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LETTER

oF

THE ACTING SECRETARY OF THE TREASURY,

TRANSMITTING, IN OBREDIENCE TO LAW,

THE ANNUAL REPORT OF THE SUPERINTENDENT OF THE UNITED STATES COAST
SURVEY FOR THE YEAR ENDING JUNE 30, 1877.

JANUARY 17, 1878.—Ordered to lie on the table and be printed.

TREASURY DEPARTMENT, December 26, 1877,
S1R: In accordance with section 4690, United States Revised Statutes, I have the honor to
transmit herewith, for the information of the Senate, a report addressed to this department by Car-
lile P. Patterson, Superintendent of the United States Coast Survey, showing the progress made
in the survey of the Atlantic, Gulf, and Pacific coasts during the year ending June 30, 1877.
Very respectfully,
JOHN B. HAWLEY,
Acting Secretary.
Hon. WiLriaM A. WHEELER,

Vice-President of the United States, President of the Senate.
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_ATLANTIC AND PACIFIC COASTS.
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ing stations near, p. 4; continuation of work near, reference to, in
estimates, p. 6; position of life-saving station at. p. 22.

CAPE NENRY, VA. Continuation of work north of to New
York: for additions te charts and sketches, reference to. in
estimates, pp. 6-7; of survey below. p. 22,

CAPE LOOKOUT. Astrononrical observations south of, for engrav.
ing general chart of coast between Cape Henry and, refercnees fo,
in estimates, pp. 6-7 : anchorage umder, p. 40.

CAPE MAY, N.J. Engraving chart of coust near. referred to in
estimates, p. 7.

CAPE MENDOCINQ. CAL. Completion of hyvdrography between.
and Klamath River, and for engraving chart, reference to. in
entimates, pp. 7-8: reconnaissance near, p. Hb.

CAPE ROMATN. Chart of coast mear, referred to in estimates,
p. 7; examination of shores of Long Bay, between Cape Fear and,
P 33: line of soundings in the Gulf fron, p. 40.

CAPERTON. HUGH. ATI. RNervices in Section IT. yr. 22

CAPE SABLE. GULY¥ OF MAINE. Chartof shoals lving between
Nantucket andd, p. 9: tidal curvent between Nuntucket and. p. 16:
atfention called to sailing-chart A of Atlautic const from. p. 60,

CAPE SEBASTIAN. Refurence to. in estimates, pp. 7. 8.

CAPITOL HILL OBSERVATORY. WASHINGTON CITY. L. .
Annual magnetic observations at. pp. 23, 24, 61.

CAPSHAW'S MOUNTAIN. ALA. Signal erected on. p. 34,

CARLISLE, PROFESSOR J. H. President of Woftord College. S
C., p. 8L

CARNES. GA. Primary station, p. 63.

CARRIGAIX, PHILIP. Map of Kearsarge Mountain, in 1816, by,
p. 15,

CARROLL COUNTY, N. H. Kearsarge Mountain in. pp. 15, 16.,

CARSON CONE. Reconnaissance in Sierra Nevada Mountaina, p.
4.

CASCADES OF COLUMEBIA RIVER. Esx:mmination ofl p. 58,

CASWELL (schooner). T se of, in Section 1V, pp. 28, 24, 3u.

CATALINA HARBOR, CAL., p. 48.

CATALINA ISLAND. CAL. Topugraphy of. pp. 48, 49,

CATHLAMET, COLUMBIA RIVER, OREG. pp. 5 57,
gauge establisbed at. p. 57,

CAY AREKRAS p. 42

CAZONES RIVER. Soundings of, p. 42,

CEDAR ISLAND, VA, Determination of pusition ol Jife-saving
station on, p. 22.

CEDAR ISLAND BAY. N. C., 1872
p. 62.

CEDAR KEYS, FLA. Progress of survey of coast near. pp. 4, 36;
continnatien of triapgulation Letween, and Tampa Bay. and en-
graving of chart showing coast near, referved to in estimates, pp.
46,7,

CENTENNTAL EXHIBITION AT PHILADELPHIA, 1876. 1ol
ative to Coaat Survey exhibit at, pp. 10, 11: tide.gange for Fernan-
dina sent to, p. 33.

CENTRAL GEORGIA, p. 60,

CENTRE HARBOR, ME. Tide-gauge at Chatto's Island, p. 12,

CHAMPLATN AND LESCARBOT. Reference to maps by, in
Appendix No. &, pp. 98-103.

CHANEY, H.J. Comparison of Imperial Yards and other stand
ards by, at Stamdards Office, Westminster, London, Appendix
No. 12, see pp. 174-178.

CHARLESTON, 8. C. Continuation of detailed survey betwueen.
nnd Savapnah, referred fo in estimates, p. 6.

CHARLESTOWN, W. VA. Reconnaissance near, p. 26.

CHARLESTOWN NAVY-YARD, MASS, Tidal observations dis-
continued at, p. 16,

CHARLOTTE HARBOR. FLA. Continuation of survey of, re.
ferred to in eatimates, p. 6.

CHARTS. Completed or in progress during the vear 1876-'77. Ap-
pendix No. 4, pp. 80, 81.

CHARTS AND INSTRUMENTS. Division of, p. 66.

CHASE, A. W., ASSISTANT. Topography south eof Point Ar-
gucllo, Cal., p. 51.

CHATTO'S ISLAND, CENTRE HARBOR, ME.
established at, p. 12.

CHEEVER, N. Y., 1874.

tide

Adjustinent ot triangnlations,

Tide-gauge
Astronomical and azimuth computations,

p. 61,
CHESAPEAKY. BAY. Reference to progress of survey in, p. 4
conference of commi s on b dary between Maryland and

X1

Virginia referved to, p. 24; relative te intervisible points in 1
angulation of, p. 21: reference to sketches of shores of p. 20,
plane-table survey between eaatern branch of Norfolk Harbor and
south side of, 2. 25: reference to Appendix 14. p. 60: report of an
examination of the density of the waters of. by Licut. Frederick
Collins, UL 8, N Assistant, Appendix No. 14, pp. 184-19¢,

CHETKO. Referenee to, p. 56,

CHINCOTEAGUE, VA, Relervuce to variations of compass at, p.
2 : determination of position of life-saving station at, p. 22,

CHOCTAWHATCHELR BAY. Hydrography of Gulf coast near,
. 4, 36, 37; line of soundings« from Cape Romain to. p. 40.

CHRISTIAN, 3. H., A1D. Scrvices in Seetion VIL p. 39,
CITY POINT. ‘Topography on James River. Ya.. near, pp. 4, 24,

CLAMP. On an improved open vertical, for the telescopes of theod-
olites and meridian instrinnents. by George Tiavidson, Assistant.
Appendix No. 13 pp. 182, 188,

CLARK, JOHN. Division of Charts and Instroments. Coast Survey
Oftice, p. 6.

CLARK'S MOUND. Station in Hlineis, pp. 45 46

CLATSOP BEACH. ANTORIA. Signals erected, p. 56

CLERICAL FORCE OF THE COAST SURVEY OFFICE. pp. 6.67.

CLOVER, BICHAERDSON, LIECTENAXY. T 50N Services jn
seetion Xop. 5¢

COAST HYDROGRAPUY.
of Oregou, p. H6

COANT 'LLOT.
5, 59, Atlantic, nearly ready for publication, y. 5
extiates, py. b, 8; reference to sen-current observations for. pp.
9. 16; work of compiling Atlaniic. pp. 21,22 25 33,65: chapges of
longitnde marked on charts for, p. 64.

COAST RECONNAISSANCE. Narthwest of Sau Diego. Cal, pp-
48, 49,

COAST SURVEY.
vear ending June 30, 1877, pp. 1,204, 55 jts officers and oftice-work.
pp. 5967 see also Appendis No. 2. pp. 76. 77 relative to observa
tions on the earth’s magnetism. p.3: general estimate for repairs
and outtits of vessclsof the, p. 81 exhibits from the, at Centennial
Exhibition, at Philadelphia, 1876, pp. 10, 11, 33,

COART SURVEY OFFICE. Officers and vmpleyes. pp. 59-67; in-
formation in repiy to special calls furnished from. Appendix No.
3 pp. 78, T )

COAST TOPOG RAPHY. Reference to, in estimates, pp. 5.7, >,

COBB. A, H. MASTER, U. 8. N. Services in Section [, p. 135 in
Seetion IV, p. 28 in Nection ¥V, p. 338,

COBB'S ISLAND, VA, Deteymination of position of life-saving
station oat, . 22

COFFIN, G. W.. LIEUTENANT-COMMAXNDER, U. & N.
ices in Section X, p. 505 in Section X1, pp. 36, 57.

COLLIMATOR., Special nse of, at Moore's Mountain, pp. 27, 28; at
station on Mount Helena, p. 53.

COLLINS, FREDERICK, LIEUTENANT, U. 8 XN.
Section 11, p. 21; in Section Iil, p. 22: in Neetion IV, p. 28: in
Section V. p. 33; reference to examination of deusity of waters of
Chesapeake Bay by. p. 60 for report on sami see Appendix No. 14,
pp. 184180,

COLLINSVILLE. Reconpaiseance ncar. p. 45.

COLONNA. B. A., SUBASSISTANT. ‘Transfer of tidal station
from Fort Point 1o Saucelito. p.54; services in Computing Division,
Coast-Survey Oftice, p. 62

COLORADO. Reconnaissance in, p. 46; the desert. p. 48 the river
p. 48

COLORADO STEAM NAVIGATION COMPANY. Services ren-
dered to distressed vessel of the, p. 51.

COLUMBIA RIVER, OREG. Progress of hvdrography and fopeg-
raphy of, pp. 5, 57, 58; reference to, in estimates, pp. 7. 8: referonco
in estimates to chart of, p. 8 : soundings off entrance of, p. 56.

COLVOS PASSAGE. Reference to progress of topography of, pp.
5, 58. .

COMMENCEMEN'T BAY. Progress of topography and hydrogra-
phy of, pp. 5, 58, 59.

COMMISSION ON ¥FISH AND FISHERIES. Reference to, p. 6.°

COMMISSION ON BOUNDARY BETWEEN MARYLAND AND
VIRGINIA. Reference to, p. 24.

COMPARISON OF AMERICAN AND BRITISH STANDARD
YARDS, Report by J. E. Hilgard, Assistant, A ppendix No. 12, pp.
148-181. :

COMPASS. Relative to observations op the variations of the, pp. 2, 5.

O Monut Desert Island, Me, 3. 120

For the Paeitic coast. pp. 508 58 for Alaska. pp.
reference tu, in

Zemarks on progress and condition of the, fog

Serve

RKervices in
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COMPUTING DIVISION OF COAST SURVEY OFFICE, p. 61;
list of computers and their work, pp. 61. 64.

CONNECTICUT. Topography on coast of, p. 17.

CONNECTICUT RIVER. Continuation ot survey of, rferred to
in estimates, p. 6.

CONSERVATOIRE DES ARTS ET METIERS, PARIS. Stand-
ard platinnm meter of Appendix No. 6, p. 89: comparison of
standards of, Appendix No. 12, p. 181

COOK, PROFESSOR G. H. Triangnlation in New Jersey. p. 20.

COOPER, W. W, ASSISTANT. Iu office of the Superintendent
of the Coast Survey, p. 67.

CORE SOUND, N. C. Hydrography of, pp. 4. 29: computation of
triangulation of, p. 67,

CORTUS CHRISTI. Continuation of iriangulation beiween, and
the Rio Grande, raferred to in estimates, p. 6; survey near, p. 47,
CORPUS CHRISTI BAY. Trogress of triamgulation from, to
Rattin’y Bay. pp. 4, 47 reference in estimates for completion of

chart of, p. 7.

CORY'SPEAK.  Reconnaissance of Sierra Nevada Mountains, p. 54.

COTTONWOOD ISLAND. OREG.. p. 5.

COURTENAY, k. H. Computing Division of Coast Survey Office,
. 62

COURTENAY, ¥. Engraving Divisionof Coast Survey Office, p. 65.

COURTIS, FRANK, LIEUTENANT, U. 8 N, Scrvices in Sce-
tion X, pp. 50, 51.

COVE CREEK FORT, p. 55.

CRAIGHILL, W. P., MAJOR, U. 8. A. Menber of board to de,
fine Baltimore harbor lines, p. 23,

CRESCENT CITY. Reference inastimates to completion of survey
near, and uear veef, p. &; shelter at, for the Hassler, p. 56.

CRIM'S ISLAND, OREG.. p. 57.

CRISFIELD, MD., p. 24.

CROYDON, N. H., 1875,
tions, p. 61.

CUBA. Referencein estimates to continuation of soundings between
west end of, and Nova Scotia, p. 6.

CUBITT'S CREVASSE, p. 62.

CUBITT’S GAP, LA. Progress of special hydrographic survey of,
Pp. 4, 43. 44; see Appendix No. 9, p. 104.

CULTUS BAY, WHIDBEY ISLAND, WASH., TER.. p. 58

CUMBERLAND GAP. Triangulation in Kentucky near. pp. 4,
17, 38.

CUMBERLAND SOUND. Examination of, p. 33.

CURRAHEE, GA. Azimuth observatiens at, p. 32.

CURRENT OBSERVATIUNS. Relative to, pp. 2, 9,10: reference
to, in the Kuro-Siwe current, pp. 7, 8; on coast of California, re-
ferred to in estimates, pp. 8, 9: Gulf of Maine, p. 16: at Norfolk.
Va.. p. 25; in the Mississippi River, Appendix No.9, pp. 104-106.

CURRITUCK SOUXND, N. C. Hydregraphy in. pp. 4, 28.

CUTTS, R. D., ASSISTANT. Services at Centennial Exhibition
of 1876, pp. 10, 11; correspondence relative to triangulation in
New Hampshire and other States of the Union, pp. 16, 18, 18;
triangulation near border of New York, p. 18; observations on
Greylock Mountain, p. 18; relative to triangulation in New Jersey,
Pp. 20: attention to field-work in New Jersey and Pennsylvania, p.
21 ; triangulation in Kentucky, p. 38: in Tennessee, site for base-
line approved, p. 38; triangulation in Wisconsin, p. 47.

CUTTS, RICHARD M., LIEUTENANT, T. 8. N. Services in
Section X, p. 50 ; in Section XI, pp. 58, 59,

CYCLONES. Referenee to a paper on the theory of. pp. 1, 2.

»,

DALL, W. H., ASSISTANT. Alaska Coast Pilot compiled by, p
59. .

DANIEL, HON. R. T., OF VIRGINIA. Member of the Commis-
sion on Boundary between Maryland and Virginia, p. 24.

DASH POINT, WASH. TER,, p. 58.

DATA FOR NANTUCEET ARC OF MERIDIAN. Appendix
No. 6, p. 91; for the Peruvian arc, relative to, Appendix No. 6, p.
92; for figure of the earth, Appendix No. 6, p. 94.

DAVIDSON, GEORGE, ASSISTANT. Sapervision of tidal sta-
tions in Sections X and XI, pp. 51, §2; geodetic connection in
Sierra Nevada Mountains, pp. 52, 53; charge of tidal stations on
Pacific coast, p. 54; stations for primary triangulations north of
San Francisco selected by, p. 56; description of an improved open
vertical ¢clamp for the telescopes of theodolites and meridian iu-
strumenta by, Appendix No. 13, pp. 182, 183,

DAVIDSON'S QUADRILATERAL. Mention of, p. 53,

Computation of astronomical observa.

i
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DAVIES, PROFESSOR JOHN £. Triangulation in Wisconsin,
47 (see also Appendix No. 7, p. 97).

DAVIS, W. H Engraving Division, Coasi Survey Office, p. 65

DAUGHTRY'S ISLAND, IN CEDAR KEYS HARBOR. p. 36.

DEAN, G. W., ASSISTANT. Services in charge of the Coast
Survey exhibits at the Centennial Exhibition, Philadelphia. p. 11

DECATUR. Reconuaissance near, p. 38.

DECLINATION. Magnetic observations for, pp. 2, 3, 23, 24, 61.

DEEP-SEA SOUNDINGS, GULF OF MEXICO, pp. 40. 41.

DEER ISLE. ME. Development of shoal spot near, p. 12,

DEER LAGOON, WASIL. TER., p. 56.

DELAWARE. Examination of sea-board of, . 24.

DELAWARE AND RARITAN CANAL, N. J., p. 20.

DELAWARE BAY. Mention of progress of sailing-nofes for nav-
igation of, p. 4; reference in estimates to a resurvey and chart of,
Ppp. 5, 7; work in, for Coast Pilot, p. 21 position af life-saving stu-
tions in, p. 22.

DELAWARE BREAKWATER. p. 40.

DELAWARE RIVER. Sailmgmetes for navigation of, p. 4: refer-
ence in estimates to a resarvey and new ehart of pp. 5,6, 7; ex-
amination of, for Coast Pilet, p. 21.

DELTA, THE MISSISSIPPI, pp. 40, 41. 42 physical survey of,
pp. 43, 44.

DENNIS, W. H,, ASSISTANT.
La., p. 43,

DENSIMETER. Description of, for ocean water, by J. E. Hilgard,
Assistant, Appendix No. 10, pp. 108-113.

DENVER CITY, COLO., p. 46.

DESCRIPTION OF AN APPARATUS DEVISED FOR OBSERV-
ING CURRENTS IN CONNECTION WITH THE PHYSICAL

"SURVEY OF THE MISSISSIPPL RIVER. Report by H. L.
Marindin, Assistant, Appendix No. 9, pp. 104-107.

DESCRIPTION OF AN OPTICAL DENSIMETER FOR OCEAN
WATER, by J. E. Hilgard, Assistant, Appendix No. 10, pp. 108-113.

DESCRIPTION OF BRITISH STANDARD YARDS, Bronze No.
11 and Iron No. 57, Appendix No. 12, p. 154,

DESCRIPTION OF AN IMPROVED OPEN VERTICAL CLAMP
FOR TELESCOPES OF THEODOLITES AND MERIDIAN
INSTRUMENTS, by George Davidson, Assigtant, Appendix No.
13, pp. 182-183.

DEVELOPMENTS. Shoals between Nuntucket and Cape Sable, p.
9. shoal spots near Deer Isle, Me., p. 12. sunken rock between
Eagle Island and Bradbury Island, p. 12.

DICKINS, E. F., AID. Services in Section X, p. 56

DIGHTON. Triangulation of Taunton River, Mass., near. p. 6.

DILLINGHAM, A. C.,, MASTER, U. 8 X, Services 1n Section
VT, p. 34.

DIRECTORY FOR THE USE OF NAVIGATORS (Alaska Coast
Pilet), p. 59.

DISTRIBUTION OF SURVEYING PARTIES UPON THE AT
LANTI(, GULF, AND PACTFIC COASTS OF¥ THE UNITED
STATES DURING THE SURVEYING SKASUN OF 1876-'77.
Appendix No. 1, pp. 71-75.

DOUBOY HARBOR, p. 33.

DOCTOR'S LAKE, FLA., p. 34,

DOMINION GOVERNMENT. Permission given by the, to locate
primary stations on Vancouver's Island, p. 57.

DOMINION OF CANADA. Comparisons with standards of. Ap-
pendix No, 12, p. 171,

DONALDSONVILLE. LA, pp. 44, 45

DONN, J. W., ASSISTANT. Triangulation in Raltimore Harbor,
pp- 22, 23; topography of James River, Va., pp. 24, 25.

DOOLITTLE, M. H. Computing Division, Coast Survey Offiee,
Pp- 62, 63.

DOUGLASS, CAPTAIN, of the steamer ldaho, of the Colorado
Steam Navigation Company, p. 51

DOWNXNES, JOHRN. Tidal Division, Coast Survey Olfice, p. 64,

DRAKE'S BAY, OREG., p. 56.

DRAKE, F. J., LIEUTENANT, U. 8. N. Services in Section X,
p. 50; in Section XI, p. 57.

DRAWING DIVISION, COAST SURVEY OFFICE, pp. 64 65;
charts completed or in progress during the year 1876-'77, Appen-
dix No. 4, pp. 80, 81.

DRIFT (schooner). Construetion of the, p.9; use of, p.10; uad of,
in Section I, p. 16: in Section 1L, pp. 19, 20.
DRIGGS, W. H, LIEUTENANT, U. 8. N.

X1, p. 57,

DRUNKER'S LEDGE.

Topography of Barataria Bay,

Services in Section

Description of, Appendix Neo. 8, p. 101,
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DRY TORTUGAS, TLA.

triangulations {Jx73), p, 62,
DU PRE. PROFESSOL, OF WOFFORD COLLEGLE. %Oyl 31,
DUTCH GAP CANAL, Delineation of. po 24,

Compaiation of secomndary and tertiary

.

EAGLE CLIFF. COLUMBIA RIVER. OREG po a7,
CAGLE ISLAND, CAPE FEAR RIVER N. 'L p.oin

LAGLE TSLAND, ME. Bunken vock developed berweon, and
Bradbury Iskatl po 12 in the vicinity, yo 4.

EARNEST (schooneri. Use ofl in Section 1. pp. 12-14.

EASTERNY PENNSYLVANTA., Trinwenlalion

EAST LAKE. X, ¢

EASTPORT. ME.
honses hetween, and New York, p. 5.

EEL RIVER. CALL, p. 56

EGCEMOGGIN REACH. ME. leferenve in estimuies 1o local
chart of, p. 7: progress of soundings i po 4 hvdvegraphy ol
pp. 12, 13,

EGMONT HOTEL FERNANDINAD FLAL
near, . 33,

EICHOLTZ, H. Drawing Division, Coast Sinvey Oflice, p. 65,

EFIMBECK, WILLIAM, ASSISTANT. Latitnde observations and
measurement of vertical angles at Aouat Db, po

sonbding

Extension of hydrogrs >
Reference in estimates o sorveys for fizht-

Benelrmark ereeted

o duty en
castern coast, p.ood,

ELECTROTYPE DIVISION. (AT SULVEY
wanization of, p. 63

ELK RIVER, VA, Recommnissinee neav. p. 26,

ELLICOTT, BUGENE, RUBASSISTANT.  Topewmaphy of Ad-
miraley Tunlet, Wash. Ter po 380 survey of Connuencement Bay
Wash. Ter., p. 50

ENDEAVOR (steamer). Use ol in Section 1. po 12

ENGRAVING DIVISION, COANT SURVEY OFFEC B
in engraving, p. & reference In estimates to enepaving of charts
1 7; Assistant Bradford in eharge of the, po22: Gollowed by tie
appointment of Agsiztant Sevetedler, S8 orzanization ofl 65
plates completed. continued. or begun during the vear 1876 77,
Appendix No. & pp. &2 83

ENTHOYFER. J.

ERICHSEN, P.' Drawing Division. Const Survey Oftice, b, 6h

ESCALANTE DESERT, CALL p. 505,

ESHLEMAYNN, E. Divisiou of Charts and Jnstramints
Survey Ottice. p. G0,

ESTIMATENR pp. 5, 6. 7. % 0,

EURERA, p. 5.

EUROPE. TPendulum cxperiments at Now York by Assistant
Peirce, uniform with those made in. pp. 17, 18,

EXAMINATION OF THE DENSITY OF THE WATERS oF
CHESAPRAKE BAY. Report of an, by Lieut. Frederich Cof-
ling, U. 8. N, Assistant, Appendix No. 14, pp. 184180,

EXHIBITS OF THE COAST SURVEY AT INTERNATIONAL
EXIIIBITION, PHILADELPHIA, 1876 pp. 16,11,

(L5 08 A EOp SRR IS

Progress

Engraving Division. Coast Rarvey Ofiiee, 65,

[NTHES

K,

FAIRFIELD, 5. A, ASSINTANT,

Saint Louis, Mo., pp. 45, 46,

FAIRFIELD, W. B., ALD. Services in Section TV, p. 27,

CALL RIVER. MASS. po 17,

LSE TILLAMOQK. Hydrography of the coast off Ovegon.
5.

FARRAR'S NECK, JAMES RIVER, VA, p. 24

FATHOMER (steamer). Use of, in Seevion IV, pp. 24, 30.
tion VI, p. 35,

FAUNTLEROY {(schoover), Use of, in Section X1, p. 57,

FATUST, G, Tidal observations at New Orleans, p, .

FELLS POINT, BALTIMORE, MD. Tide station ¢stablished at,
. 23,

FERNANDINA, FLA. Tidal observations ai, pp. 4 33, 63; sailing
lines tested at harbor entramce, p. 33.

FERREL, PROFESSOR WILLTAM. Discussion of theory ot
atorms and cy<lones refayved toon pp. 1,2; see also Appendix No,
20, of 1875.

FERRY BAR, PATAPSCO RIVER, MD.. p. 23.

FIELD AND OFFICE WORK OF¥ THE UNITED STATES
COAST SURVEY. Referred to in estimates, pp, 5-8; statistios
of. for the year ending 1876; Appendix Xo. 2 pp. 76. 77.

in Nee-

Reconnaiseanece eastward of

X1

FIELD-OPERATIONS IN COURSE OF THE FIRCAL YEAR
ENDING JUNE 3o 1277, sumimary of pp. 1-5; estimates tin
P =B -

FILIMORE, CAL. Yo 00

FISIT AND TFISHERIES.
conheetion with conission on. . 6.

FEPCHBURG, Triangulation tn Wisconsin near

TLAT TOP MOUNTAIN (PEAKS OF 0717
cmnpntation of survey of, 1876, . 82,

FLENYER W. I
vey Office, p. 66

FLETCHERS N

FLOATS DESIG)
SERVATIONS

FLORIDAL Progress of sinvey of. po 45 survey of east and west
Cunsts reterred Ta o estimates, po i survey of coast of. Section
VI pp. G555 Reetion VIL pp. 360 37
Coast of. po i

FORNEY. STENMAN. ASSINTANT.
Esland. Cal., p. 45

FORT CARBOLL, M1

ForT PICKI

FORT POIXN
discontinued. yip. 517

FORTRERS MONLOE, VAL Tidad shservations at, pp. 4. 26,

FORT ROSS. CALL B

FORT SCOTT, My, Trianealation near. 3. 46

FRANCE. Relation of Inw ful standards of measire of the Tniteid
States to those of Great Britain awl. Appendix No. 12 pp. 149, 150,

THENCILM ! S BAY. Work in. and chars of, referred to in ex
thnatea pp

FRENCH. A Yoo Rervices in oftice, po 66

PRESH WATER TOINT. N C.op.osn

FRYING PAN SUHOALS N, O,

Referenee in esthinates to dredging in

e
KL VAL ppo 26 2T

Clerk v oftier of disbursing agent. Coast Sus-

G MED Somedings pear, p. 15,
I FOR AND USED IN CURRENT OB
Appendix Noo o pp. 106, 107,

deep-sea soundings off
Topozraphy o Catalina
Tidal station ar. p. 20,

Wikt observations at. p. 37,
dal observations at. p. b,

station there

Progress of exaniination of. pp.

4. 30
G.

GALVESTON. TEX. Cowmtinuation of survey near. and seneral
chart of vicinify, peferred toin estimates, pp. 6. 70 Gali hedron-
rvaphy off. p. 41, ' ‘

PGALVESTON BAR, TEN. Soundings near. pp. 41, 42,

GFASCONADE RIVER, TRIBUTARY OF MISSUURI RIVER.
T 46,

ARCONADE STATION, A0 p. 46

GAVIOTA, CAL Reconmaissanee near, p. 5l:
azinmth station. 1875 pp. 61, 62,

GAVIOTS WHARF, SANTA BARBARA CHANNEL CAL.,
oS0, .

GEDNEY'R CHANYEL. NEW YORK HARBOR.  Supplenient-
Wy soundings in. p. 3 supposed decrease of depth. p. 1.

GEDNEY (steamer). Use of, in Scetion V1L pp. 36, 27.

GEODESIC LEVELLING. Iustrmnent for. designed aml cone
stracted at Coast Sarvey Office, p. 60,

GEODETIC CONNECTION, 1470 in Sierra Nevada Mountains,

coranutadion of

2 OBSERVATIONS AT MOUNTS JIELENA AXND
DIABLY, p. 5: reference te. in estimates pp. 6, 7
frnished for triangulation parries. p. 62.

GEOGRAPHICAL ENUMERATION OF COAST SURVEY
WORK. pp. 4-6, 12-50.

GEOLOGICAL FAULTS. Professor Shaler on the acenvacy of (e
rhmetable survey of Aquidneck or Rhode Island, p. 17,

GEORGE'S SHOAL GULI OF MAINIE, p. 10

GEORGETOWXN HARBOR, 8. C.
chart of, p. 7.

GHORGIA. Continuation of survey of voast of, referred to in csti-
mates, p. 6 relative to grodetic surveys in, pp. 2% 32, 33.

GERDE Y03, ASSISTANT. Positions of lifesaviug stations
detenuined, p. 22

GERDES, H. H. Computing division. Coast Survey Otice, p. G2,

GIBSON ENOD, KANAWHA COUNTY. W. VA p. 26,

GIG HARBOR, ADMIRALTY INTLET, WASH. TER., p. 58.

GILBERT, J. J.. ASSISTANT, Iivdrography of the Columbia
River, Oreg., p. 57.

GLASS, GEORGE, ACTING ENSIGN, U, 5 N.
duct noticed, p. 20.

GLOUCESTER. Current observations near, p. 10,

GOAT HARBOR, CATALINA ISLAND, CAL. p. 45

GOA'T HILL, N. J. Triaogulation station, p. 20,

information

Referencs ju estinaies to new

Gallant con-
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GOLDEN GATE, CAL. Reference in extimates to tidal observa.

tions at, p. 8; transfer of tidal station near, and necessary meas-
.

wrements, pp. 53, 54.

GOODFELLOW, EDWATRD, ASSISTANT. In office of the As-
sistant in charge of the Coast Survey Oflice. p. 61.

GOVERNOX'S CREEK, FLA., p. 34

GOVERNOR'S ISLAND. N. Y. Tidal ohservations at. p. 19.

GRAND ISLE, BARATARIA BAY, LLA. Basclinc measured
on. p. 43.

GRANDVIEW REACH. MISSISSIPPT RIVER. p. 45.

GRANGER, F. D., SUBASSISTANT. Services in Section VII,
p. 39 in Computing Division. Coast Survey Office, p. 63,

GRAY. E. Tidal observer at Fort Point, Cal., observalions there
discontinued, p. 51.

GRAY'S PEAK. Triangulation in Missouri, p. 46.

GREAT BRITAIN. Relation of the lawful standards of measure
of the United States to those of, and France, part of Appendix No.
12, pp. 149, 150,

GREAT LEDGE, BUZZARD'S BAY. MASS,
pendix No. §, p. 102,

GREAT LEDGE, EASTERN ENTRANCE TO W0OOD'S HOLE,
MASS. Appendix No. 8, p. 102

GREAT SOUTH BAY, LONG 1SLAXD. N. Y,
triangles of 1874, p. 62.

GREEN COVE SPRINGS. FLA. p. 34.

GREENE, F. E,, MASTER, U. 8§ N. Nervicesin Section I, p.12.

GREEN LEDGE. Relative to, see Appendix No. & p. 101,

GREEN RUN INLET, COAST OF MARYLAND. Life-saving
atation, p. 22.

GREENWELL, W. E. ASSISTANT.
northwest of San Diego. Cal, pp. 48, 31.

GREENWICH HILL, K. Y., p. 18

GREYLOCK MOUXNTAIN. Primary station and triangnlation
point, p. 18

+ULF COAST. Surveys of, and chart of, referred to in estimates,
pp. 6,7;: statement of work on, Section VI, pp. 33-35, and Section
VII, pp. 3643 : current observations on, p. 87 of Alabama, Sec-
tion VIII, p. 40; of Texas, p. 41; hydrography of, pp. 41, 42 rig-
nals erected along, p. 43: of West Lonisiana and Texas, Section
TX, p. 47; distribution of surveying parties upon the Atlantic,
Grulf. and Pacific coasts of the United States during the surveying
aenson of 1876-'77, Appendix No. 1, p. 73.

GULF OF MAINE. Tidal currents in. pp. 4, 16: continuation of
tidal and aatronomical ebservations in, referred to in estimates, p. 5;
chart of, referved to in estimates, p. 9: sea-current stations in the,
referred to, pp. 9, 10 .

GULF OF MEXICQ. Deep-sea soundings in, pp. 1, 4, 36, 37, 40
reference in estimates to survey and soundings in. p. 8; to chart
of, p. 7; statements of work in Section VI, pp. 83-35; in Section
VI pp. 36-43.

GULF¥ POINT. Triangulation near. p. 39.

GULF STREAM. Reference in estimates to soundings in, p. €.

GULL ISLAND, PAMPLICO SOUND, N, C., p. 29.

GUNTERS MOUNTAIN, ALA. Azimuth station on, p.39: death
of Assistant Webber on, p. 39,

Relative to, Ap-

Coast reconnaissance

.

HAAKE. A. Drawing Division, Coast Survey Ottice, 1. 63.

HALTER. R, E., ASSISTANT. Triangulation of Laguna Madve,

© Tex., p. 47.

HAMILTON, CAL., p. 5.

HAMILTON AVENUE FERRY WHARF. BROOKLYN, N. Y,
Tidal observations at. p. 19.

HAMPDEN. Progress of topography of Penobscot River from, tu
Bangor, pp. 4 4.

HANTUS. G. €., MAST
and in Section IV, p. 30,

HARBOR ISLAND BAR, CORE SOUND, N. €., p. 29,

HARRBOR OF BALTIMORE. MD. Commission for Ppreservation
and improvement of, p. 28 : special survey of, pp. 22, 23,

HARBOR OF NORFOLK, VA, Special survey of, p. 25.

HARDING'S LEDGE. Relative to, see Appendix No. &, p. 102,

HARPER'S FERRY. W. YA. p. 6L

HARRIS, URIAH XR., LIEUTENANT, U. 8 N.
Section X1, p. 59,

HARRISON, A. M. ASSISTANT.
River, Masg., pp. 16, 17.

R, U. 8. N, Services in Section L p. 13,

Services in

Triaugulation of Taunton

Computation of

|
!

i
i
i

ALPHABETICAL INDEX.

HARTFORD. Survey of Connecticut River to, referred to mn esti-
mates, pp. 5. 6.

HARVARD COLLEGE.
11, 17.

HASSLER (steamer).
XI. pp. 56. 57.

HATTERAS. X. .
pp- 4, 28

HAWK STATION, WHIDBEY ISLAND, WASH. TER., p. 38.

HAWKINS, K. L. In office of disbursing agent of the Coast Sur-
voy, p. 66,

HAUDPT, PROFESSOR L. M. Trisngulation in Peunsylvania, p. 21.

HAVERSTRAW, N. Y. Reference in estimates to plane-table sur-
vey above, p. 6.

HAWLEY, J. M., LIEUTENANT, U. 8. N. Hydrography in
Eggemoggzin Reach, pp. 12, 13: Head Harbor, coast of Maine, pp.
13, 14.

HEAD HARBOR, COAST OF MAINE. pp. 13. 14.

HEAD OF CHESAPEAKE BAY. Northern extremity of Pam-
plico-Chesapeake arc of meridian at, Appendix No. 6, p. 84.

HEAT) OF THE PASSES, MISSISSIPPI RIVER. Progress of
survey of. p. 4: see also Appendix No. 8, p. 104.

HEIX, SAMUEL. Resignation of office of disbnraing agent of
the Coast Survey, after long and faithful service, p. 66.

HELDERBERG. N. Y., p. 18

HELENA MOUNTAIN. Station, pp. 52

HEMPHILL, J. N., LIEUTENANT. U.
VIL p. 37.

HENDERSON'S WHARF, BALTIMORE, MD. Tidal station ar.
. 23,

HERBERT, W. A. In office of the assistant in charge, and of the
disbursing agent. p. 66.

HERGESHEIMER, JOSEPH, SUBASSISTANT.
for triangulation of Florida coast, p. 35.

HILGARD, J. E:;, ASSISTANT. In charge of Coast Survey
Office, p. 59: suggestions relative to variations of the compass and
magnetic observations, p. 3; Inspector of Standard Weights and
Measures, pp. 59, 61, see also Appendix No. 12, pp. 148-181; serv-
ices at the Centenmal Exhibition at Philadelphia, 1876, p. 60;
deseription of an optical densimeter fur ocean water by, Appendix
No. 10, pp. 108-113; au examination of three twenty-ineh theodolites,
report Ly, Appendix No. 11, pp. 114-147; comparison of American _
and British standard yards, report by, Appendix No. 12, pp. 148-181.

HILLSBORO, BAY, FLA.. p. 62,

HISTORICAL SKETCH OF ORGANIZATION OF THE COAST
SURVEY TO BE PUBLISHED BY THE CENTENNTAL

Reference to persons connected with, pp.
Use of. in Section X, p. 30; and in Section

Propress of hydrographic examination pear,

3.
N. Servicea in Section

Signals erected

BOARD ON BEAALY OF THE EXECUTIVE DEPART-
MENTS, p. 11.
HITCHCOCK AND BLAKE'S GRULOGICAL MAP. Reference

to, Appendix No. ¢, p. 87,

HITCHCOCK, B. D., LIEUTENANT, U. 8. N. Hydrography of
Saint Andrew’s Bay and Gulf coast of ¥lovida, pp. 36, 87.

HITCHCOCK (steamer). Use of, in Section VI, pp. 33, 3L,

HODGEKINS, W, C., AID. Services in Section I. p. 16.

HOGARTH'S BAY, FLA. Sorvey near, pp. 4, 34.

HOGBACK MOUNTAIN, 8. C. Station on, pp. 31, 62, 63; primary
triangles, Wottord, 1874, 1875, 1876, p. 62.

HOG ISLAND, N. C. Progress of latitude and azimuth observa-
tious determined at, pp. 4, 28, 29, 62.

HOG ISLAND, VA, Life-saving station on, p. 22

HONOLULU, SANDWICH ISLANDS. Tidalobservationsat, p. 59.

HOOVER. D. N. Division of Charts and Instromenls of Coast
Survey Office, p. 66.

TOOVER, J. T. 1n charge of Division of Charts and Instruments,
Coast Survey Office, p. 66.

HORSESHOE POINT, FLA. Progress of hydrography near, pp.
4, 36.

HOSMER, CHARLES. ASSISTANT. Survey in vicinity of Cape
(Cafiaveral, Fla., p. 35,

HOT SPRINGS IN THE ESCALANTE DESERT, CAL., p. 55.

HOWLAND, H. Tidalobserver at Charlestown navy-yard, Boston,
p. 16.

HUBRARD, JOHN. MASTER, U8 N.
p. 37.

HUDSON RIVER. Progress of primary triangulation across, p.4;
reference in estimates o survey of, p. 6: improvements of, p. 18,

HUNSICKER, J. L., MASTER, U. 8. N. Services in Section VI,
P 37,

Services In Section VTI,
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HUNTSVILLE, ALA. Rcconnaissanee near, pp. 38, 39; interment
of Assistant Webber at, p. 39.

HUMBOLDT COUNTY., CAL. Reconnaissance in, p. 48,
HUMPHREYS, A. A. GENERAL, U, 8, A.
improvement of harbor of Baltimore, p. 23.

HUSSEY'S ROCK BUOY. Entrance to S8aco River, Me., p. 15,

HYDROGRAPHIC DIVISION, COAST SURVEY OFFICE. p. 61.

HYDROGRAPHY. Progress of, at various points, pp, 4, 5: referred
to in estimates, pp. 5-7: oft Monnt Desert, Me.. p. 12 of Euge-
moggin Reach, Me., p. 12; of Saco River entrance, Me., pp. 14,15
of Barnagat Bay, N.J.. p. 20; in North Carelina, p. 28: of Core
Sound, p. 20; of Bogue Sound. p. 30; east coast of Florida, p. 34 :
uear San Miguel and Santa Rosa Island, p. 530: of Santa Barbara
Channel, pp. 50. 51; of coast of Oregon. p. 56; of Columbia River.
Jreg., p. 57; of Possession Sound. Wash. Ter.. p. 58 of Com-
mencement Bay, Wash. Ter. p. 29,

HYDROMETER. Instrument as substitute for. p, 60. sce alse
Appendix No. 10, pp. 108113,

Of commission on

IARDELLA. C. T.,
River, N. C,, p. 30.

IDAHO (steamer). Of the Colorado Steam Navigation Company,
in distress ; assistance rendered by Coast Survey officers to, p. 51.

ILLINOIS. Progress of reconnaissance for geodetic points in, pp.
4, 46; base-line measured in, 1875, p. 45.

INDIAN MOUNTAIN STATION, ALA. Vertical angles of 1875
revised, pp. 62, 63.

INDIAN RIVER, FLA. p. 1; reference to, in estimates. p. 6 sound-
ings in, and reference to sketches of, p. 35,

INFORMATION FURKISHED FROM THE COAST SURVEY
OFFICE IN REPLY TO-SPECIAL CALLS DURING THE
YEAR 1876-'77; Appendix No. 3, pp. 78, 79.

INSPECTION OF TOPOGRAPHY 1IN WASHINGTON TER-
RITORY AND CALIFORNIA, p. 40 in Ovegon, p. 58,

INTERNATIONAT, BUREAU OF WEIGHTS AND MEAS.
URES, AT PARIS, FRANCE, p. 80; see also Appendix No. 12
3. 152,

II}TERNATI()NAL EXPOSITION AT PHILADELPHIA IN
1876. Exhibits of the Coast Survey at the, pp. 10, 11, 18.

ISLE AU BRETON SOUND. Reference to, in estimates, p. 7.

JSLE AU HAUT. Hydrography and soundings off, pp. 12, 13.

ISLE AU HAUT BAY. Reference to, in estimates, p. 5; reference
to chart of, in estimates, p. 7.

ISLE PERCEE. Relative to, in Appendix No. 8}, 101.

ISTEMUS COVE, CATALINA ISLAND, CAL, p. 48,

ASSISTANT. Topography of Cape Fear

x.

JACKSONVILLE, FLA. Progress of survey of Saint John's
River near, pp. 4, 33-30.

JACOBI, W. Divigion of Charts and Instruments, (loast Survey
Office, p. 66.

JAMES RIVER, VA. Progress of snrvey of, pp. 4, 23: referred to
in estimates, pp. 6-7; topography of, p. 24.

JARBOE, CHARLES W., LIECTENANT, U. 8. N.
Section X1, p. 57,

JEFFERSON CITY, M(). Triangulation near, p. 46.

JIG ROCK. Relative to, in Appendix No. 8, p. 102,

JOHNS HOPKINS UNTVERSITY, BALTIMORE, MD. Leciures
delivered by Assistant J. E. Hilgard on extended territorial sur-
veyving at, p. 60.

JOHN'S MOUNTAIN, GA. Primary station in 1875, p. 63.

JONES, HON.ISAAC D. Of the commission ou boundary bhetween
Maryland and Virginia, p. 24.

JULINGTON CREEK, FLA., p. 34

JUNEEN, CHARLES, ASSISTANT. S8pecial survey for the
commissioners on boundary between Maryland and Virginia, p. 24;
services in Drawing Division, Coast Survey Oftice, p. 65,

Services in

.

KALAMA. Referred to in estimates, p. 8; triangunlation te, p. 57.
KANAWHA COUNTY, VA. Reconnaissance in, p. 26.
XKANAWHA RIVER. Reconnaissance near. p. 26,

KANSAS CITY. Triangulation near, p. 46.

EARCHER, L. Drawing Division, Coast Survey Office, p. 64.

xv

KEARSARGE. Relative to name of mountain in Carroll Connty,
and one in Merrimac County, N. H., pp. 15, 16.

KEMPVILLE, VA. p. 25

KENNETT. J. €., LIEUTENANT-COMMANDER. T. §8. N.
Hydrography of east coast of Florida, pp. 34, 35,

KENT ISLAND, MD. Computations relative to statiou on. p. 61.

KENTUCKY. Progress of triungulation in. pp. 4. 87, 38 . relative
1o, p. 19,

KERLR, L. C. Engraviug Division, Coast Survey Oflice, p. 65.

KETTLE CREEK, BARNEGAT BAY, X. J.. p. 20.

KEY WEST, FLA. Magnetic station, p. 3: removal of magnete
graph to Madison, Wis., p. 3 (sec Appendix No. 9, of 1874, pyp.
109-130) ; deep-sea soundings near, p. 40: Teports om 1nagnetic
ohservations at. in 187:4-"74, pyp. 61, 62,

KINCHELOE (schoonerj. Use of, in Scetion X1, p. 57.

KINGSLAND CREEK. VA. Survey of Jumes River to, pp. 4. 24.

KING'S MOUNTAIN, Primary station, pp. 31, 32

RKLAMATH RIVER. Reference in estimates to hydrography
near, p. 7; progress of hydrography. p. 56.

KNIGHT. H. M. Engraving Division, Coast Sarvey Office, p. 65.

KNOXYVILLE, TENN. Triangulation for baseline, p. 4.

KUROSIWO CURRENT, CALIFORNIA BRANCH. Referred to
in estimates, p. 7,

.

LACKEY. F. L.
vey Ottice, . 66

LAGUNA MADRE, TEX. Primary triangulation off, pp. 4, 42 47.

LAGUXNA STATION. Triapgulation of Santa Barbara Channel,
. 49,

LAKE BORGNE. Referred to in estimates, p. 6.

LAKE CHAMPLAIN. Refercuce to, in estimates. p. 6: comple-
tion of chart of, referred to in estimates, p. 7.

LAKE MAUREPAS, Reference to. in estimates, p. 6.

LAKE PONTCHARTRAIN. Reterence to, in estimates. p. 6.

LAKE SALTONSTALL. Topography of New Haven, iucluding,
p. 17,

LAKE SUPERIOR. Relative to magnetic variation, p. 2,

LAMBERTSVILLE, N. J. Bench-mark at, p. 20

LANCASTER COURT-BOUSE, KY. Progress of triangulation
near, pp. 4, 37, 38.

LAND-BOUNDARIES, QUESTIONS AS TO COMPASS-BEAR-
INGS IN EARLIER TIMES. Relative to, p. 3,

LANE, J. HOMER. New discussion of experiments of Sheep-
shaoks and Clarke, by, see Appendix No. 12, pp. 155, 166,

LANSINGBURG, N. Y. Bench-mark at, p. 18.

LAS BOLSAS. Computation of triangles for (1874-"75), p. 62,

LATITUDE AND AZIMUTH OBSERVATIONS, Progress of,
Pp. 4, 5: in Pennsylvania, p. 21; in North Caroliua, pp. 26, 27, 41;
in Pamplico Sonnd, N. C., p. 28: at Moore’s Monntain, p. 32; at
Wilson's Mountain, p. 39; from Mount Diablo, p. 52.

LATITUDE-STARS. Reference to list of, . 60 (see Appendix No
7 of Report of 1876, pp. 83-129.

LATROBE, HOXN. ¥. B, MAYOR OF BALTIMORE. Assistance
rendered officers of the Coast Sarvey in survey of harbor of Balti-
more, p. 23.

LAVENDER, GA. Abstract of vertical angles (1874-"75), p. 63.

LAWSON, J. 5., ASSISTANT. Recounaissance in Washington
Territory, p. 57.

LAZARETTO NEAR BALTIMORE, MD., p. 23.

LEBANON, TENN. Triangulation near, p. 38,

LEE, L. ¥.,, MATE OF THE DRIFT. (Gallaut conduct reported.
. 20,

LEFAVOR, F. H., MASTER, U.8 N. Servicesin Section IV, p. 28,

LEUTZE, E. H. C., LIEUTENANT. U. 8. N. Services in Section
X, p. 51,

LEVELLING INSTRUMENT DESIGNED AND CONSTRUCT-
ED AT THE COAST SURVEY OFFICE, p. 6u.

LICK CREEK MOUNTAIN, p. 26.

LIFESAVING STATIONS OF THE UNITED STATES. Posi.
tions on coasts of Delaware, Maryland, and Virginia determined,

. 22,

LIPME POINT. Levellings from, to Sancelito tide-gauge, p. 53,

LINCOLN COUNTY, W. VA . 26.

LINDENKOHL, A. Drawing Division, Coast Survey Office, p. 64.

LINDENKQOHL, H. Drawing Division, Cuast Survey Otlice, p. 64.

LITTLE CREEK, VA, p. 25

Divigion of Charts and Instruments, Coast Sur.
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LITTLE EG(G HARBOR, N.J. p. 21
LITTLE HARBOR, CATALINA ISLAND. CAL. p. 4=
LIVELY (steam-launch). Tse of in Section X. 3 08,
LOCTUST POINT, BALTTMUORE, MDD p.o 20
LOLA MOUXNTAIN, CAL. Geodetic survey. pp. !
LONG BAY, N. €. Shores deseribed in Coast Tilot, p. 38,
LONG BRIDGE, PATAPSCO RIVER MD, 3 .
LONGFELLOW, A, W ASSISTANT. Tapography of Pensbscot
River, Me., p. 14,
LONG ISLAND SOUND. N Y. Heferved to in estimates, pp. 5
LONG MOUNTAIN. VA, Computarion of azimnoth station (1875,
pp. 61. 62,
LONG SHOAL ISLAND, N. C.
uth ~tation, p. 62.
LUNG: SHOAL POINT. N. (. Progvess of astrenomieal observa.
3 computation and revision of azimuth station

Compmtation and yevision of azi-

tions near. pp 4. 2
T IRT6). 7. 62,
LONSDALE. ON NORTHERN

. 2L
LOS ANGELER. Starting-point of reconnaissauce, p. 41,

LOS ANGELES COUNTY. Referred to in extimates p. 7.
LOUISIANA. Reference to, in estimates, pp. 6-7.

LOW, W. ¥, MASTER, U, 8. X, Scrviees in Seetion VT, p. 25,
LOWER CALIFORNIA. Relative to maznetic

points above the peninsula of p. 3.
LOWRY, T. J., AID. Services in ¢
LOWRY, 0. W. ENSIGN, 1. 8.

in Section IV, p, 28,

LULL, EDWATRD P, COMMANDER. U'. 5. N,

Inspector of the Coast Survey, pp. 1. 61,
LYONS. J.

PENNSYLVANIA RAILROATD.

vaviation af all

tion N. i
Services in Nection 11 p, 20

Hudvographic

Computing Division, Coust Survey Office, po 62,

M.

MADISON, WIS, Transfer of magnetouraph fom Kex Wesi to
p. 3; the wagnetic observittory at, repore by Uharles A, Sclort,
Assistant, Appendix No. 7, pp. 96, 7.

MAEDEL, E. A, Engraving Division, Coeast Sarvey Offiee, 1. 65,

MAGNESITUM LAMPS,
of angles, p. 32,

MAGNETIC OBSERVATIONS, p. 3: progress of, p. 5: annuzl, on
Capitol Hill, pp. 23, 24, 61.

MAGNETIC OBSERVATORY, MADISON. WIS, p. 8: report by
Charles A. Schatt, Assistant, Appendix No. 7. pp. 96, 97,

MAGNETIC VARIATION, p. 2, 3.

MAGNETOGRAPHS., Transfer from Key West to Madison, Wi,
of, p. 3; reference to. Appemndix No. 7, p. 7.

MAIN J. Computing Division, Coaxt Survey Ofiice. pp. 6162: re-
tired on account of ill health, p. 61,

MAIN RIVER. Reforence to, in Appendix No. 9. p. 1040

MAINE. Reference to stormis of 1876 on coast of, p. 1t progrexs of
lvdrography on coast of, pp. 4, 12214 ; tidal observations on eonst
of, p. 14; compatation of Nantucket are of, p. 61

MAINE CENTRAL RAILROAD, p. 14

MANAN, GRAND. Estimate for continuing ofshore
phy near, p. 5.

MANDARIN VILLAGE, FLA. p. 34

MANDARIN POINT, SAINT JOHXN'S RIVER, I'LA.. pp. 33,34,

MARE ISLAND, CAL. p. 50

MARINDIN, JL. L., ASSISTAN'Y.

csissippi Delta, py 43, 44 deseription of an apparatux devised for
ohserving ciirrents in connection with the physical survey of the
Mississippi River, report by, Appendis No. 9, pp 14-307.

MARINE HOSPI'TAL, BALTIMORE, MD, p. 23.

MARSHES, SALT, in Appenmlix No. &, pp. 981w,

MARY ANN, Ol FISHING ROCKS. Relative to, in Appendix
No. 8, p. 11,

MARYLAND. Progress of saflinganotes for coast of, 45 surveas
for boundary commissioners of the States of Virginia and, pp. 4,
24 triangulation near bhoundary of. referred to tn estimates, p. 6
speciad survey of the harbor of Baltimore ordeved by legislature
af, ppe 22, 23 . computation of Pamplico-Chesapeake are ot merid-
jan, p. 61 {sce Appendix No. 6, pp. 84-95).

MASON, DAVID. Reference to. Appendix No, 7, pp. 96, 07,

MASON AND DIXON'S ARC OF THE MERIDIAN, Referenee
to, in Appendix No. ¢, p. va.

MASSACHUSETTS., Soundings near coast of, p. 8; survey of eoast
of, pp. 16, 17.

1se of, i observations for measurement

hyvdrogra-

PThysical survey of the Mis.

ALPITABETICAL INDEX,

MATANZAS INLET, FL AL
4, 54,
MATINEE eschooneri, Tse of, in Section Xrp. 40,
MAULDIN, & C. Compatations, 1875, p. 62,
MAURY ISLAND, ADMIRALTY INLET.
8.
MAY. 8 ., MASTER, U. 8. N, Serviees in Seetion VI, p. 35,
MAYNARD, WASHBURN, LIEUTENANT, U, SN,
in Section VI, p. 55,
MCARTHUR @steawery. Use of, in Sectime Xopp. 50, 5.
MeCORKLE, SPENCER €, ASSISTANT.  Reconnaissance across
West Virginia, p. 26.
MceCRACKIN, AL
Neetion VI po 40,
MeORIEA, HENRY.
VIIL p. 42,
MeDONNELL, THOMAS.
Const Survey Oflice, p. 66,
AMCGIRT'S CREEK, SAINT JOHN'S RIVER, FLA,, p. 54
MENDELL, . I, COLONEL, U. 5 ENGINEER CORPS3. 1u
charge ot tidal observations on Pacific coast, p. 31: resignation of
muember of the Advisory Board of Commissioners

Progress of hydrography near. pp.

WASH. TER., .

Serviees

ANDER, MASTER. U, 8. N, Serviees in

MASTEIL U7, 80 NL Services in Section

Division of Charvts and Tustruments

sald work, p. 5
on improvemen: of San Francisco Havbor, p. 54 tidal obscrvations
at Astoria, Oreg., discontimied, p, 57,
MENDOCINO COU CAL. Reconnadssanee in, p. 49,
MERTDIAN. Ehe Pamplico-Chesapeake are of the and its com
bination with the Nautucket and Peravian aves for o determination
of the ficare of the earth from Awerican measures. Report, by
No. 6. pp. 84-95,

Chirles AL Sehoti. Assistant, Appendis

MERRIMAC COUNTY. N. H. Relative 10 nane of Kearsargo
Mountatu in, py. 15, 16.

MERRITTS ISLAND, FLA. 135,

MERRYMAN J.IL, CAPY L UNTEPED STATES REVENUE

MARINE., Inspeetion of life-saving siations, p. 22

METITINICONK RIVER, N. T p. 20

METRIC STANDARDS. Complete set of, at the Centennial Ex
hibition, . 11; velative to the eonstrnction of, p. 595 comparisau
of American and British standard yards : report by J. E. Hilgard,
Assistant, Appendix No. 12, pp. 148-151,

METRIC SYSTEM GF WHEIGHTS AND MEASUR

An act

5.

(of Congress) te ainthorize the use of, Appendix No. 12, pp. 162,
1

MEUTH. €. A, Drawing Divigion. Coast Survey Oftice, p. 63,

MEXTCO. Ticdative to magnetic variation in, p. 3; soundings near
corst of. p. 42 extension of friamgulation actoss bouudary he-
tween United States and, po 48,

MIDDLE CREEK MOUNTAIN, W. VA, p 2%

MILL POINT, BOGUE ISLAND. N, €. p.o3o.

MINERSVILLE, CAL. . 55

ATESSINSIPPL Urisngalation on platean on Stete line hetween Al
ahama aud, g 30,

MISRISSIPIY DELTA. Reterence in extimates 1o continnation of
survey west of, p. iz eurrent obscrvations near, p. 41: soundings off,
p. 42: physical survey of, pp. 44, 45, sec Appendix No. 9. p. 104,

SIISSISSIPPT RIVER, Progvess of triangulation pear, p. 4; spe-
¢ial hyvdrographic simrvey 10 Head of Passex, p. 4; reterence in es-
timatex to continuation of trigonometrieal survey, p. 6: survey of,
PE 4343 vesudt expected from tidal observations at Now Orleans,
with reference to, po 44 deseription of an apparatns devised for
obwerwing eurrents in econneetion with the physical survey of,
report by H. L. Mavindin, Assistant, Appendix No. 8, pp. 104-107.

MISSOTRIL
gulation in, p. 46.

MISSOURI RIVER. p. 46,

MISTER'S THOROUGHFARE. Special survey south of, p. 24,

MITCHELL, HENRY, ASSISTANT. Discussion of tidal obser-
vations ob bar hetween Nantucket and Cape Salle. pp. 9,10; sug-
gestions as to observations of tidal eurrents in Gulf of Maine by,
p. 16: harbor-lines for Norfolk, Va., p. 25; plans for physical sui-
voy of Mississippi Delta by, pp. 43. 44 notes coneerning alleged
changes in the relative elevations of land and sen by, Appendix
Na. 8, pp. 98-103.

MITCHELL, RICHARD, MASTER. U. 3. N.
tion I, p. 13; in Section X, p. 57,

MOBILE. Entrance to bay, soundings near, p. 42.

MOLKOW. E. 'Pransferred from Engraving to Drawing Division,
Coast Survey Otlice, p. 65, ’

Progress of reconnaissance through, pyp. 4, 45; trian-

Services in Sec-



ALPHABETICAL

-MONADNOCK. Triangulation station, height ascertained, p. 18.

MONTEREY BAY, CAL Refercuce in estimutes to continnation
of triangulation and hydrography near, p. 7.

MOORE, E. K., LIECTEXANT, T. 8§ X,
X, p 5L

MOORE, FRANK. Divisionof Chartsand Instruments, Coust Sur-
vey Oftice, p. 66.

MOORE'S MOUNTAIN, N. C. Latitude and aziiputh observations
at, pp. 26, 27, 32: computations and revision of azimuth stations,
1876, p. 62; other computations, p. 62.

MOORE, W. 1., LIEUTENAXT, T. & N.
Bache at Washington, D, C.. p. 85.

MOOSELAUK, N. H. Computation of azimuth station of 1873, p. 61,

MORRISON, G. A. Drawing Division, Coast Survey Office, y. 63,

MORRISTOWN, N, J. Triangulation north of, p. 20.

MOSER, J. F., LIEUTENANT, U. 8. N. Coast hydrography of
Mount Desert, Me., p. 12; hydrography of Bamegat Bay, N.J.. p.
20; hydrography of Core Sound, N. C., p. 29; hydrography of
Bogue Sound, X, C,, p. 30,

MOSMAN, A. T., ASSISTANT. Prinary triangulation in Virginia
and North Carolina, pp. 26, 27; and throngh South Careling, 1. 31.

MOSQUITO COVE, N. J., p. 20.

MOSQUITO INLET, ¥LA. Progress of coast hydrography
towards, pp. 4, 84; reference in ostimates to continuation of

Rervices in Section

In charge of steamer

survey of, p. 6.

MOSRUITO LAGOON BASE, FLA . (1875).
of, p. 62.

MOUNT DESERT ISLAND, ME. Progress of hydrography of,
p. 4; reference to chart of, in estimates, p. 7; coast hydrography
off, p. 12,

MOUNT DIABLO, CAlL.

MOUNT HELENA, CAl.

52, 58.

MOUNT LAFAYETTE. Triangulation in New Hampshire, p. 15.

MOUNT LINCOLN, MO., p. 46.

MOUNT MERINQ, N. Y. (1874).
pp. 61, 62.

MOUXT MITCHELL. Signal erected on, p. 31

MOUNT NEBO. Sierra Nevada Mountains, p. 4.

MOYUNT RAFINESQUE, N. Y. Triaugulation station, altitnde
of, determined, pyp. 18, 62 ; computation of tertiary angles of, 1874.
1875, p. 62.

MOUNT RAINTER, COLUMBIA RIVER, OREG.,

MOUNT ROSE, N. J. Triangulation station, y. 20.

MOUNT ROSS. Reconnaissance north of, p. 5.

MOUNT TOM. Triangulation station, height measured, p. 18,

MOUNT WASHINGTON, N. H. Progresa of triangulation in
vicinity of, pp. 4, 15.

MURDOCK, J. B., MASTER, 1. 5. N. Services in Section I, p.
12; in Seetion II, p. 20; and in Section IV, pp. 29, 30,

Computation of length

Geodetic measurements from, py. 5,52,
(ieodetic measurements at, pp. 5,

Computation of azimuth station,

v

-
i

P D

N.

