVATIONS AT CLEVELAND, OHIO, 1891. 

The following observations of the magnetic elements were made nt 
Cleveland cm April 6 and 26, May 30 and 31, and June 1, 1891. The 
station was the pier in the grounds of the City Hospital, which forms 
the north end of the meridian line laid down by the U. S. Coast and 
Geodetic Survey. This is the station occupied by the Coast Survey 
party in 1871and1880. It is not far from the hospital building and 
within 200 yards of the railroad. A passing train did not seem to 
deflect the needle more than a minute of arc. 

The instruments used were Dip Circle No. 12, and the Bache Fund 
Magnetometer, both belonging to the .. Coast and Geodetic Survey. A 
small tent was erected to protect the instruments ~om the wind and 
rain. 

The magnetic moment of the magnet was determined at the Case 
School of Applied Science .April 6 and on May 26. The needle was 
oscillated again at the same point on June 9, and the product mH (from 

·the two sets of observations) differed about 1 per cent. This is within 
the limit of errors of observations. The stirrup supporting the magnet 
with the two movable cylinders was the same that was used in the 
observations at Camp Muir, .Alaska, in the summer of 1890. 

The dip was determined on May 31, and June 1, the values obtained 
being 72° 34' and 720 44' respective1y; mean 720 39'. This is less than 
the former values (1880) obtained here by nearly half a degree, but 
only 11' less when compared with the observations of 1888 as deter
mined by the U. S. Coast and Geodetic Survey. The secular change is 
diminishing the dip. 
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Tbe meridian line laid down by the Coast and Geodetic Survey was 
used, and no astronomical observations were made for declination 
determinations. Tht=>se were obtained from maximum and minimum 
elongations. 

1Jeclination obtained. 

Date. 
\ 

Mean I Apparent 
<leclination. i daily range. 

-

I 1891 0 ,. 
May 30 2 18·4 w 

' 
16 

May 31 2 18·3 w 
I 

IO 

I 
June I 2 19·0 \V 9 

I ·------i 
Mean 

I 
2 19 w I 12 

I 

This declination is about one-third of a degree greater than predicted 
in Appendix 7, U. S. Coast and Geodetic Survey Report for 1888, p. 
264, but only 12' greater than tl1e revised expression• for the secular 
variation sent me from the Survey Office, and which includes my 
observation. 

The horizontal intensity was found from observations on April 6 and 
26 to be ·1833 and ·1825, average 0·183, which is probably not in error 
more than 1 or 2 per cent. The t-0tal intensity is 0·614 of a dyne. 

The nearness of the hospital, the iron railings around the grounds, 
and the railroad, now make this station an undesirable one for mag
netic observations. 

0 0 0 0 

*D=+0·77+2·53 sin. (1·3 m -21·6), where m=year ofobservation-1850. 
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APPENDIX No. 13-1891. 

DETERMINATIONS OF GRAVITY WITH THE NEW HALF-SECOND PENDU
LUMS OF THE COAST AND GEODETIC SURVEY AT STATIONS ON THE 
PACIFIC COAST, IN ALASKA, AND AT THE BASE STATIONS, WASHING
'l'ON, D. C., AND HOBOKEN, N. J. 

By T. C. MENDENHALL, Superintendent. 

Completed for publication June 25, 1892. 

In previous re11orts• the operations of the Survey in the determina-
. tion of the force of gravity are presented in more or less detail. The 
methods in use were essentially those that had found favor in Europe as 
well as in this country during the last half century. The work was for 
the most part done under the direction of C. S. Peirce, assistant, who 
made numerous and important contributions to both the theory and 
practice of gravity research. The active interest of t11e Survey in this 
8Ubject began about 1873. 

The numerous and often extensive discrepancies between geodetic 
and astronomical positions indicated the importance of and necessity 
for the investigation, and the bearing of the results upon geological 
problems adds additional interest to it. Much valuable experimental 
work was done and a number of stations occupied, including several 
in the old world, from the beginning of the work up to 1890. Some 
form of pendulum who.£«3 period was approximately one second was 
used, together with a clock ha.ving a seconds pendulum; the method of 
coincidences and, for a. few years, that of chronographic registration 
having been adopted in determining the period of the gravity pendulum. 

Reversible pendulums were generally made use of, but the measure
ments were in the main differential and not absolute. 

A serious difficulty in the way of continuing the investigation on 
this basis was its cost, when considered:in connection with the number 
of stations occupied. The instrumental outfit of a party was large and 

*Annual Report.s for the following years: 1876, ApJlenrli:x: No. 15; 1881, Nos. 14, 
15, 16, and 17; 1882, No. 22; 1883, Nos. 17 a.n<l 19; 1884, Nos. 14, 15, and 16; 1885, 
Nos. 16 o.nd 17; 1888, No. 14; 1890, No. 12, and 1891, No. 13. 
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not easy to transport.; much was required in the way of the prepara
tion of a station, and thus a single determinatio~ involved the expendi
ture of ::s:o much time that it was extremely desirable to devise some 
means of more rapid working, especially if this could be done without 
material sacrifice of that accuracy which the nature of the problem 
demanded. 

It was agreed that a great reduction in the magnitude and com
plexity of the instrumental outfit of a party could be ma.de by using a 
pendulum vibrating in a half second, and substituting a chronometer 
for the clock. A short pendulum had ah·eady been used with success 
in Europe by Von Sterneck, and the chronometer, which commends 
itself especially by its great portability, had been used instead of a 
clock by many experimentalists, both in this country and Europe. 

It seemed altogether wise to make use of the method of coincidences 
in measuring the period of the pendulum, and also that some optical 
method of doing this was preferable to any other. It was determined 
that invariable non-reversible pendulums should be used, except at a 
Jimited number of base stations, where absolute values of the force of 
gravity should be obtained by the .use of reversible pendulums or by 
some other method. 

I'ii the elaboration of the plans for the work many valuable sugges
tions were secured from Mr. C. A. Schott, Mr. Edwin Smith, and Mr.· 
E. D. T'reston, assistants, the 'two latter having llad large practical 
ex1>erience in gravity work; and in designing and constructing the 
apparatus the services of Messrs. Smith and Preston, together with 
Mr. E. G. Fischer, chief' mechanician, and J\Ir. G. R. Putnam, aid, U. S. 
Coast and Geodetic Survey, were invaluable in securing the realization 
-0fthe proposed improved devices, as well as in the suggestion and in· 
vention of many of them. A number of expe:1'imental studies of the 
use of the short pendulum were made by Mr. Preston, and the :final 
result was the adoption of the form of apparatus, a. detai_led description 
of which has been prepared by Mr. Putnam, and is as follows: 

DESCRIPTION OF .A.PP .A.R.A.TUS. 

The new pendulum apparatus consists of a set of three quarter-metre 
pendulums, a dummy or temperature pendulum, an air-tight receiver in 
which the pendulums are swung, a flash appar.atUB, wherein an electro
magnet in the circuit of a chronon~eter moves a shutter and throws out 
a flash of light each second, a telescope for observing, mounted above 
the flash apparatus, and various accessories, such as small air pump 
for exhausting receiver, break-circuit chronometer, barometer, batteries, 
etc. These instruments are shown in the accompanying illustrations,• 
as follows: Nos. 23 and 24 show the complete apparatus (except 
barometer) from opposite sides. No. 25 shows the dnmmy on the left 

•The small letters refer to the various parts in illustration No. 26. 
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Determinations of gra,vity with the new half-second pendulutn.<t-Continued. 

and the three pendulums on the right. In Fig. 2 the pendulum is 
shown suspended from the plaues on which it swings (the plate being 
removed from the receiver), and in Fig. 4 the handle and manner of 
lifting the pendulum are represented. No. 26, Figs. 4 and 5, are side 
elevations (one-quarter full size) of the {lash apparatus and receiver, 
with the sides cut away so as to exhibit the arrangement of the interior. 
Figs. 6 and 7 are sections (twice full size) on a vertical central line of 
the front of the flash apparatus box, to show the movement of the 
shutters, as will be further described. 

The receiver.-The body of the receiver is a heavy brass casting, 
with walJs 7 millimetres thick, and of inside dimensions 17 centimetres 
square at the top, 21 by 28 centimetres at bottom, and 38 centimetres 
high. The cover (k) makes an air-tight joint when a little tallow is 
applied to the contact surfaces, and may be screwed down when 
necessary. A portion of the main casting forms a solid shelf (n), 
extending entirely across the receiver on one Ride, but having in it 
openings through which the pendulum, dummy, and lever (o) hang·. 
This shelf carries on one side a plate on which the dummy pendulum is 
supported (not shown), and on the other the plate (m) resting on the 
shelf on three points and screwed to it. This plate has embedded in it 
the agate planes on which the pendulum swings, and holds the pivots 
for the lever used in lowering and raising it. The plate (m) has 
screwed to its face an adjustable piece (g) holding the fixed mirror, 
which is so adjusted that the images of the slit, as seen in tlie observ
ing telescope, reflected from this mirror, and from tbat on tJw. pendulum 
when banging freely at rest, will appear to be in the same horizontal 
line, and slightly overlap each other. 

The horizontality of the agate planes is tested by means of a sensitive 
level mounted over a knife edge, similar "to thm:;e of the pendulums, and 
l1aving a suspended weight to bring the center of gravity below the 
planes. .This is placed and reversed on the planes in the same manner 
as a pendulum. The adjustment is made with the three heavy foot 
screws on which the receiver stands, two levels mounted on the out
side being used in bringing the receiver to a.n approximately correct 
position. These outside levels are also read after the final adjustment 
has been made, and any cliange in level during a day's observations is 
detected and corrected through them. 

The pendulum is set in motion or stopped by the n,rm (r), covered 
with leather at the point of conta.ct, which is worked from the outside 
of the receiver by the handle shown in illustration No. 23. Adjustable 
screws limit the motion of this handle in each direction, so tha.t it may 
be set for any desired amplitude of oscillation, and the same amplitude 
used for succeeding swings. 

A millimetre scale for readiug the arc of oscillation is fastened in the 
bottom of the receiver immediately under the point of the pendulum, 
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and is graduated from zero in the center. A microscope (not shown) 
carrying a mirror to throw light on scale and point is mounted opposite 
on the outside of the receiver. A white line on the point of the pendu
lum is bisected by a vertical thread in the microscope, and the seal~ 
read where the thread intersects it, the extreme arc on each side of tl1e 
vertical being read in this way. The pointing of the microscope is con
trolled by a q nick-motion screw. 

A manometer is place<! on one side of the receiver, one end open to 
the air an<l the other connected with the interior (No. 23). The scale 
reads in millimetres from zero in the center. A graduated pipette is 
1novided for filling the manometer with mercury. The manometer is 
removed for shipment. Two stop cocks (No. 24) on the side of the 
receiver afford a means of connecting with the air pump through a 
rubber tube. Three windows are provided through which to observe 
the mirrors, the arc scale, and the dummy thermometer, respectively. 
The interior of the chamber is covered with chamois skin to protect the 
pendulum from injury should it accidentally touch the walls in hand
ling. An aligning device fits on the top of the receiver. By bringing 
the telescope into range with two crosses on this, it may be quickly 
placed in tbe correct position for observing, so that the image of the 
slit as reflected from the mirrors will be in the field. The stuffing 
boxes for the lifting screw and starting lever, as well as the joints of 
the windows, are constructed in such a manner as to make the receiver 
practica1ly air-tight. · 

Pendulums.-Three pendulums constitute a set, the advantage of this 
number being that if discrepancies appear in the results the one at fault 
may be detected. Each is designated by a letter showing the set to 
which it belongs and its individual number; the three used in the 
observations included in this report being Al, A2, and A3. The 
pendulums are made of an alloy oialuminum 10 per cent ancl copper 90 
per cent, a composition which experiment proved to have a very high 
resistance to corrosion; they are l1ighly polished but not lacquered. 
Each weighs approximately 1 200 grammes•, and is about 248 milli
metres in length from the center of the bob to the knife edge. The 
lengths of Al, .A2, and A3 differ slightly, however, their coincidence 
periods at Washington being at ordinary temperatures about 4·8 min
utes, 5·5 minutes, and 6·2 minutes (sidereal), respectively. 

"The A pendulums were weighed twice in 1891, and the following results are 
given by the Office of Standard Weigh ts and Measures: 

March 14. October 30. 

Grammes. Grammes. 
Pendulum Ar. 1213·091 1213·096 
Pendulum A2. 1197"537 1197"548 
Pendulum AJ. I 196-373 1196·37,6 
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Determinations of gra'l'ity with the new ha1f-scconrl pendulums-continued. 

The stem and bob are designed so as to offer little resh;tance to the 
air when in motion. The bob is solid, antl is !) t~entirnetres in diameter 
and 4·5 centimetres thick at the cent.Pr, its faee:-i being spherical sur
faces, as shown in No. 25. The stem of the pendulum is rectangnlar 
in section, 4 by 14 millimetres, with rounded edges, a11d is rigidly 
fastened to the head and the bob. 

The knife edge is a continuous 1)iece of agate passing through the 
liead of the pendulum and firmly secured to it, ai1d the edµ;e proper is 
formed by the meeting of carefully ground faces at. an angle of about 
110°. It is 43 millimetres in length, the bearing on the ag-ate planes 
on which the pendulum swings l)eiug about 12 milli1netres at ('aelt end. 
The two pieces of agate forming tllese planes are rigidly embedded in a 
heavy brass plate (m) already mentioned, and ground to a single true 
surface after they are iu pmdtion. 

A sn1all circular mirror is set in each side of the pendulum hend. A 
careful adjustment was made of these mirrors, so that from any of the 
pendulums with either face front the image of the slit will be retlect.ed 
into the same portion of the field of the obserying telescope when the 
latter is properly placed. 

The pendulum is carried from the box in which it is kept to the 
receiver by a double-jointed handle (illustration No. :.!;3, Fig. 4), which 
haR rubber-lined hooks fitting under pivots on either side of the head. 
It is, t11erefore, never necessary for the hand to come in contact wit11 the 
pendulum. When placed in the receiver the pendulum is first sus
pended upon two pivots carried on the end of the lever l, whieh pivots 
fit into corresponding sockets in portions of the head projecting- at 
either end over and beyond the knife edgP. 'This lever 1~ moved by a 
screw (q) on the outside of tlie receiver, so that the pendnlnm may be 
gradually lowered until it hangs fredy upon the agate planes, or may 
be raised therefrom, the object being to avoid injury to knife edge or 
plane, which would be likely to result from suspernling the pendulum 
directly by hand. A spring holds the lever ag:ain8t the end of the 
screw, and stops limit its motion, and a device (not shown) indicat<>s 
on the outside of the receiver whether the pendulum is hanging on the 
planes or on the lever. 

The temperature of the swinging pendulum is ascertained by means 
of a dummy, similar to the others in material m1<l dimensions, savn 
that it has no mirrors, an<l is supported upon two hard-rubber knife 
edges parallel to the plane of the bob, and ha.s a thermometer fastened 
to one side of its stem. The bulb of the thermometer, bent back for 
the purpose, is packed with alloy :filings into a small metallic box, and 
this box is pressed with tinfoil into a slot cut in t.he stem of the dummy 
immediately above the bob, a very close metallic contn.ct between the 
bulb and the surrounding meta.I being thus attained. The dummy is 
suspended near the pendulum and is prevented from oscillating by the 
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nature of its support, and by a fork projecting from one side of the 
receiver and holding it firmly 11ear the bob. 

Flash apparatus.-A light metal box is mounted on a stand having 
both vertical and azimuthal movements and clamps, and carries above 
it an ordinary observing telescope, which may be focused for objects as 
near as four feet. This.,apparatus is shown in Nos. 23 aud 24, and with 
one side of the box removed in illustration No. 26 (Fig. 4). This box 
contains an electro-magnet (a), whose coils are connected with the 
chronometer circuit through the binding posts (f), and whose armature 
carries a long arm ( d), projecting through an opening in the end of the 
box. This arm moves two shutters, t and v (Figs. G and 7), and by an 
ingenious device a flash of light is emitted from the box when the 
circuit is broken, but not when it i8 closed. This arrangement is 
shown in Fig. 6, a vertical section of the front of the box and shutters, 
Rhowing position just after the circuit has been broken aud the arm is 
rising, and in Fig. 7 showing position when circuit has closed and 
arm is descending. The front of the box has an opening contaiuing a 
piece of fi11ely ground gL1ss for defusing the light. In -front of this are 
fastened two pieces of metal z, leaving a narrow horizontal slit beb,reen 
them. Behind the ground glass move the two shutters, t and v, in 
suitable guide;:.;1, and having horizontal slits in them of the same size as 
that between the pieces z. The arm d passes through the upper eu<l of 
these two shutters; t has no play on the arm, but moves directly with 
it; the OJ)ening in 'l', lwwever, is somewhat longer than the thickness of 
the arm, so that it does not move until the arm is near the middle of its 
stroke. A stop prevents the slit in 1J from descending below that in z, 
and a friction spring holds 1; so that it moves only with the arm. When 
the circuit is closed the arm d is down and the slit tis below the line 
of slits v and z. As soon as the circuit is broken the spring h causes 
the arm to rise and the slit t pas:-;es the line of the slits 'V and z, en1it
ting a flash (position shown in Fig. 6). Before the end of its Rtroke 
the arm also Ii fts the shutter v so tha.t its slit is no longer in line with 
z. When the circuit is again closed the arm rl is pnlJed down, but the 
slit in t iR opposite that in z when v just commences to move (position 
shown in Fig. 7), so that t11e tliree slits are not in line and no flash is 
emitted. It is thus seen that the .three slits are only in line immedi
ateJy after the breaking of tbe cirenit, and only one flash is given out 
each second. The light for the flash is furnisl1ed by a small oil lamp 
attached to one side of the box, the light from which is concentrated 
by a lens on to the slit after being reffr.lcted by a mirror in the interior 
of the box set at an angle of 450. 

The apparatus is also arrangecl to use the spark of a Rul1mkorff coil 
instead of tlie flaRb from the slit. The chronometer is placed in the 
circuit of the electro-magnet as before, but this now acts as a relay, a 
platinum tip on tlie end of tlte arm <l breaking and closing the primary 
circuit of a Rubmkorff coil as it rises and falls, connections being 
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made through the binding posts i. Platinum-tipped screws on tlrn 
posts c are the terminals of the secondary coil, between which a spark 
is thrown at each break of the chronometer. 

The entire apparatu8, except barometers and chronometers, is packe(l 
in two boxes, one 38 hy l!) by 16~ inches iu size, the other 211 hy 21 by 
17 inches, weighing together about 360 pounds, the whole being quite 
convenient for transportation. r.rhe penclnlums and dummy are packed 
in a Hmall box by themHelves, lined with chamois skin, and fitted so as 
to relieve them of any strain. The thermometer is remmred from the 
dummy in packing so as to avoid any danger through breakage of the 
thermometer and destruction of the pendulums by amalgamation. 

USE OF THE A.PP .A.RATUS. 

One of the principal advantages of this apparatus is tlw. ease with 
which it may he nseu, and the few and inexpensive preparatimrn neces
sary for its installation. The latter will depend in some degree upon 
the importance of the station to be oecupied, or the degree of accuracy 
intended to be reached in the results. For the best work, a well
foundcd brick or stone pier upon which the vibration chamber may rest 
is essential. The flash apparatus, which is distant from this about two 
metres, may be placed upon any convenient support, stability uot being 
essential. If the apparatus can be placed in a room of nearly constant 
temperature the results will be more uniform, but if sufficient time is 
allowed before swinging for the pendulum to come to the temperature 
of its chamber, as represented by the thermometer in the "dummy," 
this is not essential. The correction for temperature may be so well 
known that resL1lts obtained at temperatures differing widely will be in 
close accord when this correction is applied. The work may be done in 
a ve.ry small room, a ground space of not more than two metres square 
being required. The room should be somewhat dark in order that the 
flash may be easily seen in the field of the telescope. 

In the Alaska work it was necessary to resort to the most primitive 
method for mounUng and protecting the apparatus, there being no 
facilities for a more perfect installation and no time for making it. 

A small tent, barely large enough to afford room for the observer 
after the apparatus wa8 mounted, was used for protection against wind 
and rain, the latter occurring almost daily. The pendulum chamber 
was usually mounted on a triangular pyramidal support of wood, made 
of three s'tout legs forming the edges of the truncated pyramid, 
securely joined together by pieces of planking on the faces and strong 
cross braces within. The height of the support was about 40 centi
metres, and ~he three levelling screws of the chamber rested on the 
ends of the thre.e corner posts. Sometimes this support was placed 
upon a bare,· exposed rock, but generally it rest.ed upon the ends of 
tbree,pieces of heavy scantliug, 60 to 80 centimetres long, driven into 
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the ground so that the ends were flush with the surface. In one or 
two instances, especially at Sitka, the chamber rested directly upon the 
surfaee of exposed rock, the wooden support not being used. 

This support was thought to be so rigid that it would not flex or 
vibrate when the pendulum was in motion, but before the Alaskan 
series was completed it began to be suspected, aud it was, therefore, 
brought to San Francisco, where a series of comparisons was made 
and a correction for flexure determined, which was applied in all cases 
where the wooden stand had been used. 

The use of this stand ma.de it possible to establish and disestablish 
a station in a very short time. On several occasions a single day was 
all that 'vas available, and even in so short a time it is believed that a 
fairly correct value of the force of gravity was obtained. At Yakutat 
llay the outfit was landed in the fo'renoon, with some difficulty, through 
tlte surf. A station was established, two S'idngs of each pendulmn, 
six in all, were 1nadc, the instruments packed, taken out to the ship 
which lay at anchor some distance away and safely put on board ready 
for leaving- in the evening. 

Aft.er placing the support, or selecting the rock or pier when either 
is available, the chamber is lifted out of its packing box and put i:n 
po:-;ition. It is then leveled) and the relation between the agate planes 
and the exterior level is determined by means of the small pendulum 
level already described. The "dummy" is then put in place and tbe 
first pendulum to be i:nvung is placed in the chamber on the "lifter," 
that it may come to the normal temperature as soon as possible. The 
thermometer belonging to the dummy is not carried with it, however, 
and must ahrays be put in its proper place before the dummy is l)Ut in 
the chamber. 

The cap is placed in position on the chamber, the surfaces of contact 
having been cleaned allfl a very little tallow rubbed upon them. By 
moving the cap from side to si<le, under considerable pressure from the 
hands, a good joint is generally produced without difficulty. The 
manometer, which is packed separately, is put in place and the mercury 
poured in it. The air-pump is attached and the pressure in the 
chamber reduced to about .50 centimetres, the desired reading of the 
m:.tnometer being ascertained by reforring the barometer reading and 
the temperature within the chamber to a table :prepared for this 
purpose. 

The .flash apparatus is next put in position. This ma..y have been 
done approximately hy means of the index described above, but after 
a little experience this will be discarded and the telescope will be 
quickly placed by reference to the reflected image of the slit from the 
ftxed and inovable mirrors in the chamber. When this adjustment has 
been completed, the chronometer, placed conveniently so that its face 
can be easily seen, is connected electrically with the flash magnet, and 
if the images of the illuminated slit are sharp and properly related the 
apparatus is in readiness for work. 
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In beginning an observation the pendulum is lowered into its place 
on the agate planes, h.; carefully drawn aside by the lever arranged for 
that purpose, and allowed to rest for a few moments. As nearly a:-; 
possible in ooincideuce with a beat of the chronometer the external 
arm of this lever is quickly pushed back to it~ place, thus setting the 
pendulum free to vibrate thr0t1gh the desired arc. If the starting is 
properly made there will be plenty of thne for the observer to take his 
place at the telescope before the first coincidence occurs. .As soon as 
this is observed the arc of vibration is read, the temperature and 
barometric pressure noted, and the height of the mercury in the two 
arms of the manometer. These observations can usually be made and 
recorded before the time arrives for the secornl coincidence, the interval 
being about four minutes. 

It is customary to observe the first four and the last three of a set of 
twelve coincidences, and at the middle of the whole time the tempera
ture, barometric pressure, manometer, and arc, may be observed and 
recorded 

.At the end of the set these readings are agaia made and the pendu
lum may be reversed, or, if' time permits, another set in its same posi· 
tion may be made. In all cases the same number of sets, direct and 
reverse, should be made with each of the three pendulums. 

The apparatus appears to resist the effects of rough handling very 
successfully. A comparison of the vibration periods of the i)endulums, 
as determined in Washington in March, 1801, and again in October of 
the same year, after the Alaska campaign, involving a journey of 
nearly 15 000 miles, proves that their constancy may be depended upon. 

GRAVITY EXPERIMENTS IN 1891. 

A visit of inspection to the Pacific Coast and .Alaska having been 
planned for the spring and summer of 1891, it seemed extremely desira· 
ble to take advantage of it for the purpose of testing the new apparatus 
in the field, and especially as it would be possible in tllis way to obtain 
fairly accurate measurements of the force of gravity at high latitudes 
in a somewhat inaccessible part of the world. The finishing of the first 
set of pendulums, with their accompanying apparatus, was somewhat 
hurried, as was also that of the second set, which, it was determined, 
should be carried by Mr. Preston to the Hawaiian Islands, where he 
was to be located during the succeeding year for the purpose of making 
latitude observations in co·operation with the observer sent by the Inter
national Geodetic Association. No essential feature was overlooked, 
however, and the first swinging of the pendulums, away from Washing
ton, occurred in April at San Francisco, the station occupied being the 
small observatory of the U. t-3. Coast and Geodetic Survey in Lafayette 
Park, in that city. This point had been occupied as a gravitation station 
by previous survey parties, the Kater pendulums having been swung 



 

512 U. 8. COAST AND GEODETIC SURVEY. 

here by J\Ir. l~d win Smith, and the Peirce pendulums by Mr. Preston. 
It therefore furuished a clieck on the invariability of the i1endulums. 
l\fuch valuable assistance was rendered at Sau Francisco by Assistant 
George Davidson, and by Subassistant Fremont Morse, who accompa
nied the writer to Alaska, sharing with him the labor and responsi
bility of all the work on the Pacific Coast. 

After the work at San Francisco was completed, the ap1)aratus was 
ship1)ed to Port Townsend, where it w..as taken 011 board the Ooast 
Survey steamer Patterson, J,iieut. Commander H. B. Mansfield, U. S. 
Navy, Assistant U. S. Coast and Geodetic Survey, in command, and 
on the morning of April 23 the party sailed for Alaska. 

Iu all of the gra\rity work undertaken (luring the.journey every facility 
was afforded by Capt. Mansfield, and much valuable assistance was 
received from the officers of the Patter8on, who evinced a real interest 
in the work and a willingneRs to do whatever could be done to aid in 
its success. Bspecial mention should be made of the executive officer, 
Lieut. Dorn, who looked after the camp outfit and under whose 
directions the pendulum equipment was always put ashore or brought 
aboard ship, not only with promptness but, what was of greater im
portance, without the slightest injury t-0 the apparatus during the 
entire campaign. Particularly valuable were the services of Ensign 
Poundstone, ''\'ho made such time observations as were possible, often 
under the most unfavorable and disagreeable conditions, due to the 
almost continuous rains, which sometimes prevented the seeing of a 
star for many days in succession. 

The gravity work done in Alaska can only be considered as secondary 
in its character. It was subordinated to the general inspection of the 
coast and the survey of the same in which th~ Patterson had been 
engaged for several years, and the time given to it was necessarily 
short. In no case, however, are there less than six independent 
swings, each of the three pendulums having been swung twice, and it 
is believed that an examination of the results will show that they have 
sufficient valtie to justify the labor bestowed upon their production. 

After leaving Alaska, the first station occupied was in Seattle. This 
point was reached on June 21, and on the evening of the 22d the 
swinging was commenced. The pendulums were swung in a room in 
the basement of the high school building, for which permission was 
kindly granted by Mr. Barnard, superintendent of the public schools 
of Seattle. The swinging .was continued through the night as well as 
the day, the observations after midnight being undertaken by Mr. 
Morse. .Valuable assistance was here rendered by Assistant Pratt, 
who was stationed at Seattle at that time. Time signals from the 
Mare Island Navy-Yard Observat-0ry were furnished through the 
courtesy of Mr. Overbeck, manager of the Western Union Telegraph 
office. The attempt was made to secure signals from the I.1iek Observa
tory, the director, Prof. Holden, having kindly o:ffered to furnish 
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them, but this was prevented by a difficulty in the c011nection between 
~fount Hamilton and San FrauciHco. 

The Lick Observatory, on I\Ionnt Hamilton, was reached on the 
afternoon of July 2, and by the evening of that day the apparatus 
was ready for use. Through the courtesy of the director, Prof. Ed ward 
S. Holdeu, this station had been occupied by J\Ir. Preston with the 
Peirce pendulums in 1887, and by the same courtesy it was occupied 
on th,is occasion. .An admirable room for swinging was provided and 
every required facility was offered. Special observations for time were 
made by l\'Ir. Barnard, and nothing waH left undone by the director 
and his sta:tr that could in any way tend to insure tlie success of the 
observations or the comfort of the observers. 

On the 8th of July the pendulums were again at the observatory in 
San Francisco, and a series of swings were commenced, extending 
through several days and including a comparison of swiugs on the 
wooden stand used in tbe Alaska work with those upon the brick pier 
of the observatory. The work was done for the most part by :I\11'. 
Morse. 

On the afternoon of the 16th of July the apparatus was placed on 
board the Fish Commission steamer Albab·oss, which carriecl Dr. C. 
H. Merriam, of the Department of A~ricnlture, and the writer as repre
sentatives of the United States in the Joint Commission agreed upon 
by the United States and Great Britain for the purpose of studying 
and reporting upon the condition of seal life upon the Pribilof Islands. 
Advantage was taken while on the islands of a single day in which 
bad weather interrupted other work, but did not preveut the installa
tion of the pendulum apparatus and the swinging of each of the three 
pendulums two hours each. A small tent was used as a shelter and 
the chamber was mounted on a large block of wood, which in turn 
rested directly upon the surface of the ground. It was a very solid 
and stable mounting. The conditions at this station in other respects 
were not favorabk, especially as regards time. 'l:he dense clouds and 
fog which almost constantly hang over these islands made time observa
tions impossible, but in this matter Yaluable assistance was reudered 
by the executive officer of the Albatross, Lieut. Carlos G. Calkins, 
who made comparisons of the pendulum chronometer with the ship's 
chronometers during the passage and while the ship wa8 lying at the 
Pribilof Islands, coming ashore with a "hack'' chronometer for tbit"> 
purpose while the observations were in progress. 

In October the pendulums reached Washington and were again 
vibrated at the Smithsonian Institution, about half of the observations 
being made by Mr. E.G. Fischer. The results a~rreed in au extremely 
satisfactory manner with those obtained before the journey to the west. 

In November they were swung in IIobokeu, in the room in the base
ment of the Stevens Institute, which, through the courtesy of the 

H. Ex. 43, pt. 2--33 
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president, Dr. Henry :l\Iorton, has been at the service of the Survey for 
several years for this purpose. The work was greatly facilitated by 
the kindness and co-operation of .Prof. l\'Iayer and Dr. Geyer, in 
charge of the departments of physics and electricity in the institute. 

In Hoboken, as well as in all of the work in \Vashington, special 
time-signals -were received from the Naval Observatory. These were 
sent through the kindness of the superintendent, Capt. F. V. l\lcNair, 
and to insure their accuracy special observations were made by Prof. 
Brown. 

Time.-Several different chronometers were used in the series, and 
their rates were determined by various methods, varying greatly in 
excellence. The chronometers themselves differed much in quality. It 
was unfortunate that in the Alaska work, when it was necessary to 
rely almost entirely on the constancy of rate of the chronometer, only 
an inferior instrument was aYailable. Negus No. 1824, an excellent 
chronometer, was used at Washington and at San Francisco, and it 
was intended to use it througbout the Ala.ska work. After it had 
reached the Patterson it was found to have suffered a serious injury, 
resulting doubtless from au accident which occurred just after the San 
Francisco swings were finished. It was necessary, therefore, to make 
use of a mean time break-circuit, No. ~490, wl1ich had, fortunately, 
been carried along to provide against accident to the better instru
ment. Unfortunately this chronometer was unsteady and unreliable 
as to its rate, and the retmlts of the Alaska tour are less satisfactory 
than they would have been had it not been for this accident. 

UnquestionalJly the element of time is by far the weakest in these 
determinations, even under the most favorable conditions. The coinci
dence of the fixed and movable flash can always be determined within 
one second. An eITor of one second in the time of ten coincidence in
tervals will affect the })eriod of the pendulum by about one part in two 
millions. It will thus be seen that, if there was no other uncertainty, 
a swing for a single hour would leave nothing to be desired. Varia
tions due to the effects of temperature a.re well under control, and the 
correctiol!s for varying density of the air in the chamber may be made 
as small as ca:n be desired. The varyiu g rate of the clock or chronom
eter is the one thing which is imperfectly understood and coutroHed. 
The pendulums themselves are far more uniform and constant in their 
vibratory Jleriods than the balance wheel of the chronometer; are much 
better time pieces in fact than the standards with which they are com
pared. It is well known that a clock may have a tolerably uniform 
daily rate, while its hourly rate may be quite irregular. Besides, the 
daily rate may be checked quite accuxately by means of astronomical 
observatious. It is, therefore, essential that whenever an aceurate 
result is desired the swings should be continuous through the twenty-
four hours. · 

The irregularities of rate may, to some extent, be estimated by 
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fi·equent intercomparisons of several chronometers or cloeks. This is 
greatly facilitated by the method employed, as is shown in another 
part of this paper in connection with the 11roper use of the invariable 
pendulum as a time standard. Indeed it is quite possible to use two or 
three chronometers in the operation, switching one after the other into 
the circuit of the flash apparatus, observing the coincidences due to 
each, and thus determining the period of the pendulum in reference to 
each of the several timepieces. For differential gravity work it is 
possible, however, to avoid the use of timepieces altogether, and it is 
likely that this will eventuaJly be done whenever J>racticable; that is, 
whenever telegraphic connection between two stationt\ can be obtained. 
The methods to be adopted will be given in some detail in another part 
of this paper. .A brief description of the method of determining rates 
at the various stations here under consitlera.tion is given below: 

RATES OF CHRONOMl~TERS. 

Washington, D. C., ,,lfarch, 1891,-Chronometer Negus 1824 (sidereal) was used in 
the pendulum ouservations, and its rato was obtainetl by a comparison with the Nava.I 
Observatory clock at noon each day, telegraphic signals being recciYed and recorded 
on chronograph. The corrections to the noon signals as derived from time obserYa
tions made each evening were communicated by Capt. :P. V. McNair, Superintendent 
of the Naval Observatory. Nea.rly all of the pendulum observations were made 
between the noon signals of March 17 and 18, and the rate for this interval was used. 

San Francisco, Cal., April, 1891.-Chronometer Negus 1824 (sidereal) was used in 
pendulum observations. Time observations were made at the Lafayette Park 
Observatory on the evenings of A1nil 9, 10, 11, and 14, by }""'remont Morse, snb
assistant, using transit No. 3 and chronometer 3479 (sidereal). Chronometers 1824 
and 3479 were compared through mean time chronometer 5038 at the time of observa
tions each evening, and also several times each day, befo1·e, after, and during the 
pendulum observations. The rate for each swing was arrived at by taking a mean 
between the rate for a day a.s derived from the evening cowpa.risons, and the 
ratt) as calculated from the daily comparisons, usually covering an interval of time 
including two or three swings. 

Port Simpson, Ih-itisk Columbia.-Chronometer 2490 (mean time) was used in 
pendulum observations. On April 22, 1891, at Port Townsend, Wash., one of 
the ship's chronometers, H (sidereal) was ta.ken ashore and compared with time Hig
na.ls from the Naval Observatory, Mare Island, Cal. H was also compare<l, before 
and after taking ashore, with the three mean time chronometers C, B, and G, and 
thus the error of these three chronometers on Greenwich mean time arrived at. At 
Port Simpson, on April 29, time observatio~s were made by H. C. Poundstotw, 
Ensign, U.S. Navy, using Hand Meridian Instrument No. 7, an<l after the observ:i
tions H was compared with C, B, and G, antl their errors on Greenwich mean tn~16 
computed, and also their rates from the 22d to the 29th. 2490 was compared with 
C, B, and G, through H, before and after the pendulum observations on the :!9th, 
a.nd its rate calculated from the rates of each of these, and the mean of the1:1e three 
values adopted as th() rate of 2490 at Port Simpson. 

Juneau, .Ala1tka.-Chronometer 2490 (mean time) was used in pendulum obser
vations. On May 9 time observations were made by Ensign P01mdstone as at 
Port Simpson, an!1 the rates of C, B, a.nd G from .April 29 to May 9 computed. No. 
2490 was compared. with C, B, and G through H on May 11 and 12~ before and after 
the pendulum observations ea.ch day, and the mean of the values derived from the 
three chronometers adopted a.s the rate for ea.ch day. 
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Pyramicl Harbor, Alaska.-Chronometer 2400 (mean time) wat> used in pendulum 
observations. Time obsen~atiorn:1 were urn.de on .1\Iay 17 and 18 by Ensign Pound
stone at Chilkat, about 3 miles from Pyramid Harhor, usiug Meridian Just.ru
ment No. 7 and chronometer Has before. On May 16 the chronometers C, B, and G 
were considerably sh:iken np by a passage across the bay in a small boat during a 
strong wind. The r:ttes of C, B, and G, derivml from comparison with H at the 
time of observai ions of tho 17th and 18th, are therefore not used, it being considered 
that they had not settled to uniform comlitions of running, but rates arc computed 
for the interval from May 9 (time observations at Juneau) to .May 17. The rate of 
2490 is obtained from comparison with C, B, and G, made through H, on May 15 and 
19, before and after the pendulum observations. The rate at this st<~tion must be 
considered as somewhat doubtful. 

Yakutat Bay and Sitka.-Chronometer 2490 (mean time) was usetl in pendulum 
observations. Tinw observations were made at Sitka by Ensil-,rn Poundstone on 
May 28 as before. Chronometer II, m'!ed in observing time, was afterwards COUl

pared with C, B, anrl G, and th~ rates of C, B, .and G deduced from May 18 (time 
observations at Chilkat) to May 28. 2490 was compared with C, B, and G through 
H before and after each day~s pendulum ohserva,tions at Yakutat Bay (May 22) and 
Sitka (May 26, 27, and 28), and a rate obtained for 2 490 based on the rates ofC, B, 
and G. 

Wrangell and Bun·oughH Bay.-Chronometer 2490 (mean time) was used in pendu
lum ohservations. The preceding rates of c, B, and G (based on time observations 
of May 18 and 28) were used, no further time determinations being made; 2490 "'"as 
compared with C, B, -and G through H, before and after each day's pendulum obser
vation~, at Wrangell on June 1 and 2, a1Hl at Burroughs Bay on June 4 and 6, and a 
rate obtained for 2490 based on the rates of C, B, and G. 

Seattle, JFash.-Chronorueter 2490 (mean time) was used in pendulum observations. 
l\'oon signals were receiYed by telegraJih on June 22, 24, 25, and 26, from the Naval 
Observato•y, Mare Island, Cal., and recorded in the time of chronometer 387 
(sidereal). The corrections to the time signals were communicated by Charles F. 
Pond, Lieutenant, U. S. Navy; 387 was compared with 2490 ea.ch day before and 
after receiving the noon signals, and also before, during, and after the pendulum 
observations. The rate of 2490 wa.s calculated between each two noon signals, and 
also from the comparisons made before and after the pendulum observations, and 
the mean of the two rates thus obtained adopted for ea.ch swing according to its 
eiwch. 

Mount Hamilton, Cal.-Negus 1720 (sidereal) was used in pendulum observations. 
The errors of 1720 were carefully determined at the Lick Observatory by comparison 
with the standard clocks of the Observatory at freqnent intervals, the corrections to 
these clocks being determined by frequent observations during the entire time of the 
swings. The rates of 1720 between these comparisons were then calculated and 
plotted for the middle times of the intervals, a curve drawn, and the rate for each 
pendulum swing read from this curve according to the middle epoch of the swing. 

San li'rattcisoo, Cal., July, 1891.-Chronometer 3479 (si<lereal) was used in pendulum 
observations. Time observations were made by Fremont Morse, snbassistant, at 
Lafayette Park Observatory, on Jufy 7, 10, ~11, and 14, using transit No. 3 and 
Kessel's clock No. 1449; 3479 was com1Jared with Kessel's clock on the chronograph 
at the time of observations each eYening, and also at fref1uent intervals during the 
pendulum observations. l!,rom the former comparisons a rate for each day was de
duced, and from the latter a rate for ea.ch int.erval between comparisons. A mean 
oftheso rateJ!I was adopted for each swing according to its epoch. 

St. Paul I.land, Bering Sea.-Chronometer 2490 (mean time) was used in pendulum 
observations. The errors of 2490 were derived from comparisons with the ship's 
chronometers. There is considerable uncertainty as to the rate. a1 this station. 

Waalt.ington, D. C., October, 1891.-Chronometer Negns 1589 (sidereal) was used in 
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pendulum observations. This chronometer was compared four times a tlay with the 
E.T. clock (sidereal) at the U S. Naval Observatory, by means of telegraphic signals 
rec~ived on chronograph. The errors of the Naval Observatory clock were corn
municated by S .. J. Brown, professor, U. S. Navy, as derived from time observations 
made by him. The rate of 1589 was calculated for each interval between compari
sons, aud plotted, and the rate for each swing taken from this diagram. 

Hoboken, 1Y. J.-Chronometer Negus 182.! (si<le,rcal) was used in pendulum obser
vations. Telegraphic time signals were i·eceived from the Naval Observatory at 
"\Vashington three times a day, and the rate for each swing arrived at in same man
ner as at last station. The brro1·s of the Naval Ohservatory clock were communicated 
by Prof. Brown :ui before, based on his own time observations, aud on comparisons 
with other standard clocks. 

REDUCTIONS. 

The periodic time, as ascertained from the coincidence period, must 
be correcte<l for arc, temperature, pressure, and rate, and, in the case 
of .-;ome of the Alaska stations, for flexure of wooden stand. It is 
reduced to that of an infinitely small arc. The standard temperature 
is 15° C., aud the temperature coefficient was ascertained by swing
ing the pendulums under conditions differing considerably in that 
respect, and the result checked by a determination of the coefficient of 
expansion of the metal. The standard density of air in the chamber 
was that of 50 centimetres pressure at oo C., and this standard was 
generally closely realized in each experiment. The corrections for 
rate ha-vt~ already been referred to. A detailed explanation of the 
method of computing and applying these several corrections is given 
by Mr. Putnam, as follows: 

EXPLANATION OF TABLES, AND 1\fETIIODS OF RF.DrCTION. 

Pot?ition.-D (direct) indicates that, the }lCndulum is swung with the face marked 
with date towards the observer. R (reversed) indicates date away from observer. 

Obaerver.-The observers are designated as follows: 

M = T. C. Mendenhall. 
Mo= :Fremont Morse. 
P = E. D. Preston. 
S =Edwin Smith. 
F = E. G. Fischer. 
Pm= G. R. Putnam. 

Ten coincidence inter1Jala.-In this column is given the time in SC'conds of ten coin
cidence intervals for each swing. The method of observation finally adopte1l was to 
note the tirue of the :first, second, third, fourth, tenth, eleventh, and twelfth C'oinci
dences, the first, third, and ele,~enth bei.l}g "down" coincidences (the reflected 
image from the pendulum appearing to move downward across the field of tlie tele
scope), and the second, fourth, tenth; and twelfth "up" coiucidenc~s (image appar
ently moving up). The time of ten coinciclence intervals is then obtained by 
subtracting the first from the eleventh, and the second from tho twelfth, and taking 
the mean of these two results. At Washington, in March, 1891, however, the 
twelfth coincidence was not observed, and the time is obtained by snbtra.cting the 
first from the ele-w:inth coincidence. 

Semi-arc.-The initial and final Mmi-a.rCB of oscillation for each swing are given, 
ae read in millimetres on the scale near the point of the pendulum, the mean of 
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readings on each »ide .1f the vertical being used. (The pendulum at rest hangs at 
or near the zero 011 the scale). The distauce from this scale to the plane on which 
the pendulum swings is 297 millimetres. Scale readings, therefore, indicate angles 
with the vertical as follows: 

0 " 
3·0 millimetres= 0 34 44 
3•6 =0 40 31 
4·0 =0 46 18 
4·5 =0 :.2 05 
5·0 =0 57 52 

Before the ol>servatious at Hoboken were made, a small telescope was mounted on 
the side of the receiver, so that the arc readings could be made with greater 
accuracy. 

l'emperature.-The thermometer (No. 6594) on the dummy was read at the begin
ni11g and end and mm ally in the middle of each swing. The mean of these readings, 
corrected for crrur of thermometer, is given. The corrections to thermometer 6594, 
as determined by the Office of Standard \Veights and Measures, January, 1891, are: 

u 0 

At oc. +0·10 
5 +0·10 

10 O·OO 
15 -0·03 
20 o·oo 
25 -0·03 
30 -0·04 
35 -O·OS 

Pressure.-Tl1e lJarometer and manometer were read at the beginning and end, 
and usually in the middle of each swing, and the nieans of these readings are given. 
To the difference between the barometer and manometer is then applieil the correc
tion for reducing the barometrical column to the freezing point, and this pressure 
is then diviued by 1 +at, where t is the mean temperature in degrees cent,igrade, 
and a is ·00367, the coefficient of expansion of air for one degree centigrade. The 

result 
1 
-:: tis the corresponding pressure at a uniform temperature, 00 C. 

Uncorrected perfod.-Wlrnn a sidereal chronometer is used, these pendulums make 
om' less oscillation than twice the number of seconds between two coincidences; 

therefore, P = 2 
8 

where P is the period in seconds, s is the number of seconds s-n, 
between first and last coincidences, ancl n is the number of coincidences minus one, 

or the number of coincidence intervals. When n is ten P = ·5 + .. --~ 1-- When a ' ·4ir-2. 
mean time chronometer is used the pendulums gain on the chronometer, and 

P = 2-·-+! __ an cl where n is ten, P = ·5 - 4 ! 2 Mean time periods are reduced to 
8 "' 8 • 

Bi(lereal time hy multiplying by l ·00273791, or more simply by adMng difference!! 
which arc first tabulated for various values of P. 

Arc con·ection.-This correction, to reduce the time of oscillation to what it wouhl 
be were the pendulum swinging in an infinitely small arc, was computed by means 
of Borda's formula.--

Mn sin ( tp + tp') sin (<p - <p1
) b- ---------··--·------···--·--

- 32 log sin <p - log sin rp' 

where M fa the modulus of tho common logarithwic system, n is the number of oscil
lations actually made, <pis the initial semi-arc, tp' is the final semi-arc, and bis the 



 

REPORT J<,OR 1891-PART II. 51H 

Determ,inations of gra.vUy 1cith the new lwlfsecond pendulums- Continued. 

quantity to he adtled to n oscillations in order to obtain tlie number tlrnt would 
have been made in the same interval had tho arc been infinitely small. 

Transforming this expression into a correction to the period it becomes, with a 
sufficient degree of accuracy where the arc is small-

PM sin (cp + cp') sin (cp- <p') 
A= 32 log sin cp - log sin cp' 

where Pis the period of the pendulum in seconds, and A jg the amount to lie sub~ 
tracte(l from period to reduce to infinitely small arc. 

Temperature correcti011.-Each period is corrected for the difference between the 
mean temperatnro of the swing and 15" C., atlopted as a stal)dartl. The tempera
ture and. pressure coeflicients of the peudnlnms '\Vere determineu by swinging them 
at wiuely different temperatures and vressures at the Coast and Geodetic Survey 
Office hefore they were used at any of the gravity stations. These observations are 
talmlatcd below: 

Ob8m·1mtion.'ffor determination of temperature and press·ure coe_ffecfrnts of 
A 1, A:i,, A 3, at Coast and Geodetic Hurvey Office, Wa.~hington. 

[Observers: E. D. Preston, G. R. Putnam. All swings made with pendulum!> in position" direct,'' and 
at uniform initial arc of oscillation.] 

2 

3 

4 

5 
6 

.7 
8 

9 
IO 

l1 

12 

13 

14 

15 

t6 

19 

20 

21 

22 

23 
24 

Mar. 9 

9 

9 

9 

9 

9 

9 

9 

10 

10 

10 

to 

JO 

10 

JO 

10 

II 

IX 

II 

II 

II 

IT 

Il 

II 

Ten co- I Mean 
incidence I temper-
intervals. ature. 

3 689·0 

3 699"0 

3 803'0 

3 804'0 

3 302'0 

3 307·5 

3 224'5 

3 231'5 

2 832·5 

"!!33·0 

2 893"1 

2 891·5 

2 736·0 

2 728·0 

2 671·5 

2 6o6·s I 

2 959·0 I 
: !~!:: I 
3 o00·0 I 
3 300'5 

3 291·0 

3 339·5 

3 331:>·5 

s·os 
7·90 

1"8o 

7·95 

9'38 

9·25 

9·18 

8'70 ' 

6·~o I 
6·~5 I 
6"60 
6·7o I 

20'90 

zr65 

22·55 

23'02 

26'6o 1· 

27·00 I 

27·52 I 

27'98 

28'70 

29·10 

J0"90 

Mean 
pressure. 

758'0 

756'6 

498'4 

500"1 

503·0 

500·61 
759'8 

76 1 '4 

769'2 

::::! II 

510 9 

509·6 I 
513'3 

77"''4 I 
770'5 I 
771·5 

77•·2 I 
505'l i 
508"8 I 
769"6 ! 
769•t 

~00·2 I 
;on j 

p,.. 
i+a.t. 

Period un
corrected. 

736"3 J 
735·3 

484·5 

485·9 

486'3 

484'2 

735·0 

737"9 

75x·3 

751·5 

494·4 ' 

498'6 

473·4 

475·4 • 

7u·6 

710'5 

702·9 

701·7 

458'8 

461'5 

696'3 

694•9 

454"6 

455·6 

· s(')Oo786 I 
67681 
6582 

6581 

75831 
7570 ! 

7~(;51 
j748 

88.t" ' 
8840 

8656 
8661 

9154 

918t 

9375 

9393 

8463 
8480 

8318 I 
8330 i 

f 
7586 ' 

76o8 

7498 

7504 

Correc
tion for 

rate. 

+ 35 

+ 35 

+ 35 I 
+ 3s I 

i 
+ 35 I 
+ 35 I 

+ 351 

+ 3s I 
+ 38' 

+ 38 

+ 38 

+ 38 

+ 38 

+ 38 

+ 38 

+ 38 

+ ,s I 

! ~~ 1' + 38 

+ 18 
"i" 38 

+ 38 

+ 38 

Period 
corrected 
for rate. 

·5oo6821 

630'] 

6617 

6616 

:so0761S 
76o5 

7800 

7783 

·5008880 

8878 

8694 

8699 

•5009192 

9219 

9·P3 

9431 

·50085or 

8518 ~ 

8;68 

'50'>]624 

7646 

7536 

From the above observations were de{lnce<l the following result.s, l1y comparing 
swings made at similar pressures, and correcting for slight differences in pressure: 
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Tempe1·ature coefficient (or increa.se of period for 1° C. inc1·ease of temperatm·e). 

I Ai I A2 I A• 

s. s. s. 
From observations at low pressures. ·00000359 ·000004•7 ·000004o8 

From observations at high pressure. 351 417 408 
-------------,------

Mean. '00000355 ·00000417 I ·00000408 

The observations with Ai having been matle nnder unfavorable circumsta.nces, tho 
result for tl1is pendulum is not usecl, a11d the mean of the values for A 2 and A3, or 
0·00000412 second JH'.r degree, iH adopted tor all three pendulums. This agrees well 
with 0·00000414, tho coeflic1ent as calculnted from the coefficient of expansion of the 
pendulum allo;y, det<~rmined by tlrn Office of Standard 'Veights a11d Measul'es, and 
with 0·00000415, the meau cocfiicient derived for the second (B) set of these pendu
lums, made of the Rame alloy. 

The correction to the period is-
B = 0·00000412 (15° - t'-'), where t 0 is observed tcmpera.ture in degrees centigrade. 
Pre.s1wre correction.-An atmospheric <1ensi ty represented by air at a temperature 

of 0° C. and nuder a pres~nue of 500 millimetres of mercury is ta.ken as a standard, 
and periods are corrected for the difference between the conditions under which ob
servations were made and this standard. The receiver was always exhausted to a 
point where tlie density therein nearly approached the standard, so that this correc
tion is usually quite small. The correction takes the form of 

c = l{ [ 1 + ~367t - 500 J 
where C is tlie correction to period in seconds (to be sul>tracted if observed density 
is ahove the sta.udard, or added if density is below standard), K is the pressure co
efficient, or variation in period for Yariatiou of 1 mHlimetre in pressure (at 0° C.), 
P.r is the observed pressure in millimetres of mercury, and t is the mean tempera
ture of swing in degrees centigrade. Values of K were determined at the same time 
as the temperature coefficients, hy the observations already given, from which are 
deduced the following results: 

Pres8ure coefficient (orincreaseofpet·iod/or increase of pressure of 1 millimetre at 00 C.). 

• At A2 A• 

s. s. s. 
From obsen·ations at low temperatures. ·000000073 ·000000078 ·000000077 

From observations at high temperatures. 69 78 \ 76 , ______________ J ______ 

Mean. I ·00000007r I ·000000078 I '000000076 

The mean of these values, or K = ·000000075 second, was used in the reductions. 
Rate corrcction.-Tlie periochi are reilucCll to sidereal time by correcting for the 

rate of the chronometer. This may be applied conveniently by tho formula, 

D = 0·00001157 R P, 

where D is correction to period (to lie subtracted if timepiece is gaining, added if 
Josing), R is rate of chronometer in seconds per sidereal day, and Pis the perfod of 
tho pendulum. 
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Tables.-ThB reductions were much facilitated and greater accuracy obtained Ly 
the use of tables prcpareil for the purpose, as follows: 

1.-Periods, values of P for vnrious vu.Ines of s in the formula P = ·5 + :-4-;.,~:~ :2. 

2.-Perio<ls wlieu mean time chronometer ·was used, formula P = ·5 - .
48 

~-i. 
3.-Table of differences to be added to mean time periods to reduce to si<lereal 

time. 
4.-Arc correction for various values of 'P and ip' (initial and final semi-arc). 

Pr . 
5.-Valucs of 1 +at for vanous values of Pr and t. 

Co1·rect·ion for flexure of-wooden stand.-A strongly braced wooden stand was used 
as a support for the receiver i11 which th"e pcntlulums were swung, at the following 
stations: Port Simpson, Jnueau, Pyramid Harbor, Yakutat Bay, \\~rangell, anJ. for 
a 1mrt of the observations at Burroughs Bay and San Francisco. To determine the 
effect of any flexure of this wooden f'tand an extemled series of observations was 
made at San Francisco in .July, the receiver being part of the tjme OU a solicl (brick) 
pier, and par.t of the time on the '.Yood ... m i;tand. The means of the corrected periods 
on each support were as follows: 

Pendulum. 

s. .<. .< • 

On pier 
On wooden stand •5009227 "500810.1 ' ·5007135 

Difference, stand-pier ~~:::::.;~;6-f+~~- 1 +·ooooo64 

-~~~-~~-~~~~-

l\ieau for three pendulums+ '0000068. 

From this it seems evident that the period of tlrn pendulums is leng-thcned about 
·OOOIX)68 second by the flexure of the wooden stand, and consequently a coITection 
of - •0000068 see-0nd is made to the mean periods at all stations where the stand was 
used. The observations at Burroughs Bay on a rock Hnpport as wdl as the '""oo<len 
stand were not numerous enough, nor made under sufficien t.ly favorable condit-ions 
as regards temperature, etc.~ to give any satisfactory results as to the eft"ect of the 
stand. 

RESULTS. 

Notwithstanding tlie fact that the observatious were differential ouly, 
it is thought to be more useful and convenient to exprrn~s the force of 
gravity at the several stations in dynes per gramme {numerically equal 
to the acceleration due to gravity), the value at the "base station/' 
which is at the Smithsonian Institution in Washington, being assumed 
to be 980·10 dynes. This is the best approximation uow availabfo and 
is based on three independent comparisons of this station with that at 
Hoboken and one unsatisfactory absolute determination. The absolute 
value at Hoboken is that given by C. S. l"'eirce in a note in the .Ameri~ 
can Journal of Science, volume 20, page 327, and is derived from 
observations made with the R,epsold reversible pendulum. An earlier 
determination of absolute gravity near this station wa,s made by 
Sabine, but it is not made use of in this discussion. 
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The value obtained by Peirce at Hoboken is 

g = 980·2541 

J\fodifying this value by adopting a later and more correct determi
nation of the length of the metre used by Peirce [see pp. 172, 173, 
Bulletin No. 17, U.S. Coast and Geodetic Survey], it becomes, 

g=980·2449 

Based upon this the values at Washington are as follows: 
(1) By the new pendulums i11 1891, rnean of three, 

g=980·0895 

(2) Value obtained by C. S. Peirce by comparative swings of the 
Peirce pendulums, 

g=980·1017 

(3) From Cot. Herschel's.swings of the Kater pendulu1ns in IIoboken 
and \Vashington in 1881, mean of three, 

g=980·1121 

(4) From absolute determinations at Washington in 1889-'90, by Mr. 
B. D. Preston, w;;ing the Peirce pendulun1s, but with an unsatisfactory 
detenuina-Sion of the distance between the knife edges, 

g=980·05 

The reduction of the results and their preparation in tabulated form 
was executed by 1\Ir. Putnam. Preliminary or field re<luctions of all 
of the work done on the Pacific Coast and in Alaska were made by Mr. 
Fremont Morse, and these were clwcked by Mr. Putnam. To show the 
nature of the original record, that for a single day is given in table A, 
but it is not thought desirable to furnish all of the observations in this 
detail. They are tl1erefore condensed so as to show the conditions for 
each El-eparate swing, which is believed to be quite sufficieut for any 
(~xamination to which it may be desired to subject them. Table B 
exhibits these results for all the stations, in chronological order, 
giving iu each case the corrections and the final reduced value of the 
periodic tinw. In table C these are collected and the periods at all the 
stations for each of the three pendulums shown, together with the 
flexure corrections for the Alaska stations. 

Table D shows the value of the force of gravity at all of tbe ~tations 
for each of the three pendulums; and in E the mean values are shown, 
the stations being separated into two groups, the first including those 
at which the conditions were sufficiently favorable to justify their being 
ranked as first-class stations as compared with the others. The values 
"g" are also shown as reduced to sea level. 

As a matter of considerable interest these values have been com
pared with those derived fron1 Hebuert's formula, which is essentially 
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the smne a.s that reeently published by Ilark1wss. These comparisons. 
with the excess or deficieucy of g:rasity at each station as compared 
with that given by the forn1ula., are shown ht table F. 

At every station the penduhuns were swung in direct and reverse 
positions, the num.ber of swings in the two positions being as far as 
possible the sa.me. It has often been fln1nd, when se(·oruls pendulums 
have been used, that there was a i:;im1sible differenee in the vibration 
periods in the two positions. That no 8Uch difference exists with these 
pendulums is conelnsively shown by table (}, in wliich all tlJe periodic 
thnes of each pendulum. have been collected a.n<l tht' average obtained. 
It will be seen that at the first-class stations tho averag·t., dirf'ct and 
reverse periods differ ouly 1 part in 5,ooo,ooo in the case> of pendulums 
A and .A2 , and by 3 parts in 5,ooo,ooo in the case of .. A._3 • This is 
equivalent to an absolute agreeincnt. 

ON THE USE OF A FREE PENDULFl\'.r AS A Tr?l'IE STANDARD.* 

The use of the new half-second pendulums has sugg-~sted the possi
bility of employing a pendulu1n with the improved met.hods for ascer
taining its period in terms of a clock or chronometer second, a:::. a 
standard of time which in constancy and ease of application migl1t go 
beyond anything now readily attainable. 

The natural though not neces~arily invariable unit of tin1c is the 
sidereal day, and while it is sufficiently constant to sa.tis(y all require
ments it; is ine,onveniently long for nearly all operati0111-' other t11a11 
astrono1nical, in which great precigion in time mca:"lnrernent is required. 
Its subdivision fa, therefore, rendered necessary, and this is accompa
ni~d by rather n1ore uncertainty than usually belongs to the subdi
vision of a standard. Even the daily rate of our best clocks aud 
chronom-eters is by no means constant, and it is safe to say that in 
most cases little if anything is known regarding their hourly variation 
from the mean for the day. That such variations, due to fiuctuatious 
in temperature, pressure, and other less kn(nvn can8es, (~:d~t is well 
known to all. In the physical, physiological, or other laboratory, in 
wl1ich it is desired to determine intervals of time with a high degree of 
accuracy, it is common to depend upou the daily rate of chrouorn<:~ter 
or clock, which rate is itself deterinined by 1neans of clock signal-. 
frmn an established astronomical observatory, or directly hy the use of 
a transit instrument. In the former, rates are carried during bad 
weather, and often for n1any days, by one or more clocks, anfl with 
greater or less accuracy, but the signals as received are subject to un
certainty and error arising out of telegraph transmission. In the 
latter, a few nights in Rnccession of cloudy weather prevent the ob-

.. This artiole was re.ad at the meeting of the National Academy of Sciences in New 
York, November 11, 1891, essentially as it starnls here. Although repeating in some 
_degree what has gone before, it explains in greater detail the use of tlle flash appa.
ratue in addition to the discussion of the snbject proper. 
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server from getting a rate for his timepiece just when he m.ost needs 
it. In both cases the daily rate is usually all that is known, although 
this may differ widely frou1 that existing when the particular experi
ment was made for .. which the time is to be standardized. It is believed 
that a free pendulum, vibrating under constant conditions, f'nrnishes a 
n1uch more reliable standard for short iuterva.ls than any clock or 
chron01neter, and that this standard may be easily utilized by inethods 
about to be described. 

The pendulum is for convenience a half-second pendulum, and is, 
tlierefore, about a quarter of a metre long. Its mass is only a trifle 
greater than a kilogram, and the most of this is concentrated in the 
bob. The knife edge, rigidly attached to the pendulum, is of agate, 
and it swings upon agate planes. The8e should be rigidly supported, 
and may well be secured to a part of the casting which furnishes at 
once the support for the pendulum and the chainber in which it swings. 
It should be furnished with a starting and stopping apparatus and an 
arc for ineasuring the amplitude of its vibrations. If it is to be used 
only for comparing chronometers and clocks, no arrangeinents for 
securing constant pressure and uniform temperature are necessary. If 
it i8 to be a time standard, both should be provided. The first h; easy 
and the second can generally be reached quite closely. Some method 
of knowing the temperature of the penduhun should be provided. 
When used under conditions of nearly constant temperature a "dummy" 
pendulum, in the same inclosure, with a ther11101neter properly eni
bedded in its stem, will be sufficient. Its amplitude should not be 
greater tl1an two degrees at first, and when the knife edge is properly 
Jlrepared it will swing for a couple of hours without this being incon
veniendy reduced. 

The period of the pendulum may be ascertained by means of a modi
fied coincidence inethod, the elements of which were first applied by 
Herr Von Sternek in his use of short pendulums in gravity determi
nations. 

A small mirror is placed in a vertical plane on the pendulum head, 
its center being as near as may be in a horizontal plane passing through 
the knife edge. A similar mirror is placed parallel to this, and as near 
to it as possible without interfering with the motion of the pendulum; 
but it is rigidly attached to the support UilOn which the pendulum 
swings. What is called the ''flash apparatus~' is placed a metre or two 
metres in front of these mirrors and in a line normal to them. In this 
an electric spark may be used, or the light of a lamp or candle. What 
is desired is that a flasl1 of light should be prQdnced every second, as 
determined by a break-circuit chronometer or clock. For use with a 
lamp Mr. E. G. Fischer has contrived an ingenious shutter, operated 
by an electro-rnagnet, by 1neans of which an illuminated slit is exposed 
for an instant in the movement following the break only. An induc
tion coil, whose primary circuit is broken by an electro-magnet in the 
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chronometei circuit, provides the electric flash. Just over the point 
where this flash is produced is placed a telescope. 

When properly adjusted the flash js reflected from both 111irrorR, aud 
assuming the pendulu1n to be at rest, two lines of light are seen aR one 
in the telescope, or better, one is made to overlap the other a little. 
Now suppose the pendulum to be in motion, it will Le clear that, a1S the 
flash occurs only for an instant each second, whether it will be seen 
retlected from the moving mirror will depend on the position of that 
n1irror at the instant of its appearance. If it ishould happen to be in 
the plane of its original adjustment when the flash occurs, the appear
ance in the telescope will be precisely the sa1ne as when the pendulum 
is at rest. If the period of the pendulum be precisely one-half of that 
of the clock or chronometer it will return to this position in just one 
second and the appearance will be continually repeated. If, however~ 
the peudulu1n be slightly slow or fast of the chronometer, the n1irror 
will not be precisely in th is position at the end of one second and the 
image from its mirror will be a little above or below that of the first 
mirror. In another second the distance separatiug them will be still 
greater and this will go on until tlie moving image is no longer seen in 
the field of the telescope. After a time, however (this period is con
veniently about five minutes), the peudulum wi1l have gained or lost 
one oscillation on the beat of the chrouometer, and a few seconds before 
the necessary period for this has elapsed, the image re-appears in the 
field and approaches coincidence, to again recede on the other side. 

It is only necessary to observe the instant. of this coincidence of the 
two images. Under the conditions mentioned above it is not necesRary 
to observe this closer than the nearest second and only an inexcusably 
careless observer would ever be a second in error. After having ascer
tained the "coincidence interval" and observed the first coincidence, 
the happening of any one in the future can be quite closely predicted. It 
is desirable to allow the pendulu1n to swing through a period equal to ten 
coincidence intervals, and although only the first. and last observations 
maybe used it is well to obRerve two or three at the beginning- and end 
of the period as a check. An idea of the accuracy of the method may 
be formed by assu1ning that an error of one secoud is 111.ade in observing 
the coincidence either at the beginning or end of the swing. It will be 
seen that the error of the result will be less than 1 part in 2 500 oon. 
As a sample of the uniformity of results which is somethnes attained 
under fiivorable conditions, the periods of a pendulum known as A.3 as 
obtained from a Negus break-circuit sidereal chronometer in three 
separate sets of vibrations extending through about an hour each, 
made on tlie afternoon of October 23, are here given: 

First, 
Second, 
Third, 

·5oo6279 
·5006281 
·500628o 
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If such a pendulum be properly cared for there &.1ppears to be no 
reason why, under the same conditions, its oscillation period may not 
remain sensibly corn~tant for an indefinite period. As an example of 
constancy during a short i1eriod, a little over half a year, but under 
unfavorable conditions, the following results show tbe oscillation 
period of three pendulums a~ measured in ~larch last and in October. 
In both cases time is referred to tbe standard sidereal clock of tbe U. 
S. Na val Observatory. Between the first determjnation and the last, 
the peudulurus traveled about 15,000. miles, were several times landed 
from a vessel in the surf and with difficulty, and were exposed to great 
changes of temperature and conditions of weather. The remarkable 
agreement in the case of all justifies the as8umption that a sufficient 
degree of pern1anency is attainable. 

. 
' 

. .,, 11ean periods \Vashin<rton I 
Date. -

l 

A1 A~ A3 

l\larch, 1891, ·5008779 ·5007667 ·5006702 
October, 1891, -50087 59 -5007668 ·5006696 

"Vhen one of these J)enflulums is c01npared by means of the flash 
apparatus above described with a good break-circuit chronometer, it 
is found to furnisl1 a m.ost delicate test of the equality of the seconds 
determined by the toothed wheel which breaks the circuit. 

Any inequality in the spacing of the teeth or irregularity in the 
move1nent of the 'vheeI, of the-existence of which the ordinary chrono
g-raph record 1vonld show no evidence, is clearly and unmistakably 
shown, n,nd if, on account of bad workmanship, such inequalities are 
considera.ule, the result, as viewed in the telescope, is ludicrous, 
although a chronograph sheet fron1 such a chronometer might present 
a very good appeai·ance. It will be readily understood that when the 
breaks are separated by uuifonn periods, the moving flash will advance 
regularly and i::;teadily, inoveinents corresponding to one-thousandth of 
a seco11d in time being easily perceived. When the breaks are irregu
lar, however, the flash nt0ves irregularly at tin1es, standing still for a 
second or two, and often actually receding.. 'l,be apparatus rnay be 
used, therefore, as a test of the regularity of breaks with chrononlCters 
or clocks. 

It is often desirable to compare one chronometer with another or 
with a clock, and to obtain a relative rate. As this rate is variable, it 
is necessary to determine it by reference to as sl1ort an interval of tirne 
as possible. The ordinary chronograph record does not give satisfac
tory results unless the comparison extends over a n1unber of hours or a 
whoJ~ day. By means of the apparatus described, in less than an hour 
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a daily rate can be determined, correct witbiu about three-hundredths 
of a second, and a higher degree of accuracy can be sectued if it is 
found desirable. 

In this operation it is only necessary to observe coiucidences with 
both chronometers, and then again in fbrty minutes, or after a longer 
period, if a better result is wanted. No care need be taken to secure 
standard conditions of temperature, pressure, etc., as wl1ateyer changes 
may take place affect the coincidence interval of both timepieces alike. 

Indeed, it ha:-; been fouud possible to get a fair rate from an observa
tion of a single pair of coincidences, tlie tin1e consumed being less than 
five n1inute8, It is evident that a method is here offered for studying 
the hourly variations of cl1ronorneters and clockH, due to temperature, 
pressure, or other changes, and in making such investigatio11s t11e 
timepiece under examination finds its severc~t critic not iu another of 
Us own kind, hut in a free pendulum. maintained under uniform 8tand
ard conditions. 

As an example of the comparison of two chronometers by this 
method the fi)llo'"'ing is cited: 

Chronon:1eters. 

l\,.egus 1589. Negus 1518. 
-

h. "'· s. h, fll. s. 
First coincidence. 18 17 15 21 07 10 
Second coincidence. 19 14 21 22 o~ ,) 48 
Ten coincidence interval. 57 06 I 56 38 

I 

1'~rom which the rate is found to be one second per day. 
If the claims here made for the free pendulu1n are justified, it is 

likely to fiud its inost useful a1)plication as au independent time starnl
ard. For this purpose not less than three of these pendulums should 
be used. They should have slightly different oscillation periods, aud 
these n1ust be determined with great care, under standard couditious 
aud referred to the rnost accurate mean time second available. Indet'.d 
for the first standard set it n1ight be worth while to carry on comparison~ 
duriug day and 11ight for many days, that all errors incident to the de
termination of time may be eliminatf~d as far as possible. .Assu1niug 
the physical constancy of these pendulums and the possibility of re
J;>roduciug with sufficient accuracy the conditions nuder which they 
were swung, no fnrther reference to astronomical observations is 
necessary, if" only the force of gravity does not change. Such a set, 
or one derived from it, may be issued to any point, with a certificate 
guaranteeing the periods of oscillation as a sin1ple function of the force 
of gravity. If th& latter is known the oscillation period is at once de· 
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duced. V\'~henever it is desired to rate a clock or chronometer it will 
only be neceHsary to observe a series of coincidences, using the pendu
lum and chronometer as described above. Tl1e use of three pendulums, 
whose differeuce8 n1ust ren1ain sensibly constant wherever they are, 
will serve as a check against changes of any kind, and once' in a few 
years a redetermination by means of astrouo1nica1 time may be had as 
a further security against systematic error. The ease and accuracy 
with which their oscilJatiou periods can be determined in terms of the 
second of a clock or chron01neter, and the probable constancy of this 
period during 1ong intervals of time encourage the belief that the 
issue of properly authenticated time standards is by no means an im
possibility, aud as to the desirability of an early accomplishment of 
such an end there can certainly be no doubt. 

ON A TELEGRAT'HIC METHOD OF DETERMINING GRAVITY. 

The evident superiority of a free, invariable pendulum as a tin-ie 
measuring device, as compared with the best clocks and chronometers 
has been frequently noted, and several schemes have been devised for 
obtaining differential measures of the force of gravity without depend· 
ing 011 the accuracy of the latter. It is only necessary to determine 
the vibration period of the same pendulum in the two places to be c01n
pared in some convenient unit of time. It matters not what this unit 
is, if only it is constant <luring the comparison. Perha}JS nothing 
approaches nearer to the desired conditiou of constancy than the vibra
ticms of a free pendulum nuder constant conditions. Of two such 
pendulums one may be asRnn1ed as the standard and the other com
pared with it, first, when the two occupy the same station, and second, 
when one is removed to a distant station. In the latter case the con1-
11ariso11 must be made by means of signals transmitted hy telegraph. 
It is convenient to employ a chronon1eter for the production of flashes 
at both ends of the line, and the meth~d practically amounts to a com
parison of both pendulums with the chronometer at the same time so 
that they are equally affected by any inequalities of the rate of the 
instrument. It is wen to exchange pendulums; only one comparison 
at the same station is necessary, and in many respects the operation 
resembles the ordinary n1ethod for telegraphi~ longitude. The results 
would be subject to error arising from variation in the transmission 
time of tl1e signals, but this could be practically eliminated by using a 
chronometer at each end, following a scheme suggested by Mr. Putnam 
and which he describes as follows: 

Suppose the circuit to be made up something as shown in the sketch below, the 
cbrovometers working into the main line through relays, arranged so that they ma.y 
be conveniently shunted out, and the main line working the fl.ash apparatus at 
either end through relays. Suppose the chronometer A to be working the apparatus 
at both ends, and one swing to be observed simultaneously with the pendulums A 
and B, which have about the same period. If the relative periods of pendulums A 
and B at the base stations be known, we will then have a value for the relative 
gravity of the h"'o stations A and B. This value will not be affected by the rate 0£ 
the chronometer A or any variation, in the local circuit of this chronometer, i:a.s these 
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"Will affect both <'!ta.tions alike. It will he affected (aside from errors in determina
tion of temperature, et0.), first, by any variation from the beginning to the end of 
the swing in the transmission tiurn of a s•·o:'ond signal; second. hy any variation in 
thfl local flash apparatus circuits; third, l1y any irregularity in the hrPak circuit 
u1echanis1n of t.he chronometer. The Recnn•l ;:;nurct' of error can probabl;\- be n1ade 
very small h:"¥ use of a constant battery a11d liy 1·are not to chan~e arlju,.,.tmcnts 
during a swing. Tht> third smucf' of error ii-; eliminated by multiplying the number 
of observations, so that they are distributed over a11 parts of a minute. 

At the beginning of the swing let the transmission time be ·04-P, and at the enrl of 
the swing (say out" honr later) ·05~. that il'l, wt~ will Ruppose the circnit has varied so 
that a signal as received at B is delayPd ·OJ• mort~ at t.hP end th all at thf?. beginning 
of the swing. If this ehauge is uukno-wn an•l neg1ect.ed it ,.,·ill ~·nter into the 
deduced value for relative gravity. The time of the chronon1eter A as received at 
station B will practically have a rate of ·OJ" per hour (or ·24• per day) losing, on the 
time of the chronometer A as used at A. Tbis will <'anse the eleventh C"oincidence at 
B to come seven seconds t.oo late, or make thf' period of pendulum H to bt- ·0000014-• 
(or 6 u·J0-i1nyr1 part) t.oo i-nuall. and the value of g :1 f. H a:-; deduced front this observa
tion will b(' 6· 0 ~;;,touu part., or about ·0055 tlyne too large. 

C' 

Main let. \inc 

Stat&on A 

Chro"omet~r 

\1\1 

S~ation B 

Any possibility of error from this 1mnrce oonld be avoide<l by nsing both chron.om.
rler8f<>r each.swing. Ohserver A wonJd cut in bis chronometer, and both observers 
n.,te a coincidence. Chronometer A would then be cut out and R cut in. and both 
obRervers note a coincidence with this chronometer. At the end of the swing the 
Ran1e operation would be repeated, and a fe"W interinediate coincidences with f'!a<>h 
chronometer could be taken as a check. If it is found that the eleventh cojnci
<lences with the two chronometers at either station come too near together, the 
number of coincidence intervals with one chronometer may be ma.de twelve instead 
of ten, so as to avoid interference. 

For every observed ·swing of the pendulums, t,here would t.hns be obt8ined two 
relative values of g, entirely independent so far as time a.rrangements go. Into 
these two values the error arising from any change in. the transmission time would 
enter with equal amount but with opposite sign, so that it would be eliminated 
from their mean. Also, as two chronometers are .used, any errors due to their irregu
larities would largely disappear. The time and labor of observing -would be but 
slightly increased. 

In the above case it is supposed that the transmission time varied ·Ol• in one hour. 
What variation will aotually be met -with in prnctice is difficult to say, but tbe 
attached notes of some results obtained in connection with longitude work may 
throw some light on the subject. 

II. Ex.. 43, pt. 2-34 



 

530 U. S. COA8T AND GEODETIC SURVEY. 

Variation of transinil5sion Nme. 

{From longitude observationR. tranRrnlssion and armature. time of 8ignals on different nights. 
Line, battery, and connections the same each night. l 

DETROIT TO (;HJCAGO. 

July 16 
18 
19 
20 
22 
23 
24 
2.:i 
27 
28 

8. 

·022 
·019 
·022 
·020 
·015 
·020 
·008 
·013 
·021 
·018 

Range in tranAmissio11 t.irne = 
·014 second (about the average). 

ALBANY TO DJ<;TROIT. 

June 23 
24 
25 
26 
27 
2!l 

Jul:y 4 
9 

10 
11 

s. 
·027 
·026 
•030 
·026 
·o::m 
•028 

·024-
•028 
·030 
·026 

Range in transmission thne = 
·006 second (unrnrnally small). 