NANTUCKET, SHOALS LYING BETWEERN, AND CAPE
SABLE DEVELOPED BY SQUNDINGS IN GULF OF
MAINE, p. 9; tidal current between, and Cape Sable, p. 16.

WANTUCKET AND PERUVIAN ARCS. Combination of, with
the Pamplico-Chesapeake arc of the meridian, for & determina-
tion of the figore of the Earih from Awmerican measures, report
by Charles A. Schott, Assistant, Appendix No. 6 pp. 84-95.

NANTUCKET ISLAND (SANKATY HEAD LIGHT).
vations of sea-currents near, p. 9. )

NARRAGANSETT BAY. Tides of, p, 16; topography of, p. 17,

NARRAGUAGUS BAY. Reference to, in estimates, p. 5.

NASHVILLE, TENN. Progress for measurement for bascline
near, pp. 4, 38.

NATIONAL CENTENNIAL EXHIBITION AT PHILADEL-
PHIA, 1876. Exhibits at, of variety of instruments used in Coast
Survey work, charts, standard weights and measures, including
those of metric system, pp. 10, 11; R, D. Cutts, Assistant, in
charge of exhibits at, until July 1878, p. 18.

NELSON'S BAY, N. C,, p, 29.

NES, F. F., ASSISTANT. Hydrography, Saco River entrance,
Me., pp. 14, 15,

NESSEL, L. Tidal abservations at Pert Townshend, Wash. Ter.,
p. 57,

NEUSE RIVER, N. C. Ouvmputati
'66, 67, 68, p. 62.

8. Ex, 12—iii

Obser-

of triangnlati of, 1863,

INDEX. xvii

NEVADA. Reconnaissance in, showing sSnake Bange Mountains,
B. 54; boundary of. p. 55.

NEW ENGLAND COARY. Survey of pp. 19-17.

KREW IIAMPSHIRE. Triangolation in, pp. 15. 16; Kearsareg.
iNorth) Mountain. Carroll County, Kearsarge (South), Merrimac
County, pp. 15, 16; relative to the services of Assistant K. 1)
Cutts in triangulation of. 1. 19: figure-adjustment of primary tri-
angulation of years 1873, 74, 75, p. 62.

NEW HAVEN, CONN. Progress of smvey in Vicinity of, . 4
topography of vicinity of, p. 17.

NEW JERSEY. Losses of vessels, 1860, off coast of, p. 1: survey
of coast of, referred to In estimates, p. : gervices of Assistant
K. D. Catts in trigngulaiion of pp. 19, 21; examination of the
coast of, for Coast Pilot, p. 21,

NEW JERSEY SOUTHERX RAILROAD.
of” wharves of p. 19,
NEW ORLEANS, LA.
sippi River at, referred t in estimates, p. 6-7:

41 the Blake refitted at, p. 42.

NEWPORT, LOS ANGELES COUNTY. CAL. Coutinuation of
coast triangalation near, referred to in estimates, p. 7.

NEWPORT BAY. CAL. Computation of triangles of (1874751,

Tidal stations at one

Tidal observations at. pp. 4, 34; Missis.
roundings near, p.

p. 62,
NEWTOWN, N.JJ. Obgervatious tor triangulation of Xew Jersey
at, p. 20.

NEW YORE. Reference in estimates to resurvey of coast berween
Cape Cod and, 1o the determination of positions of life-saving sta-
tions from, to Rio Grande River, and to charts from, to Cape
Henry, pp. 57,

NEW YORK BAY. Tidal gauge at entranee of, p. 19,

NEW YORK CITY. Pendulum observations at, pp. 4. 17,

NEW YORK HARBOR. Reference iu estimates to a resurvey of
entrance to. pp. 3-6: tidal vbservations in, . 19: examination near
Ruoy No.o 20 Gedney's Channel, supposed decrease of depth
p. 14

NICHOLS, H. E., LIEUTENANT, T, 8. N.
graphie Division, Coast Survey Office, 1v. 12:
pp. 130 14,

NILE], KossuUH, LIEUTENANT, U, 5. N.
Barataria Bay, La.. . 43.

NORFOLK. VA. Progress of topography of approaches to, p. i3
topography eastward of, p. 25,

NORFOLK HARBOR. YA. Physical survey of, p. 25.

NORTH AMERICA. Records of magnetic variation from settle-
ment of, p, 2.

NORTH CAROLINA. Ref vence to pragress of primary triangn-
lation in, and across boundary of, p. 4: tviangularion in Virginia
and. pp. 26, 27: survey of, pp. 26-30; triangulation trom South
Carolina across bonndary to, pp. 30-32; revision of unmber of sin
tions in, p. 62,

NORTHERN NEW JERSEY. Progressof triangulation in, p. 4.

NORTH HAVEN, COAST OF MAINE. Tidal observations at.
Pp. 14, 63,

NORTH LANDING RIVER, VA,
4, 28.

NORTH PENNSYLVANIA RAILROAD.
for base-line near Lonsdale, on, p. 21,

WORTHWEST HARBOR, EGGEMOGGIN REACH. ME. p. 12,

NOTES CONCERNING ALLEGED CHANGES IN THE REL-
ATIVE ELEVATIUNS OF LAND AND SEA, by Heury Mitch-
eli, Asnistant, Appendix No. 8, pp. 08-103.

NOVA SCOTIA. Reference in cstimates to deep-sea sonndings be-
tween Cuba and, p. 65 development of bar or sill Lutween Mussa-
chusetts and, p. 9.

NOYO RIVER, CAL.. p. 35

OBLIQUE ARC OF THE PRIMARY TRIANGULATION. Ref.
evenoe to, as nearly completed, Appendix No. 6. p. M.

OBSERVATIONS ON TIDAL CURRENTS OF THE SEA, pp.
2, 9, 10; results of, at Norfolk Harbor, Va., p. 25.

OBSERVATIONS ON VARIATIONS OF THE COMPASS, pp.
2,3.

OBSERVATORY AT MADISON, WIS, 1. 3; sec also Appendiz
No. 7, pp. 96, 97,

OBSERVATORY HILL, N. H.
muth station at, of 1874, p. 61,

OCEAN BEACH HOUSE, NEAR BONETA LIGHT-HOUSE,

CAL, p. 54

Assistant in Hedro-
services in Section L

Topagraphy of

Progress of survey near. pjp.

Examinatiop fin site

Computation and revision ot azi
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OCRACORFE INLET. TProgress of soundings in. pp. 4. 28 the
southern extremity of Pamplico-Chesapeake are of meridian. Ap-
pendis No., 6. p. 54,

OCRAUCOKE LIGHT, Observation: lor azimuth from Hog Island

Eiumeratio of. pp. 40 30 estimatex for, of the

OFFICE-WORK.

Atlanntic and Gualf coasts. pp. 6. 7: for expenses of the Paeitic
voast, p. B,

OFFICE-WORK OF THE UNITED STATES COAST SURVEY
TO THE CLOSE OF THE YEALR 1876, Statistics of field and,
Appendix No. 2, pp. 76,77

OGDEN. Ho ., ASSISTANT.

Survey of Raint John's River,

Fla.. py. 33 34,

QHIO RIVER.
p. 26

OLD COLONY ROAD.
Maas. . 17,

OLD DOMINION LINE OF STEAMERS, VA, p. 24,

OMAHA. NEBR. Magnetic variation near, p. 3: triangulation
neat, p. 46,

OPEN VERT

Reconnaissanee for rrangulation statjions on the,

Ineluded in survey of Taunton River,

ICAL CLAMPE FOR THE TELESCOPES OF THE-
ODOLTTES AND MERTDIAN INSTRUMENTS. by George
Davidson, Axsistant, Appendix No. 18 pp. 182, 183,

OPTICAL DENSIMETER FOR OCEAN Wa . by J.E. IHl-
ravd. Assistant. Deseviption of an, Appepdix No. 1, pp. 108-113.
OREGON. Progress of hydrography on coast of, pp. 3, 56 referred
to in extinates, p. 70 reference in extimates to Coast Pilot for, p.

& tide.ganges éstablished on Colmnhia River. p. 57« inspeetion of

topozraphy in, p. 58,
OREGON CITV. Survey of Columbia River as fap as, p. 58,
ORE N INLET. p. 28,
ORRINGTON. Tenobscot River, Me.. . 4.
ORAGE TIVER. Tributary of the Missouri, p. 46.
OSSABAW, (AL Survey of. for Coast Pilot, p. 33.
(YUREGO COUNTY, N Y. Triangulation statiou in, p. 18
OVER, FRANK. Electrotype Division, Coast Survey Oftice. p. 66,

»,

PACIFIC COANT. Reference in estimates to field and nfice work
on. aml to tidal observations on. pp. 7. 8 variations of the com-
pass vu e, pp. 2, 3; progress of work on, pp. 4, 5: reference in
estimates to econtinnation of triangulation connecting with At
lantic Coast, and te engraving additional chart of, pp. 6, 8; exten-
sion of geodetic ¢onnection toward Atlantic Coast, pp. 46, 55:
tidal observations at Sandwich Tslands for comparison with thege
of. p. 39 tide tables for 1878, p. 63,

PACIFIC COARTS OF THYX UNITED STATES., Distribution
of surveving parties npon, during the snrveying season of 187677,
Appendix Neo. 1. p. 74,

PADRE ISLAND, TEX., p. 47.

PAGE. PROF. WILLIAM B.
3738,

TAH RAH. Peak of the Virginia Mountains, Pacific coast, p. 54,

PALA, CAL. p. 48

PALAMAR MOUNTAIN, CAL, p. 48,

PALINURUS (schooner). Use of, in Bection IL p. 21
Y p. 22: in Section V, p. 33.

PAMPLICO-CHESAPEAKE AR( OF THE MERIDIAN, AND
ITS COMBINATION WITH THE NANTUCKET AND I'E-
RUVIAN ARCS FOR A DETERMINATION OF THE FIG.
UVRE OF THE EARTH FROM AMERICAN MEASURES.
Report by Charles A, Nehott, Assistant, Appendix No. 6, pp.
84-95: relerence to above, p. 61,

PAMPLICO SOUND, N. €. Progress of bydrography in, pp. 4,
28: yeference in estimates 10 continuation of survey of, and to
chart inclading, pp. 6. 7: determination of azimuth at stations in.
pr 28 20 compntation of angles for trizngulation of, p. 62,

PARIS, FRANCE. International Bureau of Weights and Meas.
ures, p. 60,

PARIS MOUNTAIN, 8. C. Primary station, pp. 32, 61, 6.

PARKER, Jr., W, H., LIEUTENANT, 1. 8. N,, ASSISTANT
TO HYDROGRAPHIC INSPECTOR OF COAST SURVEY, p.
1

PARSONS. F. H. Tidal Division, Coast Sarvey Otlice, p. 64; serv.
icea in office of the Superintendent, p. 66.

PASS A L'OUTRE. Relative to, Appendix No. 9, p. 104.

Triangidation in Kentucky, pp.

i Neetion

ALPHABETICAL INDEX.

PASSAMAQUODDY BAY. Reference in estimates to continua-
tion of survey of, p. 5; commencement of weographical sections ot
the Coast Survey at bortheast bonndary of, pp. 12-48.

PPASSES OF THE MISSISSIPPI RIVER. Progress of hydre-
graphic survey of. pp. 4, 43, 41,

PATAGONIA. SOUTH AMERICA. Reference to Ovast Survey
vessel wrecked in 1850 off coast of. p. 1.

PATAPSCO RIVER, MD. Special survey of, p. 23,

PATRICIO POINT, FLA., p. 34.

PATTERSON, ¢ I iperintendent of the United States Coast
Survey, Report for 1876-"77 submitted to the Hon, John Sherman.,
Recretary of the Treasury. pp. 1-67; member of hoard for survey
vf’ Baltimore Harbor, p. 23,

PEAKS OF OTTER, O FLAT TOFP MOUNTAIN, VAL p. 26

PEIRCE, C. 8, ASSISTANT. Pendolum experiments in New
York, pp. 17, 18; a quineuncial projection of the sphere by,
Appendix No. 15, pp. 191, 192.

PENDULTUM EXPERIMENTS AT NEW YORK, BY ASSIST-

SYLVANTA. Progress of rriangulation in eastern part of,
Pp. 4. 21 servives rendered by Assistant R, D, Catts in triangula-
tion of, pp. 19, 20.

PENOBSCOT BAY. Tidal cbservations at entraunce to, p, 4; refer-
ence in estimates to cowpletion of hydrography of, and to leeal
chart of. pp. 5-7: relative to hydrography of approaches o, p. 14.

PENOBSCOT RIVER. Progress of topographyv of shores of, pp.
4, 14; reference in estimates to continnation of topography of, p. 5.

PENSACOLA, FLA, Reference to, in estimates, p. 6; reference in
estimates to (rult coast chart showing entranee to, p.7; soundings
off entranee to. p. 36: vepairs of the Blake at, p. 40.

PEQUAUKET (KEARSARGE, NORTIH MOUNTAIN), CAT.

ROLL COUNTY, N. H,, pp. 15, 16,

PERCE ROCK. Deseription of, Appendix No. 8, p. 100,

PERDIDO ENXTRANCE, p. 40.

PERKINS, F. W., ASSISTANT.
Cedar Keys, Fla., p. 36.

PERUVIAN ARC OF THE MERIDIAN, SOUTH AMERICA,
p- 61; see Appendix No. 6, pp. 84-95.

PETERSEN, A. Engraving Division, Coast Survey Office, p. 65.

PETIT MANAN LIGHT. Referencein estimates to chart of coast
of Maine near, p. 7.

PHILADELPHIA, PA. Coast Survey exhibits at Centennial Ex.
hibition at, pp. 10,11, 18, 33, 60; triangniation above, p. 21.

PHOTO-LITHOGRAPHIC METHOD. Maps published from the
Coast Survey Office by the. pp. 60, 64: see Appendix No. 4, p. 81

PHYSICAL SURVEYS OF NORFOLK HARBOR, VA., p. 25; of
the Mississippi Delta. pp. 44, 45,

PIGEON OR MIDDLE CREEK MOUNTAIN, W. VA, p. 26

PIGWACKETT, FORMERLY KEARSARGE MOUNTAIN,
MERRIMAC COUNTY, N. H., pp. 15, 16.

PIKE'S PEAK. General reconnaissance as far west as, p. 46.

PILLSBURY, J. E, LIEUTENANT, 1. 8. N, Services in See-
tion VIII p. 42.

PILOT TOWN, MISSISSIPPI RIVER, pp. 41, 42,

PINE POINT. Gulf coast,progress of hydrography, p. 4.

PINEY POINT. South side of Nelson's Bay, N. C., p. 29.

PTINNACLE, 8. C. Computations (1875), . 62.

PLACENTIA BAY, ME. Computation of triangles (1875), p. 62.

PISSIO, M. Measurement of nieridional are in Chili, reference to,
in Appendix No. 6, p. 95,

PLATES COMPLETED, CONTINUED, OR BEGUN DURING
THE YEAR 1876-'77.  Engraving Division, Appendix No. 3,
pp- 82, 83,

PLATT, RUBERZI‘, ACTING MASTER, U. 8. N. Observations
of sea-onrrents, Gulf of Maine, pp. 8, 19, 16; sounding near Buoy
No. 2, Gedney’s Channel, p. 19; reports gallant conduct of ofticers
and erew of the Drift, p. 20.

PLUMB-LINE. Relative deflections of, see Appendix No. 6, p. 87.

POCOMOKE RIVER. Near boundary of Maryland and Virginia,
p- 24

POINT ARENA. Reference in estimates to continuation of tri-
angunlation of coast between Bodega Bay apd, and to drawing of
chart of coast from, to Cape Mendocine, pp. 7, 8.

POINT ARGUELLO. Progress of topography near, p. 5; continu-
ation of triangnlation and topography near, referred to in estimates,
p. 7; topography south of, p. 51.

Survey north and south of




ALPHABETICAL INDEX,

POINT BUCHOXN, CAL. Reference in estimates tir continuaiion
of triangalation and topography from, p. 7.

POINT CONCEPGION. Progress of hydrography east of, p. 4; of
topography north of, p. 5; reference in estimates to continuation
of survey north from, p. 7. and to engraving ehart of coast from
San Diego 1o, p. 8; soundings neav, .50 topography between
Point Arguello and, p. 51.

POINT EDMUND, WASH. TER., p. 38

POINT ELLIOTT, WASH, TER., p. 5¢.

POINT HOUMAS. DProgress of survey of the Mississippi River
between Bonmet Carré and, pp. 4, 44; refevence in estimates to a
map of the river including. p. 7.

POINT LOBOS. Station on summit of, p. 54,

POINT ORCHARD. Progressof topography, shoves of Admiralty
Inlet, Wash. Ter., pp. 5, 58.

POINT ORFORD. Reference in estimates to a continuation of
hydrography between Cape Sebastian and, p. 7.

PTOINT SAL. Reference in estimates to a continuation of triungu-
Iation and hydrography on Pacific coast to, p. 7.

POLARIS. Observations on, p. 31.

PORTER, JOHN W. Disbursing agent, United States Coast Sur-
vey, p- 67,

TORT MADISON, POSSESSION SOUNT), WASH. TER.
of sunken rocks determined, p. 58.

PORT ORFORD, OREG. Section X1, 1. 56.

PORTSMOUTH HARBOR, N. H. Referrnce in estimates to a
continuation of survey of. p. 5.

PORTSMOUTH, VA. Physical survey of harbor. p. 25.

PORT TOWNSHEND, WASH. TER. Tidal observations af, pp.
5,7, 57: tidal observations discontinued at, p. 63,

POSITIONS OF LIFE-SAVING STATIONS, p. 22

POSSESSION SOUND, WASH. TEK.  Hydrography of, p. 58

POSSESSION POINT, WASH. TER. Soundings near, p. 53,

POTOMAC RIVER. Reference in estimates to continuatiom of
plane-table survey of, p. 6.

PRATT, J. ., A1), Services in Section II, p. 18: in Section X,
p- 54.

PRESIDENT OF THE UNITED STATES., Beard for survey of
harbor of Baltimore and adjacent waters constituted by, p. 23.

PRIMARY TRIANGULATION IN VIRGINIA AND NORTH
CAROLINA, pp. 26, 28: through Sonth Carolina, pp. 30-32; north of
San Francisco, p. 56: of Washington Sound and Strait of Fuea, p. 57.

PROJECTION OF THE SPHERE, A (QUINCUNCTAL, By
Charles S. Peirce, Assistant, Appendix No. 15, pp. 101, 192

PROSPECT MOUNTAIN. Triangulation station, p. 18: computa-
tion of azimuth (1873), p. 61.

PROVIDENCE, R. I. Tidal observations at, pp. 4, 16. -

PUDDING CREEK, CAL. (1878). Computation of triaugles, p. 62.

PUGET SOUND. Reference in estimates to a continuatien of the
triangulation of coast to, and to topography and hydrography of.
pp.7,8; and to engraving chart of, p. §; inspection of harbors
between, and San Francisco, pp. 50, 58.

PUNGO RIVER, N. C. Computation of triangles, 1871-'72, p. 62.

PUTNAM COUNTY, W. VA. Lick Creck Mountain in, p. 26.

Q.

QUIMBY, PROFESSOR E. T., OF DARTMOUTH COLLEGE.
Triangulation in New Hampshire, pp. 15, 16,

QUINCUNCIAL PROJECTION OF THE SPHEKRE. By Charles
. Peirce, Assistant, Appendix No. 15, pp. 191, 192,

QUODDY HEAD. Refereuce in estimates to engraving of chart of
coast from, to Cape Cod, p. 7.

Pogition

B.

RABUN-CURRAHEE, GA. Computation of triungles, p. 62.

RAFINESQUE (MOUNT), N. Y. Triangulatidh station, yq. 18, 62:
height of station computed, p. 62

RAM ISLAND. Hydrography of Sace River. Me., soundiugs
near, p. 15,

RAY, W. P.. MASTER, U, S. N, Services in Section 1V, p. 28.

READY (schooner). Use of, in Section VII, p. 36.

RECONNAISSANCE IN WEST VIRGINIA, p. 26; in Alabama
and Georgia, p. 38; eastward of Saiut Louis, Mo., pp. 45, 46 of
coast northwest of 8an Diego, Cal., p. 48: for selection of atations
in California, p. 51; east of the Sierra Nevada Mountains, p. 54
for primary triangalation morth of S8an Franciseo, p. 58; above
Russian River, p. 56.

XX

RELATIVE ELEVATIONS OF LAND AND SEAS.
concerning alleged changes in the, by Henry Mifehell, A
Approdix No. 8, pp. 98-103.

RELATIVE LENGTH OF BRONZE YARD XNo. 1, AND TRON
YARD No. 57, see Appendix No. 120 p, 166,

REPAIRS AND MAINTENANCE OF VESSELS USED IN
THE COAST SURVEY. Referred to i estimates, . 8.

REPSOLD STAND. Used in pendulum experiments in New Yorl,
.37

RESEARCH (schooner). Use of. in Section VIIL p. 44,

RESULT OF MEANURE OF PAMPLICO-CHESAPEAEKE ARC
OF MERIDIAN, Appendix No. 6, p. 90,

REVY'S CURRENT METER. LReference to, fn Appendix No.
8. pp. 106, 107,

RIIODE ISLAND.
Providence, p. 16
by Professor Shaler. of Harvard Colley

RUICH KNOB, CABELLCOUXNTY. VA, Descriptive notes of, . 26.

RICHMOND, VA, Topography of the James River o, p. 24,

RINEARSON'S. COLUMBIA RIVER, OREGON SIDE.
gauge at. b, 57,

RIO GRANDE.
icul observations between Sabine Pass and the, p. 6; and to deter-

Notes
istant

Seetion §, p. 17
complimentary notice of Coast Survey map of,
L p I

self-reuistering tide-goige at

Tide-
Referenee in estimates 1o base-line and astronon -

mination of positions of life.saving stations, and new light-honses
between New York und the, p.o 6: and to chart of coast berween
Galveston and, p. 7: statement of Coast Survey work from Pass,
maquoddy Bay to, pp. 12-48; Galf hydrography hetween Galves-
ton and mouth of the, p. 41,

RIVER REND. MO.. p. 6.

ROBERTSON, HON. WILLIAM J.
DBetween Marvland and Vir_inis, p. 24,

ROCKLAND, ME., p. 12

ROCKS ARD DANGERS DEVELOPED. pp. 12 59 relative to.
see. Appendix No., 8, pp. 100-103.

ROCKWELL, CLEVELAND, ASSISTANT.
X,y 56.

ROCEY MOUNTAINS, p. 31, preparations for base-line west of
P- %M.

RODGERS, A. F., ASSISTANT. KReconupaissance east of the
Sierra Nevads Mowntains, pp. 54, 55,

RODGERSX, TOUN, REAR-ADMIRAT, T. 8. N. Member of the
advi bhoard to commissioners for haproving harber of Say
Franciseo, Cal., p. 4.

ROE'S MOUNTAIN. Observing station, 1 39

ROMAN'S LANDING, TENNESSEE RIVER, p. 39.

ROSE MOUNTAIN, N. J. Triangulation station, 1. 20.

ROSS MOUNTAIN. Progress of reconnaissance wvear, . 5;
parison of tertiary triangles, of’ 1875-"76, p. 62.

ROUND TOP. Station in Sierra Noevada Mouniains, py. 52, 53,

ROUND VALLEY, CAL., p. 56.

ROUSE'S POINT, N. Y., p. 62

RUMPF, GOTTLIEB. Computing Divixion, Coast Snrvey Office,
p. 62.

RUSSIAN GULCH, CAL., p. 62.

RUSSIAN RIVER, CAL. Reference in estimates to continnation
of reconnaissance for triangulation from. northward, p. 7: relative
to the country near, p. 35 recoamnaissance above, p. 56,

Commissioner o houpdary

Services in Section

o

s,

SABINE LIGHT, p. 41

SABINE PASS. Reference in estimates to continuation of survey
noar, and for magnetic and astronomical observations, p. 6: sonund-
ings near, p. 41.

SACO RIVER, ME. Progress of soundings, p. 4; hydrography of
entrance to, pp. 14, 15

SACRAMENTO VALLEY, CAL. Reference in estimates to con-
tinuation of trianganlation through, p. 7: trfangolation through.
p. 5. -

SAEGMULLER, . N.  Division of Charts and Instruments, Coast
Survey Otfice, 1. 66: reference to. Appendix No. 1, p. 185

SAGADAHOCK (steam-launchy.  Use of, in Seetion Lp12,

SAINT ANDREW'S BAY. Progress of survey of. po4: reference
in estimates to chart including, p. 7: hydrography of, . 36 sound-
ings in, p. 37; resort for health, p. 87.

SAINT ANDREW'S SOUND. Examination of harbors south o
Savannab, p. 33.
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SAINT AUGUSTINE, FLA. Refereuce to, in estimates, 1 7:
tides obrerved at, p. 34,

SAINT CATHARINES. Examination of barhors south of Sa-
vannah, p. 33, :

SAINT CROIX RIVER, ME. Reference 1o, in estimates, p. &3
chiart of ¢oast near, referred to in estimates, p. 7: arc from, to
Central (Georgia, p 60,

SAINT GEORGE'S REEF. Referred to in estimates, p. 8.

SAINT JOHN'S RIVER. FLA. Progress of survey of, pp. 4,33,34;
reference in estimates to continuation of survey of, p. 6; ecomputa-
tiom of triangles. p. 62,

BSAINT LOUIS. MO, Reconnaissance costward of, pp. 45,46,

SAINT MARK'S, FLA., n. 36.

SAINT MARY'S RIVER. GA. Trogress of examination of, p. 4:
reference in estimates to chart including, p. 7.

SAINT SIMON'S. Examination of harbors south of Savannah, p.
43,

SALEM. MASS. Approach to harbor of, p. 10,

SALINITY OF THE WATERS OF CHESAPEAKE BAY. By
Lieut. Frederick Collins, T, 8. N., Assigtunt ; report of an examn-
ination of the, Appendix No. 14, pp. 184180,

SALINOMETERS, DEVISED DY ASSISTANT J. E, HILGARD.
Use of. Appendix No. 14, pp. 187, 188,

SALT LAXE, pp. 54 50

SALT LAKE CITY. Recounaissance for points between. and the
Nierra Nevada Mountains, pp. 5, ¥, 55

SALT MARSHES. See Appendix No. 8, pp. 98-100.

SAN BUENAVENTURA, pp. 48, 50: station at, p. 51.

SAN CLEMEXTE ISLAXD, pp. 48, 9.

SAN DIEGO. Progress of reconnaissance between, and Santa
Barbara. pp. 4, 48 reference in estimates to continuation of tri-
angulation, p. 7: and to engraving chart of, p. 8; inspection of
topography near, p. 49,

SAND MOUNTALX PLATEATU. p. 39

SANDWICH ISLANDS. Tidal obeervations at, p. 59.

SANDY HOOK. N. J. Injary to Coast Survey vessel in 1878 off,
p.1; tidal observations at, pp 4.19, 63: anchorage of the Dritt at,
durisg examination of Gedney's Channel, p. 19; examination of
coust between, and Delaware Bay, v. 21,

SANDY POINT, N, €, p. 28.

SAN FRANCISCO, CAL. Relative to variations of the compass
at, p. 2: tidal observations at, referred to in estimates, p. 7; recon-
naissance north of, pp. 49, 56; inspection of harbors beiween Pu-
wet Sound and, p. 50: suboflice at, in Charge of Assistant David.
son, p. 54, Return of recounoitering party to, p. 55: departure of
the Hassler from, p. 56.

SAN FRANCISCO BAY. Tidal observations at Saucelito, p. 5;
estiinates for developing clianges in, p. 7; for new chart of en-
trance to, . 8,

SAN JOAQUIN VALLEY, CAL. Refereneo in estimates to con-
tinnation of the tringulation through, p. 7.

SANKATY HEAD LIGHT (NAXTUCKET 1SLAND).
to depth of water at, p. 8

$AN LUCIA MOUNTAINS, CAL., p. 5.

SAN LUIR OBISPO. Attention called to photo-lithographic chart
of. 1. 60; chart No. 21 of this volume.

SAN MIGUEL. Progress of hydropraphy near. p. 4: computa
tions of triangles, p. 62,

SAN NICOLAS ISLAND, p. 49,

SAN PASQUATL, p. 43.

SAN PEDRO. Reference in estimates ta continuation of triangu.
lation. p. 7; anchorage, p. 48; primary station, p. 49.

NAN SIMEON. Survey near, referred to iy estimates, ..

SANTA BARBARA. Progress of reconnaissance near, Pp. 4, 48;
hydrograply of, p. 50.

SANTA BARBARA CHANNEL, p. 4; progress of seundings
acress, pp. 4, 3; triangulation of, p. 48 ; hydrography of, p. 50; eom-
putation of triangles. p. 62,

SANTA BARBARA ISLAND. Progress of triangulation op, »p-
4, 48, 49, 50.

SANTA CATALINA ISLAND. Progress of topography of, »p.
4,48; topography of, pp. 48,49; computation of triangles, p. 62.
SANTA CRUZ CAL., p. 50; West, astronomieal observations

computed, p. 62: East, computation, p. 62.
SANTA FE RAILROAD, ATCHISON AND MISSOURI, p, 46
SANTA MONICA, CAL. Progress of soundings near, pp. 4, 50,

51,

Relative
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SANTA ROSA ISLAND. Progvess of hydrography near, pp. 4, 37,
50; computation of triangles on, p. 62,

SATELO. Examiuation of harbors south of Savannah, p. 33,

SAUCELITO, SAN FRANCISCO BAY. Tidal observations at,
. B, 52, 538,

SAVANNAH, GA. Reference in eatimates to survey unear, p.
examination of harbors from, senthward, p. 33,

SAWNEE STATION, 1. 32,

SAXTON, JOSEPH (late).
. 57,

SCHOTT, CHARLES A, ASSISTANT. Charge of Computing
Division, Coast Sorvey Ofice, p. 61: annual magnetic obgervations
on Capitol Hill, Washington City, pp. 23, 24: computations of azi-
muth, p. 28: the Pamplico-Chesapeake are of the meridian, anid
its combination with the Nantucket and Peruvian ares for a deter-
mination of the figure of the earth from American measures, re-
port by, Appendis No. §, Py, 84-955 the maguetic observatory at
Madison, Wik, repmt by, Appendix No. 7, pp. 96, 87: see also p,
$ of Report, .

SCORESBY (schooner). Use of, in Section ITI, 1. 24.

SEA-GURRENTS IN GULF OF MAINE, pp. 8, 10,

SEA ISLAND LIGHT. Depth of water near, p. 9.

SEA SIDE PARK, N. J. Tide-gauge at, p. 20,

SECTIONS OF WORK AS ARRANGED IN REPORT. Section
1, pp. 12-17; Section 11, pp. 17-21; Section LTI, pp. 22-28; Section
IV, pp. 26-30; Section V, pp. 30-33; Section VI, pp. 33-35; Seetion
VIL pp. 36-39; Section VIII pp. 4047: Seetion IX, pp. 47, 48;
Section X. pp. 48-56; Section X1, pp. 56-59.

SEDGWICK, ME., p. 12 .

SENGTELLER, A. Engraving Division, Coast Sarvey Office, p. 65.

SENGTELLER, L. A, ASSISTANT. Iu cbarge of Engraving
Tivision, Coast Survey Office, pp. 22, 65; topography from Timber
Guleh to Stewart’s Point, enast of California, p. 55.

SEWELL, W, E., MASTER, U. 8. N. Services in Section VIII,
. 42.

SHALER, PROFESSOR N. 8, OF BARVARD COLLEGE. Al
vantage for geological study afforded by mup of Aquidneck, or
Rhede Island, p. 17,

SHARRER, W. O, LIEUTENANT, T. 8. N. Servieos in Section
VIIL p. 42.

SHEEPSHANKS AND CLARKE. Discussion of the experiments
of, Appendix No. 12, p. 155.

SHELBY CITY, KXY, p. 37.

SHELTER COVE, CAL., p. 56.

SHENANDOAH VALLEY, VA. Reconpaissance in, p. 26,

SHERMAN, HON. JOHN, SECRETARY OF THE TREASURY.
Report of the Coast Survey sddressed to, p. 67.

SHIDY, L. . Tidal Division, Coast Survey Office, p. 4.

SHIP SHOAL. Soundings near, p. 41; light-house, p. 41,

SHOALS DEVELUPED, p. 12.

SHOALWATER BAY. Reference in estimates to chart of, p. 8.

SIERRA NEVADA MOUNTAINS. Progvess of reconnaissance
in, pyp. 5, 52, 53; Teconmaissance oast of the, p. 54.

SIGSBEE, C. D, LIEUTENANT-COMMANDER, U. 8 N,
Deep-sea soundings in Galf of Mexieo, pp. 40-43.

SINCLAIR, C. I, AID. Services in Section I, p. 16; Computing
Division, Coast Survey Office, 7. 63.

SIPE, E. H. Engraving Division, Coast Survey Office, p. €5.

SITKA, ALASKA. Relative to variations of the compass beyond,
P2

SMITH, EDWIN, SUBASSISTANT. Pendulum experimeunts in
New York with Assistant Peirce, p. 17; latitude and azimuth at
stations on Pamplice Seund, pp. 28, 29.

SMITH'S ISLAND, CHESAPEAKE BAY. Progress of survey
near, p. 4. .

SMITH'S ISLAND, CAPE CHARLES. Life-saving station posi-
tion determined, p. 23; special sarvey of, p. 24.

SMITH, J. A, MATE OF THE DRIFT. Galiant conduct of, p. 20.

SMTTH, REV, DR. WHITEFQORD, OF WOFFORD COLLEGE,
8. C., p. 81 ‘

SMITHSONIAN INSTITUTION. Magnetic observations jointly
by Coast Survey and, p. 3.

SNAKE RANGE MOUNTAINS, p. b4,

SNOW MOUNTAIN, SIRRRA NEVADA., Bravery of heliotroper
at, p. 53.

SONIAT'S MILL, MISSISSIPPI RIVER, p. 45.

SONOMA COUNTY, CAL. Forests of, p. 55

Self-registering tide-gauge devised hy,
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SOUTH ADAMS. Triangulation station, p. 15,

SOUTH ATLANTIC STATES. Establishment of tidal station on
the coast of, p. 33.

OUTIT CAROLINA. Progress of primary triangulation across,
PD. 4, 30; reference in estimates to continnation of survey of, p. 6:
survey of, for Coast Pilot, p. 28.

SOUTHEASTERN ROAD: Leading to Saint Louis, Mo.,

SOUTHERN GEORGIA, p. 37.

SOUTHWEST PASS, MISSISSIPPI RIVER. Progress of anrvey
of, pp. 4, 41, 42, 4: computation of triangles, p. 62

SPANISH MACKEREL. Found in quantities in Saini Audrew’s
Bay, Fla., p. 37.

SPARTANSBURG, 8. C.. p. 30.

SPAULDING, J. G. Tidal ebserver at North Haven, Me., p. 14

SPRANDEL, JULIUS. Hydrographic Division, Coast Survey Of-
fice, . 61.

SPRING GARDEN, HARBOR OF BALTIMORE,
ings mear, p. 23.

SPRING GREEN, WIs., p. 47.

SPRUCE GROVE, CAIL., p. .

SQUAW-BETTY, MASS., p. 16.

STANDARDS OF MEASURES OF THE UNiIiTED STATES.
Compared with those of Great Britain and France, Appendix No.
12, pp. 149, 150.

STANDARD YARDS. Comparison of American and British, re-
port by J. E. Hilgard, Assistant, Appendix No. 12, pp. 145-181.
STANDARD WEIGHTS AND MEASURES AT CENTENNIAL

EXHIBITION, pp. 11, 59.

STATE TNIVERSITY OF WISCONSIN, AT MADISON. Ite
moval of magnetographs to, p. 3; see also Appendix Nu. 6, pp.
a5, 97.

STATISTICS OF FIELD AND OFFICE WORK OF THE
UNITED STATES COAST SURVEY TO THE CLOSE OF
THE YEAR 1876, Appendix No. 2, pp. 76, 77.

STEADFAST ¢sloop). Tlse of, in Section VI, p. 35.

STEARNS, W. H.,, AID. Services in Section X, p. 54.

STEWART, G. A. Division of Charts and Instruments, Coast
sSurvey Office, p. 66.

STEWART'S POINT LANDING. Progress of topegraphy mear,
pp. 5,55: coast details to, mapped, p. 55.

q’JZ‘ICK‘\'EY IRON COMPANY, HARBOR OF BALTIMORE,
MD., p.

\’lRAIT ()F FUCA. Erection of signals, p. 5; reference in csti-
mates to continuation of triangulation of. p. 8; primary triangu-
lation, p. 57; topography of, p. 58.

STUYVESANT'S LANDING, N. Y., p. 18

SUESS, W. Division of Charts and Instruments, Coast Survey
Oftice, p. 66.

SUGAR LOAF STATION, Mo.. pp. 45, 46.

SULLIVAN, J. A, ASSISTANT. Reconnaissance eastward of
Saint Louis, Mo., p. 45; triangulation in Missouri, p. 46.

SULPHUR PEAK. Triangulation points near, pp. 5, 56.

SUMMIT STATION, p. 39.

SURVEY. Of the SaintJohn's River, pp. 33,34; of vicinity of Cape
Canaveral, p. 35; north and south of Cedar Keys, p. 86; of the Mis-
sissippt River, pp. 44, 45.

SURVEYING PARTIES UPON THE ATLAXNTIC, GULF,
AND PACIFIC COASTS OF THE UNITED STATES DUR
ING THE SURVEYING SEASON OF 1876-'77. Distribution
of, Appendix No. 1, pp. 71-75.

SUSQUEHANNA RIVER. Triangulation of Pennsylvania ex-
tended to the, p. 21

SUWANEE RIVER, FLA,, p. 36.

.
KANAWHA C(;I‘NTY, w.

. p- 45

MD. Sounl-

TABLE ROCE MOUNTAIN,
Pp. 26.

TALCOTT, GEORGE R., LIEUTENANT,
Section 11, p. 18.

TALCOTT, R. H. Scrvices in Section 11, p. 18.

TAMPA BAY, FLA. Reference in estimates to continustion of
survey of, p. 8; to completion of chart of, p. 7; relative to engrav-
ing plate of the entrance to, p. 64,

TAMPICO BAR, p. 42.

TANNER'S CREEK, NEAR NORFOLK, VA, p. 25.

TAUNTON RIVER, MASS. Trogress of triangulation of, pp. 4,
16, 17; computation of small tertiary triangulation of, p. 63,

VA.,

T. 8. N. Services in

i
|
i
b
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TAYLOL, H. (., LIEUTENANT-COMMANDER, 1. & N.
Hydrography near San Miguel and Santa Rosa Island, p. 50,

TELESCOPES OF THEUDOLITES AND MERIDIAX INSTRU-
MENTS. Description of an improved open vertical clamp for,
by George Davidson. Assistant, Appendix No. 13. pp. 182, 185,

TENNESSEE. Selection of points for triangulation in, pp. 4, 38

TEPUSQUET, STATION XORTHEAST OF CAPE ARGTELLO.
. 3l

TERRE HAUTE. p. 45

TEXAS. Progress of triangulation on coast of, pp. 4, 47: reference
in estimates to continuation of survey of, p. 6: and to genernl
ehart of coasts of Louisiana and, p. 7.

THEODOLITES. An examination of three twenty-inch, report by
J. E. Hilgard, Assistant, Appendix No. 11, pp. 114147,

THE PAMPLICO-COESATEAKE ARC OF THE MERIDIAN.
Appendix No. 6, pp. 84, 95.

THOMAS, M. Tidal Division, Coast Survey Otfice, p. 61.

THOMPSON, J. . Engraving Division, Coast Survex Office.

p. 65.
THOMPSON, W, A. Engraving Division, Coast Survey Office, .
65.

TIDAL CURRENTS. Of the open sea, p. 2: of the Gulf of Maine,
pp. 4, 9, 10, 16 reference in estimates to contivuation of observa-
tions on, p. ; to observations of on Pacific coast, pp. 7, 8 of
Norfolk Harbor, Va., p. 25.

TIDAL DIVISION, COAST SURVEY OFFICE, pp. 63, 64.

TIDAL OBSERVATIONS. Reference to progress of, at Penobscal
Bay, Boston, p. 4; at Providence, Governor’s Island, Brooklyn, und
Randy Hook, pp. 4 19: at Fernandina, pp. 4. 33: at Fort Puint.
pp. 5, 51: at Saucelito, py. 5, 52, 53; reference to, at Astoria and
Port Townshend, Wash. Ter., pp. §, 57: reference in estimates to
continuation of, in Chesapeake Bay, between Charleston and
Savannah, p. 6; on the Pacifie const, pp. 7, 8: referred to, at North
Haven, Me., . 14 ; at Providence, R. 1., p. 16 ; at Tom’s River, N, J.,
P20 at Sea Side Park. N.J. p.20; at wharves in Baltimore Har-
bor, Md., p.23; at Fortress Monroe, Va., p. 26: at San Augustine
and Mosquite Inlet, Fla., p. 34: at New Orleans. pp. 44, 45: on
Pacific coast, p. 53; at Sandwich Ialands, p. 59.

TIDE-GATUGES. At Centennial Exhibition, Philadelphia, pp. 10,
33: at North Haven, Me,, p. 14: at Providence, R. I, p. 16: at
Tom's River, N. J., p. 20: at Sea Side Park, N.J., ». 20: mention
of improvement in, at ¥ortress Monroe, Va., . 26: mention of, at
Astoria, p. 57; devised by the late Joseph Saxton, p. 57; relative
to, p. 63, -

TIDES IX CORE SOUND. Dependent ou direction of the wind,
pp. 29, 30.

TIDE TABLES PUBLISHED FOR PRINCIPAL PORTS OF
THE UNITED STATES FOR 1878 p. 5: reference in estimutes
to preparation for 1879, pp. 6,7; prepared by Assistant K. 8
Avery. p. 63.

TILLAMOOK HEAD, OREG., p. 56

TIMBER GULCH, CAL. I’umess of tupography of, pp. h. 5

TITTMANN, Q. H., ASSISTANT. Triangulation of Santa B(nb an
Channel, pp. 49, 50; reference to services, Appendix Ne. 12, p.
148: Addendum Dy, on page 166,

TOCOI Survey of Saint Johm's River, Fla..

to. p. 34,

TOM'S RIVER, N. J. Hydrography of Barnegat Ray, including,
p.4: soumhng* near, p. 20 tide-gauge at, p. 20,

TOPOGRAPHY. Progress of, shores of Penobscot River, pp. 4. 14:
estimate for continuing same, p. 5: vicinity of New Haven. pp. 4.
17: of shores of James River, Va., pp. 4,24; of Cape Fear River,
pp.4.30; of shores of Barataria Bay, La., p. 4: of west part of
Kanta Catalina Island, p.4: of coast of California north of Point
Coneepcion, pp. 5,51: of eoast from Timber Gulch north, pp. :
of shores and soundings in Colmmbia River, p. 5; of Adnnrllt\
Tulet and adjacent parts, p. 5; estimates for continming. of Cape
Fear River, p. 6: for continning, of east and west coast of Flor-
jda, p. 6: for continuing, of Louisiana and Texax, p. 7: eastward
of Norfolk, Va., p. 25: of Catalina Island, Cal., p. 48; inspection
of, of Pacific coast, pp. 49, 58: of coast soutb of Point Arguells,
p- 5L

TRANSATLANTIC DXTERMI
Reference to, p. 64.

TREASURY DEPARTMEXT OF THE TUXITED STATES.
Eatimates for work of the sarvey limited by, under instructions
from, pp. 8 Y: exhibits of the Const Survey af Centennial Exhibi-
tion, p. 16.

NATION OF LONGITUDE.
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TRIANGULATION. Ot Taunten River, Mass., pp. 4, 16, 17; in
North New Jersey, pp. 4, 20; in Eastern Penusylvania, pp. 4, 20,
21; (primary) acress boundary between North Carclina and South
Carolina, pp. 30,31 ; in Kentucky, pp. 4, 37, 38; in Tennessee, pp. 4,
38; towards Mississippi River, p. 4; on coast of Texas, pp. 4, 47;
selection of points for, in California, pp. 4,49 ; estimates for, p. 7:
reconnaisrance for, points between Los Angeles and Point Argn.
ello, . 5 reconnaissance for, points north of Mount Ross and
Sulphur Peak, p. 3; erection of signals for, across Washington
Sound and Strait of Fuca, p. 5; estimate for continuing, between
Hudson River and Lake Champlain, p. 6: estimate to connect At.
luntic, with that of Chesapeake Bay, p. 6; reference in estimates
to determination of azimuth for the, of the coasts of South Caro-

tina and Georgia, p. 6: tu continuution of, east and west coast of

Ylorida, p. 6; to continuation of, of Lonisiana and Texas, p. 7:
reference in estimates to. of Pacific coast, pp.7, &; progress of, in
New Hampshire, p. 15: near east border of New York, p. 15; refer-
ence to, in Tennessee, p. 19; for Baltimore harbor, p. 22; reconnais-
sunce for, in West Virginia, p. 26; {primary) in Virginia and North
Caroliny, p. 26; of Pamplico Sound. pp. 28, 29; in Florida, pp. 83,
34; at Wilson's Mountain, p. 3%; in Missouri, pp. 46, 47; in Wis-

consin, p. 47; in Laguna Madre, Tex., p. 47; (primary) north of

San Francisen, p. 56.

TRINITY LEDGE. Description of, in Appendix No. 8, p.102.

TRINITY SHOAL. Soundings in Gulf of Mexico near, p. 41.

TROUGHTON. Eighty-six inch scale by, Appendix No. 12, pp.
153,134 ; eomparison with others, pp. 179-181.

TUSHAR MOUNTAINK, .55,

TUSPAN BAR. Off mouth of Cazones River, p. 42,

t.

TINTAH MOUNTAIXS, p. 54,

UMPQUAH RIVER. Reference in estimates to chart from Saint
George's Reef to, p. 8.

UXDERWOOD, J. P., ENSIGN, T. 8. N.
of sea-currents, GGulf of Maine, pp. 9, 16.
TNION PACIFIC RAILROAD. Recounaissance as far as Omaha

on the, p. 46.

UNITED STATES COMMISSION OXN FISH AND FISHERIES.
Reference in estimates to dredgings aloug Atlantic coast in con
nection with, p. 6.

UNITED STATES ENGINEER BUREAT.
torm of’ tide.gauge used by the, p. 63.

UNITED STATES LIFE-SAVING
the positions of, p. 22.

UNITED STATES MINT AT NEW ORLEANS.
vations under supervision of superintendent of, p. 45.

UNITED STATES NAVAL OBSERVATORY. Cowmputation by
Assisiant C. A. Schott of transits observed at, p. 61.

UNITED STATES. Standards of measures of, compared, Appen
dix No. 12, pp. 149, 150.

UNIVERSITY OF WISCONSIN AT MADISON. Asironomical
station at, p. 47; see Appendix No. 7, pp. 96, 97.

U'FAH. Wusatch Mountains, p. 47.

Aid in ebservations

Reference to the
STATIONS. Reference to

Tidal obser

V.

VANCOUVER ISLAND. Primary stations on, p. 57.

VANDALIA ROAD, MO., p. 45.

VAN ORDEN, C. H,, AID. Services in Section I, p. 14 ; in Section
V1I1,p.45: and in Computing Division, Coast Sarvey Oftics, p. 63.

VAN SLYKE, MR. A., TRUSTEE OF MADISON UNIVERSITY,
WIS, Reference to, in Appendix No. 7, p. 96.

VASHON ISLAND, ADMIRALTY INLET, WASH. TER., p. 58.

VERA CRUZ. Resuits given of soundings near, p. 42.

VERIFICATION. Soundings near Buoy No. 2, Gedney's Channel,
New York Harbor, p. 19,

VERMILION BAY, p. 40.

VERTICAL CLAMP FOR THE TELESCOPES OF THEODO-
LITES AND MERIDIAN INSTRUMENTS. Description of an
improved form for, by George Davidson, Assistant, Appendix
No. 13, pp. 182, 183, -

VINAL, W. L., SUBASSISTANT. Services in Section VI, p. 84.

VINCENKES, MO., p. 45.

VIRGINIA. Examiusation of cosst-approaches on seaboard of, p.
22; primary triangulation in, and North Carolina, pp. ¥6. 32; com-
putation by Assistaut Schott of Pamplico-Chesapeake are, p, 61;
see also Appendix No, 8, pp. 84-95,
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VIRGINTA MOUNTAINS, CAL, p. 54
W,

WACCASASSA BAY AND RIVER, FLA. p. 36.

WAINWRIGHT. D. B, AID. Services in Section X, pp. 49, 5.

WAINWRIGHT. RICHARD, LIEUTENANT, U. 8. N. Hydrog-
raphy of Pamplico Sound, Ocracoke Inlet, Currituck Sound, p.
28,

WASATCH MOUKTAINS. Reconuaissance for geodetic points in
Missouri towards the, pp. 4, 46, 47, practicability of triangulation
across, p. 54,

WASHINGTON CITY. D. C. Axnnual magnetic observations at.
pp. 3. 4, 23, 24.

WASHINGTON SOUND. 'Eriangulation across. pp. 5, 57;
ence in estimates to chart of, p. 8.

WASHINGTON TERRITORY. Reference in estimates to off-
shore soundings on coast of. p. 7; for Coast Pilot for, p. §; inspec-
tion of topography in. pp. 49, 53.

WASSAW. Examination of harbors and anchorages from Savan-
nah southward, p. 33.

WATERVILLE, N. H,, p. 15.

WEBBER, FRANKLIN PIERCE, LATE ASSISTANT. Obitun-
ary, p. 11; reconnaissance in Alabama, pp. 38, 39; illuess and
death on (runter’s Mountain, p. 38,
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REPORT.

CoAsT SURVEY OFFICE,
Washington, D. C., December 20, 1877.

Sir: I have the honor to report herewith the progress made in the survey of the Atlantic,
Gulf, and Pacific coasts of the United States during the year ending June 30, 1877, The allotment
of parties is shown in geographical order in the Appendix No. 1, which mentions the localities and
the class of work done in each.

‘With the reduced appropriation it was inexpedient to retain all the force heretofore employed
in field-work and hydrography, but the advance made in the work has been commensurate with
the means, and the results are highly satisfactory. In one or another of its branches work has
been continued in each of the sea-board States of the Union, exclusive of the determination of
geographical points in several of the interior States. But this distribution, wide as it has been,
left untouched much work designated in special calls that could not be met for want of means, It
has been necessary to balance closely between requirements so as to meet as many as possible with
the limited amount which would not suffice for all. This condition has been a subjeet of special
regret. After reducing the force and fixed expenses to the lowest limit consistent with efficiency
the amount left for field-operations was inadequate to maintain constant activity. As already
explained in a separate communication addressed to the department, the cost of placing a party in
the field, and the cost of taking it out of the field, is the same in amount whether the working
season be long or short. Frequently it has been necessary to discharge hands after a short season,
and when a small additional sum would have told largely on the progress of the work without
increasing the unavoidable expenses.

In the course of the year all parts of the Atlantic coast were swept by gales of unusual force,
and storms were uncommonly frequent in the Gulf of Mexico. The vessels used in the service are
generally small, and of necessity subject to all the hazards of the sea, but it is gratifying to record
that in the past season, although several were in great peril, no vessel belonging to the Survey has
been lost. Of the only three instances that stand in the records of former years as sad exceptions,
one in 1846 involved loss of life, including the commander, and part of his crew, and damage to the
vessel. By a collision off the coast of New Jersey, in 1860, one of our steamers was sunk and lost
with twenty of the crew. In 1851 a small steamer intended for hydrographic work on the western
coast was shattered in a hurricane off the coast of Patagonia, but since that date no vessel em-
ployed in the survey has been damaged in any storm beyond the reach of repairs. In October,
1876, one of the schooners was injured by a heavy gale on the coast of Maine, and another by a
violent storm near Sandy Hook in the following December. The incidents in these cases will be
more particularly referred to in describing the work in which the parties were then engaged. In
Indian River, Florida, in October, 1876, the small vessel there employed was saved only by great
efforts, though the violence of the hurricane was such as to carry away all the signals that had
been erected, and, by the lashing of the waves, even the ground that held most of them. The
steamer engaged in sounding along the eastern coast of Florida encountered heavy storms, and
upwards of twenty gales are noted in the records of the hydrographic party that passed the season
in running lines of soundings in the Gulf of Mexico.

As 1o year has passed without a recurrence of severe storms along our Atlantic sea-board, the
meteorological conditions which precede and attend them have been judged as subjects of inguniry
likely to yield information of great importance in the interests of navigation. The operations of
laws recoguized as general in regard to the motions of the atmosphere have been ably discussed by
Mr. William Ferrel, of the Coast Survey, and the inference is ready that however or wherever the

8. Ex. 12—1
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cyclones here referred to may arise, the exceptional disturbance must soon become subject to some
general law, or at least be modified by such law. The great range of storms of this character adds to
the probability of the inference. The inquiry is new, the end isimportant, and so far as the subjeet
has been pursued there is no reason to doubt that the discussion will develop principles which may
yield knowledge in advance respecting the direction of storms and their rate of motion. The lead-
ing part of Mr. Ferrels discussion was given in the Appendix (No. 20) of my report for the year
1875.

Another subject of interest to navigators, and of which the study has been unavoidably post-
poned, was entered upon in June last. The tidal-currents of the open sea were then for the first
time observed with success, and their characteristics recorded at stations on which soundings gave
depths of more than one hundred fathoms. The great importance of resuits already derived from
these observations will be explained under a separate head before closing the introductory part of
this report.

Of scarcely less consequence than the soundings on charts, which result from the labors of the
hydrographic parties, are the compasses denoting the variation of the magnetic needle. In fact
the course at sea is paramount in importance when the navigator is not in the vicinity of rocks or
shoals. But at sea only approximate results can be had, and observations to the degree of exact-
ness requisite for determining the laws controlling the variation of the compass cannot be made;
heuce, of necessity, the knowledge needful for developing its peculiarities has depended entirely
upon observations made on land. These, moreover, must record the magnetic conditions at many
points, and if practicable the stations should be distributed over the entire continent. Our exten-
sive coasts are traversed at different angles by the curves of equal magnetic declination, and to pro-
ject the lines out to sea, the curves on land must be determined with precision.

The variation of the compass claimed attention at the outset of the survey, and no oppor-
tanity has been lost for acquiring information on the subjeet. All known records of magnetic
variation near the Atlantic coast since the year 1649, and of the variation stated subsequently for
other points as settlemeuts spread over the continent of North America, have been carefully collated
and used for discussion. While some of the early notes are now known to have been much in
error, others were found to be less so. All observations recorded within the last forty years and
accepted for discussion in the Office of the Coast Survey are trustworthy. When consistent with
each other in respect of date and measure of variation, even the early and imperfect observations
become important in a series, being confirmed by the law that has been deduced in recent years
from observations of which the validity is unquestionable. From these last it is well known that
the compass-needle pointed truly to the north in the year 1875 in the immediate vicinity of Cape
Fear; and that about the year 1800 the same was true at some point about one bundred and sev-
enty-five miles distant, in a straight line, or near Chincoteague, on the coast of Virginia, where the
compass-needle now points three degrees and three-quarters west of north. These general facts
and others concerning the varying rate of chauge in the deviation of the needle at various locali-
ties, as developed by successive discussions within the last twenty years at the Coast Survey Office,
have been made known in several of the annual reports. »

In a system of lines passing through places on a map of the United States, at which places
the compass had the satwe variation, little, muech, or nothing in the year 1875, the line marked zero,
and along which there was no variation of the compass-needle in that year, would pass from the
east end of Lake Superior across the continent in a southeast direction, and, as before stuted, would
cross the coast at Cape Fear. North of that cape, lines marking successive degrees of westerly
variation would converge in passing inland from the coast. South of Cape Fear, and so on west-
ward to San Francisco and then northward to and beyond Sitka, in Alaska, the successive lines
would mark easterly variation, and the lines themselves would converge in passing towards the
magnetic pole in British America. As the line of no variation shifted from Chincoteague south-
ward to Cape Fear in seventy-five years and is still passing to the southward, it will be readily seen
that the entire system oflines marking westerly and easterly variation along the Atlantic coast was
correspondingly shifted, and that they are all passing southward.

But on the Pacific coast the lines of easterly variation are also passing southward, just as
westerly lines do on the Atlantic coast, and consistently it is noticeable that one of the lines pass-
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ing through Mexico, and along which the variation is easterly, has remained for some years without
change. Assistant Hilgard suggests that if the stability of the variation along that line continues
northward to the magnetic pole, the fact that everywhere east and west of it the variation is increas-
ing, would seem to imply a southerly movement of the magnetic pole itself. At present that pole
is mear the Arctic circle in a region near the meridian of Omaha. )

From this condition it results for the Atlantic coast that wherever the variation is westerly,
the westerly variation is increasing, and as the easterly variation is diminishing on the coast of our
Southern States, that on lines expressing but little easterly variation the variation must soon
become westerly. On the Pacific coast, however, at all points above the peninsula of Lower Cali-
fornia the easterly variation is still increasing. In the determination of the magnetic elements the
hydrographic parties cannot co-operate. By the field-parties and in former years, as incidental to
the work in which they were engaged, the variation of the magnetie needle has been aseertained at
upwards of four hundred stations. The results are of great value and were procured without any
cost as additional to that of the field-work which was at the same time in hand. Already their
discussion has served for generalizing the lines of equal magnetic variation and for pointing out
positions at whieh observations will bear systematically towards greater accuracy in drawing the
series of lines for successive years in the future. At the close of June an observer was assigned to
this special duty, and with suitable instruments the summer was passed in occupying stations
which had been previously indicated. The details of the work will be given in my next aunual
report.

Disputes about land-boundaries frequently involve questions in regard to the compass-bearings
in earlier timmes. For some years inquiries of that kind have been referred to the Coast Survey
Office, and the needed information is promptly given. The calls even from interior States are in-
creasing in frequency. It is therefore fortunate that, in addition to records of the variation gath-
ered from the incidental labors of the field-parties, and which have yielded much information in re-
gard to the secuiar change between certain dates, early means were taken for ascertaining the laws
that govern the earth’s magnetism. For their successive study it is requisite to keep up, at a few
selected places, continunous observations of the phenomena, and this is most conveniently done by
automatic registration. Such observations are maintained in the British Dominions at certain
points in both hemispheres. On the part of the Coast Survey they were formerly made in Wash-
ington City in co-operation with the Smithsonian Institution, but before the series was far advanced
an emergency arose for moving the apparatus to Key West, where observations were continued
during six years, a period which is the least for deriving the laws that govern at any given locality,
The particulars concerning the Key West station were given at length in Appendix No. 9 of my
annual report for the year 1874.

At a point far distant the magnetographs formerly used at Key West were again put iz opera-
tion within the year. The new station is at Madison, Wis. In pursuance of an arrangement with
the authorities of the State University a suitable underground building was established by that! in-
stitution. The instruments are to be maintained in running order at the expense of the Coast Sur.
vey in accordance with terms arranged by Assistant Hilgard with the authorities. Assistant C.
A.. Schott has been charged with the duty of securing efficiency in the operation of the instruments.
To that end he will in the present fiscal year personally visit the station, adjust the instruments,
and determine their scale values. The readings of the photographic traces, their tabulation, and
the computations and discussions connected with them will also be in his care. The magnetic ob-
servatory will be in the local charge of Prof. J. E. Davies, of the State University of Wisconsin.
As forming part of the establishment at. Madison, the differential observations ncar there will be
checked and supplemented annually by observations of the absolute measure of the declination, the
dip, and the intensity of the magnetic force.

It is in contemplation, when means are available, to establish three similar observatories, one
to the westward of Madison and two upon the western coast. Many advantages would result from
the simultaneous study of magnetic observations made with delicate instruments at widely distant

laces.
? In Appendix No. 7 will be found the particnlars connected with the establishment of the mag-
netic observatory at Madison.
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As usual a brief statement will be given of the operations of the fiscal year preceding that for
which estimates were presented in October last.

The work done in the year ending June 30, 1877, has included hydrography of the sea-coast of
Maine, near Mount Desert Istand, and soundings in Eggemoggin Reach; tidal observations at the
entrance of Penobscot Bay; topography of the shores of the Penobseot from Hampden to Bangor;
soundings near the entrance of Saco River, Me.; triangulation in the vicinity of Mount Washing-
ton, N. H.; tidal observations at Boston, and off the coast; tidal currents observed in the Galf of
Maine; the triangulation of Taunton River, Mass.; tidal observations at Providence, R. I.; topog-
raphy of the vicinity of New Haven, Conn.; primary trianguiation across the Hudson River near
Albany; tidal observations at Governor’s Island, Brooklyn, and Sandy Hook; observations with
the pendulum at New York City; supplementary soundings in Gedney’s Channel; triangulation in
Northern New Jersey; the bydrography of Barnegat Bay, including Tom’s River, N. J.; sailing-
notes for navigation between Sandy Hook and Cape May, and for Delaware Bay and River; trian-
gulation in Eastern Pennsylvania; sailing-notes for the coast of Maryland and Virginia, and for
the estuaries of Chesapeake Bay; determination of the positions of life-saving stations between
Cape Henlopen and Cape Charles, Va., for insertion on charts; special shore-line survey and hydro-
graphy of the barbor of Baltimore City for United States Commissioners; determination of the
magnetic elements at Washington City; surveys in the vicinity of Smith’s Island, Chesapeake
Bay, for the Boundary Commission of Maryland and Virginia; topography of the shores of the
James River, Va., from City Point upward to Kingsland Creek, and of the northeastern approaches
to Norfolk; tidal observations at Fortress Monroe; selection of station-points in West Virginia for
geodetic work; primary triangulation along the Blue Ridge in Virginia and North Carolina; hydro-
graphic examination between Hatteras and Oregon Inlet, and of the Frying-Pan Shoals, N. C.;
soundings in Ocracoke Imlet, and hydrography extended in Pamplico Sound, Currituck Sound,
and East Lake, N. C., and in North Landing River, Va.; latitude and azimuth determined at Long
Shoal Point and at Hog Island, N. C.; hydrography completed in Core Sound and Bogue Sound,
N. C.; topography of the vicinity of Cape Fear River, at Wilmington, N. C.; primary triangulation
across the boundary between North Carolina and South Carolina; examination of harbors and
sounds for sailing-notes between Cape Fear and Saint Mary’s River, Ga.; tidal observations at
Fernandina, Fla.; survey of Saint John’s River, TFla., from Jacksonville southward to Hogarth’s
Bay ; hydrography of the coast approaches between Matanzas Inlet and Mosquito Inlet, Fla.;
survey of the coast and sea-water channels near Cape Cafaveral, with parts of the Banana River
and Indian River; topography and hydrography of the western coast of Florida from Cedar Keys
northward to Horseshoe Point; hydrography of the Gulf coast from Pine Point westward to Choe-
tawhatchee, including Saint Andrew’s Bay and its approaches; determination of points by trian-
gulation in Kentucky, between Cumberland Gap and Lancaster Court-House; measurement of
base-line and selection of points in Tennessee for triangulation between Knoxville and Nashville;
triangulation in the northwestern part of Alabama; hydrograplic development of the Gulf of
Mexico by numerous lines of deep sea®*soundings and temperature observations; topography of
the shores of Barataria Bay, La., and extension of the triangulation towards the Mississippi River;
special hydrographic survey of Cubitt’s Gap and from thence to the Head of the Passes, Missis-
sippi River, and of Southwest Pass; detailed survey of the shores and waters of that river between
Bonnet Carré and Point Houmas; height of the water recorded regularly at New Orleans with a
tide-gauge; reconnaissance for geodetic points in 1llinois and through Missouri westward towards
the Wasatch Mountains; points determined in the vicinity of Madissn, Wis., and establishment of
a permanent magunetic observatory in connection with the university at that place; and on the
coast of Texas, the triangulation of Laguna Madre from Corpus Christi Bay southward to Baffin’s
Bay.

On the Pacific coast of the United States, beginning at the sonthern boundary of California,
the work of the year included reconnaissance for triangnlation-peints between San Diego and
Santa Barbara; topography of the western part of Santa Catalina Island; inspection of field-par-
ties near the shores of Santa Barbara Channel; connection of Anacapa and Saunta Barbara Island,
by triangulation, with stations on the main coast of California; hydrography of the approaches to
San Miguel and Santa Rosa Island; supplementary soundings in the vicinity of Santa Monica,
Cal.; inshore hydrography eastward of Point Concepcion, and lines of soundings across the Santa
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Barbara Channel; topography of the coast north of Point Concepcion towards Point Arguello;
reconnaissance for triangulation between Los Angéles and Point Arguello; tidal observations at
TFort Point and Saucelito, San Francisco Bay; geodetic measurements, and determinations of lati-
tude and azimuth at Mount Diablo and Mount Helena; reconnaissance for geodetic points between
the Sierra Nevada and Salt Lake City; topography of the coast of California from Timber Gulch
northward to Stewart’s Point Landing; reconnaissance for triangulation points in the coast-range
of mountains north of Mount Ross and Sulphur Peak; hydrography of the coast of Oregon from
False Tillamook northward to Columbia River entrance; topography of the shores and soundings
in the Columbia River between Cathlamet and Cottonwood Island; tidal observations at Astoria
and at Port Townshend, W. T.; erection of signals for triangulation across the waters of Wash-
ington Sound and the Strait of Fuca; additional soundings along the shores of Whidbey Island and
Admiralty Inlet, W. T.; topography of the shores of Admiralty Inlet, and Colvos Passage from
Point Orehard south to the entrance of Commencement Bay; inspection of topographical work in
this section; and, as yet in progress, the hydrography of Commencement Bay, W. T.

The compilation has been kept steadily in hand of sailing-notes and other maritime data per-
taining to the Coast Pilot for navigation along the sea-board of California, Oregon, aud Washing-
ington Territory; and also for the Coast Pilot of Alaska.

Progress commensurate with the field-work has been made in the work of the Coast Survey
Office, which comprises the computations of all geodetic, trigonometric, tidal, and magnetic obser-
vations, including the arrangement for publication of the records and results; the drawing of
hydrographic charts from the records of soundings; the reduction of the original topographical
and hydrographic maps for publication; the engraving, electrotyping, printing, and issue of the
same, as well as the maintenance of the instruments used in the survey. Tide-tables of the prineipal
ports of the United States for the year 1878 have been published; the drawing of sixty-one charts
has been in progress, of which number twenty-eight have been completed, including sixteen charts
for publication by photolithography; nine new copper-plate engravings have been begun; one hun-
dred and nine engraved plates have received additions, and twenty-one have been completed; an
aggregate of eighteen thousand eight hundred and -forty - two copies of charts has been issued; two
thousand eight hundred and thirty copies of the Coast Survey reports have been distributed; and
the second volume of the Atlantic Coast Pilot, comprising the coast from Boston to New York, has
been in preparation, and will be published before the close of the year.

ESTIMATES.

The aggregate of the following estimates which were submitted to the department in October
last, although greater than the amount appropriated for the current year, is urgently needed. Re-
surveys of most important localities, as Long Island Sound, New York Harbor entrance, Delaware
Bay and River, and others, in all of which great changes have occurred since the charts were
issued, call for a sum in addition to the amount required to maintain the regular progress of the
survey of the coast.

The estimates for continning the survey of the Atlantic and Gulf coast of the United States,
during the year ending June 30, 1879, are intended to provide for the following progress:

FieLp-work.—To continue the topography of the western shore and islands of Passama-
quoddy Bay and its estuaries ; of the coast east of Penobscot Bay, towards Narraguagus Bay, and
of the shores of the Penobscot, near Bangor; for the determination of heights at some of the prin-
cipal trigonometrical points between Boston and the Saint Croix, and of co-efficients of refraction;
to complete the hydrography of Penobscot Bay and River, of Isle an Haut Bay, Blue Hill Bay
and Frenchman’s Bay, and continue soundings in the coast approaches, eastward of Penobscot
Bay; to continue a topographical and hydrographic survey of Portsmouth Harbor; to make such
additional triangulation as may be requisite for that and other surveys on the eastern coast, and
determine the position of new light-houses between Eastport, Me., and New York; to continue
soundings along the coast of Maine, and other off-shore hydrography between Cape Cod and Manan;
make special examination for the sailing lines for charts; to continue the observations of sea and
tidal currents in the Gulf of Maine; to continue tidal observations, and to make such astronomical
and magnetic observations as may be required; to continue such topographical and hydrographic
resurveys of the coast between Cape Cod and New York as may be found necessary ; to continue
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the survey of the Connecticut River, from its mouth to Hartford ; to make such examination as
may be required in New York Harbor, and such surveys in its vicinity as may be found necessary,
including a topographical and bhydrographic survey of the south coastof Long Island; to make at
this port, observations on tides and currents; to extend the plane-table survey of the Hudson
River above Haverstraw ; to continue the triangulation between the Hudson River and Lake Cham-
plain; to make the requisite astronomical observations; to contiuue the topographical and hydro-
graphic surveys of the coast of New Jersey, and of Delaware Bay and River; to connect the
Atlantic triangulation with that of Chesapeake Bay, near the boundary line between Maryland and
Virginia; to complete the detailed survey of James River, Va., inciuding the hydrography, and
continue the plane-table survey of the Potomac River; to continue southward the main triangula-
tion along the Blue Ridge, parallel with the coast, including astronomical and magnetic observa--
tions; to continue the supplementary hydrography between Cape Henlopen, Del., and Cape Henry,
Va., and in Chesapeake Bay, and also the tidal observations; to measure base-lines of verification
and determine azimuths for the eoast triangulation south of Cape Lookout ; to make the astronom-
ical and magnetic observations requisite; to continue the oft-shore hydrography between Cape
Henry and Cape Fear; to continue the hydrography of Pamplico Sound and its rivers, and that
of Bogue Sound, and sound the entrance to Cape Fear River, and continue the topography of its
shores to Wilmington ; to extend northward the primary triangulation parallel to the coast in Ala-
bama; to continue the topographical and hydrographic survey of rivers near the coast of South
Carolina and Georgia; to determine azimuths for the triangulation of the coast of South Carolina
and Georgia ; to continue the detailed survey of the seaislands and water passages between Charles-
ton and Savannal, and to make tidal observations; to econtinue the off-shore hydrography between
Cape Fear, N. C, and the Saint John’s River, Flu.; to continue southward from Cape Cafiaveral
the triangulation, topography, and hydrography of the eastern coast of Florida, including Indian
River; to continue the triangulation, topography, and hydrography of the Saint John’s River; to
make the requisite astronomical observations; to continue hydrography off the eastern coast of
Florida, from Mosquito Inlet to the southward; to continue soundings and observations for sea-
temperatures in such parts of the Gulf Stream as may be deemed advisable, between the west end
of Cuba and Nova Scotia, and dredging along the coast, within the same limits, in conjunetion with
the United States Commission on Fish and Fisheries ; to continue the astronomical and magnetic
observations requisite between Cape Florida and Pensacola; to complete the hydrography of Char-
lotte Harbor, and the triangulation, topography, and hydrography of the western eoast of Flor-
ida between Cedar Keys and Tampa Bay, and between Tampa Bay and Charlotte Harbor ; to sou-
tinue the same classes of work to the southward of Charlotte Harbor; to run lines of soundings
and make observations of sea-temperatures in the Gult of Mexico, and develop the hydrography of
the Gulf coast included in field operations; to connect the trigonometrical survey of the Missis-
sippi River at New Orleans with that ot Lake Borgne and Lake Pontchartrain, and continue the
trigonometrical, topographical, and hydrographic survey of Lakes Pontchartrain and Maurepas,
and of the Mississippi River, above New Orleans, to the head of ship navigation; to determine
geographical positions, and make the astronomical and magnetic observations requisite; to extend
the triangulation, topography, and hydrography of Louisiana westward of the Mississippi delta,
and continue the hydrography of the Gulf of Mexico between the mouth of the Mississippi and
Galveston, Tex. ; to continue the triangulation, topography, and hydrography of the coast of Texas
westward between Sabine Pass and Galveston, and between Corpus Christi and the Rio Grande; to
measure & base-line of verification, and make the astronomical and magnetic observations requisite
between Sabine Pass and the Rio Grande; to continue the hydrography of the approaches to the
coast of Texas; to continue the triangulation connecting the surveys of the Atlantic and Pacific
coasts, and to furnish points for State surveys; to continue the determination of the positions of
new light-houses and life-saving stations along the coast between New York and the Rio Grande;
to continne the field-work for the description and verification of the work for the Coast Pilot; to
continue the organized system of maguetic observations required for a complete magnetic sarvey,
and to run lines of levels connecting points in the main triangulations with the sea-level,
OFrICE-WORK.—To compute results from the field operations executed along the Atlantic and
Gulf coasts, including astronomical, geodetic, geographical, maguetic, and tidal work; to continue
the publication of the Coast Pilot for the Atlantic and Gulf coasts; to prepare the predictions of
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tides for the year 1879; to continne the reproduction of the original topographical maps, and to
plot the hydrographic surveys; to continue the drawing and engraving of the general chart of the
coast from Quoddy Head to Cape Cod, to complete the engraving of the western part of this chart;
to continue the drawing of coast charts 1 and 2, coast of Maine between the Saiut Croix River and
Petit Manan Light; to continue the drawing and engraving of chart No. 3, which includes TFrench-
man’s Bay, Mount Desert Island, Blue Hill Bay, Isle au Haut Bay, and their approaches ; also local
charts of Mount Desert Island, Eggemoggin Beach, and Penobscot Bay eust; to complete engrav-
ing the chart of Lake Champlain; to continue the drawing and engraving of a new chart of Long
Island Sound, and of charts No. 22 and No. 23, between Barnegat and Cape May; to make addi-
tions to the charts and sketches between New York and Cape Henry; to continue the drawing and
engraving of a new chart of Delaware Bay and River, and to complete that of James River; to con-
tinue the drawing and engraving of the general chart of the coast between Cape Henry and Cape
Lookout, and of charts No. 38, No. 39, No. 42, No. 45, No. 46, and No. 47, showing parts of the
coast between Cape Henry and Cape Lookout, including Pamplico Sound; to finish the engraving
of the Atlantic coast sailing-chart, No. 11, from Cape Hatteras to Key West; to continue the en-
graving of the general charts of the coast between Cape Romain and Cape Caiiaveral, and of charts
No. 51 and No. 52 between Cape Fear and Winyah Bay; to continue the engraving of a new chart
of Georgetown Harbor, 8. C., and to make additions to the charts between Cape Henry and the
Saint Mary’s River ; to continue the drawing and engraving of charts No. 59 and No. 60 from Saint
Augustine to Cape Cafiaveral, and to make additions to the charts of the coast between Saint Mary’s
River and Cape Florida; to continue the drawing and engraving of charts No. 81, No. 82, No. 83,
No. 84, No. 85, and No. 86, showing the Gulf coast between Cedar Keys and Pensacola entrance,
and to complete the charts of Tampa Bay; to engrave the chart of Saint Andrew’s Bay; to com-
plete the engraving of charts No. 92, No. 93, and No. 95, showing Isle au Breton Sound and the
Mississippi River, between New Orleans and the Gulf of Mexico, and the general chart showing the
sea approaches to the Mississippi River; to publish by photolithography on a large scale the maps
of the Mississippi River, showing its levees above New Orleans to Point Houmas; to continue the
drawing and engraving of the general chart of the coast of Louisiana and Texas from Atchafulaya
Bay to Galveston; to continue the drawing and engraving of that between Galveston and the Rio
Grande, and to complete chart No. 110, showing Corpus Christi Bay; for material for drawing, en-
graving, map-printing, for electrotyping, photographing, for instraments and apparatus.

Total for the Atlantic and Gulf coasts, involving work in twenty-nine States, will require
$425,000.

The estimates for continuing the survey of the Pacific eoast of the United States are intended
to provide for the following progress:

FIeLp-worK.—To make the requisite observations for latitude, longitude, azimuth, and the
magnetic elements at stations along the Pacific coast of the United States; to continue off-shore
soundings along the coast of California, Oregon, and Washington Territory, and tidal observations
at San Francisco, Port Townshend, and such other localities as may be necessary; to continue the
main-coast triangulation from Monterey Bay to the southward, or from Point Concepcion to the
northward, and from San Pedro towards San Diego, including the islands off that part of the coast;
to continue recounsaissance for the main triangulation of the coast from San Pedro to Point Con-
cepcion, from Russian River to the northward, from Colambia River north to Puget Sound, and
south np the Willamette Valley; to complete the reconnaissance and continue the primary triangu-
lation through the Sacramento and San Joaquin Valleys and measure a base-line; to continue the
coast triangulation and topography from Newport, Los Angeles County, towards San Diego, and
that of the islands off that coast; to measure a base-line and continue the tertiary triangulation and
topography of the coast norsh of Point Arguello toward Point Sal, and the tertiary triangulation
and topography from Point Buchon towards San Simeon; to continue the hydrography between
San Diego and Monterey Bay; to develop the hydrographic changes in San Francisco Bay and its
approaches; to continue the triangulation and topography of the coast between Bodega Bay and
Point Arena; complete hydrography between Cape Mendocino and the Klamath River, and con-
tinue that between Cape Sebastian and Poiut Orford; to observe currents along the coast and take
soundings and temperature observations in the California. branch of the Kuro-Siwo current, and
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execute such other hydrographic work as local demands may require; to continue tidal and cur-
rent observations at the Golden Gate, and observations on the ocean currents along the coast of
California; to continue the triangulation, topography, and hydrography of the Columbia River;
to complete the detailed survey between Cape Sebastian and Crescent City, and off-shore hydrog-
raphy at Creseent-City reef; to measure a base-line and continue the triangulation of the Strait of
Fuea, and the topography and hydrography of Puget Sound and adjacent waters; to continue the
triangulation eastward to connect the surveys of the Pacific and Atlantic coasts and measuring a
base-line; to continue the reconnaissance of the coasts and islands of Alaska with observations for
tides and currents, and to make therequisite astronomical and magnetic observations; to continue
the field-work for the description of the coast and verifieation of the Coast Pilot of the coasts of
California, Oregon, and Washington Territory; to continne the organized system of magnetic ob-
servations required for a complete magnetic survey; and to run lines of levels connecting points in
the main triangulations with the sea-level.

OrriCcE-WORK.—To make the eomputations from observations recorded in the field, including
astronomical, geodetic, geographical, magnetic, and tidal observations; to continue the publication
of the Coast P’ilot of the Paeific coast; to prepare tidal predictions for 1879; to continue the repro-
duction of the original topographical maps, and to plot the hydrographic surveys; to draw and
engrave the additions on the general chart of the Pacific coast of the United States; to continue
the drawing and engraving of the charts of the coast from San Diego to Point Concepcion, No. 1,
No. 2, and No. 3; to continue the engraving of a new chart of San Francisco entrance and harbor
from resurveys; to continue the drawing and engraving of charts of the coast from Point Arena
to Cape Mendocino, No. 8, of that from Cape Mendocino to Saint George’s Reef, No. 9, and of thag
from Saint George’s Reef to the Umpquah River, No. 10, Shoalwater Bay, Puget, and Washington
Sounds; to complete the drawing and engraving of the chart of Columbia River to Kalama, and to
continue that of the local harbor ¢harts of the coast, with those of the northwestern coast; for ma-
terial for drawing, engraving, map-printing, for electrotyping, photographing, and for instraments
and apparatus.

Total for the Pacific coast, involving work in five States and Territories, will require $275,000.

For repairs and maintenance of the complement of vessels used in the Coast Survey will require
$50,000. -

For continuing the publication of the observations made in the progress of the Coast Survey
will require $10,000.

For general expenses of all the work, rent, fuel; for transportation of instruments, maps, and
charts; miscellaneous office expenses, and for the purchase of new instruments, books, maps, and
charts, will require $40,000.

At the Treasury Department it was deemed inexpedient at this time to vary considerably in
estimates for work above the amounts given in recent appropriations, although larger appropriations
had been made in previous years. Accordingly, in November, the estimates for continuing the
work of the survey during the next fiscal year were reduced to an amount equal to the appropria-
tion for the year ending June 30 1877. The reduced estimates were transmitted to the department
with the following remarks:

“The estimates submitted in October are such as, in my judgment, after full consideration of

the necessities of the work and its economical progress, would best conduee to a completion of the
survey in a reasonable period of time. As the work is to be confined to certain limits, and the
orgauization of the force is thorough, the more rapidly it is executed the greater the economy, the
less the total cost, and the more quickly will the public have use of the results.
. “Eighty per cent. of the amount of the estimates exceeding the appropriation for this year
would apply directly to field-work, and would yield as results not less than two and a half times
the amount obtained from the present appropriation. If the cost of placing a party in the field is
8500, and the cost of keeping it at work is $300 per month, withdrawing it from the field at a cost
of 8300 gives an aggregate of 1,500 in ene month. Adding to this an additional $1,500 quadruples
the amounnt of field-work by merely doubling the expenditure. Upou these grounds my estimates
 were submitted in October.

*The appropriation for the current year proves to be entirely inadequate for the work without
a radical change in the organization, and tends to loss in economy, and delay in the completion of
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charts of the coasts. I have therefore, after personal explanation, with your consent and direction,
reduced the estimates from the amounts submitted in October to the amounts which were appro-
priated for the year ending June 30, 1877, atter a most careful examination of the work by a sub-
committee ot the Committee on Appropriations of the House of Representatives, at the head of
both of which was the present Speaker. Even the amount then appropriated was a great reduction
from previous appropriations.”

SEA-CURRENTS.

In eompiling data for the Coast Pilot the want of information concerning the currents along
the outside coast has been, more than ever before, pressed upon my attention. To obtain such
information by systematic inquiry has always been a purpose recognized by the Coast Survey, but
from the want of suitable vessels, the estimates for which, submitted during several snccessive
years, were thrown out of the appropriation by Congress until 1876, it has been postponed from
time to time.

The weather suitable for making good observations far out at sea, or in dangerous proximity
to unsheltered shores, it was feared, would be passed before the vessel could reach the destined
station; or it would be consumed in the observations themselves, and replaced by a storm, with an
anchorage too near a lee shore. I have long been convinced that a staunch and carefully equipped
vessel ought to ride safely at anchor anywhere along our coasts in depths less than one thousand
fathoms, at the proper season, and that the difficulties were exaggerated.

Quiet weather aud smooth water are not infrequent at any season, but they are of short dura-
tion, and it is only by patient waiting—not in port but upon the spot where the work is to be exe-
cuted, through all states of the weather—that success can be assured.

When at last, in the appropriation for 187576, Congress included the special sum necessary
for the purpose, I had the little schooner Drift constructed, with every requirement of a good sea-
boat, and when equipped sent her to sea under command of Acting Master Robert Platt, U. 8. N,
Assistant Coast Survey, with instructions to lie out at anchor on stations in the Gulf of Maine, in
depths varying from thirty to one hundred and forty fathoms, till the particular project of work
which I had arranged should be completed; returning to port only for supplies.

I am happy to say that Acting Master Platt, seconded very earvestly and efficiently by Ensign
J. P. Underwood, has successfully begun this important work, and his early observations (only
hastily examined as yet) give promise that the completed series will be far more important as aids
to navigation, and far more interesting as an addition to our scientific knowledge, than I had
anticipated.

The completion of the soundings in the Gulf of Maine had brought out upon the chart the ex-
tent and limits of the shoals lying between Nantucket and Cape Sable, which form, in effect, a bar
or sill at the entrance to the great tidal basin between Massachusetts and Nova Scotia; and Prof.
Henry Mitchell, Assistant Coast Survey, who has special direction of this work, as also that of the
general physical hydrography of the Coast Survey, had been able to complete, from the tidal in-
formation of the various ports, how much flux and retlux of the sea, in the average, must occur at
the bar or sill we have named; but how the velocities making up the average discharges over the
sill disposed themselves among the shoals and channels, or how their exact directions or their times
of recurrence should be stated, could only be made known by actual observation.

If we draw a straight line from Sankaty Head light (Nantucket Island) to Seal Island Light,
off the southwest point of Nova Scotia, we find, in a distunce of two hundred and eighteen miles,
the greatest depth one hundred and forty-five fathoms and the average seventy-eight, giving a sec-
tion of six hundred and twenty-two million square feet. This line lies across the entrance to the
Galf, but it is within the bar. If, with this line as chord, an arc of a circle of one hundred and
thirty-four and a half miles radius be described, we have a distance of two hundred and fifty-two
miles, in which the average depth is but forty-two fathoms, giving for the section three hundred
and eighty-six million square feet, a reduction of thirty-eight per cent. from that of the chord, not-
withstanding the greater length. It was this are, suggested by Professor Mitchell as the sill of the
Gulf, that I designed to have gauged. Acting Master Platt’s stations, eight in number, will be oc-
cupied for periods varying from thirteen to ninety two hours, with observations at less than half-
honr intervals. The stations are as near this arc and as near the proper relative distances upon

5. Ex. 12——-2



10 REPORT OF THE SUPERINTENDENT OF

it as could be expected of a sailing-vessel. I have no doubt we shall be able to issue tables, very
shortly, by which the navigator may ascertain the velocity and direction of the current on any date
and at any hour that he may find himself on this bar or sill.

In the course of the observations many incidents oceurred to impress the officers of the Drift
with the importance of their work, among others, the.following : Wishing to go from one station
to another which lay to windward, the party arranged their time of leaving and their tacks so as to
lee bow the tidal current and thus make it do duty in their favor, at the same time observing that a
brig, which occasionally came into view, was, from ignorance of the direction of the tidal current,
working on an opposite rule and making ne progress whatever; and long after reaching their sta-
tion—indeed, for a perjod of thirty-six hours—they observed the brig returning again and again to
her original position, when she should, with the knowledge that every sailor on the Drift already
possessed, have been a hundred miles away on her true course. These incidents occurred in the
neighborhood of George’s Shoal, the most tormidablie danger in the track of our northeastern coast
commerce, marked at that very time by the projecting top-masts of a vessel whose hull lay buried
in the sands below, and whose crew had probably perished.

Acting Master Platt reports the existence or recurrence of many violent tide-rips, which will
now receive, for the first time, definite location. He will also, in addition to the sea-current stations
along the comparatively shallow are of the Galf, occupy current-stations along the outer coast of
Cape Cod and between Cape Cod and Cape Aun, so as to complete the information required for
the approaches to the harbors of Boston and Salem, Gloucester, &e.

To Prof. H. Mitchell has been assigned the work of discussing and obtaining final results from
the observations made by Acting Master Platt.

CENTENNIAL EXHIBITION.

Among special attractions that distingnished the International Exhibition, at Philad elphia, in
1876, from preceding representations of the same kind, was the exhibit on the part of the United
States Government of objects pertaining to the operations and results of its Executive Depart.
ments. It is now gratifying to record that the presentation suggestive of the resources and of the
value of many practical operations in public work was in itgelf an imposing exhibition,”even when
surrounded by the splendors and profusion which illustrated the industries and luxuries of all the
natious of the carth.

The requisite authority and provision in part for the governmental exhibit were granted by
Congress early in 1873, and when the time approached for opening the Exhibition a government,
building erected in the Centennial grounds was partly filled by representative contributions from
all the departments excepting the Treasury. The space in the building and the sum allotted to
that department for incidental expenses were found to be inadequate, and at a late day it remained
doubtful whether any exhibit could be made by the Coast Survey or other branches of service
under the charge of the Secretary of the Treasury. Hence, although further provision was ac-
corded in space and means shortly before the opening, only limited preparations at this office could
be authorized or completed, the date which restricted the forwarding of articles being then near at
hand. Richard D. Cutts, Assistant in the Survey, who had been one of the United States Com-
missioners sent to the Vienna Exposition, made the arrangements peedful at the Coast Survey Office
and at Philadelphia. The articles deemed most suitable for the oceasion were selected, a deserip-
tive catalogue was made, and within the space allotted in the government building that officer
designated the position which each of the objects was to oceupy on its arrival from Washington,
By the unremitting exertions of General Cutts, and the activity of the mechanicians who accom-
panied the packages to Philadelphia, the various articles were in their assigned positions and, ready
for inspection on the 10th of May, the opening day of the Centennial Exhibition.

In the space allotted to the Coast Survey were arranged for convenient examination :

L. Characteristic specimens of instruments and apparatus employed in the geodetic, astronom-
ical, topographical, and hydrographic operations of the survey, also for recording the tides and
magnetic variation, and illustrative of the order, character, and precision of the field-work, and
adjunct operations. ~

IL. Results of the field and hydrographic operations as embodied in three hundred of the
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charts and sketches of the Atlantic, Gulf, and Pacific coasts of the United States, pablished for
the benefit of commerce and navigation.

I1I. Reports and other publications in which the methods adopted in the field and at the office
are described and discussed, and which have been published for the advancement of science.

1V. A complete set of the standard weights and measures of the United States, including also
those of the metric system, and of the balances and comparators used in their adjustinent at the
Office of the Coast Survey.

The descriptive catalogue, preceded by a short historical sketch of the organization of the
survey, will be published in the general report of the Centennial Board on behulf of the Execu-
tive Departments.

On the 1st of July, 1876, when all the details connected with the Coast Survey exhibit at
Philadelphia, and the accounts for the expenditures incident to the arrangement of the articles
were adjusted, General Cutts resumed field-work, farther mention of which will be made nnder the
head of Section II in this report. He was succeeded at Philadelphia by Assistant George W. Dean,
who remained in charge of the Coast Survey property there until the close of the Centennial Ex-
hibition.

Notwithstanding the uncertainty at the outset and consequent restriction in the time needful
for preparation, the expression of intelligent visitors was that this exhibit of articles sent from the
office showed evidence of earlyand steady foresight in regard to the requirements of commerce and
navigation. Several of the most eminent scientific men of Europe after being at Philadelphia
passed on to Washington, and in visits at the office cordially recognized its exemplification and
results as worthy of a nation which is second to none in most of the practical appliances of life.

OBITUARY.

Since the close of the year, the labors of which will be detailed in this report, the field record
has been marked by the unfmely loss of one of the most talented and energetic of the assistants.
Franklin Pierce Webber died in his tent near Woodville, Ala., on the morning of July 25, 1877, in
the forty-first year of his age. Through life he had been of robust constitution, and was in the
prime of useful powers when seized with remittent fever, which proved fatal in the course of ten
days. We deplore the sad event, therefore, as a loss somewhat exceptional in the mortuary record
of the service. ‘

Our deceased associate was a grandson of a former president of Harvard College. His father,
an officer of the Army, was in early manhood an intimate frieud of the eminent citizen who after-
wards became President of the United States. Of a lineage so honorable, Assistant Webber ably
sustained his own degree. He entered the service of the Coast Survey at the age of seventeen, and
even then manifested special aptitude as a computer and astronomical observer. Being by nature
methodical and very discreet, he was soon assigned to field-work, and in after years steadily evinced
sound judgment and energy in prosecuting the coast triangulation. Subsequently he conducted
some important hydrographic surveys, and thus his name is intimately associated with several
classes of work on the Atlantic coast and Gulf of Mexico.

In 1873 Mr. Webber was entrusted with the geodetic operations going westward from the
Atlanta base-line towards the Mississippi River. In that responsible work he overcame natural
difficulties that to many would have seemed insuperable.

His-own personal exertions in the field doubtless induced the disorder which terminated fatally.
He was earnest, loyal, and sincere towards his associates, and manifested the same %terling quali
ties in the conscientious performance of all his public duties.
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PART I1I.

Under the heads of sections, beginning at the northeastern boundary on Passamaquoddy Bay,
and following the Atlantic coast and Gulf of Mexico to the Rio Grande, separate statements will
now be given of the work done in each locality to which a party was assigned in the course of the
vear ending Jane 30, 1877. The notices will be arranged in geographieal order going southward,
but for the Pacific coast the most southern locality will be mentioned first, and all others in geo-
graphical order going northward.

In details relating to the transportation required by field and hydrographic parties, including
also the outfit and repair of vessels, the service has had during the year the able co-operation of
Commander Edward P. Lull, U. 8. N., as hydrographic inspector of the Coast Survey. All original
sheets marked with soundings are verified under his direction in advance of their acceptance in the
office as materials for charts. Commander Lull was assisted by Lieut. H. E. Nichols, U. S. N., until
the 16th of April, when that officer was assigued by the Navy Department to service in the Medi-
terranean. In August he was replaced by Lieut. W. H. Parker, jr., U. 8. N.

To the experience of Commander Lull in surveying, his professional skill, readiness in confer-
ence, and vigilance in regard to expenditures for outfits and repairs of vessels, I am indebted for
relief from much anxious care and labor in bydrographic details.

SECTION I.

ATLANTIC COAST OF MAINE, NEW HAMPSHIRE, MASSACHUSETTS, AND RHODE ISLAND, INCLUDING
SEAPORTS, BAYS, AND RIVERS.—(SKETCHES NOS, 2 AND 3.)

Coast hydrography off Mount Desert Island, Me~TFor extending the coast hydrography to the
northward aund eastward of lsle au Haut a party was detailed in Juneof the present year to work
under the charge of Lieut. J. F. Moser, U. 8. N., Assistant Coast Survey, in the steamer Endeavor.
After providing lumber for signals, the vessel left Rockland on-the 26th, and at the close of the
fiscal year the party was engaged in a general examination of the site of work. The projection sent
to Lientenant Moser will in the course of the summer be filled with soundings recorded in the sea
approaches to Mount Desert Island, and as pertaining to the work of the present fiscal year the
details will be given in my next annual report. Lieutenant Moser is aided in this section by Mas-
ters J. B. Murdock and F. E. Greene, U. 8. N. Hydrographic operations by the same party will
be subjects of mention under Sections 11 and IV in this report.

Hydregraphy of Eggemoggin Reach, Me.—In the work of previous seasons the hydrography
of Eggemoggin Reach had been extended from its northern entrance in a direction southward
and eastward nearly to the mouth of Benjumin Riverj in the vicinity of the town of Sedgwick.
For completing the work, Lieut. J. M. Hawley, U. 8. N., Assistant Coast Survey, sailed from’
Boston on the 24th of July, 1876, with his party in the schooner Earnest. A few days after a tide-
gauge was set up on Chatto’s Island, Centre Harbor, and by the close of the month the party was
employed in erecting signals along the shores of the reach., The steam-launch Sagadabock, after
slight repairs at Bangor, ultimately joined the party, and was used for hydrographic service.
Soundings were begun by Lienienant Hawley on the 7th of August, and the work advanced until
the middle of September with favorable weather. The next fortnight was employed by the party
at Northwes{, Harbor, Deer Isle, in the development of shoal spots which had been partially
sounded by Lieutenant Hawley last year. While so engaged a dangerous sunken rock was
developed near the middle of the channel between Eagle Island and Bradbury Island. The depth
on the rock is eleven feet at mean low water. Directions for avoiding this danger were promptly
reported by Lientenant Hawley. ‘lhe following are statisties of the work done in Eggemoggin
Reach, part of which yet remains to be sounded, and of supplementary hydrography in the vicinity
of Northwest Harbor:

Miles run insounding .. .....oo o . i et aeeiae e e 329
ADgles WeASTIed . . .. ... et i et e 2, 947

Number of soundings........... e e e et 30,279



THE UNITED STATES COAST SURVEY, 13

The work here under notice was still in progress on the 9th of October, when Lieutenant Haw-
ley received directions for sounding a harbor at the lower end of Isle an Haut. The vessel was
detained at Brooklin, Me., by fresh gales until the 13th, after which date the incidents which resulted
in great damage to the schooner and imminent peril to her officers and crew will be separately men-
tioned under the next head.

Head Harbor, coast of Maine.—In the plan of work for last year were included directions for
developing the waters at the south end of Isle au Haut, and the party sent to that vicinity was
accordingly furnished with a projection for plotting the soundings intended in Head Harbor. But
owing to delays by bad weather at the general working ground the party was constrained to return
at the close of the season without entering upon the hydrography at the south end of Isle au
Haut.

Early in September of the present year urgent request was made by a corporation interested
in the shipment of ice for the information needful for passing vessels in and out of Head Harbor.
The scliooner Earnest, then in service near by with the party of Lieutenant Hawley, was in conse-
quence assigned to make the soundings. On the morning of October 14 the vessel got under way,
stood out of Brooklin Harbor with fresh wind from the southeast, and at half past ten was at anchor
in Head Harbor, which is entirely open to the sea from south around to west. The afternoon was
spent in setting up a tide-gauge and in erecting and determining the positions of signals, as usual,
in advance of running lines of soundings. Snow fell to the depth of three inches, and the wind
was strong frem the northeast. At eight o’clock in the evening of the 15th the wind backed to
northwest and increased in force. As the schooner had a high hill for a lee, no uneasiness was
felt on board, but close watch was kept upon the auchor-chains. Up to that hour the vessel had
not dragged from either of the two anchors. In the course of the next hour, or about nine o’clock
at night, the wind suddenly shifted to west-southwest, and blew a heavy gale directly from sea-
ward into the harbor. The schooner dragged, struck, and swung broadside to the shore. Lieuten-
ant Hawley promptly hove up the port anchor, in lieu of the chain bent on a five-inch hawser, and
had the anchor carried well out to windward. By that expedient the Earnest was hanled out, and,
being upon a lee shore in & harbor too narrow to work in, the starboard anchor was raised and sent
out with fifteen fathoms of chain in hopes that both anchors might hold in the new position. But
a8 the wind hauled to southward and westward the sea increased rapidly, and in about fifteen
minutes the vessel commenced thumping under the starboard quarter upon a rocky bottom. Per-
ceiving that this unfortunate condition was due to the fall of the tide, Lieutenant Hawley imme-
diately gave orders to heave in on the hawser and starboard anchor, and the Earnest was again
clear of the rocks. Presently the starboard anchor eame home, but had quickly bent to it the other
end of the hawser, and the auchor was taken out and dropped well over towards the opposite
shore.

After midnight the sea was too heavy to admit of sending out chains, but the vessel still held
by her hawsers. Lieutenant Hawley for additional seeurity made a loug line of the fore and main
sheets and peak balliards, and had one end of it fastened to the western shore. The vessel then
showed about an equal strain on each of the three fastenings by which she was held. As the tide
was falling rapidly the precantion was taken to draw the vessel towards deep water by occasional
pulls on the lines, and that expedient was effective until three o’clock in the morning of the 16th.
But in the course of the next half hour, sea and wind increasing, the starboard hawser parted, the
schooner swung around broadside to the wind, parted the shore line, and dashed viclently on the
rocks, at the same time bringing home the port anchor. All resources bearing ou the safety of the
vessel being exhausted, the officers and crew lef¢ the schooner. By the force of the sea the gig was
dashed into small pieces on the rocks.

Notwithstanding the cold and the excessive labor which all had endured for many hours, an-
other line was made fast to the port quarter of the vessel and hauled taut, in hope that the schooner
might float when the tide (about ten feet) was again high. Bat as water appeared in the hold,
Lieutenant Hawley ordered the mowvable property to be taken ashore, This was done by the
exertions of Masters Richard Mitchell, G. C. Hanus, and A. H. Cobb, U. S. N., who were faithfully
seconded by every man in the crew of the vessel.

Lieut. H. E. Nichols, U. 8. N., assistant in the Coast Survey Hydrographic Division, was at
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Head Harbor as soon as possible after the disaster and co-operated with Lieutenant Hawley and
his officers in relieving the vessel. Subsequently it was found that the schooner had lostsher keel,
garboard streaks, and well logs. In that condition, however, the vessel was raised and beached at
Head Harbor, and being subsequently filled with empty casks at low tide, was at high tide of
November 14 successfully floated to Belfast, where temporary repairs were made, in order to secure
the vessel for the winter. The Earnest was subsequently repaired and thoroughly refitted at Bel-
fast, and during June of the present year was used for proseeuting hydrographie work in the
approaches to Penobsecot Bay.

‘When the mishap occurred at Head Harbor Mr. William E. Woodall, of Baltimore, the builder of
the vessel, immediately proceeded at his own cost and, on viewing the schooner, offered advice and
assistance for her recovery.

The Earnest having been built in composite style, iron frames and beams with wood planking,
a style unknown to seamen on the coast of Maine, the knowledge of the constructor was of great
use in relieving the vessel from her perilous sitnation. Great interest had been excited in regard
to the ability of any composite vessel to withstand severe trials of strength, and this ques’ion was
about to be solved. *When taken out of the water at Belfast astonixhment was expressed by sea-
men and ship-builders at the small amount of damuge to the hull of the Earnest. The declaration
was general that if the vessel had been entirely constructed with wood scantling, she must inevit-
ably have gone to pieces on the rocky bottom of Head Harbor. As the composite style of building
was adopted for the Coast Survey service after careful consideration, the issue of the severe test to
which the Earnest was subjected has been at least some offset us against the cost of subsequent
repairs. The refitting at Belfast was done by builders who had no concern whatever in the econ-
struction of the vessel. ‘

For the disinterested action of Mr. Woodall, who declined reimbursement even for his traveling
expenses, I take pleasure in recording here the acknowledgment of my obligations.

Tidal observations.—At North Haven, on the coast of Maine, the series of tidal and mete-
orological observations which were commenced in January, 1870, have been continued during the
present year by Mr. J. G.-Spaulding. The self-registering tide-gauge there in use is of the best
construction and is furnished with heating apparatus to prevent the formation of ice near the float.
By the care and attention of the observer interruptions in the series have been generally avoided.
As usual, the record has been kept up by means of a staff‘gauge when it has been necessary to
stop the self-registering apparatus for cleaning or for repairs. The series at North Haven is, so far,
one of the best on record.

Topography of the Penobscot River, Me.—The survey of the Penobscot was resnmed early
in August, 1876, by Assistant A. W. Longfellow, and has been extended along the west bank
from Hampden up to Bangor and on the east bank from Orrington to Brewer Village. Mr. . H.
Van Orden was attached to the plane-table party as temporary aid. Among the details mapped
are the line of railroad within working limits on the east side of the river, and on the west side the
terminus of the Maine Central Railroad at the city of Bangor. County roads within the same
limits were traced and mapped, as were also the surface features of the ground and improvements
in their vicinity. The work was coutinued until the 25th of October. The part of the Penobscot
remaining to be surveyed lies between the work done this season and the dam which limits the flow
of the tide at a point abont one mile above Bangor. A summary of statisties given in the field
report shows, in addition to the aggregate of about twenty miles of shore-line traced in the prelim-
inary survey of 1867, the following particulars:

Shore-line surveyed (miles) ... _.......... .... e e e aaa 12
Streams and brooks (miles). ... ... L e 8%
Roads (miles) . ... . ... . i e i 19
Area of detailed topography (square miles)...... ... .. ..o el 7%

The survey of the Penobseot will be resumed hereafter in the immediate vicinity of Bangor.

Hydrography, Saco River entrance, Me.—~For the supplementary soundings needful in the
approaches to Saco River a party was detailed early in September, 1876, to work under the
charge of Assistant F. F. Nes, After establishing a tide-station and erecting signals, soundings
were extended beyond previous limits abreast of Ferry Beach, to include the vieinity of Eagle Island
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and Ram Island, on the north side of the entrance to the Saco, and also to the southward from the
shore-line of Fleteher’s Neck beyond the Hussey’s Rock buoy. The weather was generally unfavor-
able, but at intervals the hydrography was continued until the 28th of October. The statistics of
soundings are:

Miles run in sounding ............. U 34
Anglesmeasured. ... .. ... il 396
Number of soundings. ... ... .. L Ll 2,643

Unusually cold weather in the latter part of October made it impracticable to continue the
soundings desirable in the approaches to the Saco.

Triangulation in New Hampshire.~This work has been further advanced by the occupation of
two primary stations to the southward and westward of Mouut Washington.

Prof, Ii. T. Quimby took the field early in June, 1876, established his party on the summit of
‘Whiteface Mountain, in the town of Waterville, and was there engaged until August. The party
was then transferred to Mount Lafayette. Unfavorable weather hindered the observations at both
stations, but the angular measurements at Mount Lafayette were completed by the end of Sep-
tember.

In addition to careful measurements on primary signals, numerous secondary and tertiary
objects were observed on from the stations occupied by Professor Quimby.

The summer months of 1876 are noted in the field records of this party as unprecedented in
the mountain region of New Hampshire for heat, drought, haze, and forest fires, all tending to
retard the progress of work. During twenty consecutive days in August no outlying signals could
be seen from Mount Lafayette. The observations of this season by Professor Quimby for conneect-
ing Mount Washington with the State scheme of triangulation were all directed to the iron chimney
of the new hotel as a signal. The statistics of the season are-:

Stations 0CCUDIEd . ..o o ve i i i e e i 2
Angles observed, prineipal ...... ... . .. . ..l L. e 27
Angles observed, secondary, & ... ... L iiin Lol 51
Angular measurements, horizontal . .. ... ._.... . ettt i e 271
Angular measurements, vertical ........ ... .. ..ol 1,032

The work here under notice falls in a quadrilateral, of which the points yet to be occupied are
Mount Washington and, southeast of that peak, a mountain known as Kearsarge, in Carroll County,
New Hampshire. : . .

‘When the position of the last-mentioned mountain was determined approximately in 1851 by
angular measurement from adjacent stations, the name of the station so determined was entered in
the Coast Survey record of the triangulation as “Pequauket,” a designation then warranted by occa-
sional use in the county, and adopted rather than the name Kearsarge, as being couveniently dis-
tinctive in the record. It was known to the observers that one of the mountains in Merrimac
County huad been called Kearsarge for many years, and that it bad probably borne no other name,

‘Whether or not the mountain in Merrimae was the first so named in New Hampshire, the fact
has been brought to light by reference to the records of the official surveys that the mountain in
Carroll County was known by the name Kearsarge in 1784, and probably earlier; and it is ccm
monly so designated at this day. Old records, examined in the course of the research, show also
that the name “Pequauket” applied about two hundred years ago, not to the mountain, but to a
plain near its base, which plain was the site of one of the early settlements of New England. The
use of the name ‘“Pequauket” served in the Coast Survey record to distinguish in 1851 the station
in Carroll County from the mountain (subsequently occupied with the theodolite) in Merrimac,
but copies of early maps now on file in the Coast Survey Office prove that up to the year 1816 the
mountain in Carroll was known only as “Kearsarge,” and close inquiry shows that persons of great
age and yet living have passed their lives near by without hearing any other name applied to it
The name “Pigwackett,” as applied to a mountain upwards of three thousand feet high, appears
first on the map published by Philip Carrigain in 1816. He thereon inserted the name as *Pig.
wackett, formerly Kiarsarge” But map pablishers since the year 1816 have, with few exceptions,
restored the name “Hearsarge” as attaching to the mountain in Carroll.
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As the printed records of the Coast Survey must become part of the permanent matter used
for reference in the future, it seems proper to enter therein the names of the two mountains of New
Hampshire so that the record may eontorm with the usage which bas been most general in past
years. The mountain in Carroll will therefore be designated in the Coast Survey record ¢ Kear-
sarge North,” and the mountain in Merrimac ¢ Kearsarge South.”

While prosecnting field-work in New Hampshire, Professor Quimby has had the advdntage of
direct correspondence with Assistant Richard D. Cutts, whose knowledge and experience have
become the sources of valuable suggestions for securing success in triangulation.

Tidal observations.—Until the middle of February, when the recorder died, the tidal and me-
teorological observations were kept up at the Charlestown navy-yard, near Boston. The observer,
Mr. H. Howland, a elerk on the receiving-ship, had been some time in bad health, but until his
death bad the occasional aid of friends in maintaining the tidal records. The series of observations
at this station was closed on the 19th of I'ebruary and discontinued. A very complete series of
observations of high and low water had been recorded at the same station for a period of nineteen
vears., For predicting the tides the results have already become available by discussion in the
office.

Since the year 1872 a self-registering tide-gauge of improved construction has been in use at
Providence, R. L., the observations being maintained at the expense of the city. During four
years the tidal registers and the forms furnished for tabulating have been regularly sent to the
Coast Survey Office as an equivalent for the use of the apparatus. The observations thus recorded
will materially aid in the investigation of the tides of Narragansett Bay.

Tidal currents, Gulf of Maine.—For the purpose of recording observations on the tidal enr-
rents between Nantucket and Cape Sable, the schoouer Drift was refitted, and left New York
early in June with a party under charge of Acting Master Robert Platt, U. 8. N., Assistant Coast
Survey. At Hyannis, Assistant Henry Mitchell joined the party for conference, and suggested 1n
detail the methods for securing and recording the desired observations. On a chart stations were
marked at which the vessel was to be anchored while currents in the vicinity were observed. At the
first station, to the eastward of Nantucket, the Drift was anchored on the morning of the 6th of
June in sixty fathoms of water. The day was passed in recording observations, and the record for
the station was completed on the fullowing day, showing the rate of current at the surface and down-
ward to a depth of thirty fathoms. The density of the water was also noted and recorded. Acting
Master Platt remarked that the flood-tide, swell, or sea showed distinetly just before the last of the
ebb. ¢ These swells begin and increase until about three-quarter flood ; then the sea becomes more
quiet, and at high tide they become regular. As the ebb-tide makes, the swell begins to go down
and at about three-quarter ebb it becomes quite smooth.”

North of Nantucket other current stations will be occupied in the course of the summer. The
work then executed will be mentioned in further detail in my next annual report. Enmgub Albert
Mertz and J. . Underwood are attached to the party in the schooner Drift.

In October and Novewmber, 1876, repeated attempts were made by the party in the schooner
Drift to observe for currents in the Gulf of Maine, but the weather was then too boisterous to admit
of keeping the vessel at anchor for a period sufficient for completing observations at either of the

_intended stations. At the end of November the Dritt returned to New York.

Triangulation of Taunton River, Mass—In a preceding season the triangulation of this river
was extended from the head of Narragansett Bay upwards to North Dighton. Subsequently the
detailed topographicul survey was carried as far up as Weir Village. To provide for completing
the survey to the head of navigation, a party was sent to determine points intermediate between
Dighton and the city of Taunton, and from the city eastward to include the manufacturing village
known as Squaw-betty. For this work Assistant A, M. Harrison took the field on the 14th of
August, 1876, aided by Mr. C. H. Sineclair, aud during part of the season also by Mr. W. C.
Hodgkins.

The banks of the river being thickly settled and affording no prominent hills, special care was
exereised in the selection of points that would be intervisible without interfering with the numerous
patches of forest trees, orchards, or tree-borders of roads. By the courtesy of residents, the roofs
of a number of houses were marked with signals and subsequently occupied as stations with the
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theodolite by the use of a platform so contrived as to be easily removed from one and mounted on
another house-top. Ground-stations were marked as usnal to insure ideutification if the point
should be needed at any future time. Of the fifty-two stations at which angles were measured, fif-
teen were on houses. The triangulation was completed on the 28th of November, and the work
comprises the following in statisties:

Signalserected. ... ... ... ... ... ... e e e 54
Stations oceupied . .. ..o oot i e e 5
Angles Measured. . . ... ... e eaaa e 320
Observations with theodolite..... ... ... ... .. ... ... .o iilL. 3, 668

Before leaving the vicinity of Taunton River, Mr. Harrison traced and added to the plane-table
survey of the previous season several miles of the line of the Old Colony Railroad, to make the road
appear continuous on the sheets above Fall River, the parts omitted in the survey being somewhat
beyond the limit adopted for the detailed topography.

In preceding seasons most of the topographical details of the shores of Narragansctt Bay were
mapped by Assistant Harrison. Soon after the completion of that work Prof. N. S. Shaler, of Har-
vard College, made a special study of the geology of this part of the coast, and in doing so relied
on the results of the plane-table survey. He thus refers to the advantage which the topographical
representation afforded for his researches: ‘So perfectly has the topographer caught the expression
of the surface of the country, that by studying the map of Aquidneck or Rhode Island, I have been
able to determine the position of geological faults and the general character and dip of the rock
even before visiting the localities, and at points where the nneducated eye would perceive no va-
riety in the character of the surface. Most of the satisfaction and success which I have had in my
work is due to the excellence of the plane-table survey.”

SECTION II.

ATLANTIC COAST, AND SEAPORTS OF CONNECTICUT, NEW YORK, NEW JERSEY, PENNSYLVANIA,
AND DELAWARE, INCLUDING BAYS AND RIVERS. (SkrrcEES Nos. 4 AND 5.)

Topography of the vicinity of New Haven, Conn.—The detailed survey of the vieinity of New
Haven has been extended by parties working under the charge of Assistant R. M. Bache. For the
purposes of the plane-table work twenty-six points were determined by triangulation. On the
eastern side of the harbor the details of topography were filled in to include the vicinity of Lake
Saltonstall. From West Haven, on the opposite side of the harbor, the plane-table work was con-
tinned northward to the limit reached in other parts of the survey. Field operations were dis-
continued late in November, 1876, but were resumed at the opening of spring. The survey was
steadily prosecuted until the end of the fiscal year, and is yet in progress. At the end of June the
statistics of work added to the previous survey were:

Shore-line of rivers and creeks (miles)......... .. ... .. 17
Road (miles) .. .. ... i 123
Area of topography (square miles) ... ... ... ... il 39

An aggregate of about forty miles was run in lines traced with the spirit-level.

Pendulum experiments.—The work which has been prosecuted by Assistant C. S. Peirce was
resumed at New York on the 1st of February, 1877. For determining the flexure of the pendulum
stand numerous measures were made during February and Mareh. Experiments with the auto-
matic relay were then commenced, and the force of gravity was ascertained on the Repsold stand.
These operations were continued until the middle of May, and similar experiments were made upon
another form of support.

Subassistant Edwin Smith, under the direction of Mr. Peirce, commenced time observations
early in March, and these were repeated on thirty-one nights preceding the end of June. In April
a very extensive series of measures of the length of the pendulum was made, and at intervals
these were repeated in May and June. At the same time optical measures of wave-lengths were
recorded in good weather for the determination of a standard of length,

8. Ex. 12—3
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In the latter part of the fiscal year Assistant Peirce made a full set of experiments with the
pendulum, uniform with a set which he had made in Europe for ascertaining the force of gravity.
Of the operations here noticed further mention will be made iu my next annual report.

Triangulation.—At the opening of the fiscal year Assistant Richard D. Cutts relinquished the
charge of the Coast Sarvey exhibit which he had arranged as part of the Infernational Exposition
at Philadelphia, and early in July, 1876, resumed field-work in this section. At South Adams he
found that the residents of that vieinity had opened a road to the summit of Greylock Mountain,
and thus his party was enabled to proceed at once to the primary station which would have been
occupied last season if facilities for reaching it had then existed. A temporary observatory was
set up, the instruments were mounted, and camp was pitched on the summit of Greylock by the
12th of July. Between that date and September 9 the requisite horizontal and vertical angles were
measured. Heliotropes were employed at Mount Tom, on Monadnock, on Greenwich Hill, on
Helderberg, and at Prospect Mountain. The lines to these several stations vary from 33 to 62
miles in their distances from Greylock. ’

During August the work was retarded by causes that are somewhat common in other districts
in that month, but which especially affeected the atmosphere in the valley of the Hudson. A
drought prevailed, and consequently continnous haze, and the smoke from furnaces at Troy and
elsewhere along the river beeame, to an unusual degree, a hinderance to progress in recording the
observations. The heliotropes could be seen only after a north or northwest wind or a rain storm
from the west, the effect of which was to elear the air of the valley,

From Greylock, Assistant Cutts transferred his party to Helderberg, a summit 1,524 feet above
tide, and about seventeen miles westward of Albany. Observations were begun at that station in
the middle of September and were concluded on the 15th of November. In clondy weather, gener-
ally, the heliotropes proved ineffective, but under clouds the atmosphere occasionally became snch
as to bring into view the distant signal-poles, when, at the same time, the heliotropes could not be
seen. To the westward observations were made on the signal of a station in Otsego County, about
thirty-six miles distant from Helderberg.

Assistant Cutts was aided in the field by Mr. J. F. Pratt. The following are statisties of the
triangulation: -

Primary stations occupied . ... ... ittt i i, 2
Horizontal angles measured . ... .. .. .. iitt e iiit cireiiiaiaane e anan . 26
Number of observations _ ... ... .. 1,317
Vertical angles Tneasured .. ....coeiiiinieiniimtcotiteecacnnneocarcsasannes 14
Number of measurements . . ... .. ... aaaaaaaaaan 415

In reference to means for ascertaining the heights of the triangulation-points above the sea,
Assistant Cutts remarks in his report:

“As it was very desirable that the leveling should start from a correct base, connected directly
with tidewater, the altitude above mean tide of the station-mark on Mount Rafinesque was deter-
mined, in the course of the season, by a line of spirit-levels forward and back. By means of this
‘base, the heiglits of Monadnock and Mount Tom, of the primary triangulation to the eastward,
could be checked, and the heights of stations in the interior of the country could be determined
with unusual accuracy. The spirit-leveling up the Hudson River, by the Coast Survey, as far as
Stuyvesant’s Landing, was accepted as correct. From the bench-mark at the Landing to the bench-
mark at Lansingburg the leveling done by Mr. R. H. Talcott (the mean of three separate and close
lines of levels) for the improvement of the Hudson River was accepted as equally correct; and
from the bench-mark at Lansingburg to the station-mark on Mount Rafinesque, the leveling was
done under my direction by George R. Taleott, an experienced observer.”

The original records of this work, and of the triangulation, have been duplicated and deposited
in the office, with abstracts of angles and computations showing the lengths of triangle-sides, the
heights of stations above mean tide, and the resulting values of the coefticient of refraction.

‘While at this station, and generally during the season, Assistant Cutts maintained correspond-
ence with the several observers who have been accepted for the work of determining geodetic
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points in the States of the Union in which geological or other surveys are now in progress, His
readiness and large experience in the field have been specially useful to the acting assistants in
New Hampshire, New Jersey, Pennsylvania, Kentueky, Tennessee, and Wisconsinu, who, being
professors in colleges, need only the information which cannot be gained except by many years of
observation and traversing all varieties of country through which triangulation has been prose-
cuted. Mr. Cutts has discussed the character of the work, so far as done in the States, with refer-
ence to the standard of accuracy deemed requisite for the operations of the Coast Survey, and, by
his knowledge of the requirements, has secured the unity so desirable in regard to plan and method
for the work already executed in the States, and npon which must ultimately be based the detailed
surveys of their areas.

Tidal observations.—The series of tidal observations at Governor’s Island, in New York Harbor,
has been kept up by Mr. R. T. Bassett. Hot water is used freely during severe weather in winter,
as without that expedient the continnity of observations could not be maintained. This series was
begun on the 12th of December, 1852, but for several years immediately following, on account of
frequent stoppages in cold weather, observations were omitted during winter. High and low
waters were, however, recorded for those periods by a box-gauge on the Brooklyn side of the
harbor. In 1861 winter observations were again resumed, and, with some unavoidable interrup-
tions, they have been kept up to the present time. The apparatus in use is of the old form, and
without recent improvements, but the experience of the observer has enabled him to furnish good
records of the tides. The same observer makes day observations at Hamilton Avenue Ferry
wharf, in Brooklyn, for comparison with the series at Governor’s Island.

The series of tidal observations started with a self-registering gange at Sandy Hook, in Octo-
ber, 1875, has been kept up by Mr. J. W. Banford, at the station on one of the wharves of the New
Jersey Southern Railroad. The observer having charge of the depot, and with a party of hands
subject to his direction, is well furnished with facilities for keeping the tidal apparatus in order.
Good observations have been returned, though at times the surface of the sea bhecomes quite rough.
At this station the tides are greatly affected hy winds, as must be the case in the immediate vicinity
of the open sea. The position occupied by the tide-gauge seems to be as near the ocean as it is
practicable to maintain the apparatus in steady operation at the entrance of New York Bay. A
continuous series of observations at this station is very desirable.

Verification—In November, 1876, my attention was called to a supposed decrease of depth
near Buoy No. 2, in Geduney’s Channel, entrance to New York Harbor. The schooner Drift having
shortly afterwards returned to New York, directions were given to Acting Master Robert Platt,
U. 8. N, to examine the locality in question. For that purpose the vessel was got under way on
the morning of the 7th of December, and soon after came to anchor near the railroad wharf at
Sandy Hook, to note the condition of the self-registering tide-gauge before beginning the sound-
ings needful in Gedney’s Channel. The Drift remained comfortably at her anchorage during the
night of the Tth, although the breeze was strong from the westward. Next morning the wind was
quite fresh from the northwest, but as it moderated at 9 a. m. the vessel proceeded to the working-
ground and recorded soundings near Buoy No. 2 until two o’clock in the afternoon, when the wind
began to blow hard. As the weather at the same time became very cold, Acting Master Platt
recalled the sounding-boat, and returned to his anchorage inside of Sandy Hook., At widnight
the barometer did not indicate much change, but the temperature had sunk to 20° above zero. The
wind at that time was from the southeast, with snow-squalls. The vessel was held by two anchors,
and when the land could be seen good ranges were taken, and it was not deemed necessary to
change the position. Early next morning the wind suddenly shifted to northward and westward,
making Sandy Hook a lee shore. In half an hour the anchorage was swept by a hurricane, the
barometer sunk rapidly and the thermometer stood at 10°. The sea hecame very rougl, the
schooner shipped much water, and ice formed thick and fast on the deck. Presently the vessel
began to strike the bottom at every heavy swell of the sea. Signals were made to several tug-
boats that lay near the railroad wharf, and though one of them instantly moved towards the Drift,
the attempt to reach her was twice unsuccessful. In a third effort a second tug joined, and by hard
work passed a hawser on board the schooper. The Drift was then towed in near the railroad wharf.
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Three schooners and & steamboat were thrown on the beach by the hurricane; the damage sus.
tained by the Drift was inconsiderable. At the opening of the season the vessel was refitted, and
has since been in service in the Gulf of Maine.