The above are detennined from ahont sixt..v signa]!'l sent each 11ight.. There iA a 
very inuch greater variation between the separate signals, the range in oue evening 
usually l>eing n<~arly ·1008 , due tlouhtless to tour causeH: first, variation of line; 
Recont1. irreguJa,r:itics of chronon1eters; third, errors in reading chronograph sheets 
(difficult t,o read to ·Ol"); fourtl1, Yariation in speed of chronograph. 

ON A CHANGE IN THE FORM OF THE HALF-SECOND PENDULUMS. 

In addition to such modifications of the method of conducting the 
experiment as will, practica1ly, eliminate errors in time determinations, 
a somew-hat radical change in the f(nm of the pendulum has been sng
ge8ted since the conclusion of' the series of determinations of 1891, and 
thf~ three pendulums used in that work have been altered in their form 
with results pron1ising to he entirely satisfactory. 

The 1nodification consiRtR jn exchanging the places of the knife edge 
and plaue, the latter being plaoed on the pendulum and the former 
upon the pendulun1 support. There are several advantages gained by 
this arrangement, among which may be mentionerl the greatly dimin
ished probability of jnjury to the pendulum. It is of the utmost irn
vortaT1ce t.hat these pen(hllums should be in the fullest sense of the 
word "invariable," or constant in the quantity and configuration of the 
matter of which they are composed. The change, and dimensions due 
to cllange in temperature, can be experimentally determined and 
allowed for, and if the pendulums are properly ha.ndled and cared for 
t,he quantity of matter in each will remain sensibly constant. The 
chipping of a knife edge may alter .the character of a pendulum so 
much that its period can no longer be compared with that determined 
before the injury occurred. Such an accident may happen without 
being detected, and the value of a whole series of swings be destroyed. 
Clearly, a pendulum which carries no knife edge, but.which instead 
bears a strong block of agate, the lower plane of which rests upon a 
fixed edge, is mu.ch less liable to injury than one of the ordinary form. 
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On a, cha-hge in the form of the ludf-second pendulums-continued. 

Even under the most favorable conditions, with the most careful 
handling, the edge rnnst beeome dulled by UMC. If it be a part of the 
pendulum, the length of "the latter is constantly though 8lo-wly in('reas
ing. No such effect is produced if the peudulum earries the plane, 
and, besides, this arraHgement make~ it possible to regrind an edge, 
or to use a new one without sensil>ly affecting the period of the pen
dulum. There are other ad v-antag-es which will readily 1•mggest tbem
sel ves. 

As opposed to t.hei"e t.bere appears but a. single difliculty, the dis
turbing effect of which must, to agree with theory, be small, and which 
can be sensibly eliminated, aR practice has shown. It is thP difficulty 
of fixing the axis about which the pendnlmn vibrates. Thh; must lie 
in the ag;ate plane, and should be in one of the principal planes of 
io;ymmetry and normal to the other. While it- is difficult to c<>mply 
with these conditions rigorou:-:l;v, a cloi-;e approxi1uation to them may 
be reached with little tronhJe, leaving an outstanding error far within 
the lin1it which boU1 theory and practi('.C show nuty be reached without 
sensibly afl'ectiug the period. 

A reversible pendulum for absolute 1neasures, whose length is about 
a quarter of a metre and whose µeriod is approximately half a second, 
h::tl"l been desig·n<~d and iR under construction. It is provided with "two 
planes instead of two knife edges, and it is believed that the distance 
between thein can be more accurately measured than would be possible 
if they were edges. Its total weight will probably be con8iderah1y less 
t.ba.n a kilogramme; iti-; period will be obtained in a Inanuer sirnilar to 
that lu.;ed with the invariah1e pendnllnn~. 'l,he. atte1npt will be made 
to obtain, at a f(~w bal"<e stat.ion~, ah~olnte "Values of the force of gravit.v 
of a hi~dwr degree of aceuraey than tho"se hitherto reached in this 
country. 

NoTE.-A brief statement of th~. results of the transfer of the Ba~e 
Station for gravity work, from t,he Smitl1sonian ln~titution to the OftiC"e 
of the Coai;;;t and G-eodetic Survey, will be found at the end of the fr>l
lowing table8<, page 563. 
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TABLE A. 

Copy of original record for on,e day. 

[Station, Hoboken, N. J. Date, November 13, 1891. Pendulum, Al. Chronometer, 
Negus 1824. Observer, T. C. Mendenhall.] 

POSITION, DIRECT. 

[Temperatures given in brackets are readings of thermometer hanging outside of receiver.] -
Coincidences. Semi-arc. j Manometer. Barometer. 

I Ther-
Swing rnome- I At-

No. Down : ter on ,Re- Open 

I 
Pres- tached 

No. or Time. Left. Right.! dummy. ceiver · ther-

I 
end. end. sure. jmome-up. 

I I 
ter. 

-~--- ~ "- 1---- -I ' I 
I I h. 1?l. s. ?!ZVZ. "l?ll. 

! oc. VIVI. n1:n1. nzm. oc. 
I l D. 21 30 08 5·0 4 -~ ) 18·0 I I 19·5 I 19·0 771·5 18·4 _") 

[18·3 J 
2 u. 35 02 

3 D. 39 58 --
4 u. 44 52 

4·3 3·7 18·0 119·5 I 19·0 771·6 18·5 
(18.3 ] 

to u. 22 14 24·5 
JI D. 19 21 
12 u. 24 15 

3·7 J"O 18·2 I 19·2 I 18·8 771·7 18·6 
i [18·4 J ' 

2 I 

I 
D. 22 46 14 5·0 4·3 I 18·25 119.2 118·7 772·0 18·7 

[18·07] 
2 u. 5= o6 
3 n. 56 02 
4 u. 23 00 55 

4·3 37 18·3 119·1 118·8 772·1 18·5 
[18·6 ] 

IO u. 23 30 21 
II D. 35 18 

I 12 u. 40 12 
3·7 3·0 18·37 119·4 I 19·0 772·2 18·6 

l [18·6 ] I 

3* I n. 23 53 45 5·0 4·2 ! 18·5 I 19·1 119·0 772·5 I 18·6 

! 
I 

[ 187 ] 
2 u. 58 38 
3 D. 0 03 33 
4 u. 08 26 

4·3 3·7 18·5 ng·o u9·0 772·6 18·5 
• [18·7 J 

IO u. 0 37 50 
II D. ! 42 46-5 
12 u. 47 39 

3"8 3·0 18·5 119·0 1,19·0 772·6 18·5 
[18·7 ] 

*E. Smith, observer. 
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'TABLE A-Continued. 

Oopy of original record for one day-Continued. 

[Station, Hoboken, N. J. Date, November 131 1891. Pendulum Al. Chronometer, 
Negus 1824. Observer, T. C. Mendenhall.] 

\ 

POSITION, REVERSED. 

[Temperatures given in bra<>kets are readings of thermometers hanging outside of receiver.] 

I Coincidences. 

I --
I 

Swing I I 
No. I Dc-wn i 

No. or I Time. 
Up. 

I ! h. m. s. 
4 I D. I 28 32 

2 u. 33 23 
3 D. 38 19 
4 u. 43 IO 

10 u. 2 12 33 
I I D. 17 30 
12 u. 22 21-

5 I D. 2 36 46 

2 u. 41 37 
3 D. 46 33 
4 u. 51 24· 

10 u. 3 20 48 
II D. 25 44 
12 u. 30 36· 

6* I D. 3 45 33 

2 u. 50 24 
3 D. 55 19· 
4 u. 4 00 I I 

IO u. 4 29 34· 
II D. 34 32 
12 u. 39 24 

- -- ---~--------------------------~ 

Senii-arc. 

---- - ·-·-·----- Ther-

1 

mome-
teron 

Left. I Right. dummy. 

--~!
"'.;'.~ I m4~s I I oc. 

18·7 
[18·9 ] 

4·0 4·0 18·7 
[18·9 ] 

5 
]"2 3"5 18·7 

[18·8 J 
4·5 4·9 18·8 

[19.0 ] 

5 
3"9 4·1 18·75 

[18.8 ] 

5 
18·75 ' I [•87 J' 
18·75 

[18·75] 

5 

4·0 4·1 18·75 
[18·8 ] 

5 

3·3 3·5 18·75 
(18·7 5] 

-
*November 14, 1891. 

Mano1neter. 

Re
ceiver 

d en 

1nm. 
l 18·8 

I 18·7 

u8·7 

I 18·5 

l 18·5 

I 18·3 

I 18·5 

118·5 

118·5 

I 

I 
' I 

Open 
end. 

111111. 

118·0 

118·2 

I 18·2 

I 18·2 

I 18·2 

I 18·3 

u8·2 

118·0 

118·0 

I 

Baron1eter. I 
I At· ! 

Pres- ! tached I 
sure I ther-

mo me-
ter. 

l 
oc. ' vzm. 

772·8 18·7 

773·0 18·6 . 

772·8 18·5 

772·8 18·7 

773-o 18·6 

772·8 18·5 

773·o 18·1. 

773·o 18·5 

772·8 18·6 
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TABLE B. 

Pendulum Obsert,ations~ Wasldngton, D. C. (,Sm·ithsonfrin InstituUon ). 

A, J 1 

R 

A~ IJ 

R 
i 

I 
~ I ; 

\ 

I 
R 

. . I 
~w111g I 

l':o. , 

l 

2 

3 
4 
5 
6 

7 
8 
9 

10 

l J 
12 

[Support, l>rick pier. Chrouoiuet.er, K q.::n» 1824. o1i1ler ... a1..J 

lJate. 

1891. 
:'.VIar. I 7 

17 
17 
17 
17 
17 

17 
17 
17 
17 
l/ 
17 

17 
17 
17 
18 
18 
18 

IT . '1, Semi-arc. !-.
1
• 

UL- ~n com- : em· 
, c1<lence - -- --- I pera-

sc:n·er. \. I ' 

I 
lntervals.' • ) ture. 

j Initial.I Final. 

- ,------1·--1-----r-o --. 
l Secona's. 1 r111n. ! nn11. , C. 

Pm. J 2 853·0 i 4·5 3'5 I 14·57 
Pm. 2 855·5 ! 4·5 3'5 I 14·67 
Pm. ! 2 S58·0 I 4·5 3·5 14·67 
Pm. ! 2 856·5 , 4·5 3·5 14·82 
I'ni. 
l'n1. 

P. 
P. 
P. 
P. 
P. 
1-'m. 

Pm. 
l'n1. 
P111. 

PnL 
Pm. 
Pin. 

2 858·5 : 4·5 3'5 14·92 
2 s5frs / 4·5 3·5 14·99 

3 264·0 !I 
3 26o·o 
3 260·0 i 
3 262·5 ,. 
3 262·5 
3 266-0 

~ ~~~:~ II .~ I 

3 721·5 
3716·5 
3 717·0 
3 72o·5 

I 

I 5·12 
15·27 
15·27 
15·27 
i5·35 
I 5·45 I 
r 5·59 
15·67 ! 
I 5·67 ! 
15·69 I 

I 5·75 
15·77 

Mano
nieter. 

NlVl. 

247·8 
247·1 
246-2 
247·6 
246·0 
244·4 

2 46-5 
246·0 
245·0 
249·0 
247·7 
247"2 

242·0 

239·4 
236-4 
238·2 
244·0 
244·7 

. 1 I Pres- ' Baron1-1 
sure at 

eter. 00 C. 

_______ , 
VPN. 

773'8 
?74"1 
774·3 
774·5 
774·3 
773"5 

772·7 
771·7 
77r·1 
r;o·6 
770·3 
770·4 

770·5 
770·5 
770·3 
769·9 
769·3 
768·7 

Vl:fJI. 

498·1 
498·8 
499·9 
498·4 
499·5 
500·3 

497·5 
496·6 
497·0 
492·7 
493'4 
493'8 

498·6 
5oo·9 
503·6 
501 ·5 
495·3 
494·1 
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TABLE B-Co11ti1111ec1. 

Reduct,ion of Pen<luluni 01.JtJervations, lVashin,llfon. D. C. 
( S1nitlt8onian ln.~titut,io'fi ). 

535 

lPel'io<ls retlueed to temperature 15° C., pressure GOO mm. at 00 C., ar(" iurinit.ely :-mall. ,..i<l<"'t'<-"al tiutc.] 

_______ T_.. \ I Corrections -~i:-::,~enth::cim=~1~a~·:)_- -

pf~~~- i s;;~~g J un!~~e~~ed. 1· ------ --:-~!:~~~-~~-' -- --- -· --! - -- co~:~-~~~~. I 
I j Arc. I P Pressure. 'I Rate. I 
/ I I I ature. 1 ' __ 

~.---1- -~ r ~=h·~;r---~-~-- ;:~ --- t:-1 +g - 5~~;~ I 
I ~~~~ =~~ =:= 1; +~ I t~; ~~~~ 

AJ 

3 
4 
5 
6 I

' 8761 -56 + 3 o 1 +s7 8765 
8768 -56 0 0 I +s7 8769 

\ ·5008779 

~ I ·500~~~~ ~i~ --~: ! ·500~~~~ 
I~ I 7674 --- 56 - I l 7669 

---l- 2 +57 
-i-3 -i-57 
-~ -2 +57 
__ .:._ 5 +-~ 

~! I ~~l~ =~~ ~=~~ ~~~~ 
·5007667 

• ~J 

+s ·t-- 57 
+s -t-57 

13 ·5006719 -56 
14 6726 -56 
15 6727 -56 
16 6736 -56 
17 6735 -56 
18 6729 -56 

---24 +1 
-28 -1 
--23 -3 
-28 -I 

--31 +4 
---32 +4 

+57 
+57 
+57 
+s1 
-i-57 
-f-57 

·5006697 
6698 
6697 
0708 
0709 
6702 
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TABLE B-Continued. 

Pgndulum. Obserrations at various pressures-, 1Va.o.:hington, D. 0. 
(Smithsonian InstituNou). 

(Support, brick pier. Chronol!'eter, Negus 1824, sidereal.] 

Pen- ! Posi- Swing f 
du-' . N 1 Date. 

lurn. I t1on. ... o. I 

--1---1---1 
I I 

Ai ID: 
D1 
Jj i 

D 
D 
D 

D 
D 
D 
D 
l> 
n 

18ru. 
' Mar: 18 

2 18 
3 18 
4 18 
5 1S 
6 18 

7 
l:S 

9 
10 
-ii I 

12 

IS 
18 
18 
18 
18 
I~ 

f Ten I Semi-arc. T I I I 
Ob I . . e1n- 'I B Pres-

• •
1 

co1nc1- I _ ·1 _, .. ano- arom-
1 •era sure at 

server. dence in-, ·1· 1· •

1 
- i. ni.eter. eter 

' 1 I .. 1 ' F" l ure. . oo C. 

) 

ten-a s. n1tia . · 'ina . , 
i I 

------- -----1 I 

i Seconds. nun. I uuu. 1·-o-;-
P. 
P. 
P. 
P. 
P. 
Pm. 

Pm. 
Pm. 
Pm. 
P. 
}'. 

1'111. 

1

1 • 2 783·2 I [4·5] I [3·5] [ 15-77 
2 786-8 I I I 15-77 

. 2 802-2 15·77 

1'7/111. 

o·o 
24-8 
94·0 

262·5 l, 2 835·0 I 5·77 
2 821·5 1y97 200·0 
2 808·5 i 6·23 I 52·0 

3 700-0 
3 6Xo·s 
~ 661 ·o .) 

3 639·0 
J 615·0 
3 594·5 

269-3 
198·8 
152·0 
103·0 

52·1 

o·o 

nun. 
768·6 
768-5 
768-2 
767-9 
76r2 
766-2 

765·2 
764·3 
763-9 
763·7 
76.)'8 
763"8 

:f'7J1}/. 

724·6 
701-2 
635·7 
476-6 
534·5 
578·2 

466-6 
531·7 
574·9 
620·6 
ti{)8·:;! 

717·u 

-·-----' ------ ----- __ ....!, 

Reduction of Pendulum Obserrations at rar.ious pres.'i/ures, 
lVashfrigton, IJ. C. (SmUluwnia/n Iu8titutiun). 

lPeriods reduced to temperature 15° C., pressure 500 mm. at o° C., arc infinitely small, sidereal time.J 

! I I I Corrections (in seventh decimal place). I 

I Pen du-
Swing. I Period un- Period cor-

lum. corrected. 
--

rected. 
I Arc. Tempera- Pressure. Rate. 
i I tu re. 
I .. _______ 

----·---1· -----
s. s. 

A1 l ·5008999 -56 -32 -168 +46 ·5008789 
2 8987 l -56 j -32 -151 +46 8794 

I 
3 I - 8938 l --56 ! -32 -102 +46 8794 
4 I 8834 -56 -32 + 18 +46 8810 

I 

8870 -56 26 +46 8800 5 
I 

-40 - ' 6 8918 ---56 -51 - 59 +46 8798 
I I 

·5008798 

Aa 7 ·5006766 --56 -56 + 25 +46 ·5006725 
8 68oI -56 -66 - 24 +46 6701 
9 6838 -56 -72 - 56 +46 6700 

10 6880 -56 -75 ~ 90 +46 6705 
11 6925 ---56 -80 -126 +46 6709 
12 6965 ~56 -82 -163 +46 6710 

·5oo6708 
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TABLE B-Continued. 

Pendulum Observations, San Francisco, Oal. 
[Support, brick pier. Chronometer, ~egu:,; 1824, sidereal.] 

Pen-I - I . 
du- P_os1-!' s;mg Date. 

lum. uon. o. 

[ !~en_ I Semi-arc. : Tern- ! I 
Ob- I comc1- 1------------ t:ra i l\1ano- IBarom-

server.11 dence : I_ : P - I n1eter. i eter. 
. al • I . . ] I ~"" 1 . tu re. i I interv s.1 n1t1a . , r 1na . i i 

Pres
sure at 

ooc. 

I 
A 1 ! D 

R 
D 
D 
R 
R 

D 
R 
n 
IJ 
R 

v 
D 
R 
R 

I 
2 

I2 

13 
14 
15 

3 
4 
5 
(, 

7 

8 
9 

IO 
II 

1891. 
Apr. 10 

11 
14 
14 
14 
14 

11 

I I 

II 

13 
13 

13 
13 
13 
13 

I 1 < i I 

--1
1

-~---1- 1--1------1 . 
.Seconds. / 111111. ! vim. ! °C. l 1nm. 

M. i 2 750·0 i 4·70 I 3.25 ! 12·741 224·8 
::\Io. 1 2 798·0 · 5·50 1 +Ao 9·751· 237·7 
Mo. i 2 769·0 4·90 I 3·65 1rI5 234·0 
::\fo. 2 7bJ"6 4·90 I 3·60 II·-?5 i 233"2 
J'\Io. 2 739·0 yoo 3·70 12·09 I 230·9 
Mo. 2 726·8 5·00 3"60 13"33 ! 228·0 

~lo. 
;\fo. 
l\lo. 
Mo. 
Mo. 

Mo. 
.Mo. 
1\Io. 
:\Io. 

3 164·4 
3 123·5 
3 118·6 
3 177·7 
3 152·4 

3 549·2 
3 533·4 
3 s. J l -o 
3 502-2 

5·50 
5-80 
4·80 
4·70 
4·90 

4-75 
4·80 
4·80 
4·80 

I 
]"80 ll"05 i 

4·25 • IJ" 18 I 

3·55 ; 14· 19 I . I 
3·55 ' n·14 
3"35 i n·79 

I 

201·4 
233"9 
230·5 
231·8 
230·5 

214·8 
216-5 
225·5 
221·7 

·-1·--·-····--·-· 
1nTn. mnz. 

754·1 I 504·7 
755·8 I 499·5 
154·+ I 499·0 
754·8 1499·9 
755·2 499·8 
755-2 1 501·6 

756-o 532·0 

755·9 
1

1 4q6·s 
755·7 498.0 
751·91498·7 
752·2 499·2 

752·1 
752·0 
752·1 
752·1 

\ 

5 I 1 ·8 
5087 
498·1 
500·9 

Reduetion of ~Pend11luni Obser1Jations, San .llrancisco, Gal. 

[Periods reduced to temperature i50 C., pressure 500 mm. at oo C., arc infinitely small. sidereal time.) 
-------~ - --- -~---. -

I I Correction (in seventh decimal place). 
l"endu- Swing Period 1 Period I lum. No. uncorrected. , I Temper- I Pressure. 

I corrected. 
Arc. Rate. 

I j I ature. 
\ 

---~--
1 

l -- ------------1--
i l 

I s. I I l s. I 
A1 I ·5009108 I -55 + 93 - 4 +57 ·5009199 

2 8951 I -86 +216 0 +sr 

1 

9132 
12 9045 -64 +•59 + I +16 9157 
13 9062 -64 +150 0 +16 9164 
14 9144 -67 + 95 0 +z2 9194 
15 9185 -65 1 + 69 - I +22 9210 

I 

·5009176 

I Ali 3 ·5007912 -76 +163 -24 +51 ·5008o26 
4 8o17 -89 + 75 + 2 +55 8o6o I 

5 8029 -61 + 33 + 2 +55 8o58 
6 788o -60 +159 + I +z3 8oo3 
7 7943 -6o +132 + I +23 8o39 

·5oo8037 

A3 8 ·5007054 --56 + 83 - 9 +z3 ·5007095 
9 7o85 -58 + 52 - 7 +z3 7095 

IO 7131 -58 + 5 + I +Jo 7109 
II 7149 -58 - 13 - I +37 7114 

·5007103 
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I I 
' l'en-; -

·1Pos1-, du- . 
· lu1n. tlon. 

I 

i 

A:l 1J 
tR 

A., D 
R 

A3 D 
R 

U. S. COAST AND GEODETIC SURVEY. 

TABLE B-Continui>d. 

Pend~: lu'in Observations, Port Simpson, B. 0. 

Swing 
No. 

J 
2 

3 
4 

5 
6 

[Support, >vooden >1tand. Chrouo1neter 249U, mean time.) 

Date. 

I 
I 1891. I Apr. 29 

:: I' 
29 

' 

[I Teu Se111i-arc. / Ten1- I I I Pres-
Ob- coinci- I : I Mano- 1 Barom-

1 
: pera I , 1sure at sen er. I . deuce I • - ! - - rneter. i eter. oc·· 

mtervab.' [n1t1al.l Final. : tun~. ·
1 

· i 0 
--

M._ 
M. 

:\1. 
.\I. 

M. 
M. 

' I i I I 
---~j--~-j- - --;----1-------1------ -----

.<.,",>,·onds. I ?JllN. I 1/11N. °C'. I JIOH. 
1
1 nun. nnn. 

3 029·9 5·20 3·70 8·771247·2 76r1 5oyo 
J 057·2 5· I 5 

1 
J' 50 10·7 3 236·9 ) 767·6 509-8 

3·65 13"95 i 244-8 ! 768·5 497.1 
_::1·75 14·90

1 
245·0 I 768·5 495·2 

2 700·0 5·10 
2717·2 5·05 

i I 
3·90 i 15·40 ! 241·2 I 768·5 497·9 
3·70 I 15·40 ! 243"3 l 768-6 496·0 

2 459·0 5·10 
2 461·5 5·00 

Reduction of I'endu.Zurn Ob,r;en·ation.~. Pm·t Simpson, B. C. 

[Periods reduced f.o t.em}'erature Jf:>°C., pre.ssul'e GOO 1uu1. at 0" C. arc iutiuit.ely small, &idereal time.] 
-·--------------------------------------------------·----------------,--------·--· 

Pendu
lum. 

A.., 

t Swing I l'eriod uncorrected. _. ;co:~_e_c_tio~1~~~eve_n_t_h_u_e_ci_n~-l-p_1_a_ci::_)~ 
J 

N °· Ii ,. Sidereal 
I Mean time. time. !-----, 
I I I 

2 

s. 
·4991762 

1836 

S

·5005430 
5503 

3 
4 

i "4990iS8 · ·5004422 
' 0816 4481 

5 
6 

A / Tem- J Pres- j re. i perature. 1 sure. 
Rate. 

_____ j ! ____ _ 
I : ----
! ! 

--70 1, +z57 I 
- 65 + 176 

I 
-67 I + 43 I 
-·69 I -t 4 

-71 II - 16 
-67 - 16 

-2 

-7 

+-2 
+4 

-1$2 
-1'!)2 

Period 
corrected. 

s. 
·5005463 

5455 

·5005459 

·5004248 
4268 

·5003279 
3294 

·5003286 
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TABLE B-Conti11ued. 

Pendulum Ob8crvation ... , Jnnea:u., A la,"ka. 

[Support, wooden Htand. Chrou01neter ::!490. mean tiine.} 

-----"---~-~~---·-------------

I 
/ Ten Semi-arc. 
i Pen- Posi-' S\ving C>b- coinci-

! Tem-
: 

Pres- I 
~law..i- \Baroni-' du- ; . , N . Date. l 

1
1 

·tlon., ~·o. server.; <ence 1 
pera- i11eter. eter. 

sure at\ 
ture. o°C. ' ! 

I l_~m. _J __ ~-- ---- jintenals.'lnitial.j Final. 

I A, D ' ,;,~J: ' ... M. r~';,;;,;~ I ~;;:, ! ~"z;, -- -···-· !--·-----!--·-- -- - ~------·- -- ~ 

o C. VlHI. I nzn1. 1'lJ7l. 

. l{ 2 I I M. I z 804·5 4·70 3'45 

I
. n 11 12 M. 1

11
; 2 799·2 4·60 3·40 

11·5() ;c54·9 762·4 486·0 
I 1" IO 244·0 762·0 493·2 .) 

12·58 2"" .. ,_.0 
.),) 759·8 502·~ ~~ 

R 12 i 2 M. z 808·5 4·70 3'45 I 2·95. 235·0 759·8 499·9 
; 

l
iA2 D 3 ll :r-.·L j2513·0 4·70 3'55 

R 4 I 1 M. 2 53fro 4·55 3·40 
D 9 I 2 :\L 2 468·2 4-65 _.;·45 

15·62 233"2 761·5 498·4 
17·20. 227·3 761·4 501 ·1 

759-8 503·8 l 1 ·41 234·0 
R IO 12 2\1. 2 474·0 4·50 3'55 I I ·82 239·0 759-8 498·3 

, Aa D 
R 
R 
D 

5 
6 
7 
8 

I I 

I I 

12 
12 

l\L 
!\L 
:1\1. 
.!\J. 

2 "1S· -.1 .) 4-60 
2 317-2 4-50 
2 262·8 ' 4·70 
2 26rs 4·65 

J'60 18·34 227"7 760·6 
,·60 _.., 18·00 225·5 76o-2 
,.6-_.., .) 9·78 i 241-0 759·4 
3-60 10·48' 239·8 759·4 

Reduction of Pendulum Ob.o;errations. Juneau, Alaska. 

497·9 
5oo-3 
499-7 
499·7 

! Periods reduced to tt>mperature 15° C., pre;;surc GOO nun. at 0° C., arc infiuitdy small, sidereal tjmt'I.] 

-JI 

.Pendu-
' lun1. 

Swing 
No . 

I Corrections (in sev~~~;:-h-;leci~~l-------li 
I 

Period uncorrected. 
place)· ' Period 

I Mean time. I s~~ereal~ ---~:~--r--Te_m_--T };1--e-•~r-~a~e~: wrected ; 

. ------ ·----s~-·· . H:<- !~~ahm' \-'"~e T _ . ··· \ ,- \ 
I ·499rn45 ·5004710 --58 +142 +10 -113 ·5004691 
2 1102 4767 ---5S + 78 + 5 -113 j 4679 

11 1085 4750 -56 +100 2 --113 i 4679 
12 I I 14 4780 -58 + 84 0 --113 I 4693 

3 
4 
9 

JO 

5 
6 
7 
8 

·49goo72 
0161 

·4989892 
9915 

. 
·4989240 

9235 
8976 
8999 

·5003734 
3824 
3554 
3577 

·5002900 
2895 
2635 
2658 

--60 
-56 
-58 
-57 

·-59 
- .. -58 
--61 
--60 

- 26 
- 91 
+148 
+131 

-138 
-124 
+215 
+186 

+ I -113 
I -113 

3 -113 
+ I -llJ 

+ 2 ·-113 
0 -.113 

0 --ll3 
0 --113 

I ·5004686 

·5003536 
3563 
3528 
3539 
---~~ 

·5003542 

·500259:.? 
26oo 
2676 
2671 

·5002635 
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TABLE B-Continued. 

Pendulum Obxervations, Pyramid Ha_rbor, Ala,ska. 

(Support, wooden stand. Chronometer 2490, mean time.J 

Pen- P . IS · 1. Ob- I, cJ;:~i- 1

1 

Semi-arc. I Tern- I Mano- I Barom-'1 Pres- I 
du- _osi-: ~ Nv.:_ing Date. -·-· pera- : sure at 

1 non. I .c ·o. I server.I dence j t meter. eter. oc 
um. __ )'____ I intervals., Initial. Final. ure. 

0 
• 

A~ 

_ I I i 

\ 

----1~--- ,_ ! 11.------1-----
1891. Seconds. 1n1n. mfn. °C. Tn1!l. ,-nm. 1n11t. 

D 5 Mav 16 M. 2 757·0 4·65 3·50 I 1·57 22ro 1 7 54·5 505· I 
D ! 6 " - 16 M. 2 752·5 4·60 3·45 1r.54 232·8 I 755·2 I 500·4 
R 7 16 M. 2 741·8 4·70 3·50 11·14 233·5 II 756·0 501·1 
R 8 18 M. 2 725·2 4·50 3·35 9·62 2407 760·1 I 500·91 
D 9 18 M. 2 756·0 4·70 3·40 I 1·32 236·3 760·9 502·9 

D 
R 
D 
R 
D 
R 

D 
R 
D 
R 
D 
D 

3 
4 

IO 
II 

14 
15 

I 

2 
12 

13 
16 
17 

16 
16 

18 i 
18 
18 
18 

16 
16 ' 
18 l! 
18 
is \ 
18 I 

M. 
M. 
~L 
M. 
M. 
Mo. 

:\L 
M. 
M. 
M. 
M. 
M. 

2 438·8 
2 441·5 
2 451 ·2 

2 466-2 
2 457·0 
2 422·8 

2 226·5 
2 234·8 
2 250·5 
2 262·0 
2 205·0 \ 

2 195·2 I 

i 

4·55 
4·55 
4·65 
4·50 
4·60 
4·50 

4·70 
4·65 
4·70 
4·65 
4·65 
4·65 

3·45 
3·20 
3·45 
3·3o 
3·60 
J"60 

I 1·24 
I 1·37 
14·00 
14·89 
14·67 
11·86 

3·6o 9·36 
J"60 10·25 
3'75 15·35 
s65 1r67 
3'751 9·88 
J"65 9·00 

232·3 
230·5 
233·8 
23yo 
237·6 
234·8 

234·5 
232·3 
231·8 

234·8 
244·2 
246-7 

I 754·6 500·8 I 

1

754·6 ! 502·3 I 

'I

• ~~~:~ 11 ~~~:~ I 
76so 497·4 
763·5 505·8 

755·4 
755· I 
762·6 
762·9 
764·3 
764·8 

502·9 
503·2 
501·4 
498·0 
501·1 
500·8 
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TABLE B-Continued. 

Reduction of Pendulum Obs~rva.tions, Pyramid Harbor, Ala,ska. 

[Periods reduced to temperat.nre 15° C., pressure ;;no1nm. at o° C., arc infinitely small, sidereal time.] 

Pendu
lum. 

Swing 
No. 

5 
6 
7 
8 
9 

3 
4 

10 

1 I 

14 
15 

I 

2 
I2 

13 
16 
17 

'1 Corrections (in seventh decimal 
Period uncorrected. 

-----------~---j ________ P_lace). 

1 Sidereal i I' Tem- : Pres- r R l\ ean time. , A re. 1 _ ate. 
time. ! _perature. l sure. 

s. s. 
·4990949 ·5004613 --58 +141 --4 --146 

0934 4598 -- 57 -t--142 0 -146 
0898 4563 59 +159 - -1 --146 
0843 4508 -'-5+ +z22 -I -146 
0945 4610 -58 +-•sz ----2 --146 

·4989770 ·5003431 ----56 + 155 - --- I -146 
9781 3443 -53 +150 -2 -146 
9822 3484 -58 + 41 -I -146 
9884 3546 -53 + s +1 -146 
9846 35°7 --59 + 14 +z -146 
9702 3364 -58 +129 -4 -146 

·4988797 ·5002456 --61 +232 -2 -146 
8838 2497 ~60 +196 -2 -146 
8916 2575 -62 - 14 -I -146 
8972 2631 -61 ~IIO +z -146 
8688 2346 -62 -+-211 -I -146 
8638 2296 --61 +-247 -·l --146 

-----~----- ~ ,--~------

Pendulnrn ObRerva-tion:::~ Ya k'nta..t .B(IJ/, Alaska. 

{Support, wooden st.and. Chnmomet-er 2,1J10, mean time.] 

Period 
corrected. 

s. 
·5004546 

4537 
4516 
4."29 
4556 

·5004537 

-5003383 
3392 
3320 
3353 
3318 
3285 

·5003342 

·5002479 
2485 
2352 
2316 
2348 
2 335 

·5002386 

I -----,,---,-~~~-- I Semi-arc. IT 1.i I / p 
Pen- p . S . Ob . - , em~ M I B ; res-
du- .os1- wing l Date. · co1nc1- 1·----------~- _ era- i , ano- . arorn-1 sure at 

1 tion. No. server.' dence ' ! P ~meter. eter. 1 
0 

um. . I ·'I . . 1 F" l ture. 1· l o C. 
----------r-----· ___ interva s.

1 
~1tia. ~--· ----I 

A~ 

D 
R 
R 

D 
R 

D 
D 

I 
2 

7 

3 
4 

5 
6 

1891. 
May22 

22 
22 

22 
22 

22 
22 

M. 
Mo. 
M. 

M. 
M. 

M. 
M. 

Seconds. J mm. nun. °C 1

1 

mm. l vun. I mnt. I 
2 776·0 1 4·70 3·45 16-00 239·3 768·1 i 49S·3 
2 7 5 5· 3 ! 4· 50 3· 20 I 14·92 f 2397 jj 768·0 j 499·6 
2 717·2 4·70 I 3",35 12·00 I 240·7 766-2 :' 502·4 

2 438·8 4·30 J"20 14·171 240-7 767'8 499·9 
2 452·2 4·40 3·30 14·89, 23r2 76r4 501·5 

2 229·0 
2 226·8 

4·45 
4·6o 

499·8 
502·0 
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TABLE B-Continued. 

Reduct-ion of Pendilluni Observations, Yaku;tat Ba,y, Alaska. 

[P•·rimls reduced w temperature 15° C., presi!ure 500mm. atooc., arc infinitely small, sidereal time.] 

' n r 
l'endu- l Swing 

]urn. No. 
-~ 

i 
Sidereal ' 

Mean time time. 

Period u co rected 
Corrections (in seventh decimal i 

place). 
i 

I Period 
) 

corrected. I I 

Arc. Tem- Pres- Rate. 
i 

perature. 1 sure. 
I --

I 
I 

I s. s. 
A1 1 I ·4991010 ·50046i5 I ! 2 I 0943 4608 I 7 0816 4481 

i 

i 

t i 
) 

Ai 
l l "4989i70 1 ) 3 I ·5003431 
i 4 9826 r 3488 
' 

I 
I ! 

! I 

I l ' 
A3 

; 
·4988809 ·5002468 ! 5 

) 
6 8798 2457 

I 

s. I -58 - 41 +1 -90 •5(X)4487 
-52 + 3 0 ~90 4469 
-57 +124 -2 -90 4456 

I ·5004471 

-49 + 34 0 -90 ·5003326 
-52 + 5 -I -90 I 3350 

I 
·5003.us l 

--56 
l +· 29 0 --90 

I 
·500235 I i 

-60 + 61 -2 -90 2366 
;' 

I 

I ·5002358 

Pcndnl1tm Ob.<:tcn;ations, !Jitka., Alaska. 

[Snpport, rock. Chronoi'uet~r 2490, mean time.] 

--

l 
! I 

I l 
i 

Ten Semi-arc. I ; 
Pen- Posi- Oh. Tern-' l Pres-

~wing Date. 
\ COlilCl· Mano- , Rarorn-

dn- ti on. No. 
i -- -----·· ·- --·· .. pera- I sure at 

hnn. 
server. <lence in-1 I ture. meter.

1 

eter. o°C. terva1s. ; Initial. Final. 
- I --- ----- ---- ----.----- ----

1891. Seainds. "l"l. vttn. 0 c. m,n. I mm. mm. 
A1 D I May26 M. 2 804·8 4·55 3'45 u·82 239·0 I 764·9 503·1 

R 2 26 M. 2 808·8 4·65 3·55 12·23 243·2 765·5 498·9 
D 10 28 M. 2 798·2 4·55 3·30 10·60 244·2 

r 
763·0 498·6 

R I I 28 M. ! 2 812·2 4·60 3·45 I 1·79 245·0 

I 
763·0 495·6 

f A2 D 3 26 M. I 2 486·0 4·75 3·40 12·22 241·1 765·4 500·8 
I R 4 26 M. 

1 
2 464·5 4·35 3·50 I 1"00 241·8 765·6 502·6 

R I 5 26 M. 2 463·8 4·50 3·45 10·63 245·8 765·4 499·3 
D 12 28 M. 2 504·8 4·50 3"55 13·85 241·0 762·8 495·5 
R 13 28 M. z 512·5 4·45 3·45 14·87 248·1 762·7 486·6 

A:i D 6 27 M. 2 259·8 4·6o 3·55 9·8o 250·3 765·0 496·1 
D 7 27 M. 2 267·5 4·6o 3·8o 10·47 247·3 765·0 497·8 
R 8 27 M. 2 28o·2 4·6o 3·55 13·05 239·3 764·2 499·9 
R 9 27 M. 2 284·5 4·55 3·55 13·20 238·3 764·1 500·4 

I 



 

REPORT FOR. 1891-PART II. 543 

TABLE B-Continued. 

Reduction of Pendulum Obseri~ation8~ Sitka, Ala-ska. 

[Periods reduced to temperature 15° <J., pressure 500 tnnL at oe C., arc infinitely small, sidPren.I time.) 

------------~--~--------

Period uncorrected. 
Corrections (in seventh decimal 

i 
l 

place). i 
Pendu- Swing J>eriod I 

l I um. No. Sidereal i Tern- J'res· corrected. I I 

time. Arc. I Rate. I sure. J Mean time.j i perature. 
--------' ~-- ~ ~- ---

) i- _::1 
·-----. ;---[ 

j s. s. s. 
A, I 

I 
·4991102 ·5004768 +131 -- 2 ··--90 I ·50047 5 I 

2 1115 4780 i .. 59 . -t- r 14 + I ... -qo i 4746 
IO 1082 4747 ---54 +rs1 + 1 ---83 

I 4792 
II ll26 4791 -57 +1.)2 + 3 -83 4786 

I 
i i ·5004769 I ) 

A, 3 ·4989964 ·5003626 - 58 --i- I I 5 I I --go "5003592 
4 9876 3538 -54 + rt}5 2 -90 3557 
5 9873 3535 -- 56 -+180 + I -90 3570 

12 "4990039 3701 --57 ' 47 + '- -83 3611 
13 0070 3732 --ss + 5 +10 -83 3609 

·5003588 

A:l 6 ·4988962 ·5002622 -59 +214 + 3 -So ·500270o 
7 8999 2658 -62 +187 + 2 -So 2705 
8 9060 2720 -59 + 80 0 -So 2661 
9 9081 2740 -58 + 74 0 -80 2676 

·5002686 

------

Pendulum Ob.~t>rurttions, Wra.ngell, A la.r;ka. 

i Pen- ! p . ) S . I 
, du- \ _os1- , •v_.mg 

11 ! t1on. No. : um., 
___ ,_T_ 

D 
R 
D 
R 

D 
R 
D 

J 
2 

12 
13 

... . ') 

4 
9 

R IO 
R Il 

D 
R 
R 
D 

5 
6 
7 
8 

[Support. '"oodnu :o.tand. Chronomet-er 2400. mean time.1 

· 1 Ol ! ~en. I Semi arc. Tem-1 l\1 B Pres-
r:'ate. , . J- ; co1nc1- ) ano- aron1- t ,,, ' . : ------ pera- sure a 

/ sen-er. 1 • dence
1 

, 
1 

.
1
. 

1 
..,.. 

1 
ture meter.

1 

eter. 00 C I i 1nterva s.1 n1 ta . r 1na . · · 

<89L !. -I s,,.~j--.:;;:.-~:"' ··:G~- -,,,,; ~mm. . mm __ _ 

June 1 i M. ·\ 2 891·8 ! 4·50 3·30 1r46 234·0 758·8 502·8 
I ! M. ' 2 896·5 ! 4·50 3·25 12·06 240·3 ' 758·8 496-0 
2 M. ,. 2 932·7 ; 4·6o 3·20 16-921· 230·3 7 57·9 495·3 
2 M. 2 946·2 I 4·65 3"35 17·61 230·3 757·6 493·9 

I M. ( 2 573·2 I 4·50 J"l5 ; 12·95. 236·7 759·4 49:;-·9 
I M. ., 2 563·1 \ 4·30 3·10 I 12·85 233·5 759·5 501·3 
22 I M. 2 562·2 I 4·35 3·30 14·07 229·7 759·0 502•1 

M. It 2 573-2 II 4·50 3·25 15·10 234·8 758·9 495·3 
2 M. 2 5_80·0 4·40 3·30 t5·80 236·5 758·7 492·4 

I M. 1· 2 333·7 I 4·45 3·25 12·7611 233"8 76o·3 501·8 i 

I M. 2 337·3 ! 4·40 ! .'L)5 '\ 12·80' 233'5 760-1 501·9 I 
2 NL 2 331-8 . 4·45 \ 3·40 10·58 \ 234·3 759·4 504·7 
2 !'-A. 2 338·5 J 4·40 l 3·35 

1 

u·59 235·3 759·1 501·4 
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TABLE B-Continued. 

Reduction of Pendulum Observations, Wrangell, A.la.ska. 

[Periods r00uced to temperature 15° C., pressure 500 mm. at 0° C., arc infinitely small, sidereal time.] 

I i Period uncorrected. 
Corrections (in seventh decimal 

I place). 
I Pen du- ' Swing ·Period 

.I 

lum. No. I corrected. 
Meantime. Sidereal Arc. Tern- Pres- Rate. time. perature. sure. l 

s. s. 
A1 I ·4991370 ·5005035 -53 -+146 -2 -6o ·5005066 

2 1384 5050 -53 +121 +3 -6o 5061 
12 1490 5156 -53 - 79 +4 -27 5001 
13 1529 5195 -56 -108 +5 -27 5009 

·5005034 

A'J 3 ·4990303 ·5003966 -51 + 84 +2 
_. 6o 

-5003941 
4 0265 3928 -48 + 89 -I -6o 3908 
9 0262 3925 -52 + 38 -2 -27 3882 

IO 0303 3966 -53 - 4 +4 -27 3886 
II 0329 3992 -52 - 33 +6 -27 3886 

·5003901 

As 5 ·4989310 ·5002970 -52 + 92 -I -60 ·5002949 
6 9327 2987 -53 + 91 -I -60 2964 
7 9301 2962 -54 +182 ---4 -27 3059 
8 9332 2992 -53 +140 -I -27 3051 

·5003006 

Pmiduluni Observations, B·urroughs Bay, Alas1ca. 

[Support, a.s designa.t,ed. Chronom~ter 2490, mean time.] 

I i I l 

Pen-
i Ten Semi-arc. Tern- Pres-Posi- Swing Ob- i coinci- Mano- Barom-

dl\;: ti on. No. nate. server.i dence in- pera- meter. et er. sure at 
lum. I tervals. Initial. Final. tu re. o°C. 

! 

l ---- -
1891. 'Seconds. mnz. tll1U. oc. nzm. mm. tnm. 

A1* :D 5 June 6 M. 2 952-0 4·70 3·30 9·78 232·7 759·8 508·2 
R 7 6 M. 2936·2 4·50. 3·35 11·12 231·8 76o·2 5o6·7 

A1f D 6 6 M. 2932·3 4·50 3·05 10·97 235·2 759·9 503:5 

As* D 8 6 M. 2 584·2 4·40 3·30 11-16 241·0 76o·2 497·9 

6 l I 

2 567·0 Aitt R 9 I M~ 4·30 3·20 9·73 236·5 76o·2 5o4·9 

Aa* R I ' M. 2436-0 4·50 3·50 17·70 221·5 749·8 494·6 4 
R 4 4 M. 2 391·2 4·50 3·55 13·85 220·2 749·9 503·1 

Ast R 2 4 M. 2 436·5 4·50 3·50 16-40 222·7 750·0 496·1 
R 3 4 M. 2425·0 4·50 3·30 15·22 220·0 750·4 501·1 

1 
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TABLE B-Continued. 

Reduction l?,f Pendulum Obscrvatfons, Burrou9h8 Bny, Alaska. 

[Periods redu•}ed to tcn1perature 1&° C., press111·t> f">OO mn1. at (PC., arc intinit•·ly "mall, Ricil'real time.] 

------~---· __ ,, -----·-

I Period uncorrected. 
Corrections (in se..-enth decimal 

Pendu-

I 

S·wing 
place J. 

Period 
~~-------

lum. No. Sidereal 
I 

Tern- Pres- corrected. 
I Mean time. Arc. I }{ate. , __ tin1e. iperature., sure. 

i 
.. 

I 
1--.· 

I 
s. s. s. ' 

Ai s ·4991546 ·5005212 ---56 +z15 I -6 -25 ·5005340 
7 

j 
1500 5166 -54 +160 l --5 -25 5242 

·5005291 

A, 6 ·4991489 ·5005155 -50 +166 -3 -25 ·5005243 

·5005 2 43 

All 8 ·4990344 ·5004008 
; 

-52 +158 +2 -25 ·5004091 
' 

·500409 [ 

A, 9 ·499028o ·5003943 -49 +217 -4 -25 ·5004082 

·5004c82 

A3 I ·4989758 ·5003+20 -56 -11 I +A -50 ·5003207 
4 9567 3228 -57 --!-. 47 --·2 -50 3160 

' 
·5003186 

A3 2 "4989760 ·5003422 --56 58 +3 -50 ·5003261 
3 9712 3373 -53 9 -I -50 3260 

·500326o 

-.. -----·----
H. Ex. 43, pt. 2-35 
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f:n_! _ i I 
1 

d 
Pos1- Swing u- . 

. lum. t10n. No. 

A1 D 
D 
D 
R 
R 
R 

jg 
R 
R 
R 
D 
R 
D 
R 
D 

I 

2 
3 
4 
5 
6 
7 
8 
9 

IO 

II 
12 
37 
38 
39 
40 
45 

U. S. COAST AND GEODETIC SURVEY. 

TABLE B-Continued. 

Pendu1uni Observations, Seattle, ·wash. 

[Support., stone pier. Chronometer 2490, mean time.] 

Date. 

1891. 
June 22 

22 
22 
23 
:;:3 
23 
23 
23 
23 
23 
23 
23 
25 
25 
25 
25 
26 

Ten Semi-arc. Tern. 
pera
ture. 

Ob- coinci-
sen'er. dence 

intervals. Initial. Final. 

M. 
M. 
M. 
Mo. 
Mo. 
Mo. 
Mo. 
Md. 
Mo. 
M. 
M. 
M. 
M. 
M. 
Mo. 
Mo. 
M. 

Seconds. 
3 987·0 
4008·2 
4010·3 
4 021·5 
4 017·5 
4 012·2 
3 999·5 
3 996·3 
4011·5 
4027·5 
4041·0 
4045·3 
4056·2 
4069·5 
4 078·5 
4 077·0 
4030·2 

111111. 

4·6o 
4·50 
4·6o 
4·70 
4·65 
4·70 
4-55 
4·70 
4·50 
4·55 
4·45 
4·50 
4·55 
4·40 
4·80 
4·75 
4·65 

mm. °C. 
2·90 17·95 
2·60 17·81 
2·90 17·73 
3·15 17·48 
3·10 17·31 
3·10 17"21 
2·90 16·96 
2·90 16·81 
3·10 17-00 
2·65 17·40 
2·70 17·71 
2·85 17·85 
3·10 18·19 
3"05 18·24 
3•05 18·22 
3·00 18·09 
2·95 I 17·73 

Mano- Barom- Pres
sure at 

meter. eter. 00 C. 

nzm. 
225·6 
226·0 
228·7 
230·5 
229·5 
227·2 
232·5 
229·7 
224·8 
233·2 
226-7 
226·7 
229·3 
230·2 
228·3 
227·7 
229·0 

tn?n. 

759·2 
759·7 
759·9 
76o·3 
76o·4 
760·4 
760·6 
76o·5 
76o·4 
759·9 
758·8 
758-4 
758·3 
758·8 
758-8 
759· I 
758·2 

mvz. 
499·3 
499·6 
497·4 
496·5 
497"9 
500·2 
495·8 
498·7 
502·8 
493·8 
498·3 
497-9 
494·6 
494·1 
495·8 
496-9 
495·5 

Reduction of Pendulum Obser'Qations, Seattle, Wash. 

[Periods reduced to temperature 15° C., pressure 500 mm. a.t 0° C., arc inftni~ly sma.11, siiforeal time.] 

Period uncorrected. 
Corrections (in seventh decimal 

Pendu- - Swing 
place). 

Period 
lum. No. Sidereal Tern- Pres- corrected. 

Mean time. Arc. Rate. time. perature. sure. 

s. s. s. 
Ai 1 ·4993737 ·5007410 -50 -122 +1 -90 ·5<X>7149 

2 3771 7443 -44 -116 0 - 90 7193 
3 3774 7446 --so -112 +2 - 90 7196 
4 3791 7464 -54 --102 +3 .. 99 7212 
5 3785 7458 -52 - 95 +2 - 99 7214 
6 3777 7449 -53 - 91 0 - 99 72o6 
7 3757 7430 -49 - 81 +3 -102 7201 
8 3752 7425 -51 - 75 +1 -102 7198 
9 3776 7448 -51 - 82 -- 2 -102 7211 

10 38oo 7473 -45 - 99 +s -109 7225 
II 3821 7494 -46 -112 +1 -IOC) 7228 
12 3828 7500 -47 -117 +2 -IOC) 7229 
37 3844 75 17 -51 -131 +4 -128 7211 
38 3864 7537 -49 -133 +4 -128 7231 
39 3878 7550 -54 - 133 +3 -128 7238 
40 3876 7548 -52 -127 +z -128 - 724-3 
45 38o5 7477 -so -112 +3 -136 7182 

·5007210 



 

Pen
du
lum .. 

Posi _J Swing ! 
tion. No. 
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TABLE B-Continued. 

Pendulum Obseri·ations, Sca.ttle, 1Vash. 

[Support, stone piel'. Chronometer, .2490 mean thm.•.J 

Date. 

Ten Semi-arc. Tern- I , ! Pres- j ~era- t' .'.'llano- f)arom- ! J }• t !Sure at 
t { 1nekr. e er. j 00 C. 

Ob- coinci-
server. <lence I 

J 

intervals.f Initial. i Final. 

-------r---- --~ ! r---
Seconds. I mm. 

1 
nun. 

ure.
1 
_____ , ___ ~; __ _ 

°C. I vim. j .,,nm l 
I 7·99 i 225·8 757·7 j' 

I 7"99 ! 230·5 757·0 
18·14 J 232·8 757·5 
17·86 I 227·4 756-8 l 
17·68 ! 224·0 756'6 
17·5 I i 225·5 756'5 

D 
D 
D 
R 
R 
R 
D 
D 
D 
R 
R 
R 
D 
R 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

23 
24 
4l 
42 

1891. 
June 23 

23 
23 
24 
24 
24 
24 
24 
24 
24 
24 
24 
26 
26 

M. 3 441·0 J 4·60 3·10 
M. 3 443·0 4·55 3·10 
M. 3446·5 4·40 3·ro 
Mo. 3 442·8 4·60 3·25 
Mo. 3 444·0 4·70 3·35 
Mo. 3 440·3 4·65 3·20 
Mo. 3 431·2 4"75 3·25 
Mo. 3 433·5 470 3·25 
Mo. 3 434·2 4·75 3·25 
M. 3 412·0 4·60 
M. 3 422·8 4·6o 
M. 3 421·0 4·45 
Mo. 3 433·5 4·65 
Mo. 3 432·8 4·75 

3-15 
3·20 
3·15 
3·25 
3·30 

I 7·15 I 224·5 756·5 
If"OS J 224·5 I 756-4 
I TOI! 224·2 j 756·3 
I 7·20 226-5 I 755·4 
17·41: 225·5 ! 755·2 
17·65 ·1

1 
227·8 755·2 

:~::t I ;;~:; I m:~ 
Reduction of Pendulttm Observations, Sea,tfle, JV ash. 

Vl?N. 

49i·6 
493"1 
490·5 
495·5 
498·6 

497·6 !' 

499'1 
499·3 
499·6 
496·1 
496·5 
493·9 
499·3 
502·1 

(Periods reduced to temperature 150 C., pressure 500 mm. at o° C., arc infinitely small, Ridereal time.] 
"---

I I 
l Period uncorrected. 

Corrections (in seventh decirnal 

Pendu- Swjng 
place). 

Period 
lum. No. Sidereal Tern- I Pres- I 

corrected. 
Mean time. time. Arc. Rate. perat.ure. , sure. 

I -

l 
I 

s. s. s. 
A9 13 ·4992745 ·5006415 -52 -123 +z -121 ·5006121 

14 2749 6419 -51 --123 +s -121 0129 
15 2757 6426 -49 -r29 +7 -I2I 6r34 
16 2749 6419 -54 -118 +3 -142 6108 
17 2752 6421 -57 -110 +1 -142 6113 
18 2744 6414 -54 -103 +z -142 6117 
19 2725 6394 -56 - 89 +1 -149 6101 
20 2729 6399 -55 - 84 +1 -149 6112 
21 2731 6401 -56 - 83 0 -149 6113 
22 2684 6353 -53 - 91 +3 -139 6o73 
23 2707 6376 -53 - 99 +3 -139 6oS8 
24 2703 6372 -51 -109 +s -139 6078 
41 2729 6399 -55 - 88 +• -136 6121 
42 2728 6397 -57 - 87 -2 -136 6115 

·5oo6109 
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I 
I Pen~ 
i du-
I 1u1n. 
I 
j 

Posi 
ti on. 

D 
D 
D 
R 
R 
R 
D 
D 
D 
R 
R 
R 
D 
R 

s,\7 ing 
No. 

U. S. COAS'.I' AND GEODETIC SURVEY. 

TABLE B-Continued. 

I'cnd-ulunt Ob8ervations, Seattle, nr a,sh. 

[Support, stone pier. Chronometer, 2490 1uean time.1 

I I ! I i ' '1' I s . I : ! en j em1<1rc. Tern- I 
; Ob- ! co1nc1- :Mano-
: ' 1 - pera-
' server. dence i I 1 t meter. 
) i intervals.! Initial.! FinaL j ure. 

Date. B I Pres-
aron1~1 t sure a 
eter. 00 C. 

1 l i I i 
, ____ 1_8_<j_1_. - --------! Seconds, 1

1

1 
fnm. i

1

' m11t. 1 __ 
0

_C ___ i_n_u_u_. _, __ 
1

_n_m-.-i\-n_t_m-.-i 

25 June 24 M. I 3 032·8 . 4·60 ]"40 I 17·78 \ 230·0 756·3 ! 492·7 
26 24 l\L 1

1 

3 040·2 ! 4·851 s40 ! 17·ss l 230·3 756-8 1 492·8 
27 24 M· 3 043·0 ! 4·70 3.40 i IT95 I 225·0 757"0 I 497·8 
28 25 Mo. I 3 044·2 j 4·75 i 3·55 : 17·75 I 225·2 757°3 I 500·2 
29 25 l\fo. 1 3 043·5 1 4·75 I 3·40 '\ •r66 I 22ro 757"4 r 496-7 
30 25 Mo. 3 042·5 ! 4·75 , 3·50 1r58 i 223·7 757·6 I 500·2 
31 25 I Mo. 303ro 4·75 I 3·40 1r21 \ 22s5 758·2 j 5ol·6 
32 25 I Mo. 3 03r5 \ 4·55 j 3"35 I 17·20

1

. 224·2 758·3 501·1 
33 25 j Mo. 3 036·8 4·50 3·30 17·23 222·4 758·3 / 502·6 
34 25 M. 3 023"8 4·60 i 3"40 I 17·45 i 230·5 758,1 494·5 
35 251 M. 3 02)"0 4·65 i 3"45 I 17'71 I 225·0 757·6 4987 
36 25 M. 3 035·2 4·65 I 3·50 ! 17·88 223"8 757·3 499·3 
43 26 ! ~Io. 1 3 018·8 4·70 I 3·35 It 17-25 I 229·8 758·9 490·3 
44 26 Mo. I 3 027·8 4·65 3·40 

1 
17·41 224·7 758·6 500·5 

~------~·-~------~-----------------------~! 

Red-uctfon of Pen<lulum Observa.Uons, Seattle, Wash. 

(Periotls red need to temperat.nre 15° C., pressure 500 mm. at 00 C., arc infinitely small, sidereal time.] 

j 
Period uncorrected. 

Corrections (in seventh decimal 
+ 

1 
Pen<lu- Swing 

place). 
Period 

lum. No. 
:L\{ean time. I Sidereal Tem- Pres-

I 

corrected. 
Arc. Rate. 

! time. perature. sure. 

s. i s. s. 
Aa 25 ·4991770 ! ·5005437 -56 -115 +s -161 ·5005no 

26 1790 5458 -bo -117 +5 -161 5125 
27 1798 5465 ~58 -122 +2 -161 5126 
28 1801 5468 -61 -113 0 -169 5125 
29 1799 5466 -58 -110 +2 -169 5131 
30 1797 5464 -60 --106 0 -169 5129 
31 1782 5449 -58 - 91 -I -166 5133 
32 1783 5450 -55 - 91 -l -166 5137 
33 1781 5448 -53 - 92 -2 -166 5135 
34 1746 5413 -56 -IOI +4 -112 5148 
35 1768 5435 -58 -112 +1 -112 5154 
36 1777 5444 -58 -119 +1 -112 5156 
43 1732 5399 -57 - 93 +3 -136 5u6 
44 1757 5424 -57 -99 0 -136 5132 

·5005133 
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TABLE B-Contin1te<l. 

Pendulum Obseri•ations, jlf oun.t Jlamilton, Cal. (Licl: Olnwrvatory). 

f p Ten Semi-arc. 1~~-·-·-·-·-----···---i-p __ _ 

I en-' Posi S · l Ob- coinci- 1 em· : :\la110· ! Baront-1 res-
1 du- 1 

• -i wNmg Date. .

1 

I J pera- ' ' I sure al 1 
, ] ~hon. 'o. server. 1 deuce t I n1eter. et er. j c ~ · i um. 1 I intervals. Initial.1 Final. 1 ure. 0 c. l-- ----1----1------ I I i 
I r89r. l---,-S.-ec_o_1_1.,--Is-.-i--1-11_n_•_. 1-~~=-1-0 -C-.-l~n.-1 -vnn. rnv1. 

j A 1 R I Jul): 3 i M. 2 470·8 4·70 3·t)o J 20·30 I 13·0 ! 657·2 50.+·9 

l ) D~~ ~ ~ II ~i: ~ !~~:~ ::~~ rz~ : ~~:~~II, ~~;:~ : ;:~;:t ! !~~:~ 
I 4 

4
3 I Mo. 2 471·0 4·75 3·60 ! 20·98 123"2 t)~7"4 1 4 9 4 -3 

R 15 M. 2 402·0 4 ·70 3·50 i 21 ·62 l 119·5 658·1 497·4 

D 5 3 M. 2 771·3 4·65 3·40 I 21·23 ! 120·8 657·1 495·8 
D 6 3 .M. 2 760·0 4·65 3"45 I 21·43 I I 19·S 656-q 496-2 
R 7 3 M. 2 771·2 4·60 3·40 i 21·131 126·8 (>56·8 
R 8 3 M. 2 767·2 4·55 3"45 I 21·00 124·5 656-8 
D 14 4 M. 2 739·0 4·55 3·35 i 21·82 i 120·3 657·9 

D 
D 

9 
IO 

R I I 

R 12 

R 13 

M. 
::\f. 
M. 
M. 
M. 

~ 10~·0 
J -~ 
3 093·0 
3 098·5 
3 079·2 
3 079·5 

I I 
4·65 3·30 120·02 l t 25·5 
4·50 ! 3"30 20·40 i 121 ·S 
4·70 3"30 j 21·05: 125·2 
4·65 3"35 21·58 j I I 2·2 

4·65 3"35 i' 21 ·78 l 120·2 I 

658·2 j' 

658·5 
658·6 
658·3 
t>58·2 

490·2 

492·6 
496·1 

494·7 
498·6 
493·5 
504·3 
496·5 
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TABLE B-Continued. 

Reduction of Pendulurn Obser,vations, Jlfount .Hamilton, Gal. 
(Lick Observatory). 

[Periods reduced to temperature 15° C., pressure 500mm. at o° C., arc infinitely small, sidereal time.] 

I 

I I 
Corrections (in seventh decimal p1ace.) 

Pendu- Swing Period Period 
hun. 

f 

No. uncorrected. Tempera- corrected. 

l Arc. tu re. Pressure. Rate. 

-------

I 
-, 

$. s. 
A1 I ·5010139 -61 -218 -4 + 43 ·5009899 

2 0130 -61 -229 +3 + 43 9886 
3 0109 -61 -237 +7 + 59 9877 
4 0138 -61 -246 +4 +102 9937 

15 0175 -59 -273 +2 + 65 9910 

·5009902 

A~ 5 ·5009037 -57 -257 +3 +102 ·5008828 
6 9074 --58 -265 +3 + 87 8841 
7 9038 -56 -253 +7 +100 8836 
8 9051 -56 -247 +6 + 72 8826 

14 9144 -55 -281 +3 + 36 8847 

·5008836 

A3 I 9 ·5008070 -55 -207 +4 + 80 ·5007892 
IO 8096 -53 -222 +1 + 78 7900 
II 8081 -56 -249 +5 + 77 7858 
12 8i:32 -56 -271 -3 + 73 7875 
13 8IJI -56 -279 +3 + 87 7886 

·5007882 
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TABLE B-Continned. 

Pen&ulum Observations, San Fran-cisco, Gal. 

[Support aa designa.too. Chronometer 3!79, sidereal.] 

1 
l I Ten l Sen11-arc. \ ! 

i:ien· Posi- Swing I Date. Ob- coinci- , ' Tem- Mano- : Barom 

l i ! ! 

551 

Pres
sure at 
o°C. l U· tion. No. I 1server. dence r i ~era- meter. I eter. 

-

um. 't·. intervah.1Initial.I Final.: ure. ' 

---1---------1 -----~ -~-- ___ , _________ , 
m 

1

1 ~ °C. ( 
Ai* D I 

D 2 

R 3 
R 4 
R 8 
R IO 

D II 

D I3 
R 30 

D 
D 
R 
R 
D 

DI R 

5 
6 
7 
9 

12 

14 
29 

1891. 
July 8 

81 
8 
8 
9 
9 

IO 
IO 

14 

8 

:1 
9 

IO 

IO 
14 

Mo. 
Mo. 
Mo. 
Mo. 
Mo. 
Mo. 
Mo. 
Mo. 
Mo. 

Mo. 
Mo. 
Mo. 
Mo. 
Mo. 
Mo. 
Mo. 

Seconds. 
2 7o6·8 
27oro 
2 693·0 
2 674·5 
2 648·0 
2 628·3 
2 665·0 
2 648·0 
2 660·5 

2 624·8 
2 618·5 
2 644·0 
2 6o7·7 
2 638·5 
2 607·8 
2 663·8 

*On pier. 

m. dllfl. . 

::~~ j r~! ;::~; 
1

\ 

4·6o 3·50 16·04 
4·60 3·45 I 7· I I l 
4·45 3·45 2o·p 
4·70 3·55 15·84 ( 
4·60 3·40 17·43 ! 

mnl. 
230-0 
230·0 
234·7 
226·7 
222·7 
22l"O 

220·8 
224·7 
221·5 4·80 I 3·70 16·56 

4·70 3"50 18·81 222·2 

4·70 3"45 19·47 218·3 
4·65 3"45 16·62 227"7 
4·70 3·40 19·03 220·3 

4·65 3·45 16·321222·7 
4·70 3"55 18·43 224·7 
4·85 3·6o 15·69 231·7 

t Ou wootl€'n stand. 

nun. 
754·5 
754·7 
754·8 
755·1 
756·3 
756·2 
755·4 
755·2 
753·5 

755·5 
755·1 
755·8 
756-4 
755·3 
755·1 
753·9 

nun. 

1

498·2 
497·9 
492·2 
497·8 
500·8 
496·4 
504·0 
497·2 
500·3 

497'4 
499·5 
496-3 
499·6 
50I·3 
495·4 
492·5 
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TABLE B-Continned. 

Reduction of Pendulum Observations, San Frameisco, Oal. 

[Periods reduced to temperature 15° C., pressure 500 nrm. at oo C., arc infinitely small, sidereal time.l 

I Corrections (in seventh decimal place). 
Pendu- S·wing Period Period 

Ium. No. uncorrected. I Te;nper- / Pressure. I 
corrected. 

Arc. Rate. 
I a ure. I 

I s. s. 
A1 I ·500~1253 -59 -L 54 +1 -112 ·5009137 

j 
' 2 . 9273 -58 + 40 +2 -Ill 9146 

I 3 9301 -58 + 12 +6 -124 9137 
4 9365 -58 - 43 +2 -135 9131 
8 9459 -57 - 87 -I -143 9171 

10 953° -55 -219 +3 - ·135 9124 
II 9398 -60 - 35 -3 -124 9176 
13 9459 -56 -100 +2 -135 9170 
30 9414 -64 - 64 0 -123 9163 

------
. ·5009151 

A1 5 ·5009542 -59 -157 +2 -114 ·5009214 
6 9565 -58 -184 0 -132 9191 
7 9473 -58 - 67 +3 -129 9222 
9 9605 -58 -166 0 -128 9253 

12 9493 -58 - 54 -I -140 9240 
14 96o5 -60 -141 +3 -152 9255 
29 9403 -63 - 28 +6 -104 9214 

·5009227 

Pendulurn ObJJer t'ations, San Francisco, Oal. 

[Support as designated. Chronometer 3479, sidereal.] 

Pen-Ip . 
Ten Semi-arc. 

Tem-IM ! Pres-d . OSI- Swing 
Date. Ob- coinci- ano- Barom- sure at u- . pera-

1 tlon. No. server. dence tu meter. eter. 00 C. um. intervals. Initial. Final. re. 

--·--
1891. Seconds. nun. mm. oc. mtn. mm. nzm. 

A2* D 17 July II Mo. 3 043·0 4·6o 3·40 I4·6o 230·0· 754·4 496-5 
D 18 II Mo. 3 003·8 4·6o 3·45 16·58 226-3 753"8 495·9 
R 20 II Mo. 2 970·5 4·50 3·45 19·87 221·7 752·6 493·2 
R 27 14 Mo. 3 043"5 4·8o 3"50 14·72 224·3 754·4 501·7 

A11t D 15 JO Mo. 2 948·2 4·70 3·35 18·96 228·7 754·7 490·2 
D 16 II Mo. 3 039·5 4·70 3·40 13·97 228·3 754·2 499·1 
R 19 JI Mo. 2 968·0 4·55 3·35 18·36 226-7 753·2 491·9 
R 28 I4 Mt.. 3 016·0 4·75 3·45 14·95 225·0 754·4 500-6 

Aa* D 21 13 Mo. 3 476-0 4·50 3·2 5 15·64 229·7 753·5 494·1 
D 24 13 Mo. 3 392·0 4·70 3·35 18·15 221·7 753·0 496·7 
R 26 14 Mo. 3 448·2 4·8o 3·25 I4"79 224·0 'i54"4 500·1 

I Aat D 22 13 Mo. 3 438·8 4·50 3·15 16·20 224·7 753·6 4~·0 
D 23 13 Mo. 3 395·8 4'75 3·35 17·rI 222·5 753·4 498·1 
D 25 13 Mo. 3 335"0 4·80 3·40 19·27 221·8 752·7 494·4 

,. On pier. t Ou wooden stand. 
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TABLE B-Continned. 

ReducUon of Pendulum Observations, Sa.n F1·ancfaco, CaJ,. 

(Periods reduced to temperature 15<> C., pressure 500 nun. at o° C., arc infinitely ,;mall, sidereal time.] 

l I Corrections (in seventh decimal place). 
Pendu- Swing Period Period 

lum. No. uncorrected. 

I 
corrected. I 

Arc. Temper- Pressure. Rate. 

! ature. 

s. I I s. ! A;.i 17 ·5008229 -56 

I 
+ 16 +3 --158 ·5008034 

18 8337 -57 - 65 +3 -165 8053 
I 
' 

20 8430 -56 -201 +s -151 8027 
27 8228 -60 + 12 -1 -129 8o50 

·5008041 

A~ 15 ·5008494 -57 -163 -t-7 -165 ·5008116 
16 8238 -58 + 42 +1 ---134 8089 
19 8437 -55 -138 +6 -149 8101 
28 8303 -59 + 2 0 -134 8112 I 

! 
I I 

·5008104 

A3 21 ·5007202 - 53 - 26 +4 - 81 ·5007046 
24 7381 -57 -130 +2 I -118 7078 
26 7261 -57 + 9 0 -125 7088 

·5007071 

A3 22 ·5007281 -51 ·- 49 +z - 66 ·5007117 
23 7373 -58 - 87 +i - 99 7130 
25 75o8 -59 -176 +4 -120 7157 

·5007135 

TABLE B-Continued. 

Pendulum Observations, St. Paul L<;la.nd, Ala.ska. 

[Support, large block of wood. Chronometer 2490, meau tiwe.J 
a 

Ten I . 
Pres- I Pen- Semi, 3.1·c. 

Tem-Posi- Swing Ob- coinci- Mano- Barom-du- ti on- No. Date. dence in-, pera- meter. etex:. sut'e at j 
lum. server. tu re. 

tervals. ) Initial. Final. o°C. 

-- ·-

1891. Seconds. v11n. 1nm. 0 c. nun. m1n. ?n..,,i. 
A, D .I Aug. 6 M. 2 782·5 4·50 3"30 12·10 237·0 758·2 '498·1 

D 2 6 M. 2 78o·o 4·40 3·30 11·90 241·9 758·1 493·6 

~ D 3 6 M. 2 457·2 4·70 3·30 10·81 234·7 756-9 501·5 
D 4 6 M. 2 455·o 4·60 3·40 10·47 233·6 756-9 503·2 

As D 5 7 M. 2 242·5 4·85 3·95 ro·72 226·3 756-0 508·8 
D 6 '7 M. 2 244·0 4·85 y30 12·15 229·0 756-3 503·8 
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TABLE B-Continued. 

Reduction of Pendulum Observations, St. Paul Island, Alaska. 

[Periods reduced to temperature 150 C., pressure 500 mm. a.t 0° C., arc infinitely small, sidereal time.] 

I Period uncorrected. 
Corrections (in seventh decimal 

Pen du-
I 

Swing 
place). 

Period 
lum. No. Sidereal Tern- Pres- corrected. 

1'\.fean time. Arc. Rate. time. perature. sure. 

s. s. s. 
A1 I ·4991031 ·5004696 -53 +119 +1 +ss ·5004821 

2 1023 4688 -52 +128 +s +ss 4827 . 
·5004824 

A~ 3 ·4989846 ·5003508 -56 +173 -I +ss ·5003682 
4 9837 3499 -56 +187 -2 +ss 3686 

·5003684 

A:i 5 ·4988876 I ·5002535 -68 +176 -7 +ss ·5002694 
6 8884 2543 -58 +117 -3 +5s 2657 I 

·5002676 ! 
I 

Pendulum Observations, Washington, D. 0. (Smithsonian Institution) 

[Support, brick pier. Chronometer, Negus 1589, sidereal.] 

Pen- PosiJ Swing 
Ten Semi-arc. Tern- B Pres- I 

du- Date. Ob- coinci- Mano- arom-
tion. No. dence pera- meter. t sure at 

lum. server. ture. e er. ooc. 
intervals. Initial. Final. 

1891. Seconds. mm. mm. oc. mm. mm. mm. 
A1 D I Oct. 21 F. 2 76r8 4·90 3·65 2I"IO 231·8 765·3 493·3 

D 2 21 F. 2 769·5 4·95 3·70 21·20 228·8 765·5 496·3 
R 3 21 M. 2 771 ·o 4·70 3·6.:::> 21·50 228·3 764·0 494·8 
R 4 21 M. 2 767·0 4·65 3·6o 21·67 225·4 763·8 497·1 
R 5 21 M. 2 767·2 4·8o 3·55 21·72 225·0 763·7 497·3 

A~ D 6 22 F. 3 154·5 4·8o 3·50 21·00 223·5 759·8 496·3 
D 7 22 F. 3 156-0 4.90 3·40 21·10 221·6 759·5 497·6 
D 8 22 F. 3147"2 4·85 3·6o 21·30 220·2 759·1 498·2 
R 9 - .22 M. 3 144·5 4·80 J"25 21·67 221·6 76o·6 497·6 
R JO 22 M. 3 141·0 4·75 3·40 21·70 221·2 76o·6 497·9 
R II 22 M. 3 142·8 4·85 3·45 21·70 221·2 760·7 498·0 

A.a D 12 23 F. 3 fu>4·o 4·85 3·35 20·70 226·7 764·1 497·7 
D 13 23 F. 3 6o7·0 4·go 3·40 20·77 225·1 763·8 498·9 
D 14 23 F. 3 6o4·0 4·8o 3·5o 20·83 223·4 763·2 499·8 
R 15 23 M. 3 594·8 4·75 3·35 21·10 224·2 762·2 497·7 
R 16 23 M. 3 594·5 . . 3·40 21·25 223·1 762·5 498·8 
R 17 23 M. 3 591·5 ~ 4·6o 3·20 21·40 222·1 762·7 499·6 
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TABLE B-Continu~d. 

Reduction of Pendulum Observations, Washington, D. 0. 
(Smithsonian Institution). 

555 

[Periods reduced to temperature 150 C., pressure 500mm. at ooc., ere infinitely small. sidereal time.1 

Pendu- Swing Period 
Corrections (in seventh decimal place.) 

Period 
lum. No. uncorrected. Tempei:-

I corrected. 
Arc. a tu re. Pressure. Rate. 

s. s. 
A1 I ·5009049 -64 -251 +5 +34 ·5008773 

2 9042 -66 -255 +3 +34 8758 
3 9038 -61 -268 +4 +40 8753 
4 9051 -60 -275 +2 +39 8757 
5 905 1 -61 -277 +2 +39 8754 

·5oo8759 

All 6 ·5007938 -60 -247 +3 +33 ·5007667 
7 7934 -6o -251 +2 -t--32 7657 
8 7956 -63 -26o +1 +32 7666 
9 7963 -57 -275 +2 +36 7669 

10 7972 -58 -276 +2 -t--39 7679 
eJ I 7967 -6o -276 +2 +40 7673 

·5007668 

Aa 12 ·5oo6946 -59 -235 +2 +s2 •5oo67o6 
13 6941 -6o -238 +1 +56 6700 
14 6946 -60 -240 0 +ss 6701 
15 6964 -58 -251 +2 +41 6698 
16 6964 -58 -258 +1 +35 6684 
17 6971 -53 -264 0 +35 6689 

·50D6696 
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TABLE B-Continued. 

Pend·u7um Obser-i:ations, Hoboken, N. J. 

[Support, brick pier. Chronometer, Negus 1824, sidereal.1 

I
! Pen· 1' . IS . I . I Ten I Semi-arc. Tern- l II Pres-

l o i-, wing Date. / Oh-
1 

coinci- !---.,.----- 1Y1ano- ! Baron1-, sure at 
It u- tion. J No. I . server.' dence in-: j 1;~;=~ meter. j eter. 00 C. 

__ u_n_

1

_· ~~/-------/ J te<voh. IInitial.' Final. i---i----

1891. , Seconds. I vzm. nun. ° C. mm. ! ni?n. 
D 
D 
D 
R 
R 
R 

D 
D 
D 
R 
R 
R 

D 
D 
D 
R 
R 
R 

l 
2 

3 
4 
5 
6 

7 
8 
9 

Io 
II 

12 

13 
14 
15 
16 
17 
18 

Nov. 13 I M. 29 53·0 J 4·65 3·35 18·o6 238·3 ! 771·6 
13 I M. 29 45·0 I 4-65 I 3·35 18·30 238·1 I 772·1 
13 i s. 29 41·2 4-60 3"40 18·49 238·0 J· 772·6 
13 M. 29 38·2 4·60 3"35 18·69 236-8 772·9 

14 

14 
14 
14 
14 
14 
14 

M. 29 38·8 I 4·70 3"30 18-76 236-6 772·9 
M. 29 39·5 4·80 3"40 18·74 236-6 772·9 

s. 
s. 
s. 
s. 
s. 
s. 

M. 
M. 
M. 
s. 
s. 
s. 

33 90·0 
33 89·5 
33 89·2 
33 84·2 
33 89·5 
33 85·2 

39 27·2 
39 20·5 
39 19·0 
39 15·2 
39 17·0 
39 20·5 

4·55 
4·55 
4·55 
4·70 
4·70 
4·65 

3·20 
3·15 
3·10 
3·15 
3·o5 
3·10 

2·95 
3·10 
2·95 
3·00 
3·o5 
3·00 

18·56 
18·49 
18·46 
18·46 
18°46 
18·49 

18·49 
18·49 
18-49 
18·49 
18·49 
18·46 

236·7 
236·7 
236·6 
236·2 
236-1 
235·1 

237·2 
236·9 
239·8 
237·5 
235·5 
240·0 

774·0 
774·4 
774·7 
775·1 
775·1 
774·6 

773·0 
773·4 
774·0 
774·4 
774·7 
775·3 

mm. 
498·8 
499·1 
499·2 
500·2 
500·3 
500·4 

501·7 
502·1 
502·5 
503·2 
5o3·3 
503·8 

5oo·3 
501·0 
498·9 
501·4 
503·5 
499·9 
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TABLE B-Continued~ 

Rednction of Pendulum Obsert•ations, Hoboken, N. J. 

[Periods reduced to ten1peratnre 15° C., pressure 500 n1m. at 0" C., arc infinitely small, sidereal time.] 

l I I Corrections (in seventh decimal place). I Pendu- Swing Period Period 
lum. No. uncorrected. 

I 
Temper- I i corrected. 

Arc. ature. I Pressure. ! Rate. 

' 
s. s. 

A1 l ·5008480 -56 -126 +• +79 ·5008378 
2 8503 --56 -136 +1 +75 8387 
3 8515 -56 -144 +1 +n 8393 

I 4 8523 -56 -152 0 +77 8392 
5 8521 --56 -155 0 -i- 79 8389 
6 8519 -59 -154 ! 0 +80 8386 

\ 
! 1 

f I 
·5008388 

A2 7 ·5007386 -53 -147 -l +85 ·5007270 
8 7386 --55 -144 I -2 -+ 88 7273 I 
9 7387 --52 -143 -2 +89 7279 ! 10 7398 -54 -143 -2 +92 7291 
II 7386 -51 l -143 -2 +94 7284 l 12 7396 -53 -144 --3 +96 7292 

·5007282 I 

I A3 13 ·5006374 ---49 -144 0 +98 ·5006279 
14 6385 -51 ! -144 -I +92 6281 
15 6387 -49 -144 +1 +s5 6280 
16 6393 -52 -144 -I +so 6276 
17 6391 -52 -144 -3 +76 6268 
18 6385 -51 -143 0 +76 6267 I 

- I ·5006275 ! 
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TABLE C. 

Summary of mean pm-iods of pendulums Ai, A2, and A 3 , with correction 
for flexure at stations wliere wooden stand was used, and final cor
rected periods. 

[Reduced to temperature 15° G., pr€!ssure 500 mm. at oo C., infiniteailnal arc, sidereal t:Une.] 

I Correc-

Periods, uncorrected for tion for 

flexure. flexure of Final corrected periods. 

Station. ! 
wooden 
stand 

(seventh 

A1 A<J A3 I decimal Ai A" A3 
'· 

place). 
·----

s. s. s. s. s. s. 
I. Washington: 

March. -5008779 ·5007667 ·5oo6702 1·5008779 ·5007667 rsoo6702 i 
October. 8759 7668 6696 8759 7668 6696 

-- -- -- -- -- --
Mean. 8769 7668 6699 

2. San Francisco : 
April. 9176 8037 7103 9176 8o37 7103 
July (pier). 9151 Bo.t.1 7071 I 9151 8041 7071 
July (wooden 

8104 stand). 9227 7:;:35. -68 9159 8o36 7o67 
-- -- --! -- -- --

Mean. 9162 8o38 70801 

3. Port Simpson. 5459 4258 3286 -68 5391 4190 3218 
4· Juneau. 4686 3542 2635 -68 4618 3474 25671 
5. Pyramid Harbor. 4537 3342 2386 -68 4469 3274 2318 
6. Yakutat Bay. 4471 3338 2358 -68 4403 3270 2290 
7. Sitka. 4769 3588 26~6 476g 3588 2686 
8. '\Vrangell. 5034 3901 3oo6 -68 4966 3833 2938 

9· Burroughs Bay: 
Rock. 5291 4091 3186 5291 4091 3186 
Wooden stand. 5243 4082 376o -68 5175 4014 3192 

-- -- -- ---- -- -- --
Mean. 52 33 4052 3189 

IO. Seattle. 7210 6109 5133 7210 6109 5133 
11. Mount Hamilton. 9902 8836 7882 9902 8836 7882 
12. St. Paul Island. 4824 3684 2676 4824 3684 2676 
13. Hoboken. 8388 7282 6275 8388 7282 6275 
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TABLED. 

Value.~ of g at stations of 1891, derived from comparisons of mean periods 
of separate pendulums with pedods at lFashi'.ngton, D. 0. 

[Basecl on Ya.lue of y at Washing-ton assurned t-0 he 980·1000 dynes.] 

San Francisco, Cal. Yakutat Ba)', Alaska. Seattle, Wash. 

_,\l 979·9461 Ai 981·8107 A, 980·7105 
A2 ·9552 A2 ·8239 A!l ·7105 
A3 ·9507 A:i ·8289 Aa ·7137 

---- ----
979-9507 981·8212 980-7116 

F()rt Simpson, A/riska. Sitka, Alaska. Mount Hamilton, Cal. 

A1 981·4234 A1 981·6675 A1 979-6564 
A;i ·4627 A<;. ·69X7 A11 ·6430 
A3 ·4645 As ·6730 Aa ·6375 

---- ---- ----
981·4502 981·6797 979·6456 

Juneau, Alaska. Wrangell, Alaska. St. Paul Island, Alaska. 

A1 981·7267 A1 981·5902 A1 981·6458 
A'l "7439 A2 ·6029 Ai ·661 I 
A.a ·7200 A3 ·5743 Aa ·6770 

---- -----
98r7302 981·5891 981·6613 

Pyramid I:Iarbor, Alaska. Burroughs Bay, Alaska. Hoboken, N. J. 

A1 9817850 Ai 981·4852 A1 980·2493 
A'l ·8225 A'l ·5169 A11 ·2511 
Aa ·818o Aa ·4753 A3 ·2661 

----
9Sr-8085 981·4925 98o·2555 
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TABLE E. 

Results of observations mad,c with half-second pendulums at stations 
in the United States and Br-itish Columbia, from March to Novmnber, 
1891. 

(Based on value of g at Washington, D. C. (Smithsonian Institution), usRurnetl to be 980·1000 dynes.] 

' 
Longitude Elevation l redu~ed to Station. Latitude (west of above g 

(north). Green- mean sea at station. j sea level. 
wich). level. 

I 
0 / 0 , Feet. Dynes. I Dynes. 

Washington, D. c. (Smithso- 38 53 77 02 34 [980·1000] 980·1020 
nian Institution). 

San Francisco, Cal. 37 47 122 26 375 979·9507 979-9727 
Seattle, \Vash. 47 36 122 20 243 980·7 I 16 980·7258 
Mount Hamilton, Cal. (Lick 37 20 121 39 4 205 979·6456 979·8920 

Observatory}. 
Hoboken, N. J. 40 44 74 02 35 980·2555 980·2576 

Port Simpson, B. C. 54 34 130 26 19 981·4502 981·4513 
Juneau, Alaska. 58 18 134 24 16 981·7302 981·7311 
Pyiamid Harbor, Alaska. 59 10 135 26 15 981·8085 981·8094 
Yakutat Bay, Alaska. 59 32 139 48 13 981·8212 981·8220 
Sitka, Alaska. 57 03 135 20 28 981·6797 981·6813 
Wrangell Alaska. 56 28 132 23 23 981·5891 , 981·5904 
Burroughs Bay, Alaska. 55 59 131 16 0 981·4925 981·4925 
St. Paul Island Alaska. 57 07 170 19 40 981·6613 981·6636 

. . dg h [ 3 o] . [The reduct10n of g to sea level is made by use of formula -g: = 2; 1 --4 ~ , where his 

height of station above mean sea level, t' is radius of earth, o is surface density~ L:i.. is mean 

density of earth, and~ is assumed to be one-half.] 
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TABLE F. 

Reduction oif ·values oif g to sea. lerel IH'f the forrnula i!_f! _ ') h[1 - 3 -~] 
· · g-""'r 4.d 

assuming ~ = ~ and comparison ·zcith g a.<J derived from Helmcrt's for-

mula l = Om.993549 - •002631 COS .2 <p [Or g = 980·593·1 - 2•5967 C08 2 cp]. 

[h = hcigl1t of station above sea; r=radius of earth; ~=density of t.a'Jle land; .!.=density of earth 
(mean); l =length of secotlds peudnlum; 4> = Iatitwle of station.] 

- qJ h Correc-
IJ e].;,;.,J ff - e « l Station. Latitude Eleva- g ti on g at sea 

level. 0 ~.., 

(north). ti on. for h. formula. 
-- - ----~~ 

0 I' Feet. Dvnes. ! 
\Vashington. 38 53 34 980·1000 +·0020 980·1020 980 0432 , +:05ss j 
San Francisco. 37 47 375 979·9507 +·0220 979.9727 979·9462 + ·0265 
Port Simpson. 54 34 19 981·4502 +·0011 981 ·4513 981·4445 -+-·0068 
Juneau. 58 18 16 981·7302 +·0009 981·731 I 981·7561 -·0250 
Pyramid Harbor. 59 IO 15 1981·8085 +·0009 981·8094 981·8258 ~·0164 
Yakutat Bay. 59 32 13 t 981·8212 +·0008 981·8220 981·8549 -·0329 
Sitka. 57 03 28 ! 981·6797 +·001"6 981·6813 981·6537 +·0276 
Wrangell. 56 28 23 j 981·5891 +·0013 981.5904 981.6o52 -·01481 
Burroughs Bay. 55 59 0 \ 981·4925 0 981·4925 981·5647 -·0722 
Seattle. 47 36 243 I 980-7116 +"0142 980·7258 980·8287 -·1029 
Mount Hamilton. 37 20 I 4205 . 979·6456 +·2464 979·8920 979·9067 -·0147 l 
St. Paul Island. 57 07 \ 40 981·66131 +·0023 981·6636 981·6592 +·0044 
Hoboken. 40 44 l 35 980·2555 +·0021 98o·2576 98o·2081 +·04951 

•+excess; - defect of gravity. 

H. Ex. 43, pt. 2-36 



 

TABLE G. . 
Effect of position of pendulum.-J[ean period.~ for pendulums in cachposition for stations of 18:J 1 1chere more than one swing 

was mtuh: in each position. 

Station. 

First dass. 
Washington (March). 
San Francisco (April). 
Seattle. 
Mount Hamilton. 
San Francisco (July). 
San Francisco (wooden stand). 
Washington (October). 
Hoboken. 

Means. 

Juneau. 
Pyramid Harbor. 
Sitka. 
Wrangell, 

Means. 

Second d,m, 

i 

I 
I 

I 
I 

i 
I 

! 
' ' 

-·-r• •-------• 

A1 A~ 

-----~--

I I 
D 

I 
R D I R, 

--~-

A3 

I 

Differences. I 
i ! :--------·---:------! 
: A, Ai i 1\1 I 

I I 

-----·---- ) __ j 

Il I R i D-R I D-R I D-R 
-- ,-----,---- i __ ,..__,_____,_,,~·--~ 1--

1 : I 

·5008787 ·5oosno ·5007672 ·5001663 ·5006697 I ·sao6706 i +11 1

1 

+ 9 
9173 9179 8029 8050 7095 I 7112 i - 6 -- 21 

---- 9 
-17 ' 

7198 7224 6n9 6099 5126 5139 i -261 +zo 
9907 9898 883) 8831 7896 787 3 I + 9 + 8 
9157 9f45 8044 8038 7062 7088 + 12 + 6 
9225 9230 s102 srn6 I - s - 4 

-13 
+23 
-26 

8766 8755 7663 7674 6702 6690 i +n -11 +12 I 
I 8386 8389 7274 7289 6280 I 6270 I - 3 -15 +10 I 
!------------------1----·--1--,--: 
~~1 8824 7718 l== 77191 6694 I 6697 i + I I - I \ _ ___='.--~ 

4685 I 4686 3532 355 r 2632 26381 - I ~ 19 - 6 
4546 4522 3340 3343 2378 2400 4-24 - 3 -22 
4772 ·4i66 3602 3579 2702 2668 + 6 +23 f 34 
5034 5035 3912 3893 JOOO JOl2 - I -t19 -12 

. I 

--4759 .-_-4752 --3596 --3591 ,--2678 --2680 1-~l ~-+5[-_-; 

Q'l 
O':i 
Nl 

r-1 
~ 

IJJ 

:'.") 

0 
> 
Tl 
~ 

> z 
Cj 

:.i 
~ 
0 
~ 
t!J 
'"1 .... 
·'.'.":I 

00 
~ 
~ 

~ 
~ 
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Transfer of base :dation f1·om the 8mitluwnian In.<?t-ilution to the Office of 
the Co((st and Georletic 8un.:ey. 

The room in tbe Smithsonian Institution which, through the kind
nefis of the Secretary, has been, from the beginning of t~1e pend11lu1n 
operations of tlie Survey, the "bai-.e station" of all of its gravity work, 
is for several reasoHs not well Rnited for this inupose. The pri1t<'ipal 
difficulty was the sensible vibratory movement of the piers, due to tLe 
passage of carriages or wagonH over the roadway which pas~es very 
near the corner of the pendulum ro01n. Experilnent having shown 
that good stability combined with evenness of temperature could be 
obtained in one of the lowest basement rooms of the Office of tlie Sur
vey, it was determiued to make tllis the base station for the future. 
The room was fitted up especially for the work, with a doub1e~walled 

chamber within the outer walls of the room, in which two large piers 
were built. Openings through the walls were provided, so that if nec
essary four pendulums could be swung at one time, the observers with 
chronometers, flash apparatus, etc., being outside of the pendulum 
chamber. 

The distance between the two stations being almost exactly a mile, 
one being nearly due west of the other, and the difference of elevation 
being only a few feet, it might have been assumed with safety t11at the 
force of gravity would be sensibly the same, and the vibration periods 
of the pendulums at the Smithsonian might have been accepted as cor
rect for the Office of the Survey. It was considered best, however, to 
make an actual comparison of gravity at the two points, and to do this 
hy the method of telegraphic comparison described in this volume. 
'The arrangement of the talegTaphic connection was essentially that 
8l1own on page 529. The pendulums compared were B 1, which is one of 
the Ret, used in Honolulu by Mr. Preston, and which carrieR a knife
edge, and A., which is one of the latest form, bearing a plane h1RtC'ad 
of a knife-edge, the latter being attached to the support. The ohHerv
ers were 1\lr. Putnam, Subassistant, and l\fr. von der Trenck, acting 
aid. The full report of this interesting work, with details, will be 
printed in the Report for 18U2, but it is desirable to anticipate that by 
a presentation of the results at this time. 

Sets of vibrations were made under three different ro11ditions: First, 
with both pendulums at tbe Office; second, with A, at the Office a.nd 
B1 at t.be Smithsonian Institution; third, with A 4 at t11e SmithRonian 
Institution and B 1 at the Office. By combining thefl.e three sets in 
three ways the excess of the period at the Office was found to be as 
follows: 

Combining I and II, 
Combining I arnl III, 
Combinin~ II and III, 

Moan excess, 

Second#. 
·00000066 
·00000042 
·000000:3.J. 

•{)()()()()()54 
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From this, the excess of gravity at the Smithsonian Institution ove1. 
that at the Office is found to be O·oo:n dyne., The elevation of the 
pendulum at the Office is nearly five metres gr<>ater than that at the 
Smithsonian Institution. 

In the execution of this compari:;:.on thirty-one separate simultaneous 
swings of the t'vo pendnlnms were made, each swiug lasting a little 
inore than an hour. ~rlw agreement among tlw results was most grati
fying;. The n10st discordant result differed from the inean by less than 
one part in one million, and for the excess of period at the Otlice of the 
Survey the most discordant value differs fr01n the mean by only one 
part in two and a half 1nillions. This pro1nises a degree of accuracy 
in differential gravity work excce<liug anything hitherto attained. 
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APPENDIX NO. 16-1891. 

REPORT OF THE TOPOGRAPHICAL CONFERENCE, CONYEN"ED AT WASH
INGTON BY DIHECTION OF THE SUPERINTESDE:NT IN JANUARY, 18!1!!. 

Tl1e members of the Topographical Conference, convened under in
structions. of the Superintendent of the Coast and Geodetic Survey, 
present the following report of their proceedings and submit a series 
of appended papers embodying the facts and reasons which have 
gov<.'r11ed the1n in forn1ing opinions and coming to conclusions on the 
S,!lbjects referred to tliem .. 

The Conference inet at the Office of the Survey in "\Vashington, on 
January 18, 18U2, and held daily sessions after that date up to 1\-Iarch 
7, during which time the subjects assigned to committee iuveRtigatiou 
and lliscussed in Conference have received consideration and have been 
acted upon with careful deliberation. 

Before taking up special questions, however, it seems i1nportant to 
consider the subject of surveys in the abstract, and not to lose sight of 
the fact that the business of nuliking ancl extending them o\~er large 
areas of territory iR not one in the g-eneral nutrket of profe~sional com
petition, and is work seldom undertaken except nuder National or 
State auspices. Even in the most general way it is an operation of . 
much magnitude to go over the gron nd of a. large territory. The 
question of opportunity becomes, therefore, an - importau t factor in 
determining- what shall be the scope and character of a survey. This 
is apart from the question of "Special Purpose," discus8ed inure fully 
elsewhere iu this report. 

The :term " cheap survey," unless specially defined, is a misleading 
one to the gene~l public. There are, of course, in topogra1>hical 
surveys and their resuiting inaps, .as in other works, degrees of value. 
The enterprises of the day call for reliable inforiuatiou on all practical 
subjects; and top~gr<.l.{)hical "'urveys and maps that do not meet these 
public reqnire1nents fail in a res!)ect which is becoiniug 1nore and more 
important in the ecouomy of modern improvements. A small perceut
age of increased expenditure of time and means, whUe on the ground, 
would secure such results as the true elevation of impot'tant lakes and 
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ponds in their relation to the adjacent country, and the descending 
grades of streams possibly available for manufacturing power and 
other incidental ptirposes of utilit,y. But where only a picture of 
nature is attempted:. and that but crudely, and where the scale of its 
representation is so small that nothing very definite can be shown, the 
undertaking of such a project becomes one of questionable eco11omy 
aud expediency, unless it be of some unexplored or comparatively 
valueless regiou, or for the purpose of merely geographical maps. 

'l'he Conference desires to express emphatic disapproval of any 
system of field work which permits illustrations beyond the supervision 
of the topographer, and by which imperfect and inaccurate represen
tations of features professed to be indicated are incorporated with its 
results as deter1ninations. No such work should be regarded or 
accepted by the profession as a legitimate topographical survey; nor 
by those who recognize the importance of what, in the more highly de
veloped countries of Europe, is considered an absolute necessity, viz, 
the surveying and mapping, with trustworthy accuracy, the public 
domain. 

The members of the Conference were Assistants Henry L. Whiting, 
R. J\L Bache, Augustus F. Rodgers, W. H. Depnis, Cleveland Rock
well, John "\V. Donn, C. T. Iardella, Herbert G. Ogden, D. B. Wain
wright, W. C. Hodgkins, and J~ A. Flemer. 

Through answers to a circuJar letter of invitation from the Con
ference to contribute views on topographical matters, the foUowing 
named assistants of the Survey became to that extent its coadjutors: 
~iessrs. George Davidson, H. L. Marindin, J. J. Gilbert, F. W. Per
kins, E. F. Dickins, W. I. Vinal, and Fremont Morse. To these, as 
having also i:;ent answers to the same circular letter, may be added 
Messrs. Charles .Junken, A. Lindenkohl, and F. C. Donn, draughts
men in the Office of the Survey. For these letters see Supplement A. 

The following abstract of the proceedings of the Conference records 
them, as far as possible, in the order in which they occurred. 

The Topographical Conference having been called to order on 
January 18, 1892, with the Superintendent of the Survey, Dr. T. C. Men
denhall, in the chair, he suggested some of the topics which he~wished 
discussed by the Conference. 

The Superiutenclent, upon the close of his address, designated Mr. 
IIenry L. Whiting as chairman of the Conference, and Mr. J. A. 
J<'len1er as secretary. The Conference itself~ later in the proceedings, 
appointed Mr. Augustus F. Rodgers, chairman of the committee of the 
whole. • 

The duties of the Topographical Conference gradually found their 
preliminary place in the work of the following committees, the 
reSJlective resolutions as to whose guidance, coupled with the i·esults 
reached and presented in each case to the Conference, will be subse
q uently dealt with. 
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COM.MJT'l.'EES O:F THE '.l'OPOGRAPHICA.L CONl"ERENCE. 

(1) Classification of topography of the United States-l\:lessrs. Og
den, Bache, and Donn. 

(2) Merits and defects of topographical instruments-Messrs. Rodg
ers, J)onn, and Ogden. 

(3) Cla.ssificatiou of topogra.pbical fiel<l-work-Cmumittee of tbe 
'Vhole. 

(4·) .Methods of United States and :Foreign Government surveys
Mess1·s. Dennis, Donn, "\Vainwright, Hodgkins, ·aud Flemer. 

(5) Uniformity in conventional signs-Messrs. Dennis, Bache, Rock
well, Donn, and Flemer. 

(6) Section 4, Superintendent's suggestions-Committee of the 
Whole. 

(7) On rules to govern the topographical surveys iu the different 
typical sections considered-Messrs. Rockwell, Wainwright, arnl 
Hodgkins. 

(8) Definition of topographical reconnaissance-Messrs. Ogden, 
Bache, and Donn. 

The above list does not represent the order of resolutions by which 
committees were appointed, some resolution~ not necessitating tbe 
fbrmation of committees and other resolutions producing only tran
sient ones. 

Mention of certain committees is properly omitted from the list 
because their work was merely preparatory. Such are: The original 
No. 7 resolution and committee on rules and order of business-°l\'Iessr~. 
Rodgers, Wainwright, and Hodgkins; the original No. lG resolution 
and committee on list of topographers-Messrs. Iardella. and Wain
wright, and the original No. 19 resolution and eonunittee on Jlrinting 
and typewriting-Messrs. Bache, ""\Vainwright, and Hodgkins. These 
committees may evidently~ for th~ reason assigned, be left out of 
consideration on a list of those including more permanent duty iu 
connection with the Topographical Conference. 

There is, however, a notQ.ble exception to this rule of excluding 
mention of committee work which has been merely preparatory, and 
that is to be found in the original No. 3 resolution and committee "On 
the Superintendent's suggestions," Messrs. Donn, Dennis, and Flem.er. 

This committee formulated, more precisely than they had at first 
been set down, the statements of the Superintendent in his opening 
address before the Topographical Conference. Upon that precision de
pended the worth of the results obtainable by the Conference through 
discussion. It thus becomes necessary to 1nention here not only the 
work of that committee, but to add the following ~nmmary of the 
statements of tlte Su.periutendeut, as presented ·by the committee to 
the Conference. 
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SUGGESTIONS BY TIIE SUPERINTENDENT OF TOPICS FOR DISCUSSION. 

(1) Review the present state of the science a.nd art of topography, in
cluding the investigation of work done in our own country-

( a) By the Government. 
(b) By private iudividuals. 

Also the more recent ad vauces iu methods or improvements in 
instruments iu other countries. 

(2) Classification or gradation of topogni,phical surveys and the desig
nation of such• cht8ses to grades, so that the character of any 
piece of work may be expressed with reasonable accuracy by a 
single word~ letter, or denomination. This will include a dis
crimination between a survey and a reconnaissance. 

(3) The establishment of uuif(Jrmity in the use of conventional signs 
and the use of contours for the representation of characteristic 
features. 

(4) Methods by which work may be rendered more rapid and Jess ex
pensive, without material loss of accuracy, and methods for 
cheap topography, seeuriug the highest accuracy attainable 
with the least expenditure of titne and of a given sum of money. 

On J anua.ry 19, at the second session of the Conference, Mr. Bache 
read, by its request, at the instance of Mr. Ogden, a paper regarded 
by the Oonference as relevant to the last quoted suggestion of the 
Superintendent. This paper was entitled "The Topography of tlrn 
Coast and Geodetic Survey, with relation to its Birth, Development, 
and further possible Differentiation, with a Contribution thereto of a 
Description of a Practicable Method of Balloon Surveying." This 
paper is given in full as Supplement B. 

We u1ay now, to advantage, proceed to the consideration, in regular 
order, of the subjects contained in the preceding list of committ~es; 
for although the order of reports and discharges of com1nittees does 
not necessarily conform to that order, the fact is of no moment to the 
clear presentation and comprehension of the various questions involved. 
Similarly, the interpolation by the Superintendent of other 1natter for 
consideration, during the course of the work of the previously men
tioned committees, does not int:ertere with nor obscure the statement of 
their results. 

ABSTRACTS OF THE REPORTS OF THE COMMITTEES. 

Oommitt,ee No.1.-Classification oftopography of the United States.
Messrs. Ogden, Bache, and Donn. 

Resolution presented by Mr. Ogden, under which the committee 
acted: 

That the Chairman app'oint a. committee of three to report to the Conference a 
classification of the United Sta.tee, to be Wied as units in describing topographical 
work. 
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Abstracts of the reports of tlte committees. 

The committee having, first of all, divi<lf'd the whole area of tbe 
United States into t"\YO section!';-the coast and the interior-then 
selected in each of these, eight typical sections Ruscepiiule, in a gene.l'al 
way, of independent topogra.11hkal treatn1ent, (~ousiderjng the reHpee
tive types and the character and amount of cultural de-tai1; these two 
elements together pr~Jerly indic.ating approximate scale for sur·veys 
and their approximate cost per square inile for particular regions, aud 
reported the following classification: -

Coa8t.-St. Croix River to Delaware Ba_v (New England System); Delaware Ba.y 
to Winyah Hay (Bay System); '\Viuyah Ba.y to St . .Johns RiYer (Bay S.n:item); :Mis
sissippi Delta. (Delta S)TStem); Texas (Texas System); Sonthern California (Pacific 
Coast System); Northern California (Pacific Coast System); Oregon and "~ashing
ton (Pacific Coast System). 

Inferior.-Rolling lands, like New England, etc. (Primar~· S~~stem); Flat lands, 
like Southern New Jersey. Delaware, etc. (Coastal Plain System); Prairie lands, like 
Ohio, Indiana, and Illinois (Prairie System); Great Plains of the 'Ye."-t (<~rNi.t Plain 
System); Plateau Regions of Kentucky and Tennessee (Plateau System); Appala
chian Monntains (Appalachian System); Rocky l\Ionntain~ (Rocky:Mouutain System); 
Sierra Nevada Mountains (Southern half, Rocky :!\Ionntain System; northern half, 
including the Cascade Range, Apalachian System). 

The rCJlort from which the above is ta.ken will be found in Supple
ment C. 

_Upon this Committee, No. 1, was also impos~d the duty of report.iug 
upon instrumental methods and cost of surveys per square mile re
ferred to hereinafter under Committee No. 3. 

Committee No. 2.-Merits a.tid defects of topographical instrumeuts
:1\fessrs. Rodgers, Donn, and Og·den. 

Resoluti• m presented by 1\Ir. Rodgers, 'Rnder which tl1e Committee 
acted: 

That the chairman appoint, a. committt>e. to examine a.nd rf'port upon merits 
and defects of instruments in nso, and to suggest improYements, if any are deemed 
necessary', to make topographical instruments-1nore portable and effective. 

The appointment of this committee led at once to a thorough exami
nation of the topographical instruments of the Coast a.nd Geodetic 
Survey by the n1embers of the comn1ittee, and to an informal visit by 
them, for the purpose of examining such instruments, to the Office of 
the Geological Survey. 

The report of the comtnittee indicated the aclvhmbility of essaying, 
in the interests of portability, the introduction of the so-called aluminum 
bron~e in the manufacture of topographical instruments. 

Various possible improvements were suggested by the committee 
with reference to the movement of the plane table and to the alidade. 
It expressed the desirability of placing the vertical arc of the alidade 
in a different quadrant of the circle from that which it occupies at 
present, with the graduation on the edge of the arc, so that in the ordi
nary position of the observer, aligned with the telescope tube, at its 
eyepiece, he ca.n, without moving_, read the graduation on the arc. 
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The co_mmittf"e al.so recommended that, in addition to the usual l1ori
zon tal lines in the alidade telescope for telemeJer ineasurements, two 
intermediate half lines be introduced on each side of the middle Jine 
for the purpose of enabling the observer to double the distance of de
termination. It makes mention of the boat telemeter, of l\fr. Bache's 
invention, used for submerged shores of sedge gra.As, etc.; also of the 
a1u_~roid barometer, of latest coustrnetiou, for n1ouutain work; of the 
distance measure oi Oertel & Son; of the odo1neter, for ~mall SC'nle 
work, if a reliable form cau be found; of the tachygraphometer, if 
found available, U(>On careful experiment; of the l\feissuer level, and of 
an auto1natic gravity level, if a satisfactory .form can be devised. 

The committee recommended that the Superintendent be requested 
to appoint a committee of officers of field experience to determine upon 
the best kind of paper for field work, and the best adhesive Rubstance, 
woven fabric, and methods in connection with backing plame-table 
sheets. 

The investigations of the committee were directed to the employ
ment of an alloy of aluminum solely with the view of securing light 
ness and portability. 

A supplemental report of the committee, however, states that 
aluminum would not be suitable for the rules of alidades. The fuJI 
report of the committee is given in Supplement D. 

Committee No. 3.-Classification of topographical field work-com
mittee of the whole. 

Resolution, presented by l\Ir. Ogden, under which the committee 
acted: 

That a report to the Conference upon a detailed cJa.ssification of topographical 
field work, to be based upon the previom~ly ascertained relations (hy the commit
tee appointed for the purpose) of the rela,tive difficnlticR of different regions of the 
United Stat.ea, be prepared by the commiUee of thf' whoJe. 

This question was afterwards considered by two committee:-1, Messrs. 
Rockwell, Wainwright, and Hodgkins forming one, and Messrs. Ogden 
Bache, and -Donn the other. 

The first of these committees is known as that "on rules to govern 
topographical surveys in the different typical sections considered." 

The second was Committee (as per preceding list) No. 1, which con
sidered the subject of· '' Instrumental Methods and relative Cost Qf 
surveys per square mile," under the resolution of Mr. Bache, as :follows: 

That a committee be appointed t,o report on instrumental methods by means of 
w-hicb ean be produced, with the necessary trigonometrical basis, topography of 
the great;eet accuracy compatible with a. very limited expense of time and money, 
and to e11timate, with reference to "different types of country, assuming a f!lcaJe for 
each of these types, the relative c08t per square mile (of specific type and scale) of 
the aforesaid triangulation and topography. 

Under the auspices of the committee of the whole, sjtting on the 
question of classification of topographical field work, also appears a 
statement of " Scales of Topographical Surveys of Europe and 
America." 



 

REPORT FOR lRUl--PART II. 575 

Abstracts of the re1wrts of the committees. 

A paper pres~nted by l\fr. R.odgers was entitled "Facts and rosRi
bilities in Topographical ~ .. ork~" 

(For Mr. R.ockwell's report from the first committee, as finally 
adopted by the Conference, see Supplement E.) 

(For J\fr. Donn's report, acting as secretary for the second co1nmit-
tee, see Supplement F.) 

(I<..,or the paper by Mr. Rodgers see Supplement G.) 
(For the statement on "Scales of SnrYey:-:." see Snppleme11t II.) 
Committee rr~o. 4.-J\Iethods of United States and Foreign Government 

Surveys-~fessrs. Dennis, Donn, Wainwright, Hodgkins, aud l 1""'h"mer. 
Resolution, presented by ~Ir. Dennis, under which the committee 

acted: 

That a committee of five (5) be appointed by the chairman to report on ilw nwthods 
of making topographical surveys lly the scyeral dPpartments of the l'11ited States 
and :Foreign Governments, and to recomnit•rHl such changes or improved n1t>thoclR, if 
any, as they may deem of advantage to the work, as now executed by the U. S. 
Coast and Geodetic Survey. 

The report of the committee under the above resolution is necessarily 
quite voluminous. It consists, first of all, of a paper in the nature of a 
preamble, by the chairman, Mr. Dennis. In this he conclude.s by 
quoting an interesting passage from a contribution on cartography 
sent to the board by J\Ir. A. Lindenkol1l, on the subject of uRing ihe 
same unit of measure for heights and distances; i:;;econdly, of a paper 
by 1\lr. Donn, "On critical surveys for special purposes in the United 
States;" thirdly, of three papers by Mr. "''"ainwright, "On topo
graphical surveys in the United States," "On the methods of the 
Coast and Geodetic Survey,'' and'~ On topographical survey~ in Ttaly ;" 
fourthly, of two papers by 1\-Ir. Hodgkins, "On surveys in Eng-land a.11d 
France," and "Extracts from the report on ~Juropean topog-raphical 
maps, by General Derr4cagaix, 1889, on Belgium, Denmark, Holland~ 
Portugal, Roumania, Russia, Spain, Sweden, and Norway;" fifthly, of 
a. paper by Mr. Flemer, "On surveys in Ger1nany, Austria, alld 
Switzerland." The investigations by thi:-; con1mittee do not develop 
any methods of work that could be advantageously substit,uted for 
those now used in the operations of the Survey. 

Two subjects, not having any direct connection with the labors of 
this committee, arising from the resolution under which it waH filr1Tu:•d, 
were placed in the hands of the committee by the Conference-1 •hot-0-
grammetry and the method of balloon surveying, suggested by 1\Ir. 
Bache. 

The first of these subjects is presented in an appended paper by Mr. 
Flemer, entitled'' A short historical review of the art of photogram
_metry." 

A sub<mlilmittee of this committee No. 4, consisting of Messrs. Donn, 
Wainwright, and Hodgkins, vfas appointed by the· chairman to test 

- the value of this method by experiments in-the field. It having proved 
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impracticable to co1nplete these experiments during the session of the 
Conference, a resolution was passed requestiug the Superintendent to 
authorize their completion after its close. 

The second su~ject is considered in a special report on l\Ir. Bache's 
plan for balloon surveying. 

(For all these reports, see Supplement I.) 
OouirnUtee .!t'o. 5.-Unif(Hmity in conventional signs-1\Iessrs. Dennis, 

Bache, Rockwell, I>oun, a11d l,~Jemer. 
Hesolution, presented by l\Ir. H.odgers, under which the co1nmittee 

acted. 
That section 3 of the Superinten<lent's suggestions, viz: ''Establishment of uni

formity in the use of conventional signs," be referre(l to :.i. con1mittee of five (5) 
members, to he appointed hy the d1ainnan. 

The convent,ional signs referred to relate nwre particularly to the 
original than to the published charts of the Survey. As indicated 
above, by the suggestions of the Superintendent and by the terms of 
this resolution, tbe inteution was to secure uniformity in the practice 
of the Survey. But it 1nust not be inferred from this circumstance 
that tihe graphical methods 9f the Survey have ever been lax. The 
contrary is the fact, hoth as to the oftiee ancl the field. But whereas 
it is easy to secure for the office, where persons are working in close 
quarters, perfect uniformity in this niatter, the case becomes very 
different where persons are scattered over so vast an area aR tl1at of 
the United States. So, while great uniformity has always obtained, 
even in the latter case on the Survey, the preKent e11dea.vor is to be 
more accurately stated as in the interest of sL~uring for the field still 
greater uniformity than heretofore in the use of conventional signs on 
original charts. 

From the nature of the subject Jllaced before this committee no 
formal report in writing was necessary. 

The procedure adopted by the connnittee waR to take as a basis the 
whole range of conventional signs heretofore used on the Survey, 
cancelling some of them, adding some, and modifying others. The 
list, as 1nodified in c01nrnittee, and then finally perfected by the action 
of the Conference, became the new one, exhibited in Supplement J. 
(Illustrations 27, 28, 29, and 30.) 

Committee No. 6.-Section 4, Superintendent's suggestions-commit
tee of the whole. 

I~esolntion, presented by Mr. Donn, under which the com1nittee of 
the whole acted: · 

That the consideration of section 4, yiz: " Methods ·by which work may he ren
dered more rapid and less expensive," be referred to the committee of the whole. 

The conclusions on this subject, first of all discussed in a general 
way by the Conference, are e1nbodied in the reports of the coinmitt.ee 
on the "CJassifi.cation of the Topography of the Unified States," of 
which Mr. Ogden was chairman; on t~ committee on "Rules to gc;>v
ern Topographica.l Surveys in the different typical seoti.Qns oonsid-
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.Abstract8 of the reports of the cornmittces. 

ered,'' of which ~Ir. Rockwell was chairman; of the committee on ''In
strumental methods and relative cost of t=.urveys per :.;qnare mile/' of 
which ~Ir. Ogtlen was chairina.n; and of the com.rnitt.ee which furuh;hed 
a table of the estimated relative cost of surveys per square 1nile in 
t.ypical sections on specified scales, of which 1\ir. R.o<lgers was chairman. 

The work of the first three of these eommittees, already mentioned 
in connection with them, and the work of the last one, whose report 
will be found in Supplement C, cover the general :;;:cope of the matter 
submitted to the Conference under section 4 of the'' Suggestions of the 
Superintendent." 

In other words, these four reports mentioned cover in a general 
way the require.ments submitted by the Superintendent as to "Devis· 
ing methods by which work may be rendered 1nore rapid and less ex
pensive without material loss of accuracy, a.nd rnethods for cheap to
pogra.pby, securing the highest accuracy a.t.taiuahTe with the ]east 
expenditure of time and a given sum of money." 

Committ~e No. 7.-0n rules to govern topographical snrveys in the 
different typical sections considered-Messrs. Rockwell, Wainwright, 
and Hodgkins. 

This is the committee mentioned in the second paragraph of thii::. re
port relating to committee 3 of the list, where its work was spoken of 
in connection with that of another committe.e, because the work of the 
two together covered the resolution requiring "Classification of topo
graphical field work, to be based upon previously ascertained relations 
of the difficulties of different regions of the United States." (See, as 
before, Supplement E.) 

Oonimittee No. 8.-Definition of topographical reconnaissance
Messrs. Ogden, Bache, and Donn. 

This committee, having considered the question above indicated, 
fi.na1ly presented the following definition, which proved acceptable to 
the board: 

Topographical reconna.i1i1sa.nce ia a determination of the topogra,phical features of 
a region or locality that, if plotted, would represent on a map only a partial devel
opment of the salient features of the region. 

Upon the appointment of the committee on instruments, MeRsr8. 
lwdgers, ponn, and Ogden, these gentlemen, with other members of 
the boa.rd, under a previous informal invitation to tl1at effect, visite1l 
the Office of the Geological Survey, with the o~ject of examining a.ny 
instruments that might prove novel and of utility in a.ny work of r,he 
(Joast and Geodetic Survey. r.rhis visit, according to the report of the 
members of the committee on instruments, prove{l so interesting that 
another group of members of the Topographical Conference took 
advantage of a general infor1nal understanding t,o the effect that the 
officers of the Geological Survey won.Id be pleased at any time to have 
membeJ:S of the Oonfel'«;l:!C~ ·¥a.Y them a visit and e:x . .amine into su.ch 
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detai1s as lnight interest the1n at the Office of the Geological S1uTf"y, 
and, under the guidanee of .lVIessrs. Gannett and 'Yilson of that Survey, 
obtained valuable insight into itl-l topogritphienl methods and in
struments. 

A.t that time the members of the Topogn1phical Conference had re
ciprocated the courtesy shon-n them by the officers of the Geological 
Suryey, and had exteuded to then1, in tarn, an informal inYitation to 
visit the Office of the Coast and Geodetic Survey, and. it was decided 
to antieipate the informal return of the visit of the n1einbers of the 
Conference by a .formal iuvitation to their previous entcrtai11ers to visit 
the Conference in session at the Office of the Coast a1Hl Geodetie 
Survey. 

To that effect the following resolution, drawu up by l\fr. Bache, was 
passed by the Confereu(·e: 

Re8olred, That ihe Topographical Conference, conYened at tlte Office of the Coast 
and Geodetic Sur"\·ey, by direction of' t,he Snperinteutlcnt, and having nn<ler consid
uration the general subject of Topograph;\~ iu t,he Unit,ed Ktate8 and foreign coun
tries with reference to methmls emplo;vetl .111 the execntio11 of that hranch oi' 
sun·eying, their rnerits aud their expense, wonld he pleased to invit,e the Director 
of the Geological Survey to delegate ~u<>h nicmlfors of his corps as lie may vdsh to 
select to meet the said C'onforeucc at the Office of the Coast and Geodetic Surn•y, 
for the purpose of bringi11g about a UAeful iuterchauge of experience and views on 
this subject of interetit common to both Surveys. 

This resolution, passed February 11, was sent by the chairman of 
the Conference, with a, traI:tsmitting letter, to the Superintendent of the 
Coast and Geodetic Survey, requesting him to forward it to the Direetor 
of the Geological Survey. 

Ou February ia tlie Superintendent addressed the Conference, ex-
1>res"'iug his gratification at t:he action involved in the passage of the 
resolution above quoted~ and his belief t!Jat the intercha11ge of views 
there alluded to would be benefici:tl for the co-01'dinate surveying 
branches of the G0ver1nnent service. 

On February lH, the Conference having beeu notified that, in 
response to the invitation conveyed in the resolution, officers of the 
Geologieal Survey wouhl present themselves at 2 p. m. of that day, 
prepared to receive the1n. 

The gentlemen delegated by the Director of the Geological Survey 
to visit the Conference were Mr. Gannett, Mr. '\<Vilson, l\fr. Thompson, 
and Mr. Baker. · 

The tnembers of the Conference, after receiving them, and after 
opening remarks by the chairinan, listened to statements n1ade iu sue· 
cession by their guests. After these statements on various points of 
professional interest had been made, conversation beca1ne general 
throughout the room regarding details suggested by the preceding 
statements. The tneeting eame pleasantly to au end with an expres
sion of grml>t mutual gratification. 

luunediate1y u1)on t.lie withdi-awal of the Yi~it-iug ln:Kly the Couferenc;e 
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Conference with o.f)iccrs ,~( thr' arnlo[!ical Surrey. 

came formally to order, and J\Ir. Hodgers offered the following motion, 
which passed~ 

That a resolution of thanks to the delegates of the U. S. Geological Survey he 
pa.ssed by the board, and that the same he transmitted to them, tllrough the Super
intendent, ·to-1norrnw. 

Under this motion J\Ir. Bache offered the following resolution, which 
passed: 

.Resolred, That the members of the Topographical Conference of the Coast and 
Geodetic ~urvey, now in session, ex.pres>1 through the ~upcrintendeut of the 8urYe~
to the Diredor of the Geological Su1:vey, auu to the oftiePr:3 of that BurPan. deh"gatt_•d 
by him to visit the Confereuee, tbeir gratitlcatiou at the dsit to-day of tlwse gm1tl.::-
men, and their fullest recognition of the \' alua hlf; resu.I t~ accruing from th is meeting 
for the purt">ose of an interchange of views ns eommunicating to mutual ad\'autage 
smne of the fruits of experience of the resped h-e Bitrvt':f&. 

Ou February 19 the chairman prPsented to the Couferencp a ktter 
received from i\lr. G-:i,nuet.t, ~ettiug forth the nwthod~ of topographica 1 
i;.;urveying employed on the Geolog-ieal Snrvcy in the nort.hea8tern 
division of the work. This letter was a rc8ponse to i11quiriP~ 1na.de at 
the meeting above referrrnl to, between the officers of the t:wo Bureaus. 
It was read and ordered to be copied in full in the n.1inutes of the 
Con fore nee. 

A paper was subsequently presented by l\Ir. Ogden, referring: to thi:-; 
Jett.er, and to the undesirability of applying the methods described to 
the seaboard work of the Coast and Geodetic Snrvey; and the opinion 
of the Conference on the availability of these inethods for the coa~t 
work was finally expressed in the f<>llowing re:solntion: 

Resolved, That, in the opiniou of the Topographical Confer,•nce the metho1ls of 
Topographical Sm.Teying described by l\ir. Henry Ganu{~tt, chief topographer of 
the U. S. Geological Snrvey, in his letter of FcbnHH;y 19 to the chairman of this 
Conference, would not proYe satisfactory and Peonomical in sun-eying the narrow 
belt of topography along the coast .. to which the work of the Coast and Geodetic 
Survey ha!'! been confiued. 

Mr. Gannett's letter and ~Ir. Ogden'R comment will be found iu Sup
!Jlement K. 

The minute~ of the proceedings of the 'l'opographil·al Oonfe.re11ee 
evidenced, as to its work, that 1nany resolution:-; were passed looking· 
to improvements of various kinds. Mention of a11 of them would 
obviously be out of place in a general report but will be found in the 
supplements. 

PRINCIPAL CONOLUSlONS 1''0RMULA'l'ED BY THE CONFERENCE. 

'I'he following· paragraphi;; state, iu succinct form, the priucipa,l con
clm:-i.ions reached by tlie (~onforf'1we: 

( 1) That balloon photography is uot a.pplka.bJe f01._." the pu1·pose.s of 
a rapitl and ecouo1nica.l topographical 8nrvey. 

(2) That the iu:eseut staru.lard tor to1logra11hical work along our 

"~~· shoul.;l be .maintained. 
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(3) Formulates rules for governing topographic work on specified 
scales for various typical regions, which would produce maps contain
ing the greatest amount, of information for the least expenditure of 
time and money. Also estimates the approximate cost per square mile 
for such surveys. 

(4) That over a sparsely inhabite<l region a less elaborate survey, 
costing much less per square mile, could be made, which, though 
lacking in much desirable information, would prove useful in the de
Yelopment of that region. 

(5) That the plane-table is unequaled in its usefulness in every 
order of work. and names certain other instruments which would be 
valuable as anxiliari es. 

(6) Recommends eertain improvements to the plane-table, and 
ad vises the appointment of a committee to superintend the same. 

(7) That the mean sea level is the most desirable datum plane for 
elevations in topographical surveys. 

(8) Can not recommend any methocl of ma.king topographical snrveyR 
oft.he coasts that would be an improvement on that now in use in our 
own service. 

(fi) That photography may be found at times a useful auxiliary, but 
nnder ordinary circumstances can not compete with the plane-table in 
rapidity, economy, or accuracy. 

(10) That the material of our plane-table sheets is susceptible of 
much improvement, and that the appointment of a committee t-0 experi
ment in this direction is recommended. 

(11) Presents a revised list of conventional signs for field use. 
(12) Defines a topographical reconnaissance as "a determination of 

·the topographic features of a region or locality that, if plotted, would 
represent on a map only a partial development of the salient features 
of the region." 

(13) Recommends the adoption of the metre as the unit for vertical 
as well as horizontal measures. 

(14) That the methods of the Geological Survey, aR described by 
(Jbief Topographer Gannett, would not prov:e satisfactory or economical 
tor our coast work. 

(15) Recommends that a manual be prepared of all instruments in 
use by the Coast and Geodetic Survey. 

(16) Recommends the preparation of a new table for heights, using 
the metre instead of the foot, as the unit for elevations. Also a new 
empirical formula to be devh~ed for computing elevations. 

(17) Recommends the continuance of the com1nittee on photographic 
surveying, that it may conclude its investigations. 

(18) That in the opinion of the Conference, topographical surveys, to 
subserve the greatest number of useful purposes, should not be n1ade 
on a scale smaller than 1-4-0000. 
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RESOLUTIONS OF IMPORTANCE PASSED BY THE CONFERENCE 
TOW ARD THE CLOSE OF ITS SESSIONS. 

Three resolutions, passed during the last part of the sitting of the 
Conference, relate to matters of sufficient general interest to warrant 
mentio11 of them. One of these was a recommendation to the ·super
intewlent to appoint a per1nanent committee of three topographers, two 
of whon1 should be members of this Conference and one a member of the 
Instrument Board of the Oftice. looking to improvements in topograph
ical instruments, and especially to perfecting the plane-table and field 
sheets. It was also recommended, through a second resolution, that, 
for tbe future, mean sea-level shouhl be taken as the datum plane for 
elevations in the work of the Coast and Geodetic Survey. The tbird 
of these resolutions recommends that, for the future work of the survey, 
the metre be taken as a unit for heights as well as for linear measure
ments. Following out this last action, the Conference adopted a r~so
lut.ion offered by Mr. Hodgkins, asking for the preparation of a new 
table of heights on the metric system, and a resolution offered by Mr. 
Rodgers, suggesting- the desirability of a new formula for the ready 
computation of heights without the use of tables. On the last day of 
the Conference Mr. Hodgkins submitted a brief and convenient formula 
for such purposes. (See Supplement L.) , 

Another important matter was contained in a resolution proposed 
by Mr. Hodgkins, at the suggestion of Mr. Donn, and adopted by the 
Conference, requesting the Superintendent to have prepared a handbook 
of all instruments used in the Survey, with plates and full descriptions 
of adjustments and methods of use. 

A description of the tachymeter and tachygraphorneter, translated 
by Mr. Hodgkins~ and a plate illm'ltrating the power of ditl:erent scales 
tor the delineation of topographical features, pre1Jared by Mr. Donn, 
matters of interest in connection with the subjects discussed by the 
Conference, will be found in Supplements M and N. 

\Vith these last memoranda of important points, of which the Topo
graphical Conference has taken cognizance, it closes its report in the 
belief that it has left little untouched in its discussions that is of much 
1noment, and in the hope that its labors in its field of duty will uot be 
uufavorably regarded by those who are by training best fitted to be 
judges of its work. -

Respectfully submitted. 

W ASHINGToN, March 8, 1892. 

HENRY J.;. WHITING, 

Oltainn.an. 
J. A. E'LEMER, 

Secretary. 



 

8L'"PPLE:)fE~T A. 

LETTERS FRO:M ASSISTAXTS AXD UTJ;IEHS, ADDRESSED TO THE 
CHAI P.::.\1AN OF THE COXFERE~CE. 

J,ETTER l'ltO:W ASSISTA~T mwmrn DAVIDSO.X. 

In responRe to your letter of .January 25 I have drawn up the follow
lowing memoranda in answer to your i-:uggestiow;: 

CLASSIFiCATION OF TOPOGRAPHICAL SURVEYS. 

Tbe necessity for this was quickly appreciated on the Pacific coast, 
whe1·e the neces.sity for promptly presenting results upon an unknown 
eoast of great extent wa.A urgent, and where the character of the orog
raphy was altogether di ff'erent from that of the Atlantic or Gulf of 
1\1exieo. In fact, I have visited the coa~t of no country where the 
pbysieal diffieuities to lw overcome are so great as along this seaboard . 
. My first seriou!'; experience in this matter was at Cape Flattery in 185~, 
'vhere 1\Ir. I.1awson executed the topography under my direction. AU 
the· condition~ W<'re novel. A wild, rugged, high, roeky coast exposed 
to the great aud ceaseless S'ivelJ of the North Pacific, titnhered front 
tl1e edge of the <~liffs to the erest line of the hills, impenetrable on ac
count of the dew.;e nndergrowth, cut up by deep and irregular gulches, 
•le:;;titute of (•ven Indian trails over any part, arnl jmpracticahle for the 
development ofa tertiary triangnJation wjth themeauH at my command. 
The mea11~ of traHsportation, two canoes. Grit, endurance, and ability 
in the topographer, and good support from his men. We had no 
proper cla8sification for the work, ·aud no sign to indicate its character. 

J reiwest:>nted t.he case to Superiute11dent Bache, bnt he wa~ averse 
to changing the metlwds of execution or of exhibiting topographical 
(](•tails. In I 8U8 Superintendent Pcirf~e acceded to my proposition to 
t·.xeeute certain parts of the mouutaiu topography in less detail than 
n~ual, and sueh work wa:s done by contouring in 40 and 100 foot curves 
of broader generalization, and exhibite(l on the original sheets in 
hrokpn lines or in a different colored ink. In the wild gulches and 
rugged heads in the i-;eaboard only generalizations are necessary, and 
on the cre~t line of thf· coast mountains, which gives the navigator his 
landfall, only sufficient accuracy is demanded to give decided expres
sion to the features. The same sheet should, however, exhibit with 
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Ldtcrs frmn a.'<Ni.<.:fanf.~ wod of hers, adrlrrs.<JNl fo tht: clrnirman nf tllr 
Co1~f(Tf'.JH'C. 

minute accuracy all the <letail8 of the shore for a certain distance 
inland, and the outlying rocks. 

Exmnples of this are given in the topography from 2\feudocino ~onth- • 
ward, and of the Santa Luda. Rm1ge south of l\Ionterey. 

In all this work I believe in general expression being given by con
tours, and that charactf'ristic features be represented by suggestive 
«OnYentional signs. 

In the topography of the immediate coaP.t line on the Pacific coast, 
accuracy has been the governing spirit of the work, and as the needs 
of navigation and of coast eounnerct:' have hwreased, n1ore detailed 
aceuracy has been demanded. J\'Iinute acl·nrac·y of the position and 
pt>culiarities of outlying rocks is essential to 8ec·ure safer navigation on 
this seaboard, where dense and long-continuing fogs prevail, apd where 
tl1e coast line may not be seen from less t11an a 1nile distant for con
secutive weeks. The nayigator iu command of a coast steamer runs 
hy time and courses-time to minutes aud conr.ses to degrees. "'.,.hen 
his time is up and he has not made hi~ laudmark, he heads directly 
tliroug·h tlw fog:-; toward the shore and pieks it up by the rocks. and 
tl1en contitnu~s aloug the :-:.ltore carefully nutil he reaches a. i•ock whose 
features he knows and wlw:-;e accuracy of positiou he has practically 
verified. I have witnpssed this method of navigation frequently. 

In the earlit-r day;"; the heights anll form8 of the rocks were uot noted 
and many of tlle snialler rock~ were omitted; hut the experience from. 
Point Tteyes to Punta Arena, where large numbers of chuteR, outreach
ing- big-h wharYes, flying trapezes, etc., have ueen coustructed outside 
the cliffs and rocky if.~lets, demouRtrates the value of the minute survey. 
All these small and dangerons anchorages are approached with sorr1e 
coufidence even in foggy 'veather when the Coast Survey chart locates 
all the notable visible a.s 'Well as sunkeu rocks. 

In1provements involving frmn $10,000 to $50,000 at a single one ot 
these landing· places are made upou the ba.~is of the, Coast Survey 
measQ.res. 

TOPOGRAPHICAL R.ECO:N"NAISSANCE OF THE COAST LINE. 

In 1868 I proposed to carry a t-0pographical re<'onnaissance from 
Cape Ji-..lattery soutl1ward for the purpoRes of the coast pilot. The 
necessity for this survey increased yearly, not only for coast-pilot use, 
but to locate and connect the months of rivers and bays and give a fair 
01itline of the immediate shore line. For a thne, coast comn1erce got 
ahead of the regular work. 

The results obtained by tbe topographical reconnaissance of 1887 
and 1888 were extrmne1y satisfactory in their results and in the small
ness of cost. But in each caRe they were JlUslted wit.11 such personal 
vigor and ability, such tenacity of purpose and endurance of privation, 
that · they·are exhibits of what can be done in au emergency rather 
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than what is to be doue as a regular business. Each p.':lrty was pretty 
well ''used up" after the performance of 1887 .. 

I affirm with great earnestuess and sincere pleasure that no other 
organized body in tue service of the Government or any corporation 
could have prodnct"d the topographers that could have executed tlu-: 
topograpl!fral reconnaissance of this coast in 1887 and 1888 in the same 
time, with tlrn san1e means, at the same cost, and with as great accura(-y 
as t1le Coast S11rW\Y a.ssi~tauts did. 

A similar topographical reconnaissance of the coast line is what will 
;-;nnice in .. AJaska for many year:-i., except in special localities; but it. will 
have to be executed in a. different manner and with differeut 1neans 
and at greater eost, for the r>hore line is general1y impassable. 

Charts published fro1n sncl1 surveys should have proper designation 
of the method emplo:red. 

SurvPyB like those of thP Sauta Barbara Islands have no parallel 011 

the Atla1itie coaRt. 1.1 1te survt>yl'i of the islands of "\Vashingtou Sound 
have very many ,liffienlties ou aecount of the fierce character of the 
curreut."', absfmcn of trails, the foggy weather, and still greater hin
drmwe of smoky weather. 1->atien<."e, ceaseless watching, avidity in 
1:H~izing- ever)' openiug·, and rapidity and accuracy of execution can 
alone accornp1is11 result8. Similar work under sin1ilar conditions can 
not lw executed with less cost than is done by the conscientious autl 
able officer:-; 011 that duty. 

DETAILED AND .MINUTE TOPOGRAPHY. 

fi"or s1weial 1oeations, like San Diego, San Francisco, Humboldt, 
Yaquiua, tLt> rn.outh of the Co1nmhia, etc., the detaiJR and accuracy of 
the su1Tey 8hon1d be of th(~ most rni11ute character, and exhaust the 
skill of t,Jrn topograplwr; arnl eertain parts sbou1'1 he resurveyed to 
t:"xhibit eliauge:-; of shore line eft'f':etecl by natural or artificial causes. 

J\'IETHODS Ji'OR 'f'HE RAPID EXECUTION OF ACCURA'J'E WORK AT A 

MINIMUM OP COS'!'. 

I have already referred to the rapidity of tbe topographical recon" 
naissance of Washingtou a.nd Oregon at a niinimum of ,cost and a 
maximum of exham;;tion of the topographers. 

}tor the general topography of tlie coast line much is necessarily left 
to the judgment of the topographer as to details. To locate every post 
of a telegraph line would be a wieked waste of means and time. 

1\-luch depends upon the facility tor executing the tertiary triangu
lation, the number of triangulation stations, awl the rapidity and 

, accuracy of the computer. · 
In some cases, as in the Columbia River bottom, a great deal depends 

upon the state of the river (there being two freshets annually), and on 
the state of the low water as to what shall be taken as the shore line 
of an island whose upper end is well out of water and the lower end 
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Letters frmn assfatants and others, addresserl to the clwfrman of tlte 
Cmtference. 

below the surface, with a very low grade of descent. l\'1 uch depends 
on the condition of the atu1osphere on tile uortheru coast and in the 
Puget Sound region, wllere great f1reH 1n·evail in the ~working :seasou, 
and where I have kuowu the shore line iuvii;;ihfo for weeks at a :-;hip':-> 
length. ..All field work inust stop, and it ca.u uot he do11e in wint(~r 
because of continuous adverse weather. Th is last projeet was tried 
by Superintendent Pa.tterHon and utterly failed. 

Under all the conditions that have prevailed on this coast, I have 
known the best n1en, corn;;umetl by auxiety, make a weak show of 
triangulation and topogra11by t~1r thP season ou :wcount of smoky 
weather or the prevalence of fogs and rains, or both. \Vhile at the 
south in the sa1ue seasou, all the eo11ditious of the weather would he 
favorable. 

When the character of the work iu any locality has been decided 
upou, the execution rnnst be trusted to the lnt:•duess n1anag·emeut, pro
fessional a.Lility, and conscientious exel'ution of the officer in chargP. 
'"Then he kuows how rn1wh money is to l>e allotted to hiu1 for tlic 
season he will la.y out his plaus to get the 1uost out of it. We have unw 
nooue on the coast who would not strive to do so. 'l'he spirit of honor
able rivalry has generally prevailed. 

1 have no faith in topography that is essentia11y "cheap.'' 
I have not a particle of faith in any topogra .. phy where it is published 

that one party has executed ;3 000 square n1iles in a month. 
Fiually, I hardly see how the methods of topography as carried out 

on this coast cau he esReutially 1uodHied. As the survey advances 
into the wooded regions to tile north 1t will he impracticable to con
tinue the accuracy atta.ined in an open country, and some changes will 
be necessarily made by each one; but whether these modiHcatiou~ can 
be formulated is a question that will solve itself. I have known no 
wastefulness of ineans, and I know the officers have a pride in tlJe 
character of their work, and in the an1ount whieh they can i>re1o.;ent for 
the money allotted to theu1. It is p1·obahle that the doubling of a 
party of tertiary triangulation and topography \Vill be the first means 
to decreasing the cost. This was done by me from 1850 onward 
through the Puget Sound work to 1857; a.nd at Lola, Hound Top~ 
Mount Diablo, et.c., where topographical sheets were inade by t.he 
regular triangulation party. It has been done by others. 

I am. satisfied on one essential p01 ut, the Coast. and Geodetic Survey 
cannot sacrifice the n1inutest accuracy in it.s methods whereYer accurUA~y 
is necessary; yet in this case it is a decided advantage in getting th"e 
most good wo1~k for the least money to "double" a party. 
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J,J.:TTER J.'RO.ll A!oo>:-O:ISTA'.\T HK\lt1" I,. JllUL\llJ:'li. 

In m1swer to yonr cirf'nlar letter of ~Tannary :!(J, 18H2, I beg lenve to 
sn brnit the folJowing: 

vVhat shall determine the accuracy and arnou11t of detail to be 
~lwwn on a topographical survey and, consequently, the eost of tLe 
workt 

rt. sePms obYiotU• that the requirements for a topographical survey of 
~ew York Harbor ~honld not be the measure of what is requisite for a 
survey of the 1,--.lorida, coast or that of the Gulf of :\[exico. 

The object to be subserYed by the Survey, it seems to me, should 
'letermine the aecnracy in details and the cost of the work, ·with the 
i-lof•ale to he employed. 

Heretofore in many cases the praetice bas been not to discriminate 
~nfficientl;\:- in the scale to be used. 

For Jocalities on the coast of Florida and on the Gulf of Mexico 
sc~alcs of 1-30000 to 1-50000 would give ample room to delineate the 
details necessary to be showu. From this l would except the main 
lrnrbor~ and rh·er outlets where larger scales could be used. 

For SllrVPyt-; of important harbors like New York, Boston, Portland, 
etc., the larger :;.1cale the better, and here again one is impressed hy the 
object tor which thP surYey is intended. 

Taking i4:H' instance a survey for the location of pier lines. a smaller· 
scale than 1-1000 should not be entertained; on such a scale the 
topographei· ean represent all the minute detail:-; so valuable to the 
engineer, an'l he can give the actual measure1ne11ts 1nade with tape or 
ehain aloug the continuous wharf line expressed in the tignres, to be 
juked in a~ a part of the plane table data. This requirement is uJ.·ged 
because of the f;wt that a pJane table survey, without actual 1neasure· 
ments given in figure:o1, and dt~pending for measnren1ents on the accu· 
racy of a chaug(~ahle scale is not received in evidence before a eourt of 
law, hut if it show8 actual mea~urement.s expressed in figures it at 
once takes its plaee as a Jega1 document. 

Another point to which I beg leave to call your attention iA that of 
the plaue of refereuce for heights and the bench marks to be estab
lished by the topographer. 

From my experience in the Survey I am of the opinion that the 
pJane of reference shonld he appro:\."imate mean sea. level. I say ap
proximate bec'ause with the means at his command the topographer 
could detern1ine no other. High water, or high-water mark, so called, 
~hould be discarded as a pla.ne of reference. 

Tlte high-water line, as generally defined by the "crest of the beach,'' 
il'I anything but a horizontal plane; its elevation varies with the locality 
and depends on the exposure of that part of the shore to the wind and 
storm waves, modified by the existence or absence of bars and shoa.ls 
oft' shore. 
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I...iow-watcr plane for reference is open to the f4ame objet·tion~ as 
"high-water mark,'' with, however, Borne extenuating· <~irenn1stances in 
its favor. 

:l\fean sea. level, it wonl<l Hf'e1n, is the least objef·tionalilf' i1Iane of 
reference. A very close approximatiou to meau :-:;ea level can reatlil;\T 
be obtained by observing a ;:-;ingle high aud low water on a comniou 
tide staff, and by referring the zero of th iR staff to a bench (all of 
which can be_ done by levels with the plane table and alida.de with 
striding level). The plane of refere1~ce ean be pre~erved to be referred 
at smne future time to a more aceurate n1ean sea level if the necessity 
arises. 

By noting the heights of this plane of referenee on tlte sheet, 
together with a description of the bench establh;he<l by the topog
rapher, the value of tile survey will he increased. 

J,RTTF.R FROM ASSISTANT .T. J. GU.BERT. 

I have just received your circular letter, and although my special 
attention is uow for the first time directed to the objects of <.liscussion 
before the Conference; and although I have been R.o Jong entirely 
separated from i.;p.y a:-;soeiatei-; in the Survey, association with whom 
would, doubtless, have given foree and expression to opinions on these 
subjects which may now lie dormant in my mincl; yet, as not wishing 
to shirk any responsibility, I will veutnre to make a very general 
response to ~~our inYitation. 

On the first topie I have nothing- to say; if there has auywhere been 
any advance iu n1etho<ls or improvement iu hu~trnments iu the last 
twenty odd yea.rs, I have yet to hear of them. 

On the second topic I ha.Ye little to say; t.he extremes n1a.y well be 
designated as ''survey" and "reconnaissance," but there a.re n1any 
degrees of a.ceuracy between tbe:-5e extremes, owing mechanically to 
the scale, physically to the character of the country; or the amount of 
detail may depend upon the object of t.he survey, or be lhnited by the 
expense of ti1ne or money; these different grades of work 1night well 
be designated so as readily to distingnh'111 the1n; hut to express the 
distinction by a single word woul.d seem difficult unless words were 
coined for the purpose; the uRe of compound words would be sim.pler, 
aud following the n1ethod of disttnguiRhing the triangulation, primary, 
secondary~ and tertiary surveys might with use come t-0 sound "\?ery 
proper. 

' Third. I belie·ve that the conventional signs should be sim11le and 
uniform, but not multiform, aa few a~ is possible. AH eultiva.t.ell land, 
exeept perhaps rice fields, wa.y well be, represt:>ntetl as grass laud; all 
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coniferous trees by the same sign, one made by three lines cro~siug, 
thus *' seems more simple~ and is easily formed; all deciduous trees 
by a con1rnon sign. I would not attempt to desig·nate sawmills, 
eliurches, etc., by a:ny eonventiona] sign, but would print their names 
on tl1e map. The contours as heretofore used in the Survey seem to 
n1eet eyery requirement, and I can eonceive of no improvement. 

Fourth. The value of anything has a ratio to its cost. Excelleiwe 
iu any line is not achieved by cheap 1nethods. I do not believe iu 
extravagauce, hut I do believe tbat an attempt to do work any cheaper 
thau the corn;;;eientious assistant uow does it would be unfortunate
this, of course, as to methods; in some of the circurnstances of work 
economy n1ight l•e practiced, aB l1iriug a honm and saddle instead of 
team and buggy, wlien the fbrrner woul<l answer every purpose, but 
tliis wonld apply to other classes of wo1'1r. as we11 as topography. 

Now, for an ~u~tual co1upaTisou of work: Last season I made a survey 
of thf'. \vater front of Whatcom and Fail'haven. ...A .. bout one-third of 
tlie shore line waH very rocky and difticu1t. A ciyil eugiueer made a 
Hnrvey of the water front of Tacoma, an very easy shore line; the 
amount of work done in each place Wa8 approximately tl1e sa1ne, prob
ably a mile or two rnore_of shore line at Tacon1a; the Whatcom work 
·was finislwd iu six weeks, aud, including my ow.n salary, cost about 
$1,000. somewhat less; the '.fa.coma work took more than three months 
and cost over $3,000. 

I believe it can be readily den1onstrated that good work can be done 
a8 readily aud cheaply by the Coast Survey method as' any other, and, 
indeed, n.1ore rapidly aud inore economically. If thiH is true, then the 
remai niug proposition is, sl1all ·we do cheap work for the sake of 
greater economy~ I say most ernphatical1y, no. What is worth doing 
a.t. all ii;;; worth doiug well. If there is great haste in obtaining results 
let that work be doue quickly, and as a consequence cheaply, and let it 
be ca.l1ed, what it iu truth is, a reconnaissance, and let the careful sur
vey follow in due thne. 

As to securing the most work and the greatest accuracy with the 
least expeuditure of time and money, tltis I believe rests mainly upon 
tbe assistant in charge of the work, and that is what we should all en
deavor to do-it is to be seeured by good jurlgment and by wasting no 
time. 

Recurring briefly to the first topic: I hav{.~ often bad trouble in 
getting the rodmau to holtl his rod true, and it has occurred to me that 
this difficulty might be remedied by a s1nall sight tube screwed through 
the rod about the height of the eye, and across the lower object end of 
the tube a smal1 level, so that. the rod.man. could always point the line 
of sight to the plane table, thus holding _the rod perpendicular to the 
line of sight, while he could at the same time see the level and keep 
the rod fron1 leaning to one side. Such an appliance could be cheaply 
made in the Office and readily attached to any rod. 
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J,ETTER FllO.D AS!!'ISTA:'.VT F. W. PEllKI:SS. 

I have your communication of thR 25th. While I sha11 take-, much 
interest in the-. results of yonr tleliberati01rn, I am unable to eout.ribute 
any suggestions for the consideration of the Couference. 

I inclose, however, two letters from Mr. ;J.C. Olmsted, which, although 
relating to the eost and requirements of topographical work of a spe
cial class, may be of interest to you. These letters were written at rny 
request, some years ago when engag~d in collecting information as to 
the cost of different classes of topographical work, a :-:ubject which was 
at the time interestiug my friends in Rhode Island. 

BROOJ{LI:"i'~. M.\S~., Februar.11 ZS, 1885. 
* " " Pri<>es of snt·ve.n:; (t·opographical) made under onr direction have ranged 

from $2.50 to $20 or more per acre. 
A well-eclucatod surveyor, handllng the insfa·nnwnt. him~elf. and r•lotting and 

drawing himself, vdth two aJ)prcntice or cheap-·wag-f«l m;sistants, can n1ake a 
n1ap of opt•n or 11earl;\'- open gron1ul Fmfficienily accurat-e for prclin1inary esti
mates of earthwork and ~cneral plans nfroa<ls, etc., for an axerage of, say, $5. 'l'he 
lwst s.vstem is lly plane-tahle sheets for topography, I helieve, hut usually, if the 
character of the ground a.cl mi ts of it, tho whole area it' laid out in sq narcs of 100 feet 
aud stakes driYen, to which reference is ma.de :for location of t,rees, fenceR, rocks, 
and buildings, etc., and which stand till levels are 1akeu at all of thc1n. Ordinarily 
a. ~ood many other levels aro taken fort.he heUer dclinention of the contonni-say 
perhaps twice as 1nany. 1'_,,or onr purposes levels shoulcl always be taken along 
existing streets, water levels, ground at doorsteps, floor levels, etc. All trees 
standing- singly or in groups are usnally locat-ml .. and a few of the finest in woods,. 
such as it would he a pity to disregard in }Jlanning. where more important considera
tions did not apply. 

Of course it is very difficult to specify with Auch exactness the character of a 
snn.·ey as to admit of the principle of giving the work to the lowest bi<hler. The 
snrv<';vor who lives near tho work can usually do the work nn1ch eheaper than one 
who has to pay traveling expenses, so that if the local survcyo! is not >Yretched]y 
ba.l and the work Yery large and important, ~·e nAna1ly rcco1nmend tht~ employment 
of the local man. 'Ve haYe had some very queer specimens of draug-htiug and often 
gro::;isly inaccnrate data from such. It is usually more ecououlical to fix upon a rate 
per acre or a lump sum and leave it to the surveyor to give as rnnch time to it as he 
can afford to. "\\Tc fi1nl that this usually results in the surveyor saying that he 
didn't make anything and would liavc to charge more next time. On the other 
hand, if the surveyor chargeR by the day with expenses ho is W('Jl enough satisfied, 
but the owner who _pays f'or the work is generally left feeling very sore-that iR, it 
is very ea.sy to make a survey cost a great deal more than the average of $5 whfrh I 
haYe mentioned. In park work, where the 'vork is done by hired nien, the cost I 
should judge usually exceeds $10 per acre a.ud somet.imes $20. 

I send you several lithographic reductions of surveys, -which lrn.ve been made 
expressly f'or our purprn'leS. That of "Properties in Newport" cost $3 per acre, and 
~·as plotfod at 100 feet to an inch. Of course at that price, -with sueh very rough 
ground~ the instrumental work had to be diminished and the sketching on the 
ground of contours and rocks increased. It has p1·oved entirely satisfactory for its 
purpose ofrnnning streets through and selecting house sites, lmt in some cases the 
design J1a.s been or will have to be intelligently 1noclitit'd to avoid bad rock cutting 
arid so on. Still it would have heen extravagant to have paicl much more for a 
eurvey for the purpose in view. Par.t of the streets have been built according to our 

. plan a.tan average price per :unuin.g foot ($1.65 including crushed stone ro::uluetl). 
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The map of" Aspinwa11 Hill'' was an unusnall~ accurate survey, plotted at 100 
feet to an inch, but I !lo not know what it cost. 

The inap of "Belle I~le" was doue liy coutract at ·a round sum according to our 
specifications. It was plotted on sheets at 50 feet to an iuch, and also on one sheet 
at JOO feet to an inch. On the large scale all mea.snrernents locating isolated or 
principal trees, buildings, whar>"es, etc., -were shown, also levels which ""Were taken 
at every 100 feet 0 with others where necessary. I can not remember the pri~e paid, 
but it -was low, I should think $1,500 or $2,000. 

The map of" \Vest Roxbury Park" was plotted at 100 feet to an inch, as was also 
that of" J\luddy River," both by hired surveyors and dl'aughtsruen under the direc~ 
tion of the city engineer. The party employed on "'Vest Ro:xbnry Park"' was in 
the field over a year and the drrrnghts~eu took nwnths to make the plan i;;o t11at it 
must have been very costly. At the same time we tind ttheady that the rocks are 
very inaccurately represented a1Hl in ruany casm;; not shown at aJl, and in general 
the topographical indications c.an not be implicitly relied upon in the rough, rocky 
ground, but ha"~e to be studied carefully on the ground while planning. The 
locating of everything that could be measured to with the tape is probabl.v quite 
accurate, and the leveling also, but a much wore valuable mflp would have been 
made l1y a surveyor accustomecl to sketching accurately on the ground instead of 
·working up instrun1ent.al field notes iu the office, and at inuch let.s cost. 

As to accuracy in general, the boundary and buildings and a few monuments on 
a place should be located with such accuracy as to permit a plan of 1·oads based on 
them to be staked out by a different surveyor without any trouble. I should say 
that errors of measurement of these principal featiures ought not to t>xceed one-tenth 
of 1 per cellt on maps at 100-foot scale, but that the minor features, trees, walks, auu 
roads .• stone walls, ditches, rocks, etc., might have errors of 1 per cent without 
causing uudne trouble, while the delineation of masses of rook. and woods, and the 
location of contours 1night be even 2 or 3 feet out. I mean that the main skeleton 
in must cases should have that degree of accuracy, while the filling in within space~ 
or°a few inches on the map might have the degrees of er1·or mentioned. The render
ing of a map for Tedncing should be much stronger and less detailed than is usual. 
The Muddy River plan is clear and simple, although reduced, I think, from 100 to 
300 feet to an inch, while the tracing for 'Vest Roxbury had to be set aside and a 
new one made because it was too fine in the lines to bear one-half reduction. 

.... '*' .• * # * * 
J. C. OLMSTED. 

BROOKLINE, MASS., May 24, 1885. ... ~ * * 
I returned Hodgkins letter as you wished. Did you wish the maps returned alsot 
He refers to an extre1ne cost of surveys when he mentions $20 per acre. Of c9urse 

these are rare cases and represent an an1ount of detail such as he probably has had 
no experience of. It indndes, for instance, the location of every tree, wit.h notes as 
to species, spread of branches, and (liameter of trunk, aJso delineation of all rocks 
and bowlders and accurate measnrementR of houses and all artificial features, and 
test pits to show the depth and character of soil, besidM very nume1:ous levelFl and 
1-foot contours and drawn on a scale of 20 or 30 feet to an inch. Of course what is 
done for a given price n1ust he very carefully speoifiedi and even then there is no 
guarant.y practically as to the accuracy of all of the work besides the known 
honesty of character of the surveyor. We consider a good plane-table survey the 
best, but for convenience of subsequently staking out work the surveys are usu.Mly 
made by staking out the whole ground into 25, 50, or 100 feet squares, as the case 
may l>e, in which case the levels and trees, etc., are determined by measurement 
from these stake~. If the price is excessive it must mean that too la.rg~ a- profit is 
charged or that tho work iH uot done by the cheapest method, of course assrnning. 
that the qualit,y of tho result is first rate. Wages of surveyors l believe run from 
$2 t,o $10 per day. '\Vlien tlw jobs are ~nulJ in C'~ent1 rarely cuYering o\'..er i300 acres, 
more ot\cu oul,y 20 ul' 30 i~ tiiO M:.tes, *e otlice .•e.llt, J»roiit to~ geaeral euperi11wnt.-
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ence, and expenRes of all kinds (stake.."'\ and fences) n:iw:1t he covered. The fair, 
ordinary cost for a qnalit y of SlirYC;'l~ snch a.s 8nits our purposes is generally about 
$5 per acre. 

The i;;urvey is generalls made cheapest by tht< .surveyor who lives nearest the 
ground a.nd ,,·ho handles the iuetruments hin1seH. 

• J. C. 0L.:'11STED. 

J,ETTER f'RO!l ASSISTA~T E. F. Dlf"KIX"'. 

In repJ;v to ~~our;;;. of the 25th ultimo, I beg lerl\-e to submit. the follo~-
ing for your con ~irleration: 
-..! J?or a general coast chart, where the geographical positions of the 
principal headlands ha.YP been deter1nined hy astronomical stations 
and are not yet conneete<l by triangulation~ the iutervening coast liue 
and topography ean be put in rapidly and witl1 sntUcient accuracy by 
a plane--table reeonna1~sant·e, f;Uch as was Ina-de hy ~i\_ssistants H.ocl;::~ 
wpll, Pratt~ and my~elf, alonp: the ('Oast1' of Oregon and \Yashington in 
1887. Thi:-; plan might be n~etl to advantage along the coast of _.AJaska 
or any other ~ection where it. i~ Hot desirah]e to wait fol' the triaugnla
tioH to be exeeuted. But after thf' eoat-;t tria11g-u1ation is completed r 
think the topography should. be tillPrl in with the ut1nost aceuraey, 
especially the shore line, outlying rocks, and the position~ of all promi
nent landmarks and landfalls. AR to the accuraey of the contouring a 
great deal will have to be left to the j l1dgrneut of the officer in charge 
of the survey . 