Acting Master Platt’s report on the incidents attending the hurricane encountered in Raritan
Bay, states that the officers, Acting Ensign George Glass and Mates L. F. Lee and J. A. Smith,
and the crew of the Drift behaved with great spirit and energy notwithstanding the extreme cold
to which all were subjected.

Triangulation in New Jersey.—At the end of July, 1876, field-work was resumed near Caldwell
where it was hoped that a station might be found for connecting the primary triangulation which
crosses the State of New Jersey with the system of triangles laid ont under the direction of Prof.
G. H. Cook, to the northward of Morristown. BEarly in August, Prof. E. A. Bowser commenced
the erection of signals at stations which he had previously selected. When requisite, in order to
bring others into view, he also put up elevated scaffolds to sustain the theodolite while angular
measurements were in progress. Of the stations selected, Goat Hill and Mount Rose were occu-
pied in the course of the season. Under the direction of Professor Bowser, a line of levels was
run from a bench-mark near the lock of the Delaware and Raritan Canal feeder, at Lambertsville,
up to Goat Hill station, with a view to determine the height of that triangulation-point above
mean tide. Field-work was discontinued in January, but was resumed in May of the present year.
The observations required at Goat Hill, Mount Rose, and Newtown were completed in the month
following—and as the triangulation in Eastern Pennsylvania connects with those stations directly,
and thus also with the completed primary triangulation of New Jersey, the length of the triangle
sides in Pennsylvania will become readily known by computation. As yet no base-line has been
measured in either of the two States. The aggregate statistics of the work of the past fiscal year
in New Jersey are:

Stations oceupied. . ... . ... L.l e 2
Angles measured . . ... ... iicaieaiaaa, 15
Number of observations ...... e aeeeiaaaaaeaaan i, 1,251

In the progress of this work Professor Bowser was advised, from time to time, by correspond-
ence with Assistant Richard D. Cuits.

Hydrography of Barnegat Bay, N. J—The hydrography of Barnegat Bay has been completed
by a party working under the direction of Lieut., J. F. Moser, U. 8. N., Assistant Coast Survey,
with the schooner Bache. In a previous season soundings had been extended from the entrance
upward to the vicinity of Tom’s River. At that limit the hydrography was resumed by Lieutenant
Moser on the 23d of August, 1876, and was carried forward with the schooner as long as was found
to be practicable with a vessel of that draught. Subsequently the barge which had been in use
while the plane-table survey was in progress proved available for completing the soundings above
the mouth of Tom'’s River. That branch of the bay, and also Mosquito Cove, Kettle Creek, and
the lower part of Metitiniconk River, are included amongst the details on the hydrographic sheet.
While soundings were in progress a tide-gauge was kept for record at Sea Side Park. Later in the
season a second gauge was established in Kettle Creek, and after the middle of September obser-
vations were recorded with a third tide-gauge in Tom’s River. The hydrography of the bay and 1ts
branches was completed by the 5th of October. Some of the points established in the triangulation
of Barnegat Bay had been obliterated by the action of the sea, but enough were identified by Lieu-
tenant Moser to suffice for the hydrographic survey. The statistics are:

Miles run in sounding ... ... . ... ieiiaieaiaiieaan 228
Angles measured........ ...... e e eed e taarecbeae e 2, 206
Number of 8oundings. . ... ..ottt e e aea e 25,113

The improvements erected at Sea Side Park since the completion of the plane-table survey were
located by Lieutenant Moser and marked on the hydrographic sheet.

Under the head of Section IV notice will be taken of the subsequent work of this party. In
both sections Lientenant Moser was aided by Master J. B. Murdock and Ensign 0. W. Lowry, U.8.N.
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Coast Pilot—The work of compiling and preparing for publication the Coast Pilot for the
Atlantic coast has been continued by Assistant J. 8. Bradford. In October, 1876, with a party in
the schooner Palinurus, he examined the coast of New Jersey between Sandy Hook and Delaware
Bay. The dangers incident to navigation along the outer coast were carefully noted, and special
examinations were made of Little Egg Harbor and Absecon. In proceeding up Delaware Bay
search was made for a shoal spot said to have only six feet of water to the westward of Brandy-
wine Shoal, but no danger to navigation was found in the place indicated, nor was its existence
known amongst the bay pilots.

The examination of the Delaware was extended as far up as Trenton. As heretofore, views of
prominent points on the bay and river were drawn by Mr. John R. Barker, who accompanied the
party in the Palinurns. In passing the coast of New Jersey the entrances were sketched as usual
for the Coast Pilot, and the views were as soon as practicable etched for printing.

Lieut. Frederick Collins, U. 8. N., accompanied the party in the schooner Palinuras, and at the
close of work, which will be noticed in the next section of this report, took command of the vessel
for duty on the southern coast,

The preparation of the notes compiled for the second volume of the Coast Pilot, including
thirteen views drawn in the course of the season, is well advanced and the matter will shortly
be in readiness for publication,

Triangulation in Pennsylvania.—Tield-work was resumed in this State in the middle of June,
1876, by Prof. L. M, Haupt, and was prosecuted until the 26th of November. The reconnaissance
for points of triangulation was continued until the connection of the scheme in Eastern Pennsyl-
vania with the scheme of triangles laid out in New Jersey proved to be entirely satisfactory. By
the selection near Allentown of a station intervisible with a summit in the upper part of Bucks
County, the system of work was further improved, and to the sonthward and westward stations
were finally chosen for extending the triangulation to the Susquehanna River.

In order to adjust the scheme in its approximate geographical position, Professor Haupt
measured a short base in the preceding year and observed for latitnde and azimuth, but no site has
yet been found suitable for a base on the measurement of which the lengths of the triangle sides
will depend. A sitein the vicinity of Lonsdale, on the line of the North Pennsylvania Railroad, has
been under consideration, and may be available if required for the desired measurement and for
connecting properly with the triangulation above Philadelphia. Some of the southern stations in
the scheme laid out by Professor Haupt may prove to be intervisible with points occupied in the
triangulation of Chesapeake Bay, in which case no base of verification will be required within the
present limits of the field-work in Pennsylvania. The statistics of the triangulation are:

Signals erected................ ... S Pt ieeeeeiaieciiveneas aaas 8
10 ¢34 £ 6
Stations occupied ... ... i 4
Horizontal angles measured. - .. .cov e i oot oir i ieeieeraaee e aans 17
Number of observations....... ... ...l 1, 337

In addition to the operations of his own party in the northern part of this section, Assistant
R. D. Catts gave close attention to the interests of the field-work in New Jersey and Pennsylvania.
In both States the schemes as developed by reconnaissance from time to time were carefully
examined, and the conditions essential to the success of the work were made known by the corres-
pondence of Mr. Cutts with the observers.
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SECTION III.

ATLANTIC COAST AND BAYS OF MARYLAND AND VIRGINIA, INCLUDING SEAPORTS AND RIVERS.
(SkETCH No. 6.)

Coast Pilot—In November, 1876, after closing work in Delaware River, Assistant J. 8. Brad-
ford, accompanied by Lieut. Frederick Collins, U. 8. N., proceeded with the schooner Palinurus
southward of Cape Henlopen. The coast approaches and inlets along the seaboard of Delaware
and Virginia were examined by Mr. Bradford, and, under his direction, views of special lIocalities
were drawn by Mr. J. R. Barker both of the outer coast and of points along the sheres of Chesa-
peake Bay. The weather proved to be exceptionally severe, but work was continued until the 7th
of December, when further operations were stopped by the prevalence of ice at the head of the
bay. Assistant Bradford, in consequence, returned to Baltimore. The command of the vessel was
there transferred to Lieuntenant Collins, and preparation was made for continuing examinations and
the preparation of sailing directions, ete., below Cape Henry. Mention of the work done by the
party in charge of Lieutenant Collins will be made under the head of Sections IV and V, in this
report.

Upward of fifty views were drawn by Mr. Barker, of points indicated by Assistant Bradford,
along the outer coast and ithe shores of Chesapeake Bay. During the winter the material collected
under his direction was compiled at the office and arranged for publication. In addition to the
personal oversight of details relating to the Coast Pilot, Mr. Bradford retained charge ot the
Engraving Division of the Coast Survey Office until the end of March, when he was relieved by
Assistant L. A. Sengteller,

Positions of United States life-saving stations—Last year the positions of life-saving stations
north of the entrance to Delaware Bay were determined by Assistant F. H. Gerdes, and were care-
fully marked on the original plane-table sheets proper to the localities of the stations. In continu-
ation of the service, Mr. Gerdes proceeded to this section late in September, 1876, and in the
following mouth determined in position the stations at Cape Henlopen and Indian River, on the
coast of Delaware; at Green Run Inlet, on the coast of Maryland; and at Chincoteague, Cedar
Island, Hog Island, Cobb’s Island, and Swmith’s Island {Cape Charles), on the coast of Virginia.

The inspector of the life-saving stations, Capt. J. H. Merryman, of the United States Revenue
Marine, afforded many facilities for the work of this and the preceding year in giving notes of the
best routes for reaching the stations and in regard to their approximate positions, With these
Assistant Gerdes was enabled to identify the localities by examining the plane table sheets, and,
as data for the field operations, tracings were made of the vicinity of each of the stations.

Various metheds were used for determining positions. When the localify could be identified
on the topographical tracing, angular measurements were recorded, the objeet in such case being
light-houses, old buildings, or sharp and well-defined points in the topography. If no conspicuous
object was in view, linear measurements were made, to determine the distance from the station to
the nearest objects that had been previously ascertained in position; these, in a few cases, being
points used for the coast triangulation. The report of Assistant Gerdes was accompanied by
sketches and descriptions of the stations. After his arrival at the office in Washington positions
were carefully plotted from the field-notes, and the original topographical sheets were marked to
correspond with the positions of the life-saving stations of the fifth district. Assistant Gerdes was
aided in the ficld by Mr. Hugh Caperton.

Baltimore Harbor —For the special survey of the harbor of Baltimore, for which work means
were appropriated by the legislature of the State of Maryland, a careful triangulation was made
by Assistant J. W. Donn, in July and August, 1876. Subsequently the entire wharf-line was
measured carefully as a check and for comparison with the determinations of the plane-table. As
usual, the work was done entirely on the ground, the only record being the delineations shown by
the topographical sheets. Comparisons were constantly made with the measured lines of the
wharves, piers, and docks, and the agreement left nothing to desire in point of accuracy.

“In extending the survey along such parts of the harbor-line as were not occupied by wharves
or piers, and which could not be clearly determined otherwise, a leveling instrument was used to
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mark out the line of mean high water. This plane was ascertained by a series of day and night
observations extending through two lunar months. Tide-stations were established at Henderson's
wharf, Fell’s Point; Woodall’s floating dock, Locust Point; Bollman’s wharf, Canton; and at
Winans’ dock, on the Patapsco River front. The serics was recorded at the Fell’s Point gauge,
and, during a calm season, free from winds and abnormal tides, simultaneous observations were
made to determine differences of period of maxima of flood and ebb. These differences were found
to be less than fifteen minutes, or practicably inappreciable in the limited tidal flow of the harbor,
which the mean of one hundred and fifteen tides shows to be 1.16 feet or four-hundredths of a foot
less than that established for the station at Fort Carroll.”

Soundings were commenced early in October and were continued uninterruptedly until the
part of the harbor known as Spring Garden was closed by ice. While the hydrography was in
" progress, Assistant Donn surveyed the shores of the Patapsco on both sides of the harbor, and
mapped the results on a scale of 300 feet to the inch. , The space between the head of the basin
and the water front of Canton was surveyed on a scale of 150 feet to the inch. On the south shore
of the Patapsco the details were mapped from the Long Bridge to the bulkhead at the Marine
Hospital. The hydrography represents the depths found between Spring Garden, Ferry Bar,
Bush Point, at Brooklyn, and a line extended from the bulkhead of the Marine Hospital to the
lower whart of the Stickney Iron Company, at the Lazaretto. The area of the basin and harbor
to Canton was sounded, and plotted on the scale of the topographical sheets that cover the same
locality.

During intervals of weather unfavorable for work in the field or afloat, the reductions, com-
putations, and other details pertaining to the work were completed. Assistant Donn closed active
operations at Baltimore at the end of the year, and resumed the survey of the James River, Va.,
as will be mentioned under a separate head in this chapter.

On the 1st of June of the present year the special survey of Baltimore harbor was again taken
up at Spring Garden, and along the Patapsco between the drawbridge and Brooklyn, and west of
the bridge.

The recorded details show that in the course of the survey seventeen thonsand four hundred
soundings were made, and that one thousand four hundred and forty-three angles were measured
for determining the position of the boat while sounding in midwater. The positions of the ends of
the lines were ascertained by means of the plane-table. The principal lines of soundings were run
parallel to the meridian, and cross or check lines were run at right angles to them.

Lines of levels were run between the tide-ganges at Henderson’s, Bollman’s, and Woodall’s,
but no appreciable difference of planes was detected. The same result was found by recording
simultaneous observations of the tides.

The following is an extract from the concluding report of Assistant Donn:

“The kindness and cousideration of the mayor of Baltimore, Hon. Ferdinand B. Latrobe,
were manifested on many oecasions during the progress of the survey. Previous to the conclusion
of arrangements with the State comptroller for a supply of funds, and when money was needed to
forward the work, the mayor advanced means, which were subsequently replaced from the State
appropriation by Hon. Levin Woolford, the State comptroller. As chairman of the harbor board
of Baltimore, the mayor issued a request to pilots and captains of vessels to give the right of way
throughout the harbor to the sounding-boat while at work, and thus the progress in hydrography
was greatly facilitated, as the request of the mayor was generally acceded to.”

This elaborate survey is represented by five topographical and five hydrographic sheets, all
of which will be in request for the uses of a board constituted by the President of the United
States, in May, 1876. As defined in the direction from the President, the duties of the board in-
clude “the survey of the harbor of Baltimore City and the adjacent waters, and the establish-
ment of the river and bulkhead lines thereof.” The members are, General A. A. Huamphreys,
Chief of Engineers; the Superintendent of the Coast Survey; and Maj. W. P. Craighill, Corps of
Engineers.

Magnetic observations.—The usual annual observations for the determination of magnetic dec-
lination, dip, and intensity were recorded by Assistant Charles A. Schott, on the 14th, 15th, and
16th of June, 1877, at a station on Capitol Hill, in Washington City, intermediate between the
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Capitol and the station at which observations had been regularly made in preceding years, and
which was of necessity abandoned when the ground on which it stood was required for buildings.
At the two sites, the magnetic dip and intensity are very nearly the same, but declination at the
new station is affected by differential local disturbance, although the position is only nine hundred
and fifty feet northwest of the old station, which was first established in the year 1866.

Boundary between Maryland and Virginia.—Mention was made in my last annual report of the
assignment of Mr. Charles Junken for the topographical survey of such parts of Smith’s Island in
Chesapeake Bay as might be deemed requisite by the boundary commissioners of Maryland and
Virginia, when the members, who were present at Crisfield early in July, 1876, were in conference
respecting the dividing line between the two States. In accordance with their request Mr. Junken
made a complete map of the island south of Mister’s Thoroughfare, and another showing parts of
the country west of Pocomoke River, in the vicinity of the boundary., Maryland was represented
at Crisficld conference by the Hon. Isaac D. Jones, and Virginia by the Hon. R. T. Daniel and
Hon. William J. Robertson. The special reqnests of each member of the commission in respect of
measurements between indicated points were complied with. Mr. Junken also endeavored to
identity the outlines of tracts of land on Smith’s Island, described in deeds of 1685 and 1693, in
which reference is made to the dividing line between the States. Early in January of the present
year, when the arbitrators on the disputed part of the boundary were about to enter upon their
daties, and in accordance with application made by their chairman, Hon. J. 8. Black, several
backed copies of the engraved chart which represents Chesapeake Bay, eastward from the mouth
of the Potomac River, were furnished for the use ot the board. One of the sheets, duly certified
as being a copy of those retained by the board, and marked correspondingly with the line indicated
by the arbitrators, was returned by them, and is now on file in this office. If the division line
thereon marked is accepted by the two States, the sheet will be of interest as showing the settle-
ment of a dispute of very long standing in regard to State limits.

Topography of James River, Va.—This work was resumed early in February, 1877, by Assistant
J. W. Donn, whose party had been previously engaged in the special survey of Baltimore Harbor,
as stated under a preceding head.

Between Westover and points near Richmond signals had been set up early in 1876, and some
of the stations were partially occupied before the party was recalled from the section, on account of
danger to the vessel from running ice in the river Fortunately the points remained without dis-
turbance and were available for the uses of the plane-table party. Resuming work at City Point,
Assistant Donn occupied in succession all the stations with the theodolite, and perfected the tri-
angulation of the river to Richmond. Subsequently the shore-lines were traced and the usual
margin in topographical details was mapped, including the lower parts of creeks, or branches of
the main river as far up as Kingsland Creek, or within nine miles of the city.

One of the features delineated on the topographical sheet of this season is the Dutch Gap
Canal, in reference to which Mr. Donn observes :

¢ Important changes in the hydrography of the river have followed the opening and deepening
of the canal both below and above that work. The great bend of the river, cut off by the sever-
ance of Farrar's Neck, has shoaled, and at the western curve a bar is forming that will render
navigation difficult or impossible at no distant day. At the present time the large steamers of the
Old Dominion Line pass around the bend when the currents through the gap make its passage
difficult for vessels of considerable length. Above the gap the changes are slight, except where
obstructions were placed during the war.”

Field-work was closed below Richmond on the 25th of May. The statistics are:

Stations oconpied ... ... it i et 23
Number of theodolite observations ....... ... ... ... .l 2, 556
Shore-line surveyed (miles). ... ... ... ..o il il 87
Roads (miles) .. ..o it e s aeee 85
Streams (miles) ... ... i Ceeeveeeeeaanaaaas 50
Area of topography (squaremiles) ... ... ..ol 344

After the return of the schooner Scoresby with the party, to Baltimore, Assistant Donn
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resumed work in the special survey of that harbor, of which notice has already been taken in this
chapter.

Norfoll: Harbor, Va.—Mention was made in last year’s report of a physical survey executed for,
and partly at the expense of, the harbor commissioners of Norfolk and Portsmouth, Va. Since
the completion of the field-work of this survey much labor has been necessary to reduce the data
to proper form for easy reference and nse; and the Coast Survey has, at the request of the Uuited
States advisory board to the aforesaid commission, furnished the necessary computers withont
charge.

To give the utmost simplicity to the results of the current observations they have been tabu-
lated so as to present in each case three observed and two derived elements. The observed ele-
ments are width, depth, and velocity; the derived data are mid-area and mid-volume. The
observed elements when plotted develop two curves, one of which is the perimeter, the other the
transverse curve of velocities—the former actually existing as the profile of the cross-section, and
the latter no less real. 1If| for instance, standing at a height above the stream, one were to strew
floats across from shore to shore, e would see them begin immediately to bend from the straight
line, those at the axis of the stream moving faster than those near the shore, etc., so that after the
lapse of our unit of time the floats would lie in a curve—and this is the transverse curve of veloc-
ities above mentioned. This curve of forces is seen to be related to the curve of depth, and if the
bhottom is yielding, the profile of the section is seen to be that which the forces have impressed upon
it ; in other words the channel is in a general way the mold of the forees grouped within it.

This statement of the general case loses somewhat its simplieity of meaning when tidal harbors
are in question, because then successive groups of forces in opposite directions alternately appear;
but the proposition holds. The depth excavated in a muddy bottom is a measure of the highest
scouring power; and where ebb and flood streams are respectively compared with the profile of
the section it is generally found that the stronger enrrent is that which has left its furrow. Usnally
the ebb stream is the stronger, but not in every section and not cven in ¢very part of the same
section.

The practical bearing of these studies lies in the use of their results as guides in the laying
down of port-warden lines or lines beyond which no encroachments can be authorized, Such lines
have too often been drawn upon the authority of legislative committees or commissions without
any stated reasons, and have as often been abrogated upon as good authority and equally without
stated reasons. A physical objection to the further projection of a wharf, while it may be inad-
equate as apainst the development of great commercial advantages, is exceedingly valuable as
weight in the scale when rival commercial interests are balanced, because the whole community
are taxed in the violation of a natural law, and will not permit it to be done with impunity.

The determinations of mid-area and mid-volume as guides in the projection of harbor-lines
were introduced by Mr. Mitchell of the Coast Survey, and are regarded as furnishing better criteria
than the lines of equal depths (submerged contours) and the lines of equal velocity (isodynamic
lines), although these elements are still considered of great value.

In alluvial channels that are not in process of change he finds then two elements coincident,
and therefore concludes that to bring the banks of a channel into a state of repose, the tendeney
of all constructions must be towards pushing together the axes of sectional area and discharge.

The tables containing the data from the physical survey above referred to were prepared by
Mr. John B. Weir, aid in the Coast Survey, who, having made the original observations in the field
under my instructions, was deemed the most reliable computer for reducing the results.

Topography eastward of Norfolk, Va.—For extending the plane-table survey in this quarter
Assistant 0. M. Bache took the field on the 1st of October, 1876, with a projection made to receive
the topographical dotails found between the eastern branch of Norfolk Harbor and the south side
of Chesapeake Bay. The ground passed over presents no elevations, but is much intersected by
tide-water creeks with numerous branches. Hastward the plane-table survey was extended to
Kempville. The upper waters of Tanner’s Creek were traced, as also Broad Creek and other
water-courses found between it and the beach, together with the line of canal that joins Tanner’s
Creek and Little Creek. All the roads within the limits of the plane-table sheet were traced and

mapped.
8. Ex, 12——4
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Assistant Bache continued his field-work until the 19th of June and then stored his camp
equipage at a station convenient for resuming the survey hereafter. The-topographical statistics
are:

Shore-line surveys (muiles).cooee . oo i s 763
Roads (miles) . ..o e 904
Area of topography (squaremiles) . ... ... L. Ll 35

Tidal observations.—The observations at Fortress Mouroe have been kept up by Mr. W. J.
Bodell, with a self-registering gange of the improved form. Previous to 1873 much difficulty in
maintaining the series was experienced with the use of an ordinary pendulum cloek, for giving
motion to the apparatus, by reason of the jars caused when steamers touched at the wharf. A
very decided improvement in the record was gained by substituting a clock with balance-wheel
and lever escapement, and clocks of that kind are now employed for all stations subject to disturb-
ance.

The tide-gauge at Fortress Monroe is furnished with an enameled wrought-iren float-box, to
obviate the difficulties noticed in regard to that part of the self-registering apparatus at this and
other stations.

Reconnaissance.—In September, 1876, Assistant 8. C. Mc¢Corkle resumed the examination for
stations of triangulation to conneet the primary work in the Shenandoah Valley with points on the
Ohio River, across Western Virginia. The region of the Kanawha River was traversed, but no
suitable point east of the Elk was found for extending the scheme of triangulation westward.

In reference to the country west of Charleston, the field report represents that the topography
presents natural difficulties to progress in triangulation. ¢ Continuous ranges of hills and peaks,
varying but little in height, and all, or nearly all, heavily wooded, are met in going westward.
Every promising peak was visited, and it seems probable that lines of ordinary length for primary
work can be observed only from elevated scaffolds.” Toward the Ohio, the prospect seemed even
less favorable for long lines between intervisible stations.

The reconnaissance was continned until the end of November.

Mr. McCorkle, on his return from this seetion, filed descriptive notes of the region about Table
Rock Mountain and Gibson Knob, in Kanawha County ; of Pigeon, or Middle Creek Mountain, in
Lincoln County; of Lick Creek Mountain, in Putnam County ; of Rich Knob, in Cabell County ;
and near the Ohio River, of Williams’ Kneb, in Wayne County. These notes include the approx-
imate bearings of outlvmg points; mention of the character of each station; and the roads amd
directions for reaching the points mentioned in the list.

SECTION 1IV.

ATLANTIC COAST AND SOUNDS OF NORTH CAROLINA, INCLUDING SEAPORTS AND RIVERS.—
(SkETCHES Nos. 7 AND &.)

Primary triangulation in Virginia and North Carelina.—At the opening of the present fiscal
-year, Assistant A, T. Mosman was engaged with his party at Flat Top (Peaks of Otter) in extend-
ing the triangulation southward along the eastern slope of the Blue Ridge. Rain prevailed at that
station in July, 1876, and the weather proved to be very hazy in August; but the measurement of
horizontal angles at Flat Top was finally completed on the 2d of September.

Buffalo Mountain, lying to the southward and westward, was next occupied with the theodo-
lite, and, under more favorable conditions of the atmosphere, the work requisite there was finished
on the 16th of October.

The camp was then transferred by Mr. Mosman across the Blue Ridge to Moore’s Mountain, in
North Carolina. The necessity for determinations of latitude and azimuth at this station involved
much labor in the transfer of the instruments to the top of the mountain and in mounting them
suitably on stone piers. These requisite preliminaries occupied the party until the 6th of Novem-
ber, 1876, and a few days after the astronomical observations were begun. Generally, the weather
was such as to favor the observations that were recorded at night for latitude and azimuth, and to
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retard the measurement of horizontal angles; which last-mentioned work was continued at Moore’s
Mountain until the 27th of December. Immediately afterward heavy snow-storms made the roads
impassable for ten days, but as soon as practicable the instruments used at the astronomical sta-
tion were safely stored at the foot of the mountain.

Of the three primary points here noticed, Flat Top Mountain is about four thousand feet high.
Buffalo Mountain has nearly the same elevation. The height of the station on Moore’s Mountain
is upwards of fifteen hundred feet. Trom each of the points vertical angles were measured to
determine the relative Lieights of outlying stations; and, as usual, horizontal angles were recorded
to determine the lines of direction to subsidiary objects that could be recognized by the observers
while they were engaged at the primary stations. ‘

One of the lines of sight ineluded in the operations of the triangulation party of this season
is eighty-two miles long, and another, leading from the same station, is sixty-nine miles in length.
From bhis station on Buffalo Mountain, Assistant Mosman exchanged signals with Assistant Bou-
telle, who, in recent years, has advanced the primary triangulation to the northward and eastward
from the base-line near Atlanta, Ga. Nine nights were employed at Moore’s Mountain for deter-
minations of the latitude and azimuth., For difference of heights, ninety-eight sets of observations,
including seven hundred and thirty-seven measurcments with the micrometer, were recorded by
Asgsistant Mosman and the two recorders in the party, Messrs. J. B. Baylor and W. B. Fairfield.
Twenty volumes, containing field-notes of the work at the three primary stations, have been dupli-
cated and placed in the oftice. The statistics of the triangulation are:

Stations oceupied - . ... .. ..l e e 4
Primary signals observed on ........ ..l 29
Number of observations ... ... i i a 2, 610

Two hundred and fifty-two observations were recorded in addition, giviug the direction of
subsidiary objects from the primary stations.

In April, 1877, Assistant Mosman reorganized his party, and again occupied Moore’s Mountain,
at. which station observations were completed by the end of May, The instruments were then
moved and set up at Cahas station, where observations were in progress at the end of the fiscal
year. The measurements requisite at that point were concluded on the 13th of July, and the sta-
tisties are embodied in the synopsis already given. '

The expediency of employing, in connection with astronomical azimuth measures, a collimator
placed near the theodolite while it is in use for measuring horizontal angles at the geodetic stations,
or for using a transit instrument to serve both for the determination of azimuth and as collimator
has for some years been under consideration in the office, and from time to time the metbod has
been urged on the attention of some experienced observers, but has not yet been brought into
general use in fieldswerk. In November and December last, Assistant Mosman put the sugges-
tions into practice at Moore’s Mountain, using for the azimuth determination the 48-ineh fransit No.
8 of 2}-inch aperture, fitted with an eye-piece micrometer-screw. The instrument was monnted
in the meridian of the geodetic station on a selid pier, with a rock foundation, and only seven and
a half feet distant from the theodolite which was in use for measuring the horizontal angles of the
triangulation.

Merely as an additional test in details of the method, and for the alignment of the transit, Mr.
Mosman directed the theodolite and transit on an ordinary distant azimuth mark, both instruments
being previously adjusted for collimation, and moved the transit till its center wire was bisected by
the cross in the theodolite, but, as e remarks, if full assurance of stability in regard to the transit
can be had, the azimuth mark may be dispensed with by observing for azimuth with the transit at
a time as near as possible to the observations for horizontal angles, and collimating the two instru-
ments without delay.

By the method employed at Moore’s station, Mr. Mosman reduced not only the direction to the
azimuth mark but also the line of collimation of the transit itself, to every line of the triangula-
tion, and thus obtained two results for azimuth, one on the mark in the usual way, and the other
on the transit itself. He further remarks:



28 REPORT OF THE SUPERINTENDENT OF

‘“Now, if the transit remained stable, by making the proper correction for its azimuthal devia-
tion, a second resuit is obtained, and by comparing mean results from all the observations of azi-
muth during the night, reduced to any station by the theodolite, in all the twenty-three different
positions used, we have a test of the amount of change in the direction of the transit.”

The two azimuthal results proved fairly accordant, the difference being 07.36 as found by As-
sistant C. A. Schott, chief of the computing division, but in this case a theodolite was used that
required a large number of positions of circle on account of the graduation, as stated by the ob-
Server,

Under the head of Section X mention will be made of the determination by Assistant David-
son of azimuth by means of a second telescope used as a collimator. In such case the collimator
is not of necessity placed in the meridian of the geodetic station, as when properly adjusted it
becomes a complete substitute for the distant azimuth mark heretofore used by observers in the
field.

The principle relied on in substituting for the distant mark a collimator, whether that be a
plain telescope, a transit instrument, or merely an object lens supplied with focal threads, and pro-
vided that its stability can be insured, is the fact that the cross-threads become the best and most
convenient reference mark for azimuth that could by any possibility be procured.

Coast Pilot.—As already mentioned under a preceding head in Section 1II, the special exami-
nations and compilation of sailing notes and descriptions for the Coast Pilot were continued after
January, 1877, by Lieut. Frederick Collins, U. S. N., Assistant in the Coast Survey, with a party in
the schooner Palinurus. From Baltimore that officer procecded directly to the coast of Georgia, and
afterwards along the coast of South Carolina, and was there engaged until the 17th of Jnne, as
will be mentioned in more detail under the head of Section V. In this section Lieutenant Collins
subsequently examined the coast from Hatteras to Oregon Inlet. At the end of the fiscal year the
vessel returned to Baltimore and was refitted for service in Seetion III. Masters Francis Winslow
and A. H. Cobb efficiently aided in the work of the season.

Hydrography.—In five localities of this section the hydrography has been extended by Lieut.
Richard Wainwright, U. S. N., Assistant in the Coast Survey, with a party in the steamer Arago.
Between the 24 of November, 1870, and the 12th of March following, the work was advanced in
the northern part of Pamplico Sound. With a separate projection the vessel then proceeded to
Ocracoke Inlet, and was there employed until the 12th of April. The remainder of that month was
ocenpied in sounding Iast Lake, one of the branches of Albemarle Sound. Hydrographic work
was begun by the party in Currituck Sound on the 4th of May and completed in July, after which
additional soundings were made in North Landing River. The aggregate statistics of the hydrog-
raphy are:

Miles run in Sounding . ..... ... o 1, 250
Anglesmeasured. ... ... ... 7,481
Nunber of SoundingS. . . ... et it i iee it e 87,678

Lieutenant Wainwright was ably assisted in the work of the season by Masters W, P. Ray
and F. 1L Lefavor, U. S. N.

Latitude and azimuth.—For the determination of azimuth at stations of the triangulation of
Pamplico Sound, N, C., a party in the schooner Caswell was organized in July, 1876, to work under
the charge of Subassistant Edwin Smith. The vessel left Norfolk on the 1st of August, but being
delayed by head winds was unable to reach the station at Hog Island until the 7th of that month.
The observations made between that date and the 28th of August were:

‘Twenty-nine observations of thirteen stars on seven nights, to determine the rates and cor-
rections of the chronometers. Sixty-seven observations of sixteen pairs of stars were made on
seven nights to determine the latitude of the station. Fourteen sets of observations of six
measures each were made on four nights for the azimuth of the line from Hog Island to Ocracoke
Light.”

“At this station observing was attended with many difficulties. The island is marsh, covered
with a dense growth of reeds, below the roots of which the mud is very soft. During a fresh
easterly wind the trembling of the island caused by the beating of the waves can be distinetly
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noticed. A solid foundation in such a place being impossible, a small tripod was set up and a
platform built around it, with bearings fifteen and twenty feet from the tripod. On the platform
the observer moved about with great care, so as not to disturb the instrument, but all other persons
on the island were required to remain as quiet as possible. In this manner the time and latitude
observations were recorded with good results.”

At Hog Island the azimuth observations were made from the top of the tripod signal, which
was oceupied for the triangulation in 1873. As the telescope was more than fifty feet above the
ground, azimuth observations could Dbe recorded only when the nights were calm; but by using all
precantions against disturbance, Subassistant Smith obtained results which have proved satis-
factory.

The astronomical party was transferred to the station at Tong Shoal Point on the 1st of” Sep-
tember, and there the work was completed on the 22d of that month,

¢Thirty-fonr observations of twenty-two stars were made on seven nights for corrections and
rates of the chronometers; sixty-nine observations of sixteen pairs of stars were recorded on five
nights to determine the latitude of the station, and eighteen sets of observations of six measures
each were recorded on five nights for determining the azimuth of the line from Long Shoal Point
to Sandy Point. In addition, sixteen sets of six measures eacl were made on five days of the
angle formed by lines to Sandy Point and Gull Island, for obtaining the azimuth of the line from
Long Shoal Point to Gull Island. .

¢ The island on which the triangulation point is located is an oyster-reef covered with sand.
‘When the instruments were set up the foundation was good, but during the storm of September 16
and 17 the water washed over the entire surface of the island.”

The schooner Caswell returned to Norfolk, and was laid up at that port on the 27th of Sep-
tember. After completing the computations incident to his astronomical work in this section,
Subassistant Smith was assigned to duty conneeted with penduluim observations.

Mr. Charles Tappan efficiently aided in the astronomical observations at stations in Pamplico
Sound.

Hydrography of Core Sound, N. C.—For completing the survey of Core Sound, a party was
organized by Lieut. J. F. Moser, U. 8. N., Assistant in the Coast Survey, on board the steamer
Fathower, and reached the working ground in the middle of December, 1876. Operations were
begun immediately, but were frequently interrupted by the unusual severity of the weather. At
one time during the stay of the party the sound was frozen over from bank to bank, and on several
occasions the work was prosecuted in open boats while the temperature was only 35° Fahrenheit.
Having identified the station-marks of the triangulation adjacent to his work, Lieutenant Moser
carefully replaced them, and secured, by additional marks, such points as seemed to be in danger
of displacement, by setting in the ground heavy eedar stubs with the usual center mark.

Harbor Island Bar had been sounded in a previous scason, but a new channel having broken
through during the heavy gale of September, 1876, the bar was resurveyed by the party in the
Fathomer. TFrom that limit, after connecting properly with the work in Pamplico Sound, Lieuten-
ant Moser extended the hydrography southward to Piney Point, on the south side of Nelson’s Bay.
Late in February, the work was there joined with the hydrography of the lower part of the sound,
which had been executed in the previous season.

Lieutenant Moscr states, in his concluding report, that Le was ably seconded in all the opera-
tions of the season by Master J. B. Murdock, U. 8. N, and Ensign O. W. Lowry, U. 8. N, who
were attached to the party in the Fathomer.

The statisties of the work done in Core Sound are:

Miles run in sounding .............. e e 377
ANgles Measured. « oo i v e ettt ittt e et ia et e aasaa e anna 2,932
Number of casts of the lead ... ... ... . . s 36, 607

Of the body of water developed by the work in Core Sound, Licutenant Moser remarks as fol-
lows: “Between Harbor Island Bar and Tiney Point there is no periodical tide; the wind alone
canses all appreciable changes of level. A northerly wind banks the water ap into Core Sound,
causing high water, and vice versa.”
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After completing the survey here under notice, the steamer Fathomer was passed to the south-
ward of Beaufort, N. C., for service, whick will be mentioned nnder the next head.

Hydrography of Bogue Sound, N. C.—For the completion of soundings in the inland water-
passage west of Beaufort, N. C., the party of Lieutenant Moser was transferred from Core Sound,
where it Lhad beeu employed with the steamer Fathomer until the close of February, 1877. In
Bogue Sound, hydrographic work was resumed on the 15th of March, and, with slight interrup-
tions, was continned until the 21st of April, when soundings were completed. The hydrography
is comprised between Mill Point and Bogue Inlet. In regard to the tides of Bogue Sound, Lien-
tenant Moser remarks :

“The tides are received from Beaufort Inlet as far as Broad Creek with height and velocity
varying with the distance from the entrance. Between Broad Creek and Fresh Water Point the
tides weet, and to the westward of Fresh Water Point the tide from Bogue Inlet is received. A
southwest wind causes a low tide; a northeast wind makes a high tide.”

Master Murdock, U. 8. N,, assisted in the hydrographic work in Bogue Sound. The statis-
ties are:

Miles run in sonnding ... ... i 235
Anglesmeasured. . ... ... ...l -..- 1,980
Number of soundings.. .. ... ... 24,338

Previous to entering upon duty in this section, the party of Lieutenant Moser had been
employed in a survey which has been mentioned under the head of Section II.

Topography of Cape Fear River, N. C.—With his party in the schooner Caswell, Assistant C.
T. Iardella reached Wilmingten, N. C., on the 28th of January, and without delay took up the
plane-table survey of the banks of the Cape Fear River a few miles above that city. The North-
east Branch and Brunswick River were traced, and the adjacent details were mapped. The survey
includes Eagle Island, the river banks on both sides of the island, and the banks of the Cape Fear
to points about two miles below the junction of Brunswick River. Beyond the rice-fields that
oceupy most of the area of Eagle Island, and nearly all the ground bordering the rivers, the roads
were traced and represented as usual, with other surface details found within about three miles of
the water-line.

Master G. C. Hanus, U, 8. N, was attached to the party in the Caswell, and assisted in the
field-work. The statistics are as follows :

Shore-line surveyed (miles). ... .. .omiii o oiii i e 21
Roads and railroads (miles) ... ... L 115
Creeks (Tiles). .. ... ..o et 103
Dikes (Miles) ..o e e 44
Area of topography (square miles) - .. ... ... ... 9

Field-work was closed for the season on the 10th of July. The schooner then returned to Bal-
timore.

SECTION V.

ATLANTIC COAST, AND SEA-WATER CHANNELS OF SOUTH CAROLINA AND GEORGIA, INCLUDING
SOUNDS, HARBORS, AND RIVERS.—(SkETcHES Nos. 8, 9, axp 10.)

Primary triangulation.—For cxtending the primary triangulation through South Carolina in a
direction northward and eastward from the Atlanta base, the party of Assistant C. O. Boutelle
again took the field in June, 1876, near Spartanburg, in the northern part of that State. Upon
the roof of Wofford College an observing tripod and scaffold had been erected by permission of
the collegiate authorities, and thus was established the only point snitable in that region for con-
duoeting the primary triangulation across the boundary into North Carolina. The high signal at
‘Woflord having been observed on last year from three of the stations then occupied, one of the
observers of the party was sent to adjust the several signals, and arrange for their security while
observations were in progress at the station on the college, Mr. H. W, Blair erected a signal at
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the primary station Benn, and also on Mount Mitchell, or the ¢Black Dome,” in North Carolina,
the recorded barometric height of which is 6,707 feet above the level of the sea. By angular meas-
urements made in the course of the season the position of that mountain was approximately deter-
mined. At Wofford observations were commenced on the 6th of July, 1876, with the 20-inch theod-
olite, the instrument being on a platform, ninety-eight feet above the ground on which the college
building stands. From that height the signal on King’s Mountain was clearly visible over the
intervening ridge. The measurement of horizontal angles was completed on the Tth of August.
Additional observatious were made in order to free the results from the effect of any want of stu-
bility in the structure which supported the theodolite, and from the effect of heat on the brick
walls that sustained the temporary scaffolding. While observing vertical angles oue person
watched the level while another recorded, neither of them moving until the entry was complete.

Wofford station was marked by burying four stone posts in the eollege grounds, two of them
south and two east of the station point. Deep diagonal grooves are cut in the heads of the posts,
and lines drawn through the intersection of the diagonals will meet at the station, on the site of
the college, if the building should ever be removed. For many courtesies during the occupancy of
the station the party was indebted to the president of the college, Prof. J. H. Carlisle, and alxo to
the Rev. Dr. Whiteford Smith, and Professor Du Pre. At this station six primary signals were
observed on, and for approximate position and elevation, twenty-two subsidiary objects. After
closing observations the instruments were transferred to Hogback Mountain, where angulur meas-
urements were begun on the 16th of August. The weather proving exceptionally favorable, all
requisite observations were completed by the 2d of September. At this station the signal on
Mount Mitchell, which is probably the highest summit in the United States cast of the Rocky
Mountains, was well seen and earefully observed on, as were also seven primary signals of the tri-
angulation, and for approximate position and elevation forty-fonr subsidiary objects, including
many of the highest mountains in North Carolina. The station on Hogback Mountain is marked
by five stone posts, the positions of which are carefully described in the records.

In order to improve the scheme of triangulation, Assistant Boutelle deferred operations at
King’s Mountain, and passed on to Young’s Mountain, in bope of finding it practicable as a station
visible from King’s and from other primary points. At Young’s an observing scaffold fifty feet
high was erected, and when the theodolite was in place all the signals connecting with it were in
view. Horizontal and vertical observations were completed at that station on the 11th of Novew-
ber. Eight primary points and thirteen subsidiary objects were observed on. Assistant Mosman
then at Buffalo Mountain exchanged signals with the party on Young’s Mountain., The distance
between the two primary stations is nearly seventy-four miles. T'ive stone posts were set in the
usual manner to mark the triangulation point at Young’s. Azimuth observations were made upon
Polaris as heretofore.

For latitude forty-two pairs of stars were observed in two sets, one being observed by Mr.
Blair, the other by Mr. J. B. Boutelle,

Having transferred his party to King’s Mountain, Assistant Boutelle commenced observations
{1here on the 26th of November, but bad weather frequently recurred after that date, and in the
month following, signals only forty miles distant could rarely be seen. As a consequence the
measurement of horizontal angles could not be completed before the close of thie working season.
During the dull weather, however, arrangements were made for determining the latitude. DBy the
two aids, forty pairs of stars were observed in two sets, between the 4th and 14th of December.
Azimuth observations were deferred, as no good image of the star could be obtained in the mer-
curial horizon, the narrow rocky crest at the station point being jarred by the winter winds. On
the 24th of December snow fell on King's Mountain to the depth of a foot. Storm succeeded storm,
and the party was detained at the sunmit, the elevation of which is 1,700 feet, until the 6th of
January. In the course of the winter the records and computations of the work were completed
and sent to the office.

Assistant Boutelle resumed field-work on the 30th of April, 1877. After adjusting and securing
the signals to be observed on, the camp was again pitched on King’s Mountain, but it became
almost immediately necessary to remove the instruments and equipage. TFire, carelessly left by
bee-hunters, started at the southwest base of King’s Mountain, and rapidly swept towards the sum-
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mit, bringing into jeopardy the persons of the party and the property in their care. This un-
usual condition of danger continued for three days and nights, but by constant exertion all loss
was finally averted. During thirty consecutive days ending with the Tth of June no rain fell, and
the mountain was enveloped in smoke and haze. Distant signals could not be seen, but the night
observations were less hindered. A good azimuth was obtained between May 26 and the 2d of
June ; thirty-three series were observed. The azimuth here noticed gives a connected chain of azi-
muths at each end of a series of geodetic lines extending from the Atlanta base to Moore’s Mount-
ain, in North Carolina, a distance of more than three handred iniles. This sweep of triangulation
skirts the southern and eastern flank of great mountain masses that attain their maximum height
in Western North Carolina. The azimuths, as noticed by Assistant Boutelle, are a fine exhibit of
systematic local deflections of the force of gravity, or, as more commonly stated, of the direction of
the plumb-line. He states the results for each of seven astronomical azimuths, and the diserepancy
of ten seconds between the most southern and most northern of the series he aseribes to local
deflections. Dividing into three groups, the first and last showing two azimuths each, and the
middle one three azimuthal results, he observes ¢ that the mean of eaech group is larger than the
preceding, showing a steady twist of the geodetic enrve or north meridian towards the west (in the
direction of the mountain masses), as the observations go easterly. It will be noticed that the first
group (azimuths at the base and at Sawnee station) have the monntain masses bearing northeast
of them ; that the middle group (azimuths at Currahee, Paris, and King) would be affected about
equally ; while the two azimuths of the third group (Young and Moore's) have the masses bearing
southwest of them, with the eenter of the area nearly at the same distance from a point midway
from Young station to Moore station, and from Sawnee station to the Atlanta base.”

At the southwestern stations the smaller azimuths, as compared with a mean of all the azi-
muths referred to one line, which is about midway in the chain of quadrilaterals, indicate that the
zenith is deflected to the westward, whereas at the northeastern stations the azimuths being greater
indicate that the zenith is deflected to the eastward. These facts seem to be accounted for by the
local attractions of the mountain masses to the westward of the system of triangulation that follows
the Blue Ridge from Virginia to Georgia. When the field-work is complete, these and like deflee-
tions in the observed latitudes and longitudes will be thoroughly diseussed in the computing
division of the office.

Having previously provided magnesium lamps, Assistant Boutelle made arrangements early in
June for using them for the measurement of horizontal angles, the record of which had been much
delayed at King’s Mountain, and frequently at other stations. Mr. Blair having rejoined the
party was sent to the station on Wofford College. The magnesium lamp was adjusted there for
the direction to King’s Mountain, thirty-nine miles distant, and was readily observed on by Mr.
Boutelle through the telescope of the theodolite. On the 19th of June Mr. Blair showed signals
with the same lamp from Paris Mountain, nearly sixty-five miles distant. The light was always
seen through the telescope at King’s, and during periods of greatest brilliancy was visible to the
naked eye. The difficulty generally found in regard to steady delivery was so far remedied by Mr.
Blair that during the last half hour of his operations on ’aris Mountain the lamp was intrusted to
the heliotroper, who succeeded well in showing a signal with the lamp. At both stations the mag-
nesium ribbon was burned in the focus of an eight-inch paraboloid reflector, and the clock was
adjusted to deliver the ribbon at the rate of fifteen inches per minute.

The measurements of horizontal and vertical angles on the outlying primary stations, and sub-
sidiary objects in view from King’s Mountain, were completed on the 27th of June. Assistant
Boutelle then removed the instruments to the mountain station Benn in North Carolina, and in
July resumed operations, of which notice will be taken in my next annual report. At the close of
the fiscal year Mr, Blair was detached from this party and assigned to duty in Section VIII,

The statistics of the work of this section are:

Stations occupied ... ... .. et 5
Primary magnals observed on ... ... .. ... L. 16
Angles measured. ... ... ...l ier i iiieiiaiaana. 26

Number of observations......... ... ... .. il 6,677
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Coast Dilot.—After refitting the schooner Palinurus at Baltimore, Licut. Frederick Collins,
U. 8. N,, Assistant in the Coast Survey, sailed from that port on the 28th of January. At Fernan-
dina, Fla., the work needful at harbor entrances, in tests for sailing-lines, was begun early in the
following month, and along the coast of Georgia was continued until the 15th of May.

A close examination was made of all the harbors and anchorages from Savannab southward,
including Wassaw, Ossabaw, Saint Catharine’s, Sapelo, Doboy, Altamaha, Saint Simon’s, Saint
Andrew’s, and Cumberland Sounds, together with all the rivers and inlets connected with them.
Sailing-directions for all the harbors, as well as for navigation coastwise, were duly prepared, and
all dangers and obstructions to navigation were carefully described. The shores of Long Bay,
between Cape Fear and Cape Romain, were also deseribed, and a thorough examination was made
of Cape Fear River and Frying Pan Shoals.

Subsequent work by the party in the schooner Palinurus has been mentioned under the head
of Section IV,

Lieutenant Collins was ably assisted by Masters F. Winslow and A. H. Cobb, U. 8. N. The
work in this section occupied the party until the 17th of June. After returning to Baltimore, the
vessel was refitted for service in Chesapeake Bay.

SECTION V1.

ATLANTIC AND GULF COAST OF THE FLORIDA PENINSULA, INCLUDING THE REEFS AND KEYS AND
THE SEAPORTS8 AND RIVERS.—(Skercies Nos. 11, 12, axp 13.)

Tidal observations at Fernandina, Fla.—In previous reports, the purpose of establishing a tidal
station on the coast of the Sonth Atlantic States was mentioned, and provision was made aceord-
ingly by-the construction of a self-registering gange of improved form. Fernandina had been
decided npen at the opening of the fiscal year, but the arrangements requisite for commencing the
record of observations aut the station were not then complete. The new gauge was therefore sent
to Philadelphia, and appeared in the Centennial Exhibition, with other instruments and apparatus
belonging to the Coast Survey.

Early in March last, Mr. R. 8. Avery, of the Tidal Division of the office, having previously
packed and shipped the tide-gauge for Fernandina, proceeded to that port, and on arrival called
upon the Hou. D. L. Yulee, whose wharf, at the foot of Beech street, was found to be specially
favorable as a site for the tidal station. With charaeteristic courtesy, a place was assigned for the
structure and all needful assistance in its erection was tendered by Mr. Yulee.

After the erection of the tide-house and the establishment of the gauge inside, Mr. Avery
securely placed three bench-marks on Beech street. One of these, at the intersection of Second
street, coincides with the top of a piece of hard-burnt drain-pipe, about three feet long, set upright
in the ground ; another was made by setting upright in the ground, near one of the piers of the
verandal of the Egmont Hote], near its southwest corner, a cut block of granite; and for the
third, copper nails were driven, at the level of the top of the granite block, into the trunk of a
water-oak tree which stands two hundred and twenty feet westerly from the second, or granite
bench-mark. Apart from the self-registering gauge, and separate from each other, two tide-staffs
were set up in places convenient for observing. These, as at other self-registering stations, will
serve for recording during any emergency that may require the repair or removal of the self-regis-
tering apparatus. From the several bench-marks, Mr. Avery carefully leveled to each of the tide-
gauges aud recorded the height of each bench-mark above the zero of the gauge.

‘When the meteorological instruments were securely fixed in place, Mr. H. W. Bache, as
observer, took charge of the station. The tidal rolls since received from Fernandina give promise
of good results and regularity in the series of tidal and meteorological observations.

Survey of the Saint Jolhn's River, Fla.—In the field-operations of the preceding year the shore-
lines of the Saint John’s had been traced by Assistant H. G. Ogden, from Jacksonville as far south-
ward as Mandarin Point. The work would have been resumed early in the fiscal year, but for the
prevaleﬁce of yellow fever in the vieinity during the summer of 1876, In the middle of Septem-
ber, however, the party was again at Jacksonville, and without delay the steamer Hiteheock was
moved to the vicinity of Mandarin Point. Old signals were repaired and new ones set up along

8. Ex. 12—3
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both banks of the Saint John’s, and at the close of October the soundings had been extended from
Jacksonville to Buckley’s Bluff. MecGirt’s Creek, which enters the river on the western side, a few
miles south of Jacksonville, was surveyed and sounded in connection with the work done in this
part of the Saint Johw’s. In the course of the month of November tlie topographical survey of
the banks of the river was brought to Buckley’s Bluff. The triangulation was resumed at Man-
darin Point in December, and thence on until near the close of the season the several branches of
work advanced together. At the end of May the plane-table survey had been extended to Patricio
Point; the hydrography was brought to the same limit early in June, and by the close of the fiscal
vear the triangulation had been carried as far south as Tocoi, or about ten miles beyond the limits
of work on the plane-table and hydrographic sheets. Among the topographical details mapped this
season are the wharf-lines of the city of Jacksonville, McGirt’s Creek and its branches, Doctor’s
Lake, Julington Creek, Black Creek, and Governor’s Creek, Generally all fixed objects found
within a mile of the shore-line are represented on the plane-table sheets. Two villages, Mandarin
and Green Cove Springs, appear, and a much larger aggregate in roads than is usual within the
same limits in southern sections. The soundings made in the river will be plotted as soon as pos-
sible. In reference to the channel, Assistant Ogden remarks that the hydrographic work of this
season developed only one middle ground, aud that the channel, as far as sounded, is clear from a
point about one mile south of Jacksonville. The middle ground here mentioned is a narrow ridge
Iving north and south with only about four feet of water on it at low tide. The channels on either
side have a depth of two fathoms or more, and the chart will probably show a channel of good
width without obstruction between the middle ground and Hogarth’s Bay. As being somewhat
execeptional in river beds, Mr. Ogden notes also that a number of deep holes were developed by the
soundings. Twenty-nine miles of the course of the Saint John’s will be represented by the result-
ing sheets of the season.

Master A. C. Dillingham, U. 8. N,, was attached to the party in the steamer Hitcheock, and
assisted in the hydrographic work. The statistics of the survey are:

Signals ereCted ... uvu et o ar e e ia 41
Stations occupied . .. .. i i 22
Anglesmeastured. .. ... ... oo oioiaii i e e 256
Number of observations ... ccoeee oo e 4,476
Shore-line snrveyed (miles) .. ... ... Lol 88
Creeks (II1e8) +-venr iii i ie i e iiae et ea e 61
Roads (miles) - .. ... ... e 158
Area of topography (squaremiles) .eu..oioian i 624
Miles run with soundings - ... eevire i i e el 696
Angles measured with sextant ........ ... .. ... il 4, 864
Castsof thelead.. ... ... ..o ioiiii et B 68, 201

Under the direction of Assistant Ogden the triangulation-points were chiefly occupied by Sub-
assistant W. 1. Vinal, who also kept up the records and computations as the work advanced in the

. field.

Hydrography, east coast of Florida.—Tor extending the coast hydrography between Matanzas
Inlet and Mosquito Inlet, Lieunt. Commander J. C. Kennett, U. 8. N., Assistant in the Coast Survey,
was furnished with a projection from the office, and sailed from Norfolk with his party, in the steamer
Bache, on the 24th of September, 1876. As soon as practicable, signals were set up along the
coast between the intended limits of work, but these preliminaries were interrupted by the hurri-
cane of October. At intervals, sonndings were recorded in the course of the winter, but the
weather was generally unfavorable for operations afloat. Many signals cast down by storms were
several times replaced.

‘While the hydrography was in progress, the tides were observed at Saint Augustine and also
at a station on the north side of Mesquito Inlet.

The lines of soundings run between the two inlets extend from the eoast to seaward, several
of them going to a depth of thirty fathoms. In a future season these will be erossed by lines par-



THE UNITED STATES COAST SURVEY. 35

allel with the shore-line. The work was discontinued on the 24th of May. A summary of statis-
ties appended to the report of Lieutenant-Commander Kennett is as follows:

Miles run in SOURAING - oottt it e e et te e e e 428
Angles easured. ... .ot i e i i e iaicerecm e e oraenaaaana 619
Number of soundings ... ... ... L. .. 4,557

The steamer Bache returned from this section early in June, Of the officers attached to the
vessel, Lieut. Washburn Maynard and Masters W. F. Low and 8. H. May were transferred to the
steamer Fathowmer. Lieut. W. 1. Moore, U. 8. N., remained in charge of the steamer Bache, at
Washington, 1. C.

Survey of the vicinity of Cape Cawaveral, Fla—Previous to the opening of the fiscal year
187677, work done by the party of Assistant Charles Hosmer had extended southward the
detailed survey of the eastern coast of Florida to a limit about nine miles above Cape Cafiaveral.
Arrangements were made for resuming work at the opening of the fiscal year, but the prevalence
of yellow fever on several routes to Jacksonville, and the difficulty of finding means of transporta-
tion between the Saint John’s and Indian Rivers, caused delay, so that operations could not be
resumed until the middle of September. Subassistant Joseph Hergesheimer, with the party in the
sloop Steadfast, set up signals needed for the triangulation on the outer coast and along the shores
of Banana River abreasi of (Cape Cafiaveral, and was joined by Assistant Hoswer on the 19th of
October.

The night of that day and morning of the 20th were marked in the record of the season by a
terrific hurricane, which destroyed all the signals and greatly imperiled the lives of the party and
the safety of the vessel,

Field-work was resumed on the 23d of October and was continued until the 11th of the follow-
ing May, when the detailed survey had been advanced to points twenty-four miles south of Cape
Cafiaveral. Besides the outer coast, hoth shores of Banana River were mapped with the plane-
table; also the shores of New Found Harbor; and a sketch was made of Indian River correspond-
ing with the limits of the survey below Cape Cafiaveral. The lower parts of Banana River and
Indian River were developed by soundings.

It will be seen by the statistics that, notwithstanding frequent interruptions by stormy weather,
good progress was made by the party. South of Merritt’s Island, towards which point the survey
will be advanced when again taken up, the principal ditticulty will be to obtain the requisite trans-
portation for supplies from Titusville to the field of work. After laying up the sloop Steadfast and
housing the boats, the party was disbanded. The following are statistics of the field-work:

Signals erected. .. ... o e e eaa 54
Stations oceupied ... ... . ... ... b e 37
Anglesmeasured. .. ... . il e 293
Number of observations ....... ... e 4,128
Shore-line surveyed (miles). ... .. ... . . e 223
Roads (miles) ......co.iaiiiiais ettt reetet e 23
Area of topography (square miles). .. ..... ... ... ... ...l S 83
Miles run in Sounding .. ... ... 280
Angles measured............._.. e eeiebesteeciieneraata e 1,254
Oastsof thelead.......... ... ... ... .. ... . .. e 23,776

Sixty-eight points were determined by triangulation for use in the plane-table survey.

During the summer of the present year Assistant Hosmer was engaged on the coast of Section
1, as will be further mentioned in my next annual report. Subassistant Hergesheimer was at the
same time employed in Seetion 11,
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SECTION VII.

GULF COASTS AND SOUNDS OF WESTERN FLORIDA, INCLUDING THE PORTS AND RIVERS,
(SxETCcit No. 14.)

Survey north and south of Cedar Keys, Fla.—The survey of the western coast of the Florida
peninsula has been advanced by extending the triangnlation sonthward from Horseshoe Point to
Cedur Keys, and from thence eastward to the mouth of Waccasassa River. The topographical
survey and hydrography have been completed within the same limits. Assistant F. W. Per-
kius resumed work in this section with bis party on Dboard the schooner Ready, on the 3d of Octo-
ber, 1876, and closed work in July of the present year, after the measurement of a test base on
Daughtry’s Island in Cedar Keys Harbor.

In passing along to the southward from Saint Mark’s a material change was noticed in the
characteristics of the coast on nearing the Suwanee River. ¢The shore-line is more broken and is
fringed with innumerable islands and keys. A series of reefs runs nearly parallel with the coast,
and outside of the reefs the Gulf bottom is very irregular. Deep channels ron in different direc-
tions, and shoals of cousiderable extent rise abruptly to the surface from deep water. The almost
unbroken line of reefs that commences about two miles northwest of the Suwanee River stretches
to Cedar Keys, a distance of about twelve miles, and forms a considerable bay of shoal water.
Directly off the eastern mouth of the river the reef has gained about ten feet to seaward in the
course of the past year, and although this is probably more than the average growth, the fact that
the oysters are all dead in the river slope, while those in the outer slope are alive, seems to show
that for the present a steady change is going on in that direction.”

The lines of soundings were extended from the shore-line about ten miles into the waters of
the Gulf of Mexico. The results show that neither labor nor pains have been spared in the devel-
opment of shoals and channels.

On reaching the vicinity of Cedar Keys from the westward, Assistant DPerkins connected his
work with the survey made some years ago of that locality, and then joining on the eastward ex-
tended the work of the year so as to include part of Waccasassa Bay and its approaches. The
details of the field-work serve for the delineation of thirty-two miles of the coast above and below
Cedar Keys. A synopsis of statisties is appended :

Signals erected .. .. .. .. .. e 19
Stationsoccupied. ... .oee i e i 24
Points determined. . ......e. oL i e e 40
Number of angular measurements ............... ... i iiiiiiaiiaaa. 3,104
Shore-line surveyed (miles)............ R P 204
Creeks (miles). .. ... . ... . i 48
Roads (miles) a.e...... e Mt iiiemeasereaeie e Peeeaeees 7
Area of topography (square miles)y. .. . ... ... ... ... ... ... ..... 70
Milesrun in sounding ... co. .o i e cereaans 1,222
Anglesmeasured.. .. ... ... ..l eeieeeeieia i 6, 062
Number of Soundings. ... ...t aimi i i ietasr e 80, 869

On closing work for the season the schooner Ready and a small steam-launch used in the hy-
drography were laid up at Apalachicola.

Hydrography of Saint Andrew’s Bay and the Gulf Coast of Florida.—Lieut. R. D. Hitchecock, U.
8. N., Assistant in the Coast Survey, with his party in the steamer Gedney, arrived at Pensacola
on the 20th of November, 1876, Before taking up work to the eastward, for which projections had
been made, some additional lines of soundings were run for developing the approaches to the
bar of Pensacola entrance. After their completion signals were set up along the beach east of
Choctawhatchee for a distanee of seventy miles. This part of the work involved much labor, and
the necessity of moving from point to point, during several months, along the beach, as lumber
could nowhere be brought to the shore from the interior. Preparations for sounding were finally
completed early in April, and either of the numerous signals which had been put in position could
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be seen in clear weather for at least ten miles off shore, in the Gulf of Mexico. Much bad weather
oceurred in the course of the winter, tending to retard the hydrography, but all favorable intervals
were employed in sounding until the close of the scason. In Mareh and April many of the signals
were totally destroyed by heavy gales which swept the coast with unusual severity, many honses
at Pensacola being at the same time unroofed. The fifty-four signals required for sounding in
Saint Andrew’s Bay were made entirely of trees cut by the party.

Until the Ist of June the steamer was engaged, with a steam-lanneh in company, in running
lines of soundings normal to the coast between Choctawhatchee and Saint Andrew’s entranee,
depths being recorded out to a distance of ten miles from the beach. The hydrography along the
coast was extended so as to include the approaches to Saint Andrew’s Bay, the waters of whicl
were developed by soundings in the latter part of the season. In reference to it Licutenant
Hitcheock says :

¢ Saint Andrew’s Bay is a most beautiful sheet of water, and everything about it is pleasing
to the eye. It abounds in fish of all kinds, and oysters. Large quantities of pompano, Spanish
maekerel, blue fish, red fish, grouper, sca trout, and mullet are taken. Oysters found in the eastern
part of the bay are eaten at all times of the year, but those of the north and west parts only
during the winter months.

“ During summer the shores of the bay are resorted to by families from Northern Florida and
Southern Georgia, who thus avoeid the intense heat of the interior, and the so-called swamp fever,
a fatal disease that prevails in hot weather at places only sixty miles from the Gulf coast. Saiut
Andrew’s Bay is said to be oue of the healthiest places along the Gulf of Mexico. The climate in
winter is delightful, and in summer, though the air is always warm, the wind blows almost con-
stantly from some southerly direction during the day, and by this wind the temperature is kept
down,”

To the westward of the general limits of his hydrographic work, Lieutenant Hiteheock devel-
oped oft Santa Rosa Island some depressions in which the depth of water is seventeen fathoms, or
considerably greater than the average depth along that part of the Gulf coast.

‘While soundings were in progress the tides werc observed at the whart near Fort Pickeus, fmd
for the hydrography of Saint Andrew’s Bay, at three points on its shores. Upwards of sixteen
thousand observations were recorded. Specimens of the bottom, brought up in sounding, were
preserved, and the temperatures of the water there and at the surface were recorded.

The currents along the Gulf coast and those of Saint Andrew’s Bay were observed in the usnal
way. The general statistics of the work are:

Miles run with soundings ........... . ...o.an et e aaaea. - 2,240
Angles measured . ... ...... .. ... ... e e 9, 399
Number of S0UNingS. «ovve i e e e 53, 826

The steamer Gedney returned {rowm this section in August.

Lieutenant Hitcheock was assisted in the hydrographic operations of the season by Lieut. J.
N. Hemphill, U. 8. N,, and by Masters John Hubbard, F. G. C. Salter, and J. L. Hunsicker, U. 8. N.

Triangulation in Kentucky.—In the work of determining geodetic points in this State for the
immediate uses of the geological survey, and for the ultimate uses of the authorities in the con-
straction of a State map, good progress was made in the season of 1876. Prof. William B. Page
took the field in the middle of June, and continued work until the 13th of October. Additional
ground was examined for extending the trisngulation. One of the lines selected for a base was
measured approximately and was joined with the mnearest stations of the scheme of work in the
vicinity of Shelby City. In the range of ninety miles between Cumberland Gap and Lancaster
Court-House, three quadrilaterals and two triangles have been laid out. The lines vary in length
from fourteen to forty-seven miles, and the altitudes of the stations range between 936 feet and
3,460 feet, as determined by means of the barometer.

In selecting the principal stations at which horizontal angles will be measured with the usaal
degree of precision, Professor Page noted from each point a number of secondary stations. These
being adjusted in the scheme can be occupied in quick succession at any time hercafter, their posi-
tions and direction from the primary stations being already known approximately. While going
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through the distriet in which the work lies, remarkable discrepancies in existing maps, in regard to
topographical features, were apparent. These errors have been the subject of previous mention,
and are thus referred to again by Professor Page in his last field report :

¢“To give an idea of the inaccuracy of the best existing maps of the Statle, the sketeh of my
work, which falls within about twenty-five hundred square miles, was reduced to the proper scale
and placed upon the corresponding part of the geological map so as to cover what purports to be
the general topography of the same region as given on the geological map. The diserepancies are
very striking, but it seems probable that the delineation is most defective in the tract included in
reconnaissance. T'he State geological survey is endeavoring to represent the topography of parts
of the State, but is necessarily dependent upon the triangulation for the proper eonnection of the
detached surveys. Mapped in patehes and with whatever degree of accuracy, the general result
would of course be such as appears in the region between Cumberland Gap and Lancaster, in
which the relations in distance between prominent topographical features have not been adjusted
by means of a previous triangulation.”

The progress of the work in Kentucky and in other States, in regard to the determination of
points, has been earefully scanned by Assistant Richard D. Cutts, with whom the several observers
communicate directly as they have need of advice in the details of field-work.

Triangulation in Tennessee.—The work of determining points in the State of Tennessee was
eommenced by Prof. A. H. Buchanan on the 9th of August, 1876, and at favorable intervals was
prosecuted until the end of June, 1877, by that observer, with thoroughness, rapidity, and economy.
East and west through the region of about onc hundred and sixty miles, between Nashville and
Knoxville, an excellent scheme of triangulation has been laid out after thorough and patient ex-
amination of the country. "The ground passed over does not afford good sites for base-lines, but
is otherwise favorable for geodetic operaticns. Near Lebanon Professor Buchanan selected and
reported a site of a line that wounld admit of measurement, and that would also connect readily
with the triangulation. This site, as being probably the only one available for the work, was vis-
ited by Assistant Richard D. Cutts, near the end of November, 1876, and after careful considera-
tion, and eomparison with several other sites pointed out by Professor Buchanan, was adopted.
It was then arranged with reference to the measwrement of the base in the ensuing summer, that
favorable intervals were to be employed in elearing the summits in the vieinity, for connecting the
ends by angulur measurement with stations of the quadrilateral near Lebanon. This was done at
the opening of the present season. D’rofessor Buchanan also placed underground and surface
marks, and over them erected signals. Yor such details Assistant Cutts having given all needful
information, and also in regard to clearing and marking the line for actnal measurement, returned
to other duties in December, and in the following May, after forwarding from the office the six-
meter iron contact slide-rods, again repaired to Lebanon. Professor Buchanan had completed all
the requisite preliminaries. The hands selected by him, and to be relied on for the movement of
the bars, were immediately drilled by Assistant Cutts. The measurement of the line was begun
without delay, and went forward to the entire satisfaction of that experienced officer. Arrange-
ments for his own field-party being then in progress, Mr. Cutts proceeded to Section I, leaving the
completion of the measurement in charge of Professor Buchanan. The work on the line was
closed in June last, giving for the length of the base 7,282.6 meters, or rather more than four and
a half miles. All the records of the work have been received, and found to be satisfactory.

Reconnaissance.—When my last annual report closed, Assistant I. . Webber was in the field
with his party south of Huntsville, Ala., and had erected signals on Roe’s Mountain and War-
nock’s Knob, two stations Iying westward of the points to which the triangulation had been ex-
tended from the base-line near Atlanta, Ga. Diflienlties peculiar to this region have been met in
the prosecution of field-work, and from the nature of the ground can be only partially overcome.

The mountain ridges being very nearly equal in height, this district presents few of the ad-
vantages for triangulation that are to be expected and are generally found in a hilly country. The
plan of work calls for a chain of guadrilaterals to go westward across the mountain ranges, and
hence obstacles have been encountered of necessity that would not have interposed if the work
was to be pushed in the direction of the mountains. After great labor, Assistant Webber selected
stations for carrying the triangulation to points westward of Decatur, and in doing so found that
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it will be necessary to elevate the theodolite above several of the summits to the eastward, where
he had selected the positions most favorable for intervisibility between the stations east and west.
At Summit a scaffold forty-six feet high was erected. With structures of greater elevation at other
stations, openings must be made through the timber of intervening ridges to bring into view the
signals at the selected points. At Roe’s Mountain a structure was put up sixty-seven feet in height,
on the platform of which the theodolite will be placed when that station is oceupied.

In September, 1876, Subassistant I, ). Granger was detailed from the party to completie the
measurement of horizontal and vertical angles at Gulf Point, where the difficulty of carrying the
chain of triangles directly westward first appeared. The main obstacles are the Sand Mountain
plateau, ten miles east of Gunter’s Mountain, and a ridge to the westward of that triangulation-
point.

The party continued in the field until the close of tlie year, and as far as practicable completed
a scheme for three additional quadrilaterals. TUnder the direction of Assistant Webber the lines
of sight on several of the mountain summits were cleared by Mr. J. . Christian.

In reference to one of the impediments found in arranging for triangulation to the westward,
Mr. Webber remarks:

“The work this season hus been over the most diffienlt country we have yet encountered. This
ineludes the Sand Mountain plateau, which stretehes south from cighteen to twenty-five miles, and
west as far as the State line between Alabama and Mississippi.  The plateau is heavily wooded,
and it is generally impossible to find any tree on it that will permit an observer to overlook the
forest. Tn the course of reconnaissance the members of the party eleated some of the trees as
high up as ninety feet, for observing at that clevation with the prismatic compass. Heliotropes
have been posted at almost every station, and the same ground of necessity has been passed over
many times in order to arrange the scheme now submitted.”

Late in April of the present year the party was again organized, and a signal was erected on
Capshaw’s Mountain, about twelve miles northwest of Huntsville. A tripod and scatfold thirty
feet in height was pnt on the smnmif of Wilson’s Mountain early in May, and preparations were
made for occupying that station.

Triangulation—At favorable intervals of weather between May 26 and the end of June, hori-
zontal and vertical angles were measured with the theodolite at Wilson's Mountain. In each case
twenty-nine objects were observed on, by an aggregate of 1,005 observations. TUntil the 6th of
June, no weather occurred suitable for recording angular measurements, but then and previously
the nights were favorable for astronomical observations.

Latitude~Observations were made during fifteen nights for latitnde at Wilson's Mountain.
Twenty-six pairs of stars were observed by Assistant Webber, and noted in the record by three
hundred and vineteen eniries. TFor time, one hundred and sixty-nine observations were recorded
on twenty-two nights.

Azimuth.—During six nights observations were made in the usual manner at Wilson’s Mount-
ain. The record contains two hundred and thirteen entries. On the last day of June the instrn-
ments and camp equipage were transferred to Gunter’s Mountain, the station next in order to be
occupied.

During the first fortnight of July, Assistant Webler was in usual health, and exerted himself
in clearing some of the lines of sight so as to bring into view, at the smnmit of Gunter’s Mountain,
the signals which had been placed at stations adjacent to it. Mr. Granger was engaged in the
same duty, but at a distance from the chief of the party, who first returned to camp, after passing
two days in the vicinity of Roman’s Landing, on the Tennessee River. Mr. Granger reached camp
on the 20th, to find that Assistant Webber had been some days seriously ill with remittent fever.
For a few days the physician in attendance had some hope of recovery, but Mr. Webber’s illness
soon after increased. He died in his tent, on Gunter's Mountain, on the morning of the 25th of
July. Prof. A. H. Buchanan, who bad recently joined the party, Subassistant Granger, and the
faithful hands, spared no exertion for the comfort of Mr. Webber during his illness. My sense of
his sterling qualities and usefulness has been partly expressed in the obituary notice appended to
the introduction to this report. The remains of Assistant Webber were removed to Huntsville,
Ala., and placed in a tomb,
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SECTION VIII.

GULF COAST AND BAYS OF ALABAMA, AND THE SOUNDS O MISSISSIPPI AND OF LOUISIANA TO
VERMILION BAY, INCLUDING THE PORTS AND RIVERS.—(SkrrcH No, 15.)

Deep-sea soundings, Gulf of Merico.—TFor continuing hydrographic¢ operations in the Gulf of
Mexico, Lieutenant-Commander C. D. Sigsbee, U. S. N,, Assistant in the Coast Survey, with his
party, in the steamer Blake, left ihie Delaware Breakwater on the 5th of November, 1876, At
intervals of bad weather the vessel was anchored under Cape Lookout, and also at Key West; but
on the evening of the 16th of that month, off Cape Romano, a line of soundings in the Gulf was
started to run westward, Depths were determined, at intervals of five miles, until soundings
showed one hundred fathomns. The position was marked by a buoy, and in its vieinity a series of
careful observations were recorded for the temperature of the water at seventeen intervals in depth,
including also the surface, where the temperatnre was 772 Fahrenheit, and bottom of the Gulf, at
which the temperature was 57° on the same scale. The difference of 20© was fonnd to be in general
conformable at intermediate depths with the law commonly observed in regard to the Gulf waters,
but simultaneous observations on the currents at ten fathoms and at twenty-five fathoms revealed
their effect in causing variations of temperature at equal depths during the short period of five
hours in which the party was engaged near the buoy.

After the buoy was picked up, the steamer again started westward, and the line was extended
to a depth of two hundred fathoms. Further on the wire sonnding apparatus was used, and gave
for deptli, at the last station of the line, 1,749 fathoms. This result was obtained in a heavy sea,
and very soon after the foree of the wind made turther operations at that time impracticable. The
steamer Blake was then two hundred and fifty-six miles westward of Cape Romano, and the inten-
tion was to sound on a line going northward. The sea continued heavy, but, on the morning of the
20th of November, Licutenant-Commander Sigsbee, when about twenty-seven miles to northward,
succeeded in recording a depth of 1,726 fathoms. By using wire, soundings were obtained along
this line until the depth was found to be only one hundred fathoms; and thence on, the ordinary
rope was employed, as usnal. This line of soundings terminated in twelve fathoms near the
entrance to Choctawhatchee Bay, on the afternoon of the 22d of November, after a run of two
hundred and sixty-nine miles,

In crossing the several lines of soundings run in the previous season broad off into the Gulf
from the western coast of Florida peniusula, the depths were found to correspond well. After
small but needful repairs to the boiler of the steamer at Pensacola, Lieutenant-Commander Sigs-
bee started a line of soundings, to go southward, from a position near the mouth of Perdido River,
and at the last of twenty-one positions found the depth to be 1,529 fathoms. At the outset the
temperature of the air was only 382 Fahrenheit.

“ Little trouble was experieneed, excepting in the record of water-temperatures. The surface
of the water generally showed 60°, but the temperature of the air was geunerally below 500, The
conditions were such that dependence could not be placed on the minimum side of the water-ther-
mometers unless their indications were below 509, or whatever the air-temperature might be; nor
an the maximum side, unless it read over 60°, or more than the surface-water temperature. When
the temperature at any depth was of a degree intermediate between the temperature of the air and
that of the surface-water, the reading of the thermometer at that depth was erroneous. To meet
this difficulty, the thermometers were kept in warm water until the moment of stopping them on
the line when the minimum side had acquired a temperature of about 70°.  On hauling in, if the
mercury was not touching the needle, the reading of the minimum side was accepted. By this
method water-temperatures were recorded with only an oceasional break in a series.”

The greater part of the line south of Perdido entrance was run while a heavy “norther” pre-
vailed, but however rough the sea, the party on board succeeded, in most cases, in hauling back
the heavy sinker which was attached to the sounding-wire. While the “norther” was yet blowing,
the course of the vessel was changed to due west at a point one hundred and ten miles to the
southward and eastward of the Delta, and depths were found decreasing gradually at thirty-six
positions intervening between the point of departure and the meridian of Vermilion Bay, At the
western end of this line the course was changed and the steamer passed due north., Soundings
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were taken on the fifth line, which was terminated in the vicinity of Trinity Shoal, where the
Blake was anchored on the 7th of December, to await a clear sky for observations. A gale during
the following night made the position of the vessel unsafe, and Lieutenant-Commander Sigsbee
was eonstrained to seek anchorage near Ship Shoal Light-House.

The sixth line of soundings run by the party was commenced in the channel north of Ship Shoal,
and was extended eastward to the entrance of Southwest Pass, Mississippi Delta. After recording
chronometer observations at Pilot Town the steamer passed up to New Orleans. Under conditions
the least unfavorable that offered in the course of several weeks, Lieutenant-Commander Sigshee
left the Southwest Pass on the 31st of Idecember, but soon put back, thus avoiding a gale of
extreme violence, and remained at anchor off Pilot Town until the weather cleared.

On the 24 of January the Blake again put to sea and commenced 4 line of soundings which
was extended southward and westward to the meridian of Ship Shoal. The steamer then pro-
ceeded to the vieinity of Ship Shoal and there started a line to pass due south, on which sonndings
were completed on the 4th of January. This line was continued to latitude 27° 11/, and then
turned due west, soundings being carried in that direction somewhat to the westward of the merid-
ian of Caleasien Pass, and along that meridian to the neighborhood of Calcasieu entrance. On the
line going westward, although most of the hydrography during the season had been prosecuted in
heavy weather, oceurred the only cast that was attended with the loss of any wire, and in that
instance the loss was due to the drawing of a splice, and not to a break of the wire. The weight of
thirty-four pounds nsed in sounding was in all other cases drawn nup with the wire in depths not
greater than seven hundred fathoms.

On the night of the 7th of January a line of soundings was run southward from Sabine Pass,
and then due west to the approach of Galveston Dar. About sixteen miles south of Sabine Pass
the depth, at one cast, showed only four and three.quarter fathoms, at a position comparing toler-
ably with that marked on some charts as the site of a supposed shoal. On approaching Galveston
Bar the steamer encountered a severe “norther,” but soundings were continued until the vessel was
brought to anchor.

Leaving Galveston with his party on the 24th of January, Lieutenant-Commander Sigsbee
developed the Gulf hydrography between Galveston and the month of the Rio Grande by cighteen
lines of soundings, the courses of which had been previonsly indicated and marked on the project
of work for the season. These lines were so arranged as to cross and verify ecach other.

The steamer then proceeded to New Orleans, and after taking in a farther supply of coal left
the Southwest I’ass to run southward and westward. Ten miles from the Delta the current was
found to be running west at two knots the hour, but five miles further on the current was north-
northeast at less than half a knot. Here the approach of a gale from the southward made it expe-
dient to return to the Delta, and on the way back it was noticeable that the rongh sea disappeared
as the vessel again passed into discolored water. With some difficulty, owing to the fog and
unusually strong current, the steamer reached Pilot Town and there remained during a strong gale
from the southward and eastward. Leaving Pilot Town on the 4th of March with some prospect
of good observations, a line was started southwest so as to cross six other lines of soundings on the
run to Sabine Pass. The position of the line was well determined, and the soundings showed the
same well-defined depressions that had been reported in comnection with previous deep-sea work
by the party in the Blake. On this line of fifty-two miles eleven soundings were recorded. The
vessel was then turned westward, but had made little way when a northeasterly gale set in.
Soundings were however continued in the trough of the sea, all customary data being secured, and
good observations were obtained for position, but the vessel was of necessity hove to before reaching
the end of the intended line. The wind, after repeated changes, again favoring work, soundings
were continued on a line to the northward and westward, and the vessel finally anchored in nine
fathoms. Good observations were recorded at the anchorage for the adjustment of soundings.
From this position the line was continued to the vicinity of Sabine Pass Light-House. One of the
soundings on this stretch gave only three and three-quarter fathoms, there being six and one-half
fathoms inshore of it. Lieutenant-Commander Sigsbee states that the position of this shoal is
several miles outside of the range of visibility of Sabine Light.

S, Ex, 12—6
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On the 8th of March the steamer left the anchorage off Sabine Pass, and successfully carried
a line of soundings direct to Galveston Bar. Countinuous bad weather made it impracticable to
prosecute further hydrographic work during that month, and, under the necessity of refitting the
vessel, Lieutenant-Commander Sigsbee returned to New Orleans. The steamer again left South-
west Pass early in May, and sounded southward and westward to a depth of eight hundred and
seventy-tive fathoms. Near the termination of this line another was commenced in eleven hundred
and seventy-five fathoms, and was continued due south to the Yueatan Bank. Iour of the sound-
ings in that run show depths of more than two thousand fathoms. :

Leaving Alacran, a line was started in longitude 89° west, and was extended nearly five hun-
dred miles westward to the coast of Mexico, in latitude 233° north. I‘ifteen consecutive soundings
gave depths of upwards of two thousand fathoms.

Starting off Tampico Bar, on the 18th of May, soundings were recorded on a course due east
to the vicinity of Cay Arenas. Another line was then started near the Triangle Islands and was
extended due west and finished oftf Tuspan Bar, Mexico. From thence, after taking in coal, the
steamer ran down the coast to a position morth of Vera Cruz, and from that station subsequently
sounded eastward across the Gulf of Campeche to the Yucatan Bank. Off the mouth of Cazones
River Lieutenant-Commander Sigsbee determined the position of a five-fathom bank at about
twenty-three miles distance from the anchorage off Tuspan Bar. As seen from the vessel the bot-
tom presented the appearauce of coral, but the lead fouled in the attemnpt to procure a specimen,
and was recovered only after considerable labor.

In general the weight used in sounding was left at the bottom in depths greater than one
thousand fathoms, but in favorable instances the sinker was brought again on board from depths
as great as seventeen hundred fathoms.

In sounding east of Vera Cruz, across the Bay of Campeche, the deepest water found was thirteen
hundred and eight fathoms at about a hundred miles from the Mexiean coast. This line was closed
in twenty-five fathoms on the Yucatan Bank, as before stated. DPassing on to Alacran, the steamer
was anchored inside of the reef on the 6th of June. After securing observations for positions on
the last line of sonndings, the Blake started from a position north of Alacran, to run soundings
westward along the parallel of 24° 31/ north, the depth at tae first position Deing two thousand
and fifteen fathoms. BSeventeen consecutive soundings on this line gave upwards ot two thousand
fathoms. The work was continued westward, and closed near the coast of Mexico in eight fathoms.

On the 12th of June the steamer was again got under way and steamed up the coast to Brazos
Santiago. After a short rest at anchorage a line was started off the Laguna Madre and was run
with soundings due eastward to the meridian of the Mississippi Delta, and closed at a depth of six-
teen hundred and forty-seven fathoms. From this position the Blake started for New Orleans.
Grood observations for chronometer corrections were obtained at Southwest Pass. Repairs need-
ful to enable the vessel to reach New York were completed at New Orleans as soon as practicable.
The steamer left Pilot Town on the 30th of June, and passing south to the latitude of the last-men-
tioned line of soundingxs resumed work for extending the line eastward. Soundings were success-
fully recorded iu an easterly run of about two hundred miles, closing in a depth of seventeen hundred
and ninety-four fathoms. To the northward and westward another position was chosen in the merid-
‘ian of Mobile entrance, and from thence aline was run with soundings due south to the Yucatan Bank.
The deepest water found was nineteen hundred and eighty fathoms. Trom the bank, soundings
were recorded on a northeast line as far as the twenty-fifth parallel. The usual temperature obser-
vations were made, and the last thermometer came up from a depth of cight hundred fathoms.
From this position the Blake steamed out of the Gulf and reached New York on the 14th of July.

The reports and records of the work done by the hydrographic party in the steamer Blake
show that no pains have been spared for securing precision in respect of position and depth. Suc-
cess in the development of the hydrography of the Gulf has been mainly due to the intelligent
energy of Lieutenant-Commander Sigsbee. Until Febrnary last, when continued ill-health con-
strained him to seek relief, Lieut. J. E. Pillsbury, U. S. N,, remained as executive officer on board
the Blake. He was replaced by Lieut. 3. M. Ackley, U. S. N. Lient. W. O. Sharrer, U. 8. N., and
Masters M. F. Wright, W. E. Sewel], and Henry McCrea, U. S. N, have continued in service during
the entire season. The statistics are: ‘
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Miles run in sounding . ... ... ..., 6, 600

Determinations of position. ... . ... .. 496
Number of Soundings. ... .. oo e i i re e .. 1,084

The admirable apparatus devised by Lieutenant-Commander Sigsbee for sounding with wire
will.be deseribed in an appendix, separately published.

By the energy and skill of himself and officers, and the cheerfnl endurance of his crew, sound-
ings were continued night aud day through all weathers., The log of the Blake shows that the
vessel rode out more than twenty gales while working in the Gulf. The results include soundings,
temperatures, specimens of water from the surface of the sea and at intervals downward, speci-
mens of the bottom, and records of the direction and force of the currents, making an aggregate
unequaled in the annals of ocean physics, by results obtained in the same limit of time, by any
similar party employed in any nation. .

Topography of Baratariac Bay, La—TFor the survey of Barataria Bay, a baseline had been
measured on Grand Isle and a few signals set up in the previous season. Assistant W. I1. Dennis
reorganized his party in the steamer Barataria on the 1st of October, 1876, and as soon as possible
resumed field-work. Signals were erceted along the Gulf coast and at points suitable for defining
the shore-lines of Darataria Day, and the waters connecting with it. The stations were occupied
in snecession with the theodolite, and as soon as practicable the plane-table survey was begun, and
was pushed energetically, as shown by the large results in shore-line, nutil the 27th of June, when
the steamer was laid up in Barataria Bayou.

During the winter the weather was unusunally bad, and as a consequence the shore-line survey
was delayed in progress. The high growth of cane and reeds proved to be a great hinderance in
defining the water-line.

Lieut. Kossuth Niles, T, 8. X, was in charge of the steamer, and co-operated effectively in the
work of the survey, as did also Subassistant Andrew Braid. The statistics of this season are:

Signals erected and determined. .. ... ... ... L. eieia e 56
Observations of horizontal angles - ... ... ... . . ... ... 5,952
Shore-line surveyed (miles). .. ..o e, 860
Area included in survey (square miles).. ... ol it i 256

At the return of the party to this section, the triangulation will be joined with that of the Mis-
sissippi River.

Mississippi Delta.—Xate in February last arrangements were made for resuming the physical
survey of the lower part of the Mississippi, and as heretofore the details of the work were entrusted
to Assistant H. L. Marindin. From the outset the survey has been prosecuted in accordance with
plans and methods furnished by Prof. Henry Mitchell.

The first operation of the present season was the careful topographical survey of the new
lands which have formed outside of Cubitt’s Gap. As part of the history of that gap, the ideld-
report mentions that in 1862 it was merely a boat-passage opened in order to give access to oyster
beds which lay outside. The cut was made through a strip of marsh, not over four hundred feet
wide, that separated the main river from the ocean, about three and a half miles above the head of
the Passes. At present, as shown by the survey of the year, the gap is over three thousand feet
wide, with depths of water as great as one hundred and thirty feet on the site of the former marsh.

Beyond the gap, new lands created by the deposits of mud from the river extend seaward,
forming a subsidiary delta, with something like a circular development over a radial distance
of about four miles. The area of dry land there formed since the opening of the gap is three
thousand two hundred and nineteen acres, and its average elevation is about one foot above ordi-
nary high-water. The whole is covered with vegetation, mostly reeds, but willows now grow on
the parts that were first formed.

Assistant Marindin’s topographical sheet shows that the new territory is disposed into broken
radial strips and islands with water-spaces twice as great in area as the visible land, but the water-
spaces, except in the main pass, are very shallow for the greater part of their courses. The main
pass was carefully sounded, as it has been some time in use for light-draught vessels. Mr. Marin-
din found the outer bar about two miles beyond the limits of the land, or six miles from Cubitt’s
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Gap. The depth of water on the bar is somewhat less than four feet at low tide. In tracing the
shore-lines of the other passes and bayous much diffieulty was experienced in passing with small
boats. Hence only the main pass of the delta of Cubitt’s Gap was developed by soundings.

In the Mississippi River, Mr. Marindin completed soundings between the head of the Passes
and the lower side of Cabitt’s Gap. The hydrography done there includes the bed of the river for
about two miles of its course, and in reference to it Professor Mitchell points out the fact that the
river has onc-tenth less area of section below than above the gap. It remains to be shown by
eareful comparison with former surveys whether or not the loss of water through Cubitt’s Gap is a
probable cause of this relative diminution of section.

In Southwest Pass the party of Assistant Marindin working with the schooner Research
extended the hydrographic survey seven miles beyond the limits reached in the preceding season.
At nine reaches of the stream, some in the main river and others in Southwest Pass, sections were
determined not only by depths but by observing free floats of various draughts for ascertaining
the movements of the water. The results of these operations will be given when the computations
on which they depend have been completed. Similar data, from the work of the preceding season,
seemed to indicate that a general formula would develop the profiles of cross-sections and the
transverse curves of velocity, provided that certain coefficients, dependent upon the radius of cur-
vature in the course of the stream, could be ascertained from observations.

Assistant Marindin was efficiently aided by Mr. John B. Weir. In Appendix No. 9 will be
found a description of the apparatus employed by the party, and by means of which the currents
were determined at four hundred and ninety-six positions under and at the surface of the waters of
the Delta. Operationsin the physical survey were continued until the 13th of August and included
the measurement of thirteen short loeal base-lines. For the current observations sixteen hundred
and ten angles were recorded. The statistics of the shore-line survey and hydrography are:

Signalserected................... e e e e e e e be
Stations occupied on land. ... ... L L e e 6
Angles observed ... ... . o iiieeee 5,470
Shore-line surveyed (miles). ... ... ... i e 127
Number of soundings. ... ... .o e 15,612

The tides were recorded at two stations while the work was in progress.

Tidal observations.—The height of the water at New Orleans has been regularly recorded at
intervals of six hours from January, 1372, to Janunary, 1877, by Mr. G. Faust. Daily fluctuations
being small are disregarded, but the changes of level due to annual floods, and intervening dry
seasons, and which amount to eleven or twelve feet, are interesting, and as these changes show a
considerable approach to regularity in periods, the records are expected to give data for predict-
ing approximately the state of the Mississippi River at New Orleans throughout the year.

Survey of the Mississippi River.—For continuing the detailed survey above Bonnet Carre, the
party of Assistant C. H. Boyd was reorganized in October, 1876, on bhoard the steamer Baton
Rouge. Triangulation had been carried in the preceding season to Belle Point. From that limit
it was extended in the course of the present season as far up the river as Point Houmas, which is
about seventy-five miles west of New Orleans. The field-report contains the following remarks :

«The difticulties encountered in this work, DLesides such as are incident in all regions destitute
of natural elevations, are—the twisting of the scheme of triangulation to avoid expensive cuttings
through projecting points of cypress swamp; the high levees coming in the middle of quadrilaterals,
being sixteen feet, more or less, in height above fields in which the stations fall; and the avoidance
of numerous buildings and valuable trees in their vicinity.”

The topography was resumed in November, Those lands were first surveyed which had been
flooded by the Bonnet Carre crevasse, and which were traced in the spring of 1876. The office
has now on file topographical and hydrographic sheets showing the conditions of that loeality in
April and November of that year. For the detailed work three sheets were projected covering the
river to a point near Donaldsonville. These include all surface-features on both sides of the river
as far back as the forests, making a belt of about six miles in width. The river-banks are repre-
sented as thickly settled, and as presenting the appearance of an almost continuous forest of fruit



THE UNITED STATES COAST SURVEY, 45

and ornamental trees. The lands are in sugar, rice, tobacco, and fruit orchiards, and fall between
the levees and the forest in the aggregate from twelve to sixteen feet, or about four feet to each
mile back from the river. Detween October, 1876, and the following Mareh, two hydrographic
sheets were filled with soundings, including the river between Soniat’s Mill and Grandview Reach,
the last-named point being about sixteen miles short of the limit reached by the triangulation and
plane-table survey. When soundings were discontinued the eurrent had so increased as to render
it inexpedient to attempt further work in hydrography. In the various stages of the river while
the survey was in progress, during the season, currents were observed at fifteen statious.

Dr. M. F. Bonzano, superintendent of the United States mint at New Orleans, has continuned
his supervisiou of the observations for recording the tide or river stand, of which mention has been
made in this ehapter. In addition to the regular observations, Assistant Boyd kept separate
records at four different anchorages of the steamer Baton Rouge while the river was rising. His
observations show a difference of about fiftecn feet between high and low water at New Orleans,
but in the vieinity of Donaldsonville it is said that the difference approaches thirty {eet.

Field-work was closed on the 19th of June. The steamer was then laid up between the Hoating
docks at Algiers, and at the end of the month the crew was discharged.

Master Alexander McCrackin, U. 8. N, was attached to the party in the Baton Rouge, and
rendered eordial, prompt, and encrgetic assistance during the season. Messrs. C. H, Van Orden
and Bion Bradbury served as temporary aids.

Near the close of the season the operations of the party were much crippled by sickness inci-
dent to the season. Omne of the hands died of malarial dysentery in June, and fonr others were sick
when the crew was discharged.

The statistics of the work done this season are:

Signals erected. .. ... .o e e 22
Stations oecupied ....... et iaemaraeaea et e eae e ein e e 25
Angles measured. ... ... ... ... . ..... e e i eaee et 36
Observations with theodolite. ... . ... ... ... . ... . ... ... ... ... 5, 196
xeographical positions determined. .. ... b et e e N 103
Shore-line traced (miles) ........ ... ... ... e 73
Roads (miles) .. .. .oen oo . 100
Area of topography (square miles). .. ... ... ... . iiiiiiiiiai e 175
Milesrun in sounding . . ... oo e e e e 152
Anglesmeasured. . ... ... .. e, - 1,184
Number of soundings. ... .. ... .. it 4, 968

Of the lines of sight required for the triangulation, twenty-nine required to be opened by cutting,
so as to bring into view the stations to which they led.

The plane-table sheets resulting from the work of the season will represent abont forty miles
of the course of the Mississippi.

Reconnaissance eastward of Saint Louis, Mo.~TFor the selection of stations to form a series of
quadrilaterals eastward of the triangulation which has been already done in the vicinity of Saint
Louis, Assistant G. A. Fuirfield reached that city on the 28th of August, 1876, and at once pro-
ceeded to the site of the base-line measured in a previous year in 1llinois. The signals were yet
standing and the surface-marks at the ends of the line had not been disturbed. In company with
Assistant J. -A. Sullivan, the two stations *Clark’s Mound™ and ¢ Sugar Loaf” were visited,
These, as being on the edge of the line of blufls, at positions north and south of the base-liue,
must be relied on for extending the triangulation eastward of the base. No available points being
in view directly to the eastward, Mr. Fairfield proceeded to Terre Haute by the Vandalia road, and
returned to Saint Louis by way of Vinceunes and the Southeastern road. The district afforded no
position snitable for geodetic purposes.

From Collinsville, Assistant Fairfield started in the middle of September and traversed the
country until the 9th of December. TFlags placed on trees along lines desirable for extending the
work could rarely be seen at the distance required in the scheme of triangulation, Under many
disadvantages, among which were the prevalence of smoke in the air, and, later in the season,
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haze, rain, and snow, a plan of work was marked out to lead eastward of Clark's Mound and Sugar
Loaf, but, on account of the lateness of the season, this could not be verified before the approach
of winter. In the middle of December Mr. Fairfield returned to the office.

He was again at Saint Louis in April, and after visiting the projected stations, decided that
their intervisibilily could be ascertained only Ly lines run with the level. Four stations were thus
connected, by an aggregate of sixty-five miles, with the level. In returning to the initial point by
a cireuit, the error in levelling, as shown by the record, was less than two inches. The field-work
was closed in June.

A general examination muade by Assistant Fairfield, in advance of taking up field-duty iu
another section, shows that the stations which he selected in Illinois are not obstructed by inter-
vening ridges, and that they will probably be intervisible from observing scaflolds of ordinary
height; but as no appropriation was made for continuing the work after the end of June, the final
adjustment of the scheme of triangles has been of necessity deferred. ]

Triangulation in Missouri—Xor extending the geodetic connection between the Atlantic and
the Pacific, beyond the limits which bad been reached in previous seasons west of Saint Louis,
Assistant J. A. Sullivan started from that ecity early in September, 1876, and in the course of a
month made a general reconnaissance of the country westward as far as Pike’s Peak. The region
in the vicinity of Fort Scott was carefully examined, and ground between that point and Kansas
City, with reference to the selection of stations that would be visible from points in western Mis-
souri, From Kansas City Mr. Sullivan proceeded to Denver, in Colorado, and from thenee to
Pike’s Peak, from the summit of which a general examination was made of the contour of the
country which had been traversed from the eastward. Subsequently views were obtained by
ascending Gray's Peak, Bras Mountain, and Mount Lincoln. Refurning by way of Denver City,
Mr. Sullivan passed several days of the early part of Oectober in examining a considerable arca of
the plains near River Bend. Cattle-owners having thorough knowledge of the region were then
on an expedition to “round up” their cattle, and it was found advantageous to acecompany the
party. Much local information was thus noted that would otherwise have involved labor and delay.

After his return to Saint Louis, Mr. Sullivan made suitable arrangements for selecting and
marking points for triangulation west of the line to which the work had been carried by Assistant
Boyd. TFrom the stations ¢ Gasconade™ and “ Winter” the ground was examined westward. Two
poiuts en the Gasconade River were selected for an additional quadrilateral, and other points in
the same direetion as far to the west as Jefferson City. Iarly in January, 1877, the work was dis-
continued for the season, the roads being then blocked by suow, and the trees so covered with ice
that they could not be used as the ordinary means for overlooking the surrounding country. The
following is an extract from the report of Assistant Sullivan.

“The region immediately south of the Missouri River, through which this reconnaissance was

made, is traversed by the Gasconade and Osage rivers, tributaries of the Missouri, and is hilly and
broken in the extreme ; a collection of densely-wooded ridges without commanding elevations, and.
thinly settled. The greater part of the cultivated land is along the small bottoms of the rivers and
their numerous small tributaries.
- “To avoid felling trees as much as possible, the reconnaissance was carried on by putting up
flags of distinguishing eolors in trees or the higher points in the region, and endeavoring from the
trees to ascertain the infervisibility of these points. In obtaining these results seventeen flags
were put up in trees at high points, and avenues were opened on two lines across the tops of inter-
vening ridges.”

Early in May of the present year Assistant Sullivan resumed field operations, and continued
the reconnaissance to the westward of Gasconade River until the middle of June. In the latter
part of that month further examination was made of the country on the line of the Atchison
and Santa Fé Railroad, and also along the Union Pacific to Omaha. Mr. Sullivan returned to
Washington on the 29th of June. The results of his reconnaissance show that the chief difficulties
in passing westward of Saint Louis, and by which the progress of the triangulation has been
retarded, will, to a large extent, disappear in the western part of Missouri, and that it will be
feasible to lay ont a good scheme of triangles for the geodetic connection as far eastward as the
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Wasatch Mountains in Utah. But, as no means were appropriated for the work at the last session
of Congress, the plan of operations is for the present laid aside.

Triangulation in Wisconsin.—l'ield-work was resumed in this State by Prof. John . Davies
early in June, 1876, and was continued until the 6th of October. The positions of stations in the
vieinity of the base for connecting it with the triangulation having been previously selected, the
points were oceupied in succession with the theodolite. At station Fitehburg, the angular meas-
urements were made from a scaffold, the outlying stations not being in view from the ground.
Much unfavorable weather occurred in June, and the following month was well advanced before
the party could be transferred to Blue Mound. Tinding that the lines of sight from a scatfold,
twenty-six feet high, at the last-named station would pass elear of the dense woods on the adjacent
ridges, the structure was put up to avoid the greater expense of opening lines of sight. The erec-
tion of that scaffold determined the practieability of advaneing the triangunlation to the southward
and westward by a series of points very favorably sitnated, and which will be occupied hereafter
if means again become available for the geodetic work., TIfortunately Professor Davies kept in
view the expediency of completing, before the close of the season, the geodetic connection between
his astronomical station in the University grounds at Madison, and the base at Spring Green, and
that was successfully done. though it was not then doubted that provision would be made for con-
tinuing the work. _As no appropriation was passed at the last session of Congress, the course pur-
stted by Professor Davies has secared the utmost advauntage with the means allotted for his field-
operations. The statistics of the work are:

Signals erected ... oL oL 14
Seaffolds and tripods ..o vt e 0
Stations occupied (oL i 6
Angles observed ........ e et e e e e ]
Number of observations, horizontal angles.. . ... L oo il 7,510
Number of observations, vertical angles......... ... ... ... ... .. ... . ... 2076

Assistant Richard D. Cutts, with whom Professor Davies conferred tfreely in regard to details,
thus remarks on the work done in Wisconsin: “The guadrilaterals are well shaped, the number of
measurements of each angle are amply sufficient, and the vertical angles were observed quite
closely within the period of least refraction.”

SECTION IX.
GULY COAST OF WESTERN LOUISIANA AND OF TEXAS, INCLUDING BAYS AND RIVERS.—(SkeTCH No, 16.)

Triangulation of Laguna Madre, Tex.—For this work a general reconnaissance was made in the
preceding season by Assistant R. . Halter, who selected stations for carrying the triangulation
southward of Corpus Christi Bay. Having completed his arrangements for resuming field-work,
Mr. Halter again proceeded to this section in the latter part of September, 1876, The party was
detained upwards of a week at New Orleans in consequence of existing quarantine regulations in
the ports of Texas; but finally reached Corpus Christi on the 12th of October. Dy the close of
that month a working camp was established at the north end of Padre Island, and one of the new
stations was connected by angular measurements with the concluding line of the triangulation of
Corpus Christi Bay. Northers were very frequent during the winter, and the weather was such
that the signals were rarely intervisible. At all clear intervals the measurement of horizontal
angles was pushed, so that by the middle of April the triangulation had been advanced southward
as far as it was found practicable to work from the first-established camp. Mr. Halter then trans-
ferred his party to a station twenty miles lower down on the coast, and at the close of the fiscal
vear was engaged at stations on the shores of Laguna Madre, in the vicinity of the expansion
known as Baffin’s Bay. The chief impediment to progress is the occasional lessening in the depth
of water in the Laguna, dependent upon the direction and force of the winds. The statistics of
the triangunlation are:
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Signals erected ... ... vl e e e e 29
Stations oceupied ... ... o i il e h e e e 11
Sets of observations (6 repetitions each).......... i 625
Number of observations .. ... . L ... 7,576

SECTION X,
COAST OF CALIFORXNIA, INCLUDING THE BAYS, HARBORS, AND RIVERS.—(SKETCIES Nos. 17, 18, AND 10.)

Coast reconnaissance northicest of San Diego, Cul.—For perfecting the scheme of triangulation
partly laid out in the preceding season, Assistant W. E, Greenwell took the field at Santa Barbara
on the 1st of September, 1876. TProceeding towards the San Diego boundary, he visited, in suc-
cession, the stations which had been selected, and others, to include means for defining the coast-
line. Additional points were chosen for extending the triangulation quite across the boundary
Letween the United States and Mexico.

The region embraced in this reconnaissance was found well adapted for plans of triangulation,
and, excepting for the labor of reaching the stations and the hardship incident to their occupation,
rapid progress could be made with adequate means. From most of the summits visited by Mr.
Greenwell the islands off the ¢oast were in view. One of the statious near the San Diego boundary
proved to be upwards of 5,000 feet in height. Standing on that summit, the observer had in full
view, though one hundred miles distant, the peaks of Santa Catalina Island and of San Clemente
Island, the coast-line and mountains, the great Colorado desert and the mountaius to the eastward
of the desert. Beyond these runs the valley of the Colorado River, respecting which it is noted in
the journal of the reconnaissance that a moving volume of smoke was judged as marking the
course of a steamer in passing up the river.

At the close of November, Mr. Greenwell had passed over all the ground intervening between
Santa Barbara and San Diego. On the return northward, he fook the road by way of San Pasqual
and Pala, and again explored the region in which Palamar Mountain (4,500 feet high) is a con-
spicuous point. Previous observations were confirmed, and that station was included in the
scheme of triangulation. Abont two hundred feet below the snmmit a spring of good water
refreshed the party after toiling many hours in the ascent. The scheme was verified by additional
tests, and the party passed on to Anaheim, which point was reached late in December.

Of all the stations marked, very few remain in doubt in respect of intervisibility, and desir-
able conditions are generally fulfilled Dy the arrangement of the triangles and qunadrilaterals.
Field-operations in this quarter were discontinued in the middle of January.

Topography of Catalina Island, Cal.—The party of Assistant Stehman Forney was reorganized
in the middle of August, 1876, for taking up the topographical survey of Santa Catalina, for which
purpose the triangulation had been in part ecompleted in the preceding year. Plane-table work
was commenced at the western end of the island, and was prosecuted, at intervals, as far eastward
as Goat Harbor on the north and Little Harbor on the south shore. Catalina Harbor and Isthmus
Cove were included, and, as usual, the elevations of ground between the shore-lines were repre-
sented by contour lines on the topographical sheet.

In addition to the plane-table work, the triangunlation was taken up at the limit reached last
year, and was extended to the eastern end of the island.

About one-half of the area is shown on the resulting topographieal sheet of this season. The
shore-line is exceedingly bold, and so difficult of access that its delineation by means of the plane-
table would be regarded by many topographers as impracticable. ¢ Santa Catalina Island lies
broad oft the coast from San Pedro anchorage, at a distance of nineteen miles. The island is
twenty-one miles long and has an average breadth of three miles. The highest peak on the island
rises to an elevation of 2,110 feet.” :

During calm weather, boats can land safely at many points both on the north and south shores
of the island, and near some of the landings are springs of good water. All are clearly marked
on the plane-table sheet. The island is used entirely for grazing, and is said to be the only one of
the Santa Barbara group on which the rattlesnake has been found.
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The statistics of the triangulation and topography of the season are:

Signals erected . .. ... . e 26
Stations oceupied ... ... e 11
Signals, peaks, and headlands observed on ... ... .. . ... ... ... ... 37
Observations for horizontal angles .. .. ... ..o ... il o 3,816
Vertical-angle measurements. .. ... .. ... i e 302
Shore-line surveyed (miles). ... ... .. ... ... Lol 34
Roads (miles) ... ... oo e 2
Arvea of topography (square miles). ... ... ... ... ... o oL 294

Inspection of topography.— After examining the topographical features which Lorder the waters
of Washington Territory, to which reference will be made under the head of Section X1, Assistant
H. L. Whiting returned to San Francisco, and extended a reconnaissance northward along the coast
through parts of Mendocino and Humboldt Connties. The dense and enormous timber of that
region presents unusual difficulties in field-operations. Charaecteristic localities were thoroughly
examined and described in the final report, which was turned in after his retnrn to the office in
December, 1876.  That report includes also the results of inspection conducted along the coast of
California, and extended to San Diego. The lack of timber and ground.-surface contour along the
southern coast are remarked on as in contrast with certain parts of the northern coast. All the
considerations, practical and economical, that are of aceount in devising plans for the survey in
reference to the ground to be represeuted, are mentioned in the concluding report of Mr. Whiting.
He comments specially on the neeessity of aptitude and perception in the topographer who would
successfully delineate such coast features as came under his own observation while on reconmnais-
sance.

Triangulation of Santa Barbara Channel.—In September, 1876, the party of Assistant O. H.
Tittmann was transferred to Anacapa Island, and immediate preparations were made for oceupying
the primary station with the theodolite. As a means for the needful supplies of water and pro-
visions, and for visiting the signals requisite ou the adjacent islands, the schoouer Matinée was
employed temporarily. Of three heliotropers engaged for the work, one was stationed on the main
at San Pedro primary station, one was placed on Santa Barbara Island, and the third showed
signals, when practicable, from a point on San Nicolas Island.

On Anaeapa Island fires had been set by sheep-owners to clear the gronnd of weeds, and dur-
ing an extended period the resulting dust had not been settled by rain. As a consequence, the
condition of the atmosphere was such that the measurement of horizontal angles could not be
~completed until the G6th of December. So commonly was the view hid in one direction or more
that, during the stay of the party, an unbroken series of angles was measured on only one day of
the season.

After completing the requisite observations a signal was set up on the highest peak of
Anacapa, and approximately determined in position, to furnish a base and dirvection for the
original topographieal survey.

Leaving the heliotrope at San Nicolas, Assistant Tittmann next oceupied the station on Santa
Barbara Island. On the 25th of December he observed on the signals at San Nicolas and Ana-
capa, and included in the round of angles two topographical stations on Santa Barbara Island for
orienting its plane-table survey. The uncertainty of obtaining additional observations being great,
Mr. Tittman returned with the schooner to Anacapa on the 28th of December, and next day landed
the instruments and equipage on the main at San Buenaventura. Laguna Station, on the main
and opposite to Anacapa Island, was next occupied. After closing observations there the party
proceeded in the schooner to Santa Catalina Island, and erected signals on the two highest peaks
to serve as a base for the determination of points on San Clemente Island. The aid of the party,
Mr. D. B.Wainwright, was meanwhile dispatched with the vessel to erect signals on the last-named
island, and to measure the angles. The signals were in place on the 6th of March, but owing to
the prevalence of fog the observations requisite could not be completed, Assistant Tittmanu
remained in camp until the S8th of May on Catalina Island, and then closed operations.

S. Ex. 12—T
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The following are statistics of the work:

Signuls erected (... oo i e e et 0
Stations occupied . ... ... . .. i
Angles measured . .. ... e i 21
Number of observations ... . . oo i i 1,327

At the close of the fiscal yvear Assistant Tittmann reported for duty at the office in Washington,

Hydrography near San Miguel and Santa Rosa Tsland.—The steamer Hassler, with the hydro-
graphic party of Lieut. Commander H. C. Taylor, U. 8. N,, Assistant in the Coast Survey, left San
Francisco in September, 1876, and after completing the supplementary soundings requisite in the
vicinity of Santa Monica, resumed hydrographic work near Santa Rosa and San Miguel, of the Santa
Jarbara group of islands. Four sheets were completed in the course of the season. The ap-
proaches to Santa Rosa from the south and from the north, were sounded and plotted on twe
shieets. A third sheet contains the soundings made in the passage between the two islands, and
the fourth shows the character of the approaches from all directions, to the western end of San
Miguel. The work was prosecuted afloat until the approach of cold weather, and was discontinued
on the 14th of December. In the ecourse of the winter and spring the records were completed and
the manuscript charts were sent fo the office. The aggregate statistics are:

Miles run with soundings ... ... . it e 576
Angles measured . .. ..o 3, 759
Number of soundings. .. ... oo e 10, G58

Lieuts. Richard M. Cutts, Richardson Clover, A. B. Wyckoff, and F. J. Drake, U. 8. N,, as-
ststed in the hydrographic work here under notice. Before entering upon that duty the steamer
Hassler was for some time at the disposul of General B. S. Alexander, and officers of the Corps of
Engineers, associated with him for the inspection of the harbors between Puget Sound and San
Francisco. Lieutenant Commander Taylor’s intiinate knowledge of the coast enabled the inspect-
ing officers to visit without loss of time ten of the anchorages recognized as harbors. The facili-
ties afforded have been cordially acknowledged by General Alexander.

After retaining command of the steamer Hassler for the period allowed in the regulations of
the department, and rendering highly acceptable serviee in the prosecution of hydrography, Lieu-
tenant Commander Taylor was detached on the 23d of April, and was soon after replaced by Lieut.
Commander G. W. Coffin, U. B. N,

Hydrography of Sante Barbara Channel.—On the completion of the steamer McArthur, iu
December, 1876, Lieut. Frank Courtis, U. 8. N., Assistant in the Coast Survey, was assigned to the
command, and organized a party for hydrographic work, which was begun ecarly in February of
the present year.

To the eastward of Point Concepcion, Lientenant Conrtis joined with inshore work done in a
previous year, and cxtended soundings along the coast fifteen nautical miles to a junetion with the
hydrography of a preceding season. While this work was in progress, the tides were observed at

-Gaviota wharf. The depths shown on the two resulting charts are from six feet to seventy-eight
fathoms. At the limits of the work, east and west lines were run quite across the channel to Santa
Cruz, and also towards San Miguel Island.

Lieuntenant Courtis remarks as follows on the performance of the new steamer during the run
between Mare Island and Santa Barbara:

“We lett San Franciseo on the 3d of February, and arrived off Santa Barbara early on the
morning of the 5th, after a pleasant trip down. The ship behaved well all the way, and rolled
ecasily, notwithstanding the heavy swell met on the bar off San Francisco entrance and for some
time after crossing it.” *

The ship worked well during the season. No drawback occurred except the loss of the star-
board anchor on the 6th of March while the vessel was on duty to the eastward of Point Concep-
cion. The stormny weather then prevailing was evidenced with loss a few days after at San Buena-
ventura, where the leavy swell carried away three hundred feet from the middle of the wharf,
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leaving several hundred feet of the sea-end of the structure standing. Inspection showed, how-
ever, that the piles that first yielded to the action of the sea had been honey-combed by the toredo.

The statistics of the work done by the party in the steamer McArthur previous to the end of
June of the present year are :

Signals erected. .. ... e 44
TPoints determined. ... ... ... . L. 28
Miles run with soundings .. ... e 424
Angles measured ... Ll 2,129
Number of soundings «.oovv et i i e e iieie e 8,514

The ofticers attaclied to the MeArthur and assisting in the hydrography were Lieuts. E. H. C.
Leutze and L. K. Moore, U. 8. N, Master J. . Bull, and Eusign W. Allderdice, U. 8. X,

While the party was at work on the 234 of April, the ensign of the steamer Idaho, of the
Colorado Steam Navigation Company, was discovered to be Union down. Lientenant Conurtis
immediately ran down with the McArthur, and found that the engine of the Idaho had given way.
At the request of her commander, Captain Dounglass, the Tdaho was towed about seven miles to
the nearest safe anchorage.

The hydrographic party will be at work during the summer in the vicinity of the Santa Bar-
bara Islands.

Topography south of Point Argucllo, Cal.—The detailed topographical survey of the voast of
California, between Point Arguello and Point Concepeion, was taken up in the middle of April, by
Assistant A, W. Chase, who had been previously at work near Santa Monica. Points needful for
the survey, and previously determined by triangulation, were readily identiied. The prevailing
northwest winds in the vicinity of Point Arguello proved to'be a constant detriment. to field-work,
but the survey was pushed as far as practicable until the end of June, and will be completed early
in the present fiscal year. Of the two plane-table sheets, one has been filled; the other is yvet in
progress. This last will include a minute survey of the light-house reservation at Toint Arguello.
Iu the course of his field-operations, Assistant Chase set up and determined fifty-nine signals for
the use of the hydrographic party. The statistics of topography preceding the end of June, 1877,
are:

Shore-line surveyed (miles). .. ... .. o L e
Area of topography (square miles).... ... .. o L 0 Lol 10

Reconnaissance.—~In order to perfect the scheme of triangulation which had been in part devel-
oped by Assistant W, E. Greenwell in the preceding season, he again took the field on the 25th of
May of the present year. Proceeding from Los Angeles with a view of selecting points that would
connect properly with stations which have been already oceupicd at San Buenaventura and Gavi-
ota, it was found that the San Lueia Mountains shut out the view of the coast, but without atford-
ing along the crest of that range lines of suitable length for primary triangulation. The recon-
naissance was intended to bring into the scheme, if practicable, a quadrilateral adjacent to Toint
Concepcion, three of its stations being guite near to the coast, and the fourth at Tepusquet, which
is about thirty miles northeast of Cape Arguello. The month of June was passed in the endeavor
to perfect the scheme, but in addition to local difficulties, the constant haze made it impossible to
identify distant summits. At the end of June, Assistant Greenwell was yvet in the field, but was
authorized to defer the reconnaissance for the selection of stations nntil the prevailing fogs and haze
had in a measure disappeared.

Tidal observations.—The series of tidal observations at Fort P’oint with a self-registering gauge
of the old form, and the meteorological series there have been continued Ly Mr. K. Gray. For
some years previous to 1877 this and other tidal stations on the western coast were in charge of
Col. G. H. Mendell, United States Engineers, to whose eare and attention the survey is indebted
for scrupulous exactness manifested by the observers in following the instructions sent from the
office. At the beginning of the present year Assistant George Davidson undertook the supervision
of operations at the tidal stations in Seetions X and XI, in addition to his duties in the field. As
the wharf on which the tide-gauge rests at Fort Point is much decayed it has been deemed advisa-
ble to abandon that station. Another self-registering gauge has already been set up by Mr. Da-



52 REPORT OF THE SUPERINTENDENT OI'

vidson at Saucelito inside of San Francisco Bay on the north side of the entranee. The apparatus
was started in February last, and has worked satisfactorily.

Geodetic connection.—At the opening of the fiscal year te which this report corresponds, As-
sistant George Davidson was engaged at Mount Diablo in the measurement of horizontal angles
for conneeting that station with points which had been selected in the Sierra Nevada Mountains.
Exclusive of the azimuth-mark, eight signals were observed on, the most distant being one hun-
dred and thirty-eight miles from the theodolite; another was one hundred and twenty miles from
the observer; and the remaining six lines of sight averaged sixty miles in length.

The secason is reported as having been excessively smoky, and the observations were, in con-
sequence, delayed. Meanwhile, however, preparations were made for the latitude, time, and azi-
muth observations.

The latitude observations and the measurement of vertical angles from Mount Diablo were
entrusted to Assistant William Eimbeck, of Assistant Davidson’s party. By means of an improved
heliotrope, which shone throngh haze when the top of the mountain on which the instrument was
placed could not be seen, Mr. Davidson succeeded in observing on the most distant stations. Hor-
izontal angles were measured with the 20-inch theodolite, No.3. The instrument was used in many
positions for the purpose of testing the graduation. :

Of the work at Mount Diablo, which was closed on the 8th of September, the following are

statistices:

Theodolite pointings on nine stations ... ... ... coveeaiivae i, 1,596
Azimuth ebservations .. .. ... L. 491
Observations (vertical angles) .. ... ... ... ... ..o .o il 519
Time observations (on forty-one stars) ........ .. ... . . ...l 149
Latitude observations ... ... .ot i e 914

Assistant Eimbeck made observations on five nights, for latitude, upon twenty-two pairs of
stars. The customary observations were also made for value of the micrometer, exclusive of many
thousands for testing the parts and graduation of the theodolite.

‘While observations were in progress at Mount Diablo, the opportunity was taken, as in other
instances, to note the direction from that station of the principal peaks that could be identified in
the Sierra Nevada range of mountains, and thus adding to the list of geographical positions. Tor
the elevations of the subsidiary points, vertical angles were recorded.

After closing the observations, the transit instrument, zenith telescope, vertical eircle, and
other instruments, were cleaned and the chronometers were adjusted for rate. In preference to
trusting the instruments to other hands, Mr. Davidson himself performed this important adjunect
service.

In September the instruments and such of the equipage as could not be dispensed with, were
transferred to Mount Helena, and after great labor were placed in position on the summit. To
protect the observing tent from the violent winds by which the others were occasionally torn
down, a wall five feet high was found requisite on the north side, and another somewhat less in
height towards the south. Dy such expedients and close watching the instruments were preserved,
although the stoutest of the men employed in the party were frequently blown over by the force
of the winds.

In October, during a heavy southeast storm, seven and a half inches of rain fell at the observing
station, and in the Sierra Nevada the summits were covered by a heavy fall of snow. The helio-
tropers at Round Top, although much exposed and snowed in to a distance of thirty miles from
immediate relief, kept at their duty. Arrangements had been previously made by contract with
mountaineers accustomed to snow-shoes, to bring off the heliotropers, if such action seemed
absolutely neecessary for their safety.

The great storm was followed by clear weather. Assistant Davidson, by working during every
favorable moment, was enabled to close his observations on the line to Round Top (one hundred and
forty-six miles in length) by the 6th of November. The Lola Mountain heliotropers, fearing in
advance the consequences of the great storm in October, having left the station, the two who man-
fully remained and showed signals from Round Top during the snow blockade, readily agreed to
do service at Lola, and by great industry they reached that station on the 13th of November. On
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Snow Mountain the heliotroper, though alone and snowed in, bravely kept his post and showed
signals when practicable. By this steadiness Mr. Davidson was enabled to close observations on
the lines to Round Top and Lola on the 27th of November.

At the station on Mount Helena, in additon to the ordinary elongation mark about seven and
one-third miles distant, Assistant Davidson set up near the large theodolite a collimator for the
determination of azimuth., Great care was taken in the construction of the pier of this sccond
telescope, and in regard to its adjustment ; and namerous observations were recorded for independ-
ent determinations of azimuth by the method commonly employed at field-stations, and also by
means of the eollimator. At permanent observatories collimating telescopes are in common use.
The only difticulty, and one which hitherto has inclined ficld-observers to prefer the distant azimuth-
marlk, is in obtaining a stable stand for the collimator, so that no change may take place in the
interval between the night observations for azimuth and the reduction of the azimuth to adjacent
lines of the triangulation, which last work must be done in the day-time. Assistant Davidson
expresses confidence in the stability of the pier which supported the collimator at Helena, and the
hope of obtaining results that may warrant the substitution of that method for the record of
measurements on the ordinary azimuth-mark. The two sets of observations recorded by his party
will in due time be discussed under the expectation that as the use of the distant azimuth-mark is
not convenient in the region of the Sierra Nevada, the method of observing for azimuth by means
of a eollimator may be applied with full confidence in the results.