. 'Ye are ca1led on cousta.utly on thi~ coaH-t for the use of our topo
graphical sheett-:. in the location of wharves, ht1uli11g:;;, chutes, n1ill:-;., 
etc., and a great mauy important land eases have been settled by the 
use of our topographica.1 snr\·eys of San Francisco and vicinity, our 
n1aps being· accepted by the courts as correct, and the marsh lines, 
high aritt low water lines, creeks, fence lines, and other objects shown 
on our isheets taken in definiHg; aud deciding the boundaries of impor
tant lantl claiins. The error in the Calitoruia and Oregon boundary 
w~-s discovered by a topograpltieal party. 

This is a reputation _of whieh we ought to be justly proud, and it should 
be our endeavor to keep our finished topography up to the standard. 

The cost of topography and tl1e rapidity in its execution depend 
Ui)Oll tile character of the country and tlle a1110unt of detail to be put 
in. "\Vere we called upon to eover largt· areas of interior topography 
and do more rapid and less accmrate work we n1ight adopt other 
mlethods, but· at present our work is nn accura~e survey and too many 
:lllterests depend upon it t{) allow it to i>e otherwise. 

I dQ not belitw.- any of ul:'I. woulcl care to exchange onr reputation for 
tpiality for that of quantity, and I think it would he a n1istake to 
permit any departure iu our wo1;k tba .. t would lcs:,seu its p1·actkal use· 
-tulne.ss and value. 
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LETTER FROM A8SISTANT W. I. TIN_,U,, 

In answer to your letter of the ~5th inst., 1 submit the following: 
"\Vith referenee to the first suggestion of the Superintendent, I would 

say (1) that. a good revie,~- of the present Rtate of the science an<l a.rt of 
·topogTaphy. with illtrntrations of the varioui-; forms of the pla.ne table, 
n1ay be fouud, as yon are probably aware, in a pamphlet entitled 
''The economic use of the Plane tahJe iu Topog;raphical Surv<"ying," by 
Josiah Pierce, jr., of 1he U. S. (i-eologica1 Snrvey. 

This paper was read and discnt-1sed before the Irn;;titntiou of Civil 
EugineerR of London, E11g·land, an(l waN published under it.s auspice~ 
in 1888. 

In addition to the purely govt>rnmental work, on whiel1 it is usually 
e.mplo~·ed, the plane table has heen used by the harbor commissioners 
about 13.oston, 1\Ia.RR., and in nm kin~· the detaile.d snrvf"•ys of the city of 
Portland, J\Ie., J•"airmount J>ark, Phila<leJphia, and e1Hewhcre. 

:!. Tiu=-, ela8sifieation o-f t.opographica] surveys inust, in my opillion, 
ueeessarily be nwre or Jess i11definit.e. For genera.I purposes the coun
try could be part1tiorwd with reference t.o its geological structure, but 
the designation of elaHses of particu]ar surveys to grades would he 
largely governed by the peculiar features to be mapped. A conveuient 
1nethod of expressing the cbara.cter of any piece of work, and therefore 
it::-; grade, wou]d be to name the scale on which it is required to be sur
veyed, as 1-10000, etc. 

3. 1-~be practiec of tlJC Coast and Geodetic Survey in the m.;e of con
tours and symbols for the representation of characteristic features 
would semn to leave but little to be desired. 

4. I believe work coul<l be done more rapidly a_nd -with a saving of 
exvense in Jnany cases: 

(a) By using some other material than backed drawing· paper in tbe 
field work. 

(b) By havillg only the mm~t important foatures represented on the 
field sheets by the usual plane-table 1nethods and filling in the survey 
frmn records n1ade with a. transit and stadia. A small transit fitted 
with stadia lhws and vertical arc can be used with great facility in 
:-:urveyiug roads through extc11sive tracts of wood where great pre
cision of representation and contour are not essential. rrhe use of 
Porro's teleseope, described in .Jol1nsou's "Theory and Practice of Sur
veying," would insure the general a,ccuracy of this class of work. 

(C) By photography in limited areas wlteu controlled by a number of 
well located points. T'hotographs would often be useful, aside from 
aft(Jrding material for filling in the 111a1l, fiJr they would show the 
uatnre of the surface, whetlwl· regular or broken, smooth o:r eroded., 
and assiKt in the final representation. . . 

( d) In snrveyg of minor detail the prismatic compass and pedometer 
may often be found useful. Church's American Pedometer has given 
good results on con1parative-Jy level ground .. 
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(e) The plane table, as now ul'led by this Survey, IUight be inodified 
so as to adn1it of adjust.ruent for eccentricity without. impairing its st~h 
bility. The weight of the instrument ean also he cowsiderably reduced 
by using alurninum bronze in constructing the mon:iments. This 1netal 
is largely used iu the mauufact.nre of instruments aud is in many ways 
preferable to bra Hi-:. 

J,E1'TER FROM SUB.ASSISTANT FREJIONT MORSE. 

In response to your couununicatiun of .January 2;3, I have bnt one or 
two suggestions t,o offer, and these brietly, since the time limit set for 
these replies in \Vashington has already nearly expired. 

In regard to the use of contoun.;, it seem8 to 1ne that the method 
adopted on some of the recent published. sheets of streugtheuing 
certain curve:-; (say every 100, when 20-foot contour::-; are shown) should 
be made general. In rough and precipitous regious it is well-niglt 
impossible to trace curves on a sheet unless tltis be done, and I am 
satisfied that the practice, once adopted on the field slieets, 'vould pre
vent to a great extent the errsr of "dropped" curves. 

One other point I would advocate in connection with the fourth 
para,graph of the Superintendent's opening address, aud that i~ the 
u~e of the micro1netier eyepieee 011 the alidade in connection with a 
Komewhat longer rod than that now in use. particularly for rapid 
1·ecounah;;sance work. I have had snine experience in this ela8s of 
work~ having done all the plane-table work on the recounaissauce of 
t.l1e coast of Washington from Gray's Harbor to Cape Flattery. In 
tlii.::; work I used a small ta.ble about (as I rememl>e1· it) 18 by ~4 inche~. 
with an alidade correspondingly smaller than an ordinary Ooa:;;t aud 
( ieodetie Survey alidade. It was fitted with a n1icrometer cyeJ>iecc. 
The rod used was about 10 feet long, with two fixed targets nec~r the 
ends. At a convenient place, where there wa:s a long stretch of saud 
beach, a series of observation_s \Vere m~ade to determine the number of 
t nrns of the micrometer corresponding to distances of 100, 200, 300, 
etlc., metres up to 800, arnl a table ,cv-as interpolated for intermediate 
dist.ances. Thus equipped, the micrometer was used to measure th~ 
dii;.tauce along the entire stretch of coast front Point Grenville to Cape 
Flattery, aud I have no hesitation in saying that the work was fully as 
accnrat-e as it would have been had the distauees been measured in 
shorter lengths with the ordinary rods, and that in point of speed there 
was 110 comparison between the two met):10d~. The a.vera.ge length of 
sight was about. 700 metres betwee.n stations, ··and in two or three 
instances, where shorter sights were not practicable from the rough 
natqr~ of the shore line, distances of 1 200 ~nd in one case about 1 500 
metres were lllea8ured! 

ff. Ex. '4.-$~ p1i- 2--:--88 
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It will thus be seen what a decided advantage the n1icrometer aU 
dade has over the ordinary ::;tyle for this cla,ss of work, and I have no 
doubt that a thorough trial of it in rough and mountainou:-,; country, 
that is not too heavily timbered, '~ill satisfy any topographer of its 
utility. In smooth and sett1ed country, where there is inuch detail, it 
may not be of rnuch use, as in that <'ase the observf"r must be near the 
object he is dclineatiug in order to do it intelligently. 

J,ETTER FROJl )IR. l'llARJ,t-;s ,Jl.:"KE~, DRAUGHTSJIAN. 

In answer to the circular letter from the Topographical Conference, 
I have the honor to submit the fo11owing: 

I shall not atteinpt to treat of t.he, fir:-;t three theme!"; i-:;uggested jn 
your letter, but shall coafine 1nyself to a brief review of what I con
sider the best means of i-:eenriug data f()r flt"clineat.ing· topographical 
features. As a basis for an exten~ive topographical survey, I am con -
viuced of the necessity of an accurate i-;ysten1 of triangulation as car
ried. on by the Coast and <ieodetic Survey as being iu the end the inost 
economical. 

In which vie"r I a1n well 8UppnrtP(l by previous methodH and results. 
I also highly approve of tho plan of rnnning lines of levels from well
defined points on the Heacoast, f"xtendiug across the continent, bench
marks being located at convenient points. I am fully aware that. the 
methods above recommended are apparently ..-xpensive, but am. con
vinced of their econon1y in the end, for it is work that has to be re
peated that really proves expeusi ve. 

For locating the topographic feafatrel'-l I inof'lt heartily recommend 
the plane table, as at present used in the Coast and Geodetic Survey. 
The tachymeter a.ttach1nent wil1 prove to he of advantage in iuountain
ous districts, where the stadia may also be m;;;ed. Elevations on promi
nent points~ as usua.Ily takeu, will prove sufficient, for tracing contours. 

I do not consiller the resultK obtained hy such methods as captive 
balloons, rough reconnaissance, photographfo surveys, and the like, as 
~tall commensurate with the time, trouble, and expense involved. 

LETTER Fll&M MR. A. J.I?fDEXKOHJ,, DRAUGBTISMAN. 

In reply to your letter of January 25, inviting me to send to your 
board any comments I may desire to express, I beg leave to direct 
your attention to the second part of a report to the Superintendent 
upon European methods of surveying and map reproduction compared 
with those practiced by the Coast Survey. · 

This report is based upon observations which I made at Berlin and 
at Paris in 1889, during the Exposition, in obedience to instructio"Q.s of 
the Superintiendent, dated June 171 1889. 
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I also Rend a pan1phlet containing a de~el'iption of a taehynwter (to 
be returned); ean He11d you OIH' of the Breithaupt plane ta b1e, and hol1l 
myself iu readines8 to answer auy t-peeitic questious yon may lH_~ pleased 
to address ttJ uie. 

U. S. COAST AND GEODETIC SCRYEY 0FFI<'E, 

ll""w;hiugton, D. 0., October 7, 1t-'8!J. 

SIR; In obedience to t.he instruction~ of the Snperi11teudenL dated 
~Tune 17. 188!J, I have the honor to snhrnit. lwrewith, iu two part~, m,Y 

official report iu refe1·eucc to cartograpl1y, as exhibited at the Paris 
Bxpositiou of J 88H. 

By the~e iusLnictions [ \Ya~ (llrectt~il to makt\ a t.horon:.O• cxa1ni11a
tion of tlw cartographic exhibit, for a twofold pnrpo:-;e. PirRt, I was to 
render a (lescriptivc rt'fHWt upo11 the vo11tribntio11~ of the Revera} exhih
itor8, giving i-;tatt•JlU'lltS of tlit• quality HR WOJI ~1:-; qu:111t.it.y of their 
work; thit-i is treatrnl of iu Part l of thi::-; rq1ort. 8ecoudly, I wa:-; 
<lirt::'eted to f'xami11P into t.11<• diffnnrnt nwthods Ui-\ed h.'~ the exhibitor,:;,; 
for the prrnlnetio11 antl reprodudion of 111apR, and to submit a eritical 
repo1't upon their rnlative merit.sin reµ:ard to st:de of e.xecnti011 and 
the: :-.aviup; of tirnc arnl expm1se; thi:-: is t.reated of iu Part 11 of this 
report. 

Tile tiinc a How Pd fbr 1 he in·eparatinn of thi:-:. report. precludes au:v 
attempt at exllansth·enes::>, and only such u1atters have. reeeived special 
attention as 'Ver(:> supposed to be of i11t cn~"t t.o tl1f' Coast a11rl (:;.-eodf'tic· 
Survey. . 

I arrived in Paris .July 28, a n<l cal1f'"d 011 (;en. "'\Villiam B. Frank liu, 
lJ. S. Commissioner-General, and 011 Col. Vietor Bt•rnard Derr(>cagaix, 
Director, etc., presenting sneh letters, etc., as bad bePn provi<led me. 
These gentlemen a.ftorded ine every fit.cility, and I beg to exprest-l t.o 
them, throug'h you, my appreciation of their courtesy and kindnes8 in 
facilitating the work int.rusted t-0 me. I left PariH .August b and re
ported for duty at the Office September 2, 188!l. 

Yours, respectfully, 
A. LINDENKOHL. 

Prof. T. C. 1\-IENDENHA.LL, 

Superintendent U. S. Coast and Geodetic Surve.11, 
l\Ta.shington, D. 0. 

PART 1.-CARTOGRAPHIC EXHIBIT AT THE PARIS UNIVERSAL 

EXPOSITION IN 1889. 

Cartography and geography are not as completely represented at the 
Paris Ex.position in 1889 as ·they were at the Centennial Exhibition in 
Philadelphia. in 1876 or. at the Geographical Congress in Venice iq 
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1881. The absence of Government exhibits by the greater number oi 
Euro1)ean monarchies at the Paris Exposi~ion has been generally as
cribf.",d to political motives, but it Illay also, in part, be due to econom
ical motives, since these expositions occur at such short intervals and 
entail so great an expense that many States with slender budgets may 
not be able to incur it. Under these circumstances it is fortunate for 
those who went to the Exposition for the purpose of seeing excellent 
workmanship in cartography rather than to inform themselves upon 
the actual present state of several European state surveys, for the 
two European countries, France and Switzerland, that have always 
been in the lead in what is uow considered an absolute necessity, viz, 
the surveying and mapping of the public domain, 1nake so fine and 
exhaustive a display there of their public surveys. It is, however, 
only on rainy days or in the forenoons that these maps can be exam
ined with anything Jike con1fort; in the afternoons of every fine day 
these rooms a.re packed by a crowd of people more intensely French in 
feature and expre8sion than I have ever seen on any previous occasion, 
not excepting one sunny afternoon at the national gallery at Versailles 
during the proudest days of the Empire. I should have been inclined 
to attribute this concourse to a strong development of the taste for 
fine maps in the French people had this not been contradicted by the 
circumstance:-; that at the very same time the halls of the exhibit of 
geography and cosmogra1)hy, which also contained a fine collection of 
1naps, belonged to the inost deserted spots of the entire exhibition. 
It is undoubtedly patriotic fervor or n1ilitary spirit which prompts the 
French to frequent the rooms of the W a.r Department exhibit, and 
even granted that the more showy display of models of soldiers in all 
possible uniforms on the same floor with the maps offers the greater 
attraction, yet. there was abundant evidence that the people looked 
with pride at the achievements of the geographical branch of the mili
tary service. A very complete catalogue published by the latter and 
furnished free of charge, contains a great deal of interesting informa
tion about the maps as well as surveying instruments exhibited by the 
War Department. · 

Taking up the consideration of the exhibit of charts, etc., by coun-, 
tries, we naturally take first-

France.-,-The most interesting exhibit of maps, etc., at the whole 
Exposition is that of the French War Department. The walls of two 
large rooms are set apart for the display of maps, one room for the 
:modern maps, the other for those of older date. Among the maps of 
older date a section of a map of France by Oassini is the first to attract 
our attention. It is on a scale of 1_;.g{;4:00, and was the first map in 
Europe which was based upon geodetic operations. Commenced in 
1733, it was not :finished until 1815. The topography is represented by 
long hachures, reaching from the crest of the hills to the ba.se, but 
without an1 s:pecial attem.pt at minuteness <:Jr r~ference to steepness Qf 



 

REPORT .FOR 1891-PART It. 597 

Letters from assfat.o/nts and others addres.~ed to the chairman of the,. 
Conference. 

slope. This map appears again reduced to about one-fourth (1-345600), 
and is called "Ca1litaine's map of France (called after its author, Louis 
Oapitaine, who was Cassini's associate and assistant); but here the 
n10untains are represented in oblique light. Noticeable also in this 
room are the maps of foreign countries made by the French engineer
geographers nuder Napoleon. Thus we find maps of Italie, Suabia, 
Bavaria, the country bordering on the Rhine, Egypt, etc., all engraved 
on copper. The method generally adopted by these " engineer-geogra
phers" for the representation of hills consisted in short ha.chures along 
the lines of shortest descent with oblique illumination. The last and 
finest specimens of these works is the topographical map of Corsica, 
scale 1-100000, published in 1824. Its realistic effect is truly sur
prising. 

In a room containing the n1odern maps, two selections of the famous 
map of France at once engaged our attention; these sections represent 
the regions of the Alps and of the Pyrenees. This map is engraved on 
.copper on the scale of 1--80000 in 273 sheets. It was undertaken for 
the purpose of superseding Oassiui's, which had been found insufficient. 
Surveys were coruIJJenced in 1818 and continued until 1866. The first 
sheet waR published in 183:1 and the last in 1882. This map is univer
sally conceded to be one of the greatest triumpln; of cartography; 
although compo8ed of 273 parts, showing the result of the labor of 
about 800 men, and engraved by over 65 different artists, it bas the 
appearance of having been done by the same hand. The topography 
is engraved in such an exact and characteristic manner that the true 
relief of each section is conveyed almost instantaneously. The same 
ma.p is redueed to one-fourth (scale l-:~20000) in 33 sheets, published 
between 1852 and 188:3, and is now being reduced to scale 1-600000, 
\vith partR of adjacent countries (in 6 sheets). All these maps a,re 
~ugraved ou copper, the i·elief represented by vertical hachures cor
responding to the inclination of the slope~ 

The publication of the above three series of maps had not even been 
finished, when experienne taught that they would not answer tor all 
the purposes for which they were intended. For many military, 
engineering, ancl internal improvement purposes, the scale 1-80000 
was found to be too s1na.Il. Contour lines were desired as being 1nore 
useful than hach ures, and in consequence of the employment of but one 
t~olor-black-for hachures and outlines of various kinds, such as roads, 
rivers, etc., these latter were often so much obscured t.hat they could 
only be discerned with. difficulty by a practiced eye. To overcome these 
detects, the geographical service of the army has gone to work, with
out loss of time, to supplemen~, or supplant, the above maps by others 
on larger scales, on "!l1ich differe~t eolors are employed and on whicb. 
hacburing is replaced by contour lines and crayon shading.· The new 
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ntaJ> of France is on tlle :-;cale 1--,)0000 (n'<lneecl from the Hnrvc;rs on tho 
8cale of 1-40000) in Oi>O s11eets; is eugraved on ziuc in 6 eolor~-water 
l1luc, roads red, woods green,, contour line8, brown, lettering and in
f<•rior roads black, tinting _qraJJ. Contour Jines are 10 metres apart. In 
the Harne way that the 1-:50000 is to supersede the 1-80000 n-iap, 
nuother new one on the sc>ale of 1-200000 is to replace the one on scale 
1-:~:.!0000; it will be in 82 sheets. also engraved on zinc for 6 colors, and 
h:tYe :!O metre curves. The illumination for the crayon shading is to 
he verti<'al iH both serieR of n1aps ex~ept in the 1nountainous districts 
rn1 the smaller Reale. wliere oblique lig·ht has been adopted for the 
:-:.teeper slopf's iu ot''ll'r to save, the outlines from being obscured (I 
supposr 011 a<"f'<_rnnt of better effect too). Finally, a map on the sca1e 
of 1-500000, iu lien of the one on 1-600000, in lu sheets (14 already pub
lislied). 'l'his map, like its predecessor, takes in part of adjacent 
('Oun tries; i~ lithographed iu !) colors-water bZ.ue, hachures brown, 
woods g1·ee11, <·ontour line~ (100 iuetre:'\ apart) red, townE:.' and roads 
black. The relief is engraved in ha.chures with zenithal light for level 
aud oblique light for mountainous regions. 

The \\'ar Departn1eut has also on exhibition three specimens of the 
map of .Algier~, engraved ou zinc in 7 colors, to comprise 327 sheets in 
all; a n-iap of :\1 exico, seale 1-3000000, and maps of Tonquin on scale of 
1-100000 in 1:3 sheets and 1-500000 in 3 sheets. 

Independent of tlte map:-:. of France published by the "V\7 ar Depart-
1nent, thf'.re is publiRhed by the Ministry of the Interior a map of 
Prance on the scale of 1-100000, in 590 sheets, in colors-hlue for water 
and altitudes, green for woods, red for principal roads, gray tint for the 
relief (obljque light), black for lettering, etc. This map is based upon the 
inap on scale 1-80000, but brought up to date as far as concerns public 
roadR, etc. There is also a map of France b:y the J\:linistry of Public 
Works on the scale 1-200000, iu 141 sheets, engraved on copper in three 
(·olors (blaek, blue, and brown). The above review_ by no means 
exl1austH the list of 1naps of Ji'ra1ice published at the expense of the 
Oovern1nent; and when it is cousidered that all tbe8e nHtps are based 
upon the etat 1nafior survey, which is on the extren1ely :-.mall scale of 
1-40000, it1nust be admitted that Capt. (}~orge M. Wbeeh~r, in J1is report 
upon tbe Geographical Congress at Venice, does not exag·gerate when 
he Rays: ''On the whole, it would appear that the Goverun1ent of France 
bas n1ore n1ap-makers than material for maps." 

'1'he French bydrographl.c service exhibits in two Jllaces, in the build
ing of theWar Department and in the pavilionis devoted to geograplty 
and cosmography. The surveys made before 1819 are combined in a 
portfolio; those of later date are hung up on tlie wall. Among the 
latter are those of the coast of Tunis,, of Cochin China, the Gulf of 
~ronquin, the Straits of .Magellan, and of French harbors. We had 
just commenced taking down the titles of' these charts (although they 
can all be found in our office a.nd in the Hydrographic Oiti.ce of the' 
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Navy) when we were stopped by a soldier on duty, with the remark, 
":\f onsieur, il n'est pas perrnis de prend re des notes ici." It' the guard 
ltad been a civilian we might ha n:• i11for1ned him that. we had a11 these 
charts at Washington by regular ex(~hangt> with the French Gov
eri11nent. 

One of the greatest sights of the Exposition, only excelled b:r the 
Eiffel tower, is the immpn:-:;e teri·estrial globe b.\~ .:\Iessrs. T. H. \"""illard 
and Ch. Cotard. lt is on the scale of 1-1000000; the diameter meas
ures 12·732 inetres and the cireumfereuce 40 metre:5. A. conception of 
its size may be forrrwd by a t•omparison with some well-known pub
lished charts. Tlt11s, it takes two huge ~ailing charts on even a smaller 
~•~ale (1-1200000) to delineate the .A.tla.utic eoa::5t of the United States 
from l\'Iaine to Florida. 'rhe: hn·g-est and lwst general atlai-;es do not 
reach this large scale. e.Yeu for the most minutely drafted countries. 
1-"'hus it takes four sheets on scale of 1-1 .:mouoo in Stieler's Atlas to 
show the whole of J"ranet~~ and the same nluuber ot sheets on the same 
~eale for Germ.any. The gh)bB, however, is not intended to be sub
.iected to very close iuspeetion, and althongh its general accuracy is to 
he highly commended, the outlines of the continents and their features 
are greatly generalized. The 1nountain chains and the bed of the 
oe.ean are not shown. in relief, but by colors, because the highest 
mountains, taking the1n at. 8 000 inetrei'I., would appear at an elevation 
of but 8 1nilli~etres, a dimension which would be scarcely appreciable. 
It can not be asserted that the construction of this globe solves any 
geographic problem or acl vances geographical science, but it certainly 
i~ an interesting object to all who take interest in geography, regard-
less of proficiency. · 

In the pavilion set apart for "geography and cosm ography" there 
is a large collection of geographical maps, atlases, relief charts and 
~lobes, all by French authors, and made at Paris. Among the maps 
and chart.~ there are ntttny that have no speeial 1nerit. It is too often 
vlainly visible tha.t the authors the1nselves were not intimately ac
quainted with their subject, a.ud the style of execution, as a rule, is 
inferior to the better class of corresponding German works. Under 
these circumstances it W<tS an agreeable surprise to find in the exam
ples of the Universal Atla:'I, by Vivien de Saint-Ma.rt in and F. Schra. 
der, published by Hacliette & Co., a quality of work that rivals the · 

• best productions of Eugland~and Germany-the Itnperial Atlas, by 
Keith Johnstone, and Stieler's .Atlas, for instance. Their accuracy is 
unimpeachable, the selection of"natnes shows excellent judgment, and 
I was especially struck by the beauty of the hachuring, whicl1 is very 
clear, and at the same time sufficiently mellow to leave -to outlines and 
lettering due prominence. 

In the matter of relief charts the French certainly evince a. great 
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deal of enterprise and skill, and greatly surpass the Gerinans. Too 
much space would be required to mention all. the fine models exhibited, 
but a few may be noticed. of special scientific interest. The Alpine 
Club had a model of Mout Blanc, by Bardin, and one of J\.fouut Perdn 
(Pyrenees), by F. Schrader; bnt the pearl of all was a relief chart of 
FraHce, exten<liug from Paris and Lyons to the Mediterranean, by 
~I'elle C. Kleinhans. "l'b i8, I heJieve~ is the relief constructed under 
Levasseur's direction; arnl which attracted so much attention at Paris 
in 187;'J and at Venice in 1881. 

Rwitzerltnul.-~ext to Fran('e, Switzerland makes the greatest dis
play of rnapR. rrliere i8 tht:': celebratell Dufour atlas (1842-~u4), sca1t> 
1-100000, in ::r; .sheets, engraved ou co11per. It is shown in atlas form 
and twice as a wall rnap; one a. geological map and the otl1er retoud1ed 
with the urnsh to heighten effects. The latter especially rivetR our 
attention by its surprising })lastic effc->cts. The Dufour map l1as, RitWH 

its appearance, been considered one of the greatest masterpief'es ot 
cartographic art; its peculiar feature is the selection of ob liq ne Ii gh t 
for the steep slopes, as on the bat~kbone of the Alps, and vertiea 1 ligl1t 
for the rest of the map, and it is generally admitted that 1w other 
method could have been equally effective in bringing out the relief of 
the terrain. ':Phere is also shown a reduction of this ma.p to 1-2/WUOO, 
in 4 sheets. lt would appear that Switzerland had very 1mwh tlw 
same experience with these inaps on 1-100000 that France ha<l with 
her 1-80000 map, to wit, that it would not suffice for all practiPal 
purposes on account of its small scale and the ab8ence of contour lines. 
The last sheet of this atlas had scarcely reached the public when tl1e 
Confederation set about publishing the plane-table sbeet8 on their full 
scale, which is 1-25000, with contour lines 10 inetres apnrt for the more 
level regions, and 1-50000, with 30-metre-contour lineR :for tlle moun
tainous regions; the former to be engraved on copper and the latter to 
be lithographed, and the whole serie~ to comprise 561 sheets, of whieh 
about 400 ha.Ye been published to date. Inasmuch as this atlas is con
structed on a different method from the French atlas on the same scale 
aud is ra.ted in Europe as one of the be.st models for topographical 
representation, it may be well to indicate the manner in which the t.hrce 
colors in which it is printed have been applied. 

Black is used for lettering, buildings, roads, forests, for contour lines 
where the ground is bare of soil and vegetation, and also to hachure 
steep slopes and ste..ep rocks in oblique illumination; brouni is nRed for 
contour lines and hachures of inferior slopes in vertical light; blue for 
water and con tour lines on glaciers. However effective this method 
has proved in the hands of the Swiss for the representation of the .Alps, 
the delineation of flat countries, Jike Denmark, by contours only, with
out shading or hachures, has been found to destroy all natural effect. 
No method of representing the relief by contour lines has yet been 
devised which meets universal approval. The Swiss also exhibit sev· 
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eral fine inodels, aud in their attention to this particular method of 
geographical and topographical representation seem to he, with the 
French, ahead of all other nations. S. 8imon a11tl X. l"'-uteld have 
reliefS of the I'"'our Cantons, l\fount ltose, and the Jungfrau. 

The only other European eountries wliich have offieial maps on 
exhibition are Servia., with sections of a map of tht> state on scale 
1-75000 (that of the Austria.a atlas), 0.\' its nrnjor-geueral, pllotolitho
graphed in colors, eontours sepia, wood8, green, principal roads red,: 
tolerably good. U.ussia only shows a 1nodcd of the Caucasus. The 
Hepnblic of San 1\1arino has a good 2\fS. map, scale l-10000, with contour 
lines 10 metres apa1't. The Grand Duchy of I.iuxemburg contributes 
a good topographieal lnap on scale of 1-40000, which also is made the 
base of several special exhibits, sueh as geology, forestry, telephone 
service, railroads, and archreology. 

The excellent lithographed maps of Holland (scale 1-50000 and 
1-25000) were 11ot exhibited, but there were seve-:.·al river and harbor 
charts in the Dutch section, showing proposed improveinents. 

'-Vhatever may have been the n10tivB of European governments in 
withholding their natioual su1Teys from the Paris Exhibition, this 
policy does not see.in to have been applied to the surveys of their 
colonies. 

Holland has a fine atlas of hf'r East India. possessions in 14 sheets, 
with special maps of ~Java and 8u1natra. ..i::\._s f~u- as regards England, 
though neither the Ordnance Sllrvey nor the Admiralty Charts were 
to be seen, there were very nn1nerous, partly offieial, maps and charts 
of the different colonies, espe<"ially of New Zealand and Australia. 

Mexico makes but a snmll exhibition of 1naps, though she has un
doubtedly taken great pride in her proper representation in other 
respects. There is but one sect,ion exhibited of the "Carta de la Rcp11b
lica .l\fexicano," by the "Cornisiou Geografico," under the Secrc_c~tary of 
War (contour lines with oblique shading), and l eonld not asef'rtain if 
there were any more in existence. i:J;'he general map of l\Iexico (~cale 
1-2000000), although bearing the elate 1887, did 11ot expecially recom
mend itself. I have seen much better Inaps of l\'Iexico elsewhere. 

The Hawaiian Island.~ have a general map, "based on government 
surveys," by S. G. Bishop, 1886, ~tnd special maps of several islands by 
W. D. Alexander, Surveyor-general of the Hawaiian Governmeut 
survey. 

Japan makes a very creditable show. There are exhibited, besides 
numerous geological and meteorological charts, the following maps as the 
result of her geological survey, commenced in 1880: Two reconnaissance 
maps, scale 1-400000, and 12 topographical sectional maps with hori
zontal contour lines, engraved in Tokio. It is to be noticed that J apau is 
following an American cnston1. Like our ·u. S. Geological Survey and 
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many of the State geological surveys, it is publishing priucipally and 
primarily topographical and geographical m;1ps for the well-known 
reason that geological surveys without good topographical and geo
graphical surveys and maps as a basis can not be of permanent value. 

'l'he above list is believed to co1nplete the review of countries which 
exhibited the results of regularly organized government surveys. On 
the part of Bra.zil and many of the Central and South A.m.erican Repub
lics there does not appea1· to be a desire manife~ted to shroud their 
geogi'aphy, but rather the contrary, a desire to bring it into the most 
favorable light, and several of these countries have engaged the services 
of eminent French artists (engineer geographers, as they call then1-
~dves), 1nembers of the Geograpliical Institute of Paris, to paint the 
'Yalls of their palaees with maps of their respective countries, showing 
at a glan('e it8 gt:'ographical position, its shape, aud general features. 
Itra.zil, Okile (also with 3 historical ma.ps), Venezuela, Bolivia., ~l!lica

'i'agua, and Hondura.s are showu in this way. The Argentine Republic 
has adopted a method of introducing herself to i1ublic notice which i.s 
more noyel thau and quite as effeeti ve as that adopted by her sister 
Republics, by exhibitiug a huge model made as a spherical segment on 
a scale of 1-500000 (vertical scale 1-100000), basecl upon the geological 
examination of Drf'-. Burmeister, Brackebush, and other explorers. 

The ·united. Sta.tes, in their cartographical exhibit, occupy a position 
of neutrality bet,v<'en monarchical Europe and republican America. 
'J'hey have sent their n1aps to Paris, hut do not appear to be over 
anxious to attract attentiou. A.fter having repeatedly looked al~ over 
the space allotted to the ·united States, antl inquiring frmn attendant 
to attt>udant I did uot succeed' in finding a single Ooast ;survey chart, 
nol' a .map of t.he Geological Survey or lJ. S. Engineer map, until I 
engaged the attention of one of the assistant commissioners, who 
showed 111e a '"ase in a l1idden recess, which he assured me was filled 
with such maps, but which in no possible way could have been spread 
out for the want of space. 

1\fodels of proµo:~ed canals may not strictly have been included in the 
linP of iuquiry, but since they furnish such an attractive feature to the 
Expo::;itiou it may ue as well to state that the beautiful Menocal model 
of tbe projected Nkaragua Canal, which was on exhibition her~ in 
\Vashington about the time it left the artist's hands, was in successful 
operation, a~ also were two n1odels of the Snez Canal, one for daylight 
and the other showing it illuminated by light-houses for navigation in 
the night. The offi«ial guide books had also provided for a model of 
tl1e Pana1na. Canal, but it could nowhere be found. 

All the South American Republics were represented at the Paris 
I~xpositiou, and those which had neither models nor maps frescoed on 
the walls had at least a general lll1\.P suspended, but not al ways of the 
best types. 

Uruguay bad two maps; one by Don F .. A. Berra, 1882, and another 
by Angel Carlos Maggiolo .. 
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Salvador, a map "political, e:;;colar, and telegraphic," by G. J. Daw
son, engraYed in Paris, 1887. 

The Republic of Colo1nb,ia had offich1l maps of tlH.., whole ~tate and of 
tbe separate 1uovinces, by :Manual Ponce <le Leon, 18ti4. 

ParaguaJI had a map without giving the author or date. 
Lastly, Transraal (South ~<\.frican }{,t~pnblit·) bad a map liy Fred . 

. ,Jeppe, 188H. 

p .ART IL-ON THE DIFFF.RENT METHODS rsED IN THE PFBLIC.A.TIO~ 

OR R.EPRODFC'l'J( IN OF 1\IA"PS AXD Cu ARTS. 

Before euteriug npou the ~mbject of clifft:'Tent wethod:"l used in cal'
tography, it seems propel' to notice as germane to the: matter some 
differences between the inethods and eustoms followed iu rrmking 
topograpl1jc surveys by the lJ. S. Coast and Geodetic Survey on the 
one hand and European governments on the other. 

Linear meawure.-. In makiug surveys, it is U1e custmn in the Coast 
Survey to make use of the French metre for horizontal diRtances and 
of the foot for vertical distances. The neces.sity of a, constant resort 
to two sta11dards which are not comrnen~urable is not a mere incon~ 

· veuience, but au actual impediment, detracting fron1 the accuracy and 
rapidity of the work. It would nowl1ere ell"e he tolerated. Since it 

. is not to be expected, however, that, after hnving usetl the metre since 
·1817 for all our geodetic work, we shall now go baek to the ya1·d at a 
~time when all Eu1•opeau governrn.ents, with the sole exception of 
:England, have either introduced the 1netre or are perfecting measures 
to that eud, it is to be hoped that at sorue not very distant day the 
n1etre will not only be used for· horizontal 1ueasurement, but also for 
that of tl.te height of the laud and the d~pth of the sea. Such is now 
_g;enerally the practice in Burope; in tbe flat countries contour lines are 
given at interval~ of 5 and 10 n1etres, and in the mountainous coun
t,l'ies, like Switzerland and Norway, at intervals of 10 and 30 metres. 

Plnne of refe·rence.-In the Coast Survey it is thE:>, custom to take the 
ltigh-water Jine as the datum level, and to detern1ine height by the 
vlane table by vertical angles. Jn J:<Jurope all heights are referred to 
the mean level of the sea, and no lllane-table survey is undertaken 
unless a sufficieut number of bench marks has beeu determined by a 
system of preeise leveling. It would probably be considered injudi
cious to make a change in our rules at this time when our Rurvey is 
uearly completed, but our experience in executing work for special en
gineering purposes h;; such as to warrant the belief that in the future, 
iu all work of a critical nature where a fraction of a foot is a comsider
ation, and for all work which shall rigorously comply with the highest 
.scientific requirements, the etfects of the tide will have t-0 be eliminated 
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from the levels, and the sensitive spirit leyel be substituted for the 
alidade. 

Scale of plane-table sheets.-The experience of the Coast Survey 
through a long series of years teaches us that the adopted scales for 
topographic survey:-;, viz: 1-10000 tor densely populated districts or 
intricate work~ aud one l-~0000 for sparsely inl1abited and less valua
ble sections of eountry, are the very best which can be de\~ised. In 
the face of this experie1H"e it is rather surprisiug- to find the majority 
of European C'ouutries using the very small and rather odd scale of 
1-25000 for tlwir plane-table surveys. The explanation is to be found 
in two cirennwtances, the tirst of which relates to the scale of publica
tion generally either 1-;:JOOOO 01· 1-100000. The scale of 1-25000 is pre
ferred to that of 1-20000 uecause much stress is laid upon a simple 
ratio, oue-half or one-fourth being considered more intelligible than 
one-.fiHh or two-fifths. The other reason for the retention of the scale 
is to be found in the diminutive size of the European plane-table sheet; 
it averages about 17 by 20 inches, )Vhile in the Coast Survey sheets 30 
by 5:.! are worked on with tbe greatest facility. The desire to keep the 
number of plane-table sheets within reasonable limits may also prompt 
the adoption of this otherwise inconvenient scale. It takes 5 206 
plane-table sheets f(w the survey of the G-erman Empire alone. If the 
scale were to be increased fro1n 1-25000 to 1--20000 the number of 
sl1eets would be i:nvelle<l to over 8 000. 

Beale ofpublicatfon.-The European governments do uot appear to 
have arrived at auy agreement for uniformity in the scale of publica
tion of their topograpliica!l surveyis. England adheres to 1-63360 for 
her geueral 1naps; l"rance has adoptec..1 l-50000 for 11er new n1ap in 
place of 1-80000; Ci-ermany and Switzerland prefer 1-80000, and Austria 
1-75000. For tbe ('Oa.st of the United States the scale of 1-80000 
was selected very probably for the reasou that at the time the selection 
was made the ina_p of France was the ouJy national publication in 
J<Jurope of suflicient nu ... rit to ht~ taken as a model. However, our expe
rience with tl1is scale has not Leen unlike that of F"'ran~e, as it has 
been fc)U1Hl too 8mall for the peeservation of all the detail of the survey 
and for many pra<~tical putT)Of.te~. 'l'hus the whole of the coast of Maine 
had to be repro<l uced ou the :-;wale of 1-40000, and there are harbor 
charts published on a great vnriety of scales froru 1-5000 to 1-60000. 
'\Vhile the diverRity of scales can not weH be avoided, it would be well 
to follow European custo1n by aboli8l1ing 8ucll. scales as 1-50000 and 
1-GOOOO, and to c~n:fi.ne our~f'lve~ t-0 tbe use of simple ratios, say, 
1-40000, 1~20000, 1-10000, etc. 

METHODS OF PROD"lTC'rION AND REPRODUCTION OF MAPS. 

In taking up the !:'l.ubject of nwthods of 1nap production in connection 
with the PariH Exposition, it may be just a8 well to set at rest the 
question that has beeu put atul auswered a hundred times, but is sure 
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to come up again. The essence of this question may be state(l in these 
words, "What is the use of going to an exposition to look at maps 
that you can see at home in your library?" "\Vhen you look at a map 
in a library it occupies the pol"itiou of a client, and ;nn1 can not entirely 
free yourself from the pr~1rnlice~ but when ~you look at the same n1ap 
in an exhibition yon divest yourself of your individual opinion, you 
act as an umpire a1ul reflect the general opi11ion. A good inap never 
appea.rs to better advantag-e than when on exhibition, aud a poor inap 
uever looks worse than wlien in contrast with better ones. It n1ay 
alRo be stated at once that sonic of the n1odern processes of 1nap
making did not have their proper <~xponents at the l<Jxpositiou, and 
therefiwe inuch information had to he sought for elsr~wlH•rt>. 

Copper r.n91·a m:n.tJ.-"Vith aJl the g-1·ea.t adv an eel':' that lrn ve been 
1nade 'YithiH the la~t iew decades iu the method of producing maps, the 
faet stands out patent, that, nothing has ;yet been devised that will 
t~qnal a good copper-plate engraviug. For thi::-; reason the inost. re
spectable establi:-;1unent~ go on, as; heretofore, and have their best 
maps eng-rav<·tl on eopper, and although a great, deal is said about the 
scarcity of engran~rK, I have not lea.rued that either the British Ad
miralty or the LT. S. Coast a11d Oeodetic Surv<>.y, both of which carry ou 
very extensive operations of this kind, have heen seriously em.bar
rasi-;ed on this score. r..rhe eost of the 1naterial net~d not be taken inj;o 
conHideration at thi~ time, when copper iH so cheap a.s to be substituted 
to a large extent for iron and tin for co1nmon building purpose~. The 
advantages of copper eugraviug, besideH the superior elegance, are its 
durability and t.be fa.ciJity with ~which corrcction:s and duplicates may 
be made, and ifa..; only 8erious disadvantage is t.be greater expense of 
printing. 

Heliogrtunu·e.-,Vhen tbe .Austrian Gover1uneut, in 1875, emerg·ed 
from the field of experimt>nt -and comn1e1u::.·ed the publieation of it!-~ 
atlas of 7~0 sheets by heliogravure instead of by hand engraving, an 
undertaking which I he1ievf\ ha.s since been carried to a successful con
clusion, not a few JH:'-Ople were of the opinion that, on account of its 
great saving in time and inoney, it, would in a gTeat measure supersede 
the old-fasbionerl style of hand engraving. 'rhe late Dr. A. Petermann, 
as appears by a contribution to bis Geogr. 1\Iittheilungen, written 
shortly before his dea,th,* seems especially to have taken quite an en
thusiastic view of the future of heliography, but we find after a lapse of 
over ten years that it has not made mnch headway. The Prussian Gov
ernment, after ma.king some experiments, wisely determined to go on with 
hand engraving, and even at Gotha I could not learn that any of the 
engravers had been pensioned and draughts1nen substituted for them, 

*See P~t.ermatpfs Geogr. bJittheilungeµ, 1878, pp. 20~ to 210. 
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and Steiler's Atlas is _still engraved on copper, as heretofore. The 
tact appears to be that the ~-\_ustrian G·ove,rnmeµt took to heliogra.vure 
more from necessity than from choice; it had allowed copper engraving 
to fall into decadence, instead of nursing it, and in its stead raised an ex
eelleut corps of topographical draughtsmen. Dr. Peterinan.n estimated 
the relative expense of engraving and heliogravnre as 4 to 1, an(l I do 
not think that he exaggerated tbe difference, but what could ue done 
in Austria m.ay not lJe done as well el:-;ewhere. "\Vhere will you get 
the requisite nu1nber of 'lraughtt-:.men ·who can draw ;i.s sharply as an en
graving and will not require at least as good pay as an e11graver'? 
_,,~ud what if they spoil the job, not to mention all the uncertainties of 
chemical and optical action~ The great defectl'I of heliogravure are 
common to all patent processei-; iutended a~ substitutes for engraving. 
Dra,Ying never is equal to an engraving, and the heliogravure of a 
drawing- never ex('els and rarely eqnals the original. The great troulJle 
is with the faint liues, which will not come np aH well as the heavy 
ones, and for this reason, even in .Au:-1tria, all outline:-;, water lines, and 
~traight lines a.re <'11 t in hy J1ai1d. 

Zinc engravin[J.-About tbe-only advantage zine has over copper for 
Png1·aving· rnll'posm·i. is it;-; gTeater cheapness. In every ot,her respect it 
i:-; inferior. Its texture is crysta.lliue, it. ii-; hritUc, aud for th is reason 
it will never be a favorite with the m1graver, who ca.lh~ it a rotten mPta l, 
and will charge more for work 011 it than on copper. At the French 
"\Yar Departme11t the new map of l•"ra.rwe, on i;;ca1e of 1-50000, ii-; e11-

gran:-d on zine t•ff six colors on 950 sheets, whieh alone requires .5 700 
plates. In oi·der to insure the proper registering of the six plates for 
each sheet, all the out.lines, except the contour lines, wliether intended 
to be black, blue, gr,;en, or red, are engraven on one zinc plate and trans
ferred to the respective color plates by dry prints. The engraving 
appears to he q nite well dmw, hut th.is ·is no reason why zinc engraving 
Rhould be recommended to other establishm~ents. The ~..,rench have 
their engraver:-> trained to the metal; the '\York is exceedingly plain, 
and its only advantage is tbe greater cheapness of zinc compared with 
copper, while it ha~ the diEliadvantage that it can not be 1nanipulated 
as well by the engraver, and that corrections can not be made as easily 
and repeatedly as on copper . 

. Lithography.-Since the advent of photolithography the lithograph
ing of maps has greatly fallen into disuse, and the only reason that it 
is still carried on to some extent in Europe, notably in the reproduc
tion of the plane- table sheets of the Swiss and Prussian surveys, is 
the fact that there are an abundance of good lit11ographers at hand 
and a corresponding want of equally good draughtsmen; and, further
more, the objection that these governments do not wish to change the 
plans of great national undertakings while under progress of success
:ful execution. 

The reason why the lithographing of maps is sttll persevered in by 
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some privat,e establishments i1' the fact that much lithographing is 
done for co1nmercial purpo:-;es, hlauks, bill-heads, ete., and the engrav
en;; may better devote their spare time to tuap-eng1·aving than to idle
uess. The great objectio11 to lithography for inap-engraving is it:-; 
perishable nature and the difticult;r of nrnking eorreetious. Although 
it is not a sn~ject of emulation, it is a fact that some of the tine~t 
atlases, like those of the Nctherlarnls, have been eugTaved on stone, 
and it will forever remain a ~nbject of great regret to the eutbusia1-;t in 
cartography that such a fine monument of a model topographieal ::-;;nr
vey as that of the former electorate of Bes~e-Ca:-:;sel sl1ould ha.ve been 
engraved 011 stone in:-:;tead of on copper. Bven if it should be possible 
to preserve thPse i-.;tones in good con<lit.ion for an intinite time, they 
are too cun:1berso1ne and expeusin~ to warrant the experim.ent. 

Photolithogrnphy.-rn1e i11troductio11 of photolithography, about 
twenty yean; ago, for the n~pro1lnction of maps, has wrought quite a 
revolution in tlH' practicf' of cartography. TlH' po8sihi1ity of hay"iug
it in one's power to have any map, in fact any drawing. reproduced in 
any desirable number of printR, or any desired Reale, nearly equal to 
the origin al, at the. shortei;;t notice an<l at sma l1 expense, is the great 
aehievem ent. of photolithography. .t\.t tl1e time w]wn nearly all ehf•ap 
map~ were lithographed. tlw drawi11gF1. were hardly ever matle with th~· 
finish wbieh they were expected to receive from the ha.ndR of the en
graver, and. as .a conRN}UCIH'e, too much wa~ generally left to the 
judgment of the engrav~r, aud error~ erept in which it was diffieult. to 
correct, upon the Rtone. Now, with phot.olitho~:rapliy the iuent.al work 
is all done bJ; the dranghtRmeu, as it should be, and the mechanical 
part only by the artist. Another great :Hlvantag<> of phot.olithography 
lies in the fact that the original~ can he kept without expense an<l be 
corrected and reprinted whenever required. So1ne of our progresR 
s~etches haNe in thi!'I. way been correeted and reprinted fbr more thau 
ten consecutive yea.rs without any. injury to the drawings. A stone 
would not hear such repeated corrections.. and would represent a dead 
eapital whenever not in actual use. It mnst not, however, be supposed 
that photolithographing mapr;: is an e:h''Y n1atter. In order to obtain 
the proper scale and dimensions, and to get the photograph properly 
developed, a fhie apparatus1 great skill and experience are required; 
all matters in which different methods and practiee8, usually regarded 
as secrets of trade, prevail. There are a number of establishments 
in this country, that are not snl~passed by those abroad, which pay 
especial attention to the photolithographing of maps, and give the 
greatest saUsfaction tQ the several branches of the Government from 
which they find extensive emp1oyment. 

Transfers on swne and zinc.-When.ever large editions of a map are 
...-eq.uired ~nd great d~icacy-is not a. consideration, it has been the cqs. 
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tom, in order to save time and expense, to print copper and stone 
engravings from transfers on stone. The Fre~ch print their new map 
of France in tSix colors and their map of Algiers in seven colors, en
graved 011 zinc and from transfers on zinc. The French appear to he 
altogether inclined to do too much cheap printing from zinc transfers. 
While they eveu place in the market cheap zinc transfer prints of their 
fine map of France, engraved on copper, the Germ.an Governrne11t ouly 
sells proots from type plates. When it is taken into consideration that to 
have the new map of France always ready for the printer would require 
5 700 separate stones, which would not only reprei-;ent a very respect
able investment, but would also den1and a very large storeroom and 
prove a most unwieldy mass of material, we can appreciate the good 
judgment of the I 1""rench in substituting zinc p1ate8, all of which can be 
encompas~ed in a c1oset of moderate dimensions, always i·eady and con
venient for use. A great deal may be said against tlie employ1nent of 
many color~, and the French 1nay be said to have quite reached the 
limit of artistic propriety and to have gone more tha.n half way to meet 
popular indolence. The employment of three colors-black, blue, and 
brown or i·ed-may be considered quite sufficient to facilitate the read
ing of a map; still, the saime objection against the use of stone.s for 
printing even with the few colors hoJds good, and it is rather a matter 
of surpri.t~e that the French have no follow·ers in this practice. ..As long 
as our Government has no establishment of its own for printing by 
transfer, it can only be a matter of iuditlerence whether this printing 
is done from stone or ziuc if it is properly served by private fir'ms. 
Some private firms do a good deal of cheap printing· fro111 zinc plate:-1, 
especia11y crayon work, but are disposed to speak disparagingly of 
the use of zinc fin- map-printing. There n1ay be some pr~judice agai11to;t, 
the employment of zinc by lithographic printers on financial grouuds, 
by ren.sou of a large capital invested in stones, yet it remains true 
tbat transfers on stone are finer and in every way superior to those 
on zinc for n1aps and line work, beeause the ziuc, for the manipu
lation, requfres a grain which, however fine, interferes with ·the sharp
ness of the linei::;. The ditliculty or impossibility of making correction 
on transfers on zinc also operates against its employment for maps or 
chart }Jrinting. There may be emergencies, such as happen in times 
of war, when it is desired to obtain the greatest possible number of 
priufa; at the shortest notice and when the compliance with specifica
tions by which time is lost is suispended; those would appear to be the 

. occasions when printing from zinc tran~fer would be in order. 
It may be mentioned in this connection that the U. S. Geological 

Survey had the subject of zincography, as practiced by the French 
War Department, brought to its attention, but after carefully investi
gating the snbject in all its bearings, concluded to defer action ·and go 
on in the old style of engraving on copper for three colors and printing 
by contra.ct from transfers to stone. 

:?So special refereqce is made to the procoos of vhotozinoogra.f_}hy a& 
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practiced by the English Ordnance Off.ice, becauE<-e it iR only applied in 
the production of parish plans on the very large sea.1e of 1-2500. Nor 
shall I attempt a,riy description of the sc•veral processes of photograv
ure, zincography, aud photolithography, as practiced at -Vienna. Paris, 
and Southampton, becau8e 8Uch descriptions by a nonprofessional do 
not arnouut to 1nuch, arnl 110 secl'et is nuule of their methods b:v the 
several gover111neuts and all desirable inforination is always cheerfully 
furnished. 

After a review of the prinei1,al n1ethods of producing aud u1ultiply
ing maps I arrive at the coucln.8ion that about the same condition of 
things exists therein as in surveying, where there it-; no such thing· 
known as a uuiversal iHstrument, or one that would serve all purpos<.->.s 
equally well, but where, under certain conditious aud for certain pur
poses, there is always son1e particular inl"tru1nent or so11H_0; instru1neut 
of peculiar construction, wllich deserves preference. In a similar way I 
find that there is no one method of inap production that eould l>e rec
ommended for general adoption, but that eaclt method has its merits 
and defects. 

LETTER FROM MB. F. C. DO'S~. DRAUGHTSMA.X. 

Your letter of January 25 has been received wi t.h in closed copy of 
niemorandum of the Superintendent's suggestions, and invitation to 
send to your Conference, in writing, any comments thereon that may 
seem appropriate. 

Thanking the Conference for· the courtesy so extended, I beg leave to 
say, that having been out of the field since 1878, excepting seYeral 
short intervals, I bave"not informed myself concerning improvemeuts 
in instruments and metb.ods of work. 

Principally occupied in hydrographic draughting. but few topo
graphical sheets have been examined or studied. Those which 11aYe 
come under my notice, however, have convin~ced 1ne that a number of 
improvements might be made by the topographer in the direction of 
conventional signs. Of course the topographer who makes the survey 
and inks his own sheets has no difficulty in the matter, as every 
feature will be present in his mind, but when it is remembered that. 
few draughtsmen are topographers, I think every detail of the work 
should be so represented when the sheet iH fiui:sheu that any draughts
man would be able ·to make a copy with absolute certainty as to the 
meaning intended. 

I will state briefly smne of the difficulties experienced. 
High-water lines should be continuou~, but in so1ne cases they are 

lost or covered up by other fea.tnrel'I. These lines should he the nlost 
prominent feature of a sheet and their posit.ion never doubtful. 

H. Ex:. 43, pt. 2-39 

• 
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The line sepa,rating the highland from the marsh is variously repre
sented by a continuous line, a dotted line, or by a contiuuous line with 
Rhort haehures at right angles to it, by lone· hachures or ends of the 
parallel lines significant of marsh areas. The continuous line is often 
mistaken for that of high water, especially when creeks intersect the 
marsh. This making of inarsh boundaries should he represented in 
such manner as would prevent the possibility of mistaking them for the 
shore or high-water line. 

Salt and fresh water rrutrshes in many cases can not be distinguished 
apart. 

Contours cause a great deal of trouble because too few heights are 
given. In the ease of blut1'8 or steep slopes when the cunres merge 
into tben1, it is <liffienlt to fix the heigh ts of the crests. In in inns 
cur\Tes or curves of depression the conventional 8ign is very frequeutly 
ontitted. TLe ele\·ation of sncb D curves should be iiulicated to pre
vent the pm;.sibility of confusion or uueertainty. 

These instances are taken from practical knowledge of the difficulties 
under which draughtsmen labor; the sheets containing them are of 
recent surveys. 

These points may have already been brought to the notice of the 
Conference, and if i-m, one inore witness from. the draughtsman's side 
may give emphasis to the matter. 

If I may be permitted to make .a suggestion, I will say that the 
office will be inore efficiently served if each topographical draughts
man could have a season or two in the field work in sections which 
afforded him the largest opportunity to study characteristic features, 
under the direction of some skillful topogea1)her of' the Survey. 



 

SUPPLE"11ENT B. 

THE TOPOGRAPHY OF THE co:.\.sT AND GEODETIC SURVEY, WITH RELA
TION TO ITS DEVELOPMENT AND FCRTHER P08SIBLE DLF'YERENTIA
TION, "\\TITH A CONTRIBUTION THERETO OF A DESCRIPTION OF A 
PRACTICABLE METHOD OF BALI,,OON SUH.VEYIJ'\G. 

[B:-.· Agsista.nt, R. M. Bache.] 

The topic which I here beg leavt:~ to preseut. to 1ny fellow members 
of this Conference, and crave for it their careful consideration, is that 
of topography, regarded i11 its broadest and also in some of its 1ninutest 
aspects, beginning with its evolution on the Coast Sarvey. In attempt
ing to present you with thiR vit>w of inception, progress, and final 
accomplishrn.ent, I briug to bear an experience since 1ny boyhood, 
which experience necessarily includes that of others as well as my own, 
digesh~d finally in nl.y 1nind. all bound up in clear recollectiou of the 
phases through which observation of others and personal effort have 
brought to me firm convictiou upon the points upon which I purpose 
to enlarge. 

Inasmuch as the development of accurate and elaborate topography 
is a product almost confined within the present century, it will not be 
necessary, in the customary way of exhaustive discussions of a subject, 
to go back to the flood, when the dove, as assistant topographer, 
brought in a sketch of the condition of the earth's surface, followed 
soon by Noah's first survey of the suminit of J.\ilount Ararat. 

Referring simply to this country, where elaborate topographical 
methods and performance, partly of native and partly of foreign incep
tion, have reached so high a degree of excellence as at present, not 
excelled at any time abroad, and that 'vithin so limjted a period as 
within the century, I would first of all call attention to the circuin
stance of evolution everywhere of exteuded, fine topography being 
almost conJined within that limited period. Naturally it had to wait 
for geodetic triangulation. Next, it is to be particularly noted that tbe 
first piece of ex.tended, accurate, and elaborate topography in thL~ 
country was that executed by my father, Capt. Hartman Bache, then of 
.the Topographical Engineers, U. S. A., between the years 1821-'25, 
several years before the· Coast Survey was in effective operation. 
Comparatively crude as it was in graphical presenpation, as compareq 
with later similar work, for at that time conventional signs were very 
unsettled, the map which was the product of that survey, taking in 
Charleston harbor a.nd city, South Oarolina., including hydro~ap~ as 
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well as topography, and extending inland much beyond the future 
work of the Coast Survey, was accurate to a degree seldom equalecl 
and never excelled for its sc~aJe, as in the course of Coast Survey work 
I subsequently had the 1neanR of ascertaining, and as was si1nilarly 
testified to by A.rmy and Xavx officers during: the war, when they had 
occasion repeatedly to ret4'•r to the work in connection with military 
operations near Charle~ton. 

Some twe11ty-five years after the execution of this work, when, as a 
n1ere bo:y, "'vith scarcely a11y eX})(•rieuee of topography~ I wa~ present 
at a conversation lwhn•m1 Capt. (them ::Major) Bache, aud our eliair
man~ J\Ir. \Vhitiug-, U1eu iny chief, who, young as he was, wa.s 1n pro
ficieney eveu then the Xestor of topography on the Coast Survey, I 
heard on the one hand the latter sp<~ak in the inost complimentary 
terms of the excellence of that Cl1adeston survey, a.ud the former, on 
the other ha11d, deplore that at the r>eriod concerned he had not had 
the facility for topographical ·work that the plaine-table affords. 

I do not intend to irnply by what has been said that this Charleston 
work \Yas execnt,,d single-handed by Capt. Hartman Bache. On the con
trary, as I am speaking to the poiut, first of all, of the evolution of topog
raphy in this country, I wish it to he clearly UlHlCrl'l.tood that he had 
as assi8tant8 with him several officers; for the operations of tbe Topo
graphical Bngiueers then, like thmm of the Engineers now, and always, 
were condncted on a generous scale of life for educated men. The junior· 
officers, as assistant topographers, were J..;ieuts .• Jam es D. Graha.m, C. 
M. Eakin, aud 'y. 1\1. Boyee, all belong;i11g- to the Topographical Engi
neers. They were well grounded in the principles of a<·cu.ra.te work.· 
and Eakin., wbo with Boyce aftenvards went on the Coast Survey, was 
a born topograpllCr, for the topographer, llke the poet, i~, as you know, 
practice in his art m·d<le, born, not made. Eakin coming, through his 
advent upon the UoaHt Survey, upon its accepted topograph.ical iustru
n1ent, the plane.-tahJe, did not for the f~ture labor under the disadvan
ta.ge whicli 1\laj. Bache had regretted in his own behalf. He did admir
able wor·k with that instru1nent, and being well instructed in its mn
p1oyment, his pnpil, our present chairrnan, took a much higher flight 
than he in exeelleuee, producing, with his singular aptitude tor the 
plane-table and topography, maps that, within their individual scales, 
never can be excelled in effective graphical delineation of ground. · 

In what I have said there is no disparagmnent of the foreign topog~ 
raphers who came· in with Mr. Hassler as Superintendent of the 
Survey. They worked according to the general requirements of a 
period when f1u1<lH were lacking and large areas had to be hastily covered 
to make a show of production, upon which the very life of the Survey 
hung. The standard of accuracy, moreover, even among surveyors 
a.nd engineers, was then much lower than at present. They worked 
up t.o the general requirements of their day; few tnen ever do more. 
The particular set of men who did more than that I have mentioned, 
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and my convictiou, from h:vdng in the field toncl!ed upou the earli(·~t 
work of both natiYe and foreign topographers in this country, i~ that 
the pahn of excellence is due to the foriner for accuracy and elegance 
in topography, finally permeating the "~hole of that sphere on the 
Coast Snrvey, and that, foremost of tl1e men to who1n that reRnlt js 
dnl', and 'Witlwut whose impress it is (1uest iouahle if the topography of 
t<Hlay would stand as high as it does, was our lwnort.'.d d1airinau, 
Henry L. \Vhiting. 

Iii follows, as a 1egitirnate inference from thf' point up011 which 1 
first of all dilated, that I deem the n10dt•r11ized plane-table the best 
topographieal ini;;.tnunent extant. 1 say rnm·e, that it is the Lest 
topographical instrument post?ible, fur the simple reasoll that it com
bines the office with the field; th<lt whereas 111e tidd-transit t:-utails 
the maxinnnn of elaborate notes, and the 1naxiluum of JffPeisP sketch
in!-r, au<l not only renders it poss.iule au<l cel'taiu that discrepancies 
will manifest themselves eventually in plotting, eyeu when the greatest 
care l1as beeu taken iu the field, and al~o that, to obtain final results, 
there n1ust be a great expenditure of time, ih; final product for 
elaborate surveys (and we are supposed to be spe;1king only of tho~e 
at present) i:.;, as compare<l ~with that of the plane table, at 1.Je~t bald 
and skeleton-like, unless play be given to thl' imagi11ation, which 
should have 110 part in topographical delineation, save iu the accept
anee aud artistic treatnient of conveutio11al sig;ns. 

It follows, if what I have asserted of the lllane-table as compared 
with o"ther topographical instrun1ents be tn1e, tl1at its pertormance iu 
given hands ii-; the 1nost crucial test of the expertness of a topographer. 
Every case in topography is, as you kno,v, a special ca:-:.e, from the 
detern1ination of the individual station, tlirongh the details that shall 
be obtained frmn a particular station, through tlw whole succession ot 
stations ·which in sum produce a su1Tey; "\Vhich i1wlude in their eu
tirety the best mo(le, in generals and particulars, of attaeking the 
ground. Back of the choice of a particu1ar instrun1ent for topography 
lies for good work the determination of the question of the iseale to be 
adopted for a certain map, a question too often neglected. It should, 
nevertheless, be obvious that the scale to be adopted is properly dt•
teru1iuable only upon the basis of the previously settled question aH to 
the exact purpose of the survey. It is as preposterous to adopt u 
sca1e too large ttn· the precision and elaboration t-0 be devoted to u 
map, as it is to aaopt one too small fin· the precision and elaboration 
desirable. In any event, however, whether the scale be well or ill 
chosen for a given purpose, the plane table rml\ains paramount as the 
instrument of inHtruments for topography on any scale. 

But in saying this I dt) uot ineau to irnp1y that the plane-table may 
not employ useful accessorie::;;, however skillfully it may be managed. 
AJthough it is, in its modei'nized for1n, virtually perfect for its purpose, 
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I can not but think that some useful accessories to it have not been 
sufficiently emplo_ved. In its capacity, through easy angling upon or 
telemetering· to :-mhsidiary objects, to determine them, nothing can 
be co11cei ved as ·affording greater facilities for all horizontal work. To 
some degTee, through the arc of its alidade, by means of which we 
can, for n1oderate scales and over small regions, obtain elevations with 
sufficient accural·y, it compasses the deterrnination of heights. and to 
sorne degre,e also it n1ay be used, through its 1nodernized alidade, as a 
leveling instrument, although that method of leveling, involving the 
use of the whole hea.vy instrument, does not iu practice lend itself 
favorably to the execution of extended leveling. I ·was therefore 
driven, early in my experience on the Survey, believing, as I did, that 
our vertical work in to1)ogra.phy was unduly below in accuracy the 
staudard of our horizontal work, to employ S]H}cial leveling inRtru
nients of a greater or less degree of precision. as the case ni.ight seern 
to require. About 18;}:~ I exhibited to Prof. A. D. Bache a hand level 
(l.1fwke's) \Yhich I had used f(>r a short tin1e, in whose working he took 
great iutere:St, tryiug it with me out of a hotel window in Savannah, 
(}a. Conte1nptible as the in:-;trnment is as one of precision, it yet 
serve:-; :uhuirably as an accessory to plane-table work in a hilly country, 
and at a11y rate, I judge, frmn the evident iguorance at tha.t time of 
Prof. Bache about the iust.rnm~ut, that 1 had the honor, such as it is, 
of introdueing it upon the Survey, where it has proved useful, and 
indeed :-;ometimes, iu carpfu1 h11uds, performs beyond what one might 
expect of it, as Prof .. Jame:-1 J >. Dana once prove<l to me, by showing 
mP the reRnlts of a, line of level~ whieh he had run with it between 
points of which I had obta.ined· the elevation by regular spirit-level 
determination. 

The measure which I :.;:;hould like to see adopted .for fine vertical work 
in hilly conntry, in conjunction with scales not exceed!ng 1-5000, would 
be the general introduction of the spirit level for the production of 
critical points of precision at, say, the moderate limits of half a mile 
apart, over the whole area., and of the niveau d'eau, the French water 
level, wherever desirable within those limits. Just as our delineation 
of all horizontal features of a country depends primarily upon the 
establi:-;hment of critical points, supplemented when required by tan
gents, so the vertical delineation. of the same country should be 
made commensurate in accuracy with its horizontal delineation, by 
means of the establishm.ent of critical points of reference for elevation. 
My method of accomplishing this to the best advantage, in a case 
which required special precision, although the scale was only 1-10000 
{for the survey was for minrite geological purposes), was by running 
some approximately parallel lines of spirit leveling through a nearly 
square area ot about 100 square miles, tying on, where facility offered, 
intermediately to their termini, and then supplementing with other 
levels within the areas circumscribed, by means of the niveau <Veau, 
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which I have had constructed witl1 sin1ple gas pipe and elbov.~::-;, the 
whole instrument with its tripod not W(~ighi1Jg over 5 pouuds. ,,~ith 

this rapidly-working instrument <me can run a mile of levels with a 
probable error not greateP t1rnu two or three-tenths of a, fr>ot, far 
within any neces8ity of scale. \Vithin four years an official of St. 
Louis, lVIo, who was iny assistant tl1ere during the >var, when 1 made 
a survey fron1 St. Louis to Carondelet several miles 1,elo•Y on the 
MisBiRsippi, wrote n1e that the afore,.,aid work remained to that day 
the best authority that the city ]H)ssessed, wliereas the >vork above it. 
with which miue joinecl, executed without any system of leveliug·, \Vas 
entirely \\rorthles8 to tlle city. Yet the 1lii1eau tl"cau wa8 the sole 
leveling instru1nent used, carryiBg elevations accurately over several 
wiles. 

'l"'here is another instrument, useful as an accessory to plane-tablr· 
work, which _[ 8hould not omit to niention becanRe it happen;:.; to be of 
my own inve.11tio11. 'l"'his is merely a telen1eter, reenforcetl on its Lack 
by a strip of wood, to i;;tiff<.·n it, and supported on a vertical 8tanchio11, 
from which it is detachable, and on which it can be revolYed by the 
sketcher in the bow of a boat. It is graduated to 5 nrntres, and can 
be read intermediately to l, fiff a. dista,nce of 300 metres, or, of course, 
by doubling up, to a di:-:.tance of 600. ~,or all calm waters, with 
margin!'\ upon which it is impracticable to stand. for all shores covered 
with high reeds, nothing can take it~ place. When I look back to tlle 
time lost in former years in placing tags on withe~, and then d(•tennin
iug their position, un<ler the difficulties sometimes of ~pecial :,;tations 
for the purpose, the faei1ity with which I have long been able in such 
places, with the assistauce of a good sketcher, to i:-;weep in a large c-lrea 
with perfect accuracy has been quite delightful. In such places the 
expenditure of time and trouble, as experjenced in the general method 
of obtaining them, is reduced by comparison to nothing. 

Speaking of material things as usefhl ac('eHsories to plane-table 
work should not lead to forgetting that the service of at least one p;ood 
sketcher, preferably two, is a n10Rt useful adjunct to the work of the 
chief of a topographical party, whrn;;e general presence at the instru
ment, as the focus of operatious, is indispensable to the execution of 
the most rapid, consistently with its being the best work. This cla~s 
of men has not been sufficiently t·ostered on the Survey. 1-tepresented 
by. individuals who assist like ''hands," carrjring, pulling an oa.r, etc., 
it only needs that their moderate pay be ma.de continuous, and that 
they be transported from place to place, to i-:.ecul'e a cJass of men as a 
part of the personnel of the 3nrvey, that would add innnensely to tlte 
relief of chiefs of topographical parties and prove of advantage in the 
economical production of. work. 

I mentally ad.mi~ in my scheme for improving the art of topography 
the largest range in actual practice. I begin always, as I bave said, 
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with the question of the purpose of the particular survey in contem
plation, upon which depends, as I have also said, the determination of 
the scale which sllould be adopted. Upon the· scale adopted for it, in 
turn, should depend .the greater or less attern~pted elaboration of both 
horizontal and vertieal work. A n1ap ina.y legitiinately be on a scale 
so small as to preelnde detail to a degree that necessarily 1nakes of it 
a sketch in character, but one can not legiti1nately be on a scale so 
large, with reference to actual elaboration. as to profess, while in fact 
virtually a sketch, to be accurate and comprehensive up to the capacity 
of its scale; and yet that is exactly what every large scale map, with
out corresponding accuracy and fullness, and without qualifyiHg notes, 
falsely professes to be. ln a word, the being in fact that which a map 
ou its face professes to be, is iudh;;peusable truthfulness in topography, 
in every delineation of the earth~s surface, from geographical maps 
down to and through every phase of topographical representation. 

In saying-, as I do, that the sole condition of the truthfulness of a map 
is that it shall be that which on its face it pretends to be, is necessa
rily involved the admission that inaps rnay legitiinately have, depend
ent upon their purpose, and therefore, as should follow, upon their 
scale, various degrees of accuracy. There is a great gulf between the 
survey and map for the construction of a fortification on hill and es
carpment and the survey a.nd map for-any other purpose that can be 
mentioned as detailed. In the whole range of surveying-, however, 
one kind of survey is no more legiti1nate than another, all having their 
appropriate place, if only the scale represents the truth up to ·which 
the operator has wQrked. 

So clearly aru I of the opinjon that the present recognized extensive 
range of surveys and inaps have their 1egitin1ate provinces sole]y upon 
the condition that they shall he truthful in the pretension which they 
make on their face, that I a1n emboldened rather to suggest adding to 
than snbtra.cting from the present range of map-makiug methods and 
map products. 

PHO'l'OGRAPHIC 'l'OPOGR.APHY FROM A BALLOON. 

I deprecate any hasty, adverse conclusions on the subject which I 
am about to present. Experience in life shows the general tendnncy 
to resist innovation. The history of invention proves the fact conclu
sively. Premising then, and insisting, lest my meaning be miscon
strued, upon 1ny recognition of the facts of the possibility of failure 
and the existence of limitations to the applicability in places of the 
plan which I am about to suggest for particular purposes and places, 
I state now tl1ose limitations to be, so far as they are at present appar
ent to 1ne, strictly circu1nscribed by character of country, size of scale 
which it is possible to use, and appropriateness of the method only 
to one specific kind of survey. But, as to the last ,clause, it may well 
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be urged that if only one purpose in anytlling be well subse1Ted it is 
dh~tinctlv a gain in the affairs of men. 

The id~ea of photographic topog-raphy fr1 nu a balloon had occurred 
to me before I learned that it had been thought of by otherR and ex
periments tried with a vie\v to it~ n"'alization in practice. I was not 
surprised, however, to learn eYentnally that the idea bad been con
ceived by others, knowing, as l \.Yell do, that a~ never before the 
world teems with ideas as to applied science. So far, however, as 1 
an1 able to ascertain the results of these experiments, they do not 
stand test as results of preeisiou, such as \varrant my re;.zarding thein 
as representing methods capable of exeeuting regular. accurate, relia
ble surveying. But, ou the other hand, I venture to believe tbat lH,\~ 
method, hereinafter described, if applied strictly within the conditions 
which I ea.refnlly note, will be fouud to n1eet all the requirements 
which thorough krnndedge of the general subject would impose. 

Gi¥en a tract of n1od.erate aceideuts of surface, and, although not 
unwooded, ch,.stitute of forest, and I believe one would have the physi
cal conditions fulfilled necessary 'to carrying out the plan of survey 
which I haxe in mind, costi11g- very little money, and yielding imme
diate results, which could easily be refined upon as a final iwoduct of 
the survey. To take a siJnple case, hnagine that, in a country sucli as 
I have deseribed, a map were required to be made on and for some 
distance on both sides of a tra.Yerse line in process of execution. SeJeet 
two stations of the liue that ba.ve been occupied by the instrument for 
horizontal angles and 1nark thern with two disks of white muslin, say 
stretched on hoops, of a size dett.>rininable by tl1e distance at which 
they are to be viewed by tbe camera; midway on the line between the 
stations send up a small spherieal balloon, with a camera. pointing 
vertica11y downward suspended from it, and captive by :four light cords, 
two of which should coincide in pm:iition with a vertical stripe passing 
around the centre of the balloon, and adjust it, in an obvious m~anner 
over the traverse line, at a height which determines the scale of the 
map of the area assumed to be possible of delineation. The proper 
elevation of the camera for the purpose of photographically including 
a single link of the traverse line, thus, as remarked, establishing the 
scale of the map, could be preliminarily established by experiment on 
the ground 1nerely by setting up the camera in the usual horizontal 
position, so placed as tO distance fron1 a horizontal base representing· 
the length of a maximum traverse liuk as photographically to rediwe it 
to the desired scale; and as to direction so placed as to be on the per
pendicular to the middle of that base. 

The ;balloon should be centered over the point below without instru
menta.Jly aided observation, the vertically placed stripe ranging along 
the link, and the apparatus being anchored by light weights, with 
rings through which the cords could reeve, to cover the necesi:;ity of 
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making any adjustment of the length of one or inore of them, growing 
out of some accident of the ground. On one of the two traverse 8ta
tions representing a given link of the line, the disk of white would 
necessarily be larger tb.an that on the other, so as to indicate on the 
photograph the direction in which the survey proceeded. The camera 
would also necessarily play in gimbals of sufficiently easy movement, 
short of permitting it to oscillate with perfect freedom, of just such 
ease of movement as to permit it to maintain perfect horizontality. In 
addition to the four light cords mentioned, to be attached as guys to 
the balloon, for the purpose of orienting and keeping it in position, a. 
free one, graduated downward in feet, and containing the wires in elec
tric communication with the photographic shutter of the camera, actu
ated by a minute battery, would complete the whole apparatus.. "".,..ith 
due care in manipulation, the ca1nera, lying with relation to the vertical 
stripe on the balloon, would be oriented with the stripe along the given 
link of the traverse line, and register the link· essentially in the middle 
of the plate, and its ter1nini within the margins of the plate. 

It ~tands to reason that these operations would be impracticable in 
a high wind amounting to a gale. In a calm, however, or in moderate 
breezes, such as are concomitn,nts of fine weather for field work, there 
is apparently little ground to doubt that the picture of the earth under 
the camera could be successfully taken in the manner indicated. 

Any one who has flown kites, and therefore knows the stillness 
of them when properly constructed as to both figure and attachment, 
and when fully raised, can little doubt that a miniature, perfectly 
spherical balloon, floating in the atn:wsphere, held at four points equi
distant from each other around the circle, would have no tendency, 
like an ordinary balloon, to sway, owing to the fact that its center of 
gravity, unlike that of the ordinary balloon, would be close to the 
inflated body. It would be like a kite flown from four directions, but 
much more stable. 

How important figure and attachment are in the case of the kite is 
known to many persons from experience, but as many have not con
sidered what influence those factors cmnbined would. effect in the case 
of a specially constructed captive balloon, it becomes here necessary to 
demonstrate them, through describing the construction and mode of 
management of the balloon adapted to the case in hand; how, through 
figure and attachment, the forces in pla.y may be so combined as to 
produce equilibrium in the object acted npon. 

In the first place, as to figure, the balloon, unlike the ordinary 
reronautic one, with its long neck and remote car, would be perfectly 
spherical, with the gi1nbals and dependent camera set close to its 
periphery. Thus closely ballasted it would, if free, have no swinging 
movement, and would therefore have no tendency to swing when held 
by centralized equiangular forces around its periphery. As for the 
pa.rticular feature of its attachment, which relates to the equaJ.ization 
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of the forces designed to retain it in position, that would be by fasten
ing the guy cords equidistantly on a light girdle passing equatorially 
around the sphere as resting when ascended. It will be perceived that 
this place of attachment, combined with the figure and mode of bal
lasting mentioned, precludes oscillation, even when the lateral force 
of wind is introduced, unless, indeed, the balloon has not been gifted 
with sufficient ascensive force. The balloon, thus constructed and 
attached, should present stability all-sufficient for its object. But 
additionally to these guarantees of stability is to be added a momentary 
one at the critic;al point of ti1ne of taking the picture. At th at in~tant 
the operator would stand directly below the balloon, holding in his 
hands the little battery and the graduated cord containing the reophores 
actuating the photographic shutter of the camera. At that instant he 
would draw the cord tense, and shnultaneously complete the electric 
circuit of the battery, and in a small fraction of a second the picture 
would be taken. 

~l1he preliminary determination of the question of scale will have 
settled the height of the ca1nera during the whole work, the fixing of 
the focus for that _height, the size of the diaphragm f()r lin1iting· 
properly the angulttr aperture of the objective, so as to obtain a sharp 
picture, and the 1naxinnun di.stance aHowable between stations, which. 
however, should, for convenience sake, be as nearly equidistant as 
possible. 

Cameras, excep.t some of the English ones, are now made so ex
tremely light, not over five or six: pounds in weight, that the size of the 
balloon necessary for the purpose described would be correspondingly 
small. So small a superficies, moreover, as it would contain could be 
prepared without great pains, so that the balloon would almost indefi
nitely retain its gas. This gas would necessarily have to be on .occa
sions generated by the surveyor for his own special purpose, and on 
such occasions would necessarily be hydrogen, heated air being inad
missible for the purpose discussed. In many cases, however, coal gas 
woufCl be easy to procure, and could then be employed. The War De-
partment balloon service now employs gas under high pressure, in 
steel tubes, easy of transportation. The use of such, therefore, wou1d 
afford the greatest faci1ity possible in the operation herein described, 

We are now supposed to have secured, as the result of running a 
traverse line, in the manner described, a number of negative dry 
plates, ilnpressed by instantaneous Ilhotography. These can be stored 
away in the dark compartments used for that purpose until such time 
as may be convenient to develop them. They are often thus kept per
fectly safe for many months. Being finally developed. they are cut off 
with a diamond point at such angles as will enable them to fit on 
the tra~erse line plotted on paper previously to its being .sensitized. 
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The tra:verse liue, as penciled to :-:.cale on paper, subsequently sen
sitized. would nece:ssarily fix the directions of the pbotogra.phic rep
resent.a tious of ifa.; iudividual liulrn, and the photographic representa
tion to Hcale of the links on the ground would give the ineans for 
adjusting the plat.es on the paper; an operation, it will be perceiyed, 
thus checked by the distances to scale as actually measured between 
the stations of the ground; a perfect accmnmo<lation betweell the data, 
as obtained above and below, being thus effected by a slight adjust-
1ncnt. In order to limit to the minimum in space, the narrow wedge
shaped blanks that must occur between plate;oo; lying at an angle ·with 
eat·.h other, correspoIHli11g with their relation to nature, along the rep
resentation on paper of a traverse line thus treated, the line on the 
ground should_ be run as little zigzag as possible. 

By ineaus of lines tying on a.t u1tervals one t;raverRe 1ine to another, 
the san1e scheme of work could be amplified laterally. If that were 
done, however~ one picture would overlap another, the wedge-shaped 
hlank8 would be multiplied, aud the resultant print would be irregu
larly b1urred; and, worst of al1, the impressions of iniuute determinate 
object:o; would uot be su1wrposed. Bven in this ad verse ·case, however, 
the ele1nents would be present for the draugbtsn1an to reduce t.hem to 
a coherent whole. But, on the contrary, the running of a single line, 
all that I advocate at present, ernbracing a coll.siderable distance on 
each side of it, would give at once data for a very presentable 1uap of 
the surface of the earth involved, and this n:iap would readily leud 
itself, through tbe lahor:4 of the draughtsman, after having been priuted 
in the 111anner described, to the refinements of being photographed or 
lithographed as a whole. Of course, at its inception, such a map 
would be entirely destitute of exact indication of vertical traits, such 
re1Jreseutation as was made of them by photography depending entirely 
upon the effect of perspective. 

It should be obvious that, instead of running a traverse line by the 
method herein before described, in which every position of the camera, 
supported by the balloon, is referred to directions aud distances 
measured on the ground, it is possible to run a traverse line by a looser 
method, by means of bailoon work alone. With a balloon a.hntys at a 
fixed height, the scale, as has been indicated, is also fixed. Therefore, 
if the can1era be placed successively over stations Nos. 2, 3. etc., repre
senting disks successively plaeed on the ground, combining in pairs, 
:-itations 1 and 3, 2 and 4, etc., then the line can be plotted on paper, 
and if only its termiqal points be determined, a traverse line of addi
tional accuracy wou]fl be secured, because it would as a whole be 
oriented. We have, therefore, within the possibilities of this method 
of balloon surveying', three gradations of accuracy; first, where each 
balloon result is referred, for each link of a traverse line, to direct 
angular a.nd linear m~easurements on the ground; secondly, where only 
the two ends of the 'traverse line being determined, the line is wholly 
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laid down by them; and, thirdly, where there are no instrunwntal de
terminations whatever on the ground, where the balloon camera does 
the.whole work, by referring it to bright disks placed co11venieutly on 
the ground V\i.th reference to the topography. 

I beg you to believe that I could not speak, could not indeed think, 
of a thing wholly untried as certain of suec(•ssful aceomplishmeut. lt 
seeins to me, however, that the plan, a.tte111pted i11 the mau11er that I 
have devised, subscribiug tu the couditious that 1 l1ave sought care
fnJly to irnpose, is well worthy of trial Jor the clas::,:; of work wltosP re
qufrements I have thought it might me(_~t with the great advantage of 
cLPapuess, expedition, and picturesque delineation of cei·tain country. 
I coufesi;; that I am suffieiently wedded to the belief that it wonJ(l sne
ceed, to enable me to say that l slwuld be pleased to try the PXJ wri-
1nent with all the opportunitie~ afforded by a ee11t,re of civilization, 
where are to be found, combined, a.rtisa11s, material, and every facility 
for p('rfecting mechanical devices, not lea.st a rnong ·which is the counsel 
of experts whose a,ssistance ~vould reuder most likely, if possible, the 
culmination of the project in success. 



 

SUPPLEMENT C. 

[Presented by Assistant HERBERT. G. OGDEN.] 

REPORT OF THE COMMITTEE ON THE CLASSIFICATION OF THE UNITED 
STATES FOR TOPOGRAPHIC WORK. 

The committee has further considered the question of classification 
submitted to it, and respectfully reports that, in its judgment, no 
further subdivii:;ion is necessary to complete the work outlined by the 
Conference. It suggests, ho,vever, that the slight changes recom
mended by the committee on accuracy should be adopted, viz: 

In Division A, coast work-Section I-change the limits from "St. 
Croix River to New York" to read "St. Croix River to Delaware Bay." 
In Section 2, change the limits 4

' New York to Winyah Bay" to read 
"Delaware Bay to Winyah Bay." 

In Division B, interior work, we recommend that the word "farm" 
be omitted from sections 1 and 2, and in section 4, "Plateau Regions 
of the West" should be changed to read "Great Plains of the West." 

These recommendations are respectful1y submitted as the final re
port, and the committee req nests that it may be discharged fr·om 
further consideration of the subject. 

CLASSIFICATION OF TOPOGRAPHY OF THE UNITED STA.TES. 

A.-Ooast work. 

(1) St: Croix River to Delaware Bay. 
(2) Delaware Bay to Winyah Bay. 
(3) Winyah Bay to St. John's Uiver. 
(4) Mississippi Delta. 
(5) Texas. 
(6) Southern California.. 
(7) Northern California. 
(8) Oregon and Washington. 

B.-Interior UJork. 

(1) Rolling lands, like New England, New York, northern New 
Jersey, etc., excepting the mountain ranges. 

(2) Flat lands, like southern New Jersey, Delaware, the Chesapeake 
Bay region, and the AtJ.a.ntic Ooastal plain generally. 

ca 
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(3) Prairie lands, like those of Ohio, Indiana, and Illinois. 
(4) Great J>Jains of the West. 
(5) Plateau regions of Kentucky and Tennessee. 
(6) Appalachian Mountain systen1. 
(7) Rocky Mountain system. 
(8) Sierra Nevada l\fountain system. 

623 

COMMITTEE REPOR'I' ON ES'l'l:\1.ATED COST OF SFRYEYS PER SQUARE 

MILE IN TYPICAL SECTIONS ON SPEOII<'IED SCALE. 

The following table consists of the mean value of two tables of esti-
1uates furnii-;hed the connnittee of the whole-one by tlte committee on 
classificatio11, to which was giveu the weight of oue, aud one by the 
~pecial committee appointed February 17 to <·011sider this subject, 
whose table was given a weight of two. The latter table was made. 
up fro:rn individual estimates of eight members of the board, those 
members farniliar ·with the Atlantic and Gulf coasts esthnating ouly 
for these sections, and those fanJ.iliar with the Pacific coast for that 
section. 

It is evident that, owing to lack of great experience among 1nembers 
of this Conference in the immense region indicated, the cost per square 
mile assigned to these stetions n1ust be largely approximations. Closely, 
t1rnrefore, as the attention of the Conference l1as been directed to the 
matter of interior Rnrveys, only time can show how nearly it has 
approached the actual cost in each case. 
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A-COAST \VORK. 

Section. System. Scale. 

i Approxi-i 

I
' 1nate 

cost per 
square 

Remarks. 

--!-------------;-----~-----
I mile. 

-----1-- ----1 

1 

I 

2 

I 

2 

3 

4 

5 

6 

7 
8 

St. Croix River to 
Delav•,;are Bay. 

! 
i 

I 
I 

Delaware Bay 
\Yinvah Bav. 

to I 

I 
St. I 

New England. 

Bay. 

do. V'{inyah Bay "to 
Johns River. 

Mississippi Delta. I Delta. 
i 
i 

Texas. I Texas_ 

Southern California. ! 
JS"orthern California. i 
O~e.gon and \\·a~h- I 

ington. 

Pacific Coast. 
do. 
<lo. 

1-10000 $54 , Including water 
areas between 
shore 1 i nes not 
exceeding one 
mile in width. 

1-20000 27 

I-20000 25 

{ 
1-20000 } 
1-40000 

{ 
1-10000 . \ 
I-JOOOO i J 
I--10000 i 

I 
1-10000 
1-10000 

15 

37 
43 
40 

B-INTJ<~RIOI{ "\-VORK. 

I 
Rolling lands, like Primary. I-30000 I 25 Plane table work. 

New England, 

I 
New York, north-
em New Jersey, -,. 

etc., excepting the . ; 
mountain ranges. I 

Flat lands, Ii k e I Coastal Plain. 1-30000 j 18 Plane table, with 
southern New I traverse auxil-I 
Jersey, I)elaware, I ianes. i the Chesapeake I 

Bay region, and 

I the Atlantic Coast-
al plain generally. ! I 

Prairie lands, like Prairie. 1-30000 I 20 I Plane table work. 
those of Ohio, 
Indiana, and llli-
nois. 

Great plain regions Great Plain. 1-40000 II Plane table work. 
of the west. 

Plateau regions of Plateau. 1~30000 15 Plane table, with 
Kentucky and traverse auxil-
Tennessee. iaries. 

Appalachian Moun- Appalachian. 1-40000 17 Plane table work. 
tains. 

Rocky Mountains. Rocky Mountain. 1-40000 13 Plane table work. 
Sierra Nevada Northern half, Ap- 1-4ocx:>o I 16 Plane tn.ble, with 

Mountains. palachian; south- traverse auxil-
ern half, Rocky iaries. 
Mountain. 



 

SUPPI~EME~T D. 

REPORT OF THE COMMITTEE ON THE MERITS AND DEFECTS OF 
TOPOGRAPIIICAL IXSTHl:~IENTS. 

[Present.ed liy A;;siistant Ang. F. Rodgers.] 

The Conunittee on Instruments IHt:-> the honor to report as follows: 
Having examined the instrnments in the office of the Coast and 

Geodetic Survey aud conferrt"d witli the meehanician of the Survey, 
l\Ir. Fischer, and lutYiug visited the office of the Geolog;ical Bureau and 
conferred with its topographerl'4 and ma(le au examination of the in
struments nsed by them, your committee has concluded that the best 
forms of the plane-table and alidade iu present use hy th(~ Coast and 
Geodetic Survey are susceptible of little improvement except in the 
matter of weight. 

There is now in the charge of the mechanicia.n :i. plaue-table head, No. 
83, used by A_ssh~tant Donn in the survey of tlie District of C0Jun1bia, 
which, in the opinion of yonr comm.ittee, is as goo<l a form_ as ean he 
devised, with exceptions hereinafter noted, simple iu (•onstruction and 
combining Revera] recognized desiderata, viz: a broad baRe plate, with 
two tangent screws, combining adequate strength and inunobility in its 
connection with the plane-table board. 

For general nse or in a very rough, mountainous couutry this head, 
No. 88, would be too heavy, unless much reduced in size, and this 
would involve the losf' of some of its elements of present excellence, and 
it ii-; thought that by reproduciug the form and size of No. 83, in alumi
num bronze, and with the reduced weight of a.n aluminum bronze board 
the aggregate weight inay be recluced to convenient portability for all 
purposes. 

Your conunittee, therefore, recom1nends the manufacture of au ahuni
nnn1 bronze phtne-table head of Hize and form, exceptions hereinafter 
noted, of No. 83, and a plane-table boa.rd of full size, to be 1nade of the 
same metal and with the end8 l'>emicylindrical, with a diameter of not 
Jess than ;j inehes, in order to protect the rolled portions of the plane
table Hhe.et from the short., Rharp heud over the edges of the board, as 
is now the case in our wootlcu board. 

H. Ex. 43, pt: 2-40 s2a 
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INSTRlJJlIEN1'S EXAJ\IINED IN THE O.Fl<~lCE OF TllE GEOLOGICAL 

BUREAU. 

The forms of plane-table used in the Geological Survey are radically 
different from our best instruments, especially a head and miniature 
board used iu the traverse work of that survey. This plane-table can 
only be leveled by changing positions of tripod legs and can only b€ 
inoved in azhnuth by band. 

Still another form is known as the Johnson patent, having ball and, 
socket motion for level and change in azimuth, but without tangent 
screws. It is understood that this instrument is used in plane-table tri
augulation, and for interpolation of stations for topographic detail. 

111 connection with the miniature plane-table first mentioned, a small 
and light alidade without telescope is used, and it is understood that 
in the traverse work of the Survey the declinatoire or n1agnetic needle 
js depended upon for orientation and direction, and for determination 
of eJevation, except in special cases, the aneroid barometer is used and 
referred at frequent intervals of time and distance to known datvm
planes. 

In traverse work, distance traversed is obtained from wheel measure, 
either by direct count of the number of revolutions of a wagon wheel 
or by the use of an odometer. 

The odometer forn1s on sale up to this date ilo not meet with com
mendation from the office of the Geological Survey, and the experience 
of the chairn1an of your committee indorses the idea that there is g.rea.t 
room for improvement in odometer forms, leaving an open :field for in
vention with practical ideas of the adaptations of such an instrument. 
In its present .form it must be treated very carefully as to rates of 
travel. 

Your <>_,ommittee is of opinion that in rapid work, and especially in 
reconnoissanct:>, a reliable odometer, in dust and water proof case, 
would be of great value in approximate determinations of distance. 

Having visited the office of the Geological Bureau, your committee 
desires to express obligations to the gentlemen of that bureau for their 
kindnesl"> and courtesy in ex.plaining methods and exhibiting the in
struments used by them. 

NEW INSTRUMENTS AND SUGGESTIONS OF CHANGES IN FORM. 

From Buff & Berger's Hand-Book and Illustrated Catalogue of 
Engineer's and Surveyor'~ Instruments, published in Boston iu 1890, 
your committee makes the following quotation for your information 
and consideration: .. 

"The ta-chym-eter (tachymeter) or universaJ surveying instrument; 
the word is a combination of the two Greek words, "tachns," rapid. 
and "metron," measure. Th.ere are several words in Webster's Uu· 
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abridged having the first word of the combination t-0 signify rapidity 
of execution. Buff & Berger describ~· it af.: '"an instrument having a 
level on its telescope, a vertical arc or circle and stadia wires, and as 
adapt<>d to rapid location of point,:;; in a surYt:\Y; since it iR capable of 
measuring the three coordinat:<·s of azimuth, altitude, and distanee." 
Your comu1ittee has recornmended the ordering· of such au instrument, 
or in form for attachment to au alidade, for examination. From its 
combination of capabilities it may illustrate the usual character of a 
'~jack of all trades," but examination must be our best guide to judge of 
its probable usefulness as an auxiliary to more rapid work. 

OERTEL & SON, OF MUNICH. 

The Secretary of the Conference has submitted to tbC' commi1 tee a 
form of level known as '' l\feissner's Level," n1anuf~1ctnred by Oertel & 
Son, of l\Iunich, which has the advantage of rapid adjnstrnent in bori
z~ntal plane, by means of a single vertical milled-head screw attached 
to the eye end of the telel'lcope, doing away with the old fnnn of bat'e
plate and four foot screw:-;. 

Your co1nmittee is of opinion that the Meissner level, as described, 
may be n1ade a valuable adjunct to a party equipment to obtain more 
rapid results where the use of a level may be necessary. 

The secretar.Y also sub1nitted a rough dra.wing- alH1 description of an 
instrument rnauufaetur(•d by Bolrne in Berlin, '• 11 asehen-Niveau,'' the 
first a G-erinan word, the last French; translated they lnean a "pocket 
level." This instrument appears to be a baud level of more elaborate 
form than the lock level and bas an addition of a graduated arc for 
measurernents of horizontal angles. It seems to eombiue the lock level 
and the azimuth compass or Schmalkalder, of Coast and Geodetic 
Survey adoption, though represented to he without a needle. 

Mr. Flemei· has also called your committee's attention to an instru
ment called a distance-measurer, which in method serves the ordinary 
use of our stadia or telemeter, by llaYing a teleRcope mounted upon a 
base along whieh the telescope slides, and by n1easuren1ent of an angJe 
to a distant oqject from each end of this base the elements are ob
tained for determination of the distance. Thil'; iust1·u1nent does a way 
with the necessity for sending a man with a teleuieter to d i~tant 
points and, in efi'(~ct, enables the observer to determine rhstanceR to 
objects without changing bis station. Of course tbe elements of an 
infinitely small base and small angle of intersection of the obj~ct 

determined are involved, but it is sug·gested that for rapid work and 
reconnoissance the distance-measurer n1ay be a valuable auxiliary. 

Mr. Flemer, the Recretary of the Conference, has furnished rough dia
grams of these instruments, and they are at the service of the members 
for exaanination. 
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In concluding the dhmussiou of instrmuents your committee recmu
mends as follows: 

For plane-table, the present form_s in use by the Coast and Geodetic 
Survey, and for a plane-table head. No. 83, as co1nbi11ing all require
ments, in general for1n, except that there is too little i-:.pace between 
the plane-table board and plane-table head, thus making it incon
-venient to uia.nipnlate the tangent screws. This would be probably 
ren1edied by lengthening the arum which connect the 1novement with 
the board. This defect is a radical one and should be remedied in 
reprodttcing the g(•neral :for1n of No. 83. It should never he forgotten 
by manufactnren.; that the millecl heads to the plane-table taug·ent 
screw and cla111ps are never in sight \-vheu nutnipulated, and for con
venient aud effective use should he as large as conditions and propor
tions will permit. 

Also note exceptions to the positions of leveling screws in No. 83. 
They are now above, but should be below the base plate. 

TlH~ plane-table head No. 83 is also too heavy, and your con1mittee 
recomn1ends experintents with ahnninu1n bronze for reduction of weight. 
That the head and board with semicylindrical edge on the sheet-rolling 
Hide be made of aluminum bronze. That the alidade be made of alumi
nun1 bronze, telescope tube, standard and ru1er, and that if necessary the 
latter be weighted to giYe requisite stability. The steel rulers ani ob
jectionable on <tccount of oxidation; even when nickel-plated the rust 
seeks and finds weak points to come through the plating. 

The verdigris on bra~s ruler:..::, is a constant source of trouble in soil
ing field 1-1.heets. It is thought the use of aluminum bronze may eliminate 
the defects noted. 

It should not he forgotten by maunfaeturers of the plane-table ali
dade that it is es:-;entially a hand instrument and in Coast Survey 
work is usually carried in the hand many hours during each day in the 
field. Convenient portability by_ hand is therefore very important. 
There is but one proper ha,nd-hold in carrying it, and that should be 
free fron1 aJl projectionR. A protuberance not notioeable in the first 
ltour of a day's work becomes an unbearable nuisance at the eiid of the 
day, and the use of such an instru1nent continued during a season 
n1ay produce a permanent injury to the hand. 

It is recommendecl that a circular semispherical disk of sufficieut 
dia1neter, with convex surface toward the hand, in carrying the ali
dade, be placed around the upright or pillar, and under the vertical 
are and alidade screws. 

It is recommended that the alidade ruler should not he solid, but 
should have an open center, and that each alidade should have a space 
countersunk in the ruler, under the eye end of the instrument, to bold 
a meter scale of 1500 meters on an 1-10000 sea.le, 3 000 meters on a 
1-20000 scale_, the "meter scale to be held in place by screws, removable 
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at will, in case of ('hanging scale of work; upper surfaces of seaJe to be 
tlush \Vith or in same plaue with surface of alidade ruler. 

From a. forrn of alidade noted aud approved by your committee, 
1nauufactnred by Fauth & Co., of \Vasbington, for the Geological Bu
reau, it is desired to call attentiou to the advantage of facing the ver
tical nrc anil vernier toward the eye eud of the alidade telescope, 
enabling au observer to read an angle of elevation or depression with
out moving the alidade or changing his own po::-<itiou. 

It is recommended that the alidade teJeseope diapl1ragm, in addition 
to the usual three lwrizoutal li11es for stadia measuremeuts~ should 
have two half lines interposed 011 each side of the middle li11e h1 order 
to double the distan{·e of df>.terrniuatiou, t.J1e half lines not to extend 
1nore than half way from the circu1nference to the center of field. 

A member of this Confereuee, Assistaut R. l\leade .Ba.cue, ha~ s"'ub-
111itted to your connnittee au im1n·ovt'Hie11t devif-'ed hy him iu tlie tele-
111eter, and its applicatiou in coast work. l\Ir. BacLe also pre8ents 
J)hotograph.s showing the mannei· of use, and a paper describing the 
various attaclunen ts. 

'.I'he photographs mentioned nuder the textual description of the 
boat telemeter are sub1nitted tor in~pectiou with tllis report . 

.As au auxiliary instrument for mountain work your committee recom
mends the aneroid. baro1neter, as recently improved, desiriug, however, 
to emphasize the importance in its use of frequent reference to known 
datum planes. 

We reconnnend the trial of the odometer, and its use, if a reliable 
form can .be found, as an auxiliary in recounoissance and work upon 
the 1-40000 scale. 

If the tachymeter shall be found available upon examination, it n1ay 
be a valuable auxiliary in work upon the 1-.10000 scale. 

Your committee wo1ild recommend exan1inat.ion of the :i\Ieissner level, 
as described by Mr. Flemer. 

It would be a great boon to topography if an automatic gravity level 
could he devised that would be Ruperior to the present lock hand 
level, and yet more portable aud less costly than levels of precision. 
It is the opinion of your c01nmittee that au automatic gravity level 
as suggested could be constructed, depending upon ball aud socket or 
equivalent free motion, \Yith a weighted pendulum below head of trj
pod, working on the free point 1nentioned and rigidly attached above 
t-0. the usual form of light telescope used in 8pirit levels. 

Subsequent to the :preparation of the above report and the recom
mendation as to experiments with aluminum bronze as a material for 
plaue-table apparatus, attention has been called to the inadaptability 
of the alloy named for alidade ruler arising from the tendeucy of the 
metal to soil the paper. 



 

G30 U. S. COAST AND GEODETIC SURVEY. 

FIELD DRA -WING P AT'EH-. 

The Co1u1nittee on Instrmnents haying been instructed to discuss 
and for1nulate, if possible, smne practical recommendations in regar.d 
to the paper in use aud furnished by the Coast and Heodetic Survey 
frn~ plane-table surveys, suggests that one of the first requirements of 
accuracy in any plane-table survey is that the paper upon which the 
delineatious are recorded should be as nearly perfect as possible, and 
certainly free from au reinediable defects. . 

In recent years the quality and }Jl'eparation of paper for field use 
seems susceptible of great improveinent. J\iuch of the paper found in. 
})lane-table sheets, after having been suqjected to service in the field~ 
beconies soft and fibrous, aud in texture rnore like blotting paper than 
"\Vha.tman' s antiquarian. 

This has beco~ne a great evil in plane-table work and seems to be 
one universally complained of among the topographers of the Coast 
and Geodetic Survey. 

When the aggregate cost of making any given survey coutained in 
an ordinary plane-table sheet is remembered, and when it is reme1nbered 
that the value of the survey for precision ulti1nately depends upon the 
original good quality and proper preparation of the paper, it 1nust be 
apparent that it is wise economy to purchase none but the very best 
paper to be had ancl to leave no question of its best preparation un
certain on indeterminate. 

Your committee, in view of the importance of this question and the 
leugth of time required for its proper investigation, would sugg·est to 
the Uonferenee that the Superintendent be requested to appoh~tan office 
co1nmittee of ·tield experience, to be charged with the investigation of 
this questi01i of topographic field paper, and that careful experiments 
be made to determine the best quality and best methods of backing; 
the best materials, whether silk or muslin; the best "adhesive materials 
for backing (:flour paste has defects), and the best_ methods of season
ing plane-table sheets in the office before projections are made upon 
them or subjecting them to field service, so that the shrinkage of the 
paper after exposure in the field may be reduced to a minimu1n, and, 
further, to determine by suitable experhuents and field trials the value 
of zilonite as a substitute for plane-table field paper. Such a commit
tee wi11 not be a.ble to arrive at secure conclusions until after the 
expiration of one or two years, but its 0onclusions, if b3(sed on care
fully digested faets, will be of great value to all plane-table topog
raphers everywhere. 
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RULES ADOPTED BY THE CONFERENCE TO GOVERN TOPOGRAPHICAL 
SURVEYS IN THE KEVERAL TYPICAL HE.GIONS CONSIDEHED. 

GENERAL CONSIDERATIONS. 

In the coast sections, no important modification of the methods of 
work and the degree of precision at present employed is practicable 
without material loss of accuracy, tending to lower the present standard 
of the eharts arn.l to impair their value to the Government and to in
dividuals. If, in such survE:~ys, increased rapidity or diminished cost 
be required, it should be attained by the omission of certain classes of 
detail rather than by lowering the standard of accuracy. 

But in the interior, for the general purposes of topographical maps, 
we may reasonably relax, in so1ue degree, the precision derna.uded for 
chart8 of the eoast. 

Whi1e gross rnisinfor1nation or failure to supp]y inforn1ation in regard 
to important features of the relief or routes of com1nunication should 
not be tolerated in any survey of higher grade than a rough reconnais
sance, it may be accepted as true that, in the present state of public 
needs, a -1nap n1ay be imperfect in the location of some natural and 
artificial features and yet serve ordinary purposes for which a topo
graphic 1nap is required, provided the general outline or skeleton of 
roads and streams has a good degree of relative accuracy between its 
different parts, and provided the critical points of the relief are correctly 
determined in elevation. 

It is not desirable to make geographic repreRentations for mere 
pictorial eftects and announce the result as surveys. In an surveys 
for the distinctive purpose of acquiring and giving knowledge, the 
water courses and their sources, the drainage basins and valleys, the 
form and elevations of the divides, and routes of communication are 
the essential features, co1nmon to all sections, that shonld not be neg
lected, even when the survey is ma.de on a s1nall scale. 

The recommendations in the following " Rules for topographic sur
veys," specifying the grades of accuracy which should be attained in 
different types of country, define the chara,cter of the surveys w11ieh, 
in the opinion of the Conference, be:-;t combine considerations of 1uod. 
erate cost, rapid execution, and usefulness for general purposes. 

The meinbers of the Conference believe that 1naps of a settled or 
prospectively valuable region made on a lower grade than that recom -
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mended would not return a fair equivalent for tbe money <'xpended 
upon them. 

Should it IH"vertheless be necessary to niake i:;:;urveys of a <·haraPter 
inferior to tl1ose that have been defined, sn«h work slwnld be under
stood and aekuowledged as second~iry or ehorognt}lhic work. 

Iu conformity with the resolution adopted by the Conference reco1n
mending the use of the inetre as the unit of height as well as of dis
tance, alter11atiYe expressions giving t11e correspo11di11g values wliieh 
in the use of the metric system should, in the opinion of' the Conference, 
replace tl1e customary intervals, have been added to each paragTaph 
i11 which reference was made to contour intervals or precision of clcYa
tioni:;:;. 

The Conference is sensible that certain diserepancies are thus intro
duced, as when 20-foot curveR are replaced in one instance by 5-inetre 
autl in another case by 10-metre curves, or when 40-inetre intervals are 
reeom1neutled as substitutes for 100-foot intervals. It tbinkH, however, 
that the advantages to be gaiued outweigh nice considerations of con
sistency. 

The fixing of intervals with the foot as the unit was largely con
trolled by precedent and by the desirability of preserving intervals 
which should be aUquot parts of 100 feet. 

In n1aking tlte: radical change to the metric system it has seemed 
desirable to base our intervals, in a general way, upon a s01newl1at 
similar consideration of the 100-metre intervals as grand units of ele
vation, and at the same time to introduce in so1ne cases rather smaller 
intervals thau the 20-foot, and in other cases to give somewhat greater 
freedm:n and rapidity by increasing the interval, the change of unit 
enabling us to bring about these variations in a perfectly natural way. 
The use of the 40-metre interval in certain cases is the only exception 
to the rule of making the intervals aliquot parts of 100 metres. (This 
interval is recommended in regions where it is thought that 50-metre 
cnrveH would not adequately represent the relief and where the use of 
25-1netric curves is not justified by the character of the country.} Even 
in this case the interval is an aliquot part of 200 metres,. so that little 
inconvenience, if any, would be occasioned by its use. 

It should be observed also that the adoption of the metre as the unit 
would in general widen the interval between the curves, reducing the 
inunber of them, but without any n1aterial los~ in representation of the 
forms, and to some extent would lm:osen the cost of the surveys. , 

In order to render perfectly clear its views with reference t;o consid
eration of different sections of the United States, the Conference would 
state that the coast and the interior are at present to be regarded from 
entirely distinct sta,ndpoiuts. 

Under the funda1nental law and the subsequent practice of the 
work, the surveys of the coaHt have comprised fitness for purposes of 
navigation and for military operations. As the necessary consequence 
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of the law and of the long expel'ience of the Survey on the extended 
coasts of the United Stat,es~ tlie seaJe:-: appropriate to differeut types 
of coast topography have 1-'0 assimilated the1nselves to the rt~~1wetive 
needs of each section (ty"'pe, purpose. aud scale according ·witli one 
another) that to the mind of the expert. they represC'nt one comph'te 
and harmonious whole. Iu C(Hli-<equence of these facts the Conference 
bas found little difficulty in the discu:-:,sion of the topographical tn~at-
1nent applicable to the coast sections. In a word, the treatment by tl1e 
Conference of tl1e coast of the ·united States in estahlisl1ing topograph
ical rules fo1· its survey, is virtually but a re-affirrnatiou of a11 that iu 
the hi:;;tory uf the Survey has preceded this action. 

The case presented by the interior if.;, howe-ver, entire1,y different. 
:For this part of t.be country preihninent purpoRe for pro8pecti ve ~nr_ 
veyB is not at prese11t defhled by law. ln the. absence of contro1lin:! 
purpose, tlte consideration of the question reverts to the neeeBsit:y of 
fixing upon seale and limits of detail for different sections solely upon 
the basis of giving for different topog;raphical types the maximum of 
information for general purposes, combined with the n1inimum expend
iture of time and n1oney. 

While the Uonference is not called upon to formulate definite pur
pose for such hypothetical surveys, some of the l)Urposes which they 
s1~bserve 1nay, in a general way, be easily :stated. Geologic.al purposes 
they manifestly include, military pnq)()ses in a general way, if t.Jiey 
should be so required, bypsometrfr~al data, extent and relation of water
sheds, preliminary locations of railroad~ and other roads, distances 
between towns, etc. 

That such surveys woulrl include all of these a1Hl other purposes is 
apparent, but only the fi1ture can decide ·what prei;n1inent purpose or 
purposes, beyond uses generally specified, sueh surve~vs will fulfill, and 
therefore the Conference conclude8 its consideration of the surveys of 
the interior without attempting· to define their preeminent purpo:.::.e in 
a manner analogous to that applieable to t,he coast. 

DIVISION A-COAST WORK. 

NEW ENGLAND SY8TEM. 

SECTION 1.-St. (}roix 1-t.-iz-er to I>cla.ware Bay. 

(1) The scale of l-10000 should be used throughout this section. 
(2) All points determined by intersection and prominent trees or 

other objects useful as laud or pilot marks should be as accurate as 
the scale and material worked upon wiJ} permit. 

(3) On the sea coast and on the shoF98 of nttvigable rivers, project
ing points of shore line, outlying rocks, and ledges should be deter
mined with the accuracy of occupied stations or "points determined 
by intersection .. " 
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(4) The delineation of the low water liue should be as precise as the 
physical conditions of the coast will permi,t. On mod.erately steep 
shores, where slight variations of low-water level would not produce 
great horizontal displacement, the low-water line may be shown with 
nearly the same accuracy as high water. But where the slope of the 
bottom. is very gradual, so that slight variations of the low-water level 
would produce great horizontal displacement, the low-water line should 
be sketched freely, simply to indicate the presence of flats, or that 
there are channels through the flats that will require development by 
the hydrographer. 

(5) Outlines of unnavigable rivers and ponds should be witl1in 25 
metres of their true positions, their forms being preserved as far as 
practicable. 

(ti) Narrow streams, flowing through thickly wooded valleys or 
wooded swamps, should, it practicable, be sbowu withiu 50 u1etres of 
their true positions. 

(7) The line between hard land and marsh, when well defined, should 
have the same limit of error as contiguous shore line. When not '\Ye11 
defined its delineation must be left entirely to the discretion of' tlie 
topographer. 

(8) Outlines of woods should not, in general, be in error by more 
than 50 metres. 

(9) All railroads and main wagon roads should be delineated with 
such accuracy as the scale and n1aterial will permit. · 

(10) Graded roads through public or private grounds of considel'a
ble extent should have nearly the same accuracy as main wagon roads, 
the degree of precision to be dependent upon the relative importance 
of such roads. 

(11) The deviation from accuracy of ·wood roads and other byroads 
at any place between their terminal points should not exceed 50 metres. 

(12) Houses and barns should be shown within 10 n1etres of their 
true positions. 

(13) In cities, towns, or large villages the built up sections should 
be indicated by shading, without showing individual buildings or ac-
companying details. -

(14) The general sbapeR and dimern~ions of buildings should be pre
served without undue attention to detail. 

(15) Small or unimportant outbuildings should be omitted. 
(16) In surveys on the scale of 1-10000 no fences should be omitted 

except those inclosing small areas around houses ancl barns or other 
unimportant subdivisions. 

(17) The elevations pf prominent o~jects, to be used as points of 
reference in subsequent work,. should not be in error by more than 3 
f . t" 1 t -~·'"" ee or me re. • -~""' 

(18) The elevation of ordiriary plane-table stations should be correct 
within 5" feet or 2 metres. 
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(J 9) The hPights of the surfaces of lakes and large ponds above 
mean sea level should be determjned with the same aeeuracy as that 
adopted for points of reference. 

(20) '\\'~ithiu this ty1>ical area the contour interval should be ~O feet, 
or 5 ffi(~tres. 

(21) Contours may be defle<~ted in sketching above or below their 
true pla1u~s~ to repre~e11t particular acci<leuts of gnnn1d, b:y au aiuouut 
not exeeeding 5 feet or 2 metres~ Yertically. Beyo11d this limit 
auxiliary curves should be used, if necessary. 

(:!2) In open country, on slop~s of less than r.o, sketclu_:.,d cont.ours 
should be correct within half an interval. On steeper slopes they 
should be within one interval. In heavily wooded~ hilly country this 
li1nit 1nay he exceeded; hut in low country, even if heavily womh~d, the 
summits or height of' 1aud should uot be in error more than 5 feet or 
2 n1etres. 

(2:1) Contours should cease at the edges of ~teep banks~ and the 
bluff;-; should be indicated by hael1nres. 

(24) In cases of hnportance (for purposeR of navigation or future 
comparison), the crest lines of the bluffs slton1d ue delineated with 
nearly the same accuracy as the 1nai11 shore line but in ordinary cases 
an app1·oximate loca,tion will ~uffiee. 

BAY SYSTEM. 

SECTION 2.-IJelau,are Bay to lVinyah Bay. 

(1) The scale of 1-20000 should be adopted fbr this section, except 
near large towns, where l-10000 sbould be used. 

(2) Accuracy of detail. In work on l-10000, all details· should be as 
accurate as in section l. 

The ftlllowing paragraphs refer exelusively to work on 1-2~0{)(). 
(3) Prominent objects used _as signals or pilot ni.ark~ should be de

ter1nined with the greatest accuracy which the scale and the sbeet will 
permit. 

(4) The outer shore line sbonld be correct within 25 inetres. 
(.5) Inside navigable channels f'llwuld be loeated within 25 metres; 

and the widths of such passages Hhould not vary uwre than 10 metres 
fron1 their true values when tbe whole width does not exceed 200 
metres. 

(6) U nnaviga.ble rivers, creelts, and ponds should be shown within 
50 metre& of their true positions. 

(7) Narrow streams through wooded· valleys or swamp8 sl1ould, if' 
practicable, be shown within 100 .metres. 

(8) In out-of-the-way marshes, broken up by numerous unnavigable 
creeks and openings not thoroughfares, such pai:-;sages may he very 
freely generalized; but their junctions with m.a.iu bodies of water should 
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be 'vithiu the limit of error adopted for shore-line work of similar 
character. 

(9) l\larsh liues should f;)now t!Je same rule as in section 1. 
(10) Outline:;.; of woods should iu g·eueral be correct witl1in 100 

111etres. 
(11) Low-water line should be expressed as well as pructicahle under 

the hwal eo11ditions, and geuerally as spe<·ified in section 1. 
(12) Hailroads and n1ain wagon roads should not be in error more 

ihan :!O metres, the centers of the roads to be taken as their true lines. 
(la) Park roads s110uld have the s::une degree of accuracy. 
(14) Ordiuary byroads, wood roads, and trailH nta.,\~ deviate 100 

metres between terminal points. 
(15) ·aouses should be shown, subje{~t to the limitations speeified for 

section 1, except that the limit of error (as in the ease of roads) may be 
20 metres; also barns, when of sufficieut size or prominence to inake 
them. desirable. Special care should he taken to show isolated 
buildings, in the woodR or elsewhere, but their prn;;itiorn-; need not be 
as accurately determined as in section 1. 

(16) Only those fences wliicb are notable features should be sliown 
upon the map. 

(17) Elevations, when given, should be as accurate as in section 1. 

SECTION 3.-Winyah Bay to St. John Ri,ver. 

(1) Scale as in section 2 (1-20000). 
(:!) Accuracy of detail and relief as in section 2. 

''DELTA SYS'.l'EM." 

SECTION 4..-Mi.~sis."lippi Delta. 

(1) Seale 1-20000 for ma.in river cbanuels and 1-4.0000 for alf other 
work. 

(2) Accu.racy of determination should be in proportion to the scale 
used, based upon that adopted for section 2. 

"TEXAS SYSTEM." 

SECTION 5.-Texas. 

(1) Scale 1-10000 at important passes and 1-30000 on all the rest of 
the coa~t. 

(·2) Accuracy should be in proportion to scale, as above. 

''PACIFIC COAST SYSTEM." 

SECTION 6.-Southern Oalif urnia. 

(1) The scale should be 1-10000. 
(~) ll"'or features of the shore line and other detail the accuracy of 

d~termination should be as in section 1. 
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REJ~IEF. 

(3) Up to 500 feet of elevation 20-foot contours should be expressed, 
or up to 200 nietres of elevation either 5 or 10 mett·e intervals ::-;l10nld 
be expressed, according to the character of the region. 

(4) ...Above 500 feet 50 or 100 foot, contours will suffice, or above 200 
metres either 20 or 40 nietre interval;., will suffice. 

(fi) The detern1ination of elevations, wheu the relief is expressed hy 
30-foot or 5 or 10 metre contours, should he as accurate as in seetion l. 
When only 100-foot or ~O or 40 nietre contours are used, the elcvatio11s 
of points of refl.,rence should be obtained within 0 feet or 2 inetres and 
of ordinary plane-table stations within 10 feet or ~; 1netre:s of their true 
values. 

(6) \Vhen using 20-foot or 5 ~r 10 lnetre c011tAnrs, the limit of error 
iu l';ketching should be the same as in section 1. 

(7) When only 100-foot or 20 or 40 metre contours are necessary, 
t-11eir deviations from accuracy should not exceed one interval ( 100 feet 
or 20 or 40 nietres) when it is practicable to attain this degree of 1ne-
cision. 

SEC'£ION 7.-~~orthcni CaUforn/ia. 

(1) Scale of 1-10000 should be used. 
(2) Accuracy of detail as in section 1. 
(3) Contour intervals and accuracy ot" contou1·i11g- as m section 6. 

SEC'l'ION 8.-0regon and Ti.,-ashington. 

(1) ScalP of 1-10000 should be used. 
(2) ~.c\_ccurae.v of detail as in section 1. 
(;)) Contour intervals and accuracy of eontouri11g as in sections (j 

aud 7. 
DIVISION B.-lN'l'ER.IOR vV ORK. 

H PRIMARY SYS'.l'EM.'' 

SECTION 1.-Rolffng la,nW;, like .Plew Engl,and, Nen· J"ork, _._Yorthern 
New .Tersey, etc., excepting the tnonnttli n ra ngcs. 

( l) The scale should be 1-30000. 
(2) Plaue-table points used as signal~ 8bould be a.s accurate as the 

scale and material worked upon will permit. 
(3) The shore line of navigable rivers and lakes should uot be in 

error by more than ~lO metres. 
(4) In work upon this scale, the topographer should Rhow all rail

roads, public roa.ds, and all other roads (except such as conld not be 
used as thoroughfares), canals, farm-houses (when accessible), swamp 

. areas, and wood on tlines. 
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\5) The general characteristics of s~reams and ponds should he 
shown, without t-00 close attention to their n1innte sinuosities. 

(6) Conventional signs should be used for the representation of 
houses, villages, and towns. 

(7) Barns, outbuildings, and fences should be omitted~ except when 
the barns are very prominent or are landrnarks. 

(8) Elevations of m.ain points of reference 8hould be within 5 feet, or 
2 metres, and of ordinary plane-table stationH within 10 feet, or 3 
metres. 

(9) The contour interval should be 20 feet or 10 metres. 
(10) Suu:imit c011tours Rhould be correet withi:;t 10 feet or 3 metres, 

and when practicable valley-floors should be correct within the sa1ne 
limit.· 

The location of intermediate contours should be as close as the scale 
and condition of the region will permit . .. • 

COASTAL PLAIN SYSTE:U. 

SEC'l'ION 2.-Flat lands, like smJ,thern _,_Veu: .Tersey, Dela,wa,1·e, tlu: Ohesa
pea1ce .Ba,y re9ion, and the Atlantic cottstal plain generally. 

(1) The scale should be 1-30000. 
(2) The amount and accuracy of detail should he the Rame as in sec

tion 1 of the interior. 
(3) In this kiud of country the representation of relief would be hn

practicahle without great expense for leveling. 

PRA.IRTE SYSTEM.. 

SECTION 3.-.Pra•irie lands, like thm;e of Ohio, Inllia.na., and Illinois. 

(1) rrhe scale should be 1-30000. 
(2) The amount and accuracy of detail should be the same as in sec

tion l of the interior. 
F~) Iu genel'a1, the relief should be represented when iwacticable. 
(4) The contour interval should be in general 50 feet, or 20 metres, 

but in special cases the topographer may use curves of sinaller interval 
at his discretion. 

GRJ<~A.T PLAIN ~YSTEM. 

SECTION 4.-. -Great pu.iins of the lVest. 

(1) The Reale should be 1-4:0000 and signals and other points of ref
erence should be determined as accurately as the scale and the sheet 
will perm.it. 

(2) All streams and dry water courses should be shown. The threa<\s 
of the streams, being quite indefinite in position, may be freely gen
eralized betwetn the inclosing bluffs. 
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(3) The bluffH should be represented by hacbures and may he freel;y 
generalized, the general tor1n8 being preserYed as far as practil'ahle. 

(4) Railroads and main routes of eommunieation should be showu 
and should be accurate within 40 me-tres. 

(5) All isolated houses, as illdicating population and culture, should 
be shown within the same limit of error. 

(6) Villages and towns should be conventionally represented. 
(7) Fences inclosing larg·e areas should be shown, but all other 

fences should be omitted. 
(8) Forests, if any, should be shown, also belts of woods along water 

courses. 
(H) Contours should be Hhown at vertical intervals of 50 feet~ or :30 

inetres, and in case of sudden acci(tents of ground the topographer 
should use such contour intervals as he 1nay think necessary. 

PLA'l'EA l.~ SYSTEM. 

SECTION 5.-Plateau. region,s of Kentucky and Tennessee. 

(1) 'l'he sea.le should be 1-30000. 
(!.!) Signals and other details should be represented with substan

tially the same accuracy and fhlluess as in section 1 of the interior . 
. (3) The elevations of points of reference should be correct within 10 

feet, or 3 metres, and of ordinary plane-table stations as near that 
limit as possible. 

(4) This section being densely wooded and very brokeu, the contours 
can only be approxim.ate; the crests and valleys should receive the 
most attention, to represent their elevations and gTa.de~, without too 
nruch refinement in horizontal po~itionf'. Contours should be shown 
at vertical intervals of 50 feet, or 20 1netres. 

(5) When the plane-table can not be, used advantage•n1sly, other 
Hnitable instruments m.ay be utilized aio; a,nxiliariet:;. In country of 
this sort a survey t.c> be n1aLle within a reasonable time and at a prac
ticable cost must be ehorographic rather than topographic; that is, 
the minute features of the relief must be overlooked and only the 
general forms represented. 

APPALACHIAN SYSTEM. 

SEc~rION 6.-.£1ppa.laehia1i J11ountain syRtcm. 

(1) The scale should oe 1-40000 and signa!s should he detennined 
a::; accurately as the scale and m.aterial worked upon will pern1it. 

(~) In general, this section will come under the same treatment as 
that. outlined in paragraph 5, section 5. 

(3) Railroads, canals, and all other routes of eommunjeation AbouJd 
be shown, the railroads aud canals within 20 metres and other routes 
within 40 metres. 
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(4) Streams and ponds should be shown, when practicable, within 
the limits of the sea]e. 

(5) Hingle houseR 1-;hould be shown within 40 metres. 
(6) \-.,-illages and towns should he represented by eonvent.ional signs. 
(7) rrhe elevations of points of reference should be deterrn.iued 

within 10 feet, or:~ mPtres, when practicable, and other statiowi\ should 
be determined as clo~ely as possible. 

(8) r_rhe contour interval should be 100 feet, or 40 nietres, with 50-
foot or 30-1netre auxiliar.v curves, when necessary. 

(9) The hill forms should be generalized, taking care that the sum
mits and valleys be as accurate as circn1nstanc:es inay permit. 

(10) H.oeky cJifts, precipices, et('., should be indicated by hachures 
01· shading,, in addition to the contours. 

ROCKY MOUNTAIN SYSTEM. 

SECTION 1.-Roek,lf J1fountains. 

(l) Tlie F1eale should be 1-40000 and tl1e fh~gree of accuracy should 
be the Rnme a8 in seetiou H, exc•:pt tltat iu the ino1111taini:-; proper more 
ge1wral ization n1ay be pennitted. 

(2) :Existing detail should oe shown as closely aH tlle scale will 
permit. 

(3) This typical section being inud1 IDQ.re open than section 6, muc.h 
greater accuracy may be attained in the determination of relief. The 
plane-table ean generaJiy be used. 

( 4) 'l'he elevation of points of refereuee should be detennined within 
10 foet, or 3 metres, and the elevation of other stations 8honld be as 
near this limit as practicable. 

(5) The conto1u interval should be 100 feet, or 40 metres~ with 50-
fr>ot, or 20 n1etres, auxiliary curve:.;, when necessary. 

(H) 'l'he sum1uits and valleys should he represented with all practi
cable accuracy, hut intervening- forins rnay Le freely generalized. 

SECTION 8.-Sierra ...._Vevada 1".fountains. 

The northern part of this seetion is generally wooded and should be 
treat.ed like section 6, except that the contour interva1 should be 50 or 
100 feet, or :!O or 40 metres. 

'rbc :-:.outheru i>art resembles 8ection 7 and ~hould be treated in the 
same way. 



 

SurPI,E:\II::NT F. 

REPORT OF THE C'OJ\DIITTEE OX INSTHe::\fE~TAL :METHODS, 
APPROXIMATE COST OF SURVEYS, ETC. 

[Presented by Assistant .J. "\V. DO::'.""-'.] 

The consideration of the n·solntio11 reterred to rlw committee ncees
sari1y involves the sul~jcct of n1ethods uow in yogue reprcsentiug the 
execution of topography of the highest l"'tandar<l compatible with t11e 
scale and purpose of the work as a ha14iR for eowparison. 

It may be advanced as au axiom that the purpose in a general way 
indicates the scale; otherwi~e, gi n~11 the purpose of tlw surycy, and 
the n1agnitute of the i:wale is approximately suggested. In the order 
of classification of the gPneral µ;Tades of survey:.:;, those kno,~n1 as 
"critical'' occupy the highe:-;t phu«• both in the 1neasnre of :wcuracy 
and cost. Perfi)r1ned mainly for coustrnct1ve JmqmsoR, they are of 
such a ('haracter as to fnlly snhsf\rve those purpose8 both tor present 
U$e and future need~. In eonsidt•ring tl1e cost per ~quare mile of such 
snrveyio; it is obvious that tile :·mrnller the vertical distance between 
horizontal <'.outours, the greater tlJe relative expense of thf• undertak
ing. It is 1"afe to assun1e that tlJe ~urvPy of a givt'n area upon which 
contours of 1 t()()t (v. d.) are de1i1wa.tt~d, wil1 cost approximately three 
tiuies a::-. rnueh as the ~a111e area with f)-f(lot. contour::-;. The cultural and 
natural details otherwh;e fi:>rm but a eornparatively sniall part of the 
cm;t ot' such work. 

Jn general terms it may be stated t.hat in a sn1Tey np011 a11y one of 
the scales used in critical work-J-()00, 1-1200, 1-4800. or 1-5000-with . •' " 
elevations developed by t>-fi)ot coutour::-i. the cost sbonld not exceed 
$900 per square mile. In exceptionaJly diftienlt area:-;, ·with hig-11 and 
complex configuration, this would be exceeded, whilf" upon ground 
simple aud with low coufignration the cost might not exceed $100 per 
square mile. All cases of large scale work, ho·wever, l"houhl be treHted 
aecording to the character of locality, and it is theret{lre mauif(:.stJy 
impossib!e to make a hard and fast rule as to cost when conditions of 
surface are so varied. An experienced topographer need not be great1y 
perplexed to determine the question of cost after having obtained 
a comprehensive view of a prescribed locality; but to say in adva.uee. 
of such action what should be the expern.;;e of such a survey, would be 
as difficult and unreliable as a weather fbrecast six months ahead of 
time. But special cases of very large seale critical work n1ay be reJe. 
gated to a place outt;ide of the subject nuder cousidcration. 

H. Ex. 4.3, pt. 2-4.1 fi.11 
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The usual scales of work-1-10000, 1-20000, 1-30000, 1-40000-are 
applicable to the general pnrpo:o;e of delineatinµ; the topography of a 
country. In the execution of accurate survey~, each has a locative 
value and a delineative IJower con1mensurate with its place in a definite 
~ystem of measurements. While it is apparent that a scale of 1-10000 
may be u8ed in a locality where a comparatively full and accurate 
survey could readily be obtained through the medium of the smaller 
scales, without loss of time or increase of cost, it is equally appareut 
tbat the smaller scales could not be made to measure up to the possi
bilities of the former. In a conn try of varie<l configuration and largely 
diversified detail, so full as to justify all the care and refinement 
possible with the larger scale, there may occur a very considerable 
tract of 1narsh ]and~ sandy waste, or wood land, virtually barren of 
topographical details. ·uniformity requires the extension of the large 
scale work o\~er the whole area, although the sm.aller scale would cmn
})letely fill all the needs of theRe ahnost featureless parts. But the 
con1biuation of these areas, embracing the largely detailed and the 
featureless within the same project, serves the purpose of decreasing 
the cost of the whole. This shows that the scale does not, witlJin any 
reasonable degree of certainty, indicate the cost. All things being 
equal, the purpose in a general way defines the scale, and the scale the 
cost of the survey. But here the question of personality c0111es in as 
an importa11t element of uncertainty; for of two individuals, A and B, 
A find::; no difficulty in accomplishing a given result in a specified 
time, while .B, fron1 inherent difference of temperament, mental or 
physical disqualification, may not, with the expenditure of his best 
powers, be able to reach the standard of .A. This differentiation of 
personal attributes or cou<litions enters, unfortunately, into the ques
tion of expense. In quality of work, B may be quite equal to A, but 
iu quantity far inferior. It follows, if tliis be so, that as topographers 
must ,liffer very much in respective excellence the _variation among 
them in judgment in this matter must take a much wider range than 
that in the case cited. It becomes thus apparent that differences in 
judgment, as applied to determinations, even within any given scale, 
are an element of unassignable difference in value. 

For the purpose of eliminating as much as possible error growing 
out of difference in judgment among men as applied to topography, 
reliance must be placed upon a hand-book for topographers~ such as is 
in contemplation as the concluding portion of the labors of this Con
ference. 

Taking· the various conditions cited above aud the differences be
tween men in skill, physical qualities, and judgment, the difficulty; of 
determining the exact cost of any given work is very great, that is, if 
the area to be surveyed is large and varied and the time limited, re
quiring the united efforts of several topographers to accomplish it. 

The instruments used have but small part in altering the relative 
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conditions among a number of n1en. By a combination of the best 
methods of instrumental work and the selection of topographers ac
cording to their several abilities, the co.st of work may be n1aterially 
lessened without loss of accuracy~ but the degree of economy still re
maint"; an un8olved problein, for it must not be forgotteu what a 1arge 
part climatic conditions may play in the matter. To illustrate the 
effect of this, reference is made to the survey of Mount Desert Island. 
In the first year of that -work, a season of four months' duration, one
fonrth of the time was lost by fog and rain. In the second year a still 
lon.,ger time was involved~ and in the third in 011e month aloue there 
were twenty-two days of fog, when nothing could be done iu the way of 
field pro_gTess. It is hardly necessary to say that the co.st of that work 
was largely increased by the vicissitudes of ·weather. 

For the work of the future, the consideration of which is placed upon 
us in compliance with the instructions of the Superiuteudent for a 
statement of ''Methods by whieh work may be rendered more rapid 
and less expeni;d ve without material loss of accurac,y ," the following 
statement is presented, beginning with a 'cla:Ssificatiou of the several 
scales of topographical work, their sphere of usefulness as to locality 
and adaptation to the purpose of tbe work to be performed, and an ap
proximate average cost, in which estimate due considera.tiou is given 
to the several retarding influeuces heretofore mentioned. 

Four orders of scales are given, each embracing t.wo classes or varia
tions of country. 

f 
ClasA A~R-.~gions of large population, high configuration or relief, largfll,Y 

Yaried cu]tnral and natural detail. tica.lc, 1-l{)(X)O. $60 per 
Order I _ < square mile. 

l Class B-Regions of simila.r character as to population and detail, but 
lff'"' relief. •$50 per square mile. 

i. Class A-Regionti moder::ttely porrnlated. hi~h relief, bnt of inconsidera
ble cu1tural and natura.I dntaiJs. Scale; 1-20000. $40 per 

Order II .. 
1 

· square mifo. 
Class B-Regions :similar as to populntiou and detail1', l1ut low relief'. 

l $30 per square mile. 

J
. Class A-Regions of rolling l'rairif.' lands, moderate as regards popula-

Ord. III tio11 and details. :O:eale, 1-aoooo. $15 per square mile. 
er l Class B-Regions descl"ibetl as plateau timberless . .sparse JJOpnlatiou, 

few natural detail1-1. $10 per square mile. 

r 
Class A-Regioni<i of grassy lands, or lands not snscepti\Jle of much cnhi

vation, small areas of timber. Scale, 1--iOOOO. $8 per square 
Order IV . m ilf!. 

l Cl&ss B-Arid lands or sandy plains, inountaiuous regions, and fiat for
est lands. $4 per s(1uare mile. 

The above estimates en1brace only the cost of maintaining parties 
in the field while executing the triaugulation and topography. The 
total cost, including the salary of the chief ot party would increase the 
amounts from 25 to 50 per cent. 

In each of these classes there are v~1st areas where climatic condi
tions vai·y greatly from great heat to long continued intense cold, 
excessive rains, and almost entire absence .of rain. 
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By curtailment of details of 1nin9r and comparatively unimportant 
characteristics, the classes under Order r n1ay readily be placed. nuder 
the term8 as to cost of the classes under Order II. There need be no 
decreai-:e of accuracy, but less completeness as to details. The impor
tant desideratum, of course, in a.II clas8es iK accuracy in as large degree 
as the scale of the work will permit. In the fourth order great gP.ueral
izatiou of details will be necessary, espec~ially in delineating the relief. 

_,\..rule that may be applied to the subject is th~tt the lower the class 
the smaller the degree of refinement possible and the more infrequent 
the recourse to iustrun1ents of precision. 

The limit of error should never exceed the capacity of the scale. In 
other words, eac~h feature indicated should he truthfu]]y represented; 
i.e., while the n1i11or details of a ridge or valley may be freely general
ized. its general form and the direction of its axis should b~ correctly 
given. In like manner the outlines of a lake or pond should represent 
its general relative proportions and location. 

ON INSTRUMENTS. 

The capabilitic:-\ of that instrument of instruments, the plane table, 
and its nne(_Lualed usefulnt::iss in every order of work named above are 
fully understood by all the topographers of the Coast and Geodetic 
Survey. As an instru1nent for rapid and accurate detern1ination of 
position, it stands superior to all others. Its auxiliary, the telemeter, 
iu facilitating the location of details not readily determinable by inter
section, and the combination of the two with the V level aud 1·od, 
is all that can ·be desired in large scale work. In the scales of 
work de8ignated by Orders III and IV other auxiliaries iuay with 
advantage be used. The small railroad transit with vertical arc is an 

• invaluable instrument in running traverse lines in regions of timbered 
lands where points of observation for plane-table stations are infrequent. 
The sextant also has its use in minor traverses for the location of road 
junctions, the general course of strearni:; and their confluence with 
others, and other objeets niore or le8s hidden from view of tl1e plane
table. The Fr.ench water-level is most excellent for road profile and 
contour sketching and the Locke level in a less degree can be used to 
considerable advantage. The small traverse plane-table may be used 
in small scale work and secure good results. . Other very valuable 
auxiliaries recommended are tqe distance measure of Oertel & Sons 
(Munich) and the tachygraphometer, both of which will largely aid 
in the production of rapid and e<~onomical work. 

Au important reduction . in the cost of topographical work may be 
effected by placing the secondary an<l tertiary triangulation in the 
hands of the topographer. A large number of points quite us~less to 
the topographer are determined by parties unfamiliar with topograph-
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ical 1nethods. The coRt of such triaugulation being charged against. 
the topography of the locality, econom~r ea.11 Rurc•l;\'T be gainf•d by 
uniting tlte two under OIH"" ehicf of party. No appreciable <lelay would 
he caused in a<h~ancing the topog1·aphy and 110 poiuts would hP 
located and detern1i11ed that <lid not bear a clost-1.'T detiued relatio11 to 
its needR. 

The recently im1)rove<l aneroid barometer cau Rometimes he used 
nd vantageously, bnt it i!-< extremely doubtful if it will be frnuul 
judicious or ecouornicaJ in topographical work, exceptiuµ: in case8 of 
extreme difficulty. I11 a long difwnssion of the ~mbject of baronwtric 
measurements of lwiµ,'11ts, }\fr. Ci-. K. Gilbert. of the Geological Su1Tf'T~ 
notes tlte effect had npm:i the barometer in lJigh winds. Iu a serie~ of 
observations 1nade upon :\Iount 'Vasl1ington ht~ detectecl smne anouu•· 
lom~ fluetuation:.; whi<-11 lw "was enabled to trace to the i11fluence of the 
winds upou the tension of tlw air in the observatory, and this inftueuce 
was found to he :-;o grPat during the preYaleuce of g·ales as to vitiate 
the record of the baro1neter. The error amounted i11 some instanPes to 
the one hundred and eightieth part of the atmospl1eric pressure a.nu 
affected the determination of aU.itndt•s by more than 100 feet." 

The influence of hnmidi ty and temperature and the Prrors of ohser· 
vation all make np a. series of nnsatisfactor;\~ conditions, not easy to 
eliminate by the best process kuown to practical 1ueu. 

JVIr. Gilbert, in ltii'li condn:siou, stat{•s that-

In an;y survey whicl1 is harmcl upon triangulation, the points oc.-.npiN1 arf' inter
visiblf', so that if thdr distanef's an' not great it is possible to ascertai11 their 
relative altitnrles by rru•au:-; of Yt~rtical angle:-; an<l with :i dt•g-ree of aecura1•y uot 
attained by the harorneter. 

The topographer is ahle to compute tlw rPlativ-e 11eigl1t of all pofrltR visil1le to 11im 
from any station; providc~d thei~ distances hecotnt~ known, l1y 111e:1,<:.uri11g thP anµ;h• 
of elevati"ou or depression which they suhtenll; and, Hince other stnt.ions of his system 
are always included among the ]ioiuts of observation, h(! ii,; ubh· in this nrnnuer to 
carry thTongh his fi<•ld a connected Rystcm of a,} ti tu de <letern1inat ions. 

WhPn, in the progrPHH of geographi<- refinen1ent. the !"tations of the tnpog:rapht>r 
approach so near to each other tl1at tlw ]H'ecision of the IU<'ai•mn•1nent of a.Jtitndt•s h:--· 
angulation hf'>comes equal t.o thP }WN·ie;ion obtained hy nwans of thP l1aron1f't.Pr. 
barometric hYJlSonu,try receiYes at. once a formidabll'1 cornpPtitor. Ind»•'•l. it 
fmcounters au invindble antagonist; for tl1e expense of reading Yt'rtfoa.l :1ng-lt·s, 
when it fa perfornwtl al'l a ruere aecessory to the ground wor~ of the topograpLtl', is 
notallly Jess than the expense of tra.ns11orting and ohserdng haronwters. The iuo>'t 
thorough geographic ·work will the'reforc dispense altogether with the binometer. 

Wheu, in connection with thiR state1nent, the practical method of 
the determination of altitudes by the plane-table alidade is considered, 
it will be seen how expensive add slow a.re the methods of barometric 
measurements. From ..f:~Y t:Wo stations formi~ig a ba.H~ of proJ?er 
length a large number o1 altitudes can be readily determ1ued. With 
the Jllane~table, therefore, a topographer thoroughly fmuiliar with its 
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capabilities, is never at a loss as to the means by which any difficulty 
encountered i:-:. to he overcome. 

The camera, in connection "vith the plane tahlt', may be occasionally 
usefully employed in the representation of the f)rofiles of mountains 
and hills in hold relief. It can not be said that its splwre of usefulness 
is in any case so g-reat. as to 1nake it a for1nidable rival to the plane 
table. While its delineation of clearly {lit-wernible topographical 
features may be more readily obtained as a picture or series of pictures 
as seen by the eye, the exact proje<'tion of those lines of sight inaking 
up the picture upon a geographie pla11 would be a slow process, and 
one inferior iu precision to the lines of inter:-:.ection showing the Harne 
plan as drawn upon the plane table. ~,c\_ud when the obscure or nou
diseernihle features of a Jocality are borne in n1ind, and there are but 
fow localities ·where Ruch are not found, the limitation of the camera 
mui;:.t be fully seen. 

Applying the remarks of l\fr. Gilbert. prPvionsly quoted, in regard 
to the comparison of barometric and angulated altitudes, and clmugiug 
Pxpressions to suit the relative in~uences of the two instruments, we 
rnay say: \-Vhen in the progress of geographic refineinent the deter
mining lines of the alidade drawn upon the plane table ap1woach ~o 
near the linefl. of sight, aR seeJI iu the pictures represented upon the 
photographic plate, that the precisiou of their intersections becomes 
equal to the prechdon obtained by 1neanR of t11e camera, photographic 
topography encounters an "invincible antagonist;" for the expense ot 
drawing those lines in the field, where it is a 111ere accessor;v~ of the 
general work of the topographer, i.s notably lesR than the expense of 
producing the pictures of· the locality, the development of its lines from 
camera stat.ions, alld their projection to l'lcale in a g(~ograpbic pla.n; to 
whieh may be added the surely attending circumstance that. a large 
arnount of detail is beyond the reach of a camera, excepting by a 
multiplicity of views from a large nun1ber of stat.ionR, the p1"ojection 
of which to plan would be conducive to delay and confusion. 

We may rest satisfied that in the plane table we have the highest 
type of au irn•;tru1nent for topographic work yet devised. In it we 
find simplicity combined with precision, rapidity of execution with 
econmny of labor, and adaptability of means to the end to be attained. 

In the acconiplishment of topographical work of minimum expense, 
combining accuraey with rapidity Of execution, it is U11Ileee8Sary to 
look beyond this instrument for the means to reach the desired result. 
Tlie proposition may be stated thus: 

Given the character of a locality, its relative relief, its eultnral and 
artificial features in tertns as Btated in the arrangeinent of classes, and 

• the cost may be approxilnately expressed. If it is desired to conduct 
an inexpensive survey over a country classed under a high order, the 
method af accomplishing the desired result will be ap11arent. Acea~ 
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ra.cy in all prominent featu1'es must be first attained, aud then the 
degree of refinement ii\ the less irnportaut details ni.ust give way to the 
exigeneie:-4 of the ease. Often it rn.ay be neeessary to ignore mauy 
details to keep within tlw limits ot· available means. 

An estiu1ate fr>r the approximate cost of topographic work in the 
typical regions is herewith subni.itted; the figures include triangula
tion and exclude salaries of officers.• 

,. Refer to Supplement C for approximate estimates adopted by the Con.fe1·euce. 



 

SUPPLEMENT. G. 

},_,ACTS AND POSSIHILITJEH IN TOPOGRAPHIC w·oRK. 

[By ARsi8tant Aug. F. Hodge.rs.] 

The evo1u.tion of modern navigation fron1 the old tin1e sailing pack
ets, plying het\Yeeu European ports and those of the United t;ta,te!-1., 
often blo,·n1 11elplm~sly out of their true eour~e by adversf\ windK for 
weeks at a time, up to the preRent '"ocean greyhounds" rushing 
through the sea ou :-;ched.ule time with almost the speed and precil"io11 
in arrival and departure of railroad t.rainf.;, is due in no small degree 
to the excellence of modern charts and the precise knowledge placed 
i11 the handR of the navigator through tbf> Coast Sur,~ey of the lJnited 
Stati's and ki11dred snrveyR abroad. 

Carefully determined positions of light-houses. of headlands, of out
lying rocks, and of coast line; careful observations to determine the 
n1ag-11etic declination of the emnpass neerlle, tlmt mainstay of the 1nar
iner, his guide over the pathless ocean, careful observance and record 
of tidal phenomena all along our coast, and exact methods of triangu
lation on ·which to base our topographic and hydrographic surveys, 
were all necessary, before safe and reliable charts could be placed in 
the hands of the mariner to enable him to properly guard the human 
lives and valuable cargoes dependent upon bis intelligent care. 

A'' pretty good chart only" for the purposes of rapid steam naviga
tion, where a ship approaches or runs along the coast at a speed of a 
1nile in three minutes, would be as little acceptable or useful to the 
1nodern 1nariner as ''a pretty good egg only" to the average inan-a11 
offense iu both cases. 

Our topographic maps along the seaboard, made tor chart purposeR 
and for military use, have been n1ade to show in detail contours of 
level, sumrnit elevations, the positions and relative size of rocks lying 
off or along the coast; in a word, have furnif;;hed trutbfnl topographic 
dt~Jineations of the lands adjacent to the seaboard, induding all cada,s-

~ -

t.n1J or cultural features, combining results of value to the mariner, to 
inilitary defense, to the farmer, and the land owner. 

Made as they have been made, our surveys have furniRhed a basis of 
trutl1, a solid foundation at least, to build county and State 1naps upon, 
a.long the whole seaboar·d of the United ~tates; and in surveys of the 
interior, wherever our geodetic work has been carried it is accepted, 
and it 1nay well be, as unquestioned authority upon which to base 
State work. 

6!8 
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If the topography of the Coast and Geodetie Survey Rhonld be car
rierl further inland, the .. work already done will aflord a startl11g- bas(~ 

for future operations, hut tl1e special c<mdition:-i. of t.•xactitnde aud de
tail which g·overn the seaboard work do 11ot there exist. 

As an illm.;tration of the difference ()f conditions, tlwre ar<' 8ti1l great 
area:-:. iu the gre~1t "\Vest, west of tlH· Roeky ~Ionntain:-:., so sparsely l"Pt
tled that at this day the treatment of cadastral or ('U1tnrai f~·aturc·;-; 

need havf• uo place in the diselrnsion of questions of proper t'Ca1e or 
time or method iu making surveys of them . 

. l\iauy of thesP areas are raiu]ei-;s a:-; <'<Hnpared wH.11 eastPrn aJ'(•as, 
and Bouie of them 1H·arly ·waterles:-i., a1ul thut-> not npeu to rPady :-<('ttle
rnent, hut the valley8 and plains of most of thet->f' an•as would •· blosi-;.0111 
a~ tbe rrn~e" if uwderatc irrigation could be proYided. 

The hard~T growth of sage hrusl1 of various kinds. coveri11g million:-:. 
of aeres of wild lands in thP public domain of tlw n·nited St:ateH, seprn:-; 
fron1 repeated experieuc<• iu many different lo<'alities to indieatt· a 
latent strength and fertility in tlw ~oil that watt·r and tlw plow may 
develop into rid1 a!·able land. 

The people of tl1e 1-:-nitPd States uePd Jievf•r be lwpeless of t.11<.•st• 
lands of theirs after the recorded ex1w-1·iences of' tlw. Frfm<'h Goven1-
rnent and engineerF. in hring-ing areas of tlw Sal1ara 11 'h•s(•rt u1ult>r 
cultivation, throug·h abundant water thrnislwd 1 ~.\· artesia Il we11s. 

The areas spoken of are cufi frt~q1wntly hy int<·re<'pting; ridg,es of 
high and rock-ribbed mountains. with elevationR runniBµ: np to JO ooo 
or 12 000 feet above s.<~a Irve1, their sunnnitR <'OYered with s11ow for 
Heveral monthF. in each year. 

These areaR are a. part of the great farm lH-'longing: to the UnitPd 
States, and if our population increaRf':-:. for the next 01w hn11tln·•l yea1·:-; 

as it l1as in the pa.Rt, they mu~t all b(~ brought n1Hl<'r O<'t'upation; a11d 
as the crowding· of areas, now- well filled by populati011, lweome~ 1nore 
and 1nore felt, rnoney innst he spent and expPri1nent:-:. rnadP to ]WOYt' 

the: value of the~e land:-: f(w lwmPstead pnrposPR. 
In t11is view alone it seem.s evident that a certain amon11t of denned 

knowledge in rPgard to rPlative elevations, pr(~:-:.ent natnral road=--. 
mountain passes from valley to vallPy, water conr~P~ wlwre tliny exi~t, 
and, in a word, all informatio11 which inay lead to a determii1atio11 ot' 
the present and prospective values of the8e wild .]auds~ would be .,f 
great use to the Government. 

It seems further ev;dent that the survey required for the 1n1rpose 
indicated might be on quite a small scale and much inorc gent'fitlized 
as to detail8 than would ha~e been either practicable or profitable 
upon the sea.board of the country. 

It is l)elieved that even such generalized surveys would be very 
greatly enhanced in value and witbon t material iucreaHP. of cm.;t by 
basing them always upon careful1y determined triangulation points, 
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thus a.ffordiug· the means of joining intelligently and accurately at 
so1ne future ti111e successive areas at first unconnected. 

These stations of triangulation once occupied and marked would be 
available fbr future work for all time, where settlement should int1,o
duce new features and develop necessity for a more <~omplete topo
graphic surve:·y. 

The triangulation would not need to be elaborate, but rather of a 
quality to carry with it constant evidence of the degree of accuracy 
attained, and thus avoid with certainty the element of indefiniteness. 

This would be accomplished by the occupation of all the stations in 
any n1aiu scheme-thus checking the filling of triangles-and by double 
.determination of an inferior and subsidiary stations. 

These determinations by theodolite would serve as a basis for locat
ing topographic work, even if detached, in such a way that when de
sire<l it conl~l be co11nected intelligently with other detached areas. 

A theodolite of 1g. inches dian1eter reading to 3 seconds would be 
quite equal to the requirements of the triangulations intended to be out
lined. 

A plane-table for topograpl1ic detail, with an odometer and several 
aneroid barometers as auxiliaries, would in some CJI,ses facilitate p1·og
ress. 

Absolute elevations at distances from the seaboard could be deter
mined trigonometrically and from known datum planes. The barom
eter, if carefully used in settled weather, would furnish approxilnate 
eJevation~. 

In 1875, with mercurial barometers, starting fro1n the datum plane of 
the Central Pacific road at Redding, Oal., by synchronous observa
tions, a Coast Survey party obtained the elevation of Strawberry Valley 
at the foot of .:\It. Shasta, and by similar observations at the summit 
of the mountain and at Strawberry Valley on two days at stated hours, 
9, 12 and 3 p. m., the elevation of the stunmit was approximately 
determined to be 14,440 feet* above sea level, with a plus or 1ninus 
eorrection of 50 feet. 

With the admh~sion that results proportionally close for general con
tours in a preliminary survey would be satisfactory, it is evident the 
barometer could be used to advantage. 

Of course in unsettled weather the barometer is not to be depended 
upon for elevations, and the "pumping of a barometer" as sailors can 
it in a storm, ha.s ·been noted many times, and especially in narrow 
gorges in California, when with every bla.st of wind succeeded by a 
mmnentary lull, the index of the instrn1nent would respond, indicating 
by its rapid motion increased and suddenly diminished pressure of the 
atmosphere; but this does not militate _against the use of the barom
eter as an auxiliary for elevations, under ·proper conditions . 

... An approximate determination by railroad levels and vertical angles gives 14,350 
:feet. 



 

REPORT FOR 1891-PART II. 651 

Facts alncl possibilities in topographic 1rork. 

It has been shown that the work done upon our seaboard by the 
Coast and Geodetic Survey ha:'-1. been generally fir~t-elass, and that it 
eould not otherwise have met the requirements of modern navigation; 
leaving out of consideration the advantages in such complete surveys 
to studies of military defense, and the incidental advantage to the 
farmer, the landowner, ai1<1 the great land traveling public of our 
t'.ountry. It has been shown also that surveys with equivalent infor
mation of interior regions, largel,y the 1)roperty of the nation-a part 
of the national domain about which little iR authentically known and 
where authentic information 1nust be desirable to tLe owner, just as 
the possibilities and the capabilities of outlying and unimproved lands 
of the private farmer v.~ould bP a valuahle demonstration to him-could 
l>e obtained at little expem~e compared with the cost of surveys of sea· 
board areas. 

There are areas yet unsurveyed which would require mucL less de
tailed representation than the areas adjacrmt to the seaboard, but 
more than the unsettled areas of the great 'Vest; and a wise discrirn-. 
ination will be necessary in 1naking recomniendatiou~ between these 
classes as to the proper scale for fieldwork, the amount of detail that 
~hould be required, and that just expenditure for which a truthful 
equivalent in results 1nay with certainty be rendered to the nation. 

Unfortunately, t11e appearance of a map is not aJways evidence of 
authentic value as to methods or results in the survey upon which it 
is based; and unless its groundwork and foundation be true, and may 
form a useful basis for developmeut~ the n1oney a.ud time expended in 
its decoration is ouly like expeusiYe ornamt:"ntatiou on a rickety hou~e 
built upon a frail foundation. 

SCALES OF TOPOGRAPHICAL SURYJ~YS OF FOREIGN UOYERN.MENTS 
AND THE UNITl'JD STATES. 

Great Britain . ____ . __ 1-GOO for cities ancl 
1-2500 for country in general . 

. Prance (formerly) ___ -1-2000 and 1-5000 for fortified places and Yiciuity. 
1-4000 for countQ' in genera.]. 

France (now) ________ l-10000 for country in general and 
1-20000 for monnta.inons districts. 

Algeria - _. __ .. _ ... __ .1-40000 in the northern parts and 
1-100000 in the southern parts. 

Belgium _____ ..• ___ --1-20000. 
Denmark ____ . _ .. ____ 1-20000. 
Holland (old survey) __ 1-25000. 
Holland(newsurvey).1~ (1874). 
Sweden and Norw~y- _ l-20000 for settled distri<'ts and 

1-50000 and 1-100000 for the northern regions anc.l high moun
tains. 

Germany •••• _ •. __ • __ . 1-25000 in general and 
1-:\0000 special localities. 
1-500, 1-1000, 1-2500 for engineering purposes. 
l-12ri, 1-250, 1-GOO for cities and vicinity. 
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A nstriil ______________ 1-12500 for special localities and 

1-25000 in general. 
8witzerJand __________ l-:!5000 in ge11eral and 

1-r.OOOO for monntainou8 districts. 
Italy .... ___ ....... __ . l-2:'.>000 iu general. 

1-GOOOO for mountainons districts. 
1-10000 for certain seaports and vicinity. 

Spain .. ___ •. _ ..•.. _ .. 1-25000. 
Portugal ... _ ... __ . _. _ l-50000 and 

1-100000. 
Russia ___________ . ___ 1-21000 for 1-a>tt]ed distriets. 

1-42000 f"or uortlH'rn provinces and for (also 
1-84000) the great steppes of the east. 