The work at Mount Ilelena Station included observations upon the seven primary stations of
the triangulation, and also upon Snow Mountain signal. The elongation mark observed on was
thirty-two hundred feet below the sunmit of Ielena. Tor latitude four hundred and thirty-five
observations were recorded during five nights upon twenty-two pairs of stars; and time was aseer-
tained from two hundred and sixty-five observations of the transits of thirty-eight stars. The or-
dinary statistics of the geodetic work are thus stated in the field-report:

Telescope-readings for horizontal angles. ... ... .. ... ... . ... ... ... 1,778
QOecular microseope PoIntings. . . ... .. i i 7, 693
Observations for vertical angles __ ... e el 1,770
Azimuth observations ...... ... i 1,119

Inelnding the stations of the seheme of triangulation, the direction and height, by vertical
angles, of twenty-two objects were recorded at Mount Helena. Before leaving the station a topo-
graphical sketch was made of the summit.

Assistant Davidson, exclusive of the records of regular processes in the geodetic work, made
numerous observations for testing the various parts of the instruments which he had in use. His
journals contain an aggregate of thirty-seven thousand observations in thirty-five volumes. All
the field-notes have been duplicated as usual. An important result of observations made by As-
sistant Davidson in the course of the season was the connection of Snow Mountain with the scheme
of geodetic operations, the intervisibility between that station and Round Top Mountain not hav.
ing been previously ascertained. That determination insures both diagonals, one of which is one
hundred and sixty miles long, in the great western geodetic link, which will be designated the
“Davidson Quadrilateral.”

At the beginning of the present year Mr. Davidson accepted the charge of the tidal stations
on the Pacific coast, a service for which the survey had been previously indebted to the care and
attention of Col. G. H. Mendell, United States Engineers.

Assistant Davidson’s proposed transfer of the tidal station from Fort Point to Saucelito was
effected by keeping a self-registering gange in operation during three months at each of the two
positions. Th& datum-plane was transferred across the Golden Gate instrumentally. At the Fort
Point side the three bench-marks were connected by levellings with each other and with the tide-
staff, and then a mark was set up near the fort for transferring to a mark at Lime Point the two
marks, as referred to the surface of the Golden Gate, being on the same level. From Lime Point
levellings were carried to the Saucelito tide-gauge, where bench-marks were made and properly
secured. As an additional precaution in the transfer, simultaneous and reciprocal vertical angles
were measured between the marks on opposite sides of the Golden Gate, accompanied by readings
of the barometer, thermometer, and hygrometer.
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Under the direction of Assistant Davidson the observations necdtul in the transfer of tle
tidal station were made by Subassistant B, A. Colonna and Mr, J. ¥, Pratt. Upwards of a thou-
sand observations were recorded while this work was in hand.

In order to connect the new Boneta light-house with the coast triangulation, and to locate the
new buoys on the bar, the same observers were directed to recover the marks for identifying the
atjacent stations, to establish an additional station on the sunmit of Point Lobos, and also to de-
termine the position of the flag-staff’ of the Ocean Beach House. From these it will be easy at
any time to locate any object off or in the Golden Gate. ¥or this work Messrs. Colouna and Pratt
erected six signals and occupied two stations. Angles connecting the signals were measured by
upwards of three hundred observations with the theodolite.

Details connected with the suboffice at San Francisco have been continued under the direction
of Assistant Davidson, who meets the frequent inquiries for information, and the calls of other
assistants for data pertaining to their work. As a member of the Advisory Board of Commission-
ers for improving the outline of the water-front of the city of San Francisco, Professor Davidson
has co-operated with Rear-Admiral John Rodgers, U, 8. N,, and Col. ;. H. Mendell, United States
Engineers. For the material of their joint report much personal attention was given, and study
based on observations at home and abroad, of which ample notes had Dbeen previously taken by
Professor Davidson. In March of the present year Assistant Eimbeck was transferred to duty on
the eastern coast; Messrs. T. J. Lowry and W. 1L, Stearns were for short periods in service with the
party of Assistant Davidson, as was also Mr. D. B, Wainwright,

As no appropriation was made at the last session of Congress for continuing the work of the
geodetic connection, Assistant Davidson, after computing the results of his work and turning in
the records, will employ his party in clearing and preparing for measurement the sites which have
been selected for base-lines to chieck the several branches of triangulation west of the Rocky Mount-
ains,

Reconnaissance east of the Sierra Nevada Mountains, Cal.—For the sclection of points suitable
for geodetic connection with those which have been occupied, as mentioned under the preceding
hiead, Assistant A. . Rodgers took the fiekl in September, 1876, and examined the mountain region
castward of the great quadrilateral which has been successfully laid out across the State of Cali-
fornia from Mount Helena and Mount Diablo. As all the lines of that great figure cross the Sac-
ramento Valley, for which nothing similar is presented east of the Sierra Nevada range, it was not
to be expected that a quadrilateral of such proportions could be repeated in going eastward
between the thirty-eighth and thirty-ninth parallels.

Although the two stations with which the additional work will join are upwards of nine thou-
sand feet high, Mr. Rodgers found, in desirable directions to the eastward, that the view was
impeded, and that no figure could be laid down eomparable in conditions with the first quadrilat-
eral, Points were tested for intervisibility at Carson Cone, 'ah Rah (a peak of the Virginia
Mountains), at Cory’s Peak, and at Augusta Teak.

Assistant Rodgers kept the field, ascending the mountains through formidable fields and
slopes of snow and ice; but the severity of the weather upon these great heights constrained him,
however, to desist at the close of November. He resumed reconnaissance in the following spring,
with the view to locate, if practicable, a scheme of large triangles somewhat further south than
the series indieated in his previous reconnaissance.

Descriptive notes of the several snmmits visited by Assistant Rodgers, the character of the
region, means for travel, the approximate height of the mountain, and its bearing from others in
the scheme thus far laid out, have been recorded and filed for reference in the office.

Late in May of the present year Mr. Rodgers started from Salt Lake City, and passing south-
ward examined the region of the Wasatch Mountains as low down as Richfield. From a position
upwards of eight thousand feet high on the flank of Mount Nebo, snow and ice fields not permit-
ting a higher ascent, pointings were made with a theodolite in all directions. Salt Lake, eighty
miles distant, was seen in the northwest, and in the northeast tbe cathedrallike domes of the
Uintah Mountains were visible. Westwardly, over numberless inferior ranges, the Spake Range
Mountains and others were in view, one hundred and twenty miles distant, in Nevada. North of
Beaver City summits could be readily seen; and, after careful examination, no doubt remained in
regard to the practicability of crossing the Wasatch Mountains with triangulation.
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On his return westward, Mr. Rodgers crossed the Tushar Mountains below Richfield, and
made a detour to northward as far as Fillmore. The country in that region was carefully exam-
ined, and observations were noted as at other localities. The field-report states that in the valley
west of the village a site for a base-line of indefinite length could be readily had. This is impor-
tant, the station being intermediate, in a chain of quadrilaterals proposed for the geodetic connec-
tion between the Atlantic and Pacific.

Assistant Rodgers states that daily, after leaving Salt Lake City, and nntil the 9th of June,
squalls of snow were noticed on the mountains bordering his line of travel.

After leaving Fillmore, the party went sonthward and westward, by Cove Creek Fort and

Jeaver City, to Minersville, and from thence westwardly to Hot Springs, in the Escalante Desert.
Of the springs, the following remark is made in the report: “They boil out of a mound ten feet
high and a quarter of a mile long, in the midst of a vast plain of alkali and sage-brush. The hot
water is led into cooling-boxes, or tanks, and is sold by the bucket to teamsters and travelers.”

While crossing the boundary line to pass into Nevada, Mr. Rodgers experienced the ouly unin-
terruptedly clear day that ocenrred during the period of his journey from Salt Luke. 1) the way
of Hamilton, he traveled to Eureka, in the return westward having traversed a region of about
seven hundred miles, for the most part on horseback. Taking (he railroad at Eureka, the party
was again at San Francisco on the 19th of June.

Topography from Timber Gulch to Stewart’'s Doint, Coast of California.—At the close of the fiscal
vear 187576, Assistant L. A. Sengteller was engaged in the vicinity of Fort Iloss in reconnaissance
for triangulation to the northward along the coast, as a basis for extending the topographical sur-
vey in the same direction. The dense forest that skirts the coast of Souoma County made the
determination of points extremely difficult, as lines of sight could be had only by cutting away the
intervening timber. One of the stations adopted as the most available, on aceount of many local
impediments, was the top of the trunk of a tree, cut off eighty-two feet above the ground. This
was oceupied with the theodolite, and the expedient proved, as in other like cases in the experience
of Assistant Sengteller, & matter of great advantage in a region that otherwise could not have been
mapped with even ordinary accuracy. In a previous instance his theodolite was used on a tree
after it had been cut off one huundred and thirty-three feet above the ground. In regard to the
region he remarks:

“From Russian River to Point Arena, and commencing again about four miles north of Point
Arena and running to Noyo River, there is no mountain visible from the coast. The want of eleva-
tions has been much felt in developing the tertiary triangulation, and in its junction with the larger
triangulation even more difficulty may be found.”

The plane-table survey was resumed on the 21st of July, 1876, near Timber Gulch, where the
topographical work had closed in the preceding scason. From thence, northward and westward,
the coast details were mapped to Stewart’s Point Landing, or fifteen miles from the point at which
the plane-table work was resumed. Among the features shown on the two sheets resuniting from
the field-work are all roads within a mile of the coast, all rocks in view at low water, and conuected
with the rocky shore-line all the landings between Fort Ross and Stewart’s Point.

« The character of the topography prosecuted during the season presents a continuons broken
shore-line with precipitous and rugged bluffs, and numerous outlying rocks, all backed by eountry
that rises rapidly from the water-line to heights of fourteen hundred to sixteen hundred feet in the
distance of one or two miles.” ‘

Mr. G. H. Wilson aided in the field-work. The statistics are:

Signals erected .. ... o e . 17
Stations oceupied ... ... .. e 16
Angles measured. ... ..o e it e . 126
NUmber Of ODSEIVATIOMS . -« « e nen et e en it e e e e e e e e e et et et 2,375
Shore-line traced (Miles) -...... ..o i i e aiiiaaaaes 233
Roads and trails (miles).. ... ... i e 33
Streams (miles) ... ... i e rieieeasamaaeee 14

Area of topography (square miles) ....... eeeeeee e e 16
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Having closed in accordance with directions, Assistant Sengteller reported in person at the
office, and o the 1st of April of the present year was placed in charge of the Engraving Division.

Licconnaissance for primary triangulation north of San Francisco.—The primary triangulation of
the coast above San Franciseo Bay rests for the present at the line joining Ross Mountain and Sul-
phur Peak. These stations were selected and occupied by Assistant Davidson some years ago, and
were supposed to be favorably situated for extending a chain of quadrilaterals further to the north-
ward and westward along the coast of California. In order to decide upon the most effective
scheme with the least number of points, Assistant Cleveland Rockwell was detailed in August,
187G, to make the reconnaissance above Russian River, and with a small camp outfit, carried on
pack-saddles, his party had traversed part of the region before the elose of the following month.
Mr. Rockwell was taken ill at Cloverdale, but in the middle of November rejoined the party, whicl,,
under his direction, had pdssed on in charge of the aid, Mr. E. F. Dickins, and visited in succession
six stations to the northward of the line of completed work. .

Mr. Rockwell left Round Valley on the 17th of November, and a few days after visited the
summit of & mountain near Spruce Grove. Subsequently he occupied Mount Pierce, which lies
about ten miles to the eastward of Cape Mendocino. A station was visited near Shelter Cove, and
partial observations were made at subsidiary points as data for the adjustment of the most desira-
ble scheme for the triangulation. With reference to prospective wants, this reconnaissance will be
made to include points for connecting the coast series of primary triangles with the stations of any
main triangulation that may be prosecuted hereafter in the mountain region of Northern California.

Tield-operations were closed by Assistant Rockwell on the 7th of December. He then en-
gaged in the work of plotting the observations and embodying notes and sketches to perfect the
results of the reconnaissance, so that the stations ultimately selected may be identified hereafter.
The summits visited range in height from three thousand feet to six thousand feet. All are care-
fully described in the field-notes, and four of the principal points were mapped topographically to
represent the contour of the summits adjacent to the proposed points of triangulation.

Early in April of the present year Assistant Rockwell again took the field for the purpose of
selecting points to meet the conditions of being intervisible, and to be so related as to form desir-
able quadrilaterals. These conditions do not readily conjoin in a region which is covered even to
the mountain snmmits by a dense growth of redwood. As reported, the timber growth presents
the main obstacle. Lines of sight could not be opened without unusnal labor in cutting. Other
points were visited in succession in going northward towards Klamath River, and at the end of the
fiscal year Mr. Rockwell had adjusted a series of quadrilaterals as far as Eel River, and expected
little difficulty in extending the scheme as far north as the Klamath.

SECTION XI.

COAST OF OREGON AND WASHINGTON TERRITORY, INCLUDING THE INTERIOR BAYS, PORTS, AND
RIVERS.~—(SKETCHES Nos. 19 ANDp 20.)

] Coast hydrography of Oregon.—Licut. Commander George W. Coffin, U, 8. N,, Assistant in the
Coast Survey, with his party in the steamer Hassler, left S8an Francisco on the 17th of June last, and
reached Astoria after a boisterous passage of four days. Stress of weather made it expedient to
put into Drake’s Bay, and afterwards to seek shelter at Crescent City, Chetko, and Port Orford.
After the arrival at Astoria a party was dispatched without delay to set up signals along the Clat-
sop beach, As soon as practicable soundings were commenced by running lines normal to the
coast off the Columbia River entrance, and to the southward as low down as Tillamook Head. The
lines extend to an average of fifteen miles from the shore-line. IFor the adjustment of soundings
on his chart, Lientenant-Commander Coffin from the outset had tidal observations recorded at As-
toria and also at a station in Baker's Bay. By erecting signals forty feet high it was found praeti-
cable to keep them in view as far out to seaward as the sounding-lines were carried. This advan-
tage for accuracy in the hydrographic work is, however, offset in part by the strong current and
tide rips which make it a matter of difficulty to hold the vessel on any course normal to this part

of the Pacific coast.
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Most of the work here noticed was done after the opening of the present fiscal year, and will,
therefore, be the subject of mention in my next annual report, together with a synopsis of the
statistics. The work is yet in progress.

Lieuts. Richardson Clover, F. J. Drake, Charles W. Jarboe, and William H. Driggs, U. 8. N\.,
and Master Richard Mitehell are attached to the party in the steamer Hassler. At the date of the
last report from Lieutenant-Commander Coflin, the prospect was good for a speedy advance in the
work.

Hydrography of the Columbia River, Oregon.—By the operations of preceding seasons the
hydrography of the Columbia had been advanced from the entrance upward as far as Cathlamet.
Assistant J. J. Gilbert resumed work at the opening of the fiscal year, and proseented soundings in
theriver until September, and so advanced the survey to the upper end of Crim's Island, or somewhat
beyond the limit which had been reached in the topographical survey. In November and December
Mr. Gilbert took the field with a plane-table and mapped the details of both banks as far up the
river as Mount Rainier. The schooner Kincheloe was then laid up in charge of a ship-keeper, and
50 remained during the winter. Meanwhile the soundings were plotted, and two hydrographic
sheets with the records, and a topograplical sheel, were forwarded to the office. TField-work on
the Columbia was resumed on the 9th of April, and was restricted to the survey of the shores until
the opening of June, when the limit reached was nearly coincident with that of the triangulation,
which for the present rests at Kalama.

A third bhydrographic sheet was commenced in June and was completed by the end of that
month. For each of them a separate tide gauge was establisbed, one at Cathlamet, one at Eagle
Cliff, and the third at Rinearson’s, on the Oregon side of the river. The survey was in progress at
the close of the fiseal year. A synopsis of the statistics is appended :

Shore-line surveyed (miles). . ... ... ... ... . L. 631
Roads (miles) ............ .. e 51
Slonghs (miles). . ... .. 61
Area of topography (square miles) .. ... ... ... L. ... L.l 43
Miles rin in sounding ... ... Lo e b31
Anglesmeasured. ... .. ... L. aeilliiii i 6, 061
Number of soundings. ... ... ... . ... ... .. R 36, 505

Mr. Thomas P. Woodward is attached to the party as temporary aid.

Tidal ebservations.—Under the supervision of Col. G. H. Mendell; United States Engiueers, the
excellent series of tidal and meteorological observations at Astoria, Oreg., was continued by Mr.
Louis Wilson until the end of October, 1876. The station was then discontinued and the observer
transferred to Yort Townshend.

The Astoria series was begun in July, 1853, with a self-registering tide-gauge of the form
devised by the late Joseph Saxton. Mr. Wilson was detailed as observer in 1858, and remained at
the station until the series of observations was closed.

At Port Townshend Mr. L. Nessel remained as observer until November, 1876, when he was
succeeded by Mr. Wilson. A clock with balance wheel and lever-escapement has been provided
for the gauge at this station,

Reconnaissance.—For the primary triangnlation of Washington Sound and the Strait of Fuea,
a careful study has been made so as to include the least number of well-conditioned quadrilaterals.
The examination in reference to the practicability of the lines as marked on the scheme was begun
by Assistant J. 8. Lawson in September, 1876, and was prosecuted until winter. Resuming early
in April, the work was continued until the close of the fiscal year. As the proposed stations were
vigited in succession, lines of sight were cleared and signals were set up.

The sanction of the Dominion Government and consent of the authorities of British Columbia
having been obtained, several of the primary stations for lines across the Strait of Fuca will be
loeated on the shore of Vancouver Island. The aim will be to conncet prominent points on the
islands of Washington Sound by the least number of lines. Good progress had been made in the
reconnaissance when the last report was received from Assistant Lawson. The schooner Faantle-
roy has been in service in connection with this work.

8. Ex. 12—38
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Hydrography of Possession Sound, W. T.—TFor this work Assistant Gershom Bradford was
detailed in August, 1376, and sailed from San Francisco with a party in the schooner Yukon,
Barly in September the schooner was joined at Seattle by the steam-launch Lively. Both vessels
were refitted without delay, and hydrographie operations were begun in Possession Sound, and
were prosecuted until the 1st of December. The statistics of the work done by the party of As-
sistant Bradford are:

Miles run, with soundings. ... .. .. 253
Anglesmeasured.. . ... ... L iiieicieiiieas 3,390
Number of soundings. ...l 12,960

Thirty-three signals were erected for the adjustment of soundings. The hydrographic sheet
turned in at the office contains the boat-soundings from Point Edmund to Point Elliott, and along
the shores of Whidbey Island from Possession Point to Hawk Station. Cultus Bay, an indenta-
tion at the south end of Whidbey Island, was sounded; also Deer Lagoon, which, as having shore-
line butt no depth at low-water, cannot be safely omitted from the chart of that vicinity.

At Port Madison, Assistant Bradford determined the positions of several sunken rocks off the
eastern point of the entrance. One of the rocks has a depth on it of only three feet and a half,
and near it there is a rock with less than four feet. Another in the vicinity has on it seven feet at
niean low-water.

On the 10th of May, Mr. BDradford closed the operations of his party in this section, and
returned to San Frauneiseo. After completing the charts and other office-work connected with his
hydrographic operations, he joined the party of Assistant Davidson, to assist in compiling notes
for the Coast Pilot of the Pacific seaboard of the United States. Lieut. Richard M. Catts, U.8.N,,
at the same time took charge of the party in the schooner Yukon, as will be mentioned in referring
to the operations of that officer under another head.

Topography of Admiralty Inlet, W. T.—The detailed survey of the shores of Admiralty Inlet
was taken up at Battery Point by Subassistant Eugene Ellicott early in September, 1876. With
the limited means available, good progress has been made in the work. On the eastern side of the
inlet the topography has been mapped as far south as Dash Point, at the entrance of Commence-
ment Bay. On the opposite side of the inlet the work includes the whole of Vashon Island and
Maury Island, and also the western shore of Colvos Passage from Point Orchard southward to Gig
Harbor.

Field-work was discontinued on the 10th of December, but was resumed early in May, and at
the close of the fiseal year the survey was in progress in Commencement Bay. The following are
statistics of’ the work of this party during the season:

Shore-line surveyed (miles). ... .. oo e ce.. 125
Area of topography (square miles). ... ... ... ... ieiiieiii i 80

As the work advanced the party moved from point to point in a small steam-launch which had
been provided at the outset of the season.

Inspection of topography.— Assistant H. L. Whiting reached San Francisco early in October,
1876, and wade immediate arrangements for a general review of the topographical features of the
Pacific coast of the United States. This service was directed with reference to means for deciding
on the modes of operation and the seales best suited for the plane-table work yet to be done in the
survey.

In order to take advantage of the remaining part of the favorable season, before the setting
in of the rains peculiar to Oregon and Washington Territory, Mr. Whiting preceeded directly to
the northern sections. Hisinspection of that quarter included a thorough examination of the topog-
raphy which borders the Strait of Juan de Fueca, Admiralty Inlet, and Puget Sound. A com-
prehensive report presented after Lis return describes the characteristic formations and contours
of the ground, and points ont the methods and seales adapted for the most effective delineation.

The shores of the Columbia River were subsequently examined from the mouth upward to the
head of navigation at the Cascades, and also those of the Willamette branch from its junetion with
the Columbia to the head of navigation at Oregon City. Of these rivers the peeuliar topographi-
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cal features are noticed by Mr. Whiting as being the finest subjects for delineation within the runge
of the survey on the Pacific coast, and as requiring the highest order of artistic skill and experience.,

Hydrography of Commencement Bay, W. T.—The party in the schooner Yuokon was transterred
to the charge of Lieut. Richard M. Cutts, U. 8. N., Assistant iu the Coast Survey, on the 10th of
May of the present ycar. Before taking up the work for whicl a projection had been sent, supple-
mentary soundings were made in Admiralty Inlet, southward of Battery Point, which work had
been in hand previous to the transfer of Assistant Gershom Bradford to duty at San Francisco.
Near the close of that month the steam-tender was used at Apple Tree Cove in searching for a
reported rock, but the soundings did not develop the existenee of any danger to navigation,

In June the party was employed in the vicinity of Commencement Bay in putting up signals.
Subassistant Ellicott was at the same tiine tracing the shore-line.  Soundings had been eommenced
near the close of the month and the hydrography was under good progress when the last report
was received from this section. The details of the work will be stated in my next annual report,
Lieutenant Cutts is assisted in the bydrograpby by Licuts. A. B, Wyckoft and Uriah T. Harris,
U. 8. N.

Alaska Coast Pilot.—During the past season Assistant W, H. Dall has been engaged in exam-
ining all hydrographic imaterial accessible in the shape of charts, voyages, and marine memoirs
relating to the coast of Alaska and the adjacent regions, with reference to the compilation, from
such sourees, of a Coast Pilot or Direetory for the use of navigators. The work is now more than
half completed and has necessitated the examination of numerous publications in the Russian, as
well as in the German, French, and Spanish languages.

Besides the immediate value of the Coast ’ilot of Alaska, which will form one of the series in
preparation by the Coast Survey, and designed to cover ultimately the whole coast of the United
States, the work now under the charge of Mr. Dall is a necessary preliminary to any systematic
examination of the coast to which it relates. Only by such a sifting of the information on record
can future reconnaissance work be started where it is most needed, without loss of money or time.

The researches of Mr. Dall have, in addition, gathered some facts of importance relating to
the meteorology of Alaska, and other branches of investigation, bearing on hydrography and nav-
igation.

Tidal observations.—As yet no records have been received from the Sandwich Islands. One of
the improved self-registering tide-gauges was forwarded to Honolulu at the request of W. D). Alex.
ander, esq., superintendent of the government survevs, whose interest in the geographical develop-
ment of the island has been unremitting. Tor a long period it bhas been desirable to obtain data
from Honolulu for comparison with the tidal records of the Pacific coast of the United States. It
is understood that several gauges, at different tidal stations, were started by Mr. Alexander with
a view of obtaining results, which will be checked by records not dependent upon exactly similar
conditions.

COAST SURVEY OFFICE.

Under the eharge and direction of Assistant J. L. 11ilgard, the multifarious duties of the office,
involving a great variety of details, have been ably prosecuted, as heretofore. Many of the opera-
tions require general scientific knowledge, some a cultivated taste in various branches of art, aud
others a thorongh command of the principles of geodesy. Brief abstracts will be given under
separate heads, referring to the work done in cach of the oftice divisions.

In addition to the wide range of duties pertaining to the work of the survey, Assistant Hilgard,
as inspector, has conducted all details in the office of Standard Weights and Measures. A sepa-
rate report will be presented, at an early date, on the methods pursued in the construction of
the metrie standaxrds for the several States, in pursuance of a joint resolution of Congress of July
27, 1866. In this place it is only necessary to say that the metrie standards, duly adjusted and
verlﬁed have been delivered to all the States ready to receive them; some being held subjeet to
call, where no proper place of safe-keeping has been provided; and that a reserve of ten sets of the
standards is yet in progress of adjustment and verification. A Drief statement of the legislative
enactments and executive action in relation to metric standards will be found in Appendix
No, 12,
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- By an international commission, of which Mr. Hilgard was a member on the part of the United
States, arrangements were councerted for securing exactness and uniformity in comparisons of
various national standards of length and weight. The deliberations of this commission, at meetings
held in 1872 and 1874, resulted in the establishment of an International Bureau of Weights and
Measures, at Paris. The invitation tendered to Assistant Hilgard to accept the directorship of
the bureau marks the sense held in that eminently seientific body of his special fitness for organ-
izing and eonducting aun institution so exacting in its scientific demands, and so novel in political
inception. While deelining the proftered honor, ke will noue the less continue his ¢o-operation as a
member of the International Committee of Weights and Measures.

In the summev of 1876, but without remitting in exeentive duties pertaining to the Coast Survey
Offiee, Mr. Hilgard acted as one of the judges on scientific and mechanical apparatos at the Cen-
tennial Exposition in Philadelphia. His intimate knowledge respecting instruments of precision
associated him as a leading member of the board of judges, which included some of the ablest
scientists of America and Euvope, Subsequently, on invitation, he delivered a course of twenty
lectures for the Johns Hopkins University, in Baltimore, on the subject of extended territorial sur-
veying, thus contributing the benefit of his long experience to the training of young men for a work
which is one of the great needs of our country—the avcurate mapping of its entire surface. By all
other civilized states in whieh such work has not been accomplished it is actively prosecuted.

Before reciting in some detail the operations of the several divisions of the office, I will call
attention to some special results that have acerned during the year, a part of Wh]bh form the sub-
jects of papers appended to this report.

In Appendix No. 6 will be found a discussion of the results of two meridional ares, aggregat-
ing eight degrees of latitude, that have been measured incidentally during the progress of the
coast survey. Their bearing upon the geuneral figure of the earth is considered, but the conclusions
reached must necessarily be modified by the introduction of the great oblique are from the Saint
Croix River to Central Georgia, which has been completed since the date of this report.

Attention is called to the great number of maps and charts published during the year by the
method of photolithography. Their titles will be found in Appendix No. 4, and the perfection
that lias been reached in the process may be judged from the chart of San Luis Obispo Bay and
approaches, No. 21, of this volume. The new engraved chart of the Atlantic coast from Cape
Suble (sailing-chart A) also deserves special notice. It eomprises charts of the principal harbors
npon the same sheet with the general chart, the former lbeing copies of the separate charts trans-
ferred upon the plate by the electrotype process.

The list of latitude-stars, printed in a former report with approximate places only, for purposes
of selection, was reprinted with as exact places as could be readily obtained without Jeobservatlon,
as Appendix No. 7, Report of 1876.

In the nmtter of instruments, important progress has been made. Three 20-inch theodolites,
constructed by Mr. William Wurdemann for the Coast Survey, were carefully tested as to gradu-
ation at the office, and subsequently by actual use in the field, and have been found to give results
of superior accordance than heretofore obtained with instruments of a similar class. Appendix
No. 11 gives the details establishing these facts.

A leveling instrument of great precision, for use in geodesic leveling, has been designed and
construeted at the oftice. A full aceount of it will be given after thorough trial in the field.

In Appendix No. 10 will be found a description and illustration of an ¢ optical densimeter,”
intended to determine the density of sea-water by its refractive power, offering the advantage over
a hydrometer or “stemfloat” that its indications are not affeeted by the motion of the ship. In
this connection the water specimen-cup, of the ¢ drop-cylinder” pattern, deseribed in the report of -
Lieutenant Collins on his examination of the salinity of the waters of Chesapeake Bay (Appendix
No. 14), should also be mentioned.

The compensating apparatus for measuring primary base-lines having previously received the
addition of a differential or ¢ Borda” temperature-scale, was compared with the standard bar at
the lowest temperatures during the winter, and subsequently in summer at the highest tempera-
tures which the comparing-vault attained, in order to obtain the relation between the temperature-
scales and the compensation.
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The apparatus has received many improvements in mechanical detail, suggested by experience,
and is now again ready for field-work.

Of great importance and interest, as bearing upon the question of the permanence of stand-
ards of length, arve the comparisons made by Assistant Hilgard of different standard yards, an ae-
count of which is given in Appendix No. 12.

In executive duties, Assistant Hilgard was aided by Assistant Edward Goodfellow, who effi-
ciently condueted the business of the office during Assistant Hilgard’s absence.

Messvs. H. W, Blair and J. B. Baylor, daring several mounths when not attached to field-par-
ties, have been engaged under the immediate direction of the assistant-in-charge, in preparing the
new edition of the list of latitude-stars, in” comparing the primary base apparatus and other meas-
uring-bars, in testing the two new 20.inch theodolites, and in other special work of a like nature.

Hydrographic Dirvision.—Commander E, P, Lull, U. 8. N,, hydrographic inspector, has remained
in c¢harge of the work in this division. He had the aid of Lieut. H. E. Nichols, U. 8. N, till April
16, 1877, when that officer received orders for foreign service. Acting Master Robert Platt was on
duty from January 2 till his detachment April 14, to take eommand of a hydrographie party.

rreat pains have been taken by the hydrographic inspector to perfect the indication of all aids to
navigation on the charts of the Coast Sarvey, and to keep them up to date.
‘ Under the direction of Commander Lull, Mr. E. Willenbucher, hydrographic draughtsman,
has protracted, plotted, or drawn eight original hydrographie sheets and six reduced drawings,
made six projections for the use of field-parties, and examined a number of charts for corrections
of aids to navigation. :

Mr. Julius Sprandel, hydrographic draughtsman, has protracted, plotted, or drawn nine and
verified six original hydrographic sheets, and made four projections for the use of field-parties,
besides executing such miscellaneous work as was intrusted to him.,

Mr. W. C. Willenbucher, hydrographic draughtsman, on duty during eight aund a half months
of the year, has protracted, ploited, or drawn twelve original bydrographic sheets, attended to the
additions required on the progress-sketches for the annual report, executed other work of a miscel-
laneous character, and made seven projections for the use of hydrographic parties.

Computing Division.—The work in this division has been directed as lLerefofore by Assistant
Charles A. Schott. The division has lost the services of Mr. Theodore W. Werner, who from con-
tinued ill-health was obliged to retire from duty after a connection with the work extending over
forty years. Mr. J. Main, another experienced computer, has been compelled to retire from ill-
health. The force in the division being thus weakened, and still further reduced in consequence of
diminished appropriations, it has demanded the most unremitting effort on the part of the remain-
ing computers, aided by the occasional services of field-ofticers assigned to office duty, to make the
progress of the work commensurate with that of the observations made in the field.

In addition to the direction and supervision of the computations, Assistant Schott has made a
number of special investigations during the year, among which may be mentioned the following:

Report on the telegraphic longitude of Key West, Fla., determined in 1873-'74, including com-
putation of transits observed at the United States Naval Observatory; establishment of twenty-
seven conditional equations for the adjustment of heights of stations between Kent Island, Md.,
and Harper’s Ferry, Va.; computation, combination, and discussion of three American arcs of the
meridian, the Nantucket arc (Massachusetts, New Hampshire, and Maine); the Tamplico-Chesa-
peake are (North Carolina, Virginia, and Maryland), and the Peruvian arc in South America; pre-
paration of a new edition of the paper oh observations of terrestrial magmnetism; notes on the
method of ebserving horizontal angles and directions in geodetic surveys; collection of data, ex-
tension and additions to discussion of secular change of magnetic declination. IIe has also made
the usual annual measures of the declination, dip, and intensity of the magnetic force at a station
on Capitel Hill.

The work in detail, done by each computer during the year, may be summarized as follows:

Mr. James Main computed and revised the following astronomical azimuth-stations: Cheever,
N. Y., 1874; Mount Merino, N. Y., 1874; Beaconhill, N. J., 1875; Gaviota, Cal., 1875; Arguello,
Cal,, 1876; Paris, 8. C., 1875; Prospect Mountain, N. H., 1873; Mooselank, N. H., 1873 ; Ohserva-
tory Hill, N. H., 1874; Croydon, N. H., 1875; Bluf, Fla., 1876; Long Mountain, Va., 1875; Hog
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Island, N, C., 1876; Long Sheal Point, N. C., 1876 ; Moore Mountain, N. C., 1876. Computed and
revised the following astronomical latitude-stations: Hog Island, N. C., 1876; Long Shoal Point,
N. C,, 1876 ; Santa Cruz West, Cal., 1874; Arguello, Cal,, 1876; (nn Jota, Cal. 1\75 Rouse’s Point,
N. Y., 1874; Mount Merino, N. Y. lhA B&LLOHILIH N, J 1875; Long ‘\fountam Va., 1875; Pdl‘lb.
S, (,‘., 1875, Reduced the tranuts at I\e,y West, Fla., 1873 41 furnished star plcwes to field- par-
ties; and attended to miscellaneous astronomieal computations.

Dr. Gottlieb Rumpf compnted the following secondary and tertiary triangulations: Dry Tor-
tagas, Fla., 1875 ; vicinity of Baltimore, Md., 1876; Great South Bay, Loung Island, N. Y., 1874;
Southwest and South Pass, La., 1876 ; vicinity of Mount Rafinesque, N. Y., 1874-775; part of sur-
vey of N. H,, 187475 ; part ot banta Barbara Channel, Cal., 187576 ; S(nnt Johw's River, Fla.,
1876 (ubm’ Crevasse, La., 1875-"76; South West Pass, La., 1875-776 ; Cape Canhaveral, Ild.,
1871—’"1—’76 Placentia 'Bay, Me., 1875; Tampa Bay, Old Tu‘mpa, Bay, illsboro’ Bay, adxd Boca
Ceiga Bay, I‘ la., 1873-"7T4-"75; part of San Miguel and Santa Rosa Island, Cal, 1871-72; Santa
Catalina Island, Cal., 1876777 ; coast of California, Timber Ridge to Ten Mile River, 1873; coast
of California, Puddmg Creek to Russian Guleh, 1873; Las Bolsas Creek to Newport Bay, Cal.,
1874-"35; vieinity of Ross Mountain, Cal., 1875 m Prepared abstract of angles of the triangunla-
tion of Wisconsin, 1875, and of stations Arguello, Cal,, 1876, and Gaviota, Cal., 1875.  Attended to
the preparation of geodetic information needed for the triangulation parties or called for by the
office.

Mr. Edward H. Courtenay computed aud adjusted in parts the triangulations of Pungo River,
N. (%, 1871272 Core Sound, N. C., 1873 ; Bay River, N. (., 1368; Cedar Island Bay, N. C., 1872,
and Neuse River, N. C., 1863-'66-"67268. Assisted in the figurc-adjustmment of the principal tri-
angulation of Nc“ Hampshlre, 18737475 ; checked abstraet of directions to subordinate objects,
same survey ; revised abstracts of directions of a numwber of stations in the Blue Ridge of Vir-
ginia and North Carolina; also, revised vertical angles, stations, Indian and Brandon, Ala.,
1875; computed operation of spirit-levels between Annapolis, Md., and Washington, D. C., 1875;
juserted geographical positions in the register, and prepared geodetic results for future publication,
arranging results at all adjusted stations by States. IHe also attended to miscellaneous geodetic
computations, and directed most of the work of temporary computers.

Mr. Myrick H. Doolittle computed the principal and subordinate directions of the survey of
New Hampshire, 1874773 ; prepared least square abstract of directions at stations: Paris, S. C,,
1875; Mauldin, 8. C., 1875; Pinnacle, 8, C., 1875 ; Flat Top, Va., 1876 ; Moore Mountain, N. C,,
1876 ; Wofford, S. C. 1‘576 Buﬁalo, Ya., 1846 Hogback, 8. C., 1876 (xult Ga., 187576, Bldll
domn, Ala , 18755 alm,Gd\ lota L‘tl,Argudlo, (Jal, and Santa (Auz East, (‘d] 187576, Prep‘ued
dbbtlﬁ&t@ oi vertical angles of stations in the Blue Ridge, Va., 1875-776; ad_)uste(l by least squares
the primary triangulation between Rabun-Currahee, Ga., and Hogback-\’\’oﬂ’ord, 8. C., 1874775676 ;
computed the length of the Mosquito Lagoon Base, Fla., 1875; computed height of station, Mount
Rafinesque, N. Y., from spirit-levels; solved, with the assistance of Mr. Courtenay, twenty-seven
normal equations in the adjustment of heights in the Blue Ridge survey, Va.; computed probable
errors of these heights, and performed miscellaneous geodetic computations.

The following-named persons were temporarily attached to the oftice as computers:

Mr. Josef Lyons was engagcd in check-computations of abstracts of vertical measures in the
triangulation of the Blue Ridge, Va., and in solving a series of normal equations. In consequence
of a general reduction of force, his services were dlspemui with one month after the beginning of -
the fiscal year.

Mr. Herman H. Gerdes attended to the clerical daties of the Computing Division for half a
month, after which time his services were discontinued for the reason just stated.

Subassistant B. A. Colonna was engaged in preparing abstract of angles, triangulation of New
Hampshire, 187475, in miscellaneous computation, clerical work, and preparing data for field-par-
ties; assisted Mr. Courtenay in the computation of tertiary points of the triangulation of Pamplico
Sound, computed apparent places of stars for latitude of Hog Island and Long Shoal Point, N. C.,
1876. Febroary 18, 1877, he was reassigned to field-duty.

Subassistant F. D. Granger reported for duty in the Computing Division March 9, 1877. Was
engaged in preparing abstracts of directions at primary stations as resulting from least square ad-
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Justment, viz: Stations Hogback, 8. C., 1876; Wofford, S. C., 1876; Jolw’s Mountain, Ga., 1875;
Indian Mountain, Ala., 1875; prepared abstracts of vertical angles: Stations Carnes, Ga., 1873
Lavender, (va., 1874-°75; John's Mountain, Ga., 1875. e also assisted Mr. Doolittle in the solu-
tion of normal equations. Mr. Granger was reassigned to field-duty on June 20, 1877,

Mr. C. II. Sinclair was attached to the Computing Division between March 1 and June 5,1877,
after which date he resumed field-duty. He eomputed the small tertiary triangulation of Tauuton
River, Mass., 1876, and copied descriptions of stations required for ficld-parties.

Mr. M. W, Wines, doring the month of June, 1877, was engaged in copying reports.

Mr. C. H. Van Orden was attached to the Computing Division daring the last five days of
June, 1877, engaged in copying descriptions of stations.

Tidal Division.—Under the direction of Mr. I S, Avery, in charge of this division, all of the
observations received from the several tidal stations, both permanent and temporary, are carefully
discussed, and the results afford a basis for the formation of tide-tables predicting the leights and
times of high-water for the principal ports of the United States. The tables for 1878 for the At-
Iantic and Pacific coasts were published before the close of July of the present year.

Efforts to improve the mechanical design and mode of working of the self-registering gauges,
50 as to obtain continuous records, have not been relaxed. The three-roller ganges are now made
automatic, so that counterpoises are not needed. This form of gange has recently been adopted
by the United States Engineer Bureau. At stations where the gange is apt to be jarred suddenly
by heavy waves, balance and lever clocks have heen substituted for pendulum ones, with good
effect. .

The following table gives a condensed statement of the several tidal stations oceupied during
the year. Of these, the stations at Boston, Astoria, and Port Townshend have been discontinued.

A new station was established at Fernandina in March, the intention being to make the sta-
tious at North Haven, Sandy Hook, and Fernandina the fundamental points of reference for all
places on the eastern coast.

§n | permanent or Time of occupation. 2‘ |
2 Name of statioon. i Name of observer. o P, Lo |
& ! bt | temporary. oo —
2 ] g N g X z
Z bl ; ' From— ] To— }‘ {S
I | North Haven, Me ... ... ! J. 5. Spaulding ... SR ... Permanent . K Apr. 26, 1876 ApT. 26, 1877 365 “
11 Boston Navy-yard, Mass. .. HL Howlanil. oeen ... SR { [P [ R ‘June 1, 1876 Feb. 19,1877 264
1 | Providence, B 75 SN FORRRUUURURR I -1 SR ! Temporary ... Dec, 31,1875 ... None. :
1T | Governor's Istand, N. ¥ ... R.T Bassett.......... 8. R..... Permanent .| May 31,1576 - May 31, IR77, 365
11| Brooklyn, N.Y . eoeviiioine o0 eeececieea, Box.. May 31,1876 May 31,1877 ! 365
11 | Sandy Hook, N. J . [ F. W.Danford LS8R ..{Juue 1,1876 June 1,1877 363
III | Fort Monree, Va..... . W.J. Bodell ....... L8R -{June 1,1876 June 1,1877, 365
V1 | Fernandina, Fla. .. .| FL.W. Bache Joos Mar. 19,1877  June 1,187 7a
VIII { Now Orleans, La. .. ' G-. Faust .+ Tempeorary ...| June 30,1876 . June 30, 1877 365
X | Fort Point, Cal .. CE.Gray ... ’ Permanent ... June 1,1876 Feb. 1,1877 246
X |oooan A0 el §W. Dieveks . ...... | eh. 2,1877  June 1, 1877 119
X | Saucelito, Cal oo ‘ B GURY cevennnieaon. . Feb. 19,1877 June 1,1877 102
X1} Astoria, Oreg -ecceveoiean. .. DL Wilson.eeeens e SR i May 13,1876 Oct. 31,1876 184 |
XI | Port Townsbend, W.T......! L. Nessel ........coc..] SR May 31,1876 Qct. 31,1876, 184 |

 Nov. 1,1876 . Mar. 1,1877 121
i H

L Wilson. oo i S.R..

The office-work of the Tidal Division, in addition to the preparation of tide-tables for 1878, has
consisted chiefly in the primary reduction of the tidal observations received from the permanent
stations, in the reduction of series of observations made by the hydrographic parties as far as
available for charts, and in sauch tabulations of high and low waters, hourly ordinates, and redne
tions to staff, as are not done by the observers in the field.

Mr. R. 8. Avery, in charge, has inspected the tidal records, attended to the correspondence
with observers, furnished data called for by the office, and supervised the work on tides and tide-
gauges, besides making such computations as his time would admit of. R
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Mr. John Downes tabulated and reduced the observations and computed the predictions for
the tides for the Atlantic coast.

Mr. L. P. Shidy reduced observations at a large number of hydrographic stations on both the
Atlantic and Pacific coasts, computed predictions of tides at stations having large diurnal inequal-
ity, and aided in miscellaneous investigations and discussions.

Mr. F. . Parsons was employed temporarily in the division until ordered to field-duty.

Miss M. Thomas aided in the summation of hourly readings, and in such miscellanecus work
as was from time to time needed.

Drawcing Division.—Althonugh the foree in this division, under the general direction of Mr. W.
T. Bright, has been materially reduced, the progress made compares favorably with that of pre-
vions years. The application of photolithography to the publication of charts at an early date
after the receipt of the original maps and field-notes has bDeen availed of whenever desirable, and
has enabled the office to meet the demand for important charts.

The resnlts of the final discussion of the trans-Atlantic determinations of longitude haviig
been applied to all charts of recent issues, it was deemed advisable to indicate the chaunge of lon-
gitude upon the older charts; this has been done upon the copper-plate projections and upon the
plates intended for the charts of the Coast Pilot.

Changes in the location of buoys, the establishment of new range-marks for channels, the loca-
tion of new lights and other data coming under the general head of *aids to navigation” are
added to the. chart-roown editions by hand. TFor the use of the engravers, topographical details
are worked up upon hard paper impressions of the pantograph outlines of harbor charts; the
names for general lettering upon the original plates are ailso furnished.

In Appendix No. 3 will be found a statement of the information furnished from this division
in reply to special calls during the year, and in Appendix No. 4 an abstract giving the titles of the
charts completed or in progress.

The report of the miscellaneous work executed by the division includes the following de-
tails :

Projects for new charts prepared. .. ... . L i el 17
Projections made on copper for new charts ........ooen il 10
Diagrams preparved . . o . e i e 48
Projections for topographic and hydrographic ﬁeld—parties ..................... 55
Photolithographic charts and sketches completed ... ......... ... .. .... ... 16
Copies of field-sketches made for files of the office. .. ... ... . oiieeiit iannn 74
Information farnished in form of tracings, &c., in reply to special calls ... ... ... 62

The character of work performed by the several dranghtsmen has been as follows:

Mr. A. Lindenkohl has drawn the prineipal finished coast and harbor charts; constructed pro-
Jections on copper, and for field use, and has brought up the progress-sketches to the years 1874
and 1875. He has made various diagrams, verified new drawings and engravings, and has been
engaged in numerous other incidental duties.

Mr. H. Lindenkohl, whose skill is made applicable to any duty required of the division, has
furnished the drawi ings or tracings for all the photolithographic charts issued during the past year.
He has also made finished drawings upon varions scales for engraving, constructed diagrams, made
copper-plate projections, and attended to much miscellaneous duty. He engraved the topographi-
cal details npon the plate of entrance to Tampa Bay, Fla., scale 75355. '

Mr. L. Karcher has constructed the greater pumber of projections called for hy the various
field-parties; made the more finished tracings required to meet ealls for information from the sev:
eral departments; drawn the hydrography for a number of charts intended for engraving, assisted
in the preparation of the material for the charts issued by the photolithographic process, and made
projects for coast and harbor charts.

Mr. P. Erichsen has reduced the topography for a number of finished coast charts, scale
wosow; supplied the details for pantographed harbor charts, colored diagrams, and made all the
mechanical drawings of instraments of precision required for illustration iu the annual reports.
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Mr. C. Junken has prineipally been employed in reducing the hydrography for the .1, scale
charts ; applied the new telegraplic longitude to the plates of the charts previously issued, and
made field projections.

Mr. C. A. Meuth has attended to the lettering of plane-table sheets, made tracings and pro.
Jecets and performed miscellaneous duties in correcting charts and sketches.

Mr. H. Eicholtz has attended to coloring buoys and light-houses, as well as adding aids to
navigation upon the chart-room editions of catalogued chavts.

Mr. G. A. Morrison performed the clerical duties of the division, and corrected charts when
not otherwise engaged.,

Mr. Hnll Adains remained attached to the division engaged in niscellaneous work until Au-
gust, when he was detached from office-duty.

Mr. A. Haake was given temporary employment in making projects from January 1,1377, to
February 3.

Mr. E. Molkow was transferred from the Engraving Division in May and has corrected charts
and made diagrams.

Mr. Bion Bradbury, aid, after returning from field-duty was assigned to the division in June
for practice.

Engraring Division.—From the beginning of the fiscal year until April 1 this division was in
charge of Assistant J. S, Bradford, who was relieved at that date to resume direction of the work
of the Coast Pilot. Assistant L. A. Sengteller succeeded Mr. Bradford.

Special attention has been given by Mr. Sengteller to the corrections needed to bring up to
date the plates of the prineipal charts, his experience in the field, more especially upon the Pacific
coast, having led him to observe the great value of these charts to mariners, and the entire
dependence placed upon them.

With this work much of the time of the engravers has been occupied; the sketches showing
the progress of the various operations of the survey have received additions for the report of the
Superintendent; and since June the engraving of the plates for the second volume of the Coasg
Pilot has been pushed forward as rapidly as possible,

The table given in Appendix No. 5 presents a statement of the plates ecompleted, continued,
or begun daring the year.

Messrs. J. Enthoffer, A. Sengteller, W. A, Thompson, and R. F. Bartle have continned work
as topographical engravers. v

Messrs. I, A. Maedel, I'. Courtenay, A. Petersen, and H. M. Knight have been employed as
letter-engravers ; and Messrs, J. G, Thompson, J. J. Young, E. H. Sipe, and W. H. Davis as mis-
cellaneous engravers.

Mr. E, Molkow, during part of the year, continued the use of the pantograph, and from August
1 to October 15 acted temporarily as copyist of the division, when he was transferred to the Draw-
ing Division.

Mr. L. Kerr performed the duties of copyis! in & most satisfactory manner untilt July 31, when
he left the office; his extended knowledge of the duties, combined with ready adaptability and
interest, have caused his loss to be sensibly felt.

As previously mentioned, Mr. E. Molkow was assigned in place of Mr, Kerr, and subsequently
Mr. G. A. Morrison was ordered (October 18) to the same duty, which he is now discharging in a
creditable manner.

Electrotype Division.—The work of this division involves the production of altos, and bassos or
printing-plates, from the original engraved plates; the preparation of photographic rednetions for
the use of draughtsmen and engravers, the making of the silver solutions, collodion, and other
chemical preparations used in the laboratory, and the care of the batteries for the automatie electric
clocks and bells used in the office.

Dr. Anton Zumbrock, in charge, reports the making of seventy one electrotype plates, forty-two
of which were altos, and twenty-nine bassos. The total weight of these plates was twelve hundred
and seventy-three pounds; the entire surface, fifty-three thousand one hundred and seventy-five
square inches.

S. Ex, 12—
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‘With the aid of the improved camera, introduced last year, thirty-five negatives, six positives,
and seventy-seven prints have been obtained. Dr. Zumbrock was aided by Mr. Frank Over.

Division of Charts and Instruments—Under the direction of Mr. John T. Hoover, in charge,
distribution is made of the charts to sale agents in the principal sea-ports of the United States, and
of the annual reports of the Superintendent to libraries and public institutions both at home and
abroad ; the papers embodying the methods and results of the survey are kept on hand to supply
constant demands from colleges, scientitic associations, and persons interested in State and other
surveys; records are kept of all instruments sent to or from the field ; supplies of stationery are
mrmshed upon requisitions from the divisions of the office, or from ﬁelfl -parties, and the accounts
of office expenditures and disbursements are kept.

In the archives Mr. G. A. Stewart has continued to perform the duty of receiving and register-
ing the original and duplicate field-records, and of filing for reference the original topographic and
hydrographic maps and charts.

The lists of these original sheets have been brought up to date and pubhbhed as appendices to
the report of the Superintendent for 18735.

During the year, nineteen thousand four hundred and seventy copies of charts and sketehes
have been printed.

The presses have been worked by Mr. Frank Moore, aided by Mr. D. N. Hoover.

Sixteen thousand seven hundred and seventy-five copies of maps and charts have been issued
from the chart-room, under the immediate charge of Mr. Thomas McDonnell. This aggregate
number is an increase over that of last year by upwards of fonr thousand eopies, and indicates the
crowing demand for maps and charts based upon accurate surveys.

Of the annual reports of the Superintendent, two thousand eight hundred and thirty copies of
various years have been issued, an increase over the distribution last year of seventeen hundred
and ninety copies.

In the folding-room the work of baeking with muslin the sheets required for office use and for
the field-parties has heen done by Mr. H. Nissen.

Mr. G. N. Saegmuller has had the supervision of work in the instrument-shop, including the
construction and repair of instruments, and the testing of their adjustments for field-parties.

Among the improvements introduced by Mr. Saegmuller may be mentioned the process of
cloth-dusting, by means of which the surfaces of brass, which would otherwise reflect light in a way
trying to the eyes of an observer, are covered with a fine coating of green cloth.

Mr. John Clark, sinee his retarn from duty connected with the care of the Coast Survey exhibit
at the Centennial Exposition, has been engaged mostly upon the preparation ef the primary-base
apparatus for field-service on the Pacific coast; these preparations involving improvements in its
construction, which have been executed hy Mr. Clark under the immediate direction of the assistant
in charge. He has also aided in the comparisons of standard meters, in comparisons of the meas-
aring-bars of the snbsidiary-base apparatus, and has construeted an instrument for levelmg of
precision after designs furnished by the office.

Messrs. W, Jacobi, E. Eshlemann, and W, Suess were employed as mechanicians.

Mr. A. Yeatmann, aided by Mr. F. E. Lackey, has done all carpenter-work required by the

-office, ineluding the wood-work of instruments and their packing for transportation.

The duties of writer in my office were performed by Mr. W. B. French until he was ordered to
field-duty, early in May ; since then by Mr. W. A, Herbert, with the occasional aid of Mr. F. H.
Parsons.

Mr. R. L. Hawkins has continued as principal accountant in the office of the disbursing agent,
with the aid of Mr. W. A. Herbert, until May 5; and of Mr. W. B. Flenner until he left the office,

at the end of March.

On account of failing health, Mr. Samuel Hein, at the age of sixty-eight, after having per-
formed the duties of disbursing agent of the Coast Survey for many years, tendered his resigna-
tion. This was reluctantly accepted, to take effect on the 1st of March, when, at greatly reduced
compensation, he entered upon duties more suited to his age and physical strength, but effective .
"by reason of his experience and knowledge of details in the service.
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With the strictest integrity and sensitive appreciation of the responsibilities of bis position,
Mr. Hein always combined a never-ceasing devotion to the interests of the publie service, and
genial courtesy towards every one. Those who know hin: will eherish the hope that he may remain
in our midst for many years as an example of’ honest purposes and earnestness in work.

Upon the resignation of Mr. Hein, he was succeeded, with the sanction of the Secretary of
the Treasury, by Mr. John W. Porter, who had been some years employed in the Treasury Depart-
ment in various responsible positions, including that of chicef elerk of the department. His duties
as disbursing agent have been satisfactorily discharged.

I take pleasure in recording, as leretofore, the services of Assistant W. W. Cooper, who
acceptably conducts official details under my immediate direction.

Respectfully submitted.

C. . PATTERSON,
Superintendent United States Coast Survey.
Hon. JOIN SHERMAN,
Secretary of the Treasury.
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APP

ENDIX No.

1

» Distribution of swurveying-parties upon the Atlantic, Gulf, and Pacific coasts of the Uniled States
during the fiscal year 187677,

Localities of work.

(See algo Sections IT and

Reacls,

vulf of Maine.

(See also Section 1.)

{See also Sections I

Coast-sections. !l’arties.! Operations. Persons condueting operations.
SecyioN 1. 1
Atlantic coast of Maine, | No. 1 | Hydrography..... . Licnt. J.F. Moser, U. 8. N., assist- | Hydrography of the sea-approaches to Mount
New Hampshire, Massa- ant; Masters J. B. Murdock and Desert Lsland, Me.
chusetts, and Rhode Isl- | i ¥. E. Greene, U, 8. N. vy
and, including sea-ports, | 2 . Hydvograply .....| Lieut, JT M. Hawley, U. 8. X., as- | Soundings continued in Eggemoggin
bays, and rivers. % sistant; Masters Richard Miteh. coast of Maine.
ell, (3. C. Hanus, and A. H. Cobb,
T.8.N.
3| Tides...........n. J. G Spanlding.ceveeean i Series continued with self registering tide-gauge,
b and meteorological observations at North Ha-
i . ven, Penobscot entrance, Me.
4 | Topography ......! A.W. Longlellow, assistant; C. | Topographical survey of the shores of Penubscot
H. Van Orden. River, from Hampden upwards to Bangor, Me.
5. Hydrography...... F.F. Nes, assistant ...............} Supplementary soundings north and south of the
i ‘ entrance to Saco River, Me.
6 ' Triangulation. ... | Prof. E.T. Quimby.. ..._......... Triangulation of New Rampslire in the vicinity
! of Mount Washington.

7 Tides .....oovionn. IL Howland. o .oeeenni i ineae, Tidal and meteorological series of observations,
closing in March, 1877, at ihe Boston Navy-
yard, Mass.

8 | Special bydrog- | Acting Master Robert Platt, U. | Tidal currents observed in the

raphy. S. N., assistant; Albert Mortz (See also Section 11.)
and J. P. Underwound, ensigns,
U.S.N.
9 . Triangulation ....! A. M. Harrison, agsistant; C. . | Triangulation of Taunton River, Mass., from
Sinclair and W. C. Hodgkins, Dighton upwards to the head of navigation.
aids.
W Tides . i Series of observations continned with selfregis.
tering tide-gauge at Providence, IL. 1.
Secriox 11
Atlantic coast and sea-ports 1, Tepography ...... R. M. Bache, assistant............. Detailed topographical survey, extended in the
of Connecticut, New vicinity of New Haven, Conn.
York, New Jersey, Penn. 2 | Betentific observa-| C. 8. Peirce, assistant; Edwin | Pendulum-observations at New York City, for
sylvania, and Delaware, | tions. Smith, subassistant. measuring the earth’s gravitation.
including bays and rivers. 3 | Triangulation ....! Richard D. Cutts, assistant; J. | Primary triangulation extended acrosy the Hud-
F. Pratt, aid. son River ncar Albany, N. Y.
¢ 4| Tides ............. R.T. Bassett. .. .ooninennn ovinann. Observations centinued with self-registering
tide - gange at Governor's Island, New York
Harbor, and with box-gange at Brooklyn,
-Long Island.
5 | Hydrography..... Acting Master Robert Platt, U.S. | Supplementary soundings in Gedney’s Channel,
N., asaistant; Acting Ensign New York entrance.
George Glass, and Mates J. ¥.
Lee and J. A, Smith, U. 8. N.

6| Tides.......un..e. J. W. Banford ....................| Series continued with self-registering tide-gauge
at Sandy Hook, N.J.

T | Trisngulation ....| Prof E.A. Bowser. ...._._.__..... Stations at Goat Hill and Mount Rose occupied
for determining points in Northern New Jex-
soy.

8 | Hydrography ... .. Lieut. J. ¥. Moser, U. 8. N., as- | Hydrography completed in Barnegat Bay, N.J.

sistant; Maaters J. B. Murdock including Tom’s River.
and 0. W. Lowry, U.8. N. and IV.)

71
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APPENDIX No. 1—Continued.

Seeriox I1T1.

Atlantic coast and bays of

Maryland, Virginia, in- |

cluding sea-ports and riv-
ers.

SecTioN 1IV.

Atlantic coast and sounds
of North Carolina, in-
cluding sea-ports and
rivers.

SercrIoN V.

Atlantic ocosst and sea-
‘water channels of South
Carolina and Georgia, in-
cluding sounds, harbors,
and rivers.

|
E
i

10

o

|

©w

'S

@

£

7

@

-

[

|

o

-~

Porsons conducting operations.

Loecalities of work.

¥red. Colling, U. 8. N., assist-
ant; J. R. Barker.

|
F
{
] J. 8. Bradfqm, agsistant; Lieut.
|
{
1 ;
; |

Trisngulation -.... Prof. L. M. Hampt............._..
|
Coast Pilot.__..... ! J. 8. Bradford, assistant; Lieut.
| Fred.Collins, U. 8. X., assistant:
i J.R.Barker.
Special observa- | F.H. Gerdes, ansistani;; H. Caper-
tions. i tom.

Triangulation, to-
pography,
hydrography.

and |

i i
! J. W.Lonn, assistant ........_.... |

Sailing-notes for the coast and harbors of New
Jersey, and the shores of Delaware Bay, com-
piled for the Atlantic Coast Pilot. (See also
Sections II1, IV, and V.)

Triangnlation continued in the eastern part of
Pennsylvania.

Sailing-notes for the coast of Maryland and Vir-
ginia, and the estuaries of Chcsapeake Bay,
compiled for the Atla,ntip Coast Pilot. (See

Life-saving stations on the cosst of Delaware,
Maryland, and Virginia determined in position

b
1 | also Sections I1, IV, and V.)
I
|

| and marked on original sheets of the survey.

Minute survey of the shore and wharf lines, in-
cluding the hydrography of the harbor of Bal-
timore City, for United States commissioners.

Magnetic obser- | Charles A. Schott, assistant....... | Magnetic declination, dip, and intensity deter-
vations. ! mined at a station on Capitol Hill, Washington,
! | D.C

Topography --.... ! Charles Junken._.................. : Topographical survey and compilation of maps
3 { of the vicinity of Smith’s Island, in Chesapeake
| l RBay, for the boundary commiasioners of Mary-
| | land and Virginia.