Asiatic Russia ........ 1-17000to1-84000. 
Roulllania ...•. _ ...... 1-GOOOO and 

1-100000. 

l::'NTl'ED ST A TE~ GOYF. UNN1F.XT 8UI!YEYS. 

J .. ake Survey b;y the Enginet•r Corps r ·. S . .A rrny .... ·- ..... _ ...... - - .... 1-10000 
( 1-10000 

Coast and Geodetic Survey ........................................... ( 1-2000C 
L 1-40000 
( 1-600 

Coa..<1t an1l Gt'"odetic Sm·vey, special surveys .•••. - .•••. __ ..•.•. _ ..... _. { 1-1200 

t 1-4800, etc. 
r 1-a1250 

Geological Survey . - - • - ...•••...•••.•• __ ••.• _ ••. _ .....••..•. _. _ .• ____ ) l-45000 
1 J.-62r:i00 
lt-125000 

SUPPLEMEN11 I. 

REPORT OF THE COMl\UTTEE ON "METHODS OF UN1TED STATES ANV 
FOREIGN GOVERNMENT SURVEYS." 

[Presented by Assistant W. H. Dennis.] 

Re.solred, Tl1at a committee of five (5) be appointed by the chairman, to report ou 
the methodR of making topognipltical surveys by the several Departn1ents of tlw 
United State" antl Foreign Governments, and to recommen'1 snch changes or im
proved methods, if any, as they n1ay rlemu of ad vantage to the work as now ex1•
<'.nted by t11e F. 8. Coast and Geocletic Survey. 

Your c01nmittee, to whom the above resolutioi:i was referred, beg to 
state that the subject has been quite exhaustively investigated. con
Rideriug t11e limited time at its command, and to submit the followi11g
papers a.s its report, viz: Critical surveys for specia1 purposes in the 
United States by Assistant J. W. Donn; topographical surveys in tlie 
lJnited States and in Italy by Assistant D. B. Wainwright; surveys 
in England and France, and notes on surveys in Belgium, DenmaJ'l'-., 
Holland, Portugal, Roumania, Russia, Spa,in, Sweden and Norway, l1y 
Assistant°"'~· C. Hodgkins, and on Germany, ..Austria, and Switzerland 
by Assistant J. A. Flemer. Mr. Flemer also submits a paper on plw· 
togra,mmetry. On this subject a subcommittee was appointed, who 
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thus far have been unable to 1nake the field experi1neuts uecei"f:.ary for 
a full report. lt is, however, the opinion of the connnittee that photo· 
gramn1etry would. be of little or no value in making surveys of exact 
scale. 

UNITED STATE~ COAf-:,1' AND GEODETIC Sl.~I-tYr:.Y. 

In a paper on cartograpl1y submitted by 2\Ir. A .. Lindenkohl of the 
Coast and Geodetic Survey we beg' to refi~r with entire approval to the 
sta.te1nents on page no;~ relating to linear nwasure and to the plane of 
I'eference, and from the in vesti.g-ation;:.i. your L'Ommittee conclude$ that 
it is nnabJe to recommend any method of ma king topographical sur
vPys that ·would be an improvement 011 that now in use in our own service. 
Should we lu_)wever be called upon to n.iake surveys over inore extended 
areas, in 1nountainons countries, a11d 011 ~ma11er scale!:', we believ-e that 
the use of the tach:nneter attachment to the alidade ~ the diRtanee 
measurer by Oertel & Ron, :Munich, aud tltc improved aneroid barome-
ter would be of great ad vantage. .. 

CIUTIC.AL :SlJHVEYt:' FOR f'PECIAL PlIHPOSES. 

[Presented hy AHHiHtant .J. "\V. 1 loun.] 

Sn1Teys of this character l.u:.tve heeu undertaken frmn time to tin"le 
by the Coaist Survey during tht> past thirty-tivc or forty yt->At.rs. .I 11 
many instances the work bas been done for strictly comparative pur
poses, in the interest of a scic11tifh~ study of the laws governing· the 
formation of Rhoals, the dynamic action of waYe mc>tion and tidal 
currents in degrading· or building up the shores. The surve.'' of 8~tudy 
I-look, Rockaway inlet and beaches, Couey Jslaud and Vineyard Sound, 
Hatteras inlet and t~ape, Cape Fear river entrauce and the J\fissis
sippi delta are among the localitie~ where special resurveys have been 
rt>quired because of ceaseless fiuctuation in their charactt"r and con
ditions. 

The special surveys of New liaven, the shores of the Delaware at 
Philadelphia, the Taunton river, Baltimore harbor, and otherfl., are 
instances in point of work done largely in the interest of hnprovements 
of harbors and harbor approaches. 

The survey of Portland city and harbor which was urgently called 
for during the superintendency of Prof. Benjamin 1-"eiree, was madn 
under a special appropriation authorized by the 1nu11icipal authoritier> 
of that dty. It had tor its object the improve1nent of the water front 
along l:l~ore river (the Harbor proper) and the Back Bay, and to secure 
data to enable a commission to n1ake a Rcientific study of the ciuestion 
involved, viz: a large rednct,iou of the water area of the Baek Bay or 
basin which at low water presented a vast expanse of unprofitable flats 
through which a narrow windiug i.-;tream made its way. The city au-
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thorities deeined the subject of such importance as to devote $15,000 
to a most accurate survey of the whole area covered by the city, 1'-.orc 
river, and the bay above mentioned. 

The work was begun by the Coast Survey in the sumn1er of 1868, 
and the methods adopted were quite similar to those usually practiced 
by civil engineers, with the exception that a plane table was used for 
the determination of the relief indicated by contours of tl-foot interval, 
instead of a transit. These contours were run in by level deter1nina
tion of cross-section stakes, distances measured by steel tape and 
plotted upon plane table sheets. 

In 1809 the survey was continued, the summer months constituting 
the season of practical work. The rnanner of prosecuting the survey 
was essentially changed from the method used the previous year. The 
plane table, in its cmnplete adaptability to the highest as 'vell as the 
lowest orders of surveys, 'vas used to the fullest extent of its locative 
power. The scale of 1-1200 = 100 feet to the inch, represented in its 
full plan every cultural detail in the city and suburbs and every feature 
of the relief capable of being expressed in tern1s of the 6-foot contour. 
Instead of cross-section stakes, as in the previous summer, each con
tour was traced by the level rod directed by the level, and its distance 
fron1 the station of the plane table determ.iu ed by steel tape rneasure
ments. Railroad curves were located by plane table intersections, as 
were the corners of houses, angle::;; of street~. curb and building lines. 

In the survey of Craney Island, Virginia, made in 187 4 by req nest of 
the Ordnance Bureau, U.S. Navy, an advance was made in the method 
of measurement by the free use of the telemeter. The scale of this 
survey was also 1-1200, but the contour interval was 1 foot. How 
efficiently the telemeter was found to be applicable to the development 
of the relief by that small interval is shown in the sheet of that survey. 

The most extensive survey on Ro large a scale as 1-4800 ever per
formed in the United States was carried over the area of the District 
of Columbia, about 60 square miles, between the years 1880 and 1891. 
The methods of work used for the Craney Island survey were adopted. 
Based on a sufficiently minute triangulation, the pJane table and 
telemeter and the wye level and rod were used for all determinations of 
detail8. The relief was elaborately indicated by contour intervals of 
5 feet. The datum plane furnished by the Engineer department of 
the District of Ool umbia was that on which was based all the levels 
made for grades of streets ~nQ. s~wers in the city of Washington. The 
survey being especially made for the purpose of extending streets and 
avenues beyond the city limifis, and involving the whole subject of 
future grades when those extensions should become necessary, it was 
entirely appropriate that the levels of the survey should conform to 
the da.tmn given. 

Fron1 this datum along all roads, avenues, and railroads, lines of 
levels were run, and after careful checking in the usual manner bench
marks were placed in positions convenient to all parts of the field. 
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'\Vhere roads were infrequent, lines were run a.cross couJttry so tl1at the 
sum total of all the bench-marks established for purpose of contouri11µ: 
ran high up into the thousands. The plane-table stations were estab
lished so as to easily reach every part of the :field and so close together 
that it was generally possible to enc01npass the distance from statioll 
to station when intervisible, by readings within the range of the tele
meter. The mode of proeedure was as follows: '.I'he plane table haY
ing been placed in position by a gra.ph1c solution of one of the several 
inethods of the three point problem, the level iu the ineantime having 
had its elevation above a near ueueh-1nark determined and the target 
of the level rod fixed so as to give t11e bottom of the rod when its target 
was in the line of sight with tlJe level, the measure of a contour inter
val above or below the bench-mark, the party was in readiness for 
making an advance 1novement. The rodman then began his journey 
along the imaginary horizontal line presenting bis rod vertically held 
for the observation of the leveler at each noticeable change in the con
figuration of the ground, and when the target had found its place in 
the line of sight in the level, the telemeter rodman presented his tele
meter held as nearly as practicable perpendicular to the line of sight 
from the alidade, for the reading of the distance between the plane-tablf• 
station and the level rod when held at tlie point iu tlJe contour. This 
being read and plotted on the plane-table sheet, the rodman advanced 
along the line as f~1r as the distance could be conveniently read from 
the plane-table station. Generally two and sometimes three contours 
were thus run fro1n one level station as far in both directions as the 
scale of the telemeter would safely permit. A_fter the limits of the 
distances as read from the plane table were reached, a turning point 
below the elevation of the level for higher or lower contours was fixed 
and the level moved to another position and its elevation determined. 

In this manner many thousands of miles of contours were run over 
the area of the survey. 

The plane-table operator in this work had no idle 1nc~11ents, his atten
tion being constantly :fixed on the n1ovements of his leveler and rodmen, 
excepting when the uew position of the level was being taken. Thus 
bis eyes and hands were busy in drawing lines of intersection, deter
mining the numerous other details, and drawing the permanent lines of 
his work. 
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l\IETHOI>S OF TOPOGRAPHY IN THE UNITED STATES. 

[Prt~seutPd hy A1".si>"tant D. B. 'Vainwrigl1t.j 

''Quot hornines, tot senteutim ·~-1nauy men, mauy ininds-may well 
he taken a:o:.. the text of any account of the topographical survey:.;; of the 
United States. ., 

One of the most trouuleso1ne questions which arise iu treating t_lie 
fml~ject is to give a good defiuitjon for the words '"topographical sur
vey." Auyon(' ·who may go out and make a sketch of a certain area, 
jotting dow11 the relative po:-i.itious of certain features of the earth's 
surface, may return with the idea that he ha8 u1ade a topographical 
survey. ..:\._nother with u1ore lHLrposes in view, more requirements to 
be :satisfied, will ua1ne the fiH·egoing a sketch, and to fulfill his wants 
will use a compass and s0111e simple 1nmu1R for n1easnring- dh;tance. 
"\Yith these he will deteruiine a uu1nber of promiueut features, sketch 
the intervals between them, plot tbe -..vhole to scale on a sheet, and,> 
unless be iH a rnau of rare nwdesty, the words "t.upog-raphical survey" 
are sure to appear conspicuon:-i.ly in the title. 

And still another, fro1n hi8 point of view, will call the pwcedh1g 
result a reconnaissance, and vdll proceed to 1uap the country with, more 
·refined inethods, eiuploying a greater number of iustnunents, and 
obtaining a greater nu1nher of details. 

And so we advance in au ascending scale, until tlte large .cadastral 
surveys are reacl1ed, where even the ground plan:-; of small houses are 
faithfully shown, and the relief is expressed by contours of small inter
vaL The varieties of in:-;trnments used have been as numerous as the 
different clas:-;es of work perfor1ned. 

The simplest im.;truineut that I am aware of was employed far back 
in the thirtieN. In this case, I am credibly informed, the topographer 
traven.;ed some hundreds of 1niles of New Jersey roads, n:~ing the stride 
of his horse for 111easuring tlrn distance, and, having on the back of his 
left hand a quadrant marked off in ink, he determined the angular 
turns by sighting his right hand over this rrwst novel graduation. 

This instrunient, I believe, was only employed by its inventor, but 
iH mentioned here, not only because it is u11ique on account of its origi
nality and sirnplicity, but it plainly exemplifies the fact that a Coast 
Survey officer ean use "cheap" instruments when necessity requires 
him to give cheap results. 

Prom this simple type there is a range of choice through many forms 
of varying cornplexity, until we arrive at the modern plane table as 
manufactured for the Coast and Geodetic Survey, which, while it is 
still susceptible of further improvement, stands in my estimation pre
eminent as the instrumeJJt for the topOf.,'Tapher. 

The military expeditions sent out by the Government in the early 
part of the century into the then unknown West, all obtained in t11eir 
explorations material for charting the country traversed. With long 
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distances to pass over and great hardships to contend against, the in
strumental work was necessarily of ·tiw crudest sort. 

The geological reports of the various States all have maps acco1n
pauying them. These, however, were mostly compiled from land sur· 
veys, and the geologists almost invarial>ly complaiu of their inaccuracy, 
and urge the necessity of regular topographical f:.ltrvPys. 

The surveys of Hayden, Powell, King, and 'Vheeler were all intended 
to cover in a short space of time large areas of country of which little 
was known, and a large portion of which consisted of mountains of the 
most rugged description. The detaih; were determined from meander 
lines, genC"'rally cont.rolled by triangnlaJion, and the elevations attained 
l>y barometer. 

The survey 'of the Adirondack wilderness i11 New York, by Colvin, 
was ma.de in a more preci:-.e 1nmnier. \Vith a baf':.e derived from the 
triangulation of the Coast and Geocletic Survey a sclie1ne was developed 
covering this region with a number of well-determined points. The 
observations were made with a theodolite, and careful attention paid 
to details. The prominent peaks, sumn1its, ridge~, valleys, and lakeR 
were determined by intersections frmn the triangulation stations, and 
those of minor importance sketched in. 

For ascertaining the heights, and plotting the relief, a mercurial 
barometer was employed-the aneroid proving too unreliable. Dudley 
Observatory was used as a point of r~ference for the whole survey, and 
numerous base stations were determined by synchronous observations. 
These stations were situated at the foot of the mountains, and served 
to check the observations taken at a great.er altitude, when local atuws
pheric disturbances rendered a direct compariRon misleading. 

An error of 70 feet, J.\Ir. Colvin states, might have crept. into the 
determinat.ion of son1e of the peaks but for t11i:-:: precaution. It was 
also noted that the mountain-locked valleys were peculiarly subject to 
irregular changes, local in character. 

The inventive faculty seems to be well developed in the true topog
rapher; and it is hardly a source of wonder when we recall the endless 
variety of difficulties he is constantly meeting, requiring prmnpt solu
tion, and which are only overcome by a resort to clever devices. One 
instance of this talent has already been given. l\fr. Colvjn illustrates 
bis report with several examples. 

The height of some iuaccese.ible peak being desired, it was deter
mined from one of greater altitude by occupying a point on the side of 
the latter where a telescopic level would indicate that a horizontal line 
would pass tangent to the top of the former. The distance being 
known from intersections, the combined correction for curvature and 
refraction is added to the altitude of the point of observation as given 
by the corrected barometric reading, and the result will be the desired 
beight. of t11c dh;tant })eak. 

li. Ex. 431 pt. 2-42 



 

658 U. S. COAST AND GEODE'l'IC SURVEY. 

In the case of a lake so hidden away in the forest that it was impos
sible to fix its position by ordinary means, a calm night was chosen~ 
and observers being stationed at, known and commanding points a 
rocket was fired from the edge of the lake at a given signal and 
observed upon with the instruments. Should this lake also have such 
an extent of shore line as to make it requisite to deter1nine more points 
along its borders, J\Ir. Colvin would obtain these by having recourse to 
a modification of the old expedient of boat and mast, so familiar in 
Bowditch for a harbor survey. 

Selecting a tree growing on the edge of a semicircular bay, a signal 
is set up at its foot. Another is placed 52·4 feet higher up on the 
trunk. Taking a sextant and setting the vernier to read 3°, a search 
is rnade along the shore of the bay until the upper, as reflected, 
coincides with the lower signal; this point will then be 1000 feet dis
tant from the tree. Frmn this base the triangulation proceeds. 

~rhe Eugiueer Corps of the U. S. Ariny seems to have borrowed the 
traditions of their English brethren of the Ordnance Corps. On the 
Survey of the Northern and Northwestern LakeR, conducted by the 
Oorps of Engineers, the topography was executed in substantially the 
same mauuer as the English Ordnance SlU'Vey, with this exception: 
the distances on the ineander lines were measured by means of stadia. 
Based on a rigid triangulation, the topography was obtained by setting 
up a theodolite at one of the stations and running a traverse line to 
another triangulation point, measuring the angles and distances on 
the way to such details as_ were visible from the line. The probable 
error for any one of these lines was found to be 1 in 649. 

The contours were drawn from heights determined by vertical angles. 
The interval was from 10 to 20 feet. The scale 10000. 

Here it seems pertinent to inquire into some of the causes which led 
the Ordnance CorpH to reject the plane table, since their great survey 
has .exerted a powerful influence on the choice of methods elsewhere. 
\IV'"ith the whole of Europe unanimous in favor of the, plane table, why 
should Great Britain discard it 'f The answer is readily found when 
we call to mind the climate of those islands, which is proverbial for its 
inclemency. With a sur~y executed on a large scale, with numberless 
distances to be plotted, it is a serious objection in such a country to 
have to depend, as is necessary with the plane table, on a material 
like drawing paper, which expands and contracts according to the 
moisture in the atmosphere, not equally in all directions, for that 
would be merely a change of sea.le, but about one-fifth more in length 
than in breadth. 

In our climate, if due care is taken as to the exposure of the sheet, 
and on work well controlled by triangulation, this contortion is of less 
importance. However there are always some days in a season when 
the conditions would be favorable for plane-table work were it not for 
the da1npness in the atmosphere. This time we utilize in erecting sig-
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nals, sketching, etc., but in Great Britain the number of such days is 
so out of proportion t<> the number of good days, that the use of a 
plane table with a sheet 111ade of backed paper is out of the question. 
l-Iappily we seem now in a fair way to obtain a substitute for paper, 
and thus get rid of a serious objection to the use of the plane table in 
all climates. 

As to the comparative cost of the two methods, the testimony is 
in favor of the plane table. It is a specious al'gnrnent to estimate the 
cost of topography per square mile in one country by one method 
and compare it with the cost per square mile in another country by 
another method. The conditions may be very differeut. A favoring 
climate, a simple terrene, and a la.ck of check work may all make 
the more ex1)ensive process appear the cheapest. But we 11ave in 
this country two pieces of work where the conditions were substan
tial1y the same-the Lake Rnrvey before referred to. and our survey 
of some portions of New England. Both were executed with the 
strictest attention to accuracy; both had Jong stretches of shore line; 
the climatic conditions similar, if not inore favorable to the Lake Sur
vey. Gen. Uomstock reports the cost of the topograph~~ of the Great 
Lakes as $151 per square mile; a former superintendent of the Coast 
and Geodetic Survey (0. P. Patterson) places the highest cost per square 
mile for the New England coast at $97. 

Another point urged in favor of the traverse method is the number 
of checks it receives before beiug accepted. Capt. Boyce in the dh.;
cussion of Mr. Josiah Pierce's lecture on the use of the plane table 
enumerates a long list practiced in the Ordnance Survey. Now all 
these checks take time, and add to the cost of this final result. Given 
a proportionate amount of time and money tbe work of the plane 
table can always_be checked. J:i""rom two commandiug stations the accu
racy of the r-;urvey of a large area can be determined with unequaled 
rapidity. It is a lack of check of some of the work done in this coun
try which ha~ thrown discredit on this method. An attempt to cover 
large areas at sma.11 cost, has resulted in the acceptance of all matter, 
good, bad, and indifferent, and from this mass of incongruity is evolved 
a map, fair in appeara.n~e and false in detail. 

METHODS OF TOPOGRAPHICAL WORK ADOPTED BY THE U. B. 

GEOLOGICAL SURVEY. 

The Geological Survey, whose methods and instruments are more 
akin to our own than those of any other bureau under the Government, 
commenced during the past decade numerous topographical surveys j.n 
Tarious parts of our territory. Mr. Henry Gannett in Science, July 
1887, outlines the methods pursued. 

The scale for the published maps adopted for populous regions was 
62500, or about _one inch to the mile; for the Southern and Central 
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States, 125000; for the sparsely settled regions of the Rocky Moun
tain Plateau, 250,000; and the field sheets to be twice the scale of the 
published maps. They represent all natural features of drainage and 
relief in degree of detail proportional to scale. The relief is expressed 
by contours, and the interval, according to the horizontal scale and 
degree of relief of the country, ranges from 10 to 200 feet; the smallest 
contour interval acco1npanying the largest scale and 'lnce versa. 

The topographic work is in part prosecuted by plane tab) e, using it 
hy the method of intersections and in part by traverse rnethods. Both 
were used in J\iassachusetts. New Jersey was traversed with a com
pass and odometer, the relief being determined by the wye level; the 
District of Columbia by telemeter traverse; the Appalachian region 
mainly by compass and odometer, the elevations by barometer and ver
tical cirale. In Missouri and Kansas, data were compiled from the 
General Land Office and the heights measured by barometer, making 
use of railroad profiles wherever practicable. The. Dismal Swamp, 
Virginia, was traversed by plane table and odometer; the contour in
terval was 5 feet, deter1nined by the wye leve1. 

Scale. Cost per 
square mile. 

-

Massachusetts. 62500 $12·00 j No,6. n 

New Jersey. 62500 6-50 Some6" 
District of Columbia. 62500 7·30 
Appalachian region. 125000 

j 
3·00 

Missouri and Kansas. 125000 ·90 
·~--~-------~--- -- ---·----

From Mr. Gannett'R "Survey and Map of l\[assa.chusetts," National 
Geographic J'tiagazine, Vol. I, No. 1, I have abstracted the following: 

For convenience the field work was done on a scale of 30000; the 
relief was expressed in contour Jines traced at vertical intervals of 20 
feet. The map represents all streams of magnitude sufficient to find 
place on the scale; and all bodies of water, as lakes, swamps, marshes, 
etc. It also contains all towns, cities, villages~ post-offices--in short, all 
settlements of any magnitude-all railroads, and all roads with the .. ex
ception of such as are merely private ways; all public canals, tunnels, 
bridges, ferries, and dams. There were excluded private roads, fences, 
various kinds of crops, and at first isolated houses; but subsequently, 
in response t.o the urgent wish of the Commissioners, the Survey con
sented to locate the houses upon the field maps. Forest areas are 
shown on the original sheets. 

There were ·upward of 500 triangulation points, mostly determined 
by the Coast and Geodetic Survey, but in part by the Borden Survey 
and the Geological Survey. 

Throughout most of the western part of the State the work was 
done entirely with the plane table, using the 1nethods of intersec
tions. The plane ta.bler, starting with three or 1n~}t·e locations upon his 
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sheet, furnished by the triangulation, expanded over the sheet a 
graphic triangulation. This was done beforehand, before the sheet had 
an opportunity to becou1e distorted by alternations of moisture and 
drying. 'rhis done, the plane tabler went on with his usual routine 
work, locating minor points and sketching the topography in contours. 

Elevations were determined as the work })rogressed with the vertical 
circle of the alidade, and minor differences of elevatiou between points 
whose height was known were nieasured by the aneroid barometer. 

The large plane table of the Coast and Geodetic Survey was :first 
used, then the smaller form; finally the one desig·ned by J\.ir. \V. D . 
.J obnson, of the Geological Survey, which is substantially a modifica
tion of the ball and socket movmnent, was adopted. 

In the undulating, forest-covered regions of the southeastern part of 
the State, the roads and principal streams were traversed with theodo
lite and stadia; and fro1n the:se lines the country lying between them 
was located and sketched. 

The area surveyed by the method of intersections exclusively com
p1·ises 3 500 square n1iles, about three-fifths of the State. In this area 
3 123 stations were occupied by the plane table, or slightly less than 
one to the square n1ile. Besjdes these, 17 846 points were located in 
this area by intersections, making a total of 20 969 locations within the 
area, or 6·2 horizontal locations per square n1ile. In the same area the 
heights of 34 893 points were measured, being 10 per ~quare inch of the 
published 1nap. 

The area surveyed by the traverse nwtbod is 2 800 square miles. In 
this area 5 615 miles of traverse lines were run, being 2·2 linear inches 
per square inch. In running these lines 46 524 stations were made 
with the theodolite, being 8·3 per linear inile of traverse and 18·6 per 
square inch of tnap. The number of meai-;urements of height was 
92 561, being 37 to the square ineb. The plane-table party consisted 
of one man and assistant, and was furnished with a horse and buggy. 
In the traverse work the party consisted of a traverse man and a rod
man. No horse and buggy wns furnished. The average output }ler 
working day of the plane tabler has been for the wliole survey 3·1 
square miles, and of the travei'Ae man 2·8 square miles. 

DETAILED 'l'OPOGRAPHICA.L SURVEY OF THE CITY OF ST. LOUIS, MO. 

A large scale (l-2400) survey of St. Louis, 1\'fo., has been in progress 
since 1889. 

It is based on points derived from the transcontinental triangulation 
of the Coast and Geodetic Survey. Numerous bench marks were 
established and the average error of closure of level lines was 0·013 
feet per mile. The party consists of 1topographer,1recorder,3 stadia 
men, and 1- utility mau. A Buff & Burger transit. ii;i. employed, read
ing horizontal angles to 10 seconds and vertical angles to 1 minute. 
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The stadias were 12 feet long and dista11ces could be read by them to 
458 inetres. 

Intermediate distances between bench rnarks were .determined by 
vertical angles. 

All traverse lines began and ended at a triangulation point, or other 
station on connecting lines. The contonr planes were 3 feet apart. 
Number of elevations per acre, 3·65. Scale, 2400. Contour planes, 3 
feet apart. 

Cost of triangulation .... $1812·00 
Cost of leveling ........ 2762 ·oo 
Cost of topography ..... 6o6o·oo 
Cost of office. . . . . . . . . . 6266·00 

Average cost per square mile $724·50, or $r13 per acre. 

Central Park, Fairmount Park, and other localities were surveyed 
with the plane table by corporations and private individuals, but the 
processes employed do not present any peculiar features that I am 
aware of. 

The purpose of this paper 11as been to note briefly the various 
methods employed in this country and to give a succinct description of 
several surveys, each one of which seemed typical of a class. 

Our own topographical surveys illustrate the healthy growth of an 
01'ganization in which the vital princip!es of accuracy, adaptability, 
and improvement are manifest. 

The end to be attained has always been kept in view, and the pur· 
pose has always specified the means for its attainmeut. A rigid 
adherence to a high standard of accuracy where srnall .errors would 
involve the peril of many lives or great wealth has been sturdily 1nain
tained against a constant and persistent pretisure for Inore, if inferior, 
results. 

Yet when t.he purpose has been the greatest amount of information 
in the shortest time, and preciseness a n1inor consideration, our 
methods have proved sufficiently elastic to adapt themselves to the 
needs of an army in a strange country. 

During the war of the rebellion large areas were covered· hy Coast 
Survey officers attached to the various armies, and yet such was their 
skill that their sketches often misled many into supposing them to be 
:finished instrumental surveys. 

A story is told of a certain engineer officer who was deceived in this 
manner, and after locating his earthwork by means of a sketch 
growl«}d vigorously because he could not also compute the amount of 
excavation by it. In all probability the sketch covered 4 square miles 
and was the result of half a day's work. 

These military surveys are an exan1ple of our most rapid, and the 
cad.astral surveys for harbor and city improvements specimens of our 
most painstaking a.nd accurate work. 

In nearly all the plane table was employed and has proved its 
efficiency~ 
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In closing I would state that there are certain conelusionR which 
force thmrn;elves on one in going over, even hastily, the :-mbject of 
topographical surveys, and they are: 

(1) The plane table in this country is the most suitable instrument 
for all classes of ·work. 

(2) It is still susceptible of improve1nent. 
(3) A new material for plane table sheets is urgently needed. 
(4) Compilations from a't\y source are to be distrustell and only 

a.ccepted after careful verification. 
(5) A thorough system of inspection and checks should prevail in 

all plane-table work. The method should not depend alone, aR it 
sometimes does, on the unknown quantities of the topographer's skill 
and honesty. A good inspection would soon pick out the incompetent, 
compel the careless u1an to do more accurate work, and the skillful 
nnd conscientious topographer would be stimulated by having the 
difficulties and excellences of his labors appreciated. 

TOPOGRAPHIC~'\L METHODS OF THE U. S. COAST AND GEODETIC SlJRVEY. 

[Presented hy Assistant D. B. Wainwright.] 

An exposition of tlie instrumental and personal processes neces:;:.ary 
for a precise and intelligible representation of nature; esi-.ecially those 
processes peculiar to the plane table, and which constitute its special 
power and opportunity, sets forth the chief method of topographical 
work used by the Coast and Geodetic Survey. 

This paper is largely composed of ex~ra.cts from Assistant E. Her
gesheimer's treatise* on the plane table, re-ar1·a.nged for this purpose 
and with additions which s~med necessary to bring out more clearly 
some points of field practice. · 

For a full description of the instruments a.nd their adjustinents, 
explanations of the three and two point problems, various tables and 
plates, the reader is referred to that treatise. 

As our surveys are intended to serve not only as charts of our coast 
and harbors, but also for the many purposes of uavigation, com
merce, and military defense, the topographical details to be inapped 
are numerous and must be quite accurately determined. Two scales, 
the 10000 and 20000, have been found the most appropriate for the 
various classes of field work; 10000 from Maine to Delaware Bay 011 

the Atla.ntic coast; also for the wl1ole Pacific coast; and 20000 for the 
remainder oftl1e Atlantic a.nd Gulf coasts. 

The details might be shown on smaller scales, but it has been proved 
from experience there would be nothing gained, either in economy or 

*U. S. Coast and Geodetic report for 1880-Appendix No. 13. 
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rapidity, from their use, owing to the tax on the topographer on account 
of the more minute drawing iuvolved. 

As in all plane-table surveys it is important that sufficient points 
shall be detern1ined from a measured base, at such distances from each 
other that, when plotted on the scale of the survey, they may be reached 
by the rule of the alidade over the intervening spaces, it will be pre
sumed that this has been done, as is usually the case in the Coast and 
Geodetic Survey, and that the sheet to be used on the table has these 
points accurately plotted, so that they be~ the same relation to one 
another as the corresponding points of nature. 

Signals having been erected at each triangulation point and also on 
all other prominent hills within the are.a of the sheet, where they would 
be useful in providing additional control, the next proceeding will be 
to occupy one of the former points. 

Care should be exercised in choosing the day for this portion of the 
work, as it is essential that the plotted poiuts of the triangulation 
should be tested, and new ones determined fl·om then1 in the most favor
able weather. 

The chief and controlling condition in working with the pla:ne table, 
and without which no accurate work can be done, is that the table 
shall be in position; that is, that all lines joining points on the sheet 
shall coincide in direction with the corresponding lines of nature. 

When the table is in position at any determined point, any object in 
view may be observed through the telescope, and the edge of the rule 
being kept sharply on the point occupied, a line drawn along its edge 
will be the direction of the object observed; but as this determines 
only one elemeut, that of direction, it will be necessary to determine 
its distance from the point occupied either by measure or by intersec
tion of this direction by a direction :from some other fixed point, which 
will intersect the first direction at an angle when practicable, not less 
than 300 nor more than 1500; al1 intersections can be verified by a 
direction from a third point. 

When a direction has been drawn from a station to any undeter
.-nined point that eau be occmpied, the position of the point may be de
termined by occupying it with the table, and putting the table in posi· 
{;ion by the line drawn to it, and resecting upon a signal whose corre
ll"§ponding point is plotted upon the sheet~ 

Before leaving the station, lines to all prominent objects, natural or 
artiftc~al, within tJhe scope of the station should be drawn. If the 
height of the station be important, this should be determined, both as 
a guide for the lines of' equal elevation in the immediate vicinity, and 
as' a point of reference for· determination o:f heights from other stations., 

r..rhis should conclude the work at this point, and the topographer 
now proceeds to occupy others until he is satisfied that enough posi-
tions have been accurately .fixed Oyer tke whole sheet. . 

No definite number of positions, either in regard to number of square 
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inches of plane-table sheet, or :-;qnare n1iles of U1e region to be sur
veyed, has been determined upon. The nature of the country has had 
more influence.in fixing the 1nost desirable number of eon trolling points 
to a g·iven area than any other ·consideration. Where the country is 
open and the triangulation stations cmnmanding it are well placed, 
a few additional stations 1nay suffice. 

Enough, however, should be furnished so that there will always be 
several within the reach of the ruler, and not too near the eclg·e of the 
board, no matter what portion of the sheet is exposed upon it. 

The number of plane-table or secondary points ma.y be considered 
sufficient wheu they are grouped together near enough so that a new 
station may be detern1ined fron1 them at any place on the sheet where 
one may be necessary for obtaining· details or cheeking· traverse lines. 

Fron1 the foregoing it will be seen that the triaugulation 1-1tations con
trol the main plane-table stations deterinined aR secondary points of 
cont1ol, and these in turn control the ordinary plane-table stations 
from which the topographical details are obtained. A11 details of suffi
cient in1portauce to justify their exact location should be detern1ined by 
inter8ections or n1easured to from the instrument. 

There is often oceasiou for a nice discrin1ination iu using the plane 
table (involving time, labor, and the command of ground) between au 
excessive nu111bcr of telenieter measurements, with comparatively little 
sketching, and the reverse. 

The former, besides entailing a loss of time, tends to dull the skill 
of the topographer as an expert sketcher, in giving less opportunity for 
estimating distance, relative proportion, and the characteristic expres
sion of to1wgraphical f't~atnres. 

The latter will result in producing a map dtficient in accuracy at 
critical points. 

The best method is to adapt the two processes to the sea.le and the· 
character of the detail. "\\rheu the scale is large or the cultural fea
tures numerous, the frequent use of telemeter nieasuren1ents becomes. 
a necessity to insure sufficient accuracy. On tl1e other hand, when the· 
scale is small and the region sparsely settled a liberal number of sta
tions should be occupied so as to obtain views of a feature from more· 
than one point, and the details sketched in by the eye aided with a su1aJt 
number of telemeter readings. 

For filling in this skeleton with all the details that may be desired,. 
the plane table is set up at any desired place where a good view of the· 
surrounding features can he obtained. If this place bas not been pre-· 
viously determined, it is now effected by n1eans of the resection of lines, 
from three known points (the three-point problem). Next, angular read
ings by means of the arc of the alidade are taken on objects whose alti
tude is known, and the height of the instrument above the datum plane~ 
thus found. 
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Since no t<•pographical map cau be complete without some syste1natic 
representation of the undulations and change~ of slope of the surface 
of the ground-terreue-~~.ammd by the oscillations of the earth's crust, 
erosion, abrasion, or artificial 'vorks, various 1nodes have been devised 
for such representation. 

The two methods of surveying curves of equal elevation are known 
as the regular and the in·t•guhir n1ethod:5. 

The regular methods inc] nde-
(1) Surveying and leveling the skeleton and its traverses. 
(2) Surveying and leveling the protlle lines. 
(:3) Surveying and leveling the La..;.;e of each level section. 
(4) Surveying aud leveling the part8 of several level Hections from 

one station. 
(5) The division of the terrene into squares, triangles, or parallelo

grams. 
The irrefll"lar rnetltod consists in determining the positions and heights 

of a numher c)f cbaracteristie poiuts of the terreue, and iu deter1nining 
fron1 tltese the traces of the curves. 

'£his is the 1nethod generally used in srtrveys embracing such areas 
as the 8heet8 of the Coast a,IJ(_l (}eodetic Survey on s:.cales of 1-10000 
aud 1-20000. 

The vertical intervals at which curves sh11m.ld be drawn must be deter-
1nined by the object and necer.;sities of each case. and, in a n1easure, by 
the gentleness or abruptness of the H1ope. As a rule, with such features 
as prevail on the New England coast of the United States, intervals of 
20 feet are £)und to develop the form with i-;ufficient deta.il on 1-10000 
scalt~, but., for purposes of construction, intervals of 5 feet or even less 
are often found desirable on larger scales. 

In abruptly mountainous and comparatively inaccessible regions, 
where sketching inn.st be relied upon, 100-foot curves may suffice to 
develop all necessary features. 

Having already drawn the ground plan of the locality, the alidade 
ir.; nsed both as a level for the observation of objects the same height 
as the instrument, and for 1neasuring angles of elevation and depres
sion to t-;UCh of the platted details, whose position at critical points of 
the contours would 1naterially assist the topographer in tracing them. 

No rule can be laid down as to the nu1nber of elevations that should 
i11 this manner be determined from each plane-table station or for a 
given area. It will depend on the skill of the topographer and the 
modeling of the terreue. The nu1nber will be adequate when be is 
confident of tracing by their aid the contours with an accuracy sufficient 
for the scale and the purpose~ of the survey. 

It would indica"te careless and slovenly work if the contours were 
found, on examination, to deviate frequently fron1 their true position 
on the sheet more than half an interval for a slope of less than 50 in 
an open country. Where the slope is &te~per or in wooded regions a 
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greater latitude i.s permissible; but even h(~re in representing the crests 
of ridges, prominent hilltops, and valley floors this limit of half an 
i uterval should not be departed from t• n· good work. 

Each case will present s01ne peeuliarities which must be n1et, as they 
are presented, by the topographer's o'\vn resources; an<l as on the ordi
nary scales of topographical surveys a limit of minuteness of detail 
must be fixed, a sound managerneut of work, establi~hP<l by experience, 
will find its strength resting upon a discrirninatiou between important 
and trifling features, and ~ ready decision of what to omit as~ well aR 

"\Yhat to include. Labor may be spent in the deyelopment of small 
individual features which are comparatively lost on the scale of the 
work, while the features characteristic of the for1ns produced by oscil
lation, erosion, or abrasion, indicative of the forees produeing the same 
and which give distinctive character to the terrene, may be lost sight 
of iu the too careful attention to 1ninute details. 

Having completed the work at a g·iven station, the topographer pro
ceeds with his party and instruments to au a1ljoining locality, where 
he selects a new station fro1u which he can gather the details of an 
area bordering upon the one last surveyed. In this manner, by suc
cessively occupying points over the whole expanse of the sheet, the 
skeleton map is filled in. 

In a wooded country, where it is impossible to find open space with 
range sufficieut to see enough poiuts for determination of position 1.Jy 
resection, it is necessary to run traverses along the roads with offsets 
to such lateral features as it may be practicable to reacl1 without the 
expenditure of exces~ive labor and ti1ue in opening liue:o:. of sight. The 
levels, when necessary, are carried along the traverse lines by angula
tion with the vertical arc of the alidade, taking back and fore sights at 
the alternate i.;tations. 

Por this purpose the standard table is use<l on main roads and 
wherever the details are important and numerous. For, with con1-
pass, the deflections of the traverse will he only approxin1ate. and w·ith 
a transit instrument the necessity arises for platting with protractor 
on a sketch, with lei;;;s accuracy a.ud facility than the table affords. 

\Vhen, however, the traverse liue is unimpoeta11 t, and, few features 
})resent the1nselve8 to be noted; au auxiliary plane table oriented by 
a declina.toire or a. transit fitted with stadia wires 1na,y be employed. 
When this method is pursued with a second table the forward station, 
a.s given by the telemeter, is not occupied, but another is chosen in 
advance of it, and from which it can be seen, where the instru1nent is 
set up an<t oriented by the decliuatoire. Sighting the alidade to what 
is now the back station, the dista,uce is read and platted along the 
edge of the ruler, aud the point so determined represents the one 
occupied by the table. 
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It is apparent that this n1ethod is n10re rapid than the regular· one 
employed on main roads, but fa,r less JH'edst:. 

The regular method consists in starting the traverse line by occupy
ing some point previously deter1nined and sending the telemeter ahead 
to a place selected for its advantageous position, in reference either to 
the surrounding features or facility in obtaining a uew section of the 
traverse. Having sighted to this point, read and platted the distance, 
short guide lines should be drawn along the edge of the ruler at both 
ends and numbered or lettered, so t11ey may be identified from others 
of like .character. The table is then moved to the forward station, 
approximately oriented, and the platted point carefully plumbed over 
the one on the ground. 

The alidade is now placed on the table and put in position by bring
ing the edge of the ruler close up to the guide lines; then by revolving 
the table until the vertical wire bisects the rod or signal, left for that 
1)urpose at the last station, it is oriented. 

In running traverses, great care should be taken to sight as low as 
possible upon the fore and back signals, so as to avoid any error of de
flection that might arise from inclination of the signal poles. 

The stadia methods in plane-table surveys for measuring distance 
are either two horizontal fixed lines on glass, or webs in the diaphragm 
of the alidade telescope, which subtend variable lengths on a divided 
staff in proportion to distance; the staff having been experimentally 
divided on measured distances; or a inicron1eter eyepiece to the tel
escope, with two horizontal webs in the diaphragm, one of which is 
movable by a finely-cut screw, subtending a given length distinctJy 
marked by two ta.rgets on a rod. The angle, as indicated by the rack 
and the divisions of the screw head, giving the distance from a table 
experimentally made on measured distances. 

By these n1ethods 400 inetres may be measured within a probable 
error of 1 metre, which, on the usual scales of plane-tabJP. work, is ina1)
preciable, and within the probable changes of the dimensions of the 
paper fr01n its hygroscopic properties. 

By the method of fixed lines in the diaphragm the angle remains 
constant and tl1e chord variable, and by the micrometer inethod the 
chord remains constant and the angle variable. 

J:i""or topographical reconnoissance a micrometer eyepiece in the tele
scope for distance n1easure is probably better than fixed lines in tlJC 
diaphragm, because in the use of the former tlie cl1ord on the staff or 
other object remains constant and cau be 1nade longer or· shorter for 
greater or less distances, the variable angle being read with the microm
eter. On a conspicuous tree or on the face of a prominent rock, 
especially when on the shore of a body of water, a vertical distance the 
length of the chord of the experimentaJly made n1icro1neter-distanoo 
scale may be marked with whitewash, so that it may be used for the 
observation of distance from auy point from which it may be visible. 
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A lone tree on a. divide may for this purpose be valuable for a large 
a.re of visibility. 

Where it is necessary to make a topographical survey in advance of 
the determination of points by tria11gulatio11, a recm1noissance is first 
1nade for the location of a base line and se1 ection of points to be de
termined with the plane table. 

The base is theu measured with sufficient accuracy for the purposes 
of the survey. 

Signals having been erectc>d at selected points, the ext.remes of the 
base are occupied with the table, and the point:-i, as far as may be 
reached with good intersections, determined from them, and lines of 
direction drawn to all tlie points visible to serve as cheeks upon their 
determination from other points fhrnisbing directions for good intersec
tions. The survey then proceeds as usnaJ. 

It is well at the beginning of work to l'let off with the rleclinatoire 
at some determined point near the middle of the sheet the 1nag1w~tic 
meridian, for tl1e pnrpoRe of putting the table in approximate position 
at any station with the declinatoire. 

Before finishing the field work it is important, when the sheet lias 
no projection, to provide data for drawing a true north and south line. 
This is done by drawing frmn a point upon the sheet, when the table is 
in position, a line iu the vertical plane through Polaris and the point 
occupied aud recoroiug the time of observation. The azi1nuth of the 
star at that time being known, a true north and south line can accord
ingly be set off. 

If a small transit instrument is at band and carefully adjusted for 
movement in vertical plane, an assistant with a lantern can be located 
where the vertical plane tlirough Polaris and the point occupied inter
Rects the ground at a distance of l1alf a n1ile or lnore from the occupied 
station. When the assistant iR in position a stake is there driven, t:he 
direction to which, fron1 the point occupied, 1ua.y be determined by 
daylight. 

If, in the absence of a transit, the alidade bas not vertical range 
sufficient to reach Pola.ris, an illuminated l)lumb line may be used for 
the alignment. 

NOTES ON TOPOGRAPHICAL SURVEYS IN ITALY. 

[Presented by Assistant D. B. Wainwright.] 

The general toi)ographical survey of Italy is carried on under the 
War Department, by the Military Geographical Institute. 

The officers are selected from· the general staff (etat m~jor), mili
tary engineers, artillery, cavalry, ancl infantry. A certain nun1ber of 
enlisted men are also e1nployed .. 

The principal business of the Institute is the execution of all ge-Odetio 
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and topographic works necessary to obtain the data for the construc
tion of the topographic and chorographic maps of Italy, and those for 
military and other public services. 

The triangulation is constantly two years in advance of the topog
raphy. The triangles are nearly equilateral. 

The field sheets (scales 50000 and 25000) from the hands of the topog
rapher are reduced and drawn on the scale of 75000 for the produc
tion of the final sheets, scale 100000. 

The topographical and drawing divisions are both divided into four 
sections, based on skill and proficiency, with increase of pay according 
to ter1n of service. The officers receive commutation of rations while 
in the field, and have their traveling expenses paid. 

The field work is entirely done by means of the plane table. A field 
party consists of a captain of the genera] staff in charge, with from 
ftye to eight topographers (divided among lieutenants of infantry and 
general service men). Each topographer has two assistants, with sta
dia rods, by aid of which all horizontal measurements are made. The 
plane-table sheets, carefully prepared and mounted in advance, are 
inked in and practically finished in the field. All determined triangu
lation points are plotted, and altitudes 1narked also, in advance. These 
triangulation points a1·e first checked, and the magnetic meridian is 
then laid down. 

A very complete instrument is used with the plane table; the differ
ences in elevation are computed at the station, the distances obtained 
by stadia measurements, and the contours drawn at 10 metres apart for 
the 50000 scale, and 5 metres apart for the 25000. 

As much of the area now being done by the Institute has been cov
ered by former topographical aud cadastral surveys, several toppg
raphers may work on a single sheet. 

Field minutes in the valley of the Po, vicinity of Florence, Rome, 
and Naples are drawn to the scale of 25000, and certain seaports at the 
scale of 10000. 

A skilled topographer is expected to cover 50 to 60 square kilometres 
per month on the scale of 50000, and 20 kilometres per month on the 
scale of 25000. 

Each hundredth metre curve is drawn heavy, and on the published 
map, scale 100000, the contours, 50 feet apart, alone are expressed. 

The finishing of the original field minutes is done by both technical 
civil assistants and officers. These finished field minutes are converted 
into finished originals by more skillful draughtsmen, the line work trans
ferred, the lettering, ha.churing, and curves added. 

The Director states, September 2, 1885, that the average cost per 
square mile (scale 25000) for field work (triangulation and topography) 
is •13.12. It must be remembered, however~ in considering this small 
amount, that the salaries and wages 1>aid in Italy are extremely small; 
and also a great deal of saving was effected by the use of former surveys. 
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Deville, in his treatise on horizontal photography applied to topograph
ical surveying, states that this method was successfully pursued in 
mapping some portions of the mountains of Italy. He claims perfect 
success "for the method in Canada, where 1000 square miles have been 
(up to 1889) surveyed in this 1nanner; aud says further, that its failure 
in other countries is due both to the use of too large scales, and to at
tempt to map areas having too little relief, a.s it is only adapted to 
mountainous regions. 

I have been unable to obtain Paganini's treatise on the subject, which 
gives the results ohtained in Italy. 

These notes are abstracts from papers by \Vl1eeler, Derrecagaix, and 
Deville. 

NOTES ON SURVEYS OF ENGLAND AND FHANCE. 

(Presented by Assistant \V. C. Hodgkins.] 

PREF.A-TORY NOTE. 

It shouhl be borne in iniud that, except in Great Britain and Ireland 
(where all official surveys a.re consolidated into one organization), there 
exists in every European country, so far as I can ascertain, a cadastral 
survey on a larg·e scale, generally f'ro1n 1-2500 to 1-4000, made filr pur
poses of taxation, and thus furnishing, in advance of a topographical 
survey, detailed information in regard to aJI the subdivisions of the 
country. The fieldwork of the topographer is therefore comparatively 
simple. He has 011 ly to run out by traverse the roads and streams and 
to sketch the bill fo~ns, all the minute and laborious work of plotting 
details being saved birn. 

(i-REAT BRITAIN. 

The cadastral or ordnance survey of the United Kingdom is a won· 
derfnllyexact and elaborate work. In aUits various processes it appears 
to ain1 at absolute certainty of results. 

It is not necessary to detail here the prelimina.ry processes of thE:: 
survey, the astronomical and geodetic work, etc. Confining attention 
to the fieldwork of the topographical survey, it may be described as 
follows: 

The triangulation 11aving been completed (the sides of the tertiary 
triangles averaging li miles in length) the rest of the detail work is 
done entirely by the chain. 

The triangle sides are first gone over with the chain, all objects 
pa.ssed between the points being deterrnine-d by offsets if necessary. 
The error of chaining must not exceed 2 Jinks in 1000 or 1-500 of the 
length. . 
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These chained lines furnish means to break the triangles up into 
still s1naller ones by linel'l. run between marked points on the first lines; 
and this process of subdivision hi. continued until all objects of detail 
are determined, including single or detached clumps of trees in the 
country, and in the city or town ev~n the lamp-posts on the streets. 

All of this work is plotted on a large scale, 1-500 for the cities and 
towns and 1-2500 for the rest of the country. It is afterward examined 
in the field and any accidental omissions are supplied. The elevations 
above mean tide, based upon standard level lines previously run, are 
placed upon the map, and in certain caseH contours are run out. 

The system followed is to stake out the course of the curve and then 
to run it out with compass and chain. In this way are run the 50, 100, 
200, 300, etc., up to 1000, then every 250 feet up to 2500. 

Intermediate forms are .sketched on the ground after the curves run 
out 11ave been plotted. 

The published maps on smaller scales are obtained by photographic 
reduction, fro1n the 1-2500 scale plotting. 

In England the plane table does not semn to be used at all, hut in 
the survey of India it is used to s01ne extent for sketching details. 

There does not seem to be much in the 1ncthods in vogue in the 
English surveys that would be of utility in rapid surveys of wild coun
try or even in that which is well settled, unless very elaborate work 
were needed. 

FRA.NCE. 

The J)ep6t de la Guerre was in its origin, in 1688, only a depot for 
docu1nents collected in the archives of the War Depart1nent and relat
ing particularly to history and military operations. 

In 1761, the Depot of Charts and Plans was joined to it and enriched 
it with a valuable collection composed principally of topographic 
works, both printed and manuscript, executed by the engineers of the 
camps and arinies during the reigns of Louis XIV and Louis XV. It 
was not until 1793, when the national convention in.trusted to it the 
task of completing and retouching the plates of Cassini's great map 
that the Dep6t de la Guerre became an establishment for producing· 
maps, and at that same time a school of topographical engraving was 
founded which has existed ever since. 

For a long time the Depot de la Guerre held an independent posi
tion. In 1845, only, it was made part of the central administration and 
furmed, up to 1871, a division of the War Department. 

When the general staff of the minister was created the division of 
the depot was attached to the new organization. 

Finally in 1887, the Depot de la Guerre was abolished and was 
replaced by the Geographic Service. 

To tlie Geographic Service are intrn~ted all the operations of geodesy, 
of topography, aud ot' cartography ueedetl by the army in time of peuco 
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as well as in time of war. It, further, investigates the improvements 
which may be possible in methods now in use. 

The service is organized in five sectiou8, as follows: 
(1) Geodesy. 
(2) Precise surveys. 
(3) Topography. 
(4) Cartography. 
(5) Account~. 

The section of geodesy has charge of all work coming under that 
head and which need uot be here enumerated. 

The section of precise surveys executes large scale topogTaphfo 
work requiring n1athem.atical exactness. This is a special duty directly 
connected with the construction of defensive military works. Thest:~ 

surveys, m-oreover, constitute a basis for those which may some day 
be undertaken, should t,be constantly growing needs of the public serv
ice require the production of a new map. 

The section of topog-raphy inakes surveys upon the ground and pre
pares new maps for gene.ral use. It makes use of the geodetic opera~ 
tions to furnish a basis for its topographic netw~ork, to determine the 
relief of the ground, and to represent with exactness the details which 
ought to appear on the various projections. The thankless and diffi
cult task of keeping the general staff u1ap up to date by means of an
nual revisions also belongs to this section; also the surveys of .Algeria 
and the preparation of foreign and colonial maps. 

'l~he official surveys of France are conducted under t11e "Tar Depnrt-
1nent by the "Service Geographique de l'Armee." 

These surveys are divided into two priueipal classes: 

(a) Precise surveys. 
( b) Topographic surveys. 

Precise surz,eys.-This terin in French usage seem~ to be applied to 
work on which much detail is shown and a certain precision is required, 
without necessarily implyiug that all the data given is exactly correct. 
At first the work done under this head was upou the scales of 1-2000 
and 1-5000, and was restricted to the immediate vicinity of fortified 
places. .As the extent of ground surveyed has increased, the scale ba8 
been diminished and the 1netbods of work modified. At present most 
of this class of work is done on 1-10000, except in mountainous coun
try, where 1-20000 is used. 

Methods of wvrk on 1-10000 scale.-The work on the ground consists 
of two parts: 

The ftrst part consists of the establishment of a general on.tilne 
obtained by lines from triangulation points and ·by traverses along thd 
side of polygons, following generaHy the roads and other mea-ns ot 
communication. Along· these road.s connection is made alt nt1:1uerouS' 

H, Ex, 43, pt. 2-43 
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points 'vith bench marks established by precise levels. In this way a 
11et,vork is obtained from 10 to 16 kilometres 01i a side and divided into 
small polygons. On the perimeter of these 'polygons are determ~ined, 
by the aid of the tachy1neter, the geographical positions and heights 
of a series of marked points, generally about 200 metres apart. This 
preliminary work is done with leveling compasses or with tachymeters 
which give angles to the nearest ininute. The results of this first work 
are plotted upon the plane table sheet, together with a reduction to 
scale of the cadastral surveys. 

The second part of the field work consist.sin revising the plotting· of 
the detail reduced from the cadastral work and of drawing in the hor
izontal contours at intervals of 5 metres. Details are }Htt in upon the 
plane table oriented by compass, using a special fonn of alidade with 
an attachment for rapid measurement of slopes. Pacing is resorted 
to for the rneasure1nent of distances when the details are not very im
portant. In the plotting it is required that tbe traverses shall close 
within half a milimetre and tbe leveling within four-tenths of a metre. 
In the hill drawing on the plane-table sheet, traverses are largely used 
and points are added by radiation from. stations. The curves arc care
fully drawn and records kept of all measures of vertical angles. 

The above method is used in all sections not too much broken. It 
has even been employee! in the Vosges and Jura Mountains, but had 
to be abandoned in high 1nountain regions. There, indeed, the reduc
tion of the SP.ale demanded the change. The steepness of the slopes 
111ade it useless to attempt the delineation of curves with sogreat a 
prec1s1on. Besides, as the work left the valleys, the running of trav
erses with the tachymeter became more laborious and lost exactness. 
It was then necessary to resort to more facile methods which still give 
a sufficient precision. This method has been followed since 1885 for 
surveys in Savoy and Dauphine, the original sheets being on 1-20000. 

Surveys on 1-20000.-As in surveys on 1-10000, the first step is the 
development of the general scheme, obtained by tachymetric traverses 
depending upon the stations of the triangulation. These traverses are 
almost al ways run in the bottoms of the valleys on account of the neces~ 
sity of following routes which do not present too formidable slopes. 

The circuits of traverses in the scheme increase in length on account 
of the scarcity of routes of communication and of the difficulty of 
working over them. The traverse scheme then proves insufficient, and 
it is necessary, in order to complete the preparation of the slleet, to in
troduce a new operation, consisting of the establish1nent of a graph
ical triangulation, starting from broken bases forn1ed by parts of the 
traverses. This is accomplished by occupying the stations of tbe 
traverse and then determining by intersection all the objects which 
form natural or artificial signals. 

The graphic triangulation is made with plane tables mounted on a. 
ball ~nd sqcket joint thrmed of a seg1nent of a sphere, usin~ large-
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sized ecliinetre rules. The slopes are taken during the traverse work 
hy means of the taehymeter. All of this work is plotted upon the 
plane table sheet. The detail work is always done directly upon the 
plane table, oriented by compass ; but little traverse work is done. 
The positions and elevations are determined by the plane table with 
sufficient exactness. 

The surveys of Algeria are based upon a geodetic triangulation con
nected with Spain on on.e lland and with Italy on the other. 

The field work is done on 1-40000. 
Heights refer to the mean level of the Mediterranean. Wherever 

cadastral surveys exist they are reduced to 1-40000 an(l transferred 
to the plane table sheets, upon which the triangulation points have 
already been plotted. 

The field work is done chiefly with the compass provided with tele
scope and vertical arc. The barometer is also usell for elevations. In 
ordinary country discrepancies of heights should not exceed 2 metres, 
in mountainous country, 4 metres. 

The bill drawing is begun at the most elevated points and is carried 
downward. Fr01n 4 to 12 points in each square kilometre are deter
mined in elevation. 

Where the compass can not be used on account of local attraction 
the plane table is used. 

South Algeria is Rnrveyed on 1-100000 with the plane t.able oriented 
by compass, and with heights determined by aneroid barometer. 

METHODS OF TOPOGRAPHICAL SURVEYS IN GERMANY, AUSTRIA, AND 
SWITZERLAND. 

[Presented by Assistant J. A. Flemer.] 
.... 

A-GERMANY. 

The oldest military reconnaissances were merely sketched, the dis
tances being obtained by the time it took a drilled infantryman to 
march over the required line without accoutrements or baggage. A 
Prussian soldier was supposed to cover 5.5 kilometres per hour in a 
level country. (The French assume that an infa.ntryn1an will take 11 
to 12 minutes to march over a distance of 1 kilometre, or will cover 5.2 
kilometres per hour.) 

With the aid of the plane tal"!le and the theodolite a gradual improve~ 
ment ha.s been established in this direction and the topographical maps 
of the Prussian general staff of the present time a.re ranked among the 
best productions of the topographic art. 
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Since 1871 the general staffs of Bavaria, Wiirtemberg and Baden 
have joined in the operations of the Prm~siau general staff. The sur
veys of the German Government can b~ grouped into four classes: 

(1) J.\i.1.jlitary Topographical Surveys. 
(2) Cadastral Surveys (for taxation). 
(3) Preliminary Surveys for Engineering Purposes. 
(4) Scientific Geodetic Surveys. 
Bavaria was the first of the southern German states to make a gen

eral topographic and a cadastral survey of the entire kingdom. This 
first survey was made in the first quarter of the present century and it 
was based upon a system of recLaugular co(')rdinates, invented and 
laid out by Soldner. This sy~ten1 of coordinates was subsequently 
extended over "\-Viirtemberg·, Baden and Hessen. · 

Baden was the first of the German states to 111ake a general topo
grap11ieal survey and to use contours for the delineation of the terrene 
(18~5-1846). The new topographic map of Baden (1874) shows con
tours in 10 1netres vertica.l 'interval; it iH published in 170 sheets on a, 

scale of 1-25000 and printed from copper plates in three colors. This 
map is based upon: 

(1) The old topographical survey. 
(2) Forf•stry and Cadastral maps. 
(3) Resurveys. 
The old maps were taken into the field and compared with the terrene; 

if small corrections only were needed, these were sketched in; larger 
corrections were made by special resurveys. 

Military topography.-Under this heading we can distinguish two 
classes: 

(1) Topographical surveys, made as such, and independently carried 
out. 

(2) Topographical surveys based upon cadastral surveys. 
The fermer liave beeu chiefly practiced in Prussia, Saxony and Baden. 
The latter (based upon cadastral surveys) are represented by the 

surveys of Bavaria and Wiirten1berg. 
The general topographical inaps (''General-Stabs-I-Carten") of all the 

German states show a remarkable uniforinity in their general appear
ance in regard to general detail and accuracy. Germany ha~ spent 
grea.t sums of money, 1nuch skill and labor in the work of revision, and 
is coutinually improving the maps and bringing them. up to date. 

The process of a general topographical survey of a country passe~ 
through three stages: 

(1) Triangulation. 
(2) Actual topography. 
(3) Cart-0gra1)hy. 

Triangulation.-Tbeodolite-polygons originated along the Rhine under 
French regime, and the effectiveness and accuracy of the trigonometric 
methods were soon generally recognized and now !lre t:tsed throughout. 
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(Hanoyerian 'rriangulation, by Gauss; Triangulation of Lauenburg~ by 
Schumacher; the I>russian, by Bessel and Baeyer; the Bavarian, by 
Soldner and Schwerd; tilie triangulation of Wiirtemherg, by Bohuen
berger; the lleHsian, by :Eckhardt, etc.) 

Iu Austria, PrUl"sia, and Baden the triangulations were carried out 
by the general staffs. 

The (le1~na.n pritnary triangulation haf'. triangh~ sides from 10 to 100 
miles in length. The base lines are measured with the lJighest accu
racy attainable. 'rlJe latitude and ]ougitude of at least one point in 
each triangle have bec>n ueterrniu~d by careful astronomical obsPrva
tions, and also the azimuth of at least one sidt· of every primary triangle. 

The network of ·primary triangulation is RnhdiYided into triangles of 
the second, third, fourth, and fifth order. .._<\.]] of the points are well 
marked and describt'-d, and they form the initial stat,ions for the topog
rapl1er, from wlteuee all oUier points are detenniued, with aid of the 
plane table; at least, Huch is the custom iu G-erinauy, Am;;tria, and 
Switzer Jan cl. 

The ordinary p1ane-table sheet in Germany (17 by 20 inches) contains 
frmn 20 to 40 triangulation points for the use of the topograpl1er. 
During tlie work of the triangulation, hoth spirit and trigonometric 
level 01•erations are carried on, and the elevations of all triangulation 
points are determined by these two methods, while the elevations of all 
snbsequeut points, to he used for the delineation of the terrene are 
made by alidade aud plane table, or in wooded sections by barometric 
leveling. · 

The barometers, in recent years, 11ave been gTeatly improved and 
they are excellent, for tl1is purpose, the mean error being comparatively 
small. 

In Bavaria and Austria barometric leveling l1a.s become a favorite 
method for topographical delineations of the terreue. 

In the prelim.inary governmental topograpl1ic surveys for engineering 
purposes, in Germany, it is considered too expensive to use the level, 
and only for the :fi.na.J location of railroads, canals, roads, etc., the re
lief and contours along the line are determined by spirit leveling and 
for all general or 1neliminary purposes the terrene is delineated by aid 
of barometric leveling (aueroids). 

In the south~rn states of Germany, in Switzerland and in Austria, the 
"niethod of barometric measurements with corresponding observations" 
is employed almost throughout for all general topographical surveys, 
lines of spirit levels being run along main roads, railroads, canals and 
rivers. 

;I'he aneroids chiefly used for leveling purposes are: Vidi-Naudet's 
aneroid (made by Goldschmidt in Ziiricb) with microscopical reading, 
and J. H. Reitz's improved aneroid, made by Deutschlein in Ha1nburg 
(known as Reitz-Deutschlein's aneroid) 'vbich has also a niicroscope for 
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direct reading, and it is claimed that 0.001 milli1uetre can be read off 
with ease. (Zeitschr. f. Vermessungswesen, 1874.) 

According to tests made by Prof. Koppe with N a.udet's nineroid, the 
diameter of circular scale being 12 centimetres, and based upon 248 
observations on points originally deterlllined by pr~cise leveling, the 
probable error proved to be 1.1 metres. The direct comparisons gave 
the following results: 

114 errors were found to be from 0 to 1 m.etre. 
70 errors were found to be fron1 1 inetre to 2 metres. 
47 errors were found to be fron1 2 metres to 3 rnetres. 
14 errors were found to be from 3 metres to 4 1uetres. 

3 errors were found to be from 4 n1etres to 5 n1etres, 

The greatest error observed had been 4.4 metres.· These tests were 
made under conditions similar to those which are met with in genera] 
traverse work. 

Schoder (Hiilf"stabellen zu barometrischen Hoheumessungen) gives 
the probable error of Naudet's aneroid (12 centimetres), based upon 
forty seven observations, as 0.94 metre for differences of elevations 
lying within the range of 0 to 113 metres. 

If we remember that the errors are not accumulative and adhere 
only to single points, not to be transmitted to subsequent points, this 
error may not be too great for general topographical purposes. 

The elevation of every bench mark (determined by spirit level or ver
tical angle) which is redetermined by the aneroitJ will serve as the 
datum for all subsequent points, determined by aneroids, until the 
next bench mark is reached. In other words, all points which have 
been determin6d by aneroid readings will be referred to the last bench 
mark checked upon. 

RUhlmann inaintains that the horizontal distance between station 
and field barometer is not t-0 exce,ed 37 .5 kilometres. 

Bauernfeind gives 60 to 75 kilometres as the limit in lowlands, and 
no ridge of bills should intervene between the corresponding barometer 
stations. 

The station barometer is brought up to the advanced field barome
'ter every night, and for this reason alone it will not often occur that 
distances over 30 to 40 kilometres will separate the barometers. Gen
erally speaking, the cost of aneroid-leveling is low. 

In 1873 two engineers with one assistant made a survey of 1,920 hec
tares for the Rhenish railroad, through a very broken country in :fifty
nine days. The scale of survey was 1-10000, the levels were taken with 
aneroids. After the :fieldwork had been completed, the elevations 
calculated and tabulated, the map was drawn, based upon Prussian 
cadastral maps, and the contours drawn in, in vertical , intervals of 5 
and 1 metres. The office work took twenty-eight days, including "the 
location of the proposed railroad. 
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For final or i:;pecial survey8 for engineering purposes tl1e seale is 
generally l-2300 'Yith curves iu 1, 2, and, in very steep grade8. ;) metre 
intervals. Whenever the character of grouud requires it, subsurveys 
are made on scale 1-1000, or even 1-500. 

Form~erly every State had a separate datum plane or point of refer
ence, to which the elevations of topographical surveys were referred. 
After the general topographical surveys, however, had been ext('IHlecl 
over several States it was found that the elevations and contours of 
adjoining States showed discrepancies, which in some iustancef.i were 
too great to be disregarded even for general purposes. It proye(l that 
none of the States had used the same plane for mean sea level, al
though all were referred to " the sea." 

.A 11nntber of lines of precise levels had de1noustrated the fac·t that 
the mean level of the sea was different in different seaports (within 
several decimetres) and the central directory of the Prussian surveys 
decided to assume a datum plane which would satisfy the gTeatest 
number of the various datum planes which had been in vogue through
out the Empire, and after having decided upon such a plane of refer
e11ce, to enforce the rule that in all topographical surveys tlie eleva
tions and contours are to be referred to said plane. 

Northern Gern1any had used the "mean sea level" at .Amsterdam 
as datum plane, and it was found that the zero mark of the tide gauge 
at Aurnterdarn was in that plane, which satisfied the greatest number 
of th,e different datum planes heretofore used in differeut parts of Ger-
1nany, by being very near the mean plane for all. 

Subsequently this zero n1ark, termed "normal null," was taken 
as the initial point upon which all levels in Gerinauy are to be referred 
and a point marked at the observatory at Berlin as being "37 metres 
above normal null" is the initial bench mark for all Prussian surveys. 
A net of precise levels extending from Memel to Basel in one direction, 

·and fron1 Cologne to Breslau in another direct.ion, has been eshtblished 
by tl1e German general staff, thus locating a large number of refl~r
ence points throughout the Empire. The elevations and cont.ours 
shown on the re.cently published topographical maps have been cor
rected with reference to "normal null." In Baden, for iustance, the 
old data had to be reduced 2 metres to bring them down to the new 
datum plane(" normal null"). 

At the present time this plane of reference (normal null) is used 
throughout Gerrnany, and the value of the uniformity thus established 
is considered as greatly outweighing the cost of the work. 

There are three classes of leveling operations in Germany. Ranged 
ill their order of accuracy they are: 

(1) Spirit leveling. 
(2) Trigonometric leveling. 
(3) Baro1netric leveling. 
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For topographical surveys we find the plane table with distance
reading alidade an<l the tachy1netric plane table chiefly in use. The 
reasons assigned therefor are: 

(1) Its great effectiveness for the delineation of the t<_.,rrene. 
(2) Small daniag(>: to crops in gardens and fields. 
(3) Saving of time by ineasuring distances to points only (and plot

ting their positions) which are cardinal points, omitting aU secondary 
or auxiliary points. 

(4) Little chance of omission of important features of the terrene or 
details. 

In different parts of Gennany we frequently find the plane table sup
plemented by theodolite and staclia (tac1leo1netre) 1neasurements with 
eompass and direct linea.l .measnrernents, with lineal ineasurement.s aud 
ofh~ets, etc. 

Generally speaking, however, the plane table combined with spirit 
or even barometric leveliug, is considered the 1nost efficient method of 
making a well-developed topographical survey. 

'tiraverse lines through foref-1.ts are frequently run with tachy1neter, 
theodolite, and compass, in combination with telemeter, steel tape, or 
even with Rud. Wittmann's 1neasuring wheel. (Zeitscl1rift <l. Oestr. 
Ing.-n. Arch.-Verei11s, 1875.) 

One well-trained topographical party ('"general staff") '"'rill, on an 
average, survey about 0·3 to 0·5 square miles per day with the plane 
table, on 1-25 000 scale. 

The tacbymetric plane table method bas gained many advocates in 
recent years, especially for the topographical surveys of Austria and 
northern Germany. One skilled topographer, with assistant, can deter-
1nine 600 points with the tachymeter in a working day of ten hours. 

Cadast1·al sttrveys.-These are based upon the incasuring of a plani
metric base line and lineal measurements along offsets, generally. In 
the southern states of Germany tlte plane table is extensively used 
for these surveys, while the northern states give preference to the 
polygonic methods using tachymeters, theodolites, compass, etc. 

The cadastral maps of Bavaria are lithographed on 1-5 000 scale, 
those of Wiirtemberg on 1-2 500 scale; 1)!1-chy of Brunswick, 1-3 000 
sea.le for general maps and 1-1 500 for towns and villages. 

The city of Hanover has been surveyed and u1apped in quite an elab
orate manner : 

Scale of general map of city __ . ___ •. ____ •• _ - - - •.. __ •••. _ •. __ ..•• _ •. _ •••.. _ •. 1-5 000 
3~1 sheets showing the streets. ____ . _. ___ . _____ .•.• __ •. __ .. _ .. _ ..... ________ . l-1250 

13 sheets of the 13 wards of the cit;r, into which the city had been subdivided 
for this survey .• _ •• _ . ___ • _ . ____ • __ •• _ •.•••••.•••..••.••••..•. _ •••••• _ •••. 1-1250 

13 sheets of the same 13 sections_ . _ ...••. __ • _ •. _ .•...•. _ . _ . ___ . __ . _______ . _ .1-5 000 
Maps of all city lots and improv em en ts _____ . __ . __ . ______________ .•. _ . __ .. _ . 1-125 
Ontlines 0£ buildings of all improved city lots, including descriptions of 

building material and estimated value of improvement~.------·----- ------1-125 
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The city of Berlin was surveyed on a scale of 1-250. The publisl1ed 
plans are printed fro111 copper plates ou scale of l-l 000. The plans are 
$Cratched into '"gelatin paper,'' the ~·wratcltes fille<l vdtl1 g-raphite dust 
and transferred to a thiu wax coa.tiug upon the c-opper plates. ..A.Her 
having been engraved on copper these plans are t.rm1sferred to stone 
(by Straube in Berlin) in order to get p1·ints from these, ayoiding tlte 
distortion caused by wetting the paper from copper pl'ints. ..A11 extell
sive system ofprecise leveling was carried out upon whfrh the new 
survey of Berliu has been based. Ju 18So ovPr 4 000 bench-marks had 
hneu established on iron bolts (inserted into wallR and lmilding:.;<,) 
Hpecially designed for this purpose. 

The permissible error for Jevol lines is giYeu in condensed ftjrJU for 
the 11ew Bcrliu survey as follows: 

2 n1il1hru•treA, error for Jpngths up to GO 1netres. 
4 n1i1limetr<'H, f'rror for 1•"ng-ths tr0111 100 to 2:.0 nietres. 
6 millimetros, error for leugth>1 from r;OO to '{;}!) metres. 
8 n1il1 imetrPs, errOT for lengths from 1 000 to l 500 urntres. 

10 millimetres, error for lengths :from. 2 000 to 2 500 me1,rt>s. 
lu millimetre;:;, erro1· for leugths from H 000 to 7 000 metres. 
20 millimetres, mTor fur lengths .from 11 000 to 12 000 nwh·es. 

In t.l1e eity survey of Hamburg the aneroid of Heitz-Dents<~hlein was 
used (iu wooden case and with microseopical rea.ding) and curve.H run 
with this instru1nent in a vertical interval of 1 inetre. (\Vith these 
iustrumeut.s interpolations, within half an hour's time and within a 
range of difference in elevation up to 80 metres, have been inade with 
a inean error of ± 0·4 metre.) ( Zeitsehrift fiir vTermessungswesen, 1873). 

Photogra1nmetry has beeu practiced by the (ierma.us for military 
purposes ·chiefly, although a. special ehair is maintained at the royal 
technical high 8chool at Charlottenhurg, near Berliu, for the study of 
this branch of topographical surveying. It iR reconunendell for hilly, 
s teep-clitred regions a.nd for the ~tudy of lclteral changes in hcaebes 
and shore lines generally. The Germans also use a number of reflect
ing distauce-1neasuring instruments in cases wl1ere it is di:ffieult to 
employ rodmen. The following list comprises the most popular oues 
of this class of instruments: 

The engymeter of Fallon (Austria). 
Distance measurer of Adri & Son (Germany). 
Distance mea.surer of Tavernier Gra.vet (FrancA and Germany). 
Distance measurer of Fortin (France and Hermany). 
Distance measurer of Ueribotaui (Italy a.nd Gern1any). 
Ceribotaui's distance measurer of 1 metre base gave for distances of: 

150 metres an error of 0·2 metres. 
300 metres an error of 0·8 metres. 
600 metres an error of 3·2 Inetres. 

1 000 metreA an error of 10·7 meires. 
2 000 metres nn error of 42·7 metres. 
3 000 met,re.s an error of oo·o metres. 
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Oertel & 801.1, iu J\luuich, have constructed a <-listauce-rnea.:-nning- tele
scope which is highly recommended: 

.. A_ B is a rule over which a teleHcope (with two vertical wires) eau 
slide iu either directiou, the optical axis of' the telescope always remain
ing at right angles to A_ B. 

The diBtance D of point P from station A B is to be detern1ined. 
The telescope is clarnped on the zero i11ark C of rule .. A B, aud t11e 

whole instrument moved to the right or left until the right-hand wire 
r bisect:-; P. The rule ...L\._ B h~ 11ow held in this position and the tele
scope moved to'"~ar•ls B until the point P i~ bisected by tlle left-hand 
wire l. 
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Il.-A US TRI A. 

Tbe new special topographical (military) survey of Austria which 
was begun in 1869 in Tyrol, is published on a scale of 1-75000. 

The field sheets were plotted on a scale of 1-25000 and the survey is 
chiefly based upon the cadastral survey of the Empire. In the moun
tainous x·egions, each working section (four of which make one special 
map sheet of 30 minutes length and 15 minutes width) contains on an 
average 1 600 points of elevation (bench marks), wbicl1 number is re
duced :for the more level parts of" the country, where one sheet contains 
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about 400 of such points. These point~ of elevation are based upon 
leve1~l:ines of precision, (13 800 kilometres of which had ht:>en run a-t the 
end of 1884, giving· 2 417 primary bench nmrks) and upon data furnished 
by the n1ilitary a11d cadastral triangulation. Each working Hectiou 
had on an average eight or 11iue elevations of precisio11 or primary heud1 
marks, upon which the numbern1entioned above ( 400 to 1 tWO) waf.i hasetl. 
These subsequent points were established, partly trigonometrieally, 
partly barometrically '\Yith Naudet's aneroid. The '·011tours are given 
fin' intervals of 100 metre8~ where the grade is over 10° and in 20 metre 
i11tervals for grades le:-:;s than 10°. 

Based upon this survey on field scale of 1-2•3000, the special topo
graphical map of 715 sheets was published on 1-75000 seale. (The t.~11-

tire 111ap would cover a11 area of 133 square metres.) 
The published sheets are arrauged so that the east and west 1nar

gins are"meridiaus in equiflistaut intervals of 30 minutes eacl1. 
The top and bott-0n1 margins are parallels in equidistant iutervals of 

15 1ninutes each. 'l'lte projection used is the same as in _Prussia, the 
polyeder projection. The total inap extends from 4:! 0 to 51° 15' latitude 
and fron1 270 to 440 30' longitude. The zones are counted fron1 uorth 
to south (1 to :37) and the columns from west t-o east (I to xxxv). 'l~his 

survey was finished in April, 1885. 
This work has been published hy heliogravure. 
The cadastral survey upon which this topographical Rnrvey was 

ba.sed had for its basis a triangulation and plane table survey, a.ud 
it was made in three scales t<n· different localities: 1-12500, 1-6250, and 
1-3125. 

With the aid of this ca.dastral survey and level data, obtaiued as men
tioned above, and by eombiniug the plane table with direct measure
ments the terrene was sketched in on the 1-25000 scale field sheets. 

One topographical party (military) averaged 0·9 square mile per 
day on scale 1-25000 and 0·4 square n1ile ot1 scale 1-12500. Gold
scbmidt's aneroid is extensively used for running out contouri'li in Aus
tria, the rodman carrying the aneroid, by means of which he adjusts his 
vosition, before holding l1is rod up ou the critical points of the eontour. 

C.-S'\VI'I'Zl<~RLAND. 

The methods generally used for topographical surYeyR in this coun
try have been alluded to in the preceding pages. 

The original sheets of the topographic atlas of Switzerland for roll
ing country are on 1-25000 scale; for mountainous country, 1-50000 scale. 

The general maps of the same regions are published on scales of 
1-100000 and 1-500000, respectively. 

The Dufour atla.s, in twenty-five sheets, is published on 1-100000 scale; 
the same bas been reduced to a walJ JUap in four sheets of 1-250000 
scale. • 
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In the retrospection of the fr>regoiug· report I would respectfully sug
g·est a consideration of the followiug: 

(1) The polar inethod as originally devised by I~elnuann and im
proved by combining the telemeter with the plati.e table (Reichen
bacL's telemeter, first described in Diugler's Polytechnic Journal of 
1850 by G. Decher) has now almost been supplanted by the tachymetric 
n1ethod. 

1T'his method (tachemnetric) was first employed by French engineers 
and has been in use since 1860. Tacheo1ni~tre (in Germany ta.ehygraph
orneter or si1nply tachymeter) avoids both the reduction of telemeter 
reatliug to the horizon, and the calculation of the elevations, based on 
the vertical angle and reduced teJemeter-reading (with aid of formula 
or table~), inasmuch as the tachymeter performs these calculations 
autmnatically. '!'he use of the new tachymetric plane-table ah:.o dis
penses with the use of dividers for plotting distances. The fact tl.1at. 
this instrument has Sl1verseded tlrn plaue-table with distance:reading 
alida<le througl1out ~EuropP wonld sngg·eHt a closer 1nspectiou and in
vestigation oftl1e merits of thii:; instrument with a view of increasiug 
the rapidity of topographical surveys. 

(2) The n1.arked improven1ents in the construction of aneroid barom
eters in recent years (invente(l by Vidi, 1847, a11d constructed by Bour
don in 1848; improved by Naudet; by Goldschmidt, in Zurich, 1859; 
by Reitz and Deutschlein in Hamburg; by Prof. W eilmann in Zilrich, 
etc.) have justified their use in leveling operations 1nade for topograph
ical imrposes. 

The 1nethod of barmnetric detern1.ination of elevations for tl1e plot
ting of the terrene by employing aneroids, has chiefly been perfected 
iu Austria (in a measure also in the southern states of Germany and 
England) whert=~ Vidi.Naudet's aneroid is principally used. 111 Ger
many, Goldschmidt's (self-registering) and Ueitz-Deutschlein's aneroids 
are })referred· for topograpl1ical purposes. In Austria contours have 
been run out (on calm and cloudy days) by })lacing the rodman on a 
contour and noting the reading <1f the aneroid. The rod1nan then pro
ceeds to follow the contour out, selecting the next characteristic 
change in its course, and moving up or down hill until the aneroid 
gives t;;he same reading as at the first point. He then holds the tele
metre in this new point of the contour until the observer at the plane
table has read the distance and waved him off, whereupon he selects 
t11e next poiut on the contour in the same manner, and so on. 

If the aneroids are sufficiently trustworthy to give the elevations 
within a limit of error of one metre (Schoder, in his Hlilfstabellen zu 
barometrischen Hohenmessungen, Stuttgart, 187 4, has given the mean 
error for the elevations of 47 points lying within a vertical range of 
113 metres as 0·94 1netres) the trial of these instruments seems advis
able for traverse work through wooded sections and also for rapid gen-
era.I topographical survey-s. • 
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NOTES ON EUROPEAN TOPOGRAPHIC MAPS, FROM THE REPORT BY (~EN. 
DERRECAGAIX '1'0 THE INTERNATIONAL GEOGRAPHICAL CO~uH.El:SS 
HELD AT PARIS IN 1889. 

(Presented by Assistant ,V. C. Hodgkins.] 

BELGIUM. 

Independent B_elgian surveys were not instituted till 1831. In that 
year, on .January 26, the nt:>p()t de·la Guerre was established. In 1878 
its title was changed to that of Cartographic Institute. 

The maps of Belgium -are prepared on the three scales of 1-20000, 
1-40000, and 1-160000. The inaps on the last two scales are del'i ved 
fro1n the first. 

At one time a map ou 1-80000 was proposed and was actually begun. 
This would have harmonized with the maps of ]•'ranee and of Hhenish 
Prussh-1 and Westphalia on the same SC'ale. But the latter maps hav
ing been supplanted by the 1-100000 map of t:J1e German Einpire, one 
of the reasons for the existeuce of au 80000th map of Belgium disap
peared. Beside:;;, the map on 1-40000 gave all principal details and 
that on 1-100000 was excellent for inore general purposes. It was 
found that the 80000 would often show too much or not enough detail, 
and as from the military point of view it did not offer advantages pro
portional to iti-; cost, it waH decided to ahandou it. 

There i~ also a map on 1-10000, which is simply an enlargement of 
the surveys on 1-20000. 

The field work on 1-20000 is based 111•011 an old triangulation, revised 
a.nd cornpleted since 1s:n. The t,riangulation was co1uplt~tely finished in 
1866, and comprise.s 4 18~ triangles of the three orders, in an area of 
29 455 square kilometres. Jt is connected with the work of the neigh
boring countries. 'l'he cadastrn1 p1anH reduced to 1-20000 serve as a 
base for the preparation of the plane-table sheets. 

The plauimetry was verified aufl c01npleted upon ~he ground. 
The study of the relief was very complete, m.ore so than i11 any 

country of Europe with the exception of some provi11ces of Holla11d. 
The contour interval is one 1netre, except on the right bank of the 

Meuse, where it is five metres. Heights refer to mean low W<tter of 
spring tides at Ostend. 

DENMARK. 

'J..'.be general staff of the army has charge of the surveys. Decimal 
~;:cales are used, but not the metric system. 

Horizontal contour!!! for the representatio11 of relief were fin;t used in 
Denmark. , 

The work began about 1830. The triangulation was finished in 1871. 
It is connected on the north with the Norwegian triangulation and ou 
the south with the Pi·ussian. 
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The geometric leveling of the first and second orders was begun iu 
187 4 and, favored by the slight relief of the ground, has been carried 011 

with especial care. The number of elevations 'determined varies fron1 
150 to 260 per square mile. 

The topographical surveys, begun in 1830, are invariably executed on 
1-20000, by the aid of pantographic reductions of the laud (or cadas
tral) surveys on 1-4000. 

These reductions are fitted to a reduction of the geodetic triangu1a
tion; then completed and revised on the ground. 

The topographer occupies each of the stations of the precise levels 
and determines by radiation the positions and elevations of enough 
points to insure the exact drawing of the curves, the vertical interval 
of which is 5 Danish feet (1·57 metres = 5·15 feet lJnited States stand
ard). Upon slopes above 14° the interval ii:.; 40 feet. 

The work is publiShed on 1-20000 in photolitb. Size of sheets, 0·38 by 
0·314 metres. It is also published on 1-40000 and 1-80000, these sheets 
being engraved on copper in excellent style. 

The engTaving is done with Porensen's "chalcograph," a kind of 
pantograph which has a finely pointed diamo11d upon the tracing point. 
The reduction is thus done directly upon the copper and is afterwards 
touched up by hand. The engraving is too fine fo,r good effect. 

HOLLAND. 

The chief characteristic of the Dutch surveys see1ns to be the great 
minuteness with which all details are shown. 

The relief is in general slight, and therefore single houses can be 
shown even on 1-200000. 

The older surveys were made on 1-25000 and published on 1-50000. 
Since 187 4 a new survey of the riven~ on 1-5000 has been in progress. 

PORTUGAL. 

Surveys are made on 1-50000 and 1-100000. Published sheets on 
1-100000 and 1-500000. 

The work is of rather low grade. 
Curves are shown at intervals of 25 metres on the 100000 and of 100 

metres on the 500000. 

ROUMANIA. 

The triangulation of Moldavia is connected with tJ1e Rus,sian scheme 
in Bessarabia and with that executed by the Austrians in Wallachia 
in 1855-'56-'57, also with the Transylvanian triangulation. 

The :first topography done was in the Dobrudscha, which, being 
almost flat aud nearly uninhabited, offered a favorable field for a first 
attempt. 

This survey was :finished in 1886 and- the more difficult work in Mol
davia was then taken up, and 80 sheets were done there in 1887 and 
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1888. The force consii-;terl of one uiajor, 1 captain, and 32 lieutenants. 
The work was done on 1-50000 in the Dobrudscha and on 1-100000 ia 
Moldavia. Helief is sbown by contours. 

The plane table is used, with a German pattern of telescopic alidade. 
The compass is also used. 

1-'he published charts are lithographs in colors, on 1-200000. Pro
jected roads are i::.hown by dotted lines. Telegraph lines are shown. 

Few elevatjons are given; averaging one in 40 square kilometres. 

RUSSIA. 

A corps of military topographers was established in 1822 and com
pletely organized in 1826. In 1~36 the corps was re-organized, and 
consisted of 6 generals, 33 superior officers, 15G officers, 170 topogra
phers, 236 topographers ranking as corporals, 42 students. The ap
propriation was $136 000. 

In 1877 the section of military topography was again re-organized 
with a main office at St. Petersburg. In 1887 thiR service included 
10 generals, 24 officers of the general staff; 154 officers, 223 topogra
phers, and to supply vacancies, 12 officers of infantry, 42 assi&tant 
topographers, 2 civil employes, a total of 447. The law requires a 
force of not less than 367 persons. 

The field work is done on 1-21000 in the settled districts and on 
1-42000 in tlie northern provinces and on the great steppes of the east. 

The compensation of the officers ranges from $4 240 for chiefs of :~ec
tions to $1 020 for assistant topographers. 

An academy or training school is conuected with the service. 
During the war between Russia and Turkey, the corps made sur

veys of the country traversed by the Russian army, and prepared a map 
on 1-126000. In three years, 180 topographers determined 51 astro
nomical stations, 111easured 6 base lines, completed a triangulation of 
1 287 stations, surveyed 46 900 sq narc miles and 111ade a reconnaissance 
of 5 500 more. The bases were from 3 to 6 kilom_etres long, and we1·e 
measured with wooden rods. The triangulation was connected with 
the Russian and Austrian sy..stems. 

In the settled districts the surveys were on 1-42000, elsewhere ou 
1-84000. Relief was represented by contours at intervals of 8 1netre8. 
10 metres, and sometimes n10re. In this wa.y the survey of the Balkans 
was done in less than three years. This work corresponds, on an 
average, to the survey of a strip of country 238 by 38 miles, each year. 
The cost was very great, but the results were also remarkable. 

In maps of Russia the scales are based on the number of versts to 
the inch. 

The inch and foot are the same as the English. 
Tlie sagene equals 7 feet=2·133 metres and is used for heights. 

v The verst = 500 sagenes=1066·78 metres= 3 500 feet. 
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The principal maps are: 
(1) The chart on the sea.le of 10 versts to the inch (1-420000) of 

European Russia in 154 sheets, nnd 
(2) The topographic map on the scale of 3 versts to the inch 

(1-126000) of Europea11 Hus:-i.ia in 972 sheets a.nd 59 sheets for Poland. 
There is also a map of the province of l\.Ioscow on l-84000 in 40 sheets, 
a chart of Turkey in .Asia on 1-840000, a military map of Turkestan 
on 1-680000, and ill general umps (•alled provincial on 1.-210000. 

The triangulation has exteu<led over a lo11g· series of years and is of' 
varying degees of precision. 

T•recise levels were begnn in 187:3. They generally folknY the rail
ways. They appear to be largely dependent upon vertical angles. 

Field work was at first done on 1-146000 and 1-105600. In 1844, 
the scale of 1-42000 was adopted and later still 1-21000 for cultivated 
territory. Helief was represented by haehures. 

In 1870, when the greater part of tue western in·ovinceR was already 
surveyed, the form of the work was chaHged. The use of colors "\vas re
jected and a greater number of bench marks being furnished the topog
ra.pherH, the ten·ene was ordered to be represented by contours with 
intervals of 2 sage11e8 = 14 feet. 

The surveys are now going on in the northwestern provinces, where 
in the last season a4 topographers surveyed 3 778 square ve1;sts on 
1-21000 at a coat of 67 478 roubles (l 6fi8 square miles for $53 982, or 
$:~2·56 per square mile). Each topographer avel'aged 24 square versts 
(auout 10~ square iniles) per month. 

Other special surveys were also made on the southwestern frontier. 
The average cost ot a s<1uare verst in Buropean Russia is stated by Gen
eral Derrecagaix at 17 roubles ($13·ti0), which would make the average 
square n1ile cost $:31. 

Surveys in Asia have been made on various scales from 1-17000 to 
1-84000. 

The chart on 1-420000 wa8 begun in 1840, iH engraved on copper and 
ii-1 kept np to date. The relief is 8hown by hachures with vertical light. 
There is also a lithographic edition in four colors. Ea.ch sheet includes 
3° ~~0' in longitude and 1° 48' in latitude. Brown is use<l for tbe 
hachureH, green for the forests, horizontal blue lines for the marshes, 
black for an other features. The unmher of buildings in each town is 
given on the chart. The map on 1-120000 i8 also on copper and is 
printed in black. Occasional elevations are given. 

SPA.IN. 

In Spain, there are two organizations which produce maps. In 1856 
the " Comh;;ion :M ilitu.r del Mapa" began a triangulation of the coun
try. In 18()5 two di visions were formed, one for geographic work and 
one for statistics. In 1.870 these were united to form the Geographic 
and Statistical lnstitutei which is under the direction of the Minister 
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of Agriculture and Public \Vorkt-;. In addition there ii" the J)(>pot <le 
la Gnerre, under the tlireetio11 ot the :\liuist.er of 'Y'ar and cugage<l 
entirely iu cartography aml n1ilitary reeo11 naisauct_~s. 

The Gnographieal a.ud Sta.ti8tical Institute, whieh wa.i-; re-organiz.Ptl 
iu 1877, takeR charg·e of the gcodeRy, ti1e. rPgular topography~ the pre
(•.i:-;P h•\·el8, the c<tdastral snrYf"ys au'l rpco1·d~, the lq:!;al n1etric 1ucat-1-
ureH, and publieations iu n·lat.ion to :-.tatistic:'-' and metPorology. 

The Depot de la Gnerre, has its own map making aHd printiug estab
lishrnent for the ready ]lr0tlnction of rnilitary 1naps. 

The triangulat.ion of Spain is of a Ytwy 1~x(·t~llent q nali ty, and i8 con
nected 'With the F1·eneh work ou tbt• iun·th arnl the Algc•rian on the 
south. 

'.rhe lcvelin~ was al:-:.o done \Yith 1nueh care. Pn•cise gnometri1-, level"' 
were begun iu 1871 and were supple1ne11t.ed hy level~ of the second 
order a.nd by a network of traver:·H' lines about GOO metres apart. 

Heights are referred to mean le\'el of tho i--ea at A lieante. 
Field work is done on 1-3,) 000 arnl shows the bon11 'larif'!~ of the com

munes, all strcanu•;, n1cans of conunU:ni(·a,tion, inhahitPd place~, and 
culture. In this connt1-y, there are ca<la1-1.tral snrYC\\'~ for tnily a ~mall 
part of the territory, and the survey i;s consequP11t]y t-:low. To limit 
to son1e extent the a.mount pf work, subdiviP.i011s of ]p:-;s than :!5 ~wres 
are omitted. Contour8 are drawn in the tidtl at vertical iut.pn~als of , 
10 rnetres. Published maps are lithographed on 1-,)0 000, iu colors. 

SW-EDEN AND NOlnVAY. 

rrJ1c corps of geometrieal i'Ul'VeyorH f(•rnwr]y )1ad d1;trge of t]ip prep
aration of geogra1lhical <'hartH of the k i ng-dom. ~ow it i:.. e111 plo;ved 
only in the publication of the cadastral snrvPy, on the S('ak of 1-4000. 

Ordinary :..urveys arnl map n1akiug are tnadt> by the topog-raphi('. 
section of the Swedish general staff. 'rherc is also a.tt.ad1ed to this 
section an econon1ic and statistical RurvPy of the soil. 

The cadastral survey formi-:. the ha::;;iH or all tlu· otht\rs. \Y1u·H it is 
defective, a survey is lnade to suppl.)· the orniH:-:io11s or to c·o1Teet tlH' 
errors. 

In Norway, the Geographic lnstitub>c of Christia11a in charg·e of a 
su1•erior officer under the direction of the Secretary of \Var n1akei-; the 
surveys and publishes the maps. 

The triangulation of the two couu tries haH been finished and re\'is1•d, 
but i8 sparse in the northern parts. 

l}eter1ninatiou of relief reRtH upon preei~e levels carried ~H'l'Oi-'i" the 
country from Rea to 8ea, and furnishing from twellty to twenty-five 
determined points per square mile. 

Surveys are made on three scales, 1-30000 for settled districts alJ(l 
important places, 1---f)QO{)O or 1-100000 for the northern .regions arnl 
high n1ountains. The land snrveys on 1-4000, which for1n the bash;, fhr 

H~ :Ex. 431 pt. 2-44 
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the twcnty-thon~arnlth work, are not published. The originals are 
kept in the ard1ive~ of eaeh p1·ovi11ce, and \\Opies ar"e deposited in the 
central office at Sbwkhol1n or Christiana. 

The priucipal pnblishecl maps are thosP on 1-100000 and ou 1-200000. 
There are also geologic and other gPneral and speeia.1 n1aps. All show 
a great amount of {h~tail, n1a.de 11ecessary by the pet'.u]iar character of 
the country. · Hoads, rivers, and the borders of la."kes aud seas a.re col
ored by h<tnd. Both vertica 1 a11d horizontal hachures are used to ex
press relief, the fonner in arable land, the latter in rocky places. 

The n1ap of ~orwa,v is lithographed in colors. Contours in brown, 
water and marsh in blue, glaciers iu gToen, the rest iu black. 

The gerwral map of the two countries on 1-200000 is both eng-rayed 
and li tllog-raphed. It shows 11early as rnnch detail as the oue hund:l·ed 
tl1ousandth. 

Relief is reprPsentcd by :34-metre contours. 

CONCLUSIONS OF GENERAL DERRECAGAIX. 

The study of large ~cale t{•pographic charts has brought out various 
ge11eral results, 'vhich may be thu:-:; su1n1ned up: 

1 n addition to cadastral and tactical map8 three general types have 
been adopted-

(1) Heprodnctimrn of the notes of surveys on a large scale, varying· 
from 1-20000 to 1-50000, except in Englaiid, where there is a real, 
leveled cadaster. 

(2) A "topographic map, 111ost (,,'Ommonly on l-100000, as in Italy, 
Switzerland, Geriuany, Portugal, Sweden and Norway, and l~oumania. 

(:3) A chorographic map ou 1-200000, as in Austria, Holland, France, 
awl Sweden and Nonvay. · 

From these facts, and recent improvement8 in methods and instru-
ments, General l)errecagaix deduces the following proposals: 

( 1) The general use of the metric syistem to exprest\ heights. 
('..!) Uniformity in conventional signs. 
(:3)" The adoptiou of a common scale for topographicand chorogra.phic 

n1aps, tbe one hu1ulred thousandth and two hundred thousandth being 
the be~t. 

(4) 1l'bc publication of reproductions of large scale surveys. 

PHOTOGRA.l\IMETRY-SHORT HISTORICAL REVIEW OF FRENCH AND 
GERMAN SURVEYS. 

[Presented by Assistant J. A. :Flemer.] 

Regarding a photograph as a geometrically true perspective, pboto
grammetry will be the art of reconstructing geometrical pr~jections, 
upon a plane surface of the terrene given and represented in perspec
tive view8. · 

The theoretical, faudamental principles upon which such reconstruc· 
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tions are primarily based were already known to Lambert, who pub
lished a work on purspective as early a:-;. 1 7;1U. 

The French savant, Beautemp:-;-Beanpr0, attempted tl1e first practieal 
application of these pri1u~iple:-; for the· n:-;e of topngraphy wh lie on a 
scientific expedition in l 7!H-17H::~, wheu lte ma1lP persp(•t·ti ye rlrawiugs 
of coast regions, and later constructed topoµ.Tapliical maps based on 
these drawings. A n1ap of· a part of Van Dimnan~s I,.,and, a11<l also of 
the island Santa Cruz,, wa~ ohtained hy him iu this 111auuer. 

.. AJthough Beautemp3-Bt>anin·t'freqnent1y reforrecl to the frasihility of 
constructing topogTaphical n1ap~ ba:-;.ed 011 this 1nethod, the Kanw aJmo:;t 
saHk into oblivion until ~I. Laussetlat, ma,jor in the Frenelt army, 
again took the subject up. 

In 1851 he constructed a modified "'camera cla.ra," whieh "\Vas :sn1wr
ceded in 1858 by the ''camera obKcura," "rith additional improvt>meub; 
by l{egnault, for surveying 1mrpo8es. 

Laussedat nuule numerous experiments with Hegnanlt's improved 
"camera obscnra," partly on his ow11 behalf and partly under the 
arn'lpices of the .French 1ni11h4r.v of war. lli8 experiments were con
tinued by Javary from lSfi: .. ~-1S70. 

The first German record 011 this 8nl~jrn·.t i::-:. probably the aetide pub
lished in Horn's Photog;ntphie Journal in April, 18o3. r..rhi8 artide is a 
description of L:tnl"i-;ed"at's experiments, as µ:iven lJ;v~ hin1 in a 1neeting of 
the French Photogr<tphic Society,. held .Jan nary !), 1863. • 

""\Ve find 1\leydenhaur'::; first llllhlieat.ion on photogTa.111mctry i11 the 
June nun1ber of the Photographic Journal fcff lS(>~~ ('' Photogntph ische 
1\littheilungen '~), in wbkh he nsl~s the term plwtometograpby, which 
was subsequently cl1auge'1 iuto photogrammetry. 

Pujo an d·Fourcode pnbli:-;hetl a joint essay in Lt•s ~Ioudel', 186•3, on 
'' Goniometrie Photographiquc." 

In the 1\larch number of the "PhotogTa.phische 1\-littheilnngeu '' for 
1866, we find an article by Vogel on the nl"e of .Johnson'~ photographic 
apparatus tor 1naking topog-raphical Hurveys, in which he shows the 
construction of vertical au d hori7>on tal angles. 

1'Jver since Meydeu baur first JJecame interested in the method of 
photograminetry he ende:1vorcd to iuteeest private and governmental 
surveyors in the method. 

Jordan and Hanek have also done much to popularize this m.ethod 
in Germany. 

Since 1869, photogra1111netry was treated both theoretically and 
practically in the Jtoyal Building Academy (Kgl. Bau Academy) in 
Berlin, 1,?russia, in the lecture~ on geodesy a.ud photography. Several 
years ago the new Roya,l Technical High School in Charlottenburg1 

near Berlin, was completed, and since then a special chair ·has been 
maintained the.re for the purpose of teaching photogrammetry theoret.i-

- cally and practically; at present Dr. Pietsch fills said chair. 
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The first attempt to n1ake a more extended practica I survey with the 
caniera in France was inade hy Lausscdat in 18GI, when he mapped a 
portion of the cit.y of Paris, which work was followed by the photo
graphic StHVPY of the town of Grenoble, nnder the direction of thfl 
J<""rcnch l\1i11istry of \Yar. The area covered by this su.rvoy waR 0·4 
square mile. 'l~he field work lasted sixty hours and the oftiee work 
two months. 

Javary's work in this direction closely followed Lanssedat's. 
In Germany, the tin:;t larger at.tempt was made in 1867, nnder the 

direction of the Royal Prussian Ministry of War and Oom1neree, con
sistiug in a topographical survey of the town of Freihurg, a11d also an 
an·hitPctnral Hunrey of the dome iu lt""reibnrg. Fiehl work lasted four 
days. The area covcrt•d about, 0·04 :-;r1uare mile. 'The office work for 
the construction of the topographical map took three weeks. The 
drawing of the grou11d plan, one front and one side eleva.tion of church, 
took eight days. 

During the l•~ranco-PrnHsian war, plwtograpby ·was called to aid hy 
the German army, and a detachment for field pbotogTaphy waH formed 
to obtain and plot a certain area about Strasburg with the aid of 
the ~am era. 

This detac11ment (under <lirection of Ilr. J)oergens, now professor 
of geodesy in Ih~rlin, Tcchn. 1Iigh School) n1ade a map, scale 1-2.500 
of the besiege.I fnmt of the city. The data obt:~ined by this survey, 
however, "rere not utilized, as the city capitulated a few days after the 
detachment 11ad cormnenced its work. Some discrt.~pancies were dis
covered in tl1if-' survey, which were attributed to defects in the lens of 
tbe instrum~nt used . 

• Jordan, a member of Uohlf'i;;; ~i\.frican expe<liti.on, 1873-1874, iuade a 
good pbotogrammetric survey of the Oasis Gassr J)ache1, iu the IAhyan 
.Desert. In 1874, Stolze used a Mey<lcHbanr camera-theodolite to make 
a Rurvey of the ruins of Persepolis and of the temple of Djau1~tli t in 
Shiraz, Persia. 

ASCERTAINING .AND UEPRESENTING UPON A PLANE SURFACE ANY 

PORTION OF THE HUR.FACE OF THE EA.R'.l'H, BY MEANS OF A 

PHOTOGRAPHIC PROCESS KNOWN AS ~'PHO'l'OGRAMMETRY." 

The idea of utilizing the image obtained with a. '' can1era obscura" 
for a geometrically true re1Jresentation of terrene or buildings, is prob
ably as old as tlie camera. itself, but the chance~ of the realization of 
the idea have become probable only with the hnprovetl 1nethods and 
general progress n1ade in photography during recent years. 

Experiments in this direction were notably made, at an ea.rJy date, 
in Italy and Ji"rance; practical results, however, failed to materialize, 
swing partly to the uncertainty and slowness of the photographic 
1uocess in general, and partly to the greatly increased efficiency of 
other surveying instruments and 1nethods. 

By 111astering photography and cmnlJiuing it with geodetical instru-
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Plwlo.tJnimmetry or Plwtograpltfo .-;urreving. 

ments, the iclea of photugraphiea.l surveying has become a reality, aud 
at tltis date rnust be regarded as a ;,;.ubservieut Hwtor in moue1·u 
eu g111eeri11g no louger to he overlooke<l. 

J\1r. l\iey<lenhaur, wl10 i-;pm1t iunuy years iu the strn1y of tlli:o; ques
tion, has perfeete<l this i<lea, a11tl also de111011stratell the ('a pa bilitiet4 of 
plwtograrnmetry by practical testR which provt·tl tl1e efticieucy of tliis 
method of topogTapltical sn1·veying·. Also iu astro11omical surveying, 
photogra.phy has led to ex<wlle11t n·~nlts. 

Photogra.n1n1etry l1eing c01npnrativ<·ly a. reC'ent inYe11tio11, has not 
yet attained its height of perfoctio11, arnl it is snset>ptiole of iua11y i1u
prove.meuts, still, notwitlu•:.t:mtl i ng the cn1nbt~rsmne nature of the 
camera-theodolite, compared with other Rnrveyi11g instrumeut:-;, its use 
prorniRe8 great results. Even at it!S }Jre:;;;ent stagP of imperfection, J\lr. 
1Heyden baur has, with Ho other exped ie11ts or help than his earn era 
and an i11strument bearer, taken a pl1otogrnphical survey of a val
ley iu a monntaiuons region in a few honrs· time. After a lapse of 
fievera.1 weeks he 1·etnrned to his home, arnl there constructed a topo
graphical map, based on the p110tographical data obtained in the field, 
and a subsequent comparison of his map with another obtained by 
plotting the results of a. trigonrnnetrical survey of the sa1ne region by 
auother p~uty, proved the correctness of 11is ·work. 

Bvery survey is fonrnled ou the determi11atio11 of l10rizontril and 
vertical angles, 1neasured at t11e end~ of a straight. line (ba~ liue-) of a 
known length. 'J'he caniera produces an image of the terreue, which 
is to be surveyed, of tlw exaet similitude as the obKerver beholds the 
terrene from the same 1mi11t from_ whic11 t.11t~· picture \vas taken. In 
other words, the camera fixes the true perspective vie\Y of the terrene. 
exactly as the observer's eye sees it in nature. Similarly as the oh
server ~elects certain characteristic points in nature and observes upon 
them, noting tl\e result and cm1:;;.tructi11g; a map with the aid of the 
data thus obtailied, lie can diRcoYer and pick out tl1e identical points 
on the photograph of the sanw terreue, and by grapbical construction 
he will be able to d:-raw a topographic~il map of the area covered by the 
camera's images. 

The camera's image is produeed by meanR of a biconvex lens, or 
rather a syst,em of lenses, in a similar rna.uuer as we sn:µp~ose a plane 
perspective view originates. 

All visual rays enianating from an object A B to tlte eye o, form a 
reduced antl inverted bnage, a- b, ou tlie retina. If a biconvex lens 
takes the place of the eye at o, the rays comiug from A B will be re
fracted, and produce in the focus of o, a reduced inverted image a b of 
AB. Triangles a ob and Ao B are similar ones. 'l'l1e focal distance 
<> 'ni is known or can be ascertained experimentaJly, for every camera, 
and the lengths of a, m a.nd b m are obtainable by direct measurements 
on the photograph. The a.ngles a, o nt and b o m are also known or 
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given (likewise all angles which are included between the rays emanat
ing from the point of view, and the given direetioB, o ni, from the isame 
point, can be measured on the photograph). The observati011 or dete1·
rnination of these (horizontal or vertical) angles becomes also necessary 
fin the orientation of the camera-theodolite, which orieutation is c01uli 
tioneu by the poHitiou of the optical axis of the iustrurneut. 

A 

M 

B 
Fm. 1. 

b 
m 
a 

Whenever the deviation of the optical axis from a ray to any ol~jeet 
represented iu the image is given or known, the angles subtended by 
the opth~al axis and tlle liues to all the other points in the picture are 
given, both as hqrizontal and vertical angles, and in this fact rests the 
great superiority and importance of the photograpl1ic apparatus. 

To transform the photographic camera i11to a pbotogranunetric cam
era, it was necessary to add several appliances, as tbe optical axii-: laacl 
to be made adjustable into a horizontal position fbr every station, the 
instrument had to be revolvable about a vertical axis iu a horizontal 
plane to cover the entire horizon from oue station, the optical axis was 
to be vertical to plane of image, etc. 

~rhe camera proper also ha,d to receive s01ne modifications, the chief 
additions being a set of cross wires. The horizontal and vertical planes 
became fixed on the photographs of this camera in such a manner that 
every picture taken with the instrumeu~, after the same had been lev
eled up, showed two cross lines, which, wit,h the optical axis (or with 
the vertical line to plane of image in their intersection) fixed the 
horizontal and vertical plaues for every view. OriginalJy this ~was 

obtained by the insertion of two very thin platina wires (crossing each 
other at right angles in the optical axis of camera) close to the sensitive 
plate, their positions becoming transmitted simultaneously with the 
picture to the plate by the action-of the rays of light. Jn all instru
ments of more recent construction, however, the glass-plate supporter 
bears four small notches, which are printed upon the sensitive plate 
and photograph, and after the print has been dried these notch points 
are connected by straight lines drawn across. the picture. By using 
sensitized :films or paper instead of dry plates, a thin glass plate, in
serted in the plane of image, can be provided with a system of equi
distant and parallel hnes (paralJel to horizon and vertical plane,) which, 
becoming transmitted to the sensitive surface, simultaneously with the 
picture, will greatly facilitate measurewenttl subsequently to be made 
on the photograph. -
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Photogrmmndry or .Photographic 1$Wi' tf'/Ji Jiff. 

The focal di8tauee of this camera is made constant and it iR deter
mined f<ff every instrnmeut both by exp(•ri11wnt and <"alcnlation, after 
havlug- focused the apparatus with tlw greatt>Ht precision in rf•gard 1 o 
a sharp and well-defined rPtit•etPd picture of some distant ohjeet 011 t.ln' 
grmrnd-glass plate. 

It is a well-known r~wt that the onliuary plwtographfr douh1P h:nR. 
doei-.; uot draw mathematically trne jmages of tlw object re]H'eS\'Hh'd, 
as t~vt•ry photograph appear:-; more or less dbtorted ou its edg'es. the 
1ui11inmm of dhi.tortion ht>iug i11 the <:enti-al part of the pidurc. By 
Rhntt ing ont thP external rays (at a sac1~itke of i nten:-;ity of i1lumi11atio11) 
a.tul hy nsrng well-curved lenses (spheroidal h~nseR) it lrnH 1,eeottH' fras1-
ble to obtain pictures which are praf'tical1y ('OJTt•ct, at lea~t within (•er
taiu limits (1\ir. Meytlenhaur ma.i11tains t1iat they are true imagt.•s if the 
a11glt> subtended by tl1e external rays tloe.s 11ot t•xeeed 1100), for all 
topogTaphical purpoSPS. 

'l'he extenial rays are exclu~letl by means of a diaphragm A B iu
sertt>d hetween tlw two leuses, which has a ~mrnll circnla.1· \H·1·foratio11 
iu its ('Pntet· (i11 the optical axis of tla• inst1·umP11t). Anuext'tl Hgnre 
shows tl1e combination of diaphragm aud leuses. 

A 

B 

For an assumed focal distance of 200 millimetres, let the diameter of 
perforation at 0 he adoptPtl as 10 millimetres. 

l{.ays pt·oceeding from a point N in natnn~ produce the imagC' 1l on 
the ima.ge pJate. Owing to the perforation at 0, only Anch rays f•ma
uating from N, which form a eone around the central ray N 0 n, with a 
bq,se of 10 millimetres din.meter at O, and the a.pex inn. will he permitted 
to rt'a<~h n.. 

If we designate the prin.cipa.l .foea.l diRta,nce by t~ and the focal dis
tance of' the le11se~ by a and /J respectively, there exists tht· following 
relatiou hetweeu them: 
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Adoptiug· for f the value of 200 millimetreR, a:-;Rnmetl above, and Hnb
stitutiug for a differeut values lying between 10 and 700 miltimetres, 
we JiHd the following corre:-;po11di11g values frw b: 

111. 

a~ 10 
:m 
,JO 

100 
:mo 
aoo 
4(1() 

700 

?JI, 
,, ~ 0·2041 

o·:to~~t> 
O·'..?OlO 
0·2<1•H 
o·:mo:! 
4!"2001 
fr:!OOl 
o·:woo 

From this tahulatio11 wp '"ill pcr•~eivP that if we have a fixed princi
pa1 focal di~tance, say of 200 mil] imetrcs, tlw plane of irna.g·e wil1 inter
Kf~c·t tho (•.01ws of ray1-\ (which pierce tlw aperture in diaphragm) which 
t•ma11ate from souw of tlw poi11t8 viewed upon iu a circle (or iu an 
t'rnJ,S(') instead of being i11terseeted in a poiut (tlw HJ>CX of cone). Thjs 
c·ir<'le of diffused light increases i11 size with the d<~c1·eaRing· distance of 
tlw ol>ject viewed up011 (the image falling beyond the image plate) 
tlH'cmgh the camcrai as the iustrumeut was focused on a distaut object, 
and the fo<'.al distance is maintained unchanged fr>r a1l operations, view
ing objects near or far. 

Tlw cliameter :r of this cirele (or ellipst>) can be asc:ertained from 
t.he foll<nviug relation: 

.Y' : () = f : (( 
fxO 

;1' = 

I 

' • 
' !.c------------~ a, 

I 
·---------- ~----- f - - -- - ---~:::.-

Object Diaphragm lma.9epta.t.e 

Fm. :J. 

If 0 - dianwter of aperture in diaphragm, assuming this aperture 
agai11 to he 10 millimetres in diameter, and as~mming the same values 
for f' a11d a a8 shown in above tabJe, wt~ wil1 find the corresponding 
value~ fhr •I' a:4 f<>lhnvs: 

1n: 
.f ~ 200 mil1ime1Tes awl a -= 10 

20 
40 

100 
200 
300 
400 
700 

mm . 
x == o·~ 

O·I 
0·05 
0·02 
O·Ol 
0·006 
0·005 
(»003 
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1-.holof!rwm mctry or 1'/wtograph ic surrt:.11i Uff. 

This table P.hows that t11e diametPr of thP (·irde is Yer;\' small for an 
apertnr<~ 0 of 10 millirnetrt~R. and a:-:. it haH heen fimnd that a JH•rfora
tion of the diaphragm of 0111.v ~~ to 4 millimPti·p:-:. i11 di~1mPter g;ivPs good 
result:-:. for topograplli{·al purpose~, the alul\'t~ ta hulated nth1Ps will be
come greatly redueed in priwJi<'.al work. 

Practical te~b;; 1tav(~ also Pstal,lii-'l1ed tl1e fad that a snffident tlis
tinctneR~ of image it:; obtained ai tlw small (li=-"'talH't' of 10 nwtre=-"', as. 
the hnuiau eye can readily lo<'atP the trne ee11tt•r of a eirdP (protluct>d 
by a cone of diffu:-:.etl light) of O·~ millimetn•:-:. in diameter, a1111 the 
camera will. e\Te11 at thii-; extremt>: limit. giYP resn1t:-:. of sntlh·i••ut ac-

" 
r 

0 

Fr<;. 4. 

curacy. In fact, t11e focusing of the ~amera within a limit of O·l milli
metre is extremely doubtful, bei11g more rf~adily obtai11ed in the 
imagination of the operator than iu reality. From the foregoing it will 
appear, l1ow1:wer, that there can not be any obj Pct.ion raii-;;ed against. tlrn 
preservation of a constant focal distance, and the operator will only 
have to level up the camera in the field to have it, ready for work from 
that station. 

T;be focal distance of a camera-theodolite is tlw fuuclamental valm .. · 
upon which the determinations of all angles, ohtaine(l hy means of that 
camera, are based, and it is evident that a corrPct determination of this 
value (constant focal distance) wil1 not only save rnueb wo1'k, but will 
also avoid a. nn1:nher of sources of error. 

Above figure (4) represent~ a photogrammetrie picture, 

H II =Horizonta.1 t.hreatl 
V V =Vertical thread 
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----.P 
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. ; ------ : 
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The optical axis wi11 be perpendicular to tlw plane of image iu tl1c 
JlOint rn (Fig 4:a). We want to find the ant.de a i'·mhtend(•cl hy the linf' 
of vision 0 P (to P) a.11d tlw vertical plaiw 0 V 'W Y (Fig:. 4a), abo 
angle 1'1 subtended by line of vision 0 P a11d phi1u· of liorizou 0 H 
-ni ll (elevation). . 

By projecting the point p npon the horizo11 II lI iu the picture, 'v~ 
ohtaiu a point p'; kno'"~iug 0 m =conHb111t f()cal di~tauce, and m p' 
(found by direct nieasnrement on thf~ pif~t.nre) w•~ can find the azimuth tt 
and the hypotenuse 0 1> 1 (F'ig. 4) of thP triangle 0 m 1>'. By meas
uring· p p' we find the angle of elevation in the triaugle 0 p' p. 

Thel'l.e results are all <?btained graphically, ~ts indicated in Fig. 4, and 
i:-mbsequently utilized graphically in the construction of maps, employ
ing similar methods a!S employed in the use of the plane table, tlw 
practical execnti011 being far inorc simplP than this deduction would 
permit it to appear. 

'l'lie entire method of photogrammetry reposing 011 graphical meas~ 
urements, the smallest length, measurable with eye and scale, will 
give the limit of correctness. According to Mr. M~ydenha.ur this limit 
is 0.1 n1illimetre. 

The focal distance can be determined with great precision, even 
graphically, by a method which will also show the true position of the 
vertical thread in the picture and by repeating this operation the 
probable error ma.y be reduced to 0.01 millimetre. The camera being 
mounted movable in horizontal plane, we can, by a series of exposures, 
obtain pictures covering the entire horizon. Tbe nuiuber of exposures 
necessary f'br this performance depends upon the field conimanded by 
the objective. l\feydenbaur's instrument eonld ~weep th~ horizon in 
six pictures, leaving· a ,margin of 5 millimetres width common to two 
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adjoining plates. All objects within such a ('omn10n n1argi11 can be 
i'leutificd ou two plates, and, by using a. mag-11if'yh1g glasR, points eom-
1.non to two adjoining pictures (•an he located and nwrkt·d upon tl1e 
plates which are equirlistaut from t1H" vert.ieal thread. 'Vhenf'Yt~r 

such distances fron1 tl1e vt•rtical line (representing· vertical thre~ul) do 
not correspond with each other, the verti<'al Jine on the picture urn st he 
shifted until tltey ''tally." After having located correspon<liug points 
on all the pictures, covering tlw horizon (Say, six pictures) W(~ wili have 
twelve determ.ina.tious for tltt"> poP.ition of tlw vf•rt-ical line. If the 
camera is al{ all fit fiw nse, tht• greatest difterc1wc iu these tweln_· posi
tions mnst 11ot ext'eed 0.1 millimetre. r1,lie di~tanee lwtwef:'H h\'o of 
the:-i.e eorrected vertical lines will givt• tlw lt'11g·tl1 of the picture=.'.!{. 
For a sixtbl<l expo8ure, :--;wt't~piug tlie eutire horizo11. WP will haYP tlie 
Telation : 

\ 

'\ 
\ 

' 
/ 

I 

' ~-' / . 
- - - - - -f- - -, -- - ':..:' ~o~ -

/I\ 
I I \ 

/ I \ 
130"_... 
k ... ~ \ 

\ 
; 

-.+-----

l 
f = f!J -:-:i~io; I = mPan vahw fi}r length of pi<'ture. 

This is ttte 1nost satisfactory determination ft)r the focal dis.taiwe of 
instrument, other methods being )eSR reliable 01' lllOI'e eo.tnplicated. 

Wheu dry plates are used, it will beconw 11ecf's8ary to make an al
lowance for-the changes wl1ich the image suffers during the i)rocess of 
being transferred to pa.per. With the exerci8ing of care on part of the 
printer these <~hanges will nearly be of a nuiforn1character,1nanifestiug 
themselves chief!-y in t.lie eontraetioil of the }la.pet· whifo •lrying. rrl)e 
edgesof the plate supports being printed on t.lw edg'"' of the pietnrt~, 

' --
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and the distance of these snpport8 being iuvariahle on the instrument, 
we find in this circnmstanc(· the means for correcting the foca1 distance 
iu accord witl1 tlw contraction of tlte paper. 

0 

Ft(;. 1"1.-a. b=Qriginal len~th of pktnre hN wePn 11late Knpport" in camera. u.• b'=length of picture 
afte1· ha Ying been tran,;forr•'d to pa1wr mul (lr'i<><I. 111 0-- fo!'al di>•1 aue<' uf camera. 

By laying down the triangle rt b 0 and placing tl1e length of printetl 
i1aper a' b' parallel to n b, and moving it from a b until a/ falls upoH 
n 0 and b 1 upon b 0 (a' b' being still / to a b), we find point m'~ aud 
can measure length of 0 1rn/ = focal <listance for contracted picture. 

In order t.o distribute the weight of the camera-theodolite as nearly 
as po8sible upon the three Ievelinµ; 1-1cre,vs of the instrument, and tlrns 
facilitate it:-:; Kett.ing np and ha,uling, the optical center necessarily 
falls outsi<lP of tl1e vertical axis of the camf!:ra. During a circular 
movement of the camera. ph1te (surveying the horizon) the optical cen
ter will describe a circle of about 0·20 centimetres in diameter for or
dirnuy instruments. In other words, the i-;ta.tion point and optical 
center of picture~ will not coincide with each other. The optical eeuters 
of the six Jlictures covering the hm·izon are, in reality, situated on tlie 
circ•ntnfurence of a circle of 0·2 centimetres diameter in the form of a 
regular hexagon. 

For a scale of 1-1000 for the survey, the diameter of this circle will 
be only 0·0002 metres long, about the size of a fine needle puncture. 
l"or all topographical purposes, therefore, we can assume the optical 
centers to fall into one poiut-the station point. "' 

The maps are constructed from photograinmetric picturf':s in the same 
manner as the ])lane tablt:- is used, and the Olleratious may be described 
as follows: 
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OJUEN'l'ATION O:F 'i'HE rIC'l'URE~. 

The si111plest. (~a.se '"ould be tliat a hase 1ine Imel! bt>cn rnea.-.ured, :nHl 
piet.ures of the terreuc had hee11 taken from both end Htatiow.- of this 
line. 'VhilP oc·cupyiiig OlH' l'IHl of the line, the other must be marked 
by some plain signal, ·wl1frh will he readily ~(·e11 on a picture. In the 
pictures taken from tlw Statio11s (I mid IJ) tJ1is ~ip:nal slwnld :ippear ou 
plate I as a heavy short line, showi11g twn ti.agK (Fig. 7 ). The horizontal 
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angle subtended by optieal axis of irn·;trmnent a11d the bal'e liue, rlnring 
each expo~ure for the pktures, can readily he ol>taille(l graphically, a~ 
indic~d in figure and deRcribed in preceding chapters. 'l'he size of 
these angles is entirely ~tr bi trary and it h; ou I:v necessftry tha.t the sig
nal may a.ppear n.t. least on one of the pictures, even if the entire hori
zon is no't covered by the exposures. 
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After having plotted the base line I-II (preceding figure) iu reduced 
scale, the angles a and fJ are plotted with reference to the pictures to 
which they belong, and on these directio11s of the optical axis the known 
focal (listance f is laid off from points l and II and the vertical lines, 
(horizons H' H' and II" H") drawn through their ends. All the other 
pJCtures (having no spe<·ial signal for orientation) are oriented as soon 
as tlie first one of the six has been oriented, as above, owing to the 
di dsion of the horizon into six pictures, and herein rests the main ad
vantage of the hexagoual division. 

The entire orientation of the pictures is accomplished in a very sl10rt 
time, inasmuch as the triangles are all rectangular one:..; with kuowu 
sidei-; (f, t and s). The known focal distanee f is laid off from m down
wartl along v 1n v in the pid.ures1 and after projecting the points of 
images upon tlte ltorizou we find I'i and t. 

G--------------I 

l<'ff« 8. 

After the horizons have bfwn located as shown above, the horizontal 
pr~jectiou of any point, common to two plates, is found by intersect
ing. Thus the cir('ular tower, indicated on t11c pictures taken from the 
Stations I and ll is located. 'J~he, distances t of the two sidc8 of the 
tower from the vertical thread are plotted from m/ and m~' upon the 
horizou.s H' and H" respectively, new lines (rayons)are drawrt from the 
ernl ::o;tations of base Jiue I-ll through these points, which Jines inter
sect each other in a quaclrangle, the inscribed circJe of which locates 
the horizontal projectio11 of the tower. The photograunnctric plotting 
is altoget,her very much like the plotting on the plane table, and, ge11-
eral1y speaking., photog-rammetry haH the same advantages and disad
vantages adherent to tl1e plane table, except that the duration of the 
field work ii:; reduced to a minimum. 

In case the base line, or the line from which the observations are 
made, is not situated iu the area, to be surveyed, the orientation of the 
pictures can only be made with reference to a point or signal not situ
ated on the base line, the position of which, in reference to the base 
line, however, must be known or determined. Por this and similar pur
poses, Mr. Meydenbaur's instrument is convertible into a plan~ table 
by removing the camera and clamping a slieet of paper upon the camera 
supporter table, after which, lines of direction to the distant Hobject of 
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orientation" eau be taken from both cndi-; of the base line with the aid 
of a small alida.de. By combining a compasf'; with the. cam.era addi
tional advautage8 may be obtained. 

After the horizo11tal projeet.i011 p' of :my point p has been c011strueted. 
the relative height P P' of this o~ject above tlie horizo11 of th~ instru
ment or picture can be readily fouud, as follows (I•"ig:s. 4 aud 4"): 

0 p and 0 1>' found from horizontal projection::;, pp' measured. directly 
on surface of pictures. 

v 

..,. 

H ' r 
1 ... -- I 

- - - - - - ~ - - -·:~ - - ~- - - ---::. :: ::.-~'!'- -

P H 

l<'Iu. 4a. 

"Ve have the relation: 

p pt pp' = 0 pi : () p' 
OP' pp' PP' = --···--···· ····---- (with reference t,o the scale of the map). 

(_) p' 

1\Ieasurements on the pictures are preferah1y made with a 8HUtll ivory 
scale divided into millimetres. After i-.iome practice, the eye can esti
mate 0·1 mil1in1etrc very clm;ely. 

If a difficu1ty appears in finding or locating identic.al points on pairs 
of pictures, photogrammetry can not be employed. Still, with the 
erection of a few signals this evil may be remedied also. Owing to tlu:-: 
faet that every point inm~t he shown at least on two pictures in order 
to locate the sauie on the hori7.onta1 prqjection, a.11 error of ide11tity of a 
point in question is very improbable, insomuch as the t\vofold deter
mination of the elevation of any doubtful point will g-iye a good check; 
both elevations determined from two plates must give the same result 
if the point has not been 1nistaken for another. 

-After a sufficient number of elevations have been plotted upon the 
nrn1> it will be an easy matter to draw t.be contours by interpolation, 
which ·op~ration will be greatly facilitated by studying the picture~ 
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takeu of the terrene, from their different stations, just as one might 
take a m:tp ont into the tiehl to sketch iu some doubtful detail. 

The Hcope and prodtu·tivenesHof the photog .. rammetric method greatly 
exceed the bonruls whid1 formerly surrounded the field operations of 
Jower ge()(lesy, aH the following rmnarks 1nay show: 

.A- i-i.cientitic exploring party may have sent home a number of photo
gn11nmetric pictures of their route of travel with the neeessary data 
for orit~nting the pictures, an<l also sent the elevations of tlwfr horizons, 
H H, determined hy aneroid ban)lneters iu this case. _,:-\_distant 1noun
taiu range 1nay appear on two or more views, visible only in outline, 
owing to the great (}istan<'.e. It is poHsihlP to const.rnct a i-;ystt'm of 
contours which will repre~eut tho range wit.It a considerable degree of 
accuracy. 
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l"rn. 9, 

For thi8 pm·po~e we locate t.lu_•, horizontal projection A' of the sum
mit .. A, if it can be 1·eadily identified on several pictureR, then ascer
tain the elevation h of A above horizon I-I H, which height we divide 
into a number of horizontal :o;:trata (with reference to the elevation of 
A above H Hin the different pictures) in such a manner that the cor
responding dividing planes are on the same leveJ. Above figure rep
resents one of the pieture~ thus divided into strata, the lines 0 C, 0 C2 
represent t1•e tangential lines drawn from focal center 0 to the contours, 
as indicated by the dividing of planes of strata. These tangents are, 
it is true, uot in thn same pla.ue as their corresponding dividing pla.nes, 
l.>ut owing to the great <listance of A fro1n 0 this will cause au error 
too small to affect the nl.ap. 

Adjoining figure represents the result of this operation afler having 
drawn tangential lines fron1 thrt"',e stations, I, II, III (from the httter 
only the tangents to lower contour line drawn), and it is evident that 
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this method suqntssPs :rny i1tl1er whieh a11 exploring t·~ped ition may 
have at eo1nma11d to dt~tcrmine i he ~wope and efova t ion of tern·1w 1yiug 
at a, dista111'.e. rriin circnmstanee that tlte rc>:"nh.. obtained <~au lw work<'<l 
·out at home, without the pre:'<e11cP of ally memuer of tlw :-:.eientitic corps 
of explorer:-; being- uecessary. set•rns to be another point i11 favor of tlie 
photognuumetric method. Military reconita.il"san(·P rn times of war 

Fin. JO. 

(secret surveys), prt>limiuary 8nrveys f-.1r e11g-j11ee•ri11g· pn1·po~es iu tuli11-
habited, mountaiuonl'\ countries, etc., will ii11d .·-~:reat help in pltoto
grammetry, particularly wheu combined with the plant~ tahlt•, alitla.de, 
and barometer. 

REPOR.'I' OF CO.MMITT.EE ON METHOl>S C>F HALLOUN 1-'CEn'EYJN{;. 

[Presented hy Assjstant D. H. 'Yainwright.] 

Your committee beg:-; leave to submit the fol1owing report on that 
portion of Ai:-<8istant 13ache's paper rebti11µ; to topographi..eal surveying· 
by photography from a captive 1Jalloo11, \vhich 'vas re:Hl to 111e Con

ference at its second t-iession. 
Your committee believes, from a :,,lwrt study of tlH•, su~je('t~ that it 

ii:; perfectly practicable to have a bu.Hoon made as descrilwd hy A:-;sistaut 
Bache, and to su~pend frem it a <'amera in the mam1er he reprel:-"!e11ts, 
which will be sufficiently free from osdlla.tion to obtain all :u·curate 
picture of the field of view • 

.Also, it seems to us feasible to hold the hu.110011 iu po:-;.ition,* or nearly 
:-;o, over a given point by a set of four guys; awl it h:; undoubtedly 
practicable to control the moment of exposure l1y an elet'trical device 
such as he indicates, connected with t.lie shutter of the camera. 1\Iore
(>ver, a traverse line laid out ou level grouud awl nrnrked iu tlw ma11-
11er giveu by Assistant Bache would sPrve a.s a means to corrcet any 
----------------------· ---·-·---·------ . 

"'"The height suggested hy Assistant Bache i8 from 250 t.o 300 feet. 
-H. Ex. 43, pt. 2--45 
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distort.ion of films or printi-; due to chemical proeesses, and any dis
tort.ion dne to perspective of line::-i lying i_n the same horizoutal vlane 
as the traverse line. But it ii-:. onr opiuiou that tbe plan propo~ed is 
open to two serious objections which militate against it"" pra.ctieal u:-;e-

(1) The amou11t of time coms1!med in mapping by this means a given 
area, owing to the small surface obtained by one operation or picture; 
the difticulty in moving torward the guys throug;h bushes and trees ur 
past lmilflinp;s, and in preparing a new traverse line. 

(2) All ol~jeds uot lying in the J:'\ame horizoutal plane as the traver~e 
liue would appear 011 the picture out of place according to scale; thus 
an objeet 011 a hill t)O feet high a11d distant horizontalJy 1,"JO feet from 
a point dirCl'.tl.\· under the camera would measure, according to scale, 
over 175 feet from the same ]Wint;* and so for all objects above or 
hclow the plane of the traverse line a special redul'tiun of each, accord
ing- to height, \Vould have to be made, necessarily involving a large 
an10unt of work and i1roving a fertile source of error. 

It is not to be i11forred from the criticism of the present plan that 
your conunittee holds an u nfavorablt~ opinion of all photography as 
applied to surveying. It believes a reasonably accurate ma.p, of small 
i-;cale, could be made of a fiat or gently rolling country from a balloon 
at the height of Heveral thousanu feet, if only a balloon were suscep
tible of management at that height. It also believes that the ques
tion of mapping mountainou~ regions by means of cameras directed 
llOrizontally is worthy of disenssion and investigation. 

In conclusion, thiK committee would state. that. there appear to be 
serion~ doubts as to the applicability of the p1'oposed niethod to the 
conditious practically existing iu Coast Survey work; and though not 
feeling warrautcd in recomnieuding any outlary in making the experi· 
mcnt, it a{~knowledges that if a sufficiently large area to afford a 
thorough test were i:;urveyed, datn would be fnrnh;hed of much it1terest 
and probable value fbr a comparii.:.ou in rapidity, accuracy, and CX:JJense 
betw~en thh; method and those ordinarily used. 

SUPPLEMENT J. 

CONVENTION AL SIGNS POR FIELD SHEETS. 

See page .:')76 tor an abstract of the report of the committee appointed 
to Hecure still greater uniformity than heretofore iu the use of conven
tional signs on the original charts of° the Survey. 

~--·------------------------------,-

.. palloon supposed to b9 ~ feet high. 
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SUPPLE:\IENT K. 

LET'I'ER FROM :\IR HE~RY GANNETT, CIJIEF TOPOGnAPHEH OF THE 
U. 8. GEOLOGICAL SERVEY, DERCRlBING THE ~1ETHOV8 EMPLOYED 
ON THAT "'ORK. 

DEPARTMEN'l' OF THE INTERIOR, 

U. S. GEOLOGICAL SURVEY, UEOGHAPHIC BRANCH, 

1Yashi11qfou, 1>. 0 .• ·Februco-y 19, 18.'12. 

1\1 Y DEAR. S1n: At a meeting of officers of the CoaHt and Geodetic 
Survey last Tuesday, to which -myt-ldf with others eonnected with the 
U. S. Geological Snrve.v were invited, a qnest,ion was asked by Mr. 
Ogden the substauee of which, as I recollect it., was as follows: '•<Jan 
you, as a res1tlt of your expcricnee in topographk surveying', suggest 
any in1provemenfa.; on the methcHls the Coast and Geodetic Survey is 
now pursuing whereby its work may be more rapidly or economically 
carried on'!'' 

... ~t the rnoment I <lid not focl prepared to answer this question, but, 
upon consideration, it appears to me that a c·.ondensed statement of the 
organization and method~ in use upon the Geological Survey may serve 
to develop the points of difference betwee11 the practiee of the two or
ganizations, from which the officers of the Uoast and Geodetic Survey 
may select such features as, from their experience, seem desirable and 
fitted to the conditionR under which their work is prosecut<>d. 

Primarily, it is understood throughout the Geological Survey that 
the work is carried on for the sole purpose of 1m1ki11g maps upon cer
tain predetel'lniued scales, and all the operatiorn~ of the Survey are 
subordinated to this end. 'l'hc primary triangulation i8 carried on 
merely for the purpose of controlling these maps, and the maximu111 
allowable error iu the work iis limited only t-0 that permissible upon the 
maps. Such 1Jeing the case, the primary triangulation· is compara-

. tively cheap, from. ten to twenty stations being occupied per month. 
A t-iingle occupation of a triangulation 8tatiou is generally sufficient, 
and twelve t-0 8ixteen pointi11gs npou each other station are madl>. 
Artificial signals a.re used throughout in the work. Such rapid prog
ress is not, however, inconsistent with con8iderable a.(·cnl'acy in the 
results. For example, the triaugulation in Kansas, executed in 1890. 
with au 8-inch theolodite reading by micrometer to two second~~ 
showed an average error of closure of 1-95, in one hundred and twenty 
triangles. 

By the primary triangulation1 three points are located immediately 
on or adjacent to each atlas sheet, such 2heet comprising upon the 
scaJe 1--62500, 250 square miles, and upon t.he scale of 1-125000, 1 000 
square miles. These sheets fl.re projectt"d, the primary pointR are 

, plotted upon them, and all work from. that point Oll is :relegated to thQ 
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pla11e table. ~~ith this instrument all points capable of being located 
by triangulation an_•. so located. For this i>nrpose, a score or more of 
points arc oc<rnpietl upon each plane-table sheet, their prn;;itions having 
been deter1nined prior to occupation whenever possible. Signals are 
U1'ed upon all points to be occupied. Poi11ts located, but not oecnpied, 
are not, as a rule, marked by signals. Such points eonRist of hiJJtops 
and other relief features, hon Res, churches, and other features of cul
ture, points in the shore line, and any other points in the hydrography 
of the region which are susceptible of being so located. In other words, 
location by triangulation is carried on as far as is ecouornic. Thi:;; 
method of locatio11 serves two purposes. First, to aid in the location 
of the sketching, and, secondly, to locate in corre.ct position the tran.•rse 
lines. All this work is done by the .Johnson plane table and with a 
telescopic alidade of considerable power. 

Traversing, by which location is effected by direction an<l distance 
measurement, is carried on to a, larµ;e extent. AH roads are traversed, 
~ince it is the cheapest n1ethod of obtaining their alignment, and in 
unsettled parts of the country it is found necessary to run many 
traverses where Ho roads exist in order to supply the requisite coutrol 
for the sketching. In the eastm·n parts of the country, roads average 
from 1 to 2· linear miles to every square mile of country, involving 
an enormous amount of travert-:0ing merely to obtain the roads. Thi::; 
traversing of roads serves also for the location of countless points iu 
addition to thoRe located by triaugula.tion, forming a network closely 
covering the country. Traversing is done with the simplest possible 
plane table, which is oriented by compass. Directions are ineasnred 
with a ruler having raised sights. Distances are measured by count
ing the revolutions of a wheel directly or by sonie torm of odometer. 
Large numbers of minor points are cut in from the traverse lines. The 
traverses are fitted to the triangulation executed with the larger plane 
tables. 

Datum points for heights a.re obtained by the use of the wye level. 
Secondary heights are measured by the vertical arc of the alidade, and 
e1evationR along traverses are in the n1ain ineasured by aneroid closely 
checked by instrumental determination:::., and to some extent by instru-
mental profiles. · 

The Geological Survey makes a clear distinction between instru
mental determinations of position, which is cl1aracterized as the con
trol of a map, and the sketching, which is recognized as artistic work. 
The sketching is done upon a skeleton map, which contains all the 
control, and it h:J done by the best sketchers available. The seleetion 
of stations for sketching is done with considerable care, regard being 
had to obtaining the best positions for seeing the country in its proper 
relations. U pou the scale 1-62500 sketching is rarely attempted at a 
distance greater than a mile and then only when it seeins imp1·acti
ca.ble to obtain nearer views; as a rule, the sketching is done at much 
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shorter distances. The 1natter of generalization has received much 
attention, the faet being fully ret•.og·niz.ed tl1at all 1naps must be in a 
greater or le~s (h•g-ree generalized from nature. 111 eo111ie1:tiou witl1 
tbii:; as an imnwdiate a(~jn1wt, the study of structural geolo~y in it~ 
iutlneuce upon topographic ti:wrns ha.s bt·ccrn1e a pa.rt of the educatiou 
of the topogTaplwr. 

The organization of the parties is simplified as far as is consi8tent 
\Vith efticiency. A party engaged in primar,,- triangulation consi.-.tE' 
ordinadly of the heail of the party, a helper, and a mau to build sig
nals. A party (•ngaged in plane-fable triangulation consists of tlie 
pla.ne-tabler and a. helper. A horse a.ml buggy is provided for carry
ing tbem about. A. traserse p:trty co11.•<ists of a traverse man, witl1 tl1e 
necessa1·y hon;e aud vehicle. a.nu the traversil1g is geum·ally done hy 
low-salaried men, since it: dues 1iot reqt1ire a 1tig11 degret> of skiU. No 
rules regarding otlice hours obtain iu the Hehl, hnt men are ex1wcted to 
work all day. 

'£he Ji st of features represented upon t11e maps embraces all natural 
features:. of magnitude sufficient to be 1·epreseuted npon the scale, arnl 
a11 artificial features which are of public, as distinguished from private 
importance. Thus, there al'e rPJH't•sented boundarie~ of civil <livisious, 
cities, towushipB, counties au<l Sta.tes; houses, railroads, roads, streets, 
canals, bridges, fi:wlls, ligllt-lww;;ei-;, etc. The outlines of woo<le<l :ueas 
are mapped. '1'J1ere a.re not rna.pped fences, cultivated lands, or auy 
other foature;.; which relate to the individual, rather than to the com
munity. 

Tlie plaue tal>lf' triangulation of an atlas sl1eet, iudutling some 250 
square milt•s, occupies from one to two week~ iu put.ting up sig'uals 
and measuring angles, aeeonling to tlJe extent to wlliclt this work can 
be carried. 'l'he tra,versing of such an area ordinarily i·equil'es uhout 
fifty days' work of one nrnn, since a. n1an traverses, ou au average, 
about 10 1iuea1· miles per working dny. The sketchiug of such an 
area requires from one to two mouths, aceording to the intricacy of the 
work, and the readiness and tlu~ fa.f'i1ity of the sketcher. Ou au aver
age, a varty, consi~t.iug of its head, who does U1e triaugu1ation aud 
sketd1i11g, arnl oue traverse man, wit.h a lielper·, will survey entire]_r 
two atlas sheets vcr season. 

As a matter of int.crest, I append to this a. table showing for the 
Northeastern Division of rropography the art~a. Slll'Vt•.yed during the 
last seasou, the number of poiuts located by pla.ne-tabJe triangulation, 
the number of miles that were traversed, and other derived data. 



 

710 U. S. COAST A.ND G~ODETIC SURV~Y. 

STATISTICS OF CONTROL, NORTl-nc_~STERN HIVISIOX, P. s. GEOLOHIL'AL Sl'.HVEY. 

[S.,aic 1-6::!500; contuu1· iu tcrn-tl: '.!O feet.} 

Area sur-..-eyed (sq nu re miles) ............. __ .. _._ .....•.•.. _ .......•• _. __ .__ 3 150 
Triangn l ati ou sta tious _ ..... _ . _ . _ .. _ ........ __ . _ .. __ . ___ . __ ..... __ . ____ . . . . . G50 
Numht'r ofH11uare inches })er statiou __________ ------ ---- ------ ------ .. ------ 47 
l'oiutl'l located by triangulation ... --- ............... ---- ......... _.. .. .. . . . . 3 380 
Total triaugnlation stations and loented points .. ___ ._ .. _ ....•. _. ___ . ___ . __ ._ ;~ 980 
Xumlwr of above locations per square iuch _____ . __ ...... __ .. _____ .. __ ... ... . 1·:~ 

Nnmlwr miles traversed---------- ____ .... __ ........ ------ ____ .......•...... -t-4HO 
Iuchestniversed per square inch--------------------------·---------------- 1.·4-
Number traverst--1 stations ..... _. ___ .. _ ... _ ..... _____ ... _ .. __ . _. _ .. _. _. _ .... 2H U')l) 

Traverse stat.ions per square ind1 . _ •. ___ .. _ ...... __ .. _ ....... ____ ....... _ _ _ f1·3 
Total locati011s per square i11ch ........ __ ...... _. __ ... __ ............ _... . . . • 10·6 
Traversf' statiom:1 per linear mile ................... -----·-----···--··....... (h"i 

Heights measuret.l with vertical cil'de .. _ .. _ ....... _ . __ .. _ .. _. ___ ..•. _ .. _.... 5 700 
Heights measured by aneroid ...... _ ..... _ ............. ___ .. _. _ .......... _ - __ 23 &16 

Total measured hci ghts. _. _. ___ .. _ ... _. ___ . __ . __ .. _ ... __ . __ . - _ .. _. _ - _ _ !m 586 
Heights per square inch._._ ...... __ . - _ ... _ ......... _ .... _ •• _____ . - . - - .•.. _. ~.4 

These Jocations are regarded as S('H:.:.ihly accurate npot1 paper, as 
indeed they mm->t be, as otherwise the work 'voulll come to a standstill. 
rrhe imperfections of the maps are to be looked fo1· in the sketehiug, 
where they may be due to insufficient control, to inexpre~siveness of 
the sketching, or to both causes combined. 

I inelose with this a tracing, showing the a1nount and the distribution 
of the control upon a sheet surveyed in "\Ve:.:.t Virginia during the past 
Reason, which wiU furtlier illustrate this matter. (See illm~tration 
No. :n.) 

Thanking you and the other gentlemen eomposing your commission 
for your courtesy in inviting us to join yon in your deliberations, I re-
main, 

Sincerely, yours, 
HENRY GANNETT. 

Chief Topographer, U. S. Geologica1 Suriiey. 
Prof. HENRY L. WHITIXG, 

U. S. Uoast and Geodetic Sirr1Jey, 1l7"a-sliington, D. V. 

COMMENTS BY ASSISTANT H. G. OGDEN ON THE PRECEDING LETTER. 

[Subrnittt'd 1''cbrna.ry 24, 1892.J 

The letter from Mr. Gannett, Chief Topographer of the U. S. Geo
logical Survey, to the Chairman of this Conference, offers us an oppo1·
tunity of comparing the methods employed by the U. S. Geological 
Survey in making topographic surveys with those employed by the 
Coast and Geodetic Survey. 

Before instituting this comparison, however, I desire to say a WQrd 
on the question I propounded to our associates of the Geological Survey 
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Compa,rison of methods of 11wking topof1raphiutl surre.11s -in tltt' [~. S. 
Geological Surrey and in the U. S. Cow;t and fleudctfr ~'i'urcey. 

when they joined us in conferen<'.e a few days sin<~e. rrhe SU bject I had 
in my miud at the time was similar to that stated by 2\lr. Garmett, uut 
difterecl in so much that, l asked if the gentlemen present \Yould state 
to us what part of the methods in use by them in topographical snTvey
ing could be applied advantageously to the work of the (;oast and 
Geodetic Survey. While thi~ bas not been specifically answered, l\Ir. 
Gannett has, with great kindness, giveu us a statement of tl1e methods 
used, and leaves to us to make the application to our own work. )fr. 
Gannett's statement refers entirely to the eastm·n 1rn1f of tl1e co11tinent; 
it does not ine 1 ude the regions of the West, 'vhich, topographically, ai·e 
very different, and a.re surveyed hy a different method. As I have 
been int<nmed by Mr. ~.\.. H. Thompson, the plane talile. alo11e i~ ttl"-ed 
in California, even in running such traver~e line8 ai:o are found necessary 
tlirough wooded areas. 

The method described in l\Ir. Ga.nnett's letter invoh·es ~everal opera
tions, and covers the ground several times before the sun~e.Y is plotted. 
It. will be ol>served that a triangulation with eompnted sides i:-< tin·;t 
spread over the area, fnrnisbing a sufficient nu1nber of point:-; to permit 
the use of the plane tab]e iu interpolating illter1nediate istatious. The 
ground is then covered by a plane table tria11gnlatio11 in which eleva~ 
tions, so far as practicable, are determined by rneau8 of the Yertical 
arc. Up to this point we may say that the method is identical with 
that employed 011 the Coast and C3t..."-Odetic Survey. Bnt in supplying 
tl1e details of shore line, roads, elevations, etc., tl1at aTe still required 
to complete the survey, the methods employed are radically different. 

On the Geologica] Survey, the system of traverse liues f{H'llls tlie 
basis for the determination of all these detail8, the~e traverse lines 
being tied on to the stations of the triangulation and the plane table. 
Sometimes, in running the traverse lines, elevations are also deter
mined, either by angulatiou or by the barometer, bnt. I judg-e from the 
description given us that in many instances, after the traverse lines 
have been obtained, the ground is again covered ·with the baroml'ter 
survey. But whichever way this traverse work 1nay haYe bt>en con
ducted, it seems plain that after it has all been completed and adjusted 
into place, the elevations being given also, the sheets, or sectiou~ of 
sheets, are taken in the field by still another party or otticer oft.he 
party, and the hill work sketched in by the data on the sheet of tra· 

. verses; this officer checking the previous work, as may be rt~qnil't>d, 

by the ba.ron1eter, and running such additional traverse 1ine::; al'; he 
may find necessary, where the work furnished him has not cut up the 
country sufficiently close to permit the sketching of tlie contours 
within the limits of error that may be prescribed. 

The same details are obtained in the Coast and Geodetic '!:5urvey 
with the plane table, the elevations l>eiug determined with the vertical 
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'11«~~ and tht• :--l1ore lines and roads bei11g; loeated clirec·tly by plane table 
~1tatio11s over the whole area, only such tra,;·erse line:-; beiug run, and 
tl1ese almot"t invariably with the plaue table, when a strip of country 
i:-1 e1H·ouutered in \Vhieh plane table :.;tat.ions can not be made, for in
stance, ~L ch~w:;e wood in sud1 a level region that it is impossible to see 
out to the deiernd 11ed points. 

Thi:-; statement shows that in the method employed by the Geological 
Survey the ground lurn to lrn <'Overed at least four times, aud it may 
lmppen five times, wl1erea~, in the method of the Coast Survey, it is 
covered but twice. It seems to me that this, in itself, is such a 
~nsing of time that there can be no question as to the preference 
of the Coast Snrvey JnPt110d in eo1Hl11cting work such as is required 
i 11 Hit· Coast and Geodetic Survey; that is, a large scale, witb in
tl'i('ate :-.hore lines ancl details of lligh cultivation, to be represented 
on the map. But the rnethrnl of the Geological Survey is still 
further objectionable, if we 8ho11ld attempt t.i> apply it to our own 
work; f01· t.lw hthor of plotting tlle traverse lines and dp,tails involves 
in work of stu·li iutric~acy as ours a.n amount of time that is almost equal 
to the time eonsnmcd in rnaki ng t.ltl'. RurVC:\Y in the field. · It may be 
ohserYccl, also, tllat tlle 111etl1od of the Geological Survey would be 
mo:-;t laborioui-; a.ncl almost impr:wtieahle in determining inany of tl1<:., 
sltore lint""S 011 t.he .New Bnglan<l c·oast witb the degree of acc1nacy that 
is reqnirerl. 'l'here can ht~ no doubt that tl1h.; feature in sur\·eying is 
more rapidly and eco110111ical1y traced by the plane table, and that in 
many i11stan('(~S it is the only irn;;itrument with vd1ich a contro] of the 
r;hore (•an he sati8factori1y obtained. 

In diKcussing thPse methodK l am letl to tlw opinion that to adopt 
the methods of the Geological Survey~ as they have been given to us 
by l\Ir. Gannett, as a substitute for our own in the prosecution of topo
gn'l.phical surveys for the Con.Rt Snrvey, would lead to an increase in 
tlrn crn.;t of the topography per s<1 uare 1nile so large that it would prac
tically he prohibitive. 

'\Yhile considering thiR qnN~tion of methods I ask your indulgence 
·for a few moments longer to express 1ny views on section 4 of the Super
i ntcndent.'r:; opNiing address to the conference. 

"\Ve have already expres~ed our~elves most forcibly that in our own 
topographical work we can see no yery material mo<lificatiou that can 
properly be made, f•ither in t.he detail t11at iR given or in the method 
that we employ; that we believe expedetwe. has fully demonstrated 
t11e economy of our methods, and that they are superior in accuracy 
and rapidity for the same elass of work oyer any methods employed by 
:my topogr·aphers the world over, so far as we have been able to ascer
tain. 

r_r11e second part of this section of the Superintendent's address refers 
to methods for making topographic surveys of less refinemtnt, and to 
be at·a 1·educed cost. The subcommittee to wliich was referred the cost 
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Cmnparison of metlw(lS of rnaki11g topograpldoal .~urrcy.-; hl the r.·. /:;. 
Geological SurtYy and in the U. S. Coast and Geodetic Surrt'Y· 

of work has referred to this question at cousitlerah1e dt"tail in their 
report, but did not enter into the details of adnal rnetlwd~. 

In au.r region 'vhere it is praeticaLle to rn.;e the plmie tal)h• alune it 
is, in my opinion, the cl1eapt:~st and most rapid nwthod that l1a:;; yet 
been devised, eitlier for an accurate survey or for a survey of less pre
cision, with greater generalization. Tht> eost per s<p1are nlile, wl1erever 
a survey is made with this illstrurnent alone, must depend very largely 
upon the details tlta.t will be show11 upon the rnap, aside from the per
sonal equatiou or the expertness of the otlicPr manipulating- the instru-
1nent. Tl1ere are, however, inany regions so <le11sely wooded, mid at 
the same time broken with deep ravines, that it is essential to use some 
auxiliary instru11u:.mt to lo<~ate details. The metl1ods employed for tl1is 
purpose on the Ueological Survey art~ at mwe sngge..-ted as tbo:-:e inost 
available in a country of this character; but it should lw observed that 
to use thf'se methoc1:;;;, so far as tlwy relate to detail only, would uot pro
duce a satisfactory Tcsult, a8 tlw work wonld he very irnperfeetly 
orit->ute<l in ifa:; differf>ut part:-;, rendPring directions aud diRtanees Yery 
u1u·ertah1. The Geological Survey lias recog-11ize(l t11e fa.ilnre of tliese 
methods wheu u8ed aJmw, ai1d lms strengtlw11<>d them il1 the only prae
ticable way by covering the ground witl1 a triangnlation of reasonable 
str(.,ngth and interpolating ~)ther poiHts with the plane table. 

The seale on whieh the survey is made 11ec·nssarily atfoets the eost of 
the work in a general wa_\r. If the seal•-' is large, it requires more sta
tions to represent the fea.turt•s that can be shown upou the map. If the 
scale is small, these features are gt:~neralized, t,o :1rcert<lin ext.1.:•11t, and the 
number of station:-; that wonl•l be reqnirPd is less. Th(• advantage, 
therefore, of the small scale in redn<~ing tliP eost slionld at once become 
apparent. On the other baud, the sen le of the work shou1d be suffi
ciently large to repreio;ent a re:rnonahle detail of tlw features of a 
country. In tbe work of lhe Oonforenct~ WP liave given t~xpression to 
the opinion that a survey s]wnld uot be made upon a scaJe sma11er 
than 1-40000; that the geuera.1izat.ion n~~qnired on a :->muller scale is 
too great to preserve. the dPgree of accurrwy that :-;hould he attained to 
ma-ke the survey nst-ful for the general purposes that a to11ogra.pllical 
survey may subserve. 

To describe in detail th~ differe11t methodF; that «an he used in c0ver_ 
ing the country rapidly, hut still with Huffit'ient fu1luess to render all 
the salient features reeognizable, would iuvoln~· a Jahor too gt:eat to be 
undertaken by this Conference or a.uy individual upon it. rrhere are 
uew instruments that could lle made very useful in such a work; tbat 
woulit modify to some extent 1nethods that lmvt•. heretofore heeu used 
by topographers. But unlt>!'"ts ther(~ is a specific statemeut as to the 
degree of aeeura.ey that slrnH be required, and tlte detail tliat shall be 
re1>resented, l beJieye to dra\\' up any phrn for such surveying would 
be labor thrown away. 
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In conchu;ion, I have only to say tl1at the expert topographer, with 
experience behind him in n1aking topographical surveys of precision, 
is i11 general well equipped to undertake rapid and inferior ·work when 
required. But I do not wish it to be inferred from this statement that 
the exp~rt topographer is necessarily expert in the execution of inferior 
work, for, besides the ability to 1nauipnlate instruments aud to grasp 
the features of a country, a long experience i8 required to enable hhn 
to present them on a map in the most intelligible form; arnl therefore, 
when we wish to reduce the cost of work, I believe it is essential we 
should conHider the experience of the 1nen who u-iay be detailed to exe
cute the work i11 the field. 

J\'Iy personal experience on the Coast Survey satisfieH rn.e that to pro
duce the most econornieal results we require a school of topography. 
Young· men who may be selected to learn this class of work should be 
given ample opportunitie~ in different. parties on different Hectious of 
the coast to learn the individual methods of the more experienced inen, 
before they are permitted to undertake any work by themsPlve~. 