Fopography .---.- K J.'W. Donp, assistant ............ [ etailed survey of the shores of James River,
| } Va., from City Point upward to Kingaland
| Creek.

Topography .----- | C. M. Bache, assistant............. : Plane-table survey northward and eastward of
I | Norfolk, Va.

Tides............. LW T Bodel Lavrnrnenaeen e | Tidal observations continued with self register-

‘ } [ ing gauge at Fortress Monroe, Va.

Reconnaissance. - Reconuaissance for the selection of points of

Triangulation ....

Coast Pilot

Mydrography.--..

Asgtronomical ob-
servations.

Hydrography.--.-

Primary triangu-
Iation.

Coast Pilot . ......

¢ 8. C. McCorkle, assistant.......... ’

A. T. Mosman, assistant; J. B.
Baylor, aid; W. B, Fairfield.

Lieut. Fred. Collins, U. 8. N, as-
sistapt; Masters F. Winslow
[ and A. H.Cobb, U.S. N.

Lieut. Richard Wainwright, T.
8. N., assistent; Masters W.
P. Ray and F. H. Lefavor, U.
S.N.

Edwin Smith, subassistant; Chas.

Tappen.

Lieut. J. F. Moser, U. 8. N.; Mas.
ters J. B. Munlock and Q. W.
Lowry, U.8.N.

C. T. Iardells, assistant; Master
G.C, Hanus, U.8. N.

C. 0. Boutelle, assistant; H. W,
Blair, aid; J. B. Bonielle and
W. RB. French.

Lieut. Fred. Collins, U, 5. X, as-
sistant ; Masters F. Winslow
and A.H Cobb, U.8. X.

triangniation in West. Virginia.

Primary stations occupied near the Blue Ridge
for triangulation in Virginia and North Care-
lina.

Special hydrographic examination of the coast of
North Carolina between Hatteras and Oregon
Inlet, including the vicinity of Frying Pan
Shoals, and compilation of notes for the At-
lantic Coast Pilot. (See also Sectiona IT, 11T,
and V.)

Hydrography of Ocraceke Inlet, and sapplement.
ary work in Pamplice Sound, Currituck Sound,
and East Lake, N. C.; and in North Landing
River, Va.

Latitade and gziwuth determined at Long Shoal
Point, acd at Hog Island in Pamplico Sound,
N.C.

Hydrography completed in Ceore Sound, and
Bogune Sound, N.C. (See also Sections I and
L)

Topography of the vicinity of Cepe Fear River
at Wilmington, N. .

Primary triangulation from the Atlanta base.line
extended northward and eastward across the
boundary between South Carolins and North
Carolins.

Examination of harbors and sounds betwoeen
Capo Pear and &.int’!hry‘a River, and vom-
pllation of salling.notes for the Atlautic Coast
Pilot. (See Also Bections 11, IT1, and IV.)



Coast-sectious. Parties.
SecTION V1L
Atlantic and part of the No. 1

Gulf coast of the Flor.
ida peninsula, including
reefs and kevs, and the
seaports and rivers.

SEcrion VIL

Gulf coast and the sounds
of West Florvida, includ.
ing ports und rivers.

SecTioN VIIL

Gull coast and bays of
Alabams, and the sounds
ot Mississippi and Loui- !
siana to Vermillion Bay, :
including the ports and |
Tivers.

Secrion IX.

Gulf coast of Western Lou-
isiana and of Texas, in-
olading bays aud rivers. |

8, Ex. 12—-10

(2]

. Special hydrogra-
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Persons condueting eperations.

Operations.
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Localities of work.

Triangulation, to- H.(G. Ogden, assistant ; Master A,

pography, and C. Dillingham, U. 8. N.: W. L
hydrography. Vinal, subassistant.
Hydrography. Lieut. Commander J. C. Kennett,

U. 8. N, assistant; Lieuls,
‘Washburn Maynard and W. T.
Moore, U. 8. N.; Masters W. F.
Low and 8. H. May, U. 8. N.
Trinngalation. to-  Charles Hosmer, assistant; Jo-

pography. and seph Hergesheimer, subassist-

hydrography, ant.
Trisngulation, to- F. W. Perking, assistant. .. ...
pography, and
hydrography.
Hydrography ..... Licut. R. D. Hitcheock, U. 8. N,
assistant ; Lieut. J. N. Hemphill,
T. 8 N.; Masters Johu Hab-
bard, T. G. C. Salter, and J. L.
Hunsicker, U.S. N,
Triangulation .... Proft W.B.Page........._..... ...
Triangulation .... Prof. A.H. Buchanau.......... ..
" Recomnaissance ... F. P. Webber, assistant; F. D. '
Granger, sabassistant.
Hydvography ... .. Lieut. Commander C. D. Sigsbee,

T. 8. N, nssistant ; Lieut. J. E.

Pillsbary, T. 8. N. (part of sea-

son) : Lieuts. 8. M. Ackley and

‘W. 0. Sharrer, U. 8. N. ; Masters
Henry MeCrea, 17.8.N.

‘W. H. Dennis, assistant; Master
Kossuth Niles, U.5.N.; Andrew
Braid, subassistant.

H. Mitchell, assistant: H. L. Ma.
rindin, assistant : J. B. Weir. aid.

Triangulatien and
topography.

phy.

G . Faust..........o.o.

Trianguolation, to-
pography, and |

. C. H. Boyd, assistant; Master Al-
exander McCrackin, U.S.N.: C.

hydregraphy. H. Van Orden and Bion Brad-
bury.
Reconnaissance... (. A. Fairfield, assistant ..........
Reconnaissance. ..’ J. A Sullivan, assistant ...
i
i
Triangulation ..... Prof.J.E Davies ............. ...
"Lriangulation. .. . R.E Halter, assistant....c.......

P

Series of tidal observations commenced at Fer-
nandina, Fla,, with self-registering tide-gauge.

Detailed survey of Saint John's River, Fla.. ex-
tended from Jacksonville southward to Ho-
garth's Bay.

Inshore hydrography of the eastern coast of
Florida, from Matanzas Inlet southward to
Mosquito Inlet.

Survey of the coast and sea-water passages near
Cape Cahaveral, Fla., including parts of Ba-
nana River, and Indian River.

Detailed survey and hydrography of the western
coast of Florida, trom Horse Shoe Point south-
ward to Cedar Keys.

Hydrography of the Gulf coast from Pine Point
westward to Choctawhatchee. including Saint
Andrew’s Bay and its approachies.

Determination of points by triangulation in
Kentucky, berween Cumberiand Gap and Lan-
caster Court-House.

Measurem®nt of base-line near Lebanon, Tenn.,
and selection of points for triangulation be
tween Knoxville and Nashville.

Selection of station-points for triangalatiou in
the northwestern part of Alabama.

Deep-sea soundings and temperature observa-
tions on numerous lines in the waters of the
Gult of Mexico.

M. F. Wright, W. E. Sewell, and

Topographical survey of the shores of Barataria
Bay, La.

Special hydrographic survey of Cubitt’s Gap:
also above the Head of the Pusses, Missinsippi
River. and in Sonthwest Pass,

Height of water at New Orleans recorded regun-
larly by means of a tide-gauge.

Detailed survey of the shores and waters of Mis-
sissippi River extended upward from Lonnet
Carre to Point Houmas, La.

Selection of stations fur triangulation in Hiinois.
Reconnaissance for stations near the Gascovade
River, in Missouri, and of the region west.
ward towards the Wasatch Mountaios,
Triangnlation for the determination of peints in
, the vicinity of Madison, Win,
i

Triangulation of Laguna Madie from Corpus
| Christi Bay sonthward to Baffin's Bay, Texas.
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APPENDIX No. 1—Contiuued.

Coast-seetions. Parties.

Suciiow X,
(loast of Californig, includ- Xo
ing the bays, harbors, and
rivers.

SEeTion X1,

Coant of Oregon and of

\ Washingten Territory.
including the interior
bays and the ports and
Tivers.

B

m

-~}

9

10

Il

12

13

1

3

Operations. ~

Reconnaissance...
Topography .--...
Inspection ........
Triangulation ...

Hydvography .....

Hydrography -....

Topography ......

i Reconnaissance. ..
{

I

" Tides ...

(iemdetie connec-
tiou.

Reconunaissance. ..
|

‘Triangulation and
topography.

Reconnaissance. ..

Hydrography . ...

Topography and
hydrography.

Tides ...._.._......

Reconnaissance. ..

Hydrography ..

Persons conducting operations.

2; Localities of work.

W. E. Greenwell, istant .....-. R i for points of triangulation near
the coast between San Diego and Santa Bar
bara, Cal.

Stelnoan Forney, assistant. ...._.. Topographical survey of the western part of

H. L. Whiting, assistant .ceeau-...

. H. Titiman, assistant: I). B.
Wainwright, aid.

Lieut. Commander H. C. Taylor,
U. 8 N., assistant ; Lieuts. Rich-
ard M. Cutts, Richardson (lo-
ver, A. B. Wyckoff, and T, J.
Drake, U. 8. N,

Lieut. Frank Courtis, U. 8. N. a8

sistaut: Lieuts. E. H. C. Leutze |

and K. K. Moore, U. 8. N.: Mas-

Santa Catalina Island, off the coast of Cali-
fornia.

Reconnaissance of the coast of California and
examination of topographical featuves. (See
also Section X1.)

Triangulation completed between Laguna Sta.

i tion and pointa on Anacapa, and Santa Bar.
bara Ysland, Cal.

Hydrography of the approaches to San Miguel
and Santa Rosa Island, and sopplementary
soundings in the vicinity of Santa Monica,
coast of California.

Inshore hydrography eastward of Point Concep-
cion and lines of soundings across the Santa
Barbara Channel.

ter J. H, Bull, U. 8. N, and En- '

sign W. Allderdice, U.S. N.
A. W. Chase, assistant ... ........

W. E. Greenwell, assistant. ... ...
E Grayeeeeioeioiianiienracnaes,

Greorge Davidaon, aasistant.: Will
iam Eimbeck, assistant; B. A.
Colonna, subassistant; J. F.
Pratt, aid.

L. A. Sengteller, assistant; G. H.
Wilson.
- Cleveland Rockwell, assistant; E.
F. Dickins, aid.

Lieut. Commander G. W. Coffin,
T. 8. N, asaistant ; Lients. Rich-
ardson Clover, F. J. Drake, C,
W. Jarboe, and W. H. Drigge,

ell, U S.N.
J. J. Gilbert, assistant; T. P.
Weodward.

- Detailed survey of the coast from Point Coucep-
cign northward towards Point Arguello, Cal.
Examination for stations of primary triangula-

i tion between Los Angeles aud Point Arguello,

| Cal

| Observations with self-registering tide-gauge at
Fort Poiut, Sau Francisco eptrance, and series
commenced at Sancelito.

Geodetic measurements and determinations of
latitude and azimuth at Mount Diablo and
Mount Helena, for triangulation acress the
Sierra Nevada.

in the region between the Sierra Nevada and
Salt Lake City.

Detailed survey of the coast of California from
Timber Gulch northward to Stewart's Point.
R i for stations in the coast-range of
mountains north of Ross Mountain and Sul-

phur Peak.

Hydrography of the coast of Oregon from Tilia:
f mook Head northward to Columbia River en-
trance.

T.S.N.; Master Richard Mitch- :

i

]

. Topography of the shores and seundings in the
| Columbia River between Cathlamet and Cot-
| tanwood Island.

i Series of observations closed at Astoris, Oreg.,
‘ and continned with seli-registering tide-gange
| &t Port Townshend, W. T., until May.
Selection of stations for primary trisngulation
| across the waters of Washington Sound and
the Strait of Foea.

| Suppl tary soundings alomg the shores of

L. Neasel E. Gray........,c......
©J. 8. Lawson, assistant ...........
" Gershom Bradford, sssistant ...

| Whidbey Island and Admirsity Inlet, W. T.
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APPENDIX No. 1—Continned.

Coast-gections.

SeeTioN XT—Continuved.

Parties.

No.

6

Operations Persons conducting operations. Localities of work.

Topography ...... Eugenc Ellicott, subassistant ..... Topography of the shores of Admiralty Iniet
and Colvos Tassage trom PPoint Orehard sowth
tu the entrance of Commencement Bay, W.'E,
Inspection........ H. L. Whiting. assistant ... _____. Coast reconnaissance and examination of topo-
graphical features adjacent to the waters of
Puget Sound. and also along the Columbia
River. ({See also Section X.)
Hydrography ..... Lieat. Richard M. Cutts, U.S.N.. ' Hydrography of Conimencement Bay, W. T, in
asnistant ; Lients. A. B. Wyek-  progress.
off and Uriah R. Harrig, U. 8N,
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Statistics of field and office work of the United States Coast Survey to the close of the year 1876.

7
i Total to De-
Dercription. j cember 31,
| 1875,
i
U e — - 7i,,, _
RECONNAIESANCE. j
Area in square statute miles . ... e i eaaa e 167, 300
Parties, NUMbEr 0f, I FOAT. (... o e e e ieeamaceeeae e eenencaamarae s ] ..............
BASE LINES.
Primary. nummber of 13
102

Sunbaidiary, number of
Primary, length of, in statnte miles . ... ...
Subsidiary and line-measures, length of, in gtatute miles

TRIANGULATION.

Areain square statute miles ..ol e maeec e aiaaaan-
Stations occupied for horizontal angles, number of ...
Geographical positions determined, number of
Stations occopied for vertical angles, number of
Elevations determined, number of..
Lines of spirit-levelling, length of

Partien (triangulation and levelling), number of, in year.........._.....cc.... FS RPN PRPPYN

ASTRONOMICAL WORK,

Azimuth-stations, number of.......
Tatitnde-stations, number of
Longitude-stations (telegraphic), number of
Longttude-stations (chronometric and lunar), number of .. ..

Astronomical partics, number 0f, iR FeAY ... ... immeiiai s ccemrrccnaencaans et eeona |

MAGNETIC WORK.

Stationg occupied, number of ...

Permanent magnetic stations. number of, in year RN PPN

Magnetic parties, number of, lu year, c.. ... .o iiiiiiiier v, SN PO
TOPOGRATHY,

Area surveyed in square miles e me e iieiiieesereenne s

Length of general coast in miles Cerreeeenrenan

_ Length of shoreline in miles tincluding rivers, creeks, and ponds)
Length of roads inmiles .o L. il
Topographieal partios, nnmber of, In YeAY ... i tireriieiiariaeaaiaaaas .

Parties, numbuer of, in year. ... ...l
Number of miles run while sounding . .........

Area sounded, in square miles
Miles run additional of outside or deep-sea soundings
Number of s0undings . ...cuvenveeroirionniinn.
Roundinga in Gulf ftream for temperature.
Tidal stations, permanent ........... ..o, e entieeeeaana
Tidal stations eccupied temporarily coue. ...
Tidal parties, number of, in year.cc..oee.oiaae
Current-stations ocoupied
Current-parties, number of, in year
Number of decp-sea soundings in year
Specimens of bottom, NUMbEr Of - cveivairioi i e D LT PP PR

85,180
8,314
15, 367
468
1,036

1876.

34,776

64

12,953
245
430

22
147
3

@ o o o

-3

2,187
1,408

21

19
8,306
2,109
2, 519

462,244

Total to De-
cember 31,
1876.

13
105

79
2384

98,133
8,559
15,797
485
1,183

63%

13, 995, 310
4,072
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Deseription.

RECORDS.

Triangulation. originals. number of volumes ... ...
Astronnmical observations. originals, number of volumes

Magnetic observations, originals, number of volames .........
Duplicates of the above, number of volumes................

Computations, numiber of vOIIMes . ... ccvomn it i e e
Hydrographical soundings and angles, originals, number ot volumes .

Hydrographical soundings and angles, daplicates, number of velumes ... ... ... .
Tidal and current observations. originals, number of volumes ...
Tidal and current observations. duplicates, namber of volumes. .
Shesets from self.registering tide-gauges, numberof ... ... e e
Tid 1 reductions, number of volumes
Total number of volumes of records .....

MAP® AXND CHARTS.

Topographical maps. eriginals ... ... ... el

Hydrographic charts, origimals. oL e e,
Reductions from original sheets
Total number of manuseript maps and eharts. to and including 1876
Number of sketches madein tisld andoffice __... ... . ... .o 00 L0 L.

ENGRAVING AND PRINTENG.

Engraved plates of finished charts. number of . ..... ... .. ... .. L0l
Engraved platesof preliminary charts, sketches, and diagrams for the Coast Survey Reports, number of.
Electrotype-plates made. ...... e e s e et e ammeene e emmemmm e oo .
Finished charts published ....... .. e [

Preliminary charts and hydrographical sketches published. ......
Printed sheets of maps and charts distributed
Printed sheets of maps and charts deposited with sale-agents

LIBRARY,
Number of volumes............. v teeemcaaee i aaaan [ e emeiiiieeearea e,
INBTRUMENTS.
LT emm e et e reuaeae e iasenne beaiamarinasrenn

Total to De.
cember 31,
1873.

2,015
1,190

353
2, 209

2,319 |
6,872 |

714
2,854
1, 890
2,352
1,604

22, 000

1,470
1.363

779
2, 540
2,803

204

562
1,146
m

484

Hb, 650
128, 902

$109, 347 82

115
170
356
125
137
Kt
108
a9
1,269

10
19, 048
5,704

228

$8,149 34

Total to De-
cember 31,
1876,

2,186
1,221
363
324
489
228
839
011

b At

falil
g
b

. 643
23,269

o
-
g

427

Gl
2,552
2,048

218

1,216

361, 698
132, 506

6,219

$117, 497 16
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Information furnished from the Coast Survey Office, by tracings from original sheets, &e., in reply to
special calls during the year ending June 30, 1877.

Date.

1876.
July 15

15

Aug. 3!

a5

Sept. 16 |

Nov. 1

26

. George E. Waring, jr., esq-.

War Department ...ooaooovian

J. B. Bads. civil engineer ... ... .ooeel .l
War Department o ieemue i ieireeiieniinmirraacmeanan,

State Geological Department of Georpia

Messrs. Borden & Lovell, New York

J. B. Eads, civil engineer. coo..ooiiiiniiioreonnaaienn,

TUnited States Tlevenne Marine Burean . ocaeeeannaionl

: Cob. R. 8. Williamson, light-house engineer. oo . ovonee.n. i
August Faul, esy., superintend’t city parks, Baltimore, Md.|

27

18T,
Jan,

=

{ (. ' W. Call, Sonoma Céunty, Cal

14

24

30

a1

Feb, 17 -

17

b

(. 8. Solomon, esy .. ..ouen e emmiacaramecanememaann

Capt. 8. 0. Hemenway, of Florida

William Roteli, esq.. engineer Fall River Water Works. ...
George Lamb. eaq., Boston, Mass

Firm of Lathrop, Bishop & Lincoln, Boston, Mass........

Austin Corbin, esq., Brooklyn, N. Y

Capt. W. J. Twining, Corps of Enginecrs.......... e

Prof. G. H. Couk, NoW JErSey- emnueeunmrnnesenieennaaeias :

Maj. Gen. John Newton, Corps of Engineera..............

G. W. Colton, enq., New York

Pata furnished.

! Hydrographic survey of South Pass Bar, made in May and June, 1875,

with ends of jetties added in 1876.
Do.
Comparative chart of the South Pass surveys, made in 1875 and April
and May, 1876, at end of jetties, with caleulations of increase and
decrease of depth on bar.

.1 Geographical positions and heights of stations in Northern Georgia.

Hydrograpby of head of Xey Biscayue Bay, Fla.

Hydrography of White Shoal, Tames River, Va., survey of 1871-'72.

liydrography of channel off Hog Island, James River, Va., survey of
1873,

' Hydrography of Goose Hill or Jamestown flats, James River, survey of

| 1873

I Hydrography of bar off Swan's Point, James River. survey of 1874.

Hydrography of bar in James River, off mouth Chickahominy River,
survey of 1874,

Hydrography of Harrison's Bar, James River, survey of 1875.

Topographical survey of part of the island of Rhode Ialand, from Quaker
Hill to the Glen, from shore to shore.

Distance, in statute miles, by shortest sailing-line, from foot of Murray
street, New York, to wharf of Old Colony Steamboat Company, through
the sound.

Sketch of Cubitt's Gap and vicinity showing location of cross-section
from sarvey of 1876; scale, 1-4,800,

Hjydrographic survey of the Mississippi River, vicinity of Poverty
Point, and onfinished proof of Coast Chart No, 95; scale, 1-80,000.

Magnetic variation in Georgia.

Reconnaissance of the Saint John's River from Welaka to Volusia;
scale, 1-80,000.

Description of bench-marks vicinity of Fall River, Mass.

Compiled map of South Bay and Fort Hill Channel, Boston Inner Har.
bor, survey of 1847,

Fopographical survey Light-House Reservation, Point Steckhotf, Cal.

Triangulation sketch Baltimore and vicinity, Md,

Survey of part of South Bay, Boston Tnner Havbor.

Shore-line of Long Island coast from Rockaway Beach to Coney Island,
} from survey of 1835.

Topographical survey of Fort Ross and vicinity, Cal.

Six charts of Qatalogue No. 133, with addition of Pocomoke River to
i Shelltown, for boundary commissioners between Maryland and Vir.

ginia.
Projection, in two parts, on a scale of three inches to the mile, from
; Sandy Hook northward to Yonkers and westward to Boand Brook,
I NI
" Hydrographic survey of Kill Van Knll and southern pari of Newark
i Bay, N.Y.and N.J.

Geographical position of Cape Cafiaveral and Cape Florida light-houses

and approximate position of Fort Capron,

B. M. Harrod, asaistant city engineor, New Orleans ...... L Hydrographic survey of Bonnet Carre Crevasse, Mississippi River.

. Hydrographic survey of Shrewsbury River, N. J.
* Bydvographic survey of Bull River and Nortk Nimbee Creek, §.C. -
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Date. |

| Name
1877, |
Mar. 12 ° Baltimore Sun
16 | John S. Albert, engineer, Philadelphia. Pa . ..............
16 . C. H. Mallory & Co., New York . ....cooooiiniaanmenes
22 1 J.J. Vanr Allen, New York ... ... .. ............
22 ° Capt. W. A. Jones, U. 5. A, light-house engineer sixth
i distriet.
22 © J. B. Eads, civil engineer in charge jetty works South
Pass, Mississippi River. .
Apr. 5 8.1 Kimball, chief of Revenue Marine Bureau _.........
i
5 . James H. Gardiner, eaq., Newburgh, N.Y.._.._..._......
. Governor of Washington Territory. ... .................
9 . Commodore Robert H. Wymaa, U. 8. N., superintendent
Hydrographie Office.
27 ! Brevet Brig. Gen. W. F. Raynolds, Corps of Engineers,
enginecer of fourth light-house district.
May 16 Senator Johm T. Morgan, of Alabama
June 18 Manton Marble, e8q ..oceviouuiin i o
i
19 W.W. Allen, L
22 ‘ Greenleaf Cilley, 8¢.ccamnvnuaaarnrreiiiiiiiiaiaaans

Data furnished.

Intormation as to Hmits of salt and fresh water in the Chesapeake an
Delaware Bays.

Coast Chart No. 37, Cape Hemry to Currituck Beach light, with certain
additions by hand.

Hydrographic survey Mississippi River, vicinity Point a la Hacle,

Area, in actes, of Maontank Point, eastern end of Long Island.

Hydrographic survey of upper part of Ecy Biscayne Bay, Fia.

Distance, measured on original hydrographic sheets, on line of deepest
water, from Carrollton’s Derrick to wharf at Quarantine.

Positions of life-saving stativus on the Atlantic coast from Penobscot
Bay, Me., to Cape Charles, Va.

Information as (0 number of acres contained in Polvpus Island, near
Cornwall Landing, Hudson River.

Hydrographic survey of Blunt's Reef, offf Cape Mendocino, Cal.

Topographieal survey of Los Coronados, Mexico, determined by United
States Coast Survey in 1851.

Topographical survey Barnegat Inlet and vicinity, survey of 1874

Chart of Mobile Bay, showing improvements of Dog River Bar Chanuel.

.| Topographical surveys showing sites of old ¥orts Frederick and Saint

George, on Saint George's River and Pemaquid Harhor, Me.
Topographical survey coast of California from Bolsas Creek to Santa
Ana River, survey of 1874,
Topegraphical survey of entrance to Duck Trap River, Me.
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DRAWING DIVISION.

Charts completed or in progress during the year ending June 30, 1877,

1. Mydrography. 2. Topography. 3. Drawing for photographie reduction. 4. Details npon photographed and pantographed ontlines.
5. loking and lettering sheets. 6. Veritication.

Title of charts. Seale. . Dranghtsmen. Remarks.
Sailing chart No. 1, Cape Sable to S8andy Hook ... .. 1-1, 200,000 1. A. Lindenkobl. 1. H.Lindenkohl _..: Additions.
{reneral conart chart No. T, Quoddy Heud to Cape Cod, Mass. 1-400,000 1,2, aud 6. A, Lindenkohl 1. H. Linden. ‘ Continned.
; C koll :
Coast chart No. 3, Petit Manan light to Naskeag Point ... T 180,000 4. P. Erichsen Do.
Caast chart No, 4, Naskeag Point to White Hoad light, 1-80,000 . 1, A, Lindenkohl ... Additions,
including Penobsceot. Bay. : :
Coast chart No. 7. Kennebee entranee to Cape Forpoise. ... 1-80,600 1. C. Junken ...... e ' Do.
Coast chart No. 11, Monowmey and Nantucket Shoals to 1-8¢, 000 1. A, Lindenkohl 1. € A, Meuth, - Do.
Muskeget Channel, Mass. ¢ 1. L. Karcher. :
Coant chart No. 13, enirance to Buzzard's Bay to -Block 1-80,000 * 1and 2. L.Karcher. 2. H. Lindenkobl | Do.
Island. ‘ i
Coast chart No. 14, Puint Judith and Block Island to Plam ! 1-80, 000 1. A. Lindenkol) .. ... ... .. .. ... { Dao.
Island. : l !
Isle an Haut Bay and Eggemoggin Reach, Me ... 140, 000 ; 1. L. Karcher. 6. P. Erichsen.......... E Commenced.
Belfast Bay and Yeuobscot River, Me . 140,000 | 2. P. Eiehsen cooeeeeeenneninaaeanann. | Continued.
Portsmouth Harbor, N H ..o a0 1-20, 000 ) 1. C. Junken . I Additions.
Bostou Harbor (South Bay) Mass ...... .. N 1-5, 000 1. C. Junken . Do.
Monomoy entrance to Nantueket Sound. ... 1-40, 660 ‘ 1. H. Lindenkohl. 1. C. Junken ......_ ! Photolithograph: com
| L pleted.
Narmaganselt Bay, R. L ..o oo il 1-40, 000 . 2. A. Lindenkohl. 1. L. Karcher. ... } Additions.
Port of Providence. BT ... ..., 1-10,000 ; 1 and 2. L. Karcher.. ... ._......... . Do.
Coant chart No. 15, Plum Istand to We]dls]'umt . 1-86,000 | 1. C. FURKOR «oveeremmenseeemen o enoe r Do.
Coast chart No. 18, Great South Bay, Fire Island, and Long 1-80,000 © 1. €. JOHKeR . cemveniemacaceansoasnmennns ; Do,
Beaches. ! | ;
Coast chart No. 20, New Vork Bay and Harborr 1--80, GO0 1and 2. A.Lindenkobl. 1. C. Junken.. Do.
Coast chart No. 21, Sandy Hook te Barnegat light, N.J .. 1-80, 600 : 1. A. Lindenkohl. 1. H. Lindenkohl...| Continued.
Coast chart No. 25, part of Delaware Bay and River, lnuld]e ; 1-86,000 | 1. A. Lindeukohl ._...........cciea.oL. Additions.
sheet. [
Coast chart NO 26, Delaware River, Wilmington to Treuton | ! 1-80,000 ¢ 1. A. Lindepkohl .. ......... ... ... .. Do.
Hell Gate, N. Y . ..eeoao i . ‘ 1-5,000 1 1. C. Junken ... _.__... ... . Deo.
Coast chart No 31, entrance to Chesapeake Ray. Hampton ! 1-280,000 | 1. C. Junken ..__ Do.
Roads, &c. }
_ Coast ehart No. 36, Magothy River to head of bay....... 1-80,000 | 1. A. Lindenkobl. 1. C. Junken....... Do.
Coast chart No, 37, Cape Henry to Currituck Beach light 1-80,000 | 1. A, Lindenkohl 2. H. Lindenkobl....| Commenced.
and approaches to Chesapeake Bay.
Hampton Roads, Va .......... 1-40.000 | 1. C. Junken ..| Additions.
Hampton Roads and Norfolk Harbor, Va 1-30,000 | 1. C. Jooken . Commenced.
James River No. 1, Newport News Point to Deep Water ! 1-40,000 | 1 and 2. A. Lindenkohl. 2 and 5. H. | Completed.
light. : Lindenkabl.
g 1 1-50,000 ; 1 and 2. H. Lindenkobl. 1. C. Junken, | Photolithograph: com-
| 1. L. Karcher. pleted.
Jawmes River No. 2, Point of Shoals to Sloop Point......... 140,000 | 1 and 2, A, Lindeukobl. 2. H. Linden- | Completed.
kohl.
1T Y i 1-50,000 | 1 and 2. A. Lindenkohl. 1 and 2. H. | Photolithograph; com:
Lindenkell. pleted.
Nansemond River, Vi covceecoiiiriaeiaiiiciiamneanaans 1-40,000 | 1 and 2. A. Lindenkohl. 1 and 2. H. | Completed.
Lindenkohl.
Albemarle Sound . 1-200,000 | 2. H. Lindenkohbl . Additions.
Coast chaxt No. 42, Pamplico Sound to Hatteras Inlet...... 1-80,000 | 2. L. Karcher........... Continned.
Core Sound, N.C ......... g 140,000 | 1amd 2, A. Lindenkohl. 1. L.Karcher. | Additions,
1. C. Junken. 2. P.Erichsen.
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|

Title of charts. Scale. Draughtsmen. | Remarks.
Beaufort HATHOT, N. € «ocmen e e eemeinn ameeananns 140,000 | 1. A. Lindenkoh! .. i Additions.
Ctmgt chart No. 52, Winyah Bay, Cape Roman, &¢.-....... 1-80, 000 ; 2.°P. Erichsen 1 Commenced.
Coast chart No. 53, Georgetown to Long Island, 8.C....... 1-80,000 | 1and 2. H. Lindenkohl. 2. P.Erichsen | Do.
‘Winyah Bay and Georgetown Harbor, 8.C....coviiennnienn 1-40,000 | 1. A.Lindenkohl. 1and 2. H. Linden- ' Thotolithograph; com.
kol | pleted.
Savamnah River, G ...o.oceeirmiiiiiinrriiaranaicnaaans. 140,000 { 1. C.Junken... evvrnniniianaanneanan.s ! Additions.
Sailing chart No.V, Gulf of Mexico..ooiieneeniannnran. 1-1, 200,000 | 1. H. Lindenkohl cooeueviineninaanao., Do.
Coast chart No. 58, Cumberland Sound to Saint John's 1-80,000 ; 1. A. Limndenkohl .......... ...t Completed.
River, &c. ’
Coast chart No. 66, from Key Biscayne to Carysfort Reef.. 1-80,000 | 2. H. Lindenkohl. 1. C.Junken ....... Additions.
Coast chart No. 70, Key West, Marqucsas Keys, &¢ .c..... 1-80,000 | 1. C.Jmnken . oceoriecanneaaanen- Do.
Inside passage, east coast of Florida (in eight sheets), viz:
No. 1, Head of Halifax River...c.ooveeieninnmacen,nnss 1-20,000 | 1. L. Xarcher. 1and 2 H. Lindenkoll.; Photolithograph: com
pleted.
No. 2, Halifax River, vicinity of Daytons.............. 1-20,000 | 1. L. Karcher. 1and 2. H. Lindenkohl. Do.
No. 3, Mosquito Inlet and viecinity of New Smyrna..... 1-20,000 | 1 and 2. H. Lindenkobhl. 1. L. K:u-cher,i Do.
No. 4, Hillsborongh River...ccecciiaearieaonecoeranans 1-20,000 | 1, L. Karcher. 1 and 2. H. Lindenkohl.| Do.
No. 5, Mosquito Lagoon, northern part. 1-20,000 | 1and 2. H. Lindenkohl. 1. L. Karcher. Do.
No. 6, Mosquito Lagoown, southern part 1-20,000 | 1. L. Karcher. 1 and 2. H. Lindenkohl. Do.
No. 7, Head of Indian River to Tituaville . 1-25,000 { 1, L. Karcher. 1and 2. H. Liudenkohl.i Do.
No. §, Indian River from Titusville southward. .. 1-25,000 | 1 and 2. H. Lindenkohl. 1. L. Karcher. Do.
Tamps Bay entrance, Fla.ce.ooiaenneiinnnnniiiiiiiiannan., 146,000 | 1. A, Lindenkohl. 1. C.Junken. 2. H. | Completed.
Lindenkohl.
Ponsacola Bay and entrance, Fla..eeveeviaenenian ot 1-30,000 | 1 and 2. C. Junken .1 Additiens.
Comparative chart, South Pass, Missisaippi River sarvey, 1-4,800 | 1. A. Lindenkohl. . H.Lindenkohl...., Completed.
1875-'76. :
Coast chart No. 89, Bon Secours Bay t¢ Round Jsland...... 1-80,000 | 1. C. Junken 1 Additions.
Coast chart No. 94, passes of the Mississippi River......... 1-80,000 ' 2. P. Erichsen; C. Junken .... Do.
Coast chart No. 95, Mississippi River from Grand Prairie 1-80,000 | 5. L. Karcher. 1. C.Junken ...........; Completed.
to New Orleans.
General coast chart No. XVI, from Galveston to the Rio 1400, 000 | 1. H. Lindenkohl ....... ... ..| Additions.
Grande.
Coast chart No. 109, Aransas and Copano Bays. .. .- 1-80,000 | 1. A. Lindenkohl.._... Do.
Lower chart of reconnaissance Pacific Coast, San Diego to 1-200, 000 ; 1. A. Lindenkohl. 5. H. Lindenkohl ... Do.
San Francisco.
Santa Barbara Channel, Point Vincent to Point Conception. 1-200,000 { 2. A. Lindenkohl. 2. H. Lindenkohl.. ! Continued.
Santa Cruz Island, Cal. ... .coei i iiiiiminne it 1-20,000 | 2. P. Erichsen (compiling plane-table | Completed.
sheets.)
Cape Mendocino and Blunt's Reef, Cal...coe.oviaenaan.... 1-40,000 | 1 and 2. H. Lindenkohl. 1. C. Junken..; Photolithograph; com
pleted.
Mare Island Straits, Cal 1-10,000 | 1 and 2. H. Lindenkohl. 1. C. Junken.. Do.
Bndd’s Inlet, Wash. Ter 1-20,000 | 1 and 2. H. Lindenkohl................. De.
Progress akatch, Saint Louis and vicinity.. 1-400, 000 | A. Lindenkohl.......cc.cvaceernsnen....] Commenced,
Progress sketches, additions to .. .. ..| A. Lindenkohl; H. Lindenkohl......... Continued.
Sketch showing magnetic stations H. Lindenkohl .._...... . .cciiiiimnnn.. Completed.

MAPS AND CHARTS PUBLISHED BY THE PHOTOLITHOGRAPHIC PROCESS DURING THE FISCAL YEAR
ENDING WITH JUNE, 1877.

1876.
July 19. Lake Champlain, Ne. 3.
10. Lake Champlain, No. 4.

10. Map of the water front of the city of New Haven, in 13 sheets.

Aug. 26. Monomoy passage to Nantucket Sound.
Sept. 25. Badd's Inlet, Puget Sound.

1877
w—— — Inside passage, east coast of Florida.
Jan. 2. Sheot No. 1, Head of Halifax River.
2. Sheet No. 2, Halifax River, vicinity of Daytona.

9. Bheet No. 8, Moaquito Inlet and vicinity of Now Smyrna.

12, Mare Island Strait.

1877.
Jan. 19. Inside passage, &c., sheet No. 4, Hillsborough River.
27. Inside pagsage, &c., sheet No. 5, Mosquite Lagoon, nerthern
part.
31. Tnside passage, &c., sheet No. 6, Mosquito Lagoon, southern
part.
Feb. 10. Inside passage, &c., sheet No. 7, head of Indian River to
Titusville.
10. Inside passage, &ec., sheet No. 8 Tndian River, from Titus.
ville southward.
10. Castine harbor.
Mar. 20, Nansemond River.

8. Ex. 12—-11
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ENGRAVING DIVISION.

Plates completed, continued, or commenced July 1, 1876, to June 30, 1877, inclusive.

1. Outlines. 2. Topography. 3. Sanding. 4. Lettering.

Title of plates. Scale. Engravers.
COMPLETED,
Sailing-chart.
No. V, Key West, Fla., to the Rio Grande (edition of 1877).{ 1-1,200,000 | 3. H. M. Enight. 4. F. Courtenay, A. Petersen, and E. H. Sipe.
Coast-charts. .
No.13, Cuttyhunk to Block Island, inclading Narragan- 1-80,000 | 1and 2. J. Enthoffer. 4. E. A. Maedel, A. Petersen, H. M. Knight,
sett Bay. and J. G. Thompson.
No. 14, Long Island Sound, from Point Judith and Block 1-80,000 | 2. W. A. Thompson. 4. J.G. Thompson, E. H. Sipe, and 'W. H.
Island to Plum Island (edition of 1876). Davis.
No. 24, entrance to Delaware Bay (edition of 1877)......... 1-80,000 4. H. M. Knight and J. G. Thompson.
No. 25, part of Delaware Bay and River (edition of 1877) .. 1-80, 000 | 4. H. M. Knight, J. G. Thompson, and W. H. Davis.
No. 26, Delaware River, from Wilmington to Trenton (edi- 1-80,000 | 2. W. A. Thompson. 3. H. M. Knight. 4. A.E. Maedel, A. Peter-
tion of 1877). sen, H. M. Knight, E. H. Sip¢, and W. H. Davis.
Harbor-charts.
Penobscot Bay, Me ........ e 1-40, 000 | 4. H. M. Knight, J. G. Thompson, and E. H. Sipe.
Richmond’s Island Harbor, Me. {(edition of 1876)........._. 1-20,000 | 4. H. M. Knight and E, H. Sipe.
Portsmouth Harbor, K. H. (edition of 1876)................ 1-20,000 | 2. H. C. Evans. 3. H. M. Knight. 4. E. A. Maedel, A. Peotersen,
H. M. Knight, J. G. Thompson, and W. H. Davis.
New Bedford Harbor, Mass. (edition of 1876) coceeenonnan.. 1-40,000 | 4. W. H. Davis.
Fisher's Island Sound (edition of 1877)...... 140,000 | 4. A. Petersen.
Delaware and Chesapeake Bays (edition of 1877). 1-200,000 | 4. E. M. Knight, J. G. Thompson, and E. H. Sipe.
Beaufort Harbor, N.C .....iveviiiiiiiananian 1-40, 000 | 2. R.F. Bartle. 3. H. M. Knight. 4. A. PetersenandJ. G. Thompson.
Core Sound and Straits, N. C .......ooooiiiias 1-40,000 | 2. R.¥. Bartlo. 4. A. Petcrsen and H. M. Knight.
Entrance to Pensacola Bay, Fla. {edition of 1877) .......... 1-30,000 | 1, 2, 3, and 4. H. M. Kunight.
San Diego Bay, Cal. (edition of 1877).......cvvereeernnnnn. 140,000 | 4. E. A, Maedel, H. M. Knight, and E. H. Sipe.
CONTINUED.
Bailing-chart.
No. I, Atlantic coast (Sailing-chart A), from Cape Sable, 1-80, 000
Me., to Cape Hatteras, N. C. (upper sheet). { 1-1, 200, 000 .%4' A. Petersen and J. G Thompeon.
) General coast-chart.
No.I, west part, from Isle au Haut, Me., to Cape Cod, Maas,| 1-400,000 | 1 and 2. J. Enthoffer.
. . Ooast-charts. ’
No. 3, Frenchman’s and Blue Hill Bays, Me................ 1-80, 000 | 1 and 2. J. Enthoffer. 4. E. A. Maedel.
No. 4, Penobacot Bay, Me.cooocena iacrnvcimvnninnecanaae.. 1-80,000 | 1 and 2. J. Enthoffer. 4. E. A. Maedel and A. Petersen.
No. §, Kennebec entrance to Saco River, Me.._........__.. 1-80,000 | 3. H. M. Knight. 4. A.Petersen and H. M. Knight.
No. 7, Seguin Island to Kennebunkport, Me.._............ 1-80,000 | 3. H. M. Knight. 4. A. Petersen and H. M. Knight.
No. 20, New York Bay snd Harbor .................... ... 1-80,000 | 1. J. G. Thompson. 3. W. A. Thompson. 4. A. Petersen, H. M.
Kaight, J. G. Thompson, and E. H. Sipe.
No. 21, Sandy Hook to Barnegat Bay, N.J...o.oeoiianaoo. 1-80,000 | 1. J. G. Th 4. ¥. Courtenay.
No. 22, Barnegsat Bay to Absecon light-house, N.J......... 1-80,000 | 4. F. Courtenay.
To. 37, Cape Henry, Va., to Currituck Beach light-house, 1-80,000 | 1and 2. A, Sengteller. 4. A.Petersen and H, M. Knight.
N.C.
No. 42, Pamplico Sound torn sheet), R ice Tsland to 1-80,000 | 1and 2. J.J. Young.
Hatteras Inlet, N. C.
No. 54, Long Island to Hunting Island, 8.C .evemninnnnnnn. 1-80,000 | 1 and 2. A. Sengteller.
No. 95, Mississippi River, No. 2, from Forts to New Or- 1-80,000 | 1 and 2. A. Sengteller.
leans, La.
No. 167, Matagords Bay, TeX .eausnsansancevsssonssosnssnne 1-80,000 | 8. H. M. Kunight. 4. A.Petersen and W, H. Davis,
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APPENDIX No. 5—Continued.

Title of plates. Scale. Engravers.
Coast-charts—Continned.
No. 108, Pass Cavallo and San Antonio Bay, Tex... 1-80,000 { 4. W. H. Davis.
No. 109, Aransas and Copano Bays, Tex 1-80,000 | 4. J. G. Thompson.
Harbor-charts.
Blue Hill and Union River Bays, Me.ccuvsneccerniannannnn. 1-40,000 | 1. E. Molkow.
Isle an Haunt Bay and Eggemoggin Reach, Me. .. 1-46,000 | 1. E. Molkow. 1and 2. W.A. Thompson.
Penobscot River and Belfasi Bay, Me........... 140,000 | 1. E. Molkow. 1 and 2. R. F.Bartle. 4. E. A. Maedel and J. G.
Thompson.
Lake Champlain, No. 1, Rouse’s Point to Cumberiand Head. 1-40,000 | 4. E. A. Maedel, F. Courtenay, and A. Petersen.
Lake Champlain, No. 2, Cumberland Head to Ligonier Point 1-40,000 | 4. E. A. Maedel and ¥. Courtenay.
TLake Champlain, No. 3, Burlington to Coles Ray - 140,000 | 1 and 2. H. C. Evans.
Lake Champlain, No. 4, Coles Bay to Whitehall .......... 1-40,000 | 1 and 2. W. A, Thompson. 4. E. A. Maedel.
Albemarle Sound, N. C 1-200,000 | 2. A.Sengteller and W. A. Thompson. 4. E. A. Maedel. -
Entrance to Tampa Bay, Fla 1-40,000 | 2. W. A. Thompson and H. Lindenkohl. 3. H.M.Knight. 4, E.A.
Maedei and E. H. Sipe.
Entrance to San Francisco Bay, Cal...ceeiviianiraiiana . 1-40,000 | 1. E. Molkow.
COMMENCED.
Batling-chart. 180,000
No. T, Aflantic coast (Sailing-chart A), from Cape Sable, { 1_;00' 000 ¥ 1. 3. G. Thompson. 2. W.A.Thompsen. 3. W. A.Thompson. 4.
’ J.G. Thi .
Me., to Cape Hatteras, N. C. 1-1,200, 000 |) G- Thompson
General coast-chart. )
No. I, eastern part, from Quoddy Head to Isle au Haut, M¢ 1-400,000 | 1 and 2. J. Enthoffer. 4. E. A. Maedel.
Coast-charts.
No. 70, Marquesas Keys, Key West, &c., Fla....._.._._ ... 1-80,000 | 4. F.Courtenay.
No. 83, Apalachicela Bay, Fla ...coovnivannenaiiinni.on 1-80,000 | 1. J. Enthoffer and E. H. Sipe. 2. A. Sengteller. 4. W.II. Davis.
Harbor-charts.
Approachos to Islo au Haut Bay and Eggemoggin Reach, 1-40, 000 ; 1. E. Molkow.
Me. .
Jares River, No. I, Newport News to Deep Water Shoals, 1-40,000 | 1 and 2. J. Enthoffer.
Va.
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APPENDIX No. 6.

THE PAMPLICO-CHESAPEAKE ARC OF THE MERIDIAN AND ITS COMBINATION WITH THE NAN-
TUCKET AND THE PERUVIAN ARCS, FOR A DETERMINATION OF THE FIGURE OF THE EARTH
FROM AMERICAN MEASURES. REPORT BY CHARLES A. SCHOTT, ASSISTANT.

CoMPUTING DIVISION, February 17, 1877,

The Pamplico-Chesapcake are of the meridian is the second are measured by, and incidental
to the ordinary geodetic work of the Coast Survey. Its sonuthern extremity is at Ocracoke Inlet,
North Caroliua, in latitude 35° 04/.0; its northern extremity is at present at the head of Chesa-
peake Bay, in Maryland, in latitude 39° 35/.5 It is situated nearly in longitude 76° 08 or 5" 04=,5
west of Greeuwich.

The primary triangulation of the arc is shown on plates 6 and 7 accompanying this report.

Leaving the Atlantic coast just south of Oeracoke Inlet the arc crosses Pamplico Sound
and Albemarle Sound, passing over the marshes and low lands of North Carolina and Virginia;
it then enters Chesapeake Bay and extends near and over its eastern shore, which is low and
almost level ground. The total development of the are is nearly 4° 31°.5, about equal to 502 kilo-
metres or 312 statute miles. Compared with our first arc, for which see Coast Survey Report of
1868, Appendix No. 9, p. 147 and following, it exceeds the length of the Nantucket arc by very
nearly one-third. The geodetic and astronomical work was executed between the years 1844 and
1876, under Superintendents A. . Bache, B. Peirce, and the present head of the survey, and prin-
cipally by the following Assistants: J. Ferguson in upper Chesapeake Bay, 1844-45; E. Blunt, in
middle and lower Chesapeake Bay, 1846-753; R. D. Cutts, vicinity of entrance of bay, 1867-'69;
R. E. Halter, in Currituck Sound, 1873 ; W. M. Boyece, in Albemarle Sound, 1847749 ; A, A, Hum-
phreys, U. 8. E., vicinity of Roanoke and Croatan Sounds, 1850; and G. A. Fairfield, in Pamplico
Sound, 187075, The above statements refer to the principal triangulation which is supported
by several base-lines, the statistics of which may be given as follows:

Length in
Date of measuroe. Observer. Apparatus and reference. metres.
(Comnittee.)
. May and Junc, 1844 ... J.Ferguson....... Four double-metre iron bars; see Coast Survey 8 687. 5446
{ Report of 1866, p. 140. . 0381
Jodies Island, N.C caeens ... ‘ November, 1848......... A.D.Bache....... Six-metre compensation-bars Nos. 1and 2 ...... 10 841. 7254
; + . 0255
Beach below Cape Henry, Va..! August, September, and | . D. Cutts ....... Six-metre iron rods, contact slides Nos.  and 2, 14 270.931
f October, 1867. sulisidiary apparatus.
Beach below Cape Toury, Va*.| May, 1869....._..._..__ U T U (Y, 5 952, 582
Craney Island, Va ... .. ... ! September, 1869. ........ | R.E. Halter.......|-..... L b 136.572
; +.037
Portsmouth laland, N.Ct...... | May, 1870, ccvvcneaannan. G. A, Fairfield........0 @0 . cvenn ittt itecnes ccra e aas ° 9 038.3875
l + . 0401
i
*Known as Currituck Lase. t Also known as Ocracoke base.

The statistics of the astronomical observations are contained in the following table:

Resulting latitudes, determined astronomieally, by means of the zenith telescope, or the merid-
an telescope, exeepting No. 3, which was determined by means of the zenith seetor. The probable
errors assigned are those arising from errors in the tabular places (declination) of the stars and
from errors of observation. In all cases the astronomical Iatitude refers or has been referred to the
geodetic station A\
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No. Locality. Time of obgervation. Observer. ROBH::;& lati- Pf‘i‘o‘l})l&
o 4 " "
1 | Principio July, August, and September, 1866. - | R.D. Cutts .. 39 35 3275 +0.05
2 | Pool's Island June and July, 1847........._... . } T.J. Lee 39 17 09.65 0.12
3] Webb .___._.... .1 October and November, 1850. ... : G. W. Dean and A.D. Bache ....__. 39 05 25.46 0.04
4 | Marriott June, 1846; May and June, 1849..... i T.J.Lee, A.D.Bache, aniJ . Hewston| 38 32 2482 0. 06
5 | Calvert, ..| July and August, 1871 ......... ... ..l A.T. Mosman.. 38 21 3187 0. 11
6 | Tangier Island | June and July, 1871, ... ... ...o.. [ [ U R 37 4T 56.54 0. 08
7 { Wolf Trap ..| April, May, and June, 1871 ..... ... | A.T.Mosman and E. Smith ... 37 24 0199 0.07
8 | Capo Henry light .| August, 1866. ... G. Davidson ...l 3¢ 05 36.32 Q.08
9 | Knott Teland .1 March and April, 1673 . ... ... ... A, L. Mosman. ... 36 33 5537 0,09
10 | Stevenson's Point..... .| January and February, 1847 .. .... ¢ C.0O. Boutelle .. .. 36 06 15.97 0.12
11 ¢ Sand Island .{ January, 1876 85 50 25.20 0. 09
12 | Long Shoal Point.__.... .| September, 1876 35 34 36.25 0.11
13 | Hog Island .| Aungust, 1876 .- oo oiii e [ 35 21 5188 0.12
14 | Portsmouth Island* March and April, 1871; Febrnary @ A. T. Mosman . . 35 04 02.67 0. 03
| and March, 1878 ; March, 1873. |

* The latitude of the last station is the mean of three determinations at different places with different instruments, all referred geodetic-
ally to Portsmouth Island, northeast base A, viz:

| Seconds reduced

Observed. Reduetion to &

i to A

0 ’ " " ! " "
Portsmouth Tsland, northeast basc. ... ..oevenenriininnaion ]85 04 0315 £ 0.10 — 024 | 02,91
Portsmouth Isiand, Station T 04 10.86 + 0.08 i - T.74 ’ 02. 62
Portsmouth Island, Station 1T 63 4717 £0.10 15,32 | 02. 49

| S

L 117 | S S D o 02, 67

The middle of the are is in latitude 37° 2(¥ nearly, and the mean of the 14 astronomical latitudes
is 370 106/ nearly, the station Wolf Trap being nearest to this latitude it has been used for the
determination of the geodetic latitude of the arc. There are two other stations within the limits of
the are, viz: Taylor, determined in May, 1847, by T. J. Lee, and Shellbank, determined in March
and April, 1847, by C. O. Boutelle. They are omitted to aveid unequal subdivisions of the arc,
Taylor falling between Webb and Marriott, and Shellbank between Stevenson’s Point and Sand
Island.

To render the arc independent of the geodetic latitude and azimuth of the larger triangulation
of which it forms a branch, and to base it upon geodetic data of its own, the preceding astronomical
results for latitude are all referred to the station Wolf Trap by means of the geodetic diftcrences
4 ¢; the last eolumn of the following table exhibits the apparent station-errors or apparent local
deflections in latitude obtained by subtracting the inean or geodetic latitude from each individual value.

Astronomical lat-

Astronomical lat-; Difference of lat- | itudes referred

Station. Apparent lo

|37 24 03.69

. LT i

itude ¢ itudes A ¢ | to Wolf Trap. cal detlection.
o " o " ° ' " 2
Principio 39 35 39.75 —2 11 3264 1 37 24 0011 i -—34. 58
Pool’s Island. . - 39 17 09.656 | —1 53 03.07 | 05, 98 42,20
Webb. .. ...... 30 05 25.46 | —1 41 22,34 l 03,12
38 52 .82 —1 28 2308 | 01 51 .
88 21 BL8T | — 57 20.84 | 02,03 | ~1.66
Tangier Island. . . 37 47 56.54 | — 23 5308 | 03,46 -0.23
Wolf Trap.--.. ceveeeeieeeeeea| 37 24 0LWY 0.00 | OL99 | -1.70
Cape Henry light 486 55 30.32 | -+ 28 8207 0289 1 —L3
B L .| 36 83 5537 | 4+ 50 07.38 | . | —091
Stevenson's Point.. 36 06 15.97 | +1 17 4611 | 02.08 | —1a
Sand Island...... 35 50 2529 | 41 33 40.16 | 045 | +1.76
Long Shoal Point 35 34 36.25 | =1 40 30.75 ’ 7.00 0 4331
Hog Island......... . 35 21 51.88 +2 02 15.76 . 07.64 | 43.95
Portsmnomth ISIANA . ..« oo emmnmn e o e eeeaee e means 35 04 02.67 2 20 0351 | 06,18 ] +9.49
|
&
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If we were to include the two extra stations mentioned the final mean would be 0/.13 less than
the above, viz:

| Ast ical lat-
Staii Astropomical 1at-| Difference of lat- { ?tzlx:z?:(tf:rre a Apparent lo-
tation. itude ¢ i itudes A ¢ to Wolf Trap. (o3l detlection.
o ¢ " o 14 " o ’ 1" o
57 P 38 B9 4597 ' —~1 35 44.14 37 24 01.83 —1.88
+ 0.11 |
Shellbank. . cieeini i iiiaeacrsimemme e e e e e e a e 36 03 20.03 © 41 20 43.43 03. 46 ~—0.23
* 0.09
Mean of 16 8tations .. ... L. e amcimiaiiemmeeeeceeeaim e ‘ .................. 37 24 03.56

Owing to the apparently systematic character of the local deflections, the first mean value is
preferable to the second. It may also be noted here that the geodetic latitude of Wolf Trap, based
upon a large number of astronomical observations of the primary triangulation between Maine and
Virginia, is 37° 24/ 017.40, showing that our arc may possess, as a whole, an apparent local deflec-
tion (common to all points) of 42.3; but more likely the difference is due to a defective spheroid
of development; in fact, this is almost certain. A 4 sign of the apparent station-error indicates
a deflection of the plumb-line towards the sea or the disturbed zenith lies north of the geodetic

zenith,
RESULTING AZIMUTHS DETERMINED ASTRONOMICALLY.

The theodolites employed were a three-decimetre Gambey at stations Nos. 4, 5, 6, 7, 8, 10, and
13; a three-decimetre Brunner at stations Nos. 11 and 12; a two-foot Troughton at stations Nos. 1,
3, 9, and 104; and a thirty-inch Troughton and Simms at station No. 2. Polaris was observed at all
stations except No. 7, when 51 Cephei and 2 Urse Minoris were used. At No. 3 some other stars
besides Polaris were observed. The probable errors given are those arising from the errors of
observation combined with those in the measure of the angle between the azimuth-mark and a

direction in the triangulation.

Resulting
No. Locality. Tims of observation. Observer. Azn““:]f, roferred to sido of | oot onomiea) | Frobable
rianguiation. azimuth. erTor.
o 7 " i
1| Principio ........... August and September, 1866, | R. D. Cutts. ... .. ...... Principio to Turkey Point .. 1 34 43.50 £0.43
2| Webb .ol October and November, 1850, A. D. Bache and G.W. Dean, Webb to Marriott .| 346 43 50.47 +0,30
3| Marrott........_... June, 1849 ..ol A .D.Bache and J. Hewston) Marriott to Webh ... . 166 46 20.23 +0.48
41 Calvert ...... et August and September, 1871.| A T, Mosman ............. Calvert to Meekin ... ... 252 05 68.92 £0.17
5 | Tangier Island. . ... June and July, 1871, ......_ [T U R Tangier Island to Smith | 114 13 30.85 +0.48
Point light.
6 Wolf Trap.......... May and June, 1871 .. ... | ... A0 e Wolf Trap to New Point | 14 28 25.46 +0.33
Ceomfort.
7 | Capo Henry light...] November, 1866.........._... R.D.Cufts couvvvnrnnnnnn. Cape Henry light to Cape | 205 38 21.06 +0.48
. Charles light.
8 | Knott Island .......; August, 1869................. A.T. Mosman .covvnennnn. Knott Island to Ragged Isl- | 172 34 08,67 +0.69
and.
9 | Btevenson's Point ..| April, 1848. ... ..cvvvneavnane.| C.O. Boutelle ....cou...... Stevenson's Point to Pal- | 342 30 67.30 40.43
metto.
10 | Sand Island......... January and February, 1876. .| E.Smith..cceiiiveenneonns Sand Tsland to South Base..| 287 31 08.53 +1.50
11 | Long Shoal Point... S(sptomb(\‘r, B2 24 SR N [ 1 Long Shoal Point to Gull [ 205 10 04,66 +0.50
Island, 1873.
12 | Hog Island ......... Aupust, 1876, ... ... ... d0 ...... [N . Hog Island to Ocracoke | 346 24 53.28 4-0.32
light.
12 | Portsmouth Island..] March, 1871..... e eieecaees A.T. Mosman ..eeneveennn Portsmouth Island to Ocra- | 232 32 14.30 +0.30
coke light,

There is also an azimuth observed at Bodies Island, which has been omitted in the above table
on account of its proximity to Sand Point. It was measured in February, 1846, by C. O. Boutells,
referred to line Roanoke Marshes, this astronomical azimuth is 98° 28/ 137,654 0.43. Referring
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the above azimuths to the line Wolf Trap to New Point Comfort, by means of the geodetic differ-
ences of azimuths (4 a), we obtain the following results and apparent local deflections in azimuth:

- Astronomical |
. azimuth referred Apparent
Station. Referring object. Astronomical Aa to Wolf Trap-: localde-
azimuth o New Point Com- | flections.
fort.
o 1/ it el ’ i C ‘ Lis § "
Prineipio .oocooiiiiiieiiiiiaaa o) Tnrkey Point..... e 1 34 4350 -+ 12 53 51.18 14 28 34.68 +3.75
Webb ..... ..| Marrjott....... 346 43 50.47 —332 15 1568 34.89 +3.96
Marriott ... -l Webbh .... .| 166 46 20.23 —152 17 43.42 36.79 -1-5. 88
Calvert ... | Meekin.....connn.. ...] 252 05 68,92 —237 37 3240 36. 52 —+5.569
Tangier. cooenvininn e Snyith Point light..................... 114 13 30.85 — 99 44 57.86 ; 32.99 -+32.06
WOlf TIap veevevecraceaannonann .| New Point Comfort....cecerececanren. 14 28 25.46 0. 00 | 25.46 —5.47
Cape Henry light . -| Cape Charles light. 205 38 21.06 —191 09 52.06 29. 00 —1.93
Knott Island. ....... Ragged Ieland .. ...oooiiiiinniiaiols 172 34 08,67 | —158 05 36.23 ! 32.44 +1.51
Stevenson’s Point... s Palmetto . ooiiii e 342 30 67.30 —328 02 30,66 36.64 4571
Sand Jsland. ........ .| South base Bodies Island . 287 31 08.53 —273 02 45.89 22,64 —8.29
Long Shoal Point . ... Gull Island, 1878.......... L1295 10 04,66 —280 41 41.09 23.57 | —17.36
Hog Island ....... .| Ocracoke light... 1346 2¢ 953,26 —331 56 24.95 28,81 1 —2.62
Portsmouth Island ..ucenveavennronifonnnss L 232 32 14.30 | 218 03 46.19 28.11 § —2.82
MBALL - e mmcree e < oeitces|esee et sere e eer e eaaenn eemnan e aaei e anas ST R 14 28 30.93 |

Algo Bodies Island..................: Roanoke Marshes.......cceoov. ... 93 28 13.65 — 83 59 40.46 24.19 J —6.74

The systematic character of the apparent deflection in azimuth is more pronounced than in the
case of the latitudes; a 4 sign of the apparent station-errors indicates a deflection of the plumb-
line towards the land or the disturbed zenith east of the geodetic zenith.

The geodetic azimuth derived from many stations in the principal Atlantie coast triangulation
is 140 28 27//.25, indicating an apparent defiection of the whole arc of about 4-3.7.