SUPPLEMENT l.J. 

FOR::\IFLA FOR COMPUTINO DIFFERENCES OF ELEVATION-A SIMPLE 
A.ND PRACTICAL FORMULA FOR THE COMPUTATION, \VITHOUT THE 
USE OF TABLES, OF _DIFFERENCES OF ELE\rATIO:N CORRESPONDINU 
TO GIVEN DISTANCES ANU SMALL YERTlCAL ANGLES, "\VHEN THE 
SA~IE UNIT OF LENGTH IS E~IPLOYED FOR DISTANCES AND HEIGHTS. 

[By \V. C. Hodgkins.] 

~t\.s is well known, the empirical formula for the computation oi 
heightR, given in tl1e Coast antl Geodetic Survey trt~atise on the plane 
table is based upon the use of the 1netre aP. the unit of distance, and of 
tlie foot as the unit of height. It is therefore not applicable to the 
case under consideration. 

I~"'or ordinary purposes the for1nula for the difference of height may 
he stated with sufficient accuracy thus: 

h=±D. 

where h represents the difference of the height, n the distance, a the 
vertical angle and c a, constant coefficient of curYatnre and refraction. 
If uow we call the number of minutes in the angle a. and using the met
ric system take K for the distance in kilometres we have 

h=± D a tan l'+c. K 2 
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Formula for computing d i_tferences of' elcration. 

'_fhe tangent of' 11 is 0·0002H09 or 0 ·290f); therefore 
· lOOll 

h=:::l-: 0·291 K n+c K 2 

• •. h = ±: 0·2Hl K a+o-cn K2 

c may be taken aR=0·07. 

l. t . 1 1 f' 1 tua is, - - o -- • 
~~ 8 3 

7 1 Also. O·:ml ver~T nearl v ef1nal --- or , " ~ 2-! 3 

For the fir:;.;t term, theref<)re, we have the f'bllowing rule: 
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1 

l\Iultiply the distance in kilometres by the anglt:> in minutes, divide 
the product by three, and subtract rme-eightlt of itself. 

The Rame rt~sult would be. obtained by taking mw-fiJurtl1 of the prod
uct aud then adtli,ng to the quotient oue-sixth of itself: 

For the second terrn multiply Uw square of the dh~tauce in kilome
tres by 0·07. 

l"or augh~s from zero to 4° the deeirnal coefficient is more precise than 
the common fraPtion, but the latter gives suiticieutly close results at 
all ordinary (li~tances, with angles not. greater than H0 • 

\Vi th larger angles it should be US(:-.d with caution; and only for short 
dh;;tances, though under such circumstances the erroes arising from its 
use are smaller than if the decimal eof";fticient were used a11d are less 
than half as great as tho,.-;e occurring in similar use of tlie old formula of 
the "Treatise." .t\..s this coeflleient ~=s.-- is larger than the decimal coef
ficient 0·2Hl by about -.d_---7 part of the latter, it giyes for small angles 
results which are larger than the true difft>rences; and as up to ahout 
30 the taugents of nngles are sensibly proportional to the angles, this 
error is greatest with vertical angles of about 3°, when it amounts to 
I:-~ centimetres per kilometre. 

As t11e tangents of the angles above 3° increase n1ore rapidly than 
the angles, the error arising fr01n the use of the coeffieient :i.,4- decreases 
as the angle increases, up to 5° 7' when t11e fhrmula is exact (for all 
ordinary purposes). For still larger angles, the t~lingents rapidly in
creaseau<l thef~lrmula gives results which are too sn1all by a constantly 
increaRing difference. 

Thus at 6° this error is 10 centimetres per kilometre; at so it is 54 
eentimet.res, and at 10° ion per kilometre. With this last angle \lOO) 
tlie. decimal coeftieient gives an error of 1·7:-lm and the formula of the 
"Treatise" an error of 2·88m per kilometre. 

Obviously this formula applies e<1ually well with any unit ?f length, 

exeept that instead of K we should use D . ; and to exhiuit the details 
. 1000 

of the 01>eration we may write the formula thus: 

k=±~ l~O (t-~)+ 0·07(1~)• 
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SUPPLRMRNT M. 

A TREATISE ON THE "'\VAGNEH TACHY~1ETER AND TACHYGRAPHOMETER 
A8 MADE AT THE .MATHE:~1ATICAL INSTRUMENf V\TORKS OF OTTO FEN
NEL AT CASSEL, PRUSSIA, ·wrTH AN lNTRODUCTUHY ESSAY BY J. L. 
LICKA. 

[Translated fruru the German b.v \V. C. Ho<lgkius, C. E., Assistant, U. S. Coast and 

Geo<letic SnrYe~·.] 

TRANSLATOR'S PHEFADE. 

Tbe following pages are translated from a pampl1let published by 
the makers of the~e i118trnments under the title," Die "\Vagner-Ii't.~nuel
'schen Tachynwt~r de . ..; mathematiscll-meeha11isehen lnstituts von Otto 
Fennel in Cassel. Cas::;,el 18Hfi,'' a copy of \Yhich was kindly loaned me 
hy A.ssistant Edwin Smith, cl1ief of the ln~trument Division of the Office 
of the Coast aml Geod~tie Survey. 

'I'he translation was originally made auring the se:-i.sions of the Topo
graphiea1 (Jonference for my owu inforlllation in rega,nl to these instru
ments, tile special fea.tnre of which, the \'Vaguer "projection appa
ratus," was new to"nw, as I think it must l)e to many engineers in this 
country. 

Dul'ing the last days of t1ie Conforf'nce its members had the oppor
ti1nity to examine pen:;onally a, theodolite tacbynH-\ter of the above 
make. 1 was nuwh interestt~d in tlw instrument, whieh appeared very 
"\vell ,. inade, bnt st~en1e'l to me unnecessarily heavy and cun1hrous. 
Such a matttw of detail might, howevm·, hR easily reme,lied, a11d while I 
was forced to agree with the opinion of tlw other members of t.be Cou
fereuee that i11 its preseut form it is not aclapted to the ordiu:-ny field 
work of the Coast aud G eodetie Surve.v, I am couviuced that it would 
be of' great utility i11 ~111'\'eys to bP plotted on large ~cales and with 
mueh atteutiou to •lf~tai1. I a1n inclined to think that the form of instru
ment to he used with tl1e plane table (the tachygra.phometer) would 
be especially u~(~ful iu large-Kcale stirvPys. a~ ill its use the e1evations 
of numerous poiut8 conld be rapidly rleterrniue(l without the use of a 
separate Jeveliug irrntrument and contours of an.r de~ired_iuterval could 
then be intf~rpola.ted, while on tbe ground, with great preci~ion anll 
facility aud without the danger of omitting details of form, to which ~ur-
veys plotted iu the otlice are Jiable. -

In revising the pa.per f()l' the record, in accordanee witl1 the request 
of the Oouforence, I have omitted those sections which contain the 
detailed directions for adjusting the various forms of tliese instruments 
and ltaye change({ tbe sequence of others. so that sections 33 and 34, 
which in the original appear as a supplement, immediately follow_ the 
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On the ll.-agner-Penncl Tachymetcr anrl Tach.IJgraphometer. 

general di8cut">sion of the theory of .the i118trument. I have aJso omit
ted the h.'UBr.s of <'.Ollllllt:mdatiou, of which a cousidm·ahle n1unlu=-r an~ 
given, and which attest the hig·h e:st.imatiun in \Yhich these instruments 
are held by nutuy Europeau engineers. 

"\V.ASHINGTON, .A.pril, 189:2. 

A REVIE\V OF THE TACHYI\JETEH .A.~D TACHYMETRY. 

[Hy J. L. Licka, Engineer at CaHsPl- \Yehlhciden.J 

The µ;reat attention devoted iu recent times to the taehymeter and 
tachymetry should justify this attempt. at a coucise but comprehen
sive de:scription of the iu1:->truments aIHl methods employed, a. task 
uwlertaken by the author at the reqnest of the pnhli8hers of the 
following treatise8 and carried out with the siugle imrpose of .systema
tizing our viewt-< on this subject. 

In recent years, we denote by the name "tachymetry" that method of 
i:;urveying which permits us to obtain the data, as to position and ele
vation, uee.essar,y f<n· the determinatiou of a point ou the :-:.urface ·of the 
earth, by a siug·Ie poiuting upon the telemeter held at a desired point. 

In tlds work the requiremeuts are, rapid aud sufficiently accurate 
mcasurmuent, accmnpli.shed with the least possible cm;t rather than 
with the most extreme precision. 

These views are applicable~ for example, i11 the preparation of gen
era.I or special pr<~iccts for the construction of roads, railroads and 
canals, or in working out plans in the domain of agriculture, as in the 
improvement of laud, in joining detached pieces of ground, in the sci
entific management and utilization of forests, etc. 'l\wl1ymeters and 
tachy1netry, therefore, early attracted the attention of milita.ry and rail
road authorities, v\Tl10 require surveys over large areas. For example, 
it should be noted that the tachymeter with anallatic·telescope, invented 
by the engineer l:~orro at .1\cfilau in the year 1823, and called '' cleps
cykel" or "cleps," was employed in 1835 in topographical surveys by 
the Piedmontese general staff. 

The French engineer Moiuot, in the year 18£)5, skilfully ut..ilized 
Porro's distance measure in the construction of an instrument adapted 
to surveys, the tacbymeter theodolite, furnished with a compass and 
with a vertieal circle divided according to zenith distances; but he 
chie.fiy furnished methods for conducting the work of surveys, compu
~tions and mapping, which are to be considered standard, and which 
serve in great part as foundations for the further development of 
ta.chyme try. 

Moinot's method, introduce(l iuto Austria in 1870 hy tltc engineer 
Heuser, was employed there with great succes!'.I in extensive delin
eation of very broken country. Since then, tacbymetry has received 
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especial attention in Austria, particularly in tbe general office of Ans
tria.11 railways at Yjenna. Engineers, professors, and mechanicians 
con1pete in the construction of new instnunents, in the improveineut 
and elucidation of tachymetric surveying method~; all seek to 1mt the 
engineer in a pmdtion to obtain his horizontal and vertical measnre
rnents in the shortest practicable time. !JJ North <:termany it ii':) con
ceded that 1\-foinot's method :'tnd tachymetry in general have found 110 

greater employment than wl1en about 1867 or 1868 a tachymeter was 
constr11cted by the eugineer Carl 'Vaguer, at that time in "\Yiei"baden, 
which seemed better adapted tha.11 other instruments for solving the 
familiar problems of tachymetry with the least expend1ture of time 
and money; for most of the instruments made since 1871, the sole con
trol of which for Germany had heen transferred by the inventor to the 
mathematical iustrumeut works of Otto Fennel at Cassel, were fur
nished to other countrie:-:., Turkey, Bulgaria, Roumania, etc., where 
they were used with the best resu 1ts in studies for railroad locatious. 
To the cireumstance that since 187(), extensive preliminary works f()r 
railroads have every year lweome less frequent in North Germany, we 
may -well attribute the fact that. the above-mentioned tachymeter was 
less known than its 1-'irnph~ manipulation and advantageous perform
ance of work would lead us to f"'Xpe~t. J'ffore reeentJ;v, a change for the 
better is undoubtedly noticeable, rnag-i:.;trates and technicians engaged 
in the various fields of road building, of laud improvement, and of t<w
estry devoting to these im;;;trnment;.; tl1e attention they so well deserve, 
as ~s shown by t.11e nu1nerous te~tinwnialt-\ to their capabilities. 

In order to make perfectly clear the superiority and utility of the 
Wagner-Fw.1nel instruments, we must state in the first place, at least 
in general outline, the characteristics of the instruments heretofore 
used. "\Ve shall consider only the 1nost wideJy-nsed forms, 'Yhose 
optical distance-measures l1ave wires of constant. interval, autl shall 
pass over those instruments inore rarely used, in which the distance on 
the slope is determined by any other rneaus. As already stated, the 
problem of tachymetry consists in detern1ining in position and eleva
tion, fron1 certain stations, those points of tlte surface whose Jocation 
seems desirable, by simply sightiug upon the telemeter held at the 
desired points. The necessary data for this determination comprise the 
optical measurement of the inclined line of sight, and the measurement 

, of a vertical aud of a bol'iz.ontal angJe, which requirements are fulfilled 
in oue way or another in every fcnm of t.achymeter. If, at first., we 
neglect tbe considt~ration of horizontal angles, wbieh may be deter
min~d in thre.e <li:tle.rent ways, by t.heodolite, compass, or plane table, 
ta.chymf'.ters may be (·lassified a.s follows, according to the means used 
for determining the reduced borizontaJ dist.a.nee and the relative or 
absolute height. 

(1) Those instruments whfoh, by optical distance·meaAureA aud verti
cal circles, furnish simply the data of inclined distances and vertical 
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angles, from which the horizontal distance of the foot of the rod from 
tlte ceute.r of the station and the relative height of the observed point 
fro1n tl1e horizon of the in.stnuueut are computed iu one way or another. 

(2) Those instruments in the u:;;.e of wluch the leugth of the incli1wd 
line of sight mea,surecl by the distance 'vire;o; of the telescope is con
verted at once into horizonta.l distance awl relative or absolute lH>:ight, 
by Jnechanical a.rn1.11g-ements upon the 8Ltrveyiug i11strumeut, the 80-
ealled •·projection apparatus." 

As the characteristic fea.tnre of eaeh of these classes-the vertical 
circle~ and the pr~ieetion a.pparatns-may be eornbined witl1 the• various 
iustrnmf'11ts used for measuring horizontal aug-1ef"~ as the tlH,odo1itt-, 
the compass, and the plane tablt·, six different instrume11t8 arc• possible 
under tlie t\\·o prilwipal (•]a:;;se:;::. mentioned. Of these six i11struments, 
~he simple <',ompas:sel'I> and the phvie tahles are of subordinate Yalu~ for 
measuring horizo11ta] angles. 'l~he object of the survey will, iu general, 
determine tl1eir u:.;e. The adtlitiou of sensitiv•~ compass rn~ed]es to the 
theodolite and plane-tahle tachymeters "Will oftt•n be very convenit•nt, 
for reasons which will l1e mentioned later. And therefore we need give 
no further separate eonsideratiou to compa,i;;;s ini;;trnrrif'nts; beeause 
all that can be sairl of the theodolite tachymeter also finds its appro
priate application to them. 

There remain tlwn~fore to he discussed of the two ,mtegories of 
instrum.ents above mentioned, (with vertical circles and with projection 
apparatus,) t.bose which deterrniI1e horizontal angles by the divided 
circle (tbeodolitei-'.) anrl those which represent them grapl1fral1y (plane 
tables). 

I. TACBY,\ll~TERH WITH VJU~"l'H'AL CIRCLES • .. 
The fir~t subdivision of this group is represt•nted by an iHstrument 

which will be design:1 ted simp1y as the tachymeter theodolite, and 
which, besides the usaal :11T~u1g·ements toe mea;-;nriug horizontal and 
vertical angle!'I., ha~ a d1sta 1u~e, meal'l.uri ng telescope. The observations 
wh4ch are made in the field on ini.;;trnments of this class. tor the deter
mination of pointH to be loelted, give the di~tanceou the .slope and the 
horizontal and verti«al angle, not count.lug a~ a ~eparate, observation 
the spa<=e subtended on tbe telemeter, from which the inclined. dis
tance h• det.ermined. 

From these datH. the ::Mdmnth ofthe. de.sired point is fir~t det~~rmined, 
then the reduced dist.fuiee. :w<l tlu• relative height from the point of ob
servation~ as already me11.t1011ed, by eomputat.ion or in any other way. 
It can not be deuied tbat tl10se prelimiua.ry c·<m1putations or mechani
cal operations, as the ease mtty be~ ~ven if cnnduct.ed hy experienced 
workmen, re<1nire conRid~rab1e time :nul tlrnt the danger of introduc
ing errors of com_putat.ion? over wbidt w~ ll;:!iY~ no cont-rol, is proportiQU· 
ately great. · · 
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For plotting the points of detail determined by tacbymeter, the ~emi
eircular protractor proposed by Porro is mo'st convenient. It difters 
from the usual form in having the graduation numbered from right. to 
1.eft, and in having upon the zero line a scale of tii~tances, which renders 
it po~sible to lay down at once, according to scale, the points of detail, 
without usi11g·the compasses or marking the directions with lea(lpencil. 

The above described operations, which refer to detailed surveys with 
tlie theodolite tachymeter, are also applicable, with some alterations, 
to survey1:-> with the plane table aml telemetric alidade. 

In this case, with respect to the special manner of work with the 
plane table, i.e., the graphical delineation of horizontal angles, the proc
esR of surveying undoubted]y shapes itself in a somewhat different 
manner than before, since the geometric picture of the surface to be 
surveyed iR developed at.once. 111 this case the line to the .de:sired point 
is first drawn, then the distiinceon the slope is read from the telemeter, 
and finally the angle of elevation as before. Now it is absolutely nec
essary, for the tachymetric determination of a point, to compute at once 
in the field, or to determine by one of the methods suggestf!:<l, at least 
the reduced distance, in order t,o be able to plot it upon the spot by 
compass aHd scale ou the line drawn in the direction of the geometri
cal position of the point. It is also sometimes necessary to ascertain 
at the same time t.lie relative heights of the observed points com
pared to that of the station, to compnte the absolute Ju·ight of tl1e 
station, and to mHrk thf'r-;e at tlie geometrical positions ou the 
map. Since the points surveyed are shown at once upon the plane 
table in correct position, this method has the great advantage over 
the use of the theodolite, as 1·egards dist.ribution of points, that dur
ing the work itself one obtains a clear idea of the surface to be sur
veyed and is unlikely to determine either too many or too fhw p41lints. 
The cost of plane-table surve;ys will also, according to actual experience, 
prove lower than that of theodolite surveys. Therefore, whether con
sidered from a theoretical or an economical standpoint, the plane table 
has advantages over the theodolite for tachymetric work. Only the 
fact that the theodolite gives the records of measure1nents in tigures, 
which permits at any time a new drawing of the survey on any desired 
scale, while the results of plane~table operations, upon the perishable 
drawing paper, which is also much affected by the weather, are re
stricted to one determined scale, is in general to be advanced in favor 
of the theodolite in tachymetry. The theodolite has also 1naterial ad
vantages over the plane table in regard to transportation, setting in 
position, and the work at the station itself; that is, as compared with 
the older forms of plane tables and alidades formerly used for cadastral 
Rurveys. 

But the plane~tabJe tachymeter appears in a n1uch more favorable 
light, if instead of the old form of alidade we use, for example, an ali
dade provided with the Wagner 11rojection ap11aratu.s shortly to.be de-
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Rcribed. "\Vhen so equipped, plane-table tachymeters deserve full con
Rideration, and will eventually supplant theodo1ite tacbyrneters in those 
cases where the ol~ject is to make surveys with little expense and a 
sufficient approximation to accuracy, and in surveys of a topographical 
character, where the object of the survey is satisfactorily attained in 
the production of the 1uap itself. 

II. T ACHYMETERS WITH PROJECTION APPARATUS. 

In these instruments also we distinguish two varieties according as 
they express horizo11tal angles in angular measure or by graphical 
delineation. Although di:t;'fere~t kinds of such instruments with pro
jection apparatus have appeared, only the \Vagner-Fennel tachymeters 
and tachygraphometers, as the best constructed, have succeeded in se
curing extensive use. As already stated, both forms of the instrument 
arc so arranged that the horizontal distance and absolute height of tl1e 
point to be determined are read directly from the instrument, afte.r the 
simple pointing and certain jutermediate manipulation, without moving 
the telescope and without any computation; while in the plane-table 
form (the tachygrapkometer), the horizontal projection of the observed 
point is plotted in correct position on the plan by pressing an auto
matic needle arrangement. 

The first of these instruments, the Wagner-Fennel tachymeter-the
odolite-or, briefly, tachymeter-is a universal instrument in the true 
sense of tlw word, and may be advantageously used for taehymetric 
surveys, for minor triangulation, or for leveling. 

In tachymetric detailed surveys with this instrument, fonr quanti
ties are observed for the determination of each point, viz, the distance 
on th(I slope and, after the process of projection, the reduced or hori
zontal distance, then the absolute height, and finally the azimuth 
angle. The manipulation of the instrument in tlw field work is very 
simple and, after a certain amount o_f practice, proceeds very rapidly. 
The instrunient is adjusted over the ()ecupied station and the absolute 
height of the latter is set upon the scale of h~ights. 

The determination of separate points from each station then pro
ceeds as follows. The rodman sets the telemeter at the desired point, 
the observer at the instrument brings the middle wire upon the zero 
point of the rod, reads th~ space on the rod intercepted between the 
distance wires of the eyepiece, and records in his notebook the corre
spotiding inclined distance. Then he sets off this inclined distance 
upon the rule parallel to the line of sight, pushes the projection a.ugle 
against the vernier of heights, and from the latter readH the a.bsolnte 

- height and from the horizontal 1·ule the reduced distance of the 
observed 1•oint. 

Finally, the horizontal angle is read off, in which one can generally 
limit him.self to one vernier and to reading whole minutes. The read

H. Ex. 43, pt. 2---46 
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ing of the four quantities, the inclined arnl the horizontal distances, 
the height, and the azimuth take up about a· minute and a half, or at 
the most two minutes of time, if the obsf~rver at the same thne under
takes the necessary setting~ and the record of the results of the meas
urements and if only one rod is used. 

The performance of work can, however, in proportion to experience, 
be materially increased if two observers work with one instrument 
and at the same time employ two rodmen. In consequence of this, the 
engineer conducting t.11e sketcl1iug, who thoroughly umlen1tanflR at the 
same time the management of the i;;urvey, mnst develop a correspond
ingly high production of work if des;ira.hle results are to be obtained 

· from all persons employed. 
From the .preceding remarks it ought not to be difficult to draw the 

conclusion that the Wagner-FeRHel ta.ehymeter-theodolite is superior 
to the ordinary instruments of its class, and we believe our views will 
be supported by the unanimous opinions of all t110!'l.c who have made 

<extensive surveys with both kinds of instruments. As regards the 
second characteristic instrument of this class, the ¥Vagner~Fennel 
tachygraphometer, we can make a brief referenee to what has already 
been said, and enter into an account of the instrument alluded to only 
so far as necessary for the compreo.ensive description of the tachy
meter. All necesRary explanations in regard to setting up this instru
ment will be found in § 25 of the following treatise. 

The survey itself is conducted in the same way as with the theodolite
tachymeter, except that the horizontal. distance of the observed point 
is not first read oft", but is plotted directly upon the plane-table sheet 
by an automatic attachment with movable needle, aud in true rela
tive position, according to scale. At the geometrical position of the 
point thus obtained we mark its ab~olute height, read directly from the 
in strun1e11 t. 

As regards rapidity of work, the tachygraphometer even surpasses 
the theodolite with pr~jection apparatus, for according to the state
ments of a professional man cert::iiuly in this respect most noteworthy, 
the inventor himself (Carl Wagner, "Ueber die Hilf.-;mittel der Taohy
rnetrie, insbesondere iiher die Vorziige der schiefen Lattenstellnng." 
Zeitschr. f. Verm., Bd. xv., Heft 14 u. H>), the field work with the taehy
graphorneter takes rto 1011ger and, all things considered, leRs time than 
with the theodolite or with any other infitrument a<lapt.ed to tacby
metric surveys, since with the tachygrapbometer we obtain the rednc~· 
tion of the inclined distance as well as the plotting of 1.he desired point, 
directly, as an immediate result. 

III. TACHYMETRIC SURVEYS. 

With special reference to tachymetric surveys, we need not, in con
sidering the numerous inonographs,. articles in periodicals, and hand
books of surveying, pur8ue the subject further than appears desirable 
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for explaining tile manipulation an<l ad vant.ageous use of the vVagner
Fennel instruments. For further information we may chietly refor to 
the excellent ge11eral account in Jorda11's Harnlbudi dei· Vermcssnngs
kunde, Stuttgart, 1877, Bd. r, S. 626 ff., which we here for the most 
part follow in essential points. 

The field work of tachymetry co11sists, as already i;;tated, i11 d~termin
ing, by measurements of distance, azimuth, arnl 11eight, t1ie poi11ts 
desirable for the actual o~ject of the survey from certain other poiHts 
which serve as stations for the tachymeter. 

To determine the JlOsitions and altitudes of the taehymeter l"tations 
we may employ any of the e.xact methods of horizon ta 1 and vertical 
measurement, as triani.-YI1latiou, in conuection with trigonometric level
ing, or the regular system of traversing in polygons in connection with 
spirit leveling, or we may simply connect the single stations with ea.ch 
other by tachymeter. 

These are in general the extreme method8, whic'b, ho\vever, may he 
combined in variont'I. ways so that, a,ccording to the greater or less paint'\ 
taken in the accurate determiuation of the statiom.;, a corrcsporulingly 
different degree of precision will be attained in the elements determiu
ing their position and height. 

A scheme of minor triangles, with simultaneous trigonometric level
ing, cannot always be laid out, especially in extended forests, with 
figures sufficiently small to furnish in this way all necessary stations 
for the tachymeter; one is often compelled to lay out a string of main 
figures and others of subordinate impol'ta.nce, in order thereby to first 
obtain principal .stations with w11ich other approximate stations may 
be connected b.Y tachymeter. "'\.Vhether, in such a ~eries or main scheme, 
the relative heights should be determined by level or by vertical angles 
depends chietly upon the amount of tl1e relative differences of height 
between tbe Htations directly connected; in flat or ro1ling country 
leveling is advisable on account of its exactness, bn~ in mountainous 
regions, with constant changing of instrument and short sights, level
ing no longer commends itself, and we then measure the vertical angles 
for all the lines (preferably in both directions), at the same time with 
the measurement of horizontal angles. 

The principal differences of height are best computed exactl.Y, by 
logarithms, in connection with the computation of the coor<liuates of 
the points of the polygons, and the possible errors of closing are dis
tributed in the connected series on both sides in J>roportion to the 
lengths of lines. In steep mountainous country, one is frequently com
pelled to run out the traverses of the sides of the polygons with the 
tachymeter. 

A series of polygons with leveled stations commends itself, then, for, 
the ta.chymetric survey of the grouud, if it is a question of the survey 
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ofa Rtrip of country from 200 to 500 metres wide for laying out a. rail .. 
road, a road, or a canal. 

In this case, using a general preliminary outline prepared upon the 
basis of previous topographic maps and careful reconnaissances, we 
trace out in the field a series of polygons (primary series, called also 
basis of operations) lying near the most probable location. Since we 
can read from the Reparate stations up to 300 metres distance with the 
telemeter the single stations of the series may be as n1ueh as 600 metres 
apart, which would be perfectly practicable aud useful in eutirely flat 
country, but in the mountains the mean distance between any two 
stations must generally be much smaller; distances of from 200 to 400 
metres should be the rule under mean conditions. 

The scale divisions of the Wagner-Fennel instruments are arranged 
for distances up to 200 metres, with the assumed scale of 1-1000, which 
does not, however, preven't working at greater distances, though it 
appears inexpedient to do so. 

The ~ifferent stations of the series of polygons are of course so 
selected that one can see from any one of them tbe preceding and fol. 
lowing stations and can on all sides overlook as much as possible of the 
strip of country to be surveyed. 

After the selection and careful markin~ of the principal points, the 
lines are measured in both direction:-. of the Reries and the horizontal 
angles at least twice in each po!'lition of ~he tcle:;;cope; then the entire 
series is twice leveled, and from thel'le observations the coordinates and 
heights of the separate stations of the chain are computed. 

If we obtain the borizonal orientation by a simple traverse, sight
ing on the last station, we do not use the compass, Atrictly speaking, 
at all, but we can employ it for reading off the approximate azimuth, 
which is of material advantage for a general check on the plotting. 
For the purposes of the <leta.iled ~nrvey, field sketching sheets are pre
paTed, showing the series of polygons plotted in the usual way by 
rectangular coordinates; then tl1e detailed survey can proceed upon a 
secure foundation by means of t:be simple tachymeter and without 
further difficulty. 

If one does not in the first place systematically determine and mark 
the primary stations, but merely connects the different stations with 
each other ta.chymetrically, generally without marking them, one should 
at all events measure all the con11ections between every two points in 
distance, azimuth, and height, reciprocally in both directions, and tbns 
obtain a control in the field, so aR not to run the risk that through an 
error in the oonnection of two stations all the work which is done at 
one or more stations should be lost. The.series of polygons which eon~ 
nects the stations should not be 1eft unchecked. Buch a series not 
selected in the beginning, ~tnd J1ence not commonly marked, should 

. therefore, at all events at the end of the work be verifted by separate 
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measurement (for example, by the three point problem or back inter
sections from at least two compass. bearings). 

As concerns the survey of details, the nwst important points have 
already been discnsi'md in connection with the use and ma.11ipula.tiou of 
the tachymeters in question. 

The selection and the number of points to be determined will vary 
with the character of the country an<l the deg1·ee of precision requfred, 
which in turn is governed by the object of tlrn survey. 

°"'Vith regard to the plotting of tachymetrica1ly determined points, 
and also the further elaboration of tachmetric surveying, which is all 
conducted in the same way as in the use of an ordinary theodolite 
(engineer's transit), the following works may be referred to: 

Jordan, Handbuch der Verme~s1u1gskunde, Baud r. Stuttgart, 187'7. 
Werner, Die Tacheometrie uud deren Anwendung zu Tracestudien. 

Wien, 1883. 
Heusinger von Waldegg, Handbuch der Ingenieur-Wissenschaften, 

Band I. Leipzig, 188:1. 
H artner-Was tier, Hand.bu ch der niederen Geodesie. '-Vien, 1885. 
With regard to the precision of optical 1neasurement of distances~ 

the fo1lowing is also well worthy of attention: 
R. Wagner, Ueber die mit dem Reicheubach'scllen Distanzrnesser 

erreichbare Genauigkeit und eiuige Er~frterungen iiber die FeltlPrur
sachen desselben. Zeitschrift fiir Vermessungswesen, Band xv. Heft 
3, 4, 5. Stuttga1't, 1886. 

INTRODUCTION. 

With the instruments commonly used in ta.cbymetric work-theodo
lites with telescopes arranged for measuriug distances and with verti
cal circles for determining heights-it is necesi:;ary to compute the coor
dinates of the point at which the rod is held from the distance on the 
slope, obtained from the space subtended on the rod. 

The instruments hereafter described aim at a saving of these time
consuming computations by giving a direct reading fron1 the instru
ment of the coordinates of the poiut observed upon. 

The length of the inclined line of sight is measured by means of the 
distance wires of the eyepiece, an<l then the horizontal distance from 
the center of the station to the foot of the ro<l and the absolute eleva
tion of the same above sea level are read from the instrument, without 
any computation; or in a similar way, when usiug the plane-table 1orm 
of the instrument, the horizontal projection of the observed poiut is 
pricked upon the drawing in its correct position by pressing down a 
needle suitably arranged .. 

Thus in tachymetric work, horizontal angles may be measured in 
·three difl:erent ways-by theodolite, lfy compass, hy the plane taule
and hence three different constructions of this tachyrneter are provided .. 
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The same characteriRtie, the Wagner projectiog apparatus, is com
mon to all, and, therefore, iu the followiug pages the description and 
theory of this projecting apparatus are first given. 

THE PROJECTING APPARATUS, ITS THEORY AND MANNER OF USE •. 

SECTION 1. To the telescope of the tacliymeter, which is provided 
with diistance wires, a rule A.A (illustration ~o. a:!), bearing a Beale of 
distances, is attached by two arms, one of which is fixed to the axis of 
the telescope outside of the bearing and the other near the objective 
aud so that the straight upper edge and the face of the rule are parallel 
to the vertical plane in which the telescope 1noves in altitude. In auy 
position of the telescope the upper edge of the rule has exactly the 
inclination and direction of the line of sight. Upon this rule moves a 
slide S, held in place by an automatic spring clamp, and carrying two 
verniers. The upper vernier a serves for reading from the syale of 
heights DE of the projection angle, when the latter is pushed against 
the contact edge of the vernier. Bnt iu. order to be able to do this 
with any incliuation of the ru1e, the vernier a is capable of rotating 
on an axis which, as is easily proved, must lie exactly in the co.utact 
edge. Therefore, in auy inclined position of the rule the vernier a 1nay 
be made parallPl to the scale of heights; that is, vertical. The lower 
vernier b remains fast to the slide aud is used for the exact setting of 
the inclined cli~tances, iu reduced scale, upon the rule. lf the zero 
point of this vernier be set at the zero point of the scale, the axis of 
rotation of the vernier a. lies in the prolongation of the axis of rotation 
of the telescope.• Therefore in any other position of the slide, the 
interval at right angles between the two axes may be read from the 
scale, or, conversely, any desired value may be given to this interval 
by setting the slide. · 

SEC. 2. Nearly perpendicularly below the rule just described is a 
second rule BB, also provided with a scale of distances a,nd so attached 
that its face is parallel to that of the upper rule and that its upper edge 
remains horizontal. Upon this upper edge, which is always horizontal 
when the instrument iA in use, is pJaced a n1ova.ble right angle ODE, 
upon the vertical edge of which is a scale for reading heights, which 
Reale can be moved vertically about l ·5 centimetres, by the micrometer 
screw E. In any given position of the right angle, this scale of heigl1fa; 
is in the same vertical plane as the vernier a. The· numerical values 
f(w this scale are written with lead pencil for every 10 units upon a 
small strip of ivory, and when the height of the station is changed are 
easily erased and replaced by others. Thus the smne result is attained 
as by a great 1notiou of the scale itself, white the exact setting to single 
----------or_-,----.,..,,_, ____ _ 

.. As will later be shown in section 6, the position of the vernier b is actually 
slightly different. Nevertheless in sections 3 and 4 the above statement is retained 
for the sake of simplicity. 
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ur~its and ihtction:-; is accomplii:>hed b.v means of the micrometer screw 
E and the vernier <l. For example~, if the seale is to be set for a given 
elevation of 237·40, we u1ark one of the even teus uearest to the zero of 
the vernier d 230 (Fig. a), and then by the screw E move tLe ,,~110le 
scale until the vernier reads 7·40 units, in addition. "\Vith the telescope 
horizontal, both verniers, rl and n, the11 give tlie sau1P l1eiglit, 237·40 
(.F'ig. b). 

Fin.a. Ftu. b. 

In order t,o f.i:·ilit:Lte the sliding uwtiou of the pr(~jeL'tion angle, the 
end8 of its lower surface 0]) are supported on friction rollers. Then at 
i is au automatic spring damp by whfrh the projection angle is held 
fast in any position, and ti11ally at ,~ is a vernier which serves for read
ing the reduced lwrizouta.J distmwes. 'Vl1e11 1.his hu;;t vernier is set at 
zero on the sea.le BJ:, thP forwartl edge of tlw 1-\('.ale of heights DB is 
exactly in the vertical plane passing through t1w horizontal axis of the 
telescope. It~ therefore, the projection augk· i:-: pnshe(l frffward until 
the scale of heights meets the conbiet edge of the vernier a, the hori -
zontal projecti011 of the distance bPtween the axis of the vernier a au<l 
the horizontal axis of the telescope may be read directly from the ver
nier c, and the vertical prqjectiou of this distmwe appears on the scale 
of heights as tbe difference of the verniers a aud '1. 

SEC. 3. In order to expl<1iin the theory aud use of this projection ap
paratus, let us imagine two straight rules lying in a vertical plane and 
capable of rotation about a commo11 J>Oint 0 (fig. c.), the upper edge 
AA of the one being directed by a sighti11g <trrang-mnent upon a })Oint 
P, to be determined, whil4:.~ the upper edge BB of the other is retained 
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in 11orizontal position l>y a level. •:rheu if the le11gth Oa correspond:..; 
i11 a11y k11own r•·latio11 (redlH:ed .sea.le) to the distaw~t· OP, at1d it~ fur
ther. CJ)}:} be a right angle (pre ~jcctio11 augk•) moval,le upon BB, tllen 

FIG. c. 

OI> is evidently equal to the horizoutal prqjection and .AD to the ver
tical prqjection of Oa and only the arraugeme11t of suital>fo graduation::; 
i:..; ueeessary in order to be able to reau the8e values directly ~witb sat
isfactory exactlles:-;. 

lf tlw f-leconll rule, whj]e still in thP vertical plane of the tir:-it, instead 
of remaining at BB i~ brought i11to auy <le:..\ired po::sitiou parallel to BB, 
as B 1B 1, we still }H'e.serve (with a <·01Tt•:..;po1_i(li11gly lengthened projec
tion angle) the horizontal and vertical prqjeetions of Oa, for from the 
re:-mlting parallelogram, 01J= 0 11>1 and n~D=a.D1-IJD1 =a.1>1-001• 

The distance OU1=J> /J1 only comes i11to consideration in vertical 
projection, and always as a constant eor1·ectiou, the subtra.ctioll of 
which can be mcchauically performed, if this <li:-itanee, the relative height 
of the point of l'otatiou O, is rnrtrkt•d 011 the pn~jectio11 a11gle. 

Jf, for t:>xample, the zero point of the graduation upou the projection 
angJe sta11d8 at the same lwigltt as tlw point O, then t1'1e former also 
corresponds wHh the poiut 1>: alHl 1Ja (in tht~ .... amp way the relative 
height of the pomt I' sighted UJHHI) can be rea<l directly from the 
graduation in correspondingly i·ethwed scah·. 

SEC. 4. If we add the r<>latiYc heigl1t of P to the absolutf• height of 
the point 0. reforred to any horiho11ta1 plane, '""e shall obtain the abso
lute lieigl.Jt of the point I'. Bnt thi:-; a<ldition is not ol>tained by com
pntati011 but by mechanieal uwaus, a:-;:-;iguing to the point () tl1e abso
lute height of the Htatio11. 'l'llen the poiut D 011 the scale of heights 
corresponds to the a h~olut<• height of the Rtation aml hy rea<ling off at 
a, the addition of JJa, i:-; ~wcomplished without i->eparate manipulation, 
au<l therefore the absolute height of Pis obtained. lience it does not 
enter into conxideratiou whether .Plies above or below the horizon, for 
in the latter case a Hnbtraction of the relative height follows, as i8 
eaRily indicated by a corresponding alteration of the figure. 

'l'he procedure nece:o;sary for moving the :-;cale of heights in setting 
tb1· the absolute b-eigbt of the sta.tiuu is given in section 2, above. 
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Final1y, it should lw sup;g(~st••d that I liP point~ 0 awl a an· urnlPrstood 
to repreSl'11t the geometrical ;ixe:-: of n•\·o111tio11 of t1H• telPscope aud of 
the vender a. 

SEC. [). 111 tlw use of a taeltymeter-tlwoclolit<'. wl10se te]esco1w is ar
ranged for the use of tlte telemeter a]}(] \dtli tlw rod 11e1d :it right au
gles to the liue of sigl1t, we obtain. as js well kuowu, the llorizoutal 
distance E between tlle f'l>ot of the rod aud the statiou point b;\- the 
fiJnnula, 

.E = ( C.L + <') co:-; a + S. sm a 

in whie11, L i8 the interval re;ul frorn the rmL 
C is tlw coustant factor, a::; 100 or '.!00, frw example; 

(1) 

c tile additive eoustaut, m1nal to the dista11e·e from the center 
of t11e i11stnmie11t to a poiut at a di.stauf'e in front of 
tht· objective equal to its pri11eipal focal <listance, 

a the angle whicl1 the central visual ray makes with the 
horizon, 

S the lieiglit of the targ·et abov(· the ground. 
It 'viJl uow bf• shown that WP obtain from the tad1ymcter with pro

jectiou apparatus a. :-;imilar graphical derivation of this formula aud 
tlte process by which it is found 'vill be gin•J1. 

The a,(lditiou of the coustant e to tlie product <'L, whicli is easily 
obtained from the r()<J.readiug and Het off upon t1w ~~wale AA by rneaus 
of the ver11ier b, is aceomplisJwd· al ways iu a nwc-h:mica1 way if tlle 
veruier b is so corrected, tHH'.e for all, that it rL"adl'l -c when the eoutaeti 
edge aud axis of revolution of tlie vernier a lie in one vertical plaue 
with the Jwrizoutal ilXis of tl1e telescope. 

'rbeu also in the <'Orrespouding position of tlw pr<~jf'<~tion angle tl1e 
veruier c stands at zero upon tlie lower scale, from 'vhich the rea<li11g 
of tbe horizontal projection is taken~ while ill auy iuclinc..•<l position of 
the telcseope ouc will read a horizouta] distaiwe which is greater l•y 
c co:-: '!' tluu1 would be the case without tl1is t~orret~tiou. The aetuaJ 

amount of this corrt~ction must evide11tl \' be t~<1na1 to c, if n clern1tes the . n 

reduced provortion of the :-wale. 
SEC. 6. In order also t{) bring the terrn 8. sin a into calcufatjo11 by 

mechanical niea11s, the axis of rotation of the Yernier a is so ar
ranged that iu the horizontal position of tl1e telescope it lies lwJow 

the horizontal axis of the telescope: at a distance equal to 8 . lf thts 
1l 

condition is Ratisfied, not only is tlrn term S. sin a brought iuto con
sideration in taking off the projel'tion, hut we also obtain the height 
of the distant point compared to that of the Rtation, correctly within 
tl1e limit ,J _,...,.(where ,J is the heig11t of hrntnuuent aboye grouud and 
S that of the target). 



 

730 r. S. COAST AND GEODETIC Sl'H\'E.Y. 

Figured sen·e:-: as :t demous1ratio11, and in t1.ti:-: tigurc 
i· denote:s the zPro point of a tdt>mett>l' at I', 

a 

1 

U dPnot•·s the horizontal axi:s of tl1e telf'sc.·01w, 
0 l,.. denotes t11e lilH' of sigl1t ( deterrnilwd by thC' middle wire) to 

which the telemeter is held 1)erpendicular, 

l!'w. d. 

deiwtes tlie a11gle of indinatiou of this line of sight to the 
horizon, and 

denott'R tlw r(•tluce<l Hcale of the •livision:-i on the rules; 
n 

further let 
001 = .I= the heig·ht of instrument, i. (~., the vertical distance from 

the axis of the telescope to the grou11d. 
1' \' = 00"-! = S =the height of the Rigual, i.e., the distance from the 

fi>ot of the rod to its zero poiut, 

Oa = OV 
n 
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If \Ve now draw aa at right :t 11gl••s to () 1 ·• a 11d :dso 111:1 kt> ua~ = Ok= 

Oi = ;;, ka wi11 r••pn·sent th<· Ii1w, paralld to tlH•_liH<> of sight. in whieh 

the point of rotation of tllP YPrlliPr 1< 1st'<'tion 1~ illnstration :\o. :t.!) 
moves wheH the slide i;-; rnon·d alonµ: tlw ntlc·. \YIH•n tlJe distance is 
zero and the line of sight llorizoutal, this i1oi11t of rotation of the ver
nier falls upon i. 

For the dista1u·1· on tlw slopP, () l ". tl1t' :-;etti11g- of tla~ Yt'l'llier b (sec 

t . 1 ·11 t t• ,. ''·) t () l" /.· . tl l I 1 · 1 . t 1011 , I us ra 1011 ~'"· <>-) o = .a 1 gives 011 . IP i·u e ." . ..- t 1e po1I1 
n 

a 1 aud the distaw·e Oa 1 rnn:-;r PVi(lt>11tly, from tht· shtilnrity of the tri-
01' a11gles Oa 1a aud VPl', ht· t·iptal 1o . lf 11ow (Ja 1 lw projt•(•ted 

u 
upon the horizontal, "·1· ohtai11 t1w lt~11g:th. 

- (f'. f, + (')COS a -i- 8. Sill t¥ · .= . }] 1 l , . --: 1 
'11 ' . i 'll 

By this process then \\('. ohtai11 tlu• horizontal projt>t·tio11 of the (lis
tance 01,, in tlrn rPdIH•t•d fl.<'ale adopted, eorrespo11di11g to tla~ formula 
( l ), section 5. 

SEO. 7. The di1lt:~rcrwe of lu•ight hehY('Pll 0 1 and Pis J>P1 = II. If 
we suppose that in Fig. d, OU2 = \" P = S aml that the cornw<~tiu~·; 
right lines ia1 awl U,P are drawn, then tlw 1ig·nrPs Oia 1a a11d 002 P l" 
are sinuJa.1·, whe1we it f(>l1ows that ilf 1 is JHtrallt•l to 0 2 P autl t.l1:tt 
. 1 

Ul1 = - . 0 2I'. 
'Ii 

Further, it appears from tl1t• similarit.v of t.11e tri<.utgh·s ia 1 a:i aud 

0 2Pl'2 , that o 2a:1-:-
1 1 11 1

2 ; that is to say, from tlw Y(·1·tical pr(dection. 
n 

of t11e point a 1 we obtaiJ1 in a 1a:i the redn<'cd 1nt>asnrt.• of PJ>"!,· 
lf this be coHvt·rted into tlie 11atural Reale arnl if .f-8 lw added 

thereto, we then obtain the differeuee of IH.1:ig·l1t hPtweeu 0 1 a1Hl P; 

.JI= PP.! - P 1P2 = PP2 - (1-.i...,' - ,J) = PP2 + (J - S) 

But the addition of .T - 8 can also he nmde in a mechanical way 
upon the instrunient, as long. as one works wiN1 a eoustaut hcig·ht of 
instrument. 

If one takes the height of instrument equal to that of tlie signal 
(the height of UH" zero point of the rod), which always amount::-; to 
1 ·5m, then J - S = O, and this correction is in general nnneees~ary. 
If, however, the height of instrument is not equal to that of the signal, 
then we bring the difference .1-S into account hy so moving the vernier 
d, when the telescope i:s horizoutal, that it:-; reading upon the scale of 
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. . . . . .] - s 
he1g·ht~ ..lifters from the n•rnwr ((by -· \Yith a negativevalue for 

Jt ·' - ,....,, . 
-·- ·· - tllt' verna•r d Jnust ue rnovP.d up and with a po:-;itive value it n 
111nst be. u1oved dow1!. 

The vernier d is attached to tbe prqjecti011 angh~ by two s1uall screw~ 
Jiassing through elougated i->lots so that it may be moved i11 a vertical 
direction, if the screws are looseued a, little. 

l f, for exa1nple, the assumed instnuuent heiglJt of 1 ·firn were too great, 
on account of an observer's s1na.ller stature. and ·were reduced to 1·25111

, 
/ 

cousequently J - S = - 0·35111
, aud the vernier d 111ust be moved up 

.J - 8 
0·25m"' if n=lOOO, and thence----···- = - 0·25ni 111

• 

n 

lf. theu, the Reale of l1eights be set for the height of the particubr 
station by the verJ1ier tl a11d tlie heigl1 t of the oh served point be read 
from the Yernier a, tht~ latter value will be s111aller hy 0·25m111

, (('Orn·
spondiug ou tlH~ seah~ usetl to O·~;)lt' ), than would have beeu the "case 
without this correctio11. Shonl<l it for auy reason be impracticable to 
work with a constaut Leight of iustrnmeut, the diffel'enee .T-S, which 
f(,r any one station i;:; a con::->tant, could be allowed f<ff in setting tlle 
:s<·~tlt~ of height:--. ·to tlw :tbsolntf~ height of tli~ :-;tation. 

If, for example, the height of the station is ~;,..i.·t)m and the height of 
iustrumeut is 1 <~"', t11eu d - S = 1·31

" - 1·5 11
' = - 0-2m and therefore the 

height assigned to the i11strume11t in setting the scale of heights is 
2;)4·J.rn. If one prefers not to us(• this method, the (lift't•rence J - Sis 
to be added algebraically iu tlw usua1 way to the lleight of the obsPrvetl 
}Joint, read from the ver11ier a. 

SEC. 8. (Superseded lly the addendum µ:iveu in the regular ordt~r, hut 
trauslatt\d here for com parisou.) 

It ti.>llows, from. the ue8l'.riptio11 and theory, that tl1e use of the pro
ject.ion apparatus <'.onsists simp1y iu tllii:>, that the slide with the ver
nier b is 8et at t11t-\ graduation correspo]l(ling to the dista11ce read ofi~ 

the11 the projeetion angle is pushed agaiust the vel'Hier a, wheu tlae 
lwigl1t a11d •li.stauce l10rizoutally of the poiut siglitt·d upon ~~re read 
from the verlliers a, a,ud c, re~11ectively. 

I font\ has read a distauce on tl1e rod fin· 'vllich the graduatiou of t11t> 
scale is insufficient, 011e divitles the di:-;tancc into two parts, reads the 
heigl1t and horizontal JH't~jectiou f(ff naeh part, and adds these together. 
For example, if the diHtance l'{\ad ii-; 287·3 111 = 200m + 87·3m, we 8t:<t 

off, first, npou the upper rule 2oorn, read the corresponding height and 
horizc.mtal distance, then set off 87·3m upon the upper rule, read also 
the height and horizontal distance corresponding to this distance, and 
add the nu1nbers so obtained, and thus obtain the coordinates of the 
point sighted at. A consideration of Fig. e, in which D, H, E denote 
the entire iuclined tlistauce, the height and tl1e horizontal }Jrojectiou, 
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aud d 1, d 2 , h 1, h'l, c 1, t·-.?., denot"n the corre:..;pondiup; partial di~tane(•:..; a11d 
heights. respectively, will at once show tlle e.orrectne-s1-; of tht• rule. 

S:Ec. fl. 111 ca:-ws where it. is not pradieahh· to l1nl<l the rrnl at riµ;ht 
ang-les to the line of sight, it may he hehl n_~rtic-ally. TIH·n tll<' iiwlined 
distauce iK read as usual, set off upon the npper rnle, the correRpondi11g 
lwri.zont:ll prqjection read off, thiR last dista1we 8et oft: once mon· upon 
the upper rule and projected tl1l~ secoud time, and we then obtain tlrn 
desired horizontal projection of tlw point 8ighted upon. If in the YPrti
cal position of tlie rod the indined distanC'e was fomul eriual to !>,then 
its 11orizontal projection j:-; evidently f,~ = 1>. <"os2 a. 

But 011e obtain~ exa.(•tly the :o;arne result by t.he donble pn~jt>dio11. 

In Fig. l, let Oa = I>, t11cu Ob = Oc = ~) (•.oi-; a, tl1e first l_ 1rojt•.(·tion 
· v n 

of'l_>. 
n 

E tl . tl 1'J xac y n1 w Rame way -
n 

( h· co:-:. (l' 
n 

a, whi('h agree~ 

with the f(_lrlll given above. 

NoTE.-Sectiou~ 8 and U of this treati;:';e J1ave heeu supcr:-;eded by the 
following addendum: 
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CU:\DfU.Nl<~ATJON YOH THOSE l"8ING- 'l'HE '"~AGNER-FENNEL 

'J'ACIIY:!\IETEH- AND 1'ACIIYG}l.APHO:METJ.~R. 

CASSEL, 1lfa,y 16', 18.90. 
0T'l'O l~'E:'\:\':EL, 

Jllfl the mat ical anr/ J[cchn. nica,f lnst !'.tltft:, (Ja,,<;sc{ : 

In the treatise, ••Die \Vagner-l1""'(•11neF.schen Taehymeter des ~latlH·
rnatiHchen .Mechanischen InstjtutPs von Otto Fenuel, iu Cassel, 188H." 
there are in section:-; 8 and n some inaccuracies concerning the m~e of 
tlie '11a<~l1,v·meter at distances oYer 200 metei·.s and in tLe use of the rod 
lwld vertically. It is therefore necessary i11 these case:-; to pro<'eed with 
the !-mrvey not as Htated in scctiom; 8 and 9, but according to the follow
ing rule. The detailed proof of this rule, as well as a 11ew demonstra
tion tJf the theory of the pndectiou apparatus, will shortly be made 
kuown in .A.ppendix II: 

I. 

In order to pn~jcct a distance 'iYhich is greater tha.11 200 metres and 
1eR8 than 400 metres, oue sets off upon the telescope rnle the half of 
thi::.:; distance, reads off the <·orresponding horizontal a.rnl vertical pro
jections E 1 and Hi, doubles them, sets at zero on tlw telescope rule, 
reads once more-the corresponding l1orizontal a11d vertical projections 
e1 and h.1, and subtracts the same from the values '2E1 and ' . .!d/1• 

J:}.1:arnplf\ 

Height of l'itation=47·8m. : z=O·lm. : Ar=·1-7·7m. 
S Upper wire at the zero poi11t. 

Hoel readings) l\fiddle wire at 1·83(j (check rea<lit1g). 
l Lower wire at ;1·G73 x -1 = 1 ·SaG;). 

Setting on the teleseopc rule= half distance= 18a·G•>tn. 

Horizontal projection. 
Bi= 181·45 

2 B1 = :>,u2·90 
- e, = -0·85 

.E = 3H2·05 
True horizontal distanee. 

II 

Vertical projection. 
111 = 52·10 

2 Hi= 104·20 
- h1 =-= -47·80 

II =- 56·4-0 
Trne difference of elevation. 

If one ha8 observed upon the rod held vertica.I1y, he obtains the hor
izontal and vertical projections of tlrn distance by setting off the ob
Rerved rod-reading upon the scale attached to the telescope, by read
iug its horizontal projection E 1, by setting off this reading again upon 
tl1e telescope scale, and by reading off the corresponding horizontal 
J)r<1jection E 2 and vertical pr~jection l/2 • Next one sets at zero on the 
telescope scale, reads off the horizontal projection e1, subtracts there 
from the additive constant c, sets 6ff c1 - c npcm the telescope scale, 
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and reads tlw t'01T(·spo1Hli11g ltoriznntal pn~ieetio11 r:1 and yert.ical pro
jection h 2 • X<nv onn Nuhtr:wt:-; et fro111 N.! aucl h 2 from Hi, and atld.-.; to 
the latter valne the reclu('etl la·ig·ht of :-;tation: Ar. 

c = 0·;) m tin· aJJ \\~agn('r-Ft•111H·1 taclty11wt1·r,--: 

Height of ;-;.tatio11 = .t = .}l ·li;i111 : .: = 4HI;-; ,l - - -· .-d ·liO. 

- . \ lTppPI' win·, Zl'J'O. 
Itod n•ad I 11 '" . . - -,...., I Lowl'I' win~. l·i~~~. 

Settjng on th<' tPle::--<·01 H' ~nth• = l 7:2·!1 m. 

llorizontal proj1·•·t io11. 
H, =~~ ltF>·H.1 

/-,'c =· 

"' =~ t ·u.-. 

-- I ·.-.o 

\'t·1·ti1·ai p1-.,_jtwt io11. 
II:! __ 10:!· I,\ 

--h:!.c 
+c.l-:;1.c.c 

.)l •70 

+ .-,1·-j(l 

Appendix contai11i11g tlw derivation of tlt(• formal a assumed aH k11ow11 
in sections 5 aud H. 

SEC. ;~:3. The (li:;;ta11<·e-meaHuri11µ: tt>Je:-;cop<>s of tlH' \Vagner-li"'e1rnel 
tachynwters do 110t differ n1at.eriaJ1~~ from t11ose cm1m10Hly employed iu 
geodetic instnune11ts, except that tlle dia11hrag·rn carries, besi1ks the 
usual cross lmirH, two additio11al para1J(•J l1orizoutal wires (distanc~ 
lines). one above and one below tltt• e<•11t1·al l!orizo!ltal Ii11e, and at ('qnaI 
distances from it. 

FIG. fl· 

In Fig. g. 
A is tlie eyepiece; 
B, the ol~jective of a tachymetcr telescop~; 
f, the focal length of this o~jeetive; 
l = q r, the poi·tion of t11e plane of tla~ imaµ.'e iucltH1e<l het'"·eeu the 

two distauce wires; 
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L, the portion of a telernet('r whic11 ii" i11tPn~cptetl hetween tlu• two 
plaues of ray:-5 q t and r s pa.~.si ug: through tlie (li~ta111•e wire:-:., and fnr 
ther; 

G, the 'li.stanee oft.lie telcnwter fro1n the ohjectivn ~ 
!J, the disktnce of the image fr·om the objective., and c·onse(pwutly 

L I 
(; - f! 

1\econli ng to a ftuH lauH'll tal eq nation of OJ ltic.s "·c liave al.so 

l ] 
+·· U {I 

1 

f 

( l) 

(2) 

By 111ean.s of thet·W. hYo eqnat.ioll~ tli1· dt•.sii-Pcl diNta1we a may be de. 
d1wed from /,, T, au<l J; whie11 are a~sumed to be kno\Yll~ in the follow
iug 1nanner: 

I ... . 1 1 }, 
• rom PC] uatloll ( ) - = (. l 

.tf I • 

If we Hnbstitute this valnc i11 equntion (~) we' have 
1 L 1 
o+ G.l f 

.:\'Inltiplyiug hoth :-;ides by 0. f a.11d t1·au:-;posi11g, thi.s btwomeg 

( , !'+f I T=. I . , 

Tlw value {, hy whi<·h the pad. of the rod appearing hctween the 

wirc8 i.s to he 1nnltiplied, form~ t110 l"<H·alled rnnltiplication c011staut, 
·which is bereaftPr de11otPcl hy f', awl hy t11c introduction of which 
eq1rnticm (3) take1' the following- form: 

fi=C. J,.+f (4) 
i11 which a denotes the distance of tbt>. rod fron1 the olJjective. 

ln order now to obtain the dh::tance from the ceu ter of the instrument 
to the rod, hf>.reafter denoted by 1>, the diRtance i from the horizontal 
axis of the telesco1w. to the objectiv(•. i~ to he added to evei:y db~tance. 
Equation ( 4) then becomes 

D=C.L+f+i (5) 
The amountf+i 'lenotes the distance of tilie forward principal fr1cnR 

of tlw oQ.kctive from the center of t11e instrument, the so-called addi
tion const.aut, which iR generally dcnott·ti hy c. If we introdtwe this 
value in equation (5) it becomes 

D=C. L + c (0) 

8Ec. ~U. We have next to investigate the m<'thod by which, with 
the line of sight iucliued to tlie horizon aud with tlle telemeter held at 
right angles to the line of sight, we obtain the horizontal projection E 
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of the di:.;;tance 011 the slope from the centre of the statio11 to tlw foot 
of the rod. For this we use Fig. h, in \dlieh 

0 denote;;:. the eeuter of tlie iustrnmellt; 
F the zero point of the telenwter; 
~p thP foot of the ~ame; 
.L the space on the rod intercepted between the dh;tanee wire:.;;. and 

a the angle of inclination which the ce11tral ray 0 r 1nakes -with tile 
horizon. 

FIG. h. 

If in addition we call the lwrizoutal projc•cti011s of the points O, Y, 
aIHl p~ respectively, 01, r1, rt. and Pz, a11d the distance from the ZPl'O 

point to the ffwt of the rocl S, the dPsired cli~taiwe 0 1 />1 i;;;. (•ai;:.ily 
obt;1i1u.'d, a~ follow~, from Pquatiou (H) of st·ction ;33: 

O l~ = C. L + e 
and therefm·t'>: 

0 r 2 = (<'. L + ('.) •~os o· 

and 

Adding the:-:P ]aio;t t"-o equations :HHl ('0111"i1Iering that 

we obtain 
E = (C. L + t·) eos rl' + 8. sm a . (H) 

This i:-i. the formn]a giYen in the beginning of KPt'.tiuu t>. npoH \Yhieh 
is based the di~cnsHi011 iu seetious r;. a1J(l H. 

H. Ex. 43, pt. 2--47 
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In fl.eetion H we have discussed the case where the condition of the 
grouud constrains us to depart from the customary poKi tiou of the rod 
at right angles to the line of sight and to hold it vertical. 
Tld~case i~ sho\Vll in Fig:. i, in which O, 0 1, l,.-, P, P 1, L, st, have the 

meariings already assigned them in sections 33 and 34-. 

FIG. i. 

s t = L. co.s a 
and therefore 

() l,. = C. L. eos a + c (10) 
or approxhuately 

0 Y = ( C. L + c) cos a (11) 

(\Vith c = 0·5 m. and o' = 10'.), the difference between formulas (10) 
and (11) amounts to 0·005 1n., with o' = 250 to 0·045 m., with a = 450 
to 0·145 m). 

If, as in equation (6) of section 33, we denote the fact.or ( 0 . .L + c) 
by D, equation (11) as1-;umes the form 

() l,.. = IJ. cos a ( 1 :! ) 

If now we ouct> more denote by E the)10rizontal projeetion Ol I'1 of 
0 r, we obtain 

.E=OY.co:sa 
=I>. cos2 a 

as the formula, the graphical demon8tration of which hy the projection 
apparatu:-; wal-\ explained in section 9. 
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DESCRIPTION OF THE TACHYMETER WITH REP.EATI="i't:i- CIRCLE.

(Tacbym~t•~r-theodolite.) 

SEC. 10. The construction of the tacbymeter with repeating drclc is 
shown in a, general '"'ay in illustration No. 32. The telescopt• is of 35 
centimetres focal length and ha&. a 1nag11ifying power of 31. It has 
cylindrical pivots resting· in Y-shaped hearings, can be easily moved 
and reverses by the eye eud. The covers of the bearings have openiugs 
so arrauged that a striding- level can he phwed npon the pivotl-', for 
the horizontal adjm-.tment of the telescope axis. In order to lw able 
al::;o to take exact levels. a reversion level is attached to the tt·le:-;cope. 

'J'he reticule for telemetric meaio;urementt'\ is of 1wculiar construction 
and so arrangt•<l that either of the two outer wires may he brought up 
to the n1iddle wire. 

The horizontal circle, of 15·5 centimetre.s diameter at tl1e inner <•dge 
of the lhnl), i:-; provi<h•d with a (•over, ill order to perfretly prote<-t the 
graduation frmn defaceme11t and from flying dust. The opening"' for 
the verniers are covered with glass plates. The graduation i8 nrnde, 
as desired, either sexagesimal (360°) to 20 1

, with verniers n•;Hliug to 
3011~ or centesimal (400°) to 50', with verniers reading to l'. Th(~ axes 
are of the 1nost perfect construction. The clamps act on the <'ent<•r 
without touching thP> circle or the alidade and the slow motion i8 given 
by fine-threaded screws, working against springs. The castings an• all 
large and ribbed, in order to obtain the greatest stiffue:-:.s combilwd 
'vi th moderate weight. The fastening of tl1e instruments to the RtandR 
is hy means of screw bolts. The stands are of a special, new emrntrw•
t.iou. The tripod head conRists of a single bronze casting a.nd is there
fore of the greatest durability, while the legs are made of the best tough 
ash. These stands cousiderably surpass in stabilit;r those earlier used, 
without 11aving a greater weight. The fastenillg of these instrnmeuts 
in their boxes is so secure that the 1011gest and mot'\t severe trausporta
tiou has uo bad effect npon them. 

DESCRIP'.l'JON OF '.I'HE 'l'ACHYME'l'ER-COJ\Il'.A~~. 

SEC. 18. The taehymeter, for the meas11reme11t of horizontal augles hy 
cornpass, is in it::-:. upper <·onstnwtion almost e.xaetly like the one pre
viously de:-<cribed; 011ly the hearings of the telescope axis an· ditl(•1 t·nt. 
These have pivots shaped like double co11es, which liP in beal'ings 
closed by soli( l covers and therefore ean not lie ta ken 011 t of the lu.~ar
ings. 

The compass has a needle 11.5 eentinwtn~s long- and the cir(·le is di. 
·vide-d to half degrees.. The north and south lim• is parallel to the plann 
in w·hich the te]esl'ope nwYes. Gpon the compas!'-\ plate are fastened 
at right augles to each other the two tnhnlar leYe]~ (cross leYels), of 
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which one lies parallel and the other at right angles to the axis of the 
telescope. The construction of the base anti the 1nauner of attachment 
to the tripod are as usual. 

DE8CRIPTION 01'' THE TACHYMETER WITH THE PLANE TABLE.

(Tachygraphometer.) 

SEC. 20. The general construction of thh; instrument is shown in 
illustration No. a3. The telescope transits between the standards; is 
of ;3,3 <'e11timetres focal length; inagnifies thirty-one times, and has 
double cone-shaped pivot:-4 resting in bearings closed by solid covers. 

In order to be able to u1ulertake exact leveling the telescope is pro
vided with a reversion level. The eyepiece micrometer is of a peculiar 
form aud :-;o arranged that either of tlu-1 two outer wires can be brought 
into contact with the iniddle wfre. The instrnment is furnished with 
two riding levels, one of vdtich is arranged for placing upou the tele
scope~ the other upon the rule~. The telescope standard is fastened to 
the footplate, which corresponds to the rule of the ordinary alidade. 

In order to facilitate the nwtion of the alidade upon the plane table, 
the footplate is provicled with three relieving roller:-;. 

They stand with their axes radial to the axis of rotation of the 
alidade (which will he further inentionetl in section 2:2) and can by rneans 
of vertical set screw:-; be nwved so inuch lower that tlrny project some 
millimetres below the under surfalice of the footplate, for which pur
pose there are corresponding openings in the latter. The rollers not 
only facilitate the horizontal motion of the alidade upon the plane table 
but also enable UI'> to keep the alidade in exactly horizontalposition 
while in u:-;e, without the uecessity of using for that purpose the level
ing screws of the table, in the employment of which a new orienting 
of the ta bl(~ would generally he necessary. One of the relieving rollers 
lias a check screw att~whed by which the horizontal rotation of the 
alidade is regulated, i. e., can be ma,de to run easier or harder. 

SEc. 21.-The footplate of the alidade is strengthened along its 
~traight side by a :flat rib mni (Fig. k,) upon which a slide can be 
moved parallel to the scale BB, upon which the projection angle runs. 
To this slide is attachPd at g a slightly prQ.jecting vertical socket, in 
whiclt moves a little cylinder provided at its lower end with a needle 
and at it~ upper end with a knob, whieh cylinder can be inoved up and 
down close along the edge of the f1 •otplate. A slight pre:-1sure of the 
fiuger serves to force the needle down and to mark a point in a paper 
lyiug beneath, while upon the removal of the pressure a spiral spring 
coiled around the socket lifts the needle up again. 

By the arn1 f, the i"lide is conue<·ted with the projection angle and it 
win therefore transfer directly upon the J'lane-tahle, in a inechanical 
"\Vay and by ineans of the needle cylill(ler, the motion~ of the projection 
angle, which correspond in the proportion saown to the horizontal dis-
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On the llTa,r1ner-Ftmnel Tacnymeter and Tachygrap110meter. 

tance of the point observe<l. without its being necessary to first read 
this distance from the vernh·r c. (Figs. k and l.) 

Fm. k. 

l''lG. l. 

Upon the flat rih m then~ is a ~cale of distance:-; arnl upon tlH~ slide 
ate is fixed a ,~ernier, which ·"erv(•:-; tor mapping i11 east· the :-;lidt.> sl10uJ1l 
be used imlt•pende11tJy of the projection anglP, for whid1 purpose tl~e 

arm f ('.an then be remove<l. 
This case o<·eun:i when it appearx desirahlP to choos(• the scale of the 

map smaller or la1-g-er tha11 the sea.JP to whid1 the prqiectinn apparatus 
is adapted. 

Then the horizontal distarn·(•s can b<· read from the yernier c aud can 
be i:.;et off in <'OlTespolHling- reduction upon t11e grtidnation of thf' rib m 
bv the vernier t'. 

·In the ordinary nsP of tlw instrumeur, ho,n•Yt'l\ nw slhle re11iaini-; 
joiu~d to the projeetion anµ:le arnl the .!.!l':tdnatio11i" of t11e rule B B and 
~f the 1:ih m m do 11ot tl1e11 <·ouit• iuto nst>. 
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SEC.~~. 111 ord<>r to be alile to practically make use of the abcn'e pro
cess of transforming l10riz011tal distance in graplti<'.a] delineation, it i8, 
howev"'r~ nPct-ssary, iu tl1e tir8t plaee, t11at during the obst'rvations the 
alidade sl10uld tur11 exactly about the l'tatio11 poiHt marked upon the 
tnble, and that, :;;econdly, tl1e 11ee<lle cylillder :o.;bonld coincide with this 
~tation poi11t when the veruier e stands at zero upou the l'.'cale of di~
tance, or, if mapping mecl1anically, the projection angle should stand 
with its forward edge in the produced axis of the telescope. 

r:I"'his ii' accomplished by the aid of a-l'nnall ('enteTiug rule k (I'"ig-. m), 
whose circular end ('an ht> placed ovm· any desired point b.v 1nearn;; of a 
little hole at its center. I11 the straigl1t edge of the alidade rn1e a cir
cular ~egment is cut out, the radius of wllieh is exactly (•<pm I to the 
radius oft.he outer circumference of the eud of the ce11teri11g rule, aud 
with the 1niddle poi11t of which the needle of the cylinder ·would ('Oiu
cide in the before-mentioned position of the slide. 

If we place the head of the centering rule exactly in the opening in 
the alidade rule, then the 1niddle point of the opening must coincide with 
the middle of the small hole, and in order to satisfy the requirements 
of graphic deliueation it is only necessary to move both parts until 
the station marked on the table lies in the middle of the peep hole. 

Then the centering rule is l1eld fi:u;;t with the right hand, \vhifo the 
left haud makes the necessary rotation of the alidadt•, '"-hi ch n10tio11 is 
very readily aceompli:-;hed, in conseqnen<'e of the radial arrangement, 
with refereiwe to the een ter of rotatiou of the relieving rollers men
tioned iu section !!O. 

SI<~C. ~a. In plm1e-tahle surveys, ar-; iK wen kno-,Yn, the horizontal 
augles whkh the liues of Kight make with the· lil1e of orientation are 
tram-derred directly fr01n the g-ron11d to thP map fastened upon th~ 
table; yet heretofore it was nece8sary to plot horizontal distanoes, 
determiu1.~d in any manner. by com1)a~s and ~ea.le along the 8traight 
t>clge of the rule. 

But with the above-de~wribe<l 1napping apparatus the latter work is 
avoide(l, and all the mappi:ig is accompli~hed in a purely mechan
ical way without the neces8it,Y of any manipulation other than the 
pres8ing dowu of tbP needle <~y irnler. 
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On tht' H'af1ner-_Feunel 'l'achymefrr and Tach.11r1rap/io)W'if'r. 

The eoncc11trfo setting of the center over the ,...,tation has properly 
only to be done OJH'e for each positi<rn of the instrument, whik· with 
some practice it i:-; f'O quickly done that a fr(•quent reuewal of tht> set
ting is not a u1atter of great moment. 

The plotting therf'fore withont dt•trirne11t to a more tha11 :-;atisfactory 
exactHe::·li~ takes up so little time that it may properly lw regarded as 
the immediate re"'ult of the 1-;urveyiug operations. 

SEC. 24. The faste1ii11g of tlu· llaper to the plane tal)le might oe 
aceomplished in the usual and \Yell-known manner. 

But since in land s1irYe;ys :for the purpose of studying loeatiorn..: a 
long and narrow zone is generall;v to he considered, two rollers are 
attached below the plane table for surveys on long piece~ of paper. 

In order to ilwrea~e the adnptability of the instrument, it i~ so ar
rauged that the alidade ca11 be fastened <lire<'tly upon the movenH'Ht. 
For this purpose three millP.d-heud screws are, furnishetl with the 
instrument, which JmHs throug·h adjustiug nuts arnl have corresponding 
hollow threads in tlw base of the alidade. (Fig. n.) 

F10. n. 

Before the alidade is placed upon the muvement and tht• three al~ff"""C· 
described screws are tightened, the ivory relieving rollers; of the alidacle 
should be screwed up high, so as not to pr~jeet lwl<n,~ the bast> plate. 
Then the instrument may J,e used for leveling, as well as for aHgular 
measuremeutf'<, for whieh purposes tl1e telescope is provided with a 
reversion Jevel, aud the movement witl1 a horizontal circlt~ whose oppo
site vernierR read to siug-Je minuteR. 

The limb and the vernier1" lie in oue plant> indi11e<l to tlw ~ight. in 
ortler to bt> couveuiently read il1 auy positiou of tl1e :foot plate. 
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SEC. :!:i. The u~e of the instrument is .--ufficiently obvious from what 
has already been said, but the following will be repeated: 

The setting of the stand over the desired point on the ground, and 
the leveling and oriellting of the plane table, are accomplished accord
ing to the regular rules for plane-table work. Then the height of the 
station above the datum plane is set upon tbe scale of heights of the 
projection angle, the relieving rollers are put iuto action, without, of 
course, throwing the alidade out of level, and finally the center of 
n10tion of the alidade is broug;bt by means of the centering rule over the 
})Oint 011 the map corresponding to the station on the ground. 

The setting of the tachygraphomder is now complete and the survey 
vroper can be proc<'eded with, in which for Pach voint to be plotted the 
following manipulations are to be followed in the order stated: 

(a) The tele$,cope is pointed to the telemeter held at the desired point 
awl the distance (on the slope) i~ read off. 

(b) The slide upon the upper rule .. .-1 A is set by the vernier b to this 
<listanee. 

( c) The projection angle is pushed against the vernier a. 
( d) The needle cylinder is pres~ed down, and-
( e) By means of the vernier a the height of the distant point is read 

off and marked at the point plotted upon tlw map. 
Only five separate manipulations are theref(Jre necessary, two of 

which~ however (c and d), are mere motions of the band and therefore 
re,1nire no particular atteution. 

O:S- HOLDY.NG THE TELE:\IETER AT TUG-HT ANGLES TO THE LINE OF 

HIGHT. 

SEC. 32. The rods which are furnished with the~e instrnrnents are 4·5 
metres long and are graduatctl on both sides. One side is arranged for 
measuring distances, and at the height of 1 ·5 metres it has a special 
sighting mark, whfrh is the zero point of the s<~ale. The other side is 
intended for leveling, and has, therefore, a uniformly continuous gradu
ation and numbering, the zero point of which coincides with the foot of 
the ro'1. For convenience of transportation, the rod slides together to 
a length of 1·75 metres. 

The eorrectnes~ of the reading of distanees from the rod held at right 
angles to the line of sight will depend upon its being held eorrectly and 
steadily. The observer can readily test whether the rod is lield right, 
sirn·.e the sighting-bloeks, whose upper edges are poiuted towards the 
in8truments, are painted black in front, and white above and below. 
(Fig. o.) In the<'orreet position of the rod the observercanseeonlybla.ck 
snrfa<"es, but if the rod is badly held, a white strip will be seen above or 
below, whose width will correspond with the amount of error in holding 
the rod. In this way the holding of the rod is accurately tested when 
one is i u po~itiou to read the tli~tanee. 
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The following method of setting the rod bas brwn fon]j(l eo11Yenient: 
First, dire,-t oue of tht> edges of the sig:htiug-block upon tl1e instru
ment, arnl t.heu brhig tl1t> bubble of t11e 
transYersp ]eyel to t11e «''11tc>r. a11y slight. 
desiation of t}H~ edge of tlH-' l1}ock f}·om 

the line of sight l•eillg at the sanH· tirni:· 
eorre1·ted. 

ln training a rodrna11, lH' :'-1.lHntld he re
quin:>d to stmHl exa<'tly lwhirnl the i·nd :u1d 
to sight dirPctly at: tht· i11:-;trn11w11t witl1out 
twisting his Iit><·k, ]Ii:-; Pyt>s lwi nµ: a 1'0111 -W 
or GO centimetres from tlte rod and Iii:-; arms 
extt•uded iwarly to thefr fu 11 1e11 g·t,11. 111 
this exact S(•tt.ing tlw sliµ:ht itngnlar 1no
tion uecf•s:·mry 1tH hriugiug the ley1>l huh 
ble to the eentp1· is i11Yoln11tarily tuaclt> 
appnrxin1att~ly at right a11g·Jps to tla· l i111· 
of :;.:;ight, 80 that tlJP ,.;igl1ting-blo«'k j,.; not 11oticPahly, if at a1l. d1>fl('f'ted 
from tlw Une of :-:.ig-ht. 

In windy wPatlwr it is advisab1P to u,.;t• a liµ-ht bract> ahont :! ('f'Hti
metrPR in diameter aud l ·'iO mPtre,.; 1011g· as a lwlp. Tl1i,.; is p1autA•d 
about one-half or three-fourths of a metre from tlH' rod, 011 the sidf' 
opposit.t> the vviud, a.1111 i1wli11ed so that. tl1t· 11pper e1Hl pas,.;ps bel1i11d 
the lia11<lle~ to '\Ylli('ll it i:-; tirmly held hy tlit:~ fillg(•rs, tlw tlnunh liol11iug 
the brace. \\~hik set ti ug· tlw rod in po . ..;it.1011 the brace i~ lH"ld l0t 1sely. 
and is brought ]nto play only wlH~ll ilie nul has h1·<~11 l'OlTP<'.t]y pla1·t:'(l. 
_A rod1na.u who is uot Vf•ry ~trong- slionl1l a,lways Parry such a st.aft', 
especia11y a::; it ca.uses no mat1~rial los~ of tiow. The rod u1nt'.t he :::;et 
c01Tt~ctly each time in from three to tiYe :::;;(-'t'oIHh.;, at the longe:-;t. 
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SUPPLEl\IEXT N. 

REDUCTIONS ITPON VJFFEI\.ENT SCALES. 

A part of the topographical smTey of the Di:--tl"ict of CoJurnhia, illns
tnltiug: tl1e power of di1tere11t seales for tlie de1ineatiou of topographieal 
feature~, iH showu on illustratio11 No. :J-!. CoJJtonr interval of the 
orig-iual 1Jistl'iet of C0Ju 1uhia :-;nrvey, 5 ti.~et; coutonr interval of the 
re1hwtiow·•, :!O fl~t>t·; reductious made mHler the direetion of Assistant 
Jobu \Y. !Joun. 

0 
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