Respecting the larger wave of disturbance in the resultant direction of gravity, we thus see

that along the arc the plumb-line appears relatively attracted aorthiward in localities between the
head of Chesapeake Bay and Bodies Island, and southward (or seaward) between Bodies Island
and the southern terminus, near Ocracoke Inlet; also the plumbline appears attracted westward
between the head of Chesapeake Bay and Tangier Island, and eastward (or seaward) between
Bodies Tsland and Ocracoke Inlet. Superposed on this more general wave of deflection there are
other local ones of small extent, though comparable in magnitude with the larger one. In general,
for all that part of the arc traversing Maryland, the plumb-line appears deflected northwesterly
toward the Blue Ridge; whereas for the opposite end of the arc, traversing North Carolina, the
plumb-line appears deflected southeasterly, or toward the sea. These two opposed directions appear
more or less neutralized over that part of the arc which is situated in Virginia. This points to the
further conclusion that the crust of the earth forming the adjacent sea-bottom is comparutively
dense. .
The apparent station-errors as given partake more of the character of relative deflections than
absolute ones; yet, after deducting the supposed part of the deflection to which the arc, as a whole,
may be subject, probably cnough remains to bear out the above general statement. At present we
have no means of knowing the absolute deflections.

According to Hitchcock and Blake’s geological map accompanying the third volume of the
Statistics of the Ninth Census of the United States, 1870,* the arc traverses, in the south, for three-
fourths of its course, a formation of alluvium. In the northern quarter it reaches tertiary and cre-
taceous formations, and it nearly extends, at the head of the bay, to the eozoic rocks.

In order to find the linear distances between the parallels of the astronomical statious, the
same process as used in the Nantucket arc has been followed, viz: to redevelop the elliptic arc
contained between any two parallels, making use of the geodetic latitudes already existing. Thus
the triangulation originally placed on Bessel’s spheroid is to be redeveloped from the same surface;
but before doing this a correction to the geodetic latitudes is needed to change them into the values

* Washington, 1872,
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they would have had in ease the mean values ¢, = 37° 24/ 03,69 and a,, = 14° 28’ 30,93 for Wolf
Trap had at first been nused. Instead of recomputing the ¢ and « of all the points and starting
from these values, ¢, and «,, it is found wore convenient to correct the existing geodetic positions
by means of a diflerential expression.

Our formulx for computing positions as given in Coast Survey Report of 1860, Appendix No.
36, may be stated as follows:

do =0, — ¢ = — §B cos a — &C sin®*a — ete.
42 A -2 =sA,secg,sina 4 . . .

da=ua, —a+180° =180° — disin} (¢, + ¢)sec s d¢ — .

Il

Where ¢ and i = latitude and longitude, respectively, of starting point,
¢, and /, = latitude and longitude, respectively, of any other point, whose distance s and
azimuth « from the starting point are known, «, will be the reverse azimuth, and A, B, C, &ec., are
tabmlar quantities depending on the arguments ¢ and ¢,.
The differences in latitade d ¢, in longitude 424, and in azimuth 4« are expressed in scconds;
the linear distance s must be given in metres in connection with the tabular quantities.

: . B
We have with sufficient approximation d. d¢ = Y 4 cos ¢, da.
/

According to the preceding investigation d « = <+ 37.68, and multiplying the above by sin 17
we obtain the correspouding change in 4¢. The change in the initial latitude is 2.29, by which
amount the whole are is displaced to the north. The effect of this shift can safely be neglected.

lGoodet,ie latitudej Geodetic longi- | Correction 1 o 2
Station. from main trian- | tude from main [to¢ ord.a¢ dor?'ecte' §e0-
gulation. | triangulation. | - 229, | deticlatitude.

i
o ; ” i o " 1" o 1 ”
PHIDCIDI® —+« - e ee e s et e 39 35 34037 | 76 00 18.080| 42273 | 38 35 56315

39 17 05.067 0 76 15 51172 +2.281 | 39 17 07.358

Pool's Island ...

Wellb oeemaenenn. . . 39 05 23.736 76 40 32,161 +2.311 | 39 05 26.047
MATTIOTE -+ e e e e et e e e e e e e e e e 98 52 24673 | 76 36 B7.110 +2.308 | 38 52 26981
CMLECTE - oo e e e e e e e e 38 21 3L.240 | 76 23 36.773|  +2.207 | 38 21 93.597
Tangier Island .. _...1 87 47 54.478 ¢ 75 59 16.651 +2.277 | 87 47 56.755
Wolf Trap ...... . 37 24 01307 | 76 14 44749 42290 | 37 24 03.687

76 00 31.889 +2.278 1 36 55 31.603
75 55 20.189 +2.274 l 36 33 56.289
36 06 15.285 76 11 26.671 +2.287 | 86 06 17.572
Sand Island 5 50 21.236 75 40 08.948 +2.260 | 35 00 23.496
Long Shoal Point 35 84 30.644 1 75 46 56.134 +2.266 | 356 34 32.910
Hog Tsland ................ et e bt et e 33 21 45.633 | 76 03 42.115 +2.281 | 35 21 47.914
Tortsmouth Island, or northeast base 35 03 5888 | 76 03 10.886 ~+2.280 | 35 04 00.168

i

Cape Heory light 36 55 29.325 !
B3 T R 1 e T 36 33 54.015

Stevenson's Point

To redevelop the arc we make use of Bessel’s expression for the length of an elliptic arc between
the latitudes ¢’ and ¢ (see Astronomische Nachrichten No. 333, pp. 338, 339, June, 1837*), viz:

— 180 . .
8 =g AR g ousin (¢f — ¢) cos (¢ + y) — o sin 2(¢" — 9) COS 2 (¢’ + ¢)

+ ;"gaﬂ sin 3 (¢! ~ ¢) €08 3 (¢ + ¢) — ete.).

Where ¢’ and ¢ = latitude of higher and lower parallel, respectively,

@ = equatorial radius = 637739716 [6.804643464)
b = polar semi-axis == 6356078 .96 [6.803189284]
a—10
n= T 17.2238037] — 10
3\? 3 5Nz .
N=1 +<‘,> n + (Q-;) .. [0.00000274]

* Soe, also, ““ Ordnance Trigonometrical Survey of Great Britain and Ireland,” by Lieutenant-Colonel James,
London, 1858, On page 267 Captain Clarke reproduces Bessel’s formula,
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=
Na =gn+g'i-gn3+g—'—i~'~z-g—'—zn"+ .o log ¢ = 7.3998045 — 10
Na’ =g'in"+z'i'g-gn“+ .. log o' = 4.72060 — 10
Nao' =g~'-—2—'—én3+ 3—2_?5“2;”5 + ... log o = 2.01136 — 10
Na/ = ete.

180
g = average length of a degree in the meridiap, found by a (1 — 2)? (1 + ») N = % g. Hence,
log g = 5.04579465

S = distance of parallels (on Bessel’s ellipsoid), expressed in metres. The difference ¢/ — ¢ in
first term must be taken in seconds. Reduced to numbers, the logarithms of which are
given, the expression for distance of parallels becomes—

S = [1.48949215] (¢ — ¢) — [45048417] sin (¢ — ¢) oS (¢ + ¢)
4 [1.5245147] sin 2 (¢’ — ¢) cos 2 (¢’ + ¢)
— [8.63916 ] sin 3 (¢ — ¢) cos B (¢’ + o)
+ .

Applying this to the corrected latitude results, we obtain the following meridional distances,
in metres (committee), between the parallels passing through the statious:

Station. Metres (committee). .

Principio ..o.oveiiiiennnns 0. 000
34 196.501

Pool's Tsland .............. 34 196. 501
21 625, 136

L5} ) 55 821,637
24 021, 889

Marrioth. .ooomeeniiiinnnans 79 843.526
57 145. 930

Calvert coucnieceriiniannann 136 989. 456
62 176. 305

Tangier Island .....coucuen 199 185. 761
44 177.127

Wolf Trap ..oocvvvunnnnnnn 243 342. 888

Cape Henry light P2 T 06 117,52

ape He ight..eeennnns . 332
P Y e 39 924. 837

Enott Island ......cvvneen- 336 042.169
51 122,303

Stevenson’s Point.......... 387 164,472
29 403.215

Sand Island.......eevennens 416 567,687
29 204.371

Long Shoal Point.......... 445 862,058
23 574. 080

Hog Island ceeunenivininann 469 436.138
32 902,231

Portemonth Island ........ 502 338. 369

The unit of length in which the linear measures are expressed is the ¢ committee metre,” the
property of the American Philosophical Society of Philadelphia. It is one of the original metres
remitted by the French Committee of the year VII to Mr. Tralles, who gave it to Mr. Hassler, and
by whom it was brought to America in 1805 and presented to the Philosophical Society. It was
again taken to Paris and compared (August 24, 1867) with the standard platinum metre of the
Conservatoire des Arts et Métiers, and was found, at the temperature of melting ice, =1*.00000336
of the platinnm metre of the Archives.* To express, therefore, our linear results in terms of the
prototype metre, they require an increase of their 45-%15 part, or their logarithms require an addi-
tion of 0.00000146. The distances given in the following table have been increased by this quantity.

* See account of the comparison by F. A. P. Barnard, (then) Assistant in the Coast Survey, and H. Tresca, of the -
Conservatoire, in Coast Survey Report of 1867, Appendix No. 7, pp. 134-137.

8. Ex. 12——-12
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Result of measure of the Pamplico-Chesapeake arc of the meridian:

B | | | ;
i b ) ! Geodetic
Desig- | xq, | Station. | Astronomical | »p oritudo. | distance of
nation. i ] latitude. ! paraliols.
| ! |

| P PR

® 1 | Portsmouth Island ..._..... 35 04 02.67 0.00 } 0.00
‘ £0.05 \

¢! 2 | HogIsland .eevuvueinvrnnnn, |35 21 5188 {0 17 40.21| 32 902.34

_ | | 0.12 {

b 3 | Long Shoal Point .......... 35 34 36,250 30 33.58. 56 476.50
] +0.11 ; J

i 4 SandTaland..ceeee.eeneenan. 35 50 25,2010 46 2262 85 770.97

’ ‘ +0. 08 :

P 5 ! Stevenson’s Point........... 36 06 15.97 } 1 02 13 3o§ 116 174. 28
i £0.12 | |

¢ 6 | Knott Island ..............., 86 83 55.37 1 2 52.70 | 166 206.76
: +0.09 {

¢n 7 f Cape Henry light . .ccoe... 36 55 30.32 " 1 51 2765206 221,73
i +0.08 ¢ w’

¢ 8 EWolf TIAP cwenennnnnoarnnns 37 24 0L99:2 19 59.32 | 258 996, 35‘

it 9 I Tangier Island.....ovovennn. 37 53,87 { 303 173.63 ’

ér | 10 [I CAlvOrt . evmmennenarnnrnnns. 38 29.20 | 365 350.14 |

¢ | 1 {Mamon .................... 38 22.15 | 422 496.26
|

i T B 22,79 | 446 518.23

| ! +0, 04

il 13 ; PoolsIsland ..coocw.onoioo. 30 17 09.65 ;4 13 06.93 | 468 143. 44
; +0.12 |

G | 14 | Prineipio coooeecemueeeoan 30 35 32.73|4 B1 50.08 | 502 340.06
! £0.05 |
i ! !

A discussion of the probable errer of the length of the arc, based upon the probable errors of
the base -lines and the errors developed in the triangulation, gave 4 ;%55 of its length, equal to

:1:3 3 Wetres (about 0.4 inch in a statute mile).

ESTABLISHMENT OF THE CONDITIONAL EQUATIONS BETWEEN THE ANGULAR AND LINEAR MEAS-
URES OF AN ARC OF THE MERIDIAN AND THE CORRECTIONS TO ASSUMED SPHEROID.*

In order to bring the observed latitudes ¢ ¢/ ¢’/ . . . . in accord with the measured merid-
ional distances, they require the small correctionsz &/ @/ . . . . the sum of the squares of
which is to be made a minimuwn, the variables being two quantities determining the fignre of the

- earth, considered as an ellipsoid of revolution. Starting from the expression for the distance S
between two parallels ¢’ and ¢ of which the corrected values are ¢’ + o/ and ¢ 4+ z and putting

g, = an approximate value of g
a, = an approximate value of «

as determined by ¢ = lw-'}:—e and a = a, (1 4 k);

also p=1—2acos (¢ ~ ¢)cos (¢’ + ¢) + 2’ co8 2 (¢ — ¢) cos 2 (¢ + ¢)

Here we may put o’ = g

180 x 3600 1
E = gin 1/

and o » and its logaritbm 5.3144251; then the difference,

* See Bessel, in Astronomische Nachrichten, No. 333, p. 338, and following (June, 1837); also Captain Clarke, in
British Ordnance Survey (London, 1858), pp. 207-268.
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&' — » expressed in seconds, is given in terms of the small corrections ¢ and % by the conditional
equation—

ml_w=}[§600§s
e 9,

- 5 .
——¢+er <20, sin (¢' — ¢) €08 (¢' + ¢) — g o sin 2 (¢! — ¢)

3600 S
X cos 2 (¢ + e+ - .. )] -+ gl'.‘?)' )

+i;(2a,sin(¢_¢) CoS (¢ + ¢) —3a SN2 (¢ —p)COS2 (¢ + ¢) F . . . . )k

Putting the first term which does not involve ¢ and %, equal to m, the coefficient of the second
term equal to a, and that of the third equal to 4, we have—

¥ —x=m<+ at 4+ bk

And a similar equation will obtain for the combination of the most southerly latitude with each of
the other latitndes in any one arc. TIor convenience of computation, we put 10000 ¢ = p and
10 ¥ = g and assume g, = 111121 and a, = gyy-ig75. ¥Yve have also—

n=ta4 i+ Hd4+ . . . . and log g, = 5.04379614
log ¢, = 7.3998045 — 10

The assumed value of ¢, is very near the value belonging to Bessel's ellipsoid, and the value «,
is exactly corresponding to his value of the compression.

COMBINATION OF ARCS OF THE MERIDIAN.

Although two arcs theoretically suffice to deduce a result for the figure of the carth, considered
as an ellipsoid of revolution, yet the two ares measured by the Coast Survey have their mean lati-
tudes too close together to be suitable for such a porpose; but by combining them with the Peru-
vian are, measured between 1735 and 1744, we may obtain a fair result for the earth’s meridional
ellipse passing through North America in the average longitude of 75° 09/ west of Greenwich.

The data of the Nantucket arc of the meridian (in longitude 70° 23/ west of Greenwich), meas-
ored by the Coast Survey between 1846 and 1867, I take from my report of November 30, 1867,
published in Coast Survey Report of 1868, Appendix No. 9, pp. 147-153:

Desig- N Astronomical : .Geodetie
> No. Station. " Amplitude. distance of
nation. latitude. parallels.
o ! " o ’ r m.
¢ ! 1 | Nantucket Cliff............. 41 17 32.86 0.00 0. 00
: 0. 06
P! 2 | Manomet covnninniiiann.. 41 55 35.33 0 38 02.47 70 429. 77
+0. 05
il 3 | Thompson ..cvecemeniuannn.. 42 36 38.28 1 19 05.42 146 432. 14
+0.10
¢t 4 | Agamenticus .eeeee..ooo..l] 43 13 24.08 1 55 52.12 214 404. 07
+0.07
3 5 | Mount Independence .......} 43 45 34.43 2 28 01.57 273 939. 65 i
+0. 06
¢~ G | Sebattis .......ooiiiiials 44 08 37.60 2 51 04.74 816 657. 97
+0.09
¢ 7 | Farmington................. 4 40 12.06 3 22 89.20 375 225. 38 +1=. 30
£0.05

The data tor the Peruvian arc I take from Bessel’s paper in the Astronomische Nachrichten,
No. 333 (the same as used by Captain Clarke in * Comparisons of standards of length,” London,
1866, pp. 283). To convert toises into metres, we have the accepted value 1* = 19490363 and its
log: 0.280819930. .
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The average longitude of the eruvian arc is 789 56’ west of Greenwich:

Desig- ! j : Asgtronomical : f}eodetic
ST Wo. | Station. Amplitudes. distance of
nation. ; latitude. parallels.

i l o s o 1 e " ™.
6|1 Tangmhe e ~3 04 32.068 0.000 0.00
¢t ‘l 2 x Cotehesqtli.uenreeraerranans +0 02 381,387 3 07 03.455 344 736.77

i

RESULTING CONDITIONAL EQUATIONS OF EACH ARC OF THE MERIDIAN.

A.—The Nantucket arc.

1"

@ — 2 = 4 0.629 4 0.2283 p 4+ 0.1401 ¢
@ — @ = 4 1141 4 04747 p + 0.2630 ¢
& — x = — 2,640 4+ 0.6949 p 4 0.3482 ¢
IV e = — 2.776 4 0.8879 p + 0.4032 ¢
¥ - 2 = - 1729 4 1.0263 p 4 0.4315 ¢
™ — x = 4 1.444 4 1.2161 p 4 04552 ¢
B.—The Pamplico-Chesapeake are.
"
@) — x, = — 1463 + 01068 p + 0.1819 ¢
g8 — @ = — 0.840 4+ 01833 p + 0.3087 ¢
2 — p = 4 0.708 4+ 02783 p 4 0.4625 ¢
@ — @, = 4 4103 4 03737 p + 0.6123 ¢
¥ — 2, = 4+ 3.420 4 05396 p + 0.8638 ¢
7 — 1, = 4 3785 4 0.6691 p + 10512 ¢
27— g, = 4 4200 4+ 0.8404 p + 1.2869 ¢
o o, = 4 2,716 4 09837 p 4 14738 ¢
z)x — @, = 4+ 4170 4+ 11853 p 4+ 1.7200 ¢
zE — x, = 4 4660 4+ 1.3707 p 4+ 1.9293 ¢
a® ~ x, = 4 3.087 4 14486 p + 2.0128 ¢
2 M — g, = 4 0.210 4 1.5187 p + 2.0853 ¢
AU g o= 4 6072 + 1.6296 p + 21944 ¢

C.—The Peruvian are,

"

@, — 1, = + 1175 + 11225 p + 56312 ¢

COMBINATION OF ARCS OF THE MERIDIAN FOR DETERMINING THE FIGURE OF THE EARTH
CONSIDERED AS A SPHEROID.

Referring to the conditional equations of the form
¥ - =m 4+ at + bk

we have for each arc to make the sum of the squares #* 4+ 2'* 4+ 2”/? 4 ., ., . = a minimum
with respect to the variables ¢ and k. First considering x this will give the equation

0 = nx + [m] + [a]t + [b]E O 4 3]
where # = number of latitude stations in the arc. Rectangular brackets indicate, as usmal,
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sums of similar quantities. For the determination of ¢ and %, to be found from all the ares, each
arc furnishes equations of the form:

[az] + [am] + [aa]i + [ab]k )
i +

0 a
bo] + [bm] + [ab]i 4 [bb]k G

0

By substitution of equation (1) these change into

0 = [am] — Mﬁ + ([aav] — [i’]ﬁ[(ibi"*‘ ([ab] — &Jh[—libk G 3)
0 = [bm] — Ui]—n[ﬂ + ([ab] - [i]n&J)i+ ([bb] - M#)k SO

for which we may write
o=XN 4+ Ai{ 4+ Bk
{o = N,4+ Bi + Ck

and since each arc furnishes a pair of equations of this form, the values of ¢ and & are found from
the final normal equations—
{0 = IN] 4 [A1¢ + B

0 = [N]+ [B]i + [C]k

In the numerical work we exchange ¢ for p and % for ¢q. The following results are obtained—

o = — 10806 + 11516p + 0.4327 ¢
Nantucketare.........ccoaunen. {o _ 0.5928 + 0.4327p + 0.1708 ¢
. ! 0 = 4+ 103323 4+ 41744 p + 5.6130
Pamplico-Chesapeake arc ...... {o — 1 145352 4 5.613 Oﬁa N 7.58723
. [0 = + 06594 + 0.6300p 4 3.1606 ¢
Peruvian are.................. 0 = + 33083 4+ 31606 p + 158554 ¢
o 0= + 99021 + 59560p + 9.2063 ¢
And by combination. ... {o = + 17.2507 + 9.2063p + 23.6134 ¢

whence p = — 1.3422 with the weight 2.37
q = — 0.20726 with the weight 9.38
o i = — 0.00013422 + 0.00008840
k= — 0020726 4 0.0444;
also g = 1111359 and a—b _ 1
+ 9 .8 a 305.5 £ 135

The corrections to the astronomical latitudes are as follows:

Nantucket aro. Pamplico-Chesapeake arc. Peruvian arc.
" la "
Nantucket. . ... .ooooon.- + 1.49 | Portsmonth Island._....... — L1838 Tarqui-...oo.oioiianiiaas 1075
Hog Island ....vvnvannnnn. — 2.83
Manomet ...ooererannnoon -+ 1.78 | Long Shoal Point ......... — 2.33 | Cotchesqui ...oomvvunnnnnnn — 07
Sand Island.cecveeeniin.. — 0.9
Thompseon ....cevveeeraan. + 104 | Stevensons Poinb.__...... 4 2.29
Knott Island...... + 1.34
Agamentions .....c.ooen. - 2.15 | Cape Henry light. ... 4+ L49
Wolf Trap cccmeeoaaaa.n. + 1.63
Mount Independence ..... — 2.96 | Tangier Island....cu...... — 0.09
Calvert .co..ooooiiiiaiils + 1.04
Sebattis ....comviuennennn. — 1.70 | Marriott .coneaneiaaao ... + 124
Woebb ceerenimmiicaancnaan — 0.46
Farmington ....cccvvmunen -+ 1.21 | Pool's Island eceenenannnn. — 3.44
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With a mean error of a latitude determination -£ 27.02, and the probable error 41/.36, the
following table gives a comparison of our results with similar results for the figure of the earth;
the first column of results are those upon which, up to this time, all geographical latitudes and
longitudes of the Coast Survey depend. The second set of results are considered the most reli-
able so far deduced, and depending on a combination of five selected arcs under the hypothesis of
the average figure of the earth approximating to being represented by a spheroid:

Coast Surve
Data for figure of earth. Bossel, 1641 | Clarke, 1886, |~ ygrr. -
. - | ;
1
| Equatorial radiug, @ eeeeneooooioollll et mremar e 6 377 397Tm. 2 | 6 378 206m 4 € 378 054m. 3
; Polar semi-axis, B L e ciaaeas 6 356 079™. 0 6 356 HA3™. 8 6 357 175™.0
i @b 1 1 1
§ L0263 42 13« G PP RO 5 55956 P
i Average length of 2 degree of the meridian, g....oueeennoat. 111 120=.6 111 182m. 1 111 135™. 9
i Length of aquadrant .. .o . iiieiiaaaas 10 000 856w 10 001 888= 10 002 232m
i Number of ares combined e iaennan 10 5 3
i Their aggregate length oooo ool e e 500 35. 4 76> 850 1° 01.2

Bessel’s arcs are sitnated in Europe and Asia, with one arc in America (the Peruvian). Clarke’s
ares are situated in Europe, Asia, Africa, and America (the Peruvian). The Coast Survey arcs
are in the Western Hemispliere, near to the average longitude 75° 09’ west of Greenwich. The ares
are all in its northern quadrant excepting a part of the Peruvian arc which lies across the equator.
Owing to an absence of measures in a high latitude our special combination must necessarily be
weak for the determination of the compression; this is sufficiently shown by the large probable
error assigned to the above value. This probable crror, however, includes within its range the
best value for the compression, as far as known. As a special combination of ares for North
America the results indicate that the carvature of the meridians is probably not materially differing
in the two hemispheres (the Bastern and Western), but that our two ares demand a spheroid of
somewhat larger size than that given by Bessel's numbers for the earth as a whole. This will
appear clearer if we adopt for the compression ziz, and determine by means of our equations the
corresponding values of the semi-axes; they become a = 6378769 and b — 6357146 very nearly.
The surface of this spheroid lies aboutd63 metres outside Clarke’s spheroid and is concentric
therewith, whereas for our first spheroid its surface at the equator lies 152 metres inside, and at
the pole 591 metres outside Clarke’s spheroid, which latter it therefore intersects. If the form of
the meridian was not restricted to an ellipse it is probable that in our middle latitudes the average
surface would project beyond the elliptic surface. The result from the combination of the three
American ares, which is of most interest to us, is the preference it gives to Clarke’s spheroid over
that of Bessel’s; an carly abandonment of the latter as the fundamental surface npon which to
develop the triangulations of the Coast Survey is thus indicated. Our triangulation thus being
supposed developed on too small a surface (Bessel’s spheroid), our geodetic latitudes in the north
will apparently be too great, and the so-called station-errors, astronomic minus geodetic latitudes,
will have a — sign predominating; those in the south will appear too small, and the apparent
station-errors will have a <4 sign predominating.* If we suppose the geodetic latitude to refer to
the middle latitude 409, geodetic results for positions differing from it in latitude 5°, north and
south of it, would be affected by nearly 24 seconds (of are), that is about their +¢%y part; the actual
increase needed will probably be less, and may be estimated as one part in 9000, for quantities
depending on the dimensions of Bessel’s spheroid.

No change in our geodetic data is at present contemplated, nor would it be timely to enter into
any further discussion of these ares, since we may confidently expect that both Coast Survey ares
will ere long be extended northward. Besides, we shall have the additional testimony of the nearly
completed oblique arc of the primary triangulation, supported by numerous astronomical stations
between Maine and Georgia, which arc has already reached an extent of nearly 173°.

Under the supposition of an elliptic equator Captain Clarke finds (Comparisons of standards of
length, appendix, p. 285) the minimum quadrant to lie or intersect the equator in longitude 743°

* In the coast triangulation between Maine and North Carolina appsarances support this view ; for the southern
part of the Blue Ridge primary triangulation the value A — G is sbout + 3.5; the work, however, is a8 yet incomplete,
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west of Greenwich, almost precisely the average longitude of our three arcs. Their result as given
above is not particularly favorable to the assumption.

I may be permitted to remark that geodesy would derive much benefit from a remeasure and
extension of the Peruvian arc, which it will now probably be conceded falls short of the precision
which its favorable position on the earth’s surface demands; being at the equator, it has great
effect in the combination with ares in high latitndes for the deduction of the eartl’s figure; hence
its apparent fair accord with other ares is no sure proof of the accuracy of its determination. Its
chief defect lies in the paucity of astronomical latitudes (there being but the necessary two), and
this in a country where large local deflections of the plumb-line must be expected.

The arc of nearly one degree and a half, measured in the last century in connection with the
establishment of the boundary between the States of Maryland and Delaware, by Mason and
Dixon, which lies not far east of the northern part of the Pamplico-Chesapeake arc, has not been
taken into account in the foregoing discussion. Its accuracy, although fully equal to the best work
of its day, falls far short of geodesic measures made within the last fifty years, and the small amp-
litude of the arc makes its value ineffective in any estimation of the magnitude and figure of the
earth from geodesic operations accomplished up to this time. Amn account of the Mason and Dixon
arc is given in the Philosophical Transactions of the Royal Society, 1768, and in reference to it, the
the Astronomer Royal of Great Britain, Sir George B. Airy, in his treatise “On the Figure of the
Earth” (Encyclopedia Metropolitana, 1830, p. 209), uses the following language: ¢ The results of
this measure must, we think, be received as squal in anthority to those of any other measure” 1t
is, therefore, only owing to the increased perfeetion of instrumental means and methods that we
now dismiss from further consideration the first measured North American are, which, moreover,
is now superseded by the present measures.

An aceount is given in the Comptes Rendus (Paris) 1867 of a meridional arc of nearly 10°
then being measured in Chili by Mr. Pissio. Judging from the statement of instrumental means
used, the impression made respecting its accuracy is rather an unfavorable one. No report of
the results having since been published, it has not been introduced into this discussion.
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APPENDIX No. 7.

THE MAGNETIC OBSERVATORY AT MADISON, WIS.—REPORT BY CHARLES A. SCHOTT, ASSISTANT.

CoasT SURVEY OFFICE,
Washington, D. C., October 8, 1877,

DEAR S1R: In conformity with your instructions of September 3, 1877, charging me with the
duty of examining into and providing for the efficiency of the Magnetic Observatory at Madison,
Wis,, I applied to the assistant in charge of the office for the photographic traces and records, and
on ‘rhmr receipt at once computed the scale-values of the instruments, prepared the necessary read-
ing-scales for the maces, and partly read them off, and scrutinized the results.

The unifilar magnetometer appears to be in a satisfactory condition, and six months of traces
were available for tabulation on the 1st of September. One division of scale equals 1/.159 (times
the torsion factor).

The bifilar magnetometer produced traces of almost straight lines, and its failure is due to want
of sensitiveness of adjustment. By the method of angles (record recovered by mée), one division
of scale equals 31g; by the method of weights (the more reliable), ;15 of the horizontal force.
For efficiency this amount should have been about ten times smaller. Respecting the temperature
compensation, we have no precise information.

The vertical-force magnetometer appears to have done tolerably well in the first month (March),
but soon after lost its stability, its construction not bearing so high a degree of sensitiveness as
was given to it. Perhaps a small percentage of the traces may be found usefnl in the diseussion.
The scale-value was well determined, and one division I found to equal ~#;¢ part of the vertical
force, A few traces have been read off and tabulated. The temperature-compensation appears to
have been well made.

The purely photographic work is, upon the whole, eﬂ'eetlve, yet it will bear improvements.

September 13 T arrived at Madison, accompanied by Mr. Suess, and, after inspecting the mag-
netic observatory, called on Mr. Van Slyke, one of the trustees of the university, to arrange for the
proper ventilation of the vault, a point of importance not only for the comfort of the cbserver, but
for the performance and preservation of the instruments and the reliability of the scale-values of
the force-magnetometers, they being affected by deposition of moisture.

Through the liberality of Mr. Van Slyke, the work for ventilation was immediately attended
to; a six-inch earthenware pipe was laid below the level of the floor, with an opening in the center
of it, and with a slight inclination southward. The approaches to the observatory, which in wet
weather had been almost inaccessible, were graded and the sides sodded. After this the inmer
walls of the vault were perfectly dry, and no inconvenience was felt by us for want of fresh air,
" though engaged for hours in the adjustment of the instruments. The brick stove, though not in
use, and the old vertieal air-duct, were left untouched, serving still as ventilators. I have no ap-
prehension whatever of any further trouble on account of meisture or foul air. 'While the work of
digging and relaying of floor went on, Mr. Suess was engaged in cleaning the instruments and in
instructing Mr. Mason respecting improvements in the photographie process ; also in fastening the
wooden supports on the top of the piers bearing the scales, telescopes, cylinders, and clock, which
had become loose, warping from the effect of moisture. The funnels on the lamps were lowered to
give ascending slope to escape-pipes. The lamps were fastened to their stands, and the metallic
reading-lamp, which had frequently disturbed the vertical-force magnet, was replaced by a stearine
candle, fastened in a block of wood.

In the mean time, with the assistance of Mr. Braid, whom I found engaged in makmg a new
determination of the absolute magnetic measures, I made a small local triangunlation connecting
threc magnetic stations with the triangulation of the State, and deseribed the stations.
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Collating Mr. Braid’s results for declination with those obtained last year by Mr. Hilgad, jr.,
I noticed a large discrepancy, requiring explanation. I therefore suggested to him the desiranlity
of observing also with the old magnetometer (No. 6), which had been used the year before, in order
to make the results strietly comparable (the new instruwment nsed by Mr, Draid as yet having been
but roughly tested at Washington). We observed jointly on several days to make sure of the
absolute measures, and on the last day I established a new station two hundred and fitty feet fur-
ther south of the dome of the main building than the old station, fearing that local disturbance
from that objeet, and from its iron tank and counecting pipes, was sensible. When the observa-
tions of 1876 were made, this tank and the pipes were not in place, but when the magnetic obser-
vations were started in March they were. These changes, consequently, have no special signifi-
cancy with respect to our difterential instruments. I observed also for astronomieal azimuth of
mark at the two stations. Computations made sinee show that the loeal disturbance extends to
the absolute station of 1876, and that the determination of the annual ¢hange will have to wait for
another year.

The scale-values of the three instruments, as finally determined by me, are as follows: The
declinometer, one division of scale = 17193, corresponding on the exlinder to 1,975 for reading oft’
the traces. The horizontal force-magnetometer, one division of scale = 475 of the foree, corre-
sponding on the eylinder to 1m.807 for reading off the traces. The vertical-foree magnetometer,
one division of scale = -3, of the force, corresponding on the eylinder to 192713 for reading oft
the traces. The torsion of the declinometer-suspension was measured. A new roller, of about 5
diameter, was put in for the bifilar suspension.  The cups of sulphuric acid inside the ghiss cases
were replaced by powdered unslaked lime.

Observations for effeet of changes of temperature were made hoth for the horizontal and vert-
cal-force magnetometers, in order to ascertain the probable range of variation in the traces due to
changes of temperature in the vault during the vear. For the correction of the readings of the
intensity Instruments on account of changes of temperature, 1 purpose to employ the ordinary
observations themselves as safer than the determination of the temperature co-efficient from
special observations. The persistence of temperature in the vault is very great; we could only cool
down the magnet a very few degrees, and, after the application of ied tor two hours, we had to
desist on account of moisture appearing on the magnets, specnlum, and mirrors, and subsequently,
after about three hours of heating up by means of lamps, funnels, and india-rabber tubes, the
magnet rose in temperature but a very few degrees.  The horizontal-foree magnet is a little too
lively, and I intend, at a snitable time, to introduce a copper damper tor the bifilar magnetometer,
having about one-half the mass of the one now with the rertical-force magnetometer, This Tndter
I propose to take out, and substitute for it one of half the mass. That it acts too powerfully is
iliustrated by the fact that when the instrument was first examined the vertical-foree magnet tilted
over after it was removed and the magnet again balanced after-it was replaced.

The magnetic work, in the local charge of Dr. J. E. Davies, assisted by Mr. David Mason as
operator, is left in safe hands, and T trust it will now continue without serious interruption, though
the delicacy of the instruments requires constant-watehfulness.

The keeping up of annual determinations of the absolute measures of declination, dip. and
intensity is, of course, an essential feature of the magnetic establishment.

I propose to make a preliminary discussion of some of the observations taken by each of’ the
instruments,

Yours, very respecttully,
CHAS. A, SCHOTT,
Assistant Const Survey, in charge of Obscrvatory,
CARLILE P. PATTERSON, Esq.,
Superintendent United States Coast Survey.

S. Ex. 12 13
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APPENDIX No. 8.

NOTES CONCERNING ALLEGED CHANGES IN THE RELATIVE ELEVATIONS OF LAND AND SEA.
REPORT BY HENRY MITCHELL, ASSISTANT.

There is a popular impression, shared by some eminent geologists, that the northeastern shore
of our continent is rapidly rising from the sea, so rapidly, that the change of depth over rocky bars
upon the coast of Maine has been noticeable within a generation of practical boatmen. Professor
Shaler has estimated that the emergence is ¢ probally over a foot in a century, and may be as
nmuel as three feet in the same time” upon this coast.*

About a quarter of a century ago Professor Baclie, then Superintendent of the Coast Survey,
made special effort to establish benches at all the tidal stations, with a view not only to the perpetu-
ation of the datum plane of our soundings, but also as initials for the measurement of the variations
in the relative level of Jand and sea.  Assisting in this carly work 1 became familiar with the pre-
vailing impression among the boatmen that an cmergence of the coast was in progress, or as they
expressed it, that the rocks were * growing.” 1t may be presumed that a current notion has at
least a nucleus of truth, but in our country, settled so recently by people from distant lands, there
are many traditions and doetrines that are not yet corrected for latitude and longitude. I am
inclined to think that the “ growing?” rocks are imported ; and from this negative point of view 1
have made a study of the records of early voyagers for notices of ohjects near the sea-level which
could be identified with those now visible,

There is no difficulty in showing that the larger estimate for emergence is in excess, but as
regards the smaller estimate I have passed throngh much uncertainty, because in a locality where
the tides arve of greab range it is often nmpossible to determine to what plane of reference the carly
soundings were redueed. 1 have found it necessary to reject all data that are not directly or indi-
reetly associated with information concerning the slage of the tide, and I ask your attention to my
care in this respect, because in this lies all the merit that I may claim.

1t is proposed to show, to the extent that the evidence may warrant—

1st. That the attention of early explorers was attracted by the salt marshes, which broke the
monotony of our otherwise then wooded country, and that these were then, as now, at ordinary
high-water level.

2d. That rocks upon our coast, long notorious as dangers to navigation, have not risen since
they were first discovered,

SALT MARSHES.

When, in his journal of July, 1534, Jueques Cartier describes a scene on the southern and
- western coasts of the Gulf of Saint Lawrence “as full of as fine fields and prairvies as e have seen,
Aat as a lake throughout™ ;1 and again, further on, uses the words, “plenty of praivies,” and “ many
JMine prairies,” we may at least suspeet that he saw the same meadows that are now mowed for salt
grass, or cultivated within dykes.  And when we come down to the later descriptions of Champlain
and Lescarbot we are no longer left in doubt. The salt meadows of Port Royal (now the Annapolis
Jasin, Nova Bcotia) are indicated upon Champlain’s map of 1604 by the letter L several times
repeated, and in the legend this letter L stands for * prairies which are inundated by the great
tides” ;1 and, not content with this, Champlain explicitly states in the text of his book that the
L'Equille (now Annapolis River), from its mouth as far up as he navigated it, presented numerous
< praivies,” but that they were inundated by the great tides.

* Atlantic Coasi Pilot (edition of 1875), page 836, Y+« Tout plat comme seroit un lac.”
) pag 1
t Prairies qui sont innonddes des canx auxr grandes mardes.
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Lescarbot’s map of Port Royal, bearing date of 1609, indicates the marshes by topographical
signs that would be unmistakable, even it he did not also explain himself in the text of his book.*

“One might be astonished,” he says, “ that these praivies conld exist in a country all covered
with wood. To satisty the curious, I will explain that the hich tides, principally those of March
and September, overflow the banks, which hinders the trees {rom taking root; but everywhere
that the sea does not overflow is covered with wood.”

And agaiu, still more explieitly, in his farewell song—

Adien, then, sweet shores, with mountains abent,
That shelter Port Royal by double redounbr;
Adien, verdant valleys, that twice in cach moon
Receive far and wide the waves of Neptune.t

This verse, taken in conneetion with the prose quotation preceding, certainly places the height
of the marshes at or above ordinary high-tide and below the two spring-tides of each moon. The
difference of elevation between ordinary Ligh-water aud high-water of spring-tide is two and a
quarter feet (if we take half the difference of range given in the “ Official Copy™ of the Dritish
“Tide-Tables™) at Digby Gut. The verse cxpresses very well the present physical condition of
those marshes which have not been reclaimed. Salt Lay still grows upon sowme of those indicated
upon the maps of Champlain and Lescarbot, as 1 have personally observed, while others Liave been
dyked for two centuries. Dier’ville, who visited Port Royal in 1699, deseribed very well the man-
ner of building the dykes and the automatic slnice-gates employved.j

There are no indications in the history of dyke-construction of any change of elevation of the
marshes, which has reduced the necessary height of the barviers against the tide. My firiend
Thomas B. Akius, esq., formerly Commissioner of the Archives of Nova Scotia, has kindly
responded to my inquiries into this matter, and I guote the following from his letter:

“ Where old French dykes exist without any additional dyking ontside of them (which is very
rare), they have been added to by subsequent work, and have evidently been lower than the sul-
sequent dykes made by the English; but allowanee, in suclh cases, must Le made for the falling in
of the old work and the settling of embankments after so many years. 1 may mention that in or
about the year 1760 a very high tide occurred, that swept away all the dykes in Nova Scotia.
They were, at this time, all French dykes, and at least eighteen inches lower than those afterwards
erected.”

Iie elsewhere says that a great storm, known as the ¢ Saxby gale,” from a naval oificer named
Baxby, who foretold it, overflowed the dykes again, submerging fifteen to twenty thousand acres
of land, about ten years ago. .

In his map of Chouaceit (Saco, Me.), Champlain represents 'topogra‘phi :ally some of the salt
marshes, and calls them, in the legend, “Marais.” In the text, however, he speaks of the river as
bordered by prairies. He also speaks of going (westward) six or seven leagues, where he found, on
landing, two prairies, each about one league long by a half league wide, evidently referring to the
great salt marshes of Wells, which skirt the coast for about five miles, and are divided into very
unequal parts at present by the inlet from the sea, which is prone to shift.

This great marsh, only a few years after Champlain’s visit, proved attractive to settlers, under
the patent of Ferdinando Gorges, and subsequently  six seore acres” of it were sold for a good
price by deed bearing date of 1643.§

On Champlain’s map of Le Beau Port (Gloucester, Mass.), which is his best, in many respects,
the extensive marshes which lie between this port and the Essex River are represented, as well as

* Histoire de la Nouvelle France, Chapter XIIL.
t 4 Diva a lo Nouvelle France du 30 juillet 1607,  Sce Les Muses de la Nouvelle Franee.
The second couplet runs thus:

“ Adiew vallons herbus que le flot de Neplune
T'a baignant lurgement denx fois & chagque lune.”

t Relations du voyage du Port Royal de L' dcadie. Amsterdam, 1710,
This book is mostly in rhyme, but-that to which I refer is sober prose.
§ Collections of Maine Historical Society.



100 REPORT OF THE SUPERINTENDENT OT

the little pateh of salt meadow at the south end of Freshwater Cove. Ile refers to themn in the
legend as prairies.

On his mayp of Port Fortund (Old Stage Harbor, Chatham, Mass.), the littoral salt inarshes of
Harwich appear, and are still referred to in the legend as prairvies. llere the spring-tides that
overtlow the meadows are only seven inches higher than ordinary high-water.

The Pilgrims and Puritans, unlike their French contemporaries in Ameriea, were not observers
of natural phenomena from scientific or wsthetic points of view, but they were quick to recognize
in the salt marshes the ¢ green pastures” provided for the elect. In “ New England’s Prospeet”
I tind the bext piece of evidenee that T have to offer regarding the elevation of these tide-lands.
“The lowest ground,” says the anthor (whose account was first published in 1634), “be the
marshes, over which every fall and change the sea fows: these warshes be riel ground, and bring
plenty of hay of which the cattle feed and like™ At full and change the sea still Hows over
these same marshes, and the grass is still cut, for the cattle still like it.

low long these salt meadows have lain “ all flat as a lake” at the feet of our New England
hills no one knows, but that they belong to the present hour, geologically speaking, may be inferred
from the fact that no elevated plains exist to represent similar deposits at other stages of the sup-
posed undulation of the eartl’s crust. Perhaps, bordering upon the sea, they may be at the fulerum
of the tilting movement between ocean and continent, and therefore at rest.

It may he objected 1o my whole line of argument thus far, that, in premising a present corre-
spondence between the surface of the marsh and the high-tide Ievel, I have admitted a possible
dependence of the former upon the latter. If the alleged change were in the opposite sense, i. e.,
talling instead of rising, this ohjection would be valid, becanse new deposits would be made upon
the marsh as fast, perhaps, as submergence took place; but in the rise of the marsh the only change
of volume that conlil take place wounld be that due to shrinkage, and this would be confined to the
stratum above the water-table, as in the case of dyked lands. 1 use the word skrinkage not sinkage,
heeanse it is not cansed by the increased weight due to drainage. Our marshes, as T showed in my
paper on ¢ Reclamation of tide-lands,” will searcely yield under twelve hundred pounds to the
suare foot.

ROCKS.

Pereé Rocl, near the town of that name on the peninsnla of Gaspé, Gulf of Saint Lawrence,
is thux deseribed in Imray’s Sailing Directions (1877): * Within Bonaventure Island, and close to
the main, nearly dry at low-water, is the Percé Rock, so named from having two large holes iu it,
one so large as to admit the passage of boats at high-water. It is so precipitons as to be nearly
inaccessible, and two hundred angd eighty-eight feet high, and at a distance appears like a citadel.
The rock is joined to the main by a reef.”

This remarkable object is described by Champlain as scen by him on the 15th of July, 1603, as
follows: “Thenee one comes to the Isle Pereée, which is a very high rock, steep on the two gides
where there is a hole through which ¢chaloupes & basteaux’ can pass at high tide; and at low tide
one ean go from the main land to the said island, which is only some four or five hundred paces.”

These two deseriptions seem to indicate that no change of elevation has taken place. You will
“obgerve that both high and low water planes are stated in each, and, sinee the range of the tide is
only three teet at neaps and five feet at springs, we have lLere a veritable bench-mark established
two hundred and seventy-five years ago!

The permanence of this point is a very interesting fact in connection with the alleged changes
of elevation all along the valley of the SBaint Lawrence during the earthquake of 1663 ¢ which tore
up mountains by the roots and tumbled them into the sea—which caused new mountains to spring
up trom former plains,” &e., according to the description given in the % Biograply of the Venerable
Mother Mary of the Incarnation Superior of the Ursulines of New France,” of which a brief review
may be found in the Jowrnal des Scavans, May 16, 1678, This earthquake was felt in New England,
and forms the subject of a paper in the first volume of the proceedings of the American Academy
of Arts and Sciences.

* See Publications of 1he Prince Society.
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Isle Percée is mentioned as a point in the western boundary of Aecadia in diplomatic correspond-
ence of 1635, and in 1731 reference is made to it in both the French and English Mémoirs to the
Jommissaires after,the treaty of Aix-la-chapelle. 1 am thus particular about identifying my object
and showing that it was never lost sight of, because, to the eastward of the meridian passing
through this point, Captain Bayfield’s c¢harts of 1835-45, compared with Cook and Lane’s of 1766,
show great changes or diserepancies. The ice bas played a part in these high latitudes, perhaps,
in grinding down and transporting rocks, but its action will not altogether account for the difler-
ences between the new and old eharts.

Ureen Ledge.~This is a rocky shoal at the ontr'nme to Green Bax, on the eastern coast of Nova
Scotia, and nearly on the same meridian (64}°) as Percé Rock above mentionel. It uncovers on
the last quarter of the tide, according to the chart of Captain Shortland, R. N, (1862}, so that its
smmnmig, at ordinary low- tulc. , is one and a quarter feet above the surface of the sea (the rauge
being seven feet). This object is represented upon Champlain’s map of Port de la faie (1604} by
the same convention:d sign which, in Lis map of Port Royal, he explains as indicating fiats left
bare at low-tide. He gives soundings in the neighborhood which represent about the sane depth
in brasses as Captain Shortland gives in fathoms.*

Mary Ann Rocks.—These (so called upon onr Coast Survey chart of Cape Cod Bay, but com-
monly known as the Fishing Rocks) are two peaks that appear above the sea at low-tide.  They
lie in deep water although within a mile of the shore. They are the only objects in the portion of
the bay below Plymouth that coasters fear. They are about one thousand feet apart, amd it seems
to have DLeen one of these that Champlain saw “a& fleur dean” (at water-level) after leaving Port
Saint Louls (Plymonth) on a southerly course, July 19, 1605, 1t was low-tide on that date between
six and seven o'clock, and from the acconnt of his day’s journey it is evident that lLe left port very
early in the morning, so that be must have passed the rocks some time during their visibility.

Mr. Thomas Bassett, branch pilot of I'lymouth, in answer to my inquiries writes that these
rocks emerge one hour and a quarter before low-tide, and at low-tide are eighteen inches out of
water.  Ile further says that the more northern of the two peaks is geen first as the tide fulls away.

Buliwark Shoal.—* This dangerous ledge,” says our Coast Pilot for 1874, ¢ has fourteen feet at
low-water.” It is situated in the seaward approaches to T'ortland, Me. In the ¢ English Pilot,
the fourth book,” 1742, a chart by Cyprian Southack, 1720, is furnished, upon which this ledge
appears, with the words “ Ledge of rock ten foot at low-water.”

Drunker’s Ledge—** These are two distinet ledges,” according to our Coast Pilot for 1874, “One
is dry at half tide, the other has four feet at mean low-water, and at low spring-tides it is nearly
bare.” The same chart by Cyprian Southack, 1720, referred to above, represents these ledges with
the words ¢ Two ledges of rocks to be seen at low-water.”

Bulwark Shoal and Drunker’s l.edge, far from supporting any theory of emergence, might be
cited in vindication of a theory of subsidence if confirmed by other testimony.

Cyprian Southack was a member of the Governor's Council of Nova Scotia, and published
charts from “actual surveys,” but he was a man of no precision, as I have shown in a former report.

Brazil Roek.—~This is, perhaps, the most notorious rock in American waters. Situated cight
miles 8. E. by E. § E., by compass, from Cape Sable light, it lies directly in what would be the

track of our largest vessels but for this Yion in the path. I undertook to hunt up the reeord of this
rock with great confidence, but was much perplexed by what seems to me a palpable error in my
earliest and most eminent authority, Al de Chabert. This savant was sent by the Government of
Franece in 1750 to rectify the charts of the coast of Acadia, and his report was commended before
the French Aecademy deservedly, because his geographical positions were well determined. Dut as
regards Brazil Rock he makes the following strange statement:

Tt is ¢ three and a half leagues southeast a quarter east from the poiut of the cape by compass,
as I have myself redetermined it while I was there ; it breaks and uncovers at low-water.”

The recent British survey gave two fathoms at mean low-water upon this rock, and the last
edition of the Wilson Sailing Directions says: “ This a flat rock eovering a space of but one cast of

*The v:uluc of Champlain’s brass is uncertain; if it was five fect of the S_/sfvmc Aducien it was about five and a
third feet of onr measure.
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twelve feet.” Des Darves, in his large map of Cape Sable, as well as in hiy smaller charts, gives

Jrazil Rock ten feet of water.  His sailing-directions of 1775 also give ten feet; but in his sailing-
diveetions of 1776 he says: «The Brazil is a small flatt vock with twelve feet of water and within
a cable distanee all ronnd you have six to eight fathoms.”

The fact that Champlain did not-see this rock, although he eruised about Cape Sable several
days, and the improbability of a fwelve feet snbmergence without destroying the resemblance
existing between Chabert’s ehart of Cape Sable Island and the most recent one published, have
satislied my mind that the heavy summer growth of kelp must have been seen by Chabert and
mistalken for the bare rock.

The fact that Des Barres finally decided upon twelve feet, after stating a less depth, indicates
that he reterred to spring-tides in one ease and mean tides in the other. Sinee the tides are at this
point only of six feet range. the plane of reference, whether from o long series of observations or
not, can ditfer but little from the truth. ’

Before introducing any further evidence from Des Darres, I ought to state that his plane of
reference has always been regarded as the level of spring-tides in all the comparisons made to
determine the rate of deposit in our harbors, within my knowledge; and I find, upon oune of hix
maps of Boston Harbor, & note made by me long ago to the eftfect that his spring-tide was the
lower of the two occurring in each moon. From what source this information first eame to us I do
uot know, but I find no remark by Des Barres himself concerning it.

Jig Rock —This object lies off MeNutt's Island, at the entrance to Shelburne, N. S. It had six
feet npon ifs summit, according to Des Barres, in 1776, It has, upon Captain Shortland’s chart
(corrected to 1863), one and one-quarter fathoms at mean low-water, If Des Darres datum-plane
is low-water spring-tides, these two statements agree perfectly.

Trinity Ledge—~Des Darres, in his sailing-directions, says this ledge ¢ lies 8. W, § 8. distant
six niiles from the southermost point of Cape St. Mary’s,” Nova Scotia. ¢ When the tide is out
three stones appear above water.”  The chart of Captain Shortland, R. N, bearing date of 1862,
gives this ledge, with the words, “Dry at low-water of spring-tide” (ablreviated). 'We may presiime
that the three stones were the origin of the name, and must have been seen previous to Des Barves
time; but the fact that one must wait for the low-water of spring-tides to see them now, certainly
goes to disprove any theory of emergence as touching the last century.

Ilarding’s Ledge.~This is a cluster of rocks lying in the approach to Boston Harbor. It has
been the scene of more shipwreeks than any other off-shore object in this neighborhood, and may
therefore be presumed to have been regarded as important by Des Barres. In his ¢« Nantical
Remarks and Directions for Boston Bay, from surveys principally by George Callender, 1769,” he
says, ¢ Harding’s largest vock is four feet out at low-water” Upon the most recent survey, that of
the United States Commission for Boston Harbor, execnted by Albert Boschke, 1863, the elevation
of the largest rock is given at three and a half feet above the plane of low-water spring-tides.

This evidence, as opposed to emergence, requires no comment.

Greal Ledge—For this obstruction, at the eastern entrance to Wood's Hole, Massachusetts,
Des Barres’ chart contains the words, “ Ledge dry at low-water.” Our Coast Survey chart of 1857
represents, by the usual conventional signs, four rocks awash at mean low-water, and 1 have myself
" seen one of these rocks out of water, so that I think Des Barres still correct if his plane was low-
water spring-tide. As the whole range of the tide from high to low water is less than two feet at
this point, it is pretty close reckoning to distinguish between planes of reference.

Great Ledge (Buzzard’s Bay, Massachusetts).—This ledge has one projection indicated as awash
at mean low-water upon the ¢ (foast Survey Chart of New Bedford corrected to 1870.” Des Barres
found it “dry at low-water”—probably at spring-tides.

From the foregoing it has been seen that the study thus far extends from Wood’s Ifole, lati-
tude 41° 317 longitude Y0° 39, to Percé Rock, latitude 48° 30/, longitude 64° 13/, embracing 7° of
latitude (420 nautical miles) and G° 26 of longitude (266 nautical miles). 1t would, of course, be
quite unwarrantable to conclude that a parallelogram with these limits has remained unchanged,
but a smaller district may be claimed as beyond dispuic. If) confining ourselves to Champlain’s
points, we draw a line from Green Ledge to Annapolis, Nova Scotia, thence to Wells, in Maine,
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thence to Gloucester, thence to Bary Ann Rocks, thence to Harwich, Massachusetis, thenee to
point of beginning at Green Ledge, we inclose a distriet of 20,000 square miles.  Within this dis
triet lies Trinity Roeks, and near it Harding’s and Brazil, which have not ehanged during the past
coentary ; so that it is fuir to conclude that no tilt in either direetion has taken place in the Gulf of
Maine.

The are of the meridian between Green Ledge and Percé Rock, measuring two hundred and
seventy-one nautical miles, passes near the Grand Pré and across the meadows of Cumberland
Basin. It is to these two salt-marsh districts that Mr. AKkins refers particularly in his letter
already quoted, when he speaks of the ancient French and modern English dykes with the conclu-
sion that no change of elevation can be alleged. So that we have really four stationary points in
this are.

I must, in closing, reiterate that to the castward of this meridian, and especially in Newfound-
land, great changes present themsclves in the comparison of charts, the depths appearing to be at
some points less and at other points greater now than formerly.

Respecttully submitted :

HENRY MITCIIELL,
Cuited States Coast Sureey.

To CArLILE 1" PArTERSON, LL. D,

Superintendent United Stades Coast Survey.
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APPENDIX No. 9.

DESCRIPTION OF AN APPARATUS DEVISED FOR OBSERVING CURRENTS IN CONNECTION WITH THE
PHYSICAL SURVEY OF THIE MISSISSIPPL RIVER. REPORT BY 1L L. MARINDIN, ASSISTANT.

UNITED STATES COAST SURVEY SERVICE,
Boston, Muss., September 11, 1877.

Sm: In aceordance with your instructions dated February 26,1877, directing me to proceed to
New Orleans, La., and organize my party on Coast Survey schooner Research, and after receiving
from Prof. 1I. Mitchell, Assistant Coast Survey, directions for the continuance of the physical
hydrography of the Mississippi Delta, I proceeded to New Orleans, and on the 224 of Mareh the
vessel sailed for Cubitt’'s Gap, where lay our first work, arriving there on the 25th of the same
month.

The tirst work of the party, however, was to finish the hydrography of that pavt of the Missis-
sippi River lving between Cubitt’s Gap and the head of the Passes.  This was done with the aid of
the steam launch attached to the Research this scason, and which throughout the season was of
great assistance to the party.

While engaged in sounding this part of the river the days unfavorable to the prosecution of
this work were employed in running the shore-line of the new lands formed in Cubitt's Gap since
its opening.  The topographical survey of the Gap, with the neeessary triangulation, together with
the soundings in the river spoken of above, engaged the party from March 26 to June 25,

Up to the 21st of May the weather had been very unfavorable for current observations, with
the exception of a very limited number of days, and none were attempted until the 22d, when
the party began observations on a section of the main stream above Cubitt’s Gap.

As it had been found necessary to obtain closer results than by the method heretofore used,
viz, that by observing from a stationary boat with float and lines, a description of the manner of
observing and of the floats used will be given below.

At the close of the survey of the Gap, which included the hydrography ef the main pass of
the Gap from the point where last year's survey left off’ to the outer face of its bar, a distance of
about five miles, the party sailed for Southwest Pass, where the physical hydrography was contin-
ued, extending it to a section in ’ass & POutre.

During the course of the survey we were desirous of making simultaneous observations with
the United States engineers in South Pass, but only in one instance did we sueceeed, owing to the
diticulty of agreecing beforchand on the day and the early discontinuance of current observations
by the engineers.

The physical hydrography comprised sections of Main River, above and below Cubitt’s Gap;
a section of Pass a POutre, for comparison with Southwest Pass; and six sections in Southwest
Pass.  These were repeated at different times and under difierent conditions,

I give below a statistical table of work performed by the party during the season, which began
on the 26th day of March and ended on the 20th day of August, having, during the first part of
the month, received your instructions to close as soon as the state of the work wounld permit.

A

TABLE OF STATISTICS.

Hydrography :
Number of soundings taken ...... . iiiiiiiiiai i e cieeieaaaa.s 14,565
Number of’ angles measured................. e meeceeieetareeeiaianeaa, eeeeee 5,050
Number of nautical milesrun.......... e e emieeeneieneiaa e cevene. 183
Number of signals erected................ A ceeeireerananas 37

Number of tide-ganges observed...acvaceaniines i i, Ceerewsananan 2
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Topography :
Number of miles of shore-linerun ............. PO e eme e aeas 127
Number of aeres of land surveyed ....... . ... .. .. . . ... i iaiao.. Ceaeeees 3,219

Triangulation :

Number of signals put up... ... .. .. il 16
Number of stations occupied ... . ... Lo e i iieaa. 6
Number of angles observed - ... ... i e e a e e 420
Area of square miles. .. o.. L e 15

Physical hydrography:

Number of sections obgerved ... ... . .. . i e e e 9
Number of observations of currents. ... ... .. . . (.. it i e 496
Number of angles measared ...._. .. ... ... ... ... ... B 1,610
Number of soundings on sections ... .. ... . . ..o 1,047
Number of base-lines measured . - . ... . . e, 13

The number of finished sheets to be turned in to the oftice is as follows :

Scale,

One original hydrographic, part of main river between Cubitt’s Gap and Head of Passes. 1-4,800
One original hydrographic, main pass of Cubitt’s Gap ... ... ... ... ... ... .. 1-4,800

. One original hydrographic, bar of Main Pass Gap ...... ... ... ... ... ... .ot 1-4,800
One original topographical, of Cubitt’s Gap ... . .. ... . i . i 1-10,000
One original physical hydrographic, main river seetions ....... ... ... iial cann 1-2,400
Three original hydrographic, of upper part of Southwest Pass. .. ... . .. . ... .. ... 1-4,800

During the season T have been assisted by Mr. John B. Weir, Aid, and Messrs. Russell and
Raeder, acting paymaster’s yeoman and carpenter’s mate, in a very efficient manner. Mr. Weir's
suggestions in regard to the apparatus used in the current-observations have been tried in many
instances and have proved very satisfactory.

Having received your instruetions, the party was dissolved on the 20th of Augnst. The
schooner Research was laid up at the head of South Pass and housed over with lumber ; all the
boats, including the steam-cutter, were placed on board-platforms built on shore, and housed over.
The whole was left in charge of H. T. Hutchinson, carpenter’s mate, assisted by 8. I. O. Wheeler,
quartermaster, as ship-keepers.

The method followed in all our current-observations this season, with reference to the manner
of observing, has been that pursued in ganging large streams. Base-lines were accurately measured
at the points selected for cross-sections; these were laid out so as to be parallel to the axis of the
stream. At the ends of the base, angles were measured on the passage of the floats over the ranges,
the lower instrument (threodolite) taking the angle on the tioat as it passed the upper range, and
the upper theodolite taking the angle at the time of the transit of float over the lower range; this
gave two points on the path of the float. The time of transit over the ranges was taken with a
stop-wateh to a quarter of a second, by the time-keeper, who was stationed midway between the
two observers at the ends of the base-line, where any signal from the observers could be distinetly
seen or heard.
~ The signal as to the kind of float placed overboard, whether a surface or a subfloat, and its
depth, was given by steam-whistle from the Lauuch and recorded by the time-keeper. la this
manner a transverse curve of velocity across the Mississippi River, with about twenty points of
measurement, conld be obtained in less than three-quarters of an hour,

The floats were dropped from the steam-launch sufticiently above the upper range to allow the
float to have acquired the velocity of the stream before arriving at the upper range, and another
boat was stationed below the lower range to pick up the surface-loats.

In observing a vertical curve of velocities with the subfloats it was inconvenient, if not impos-
sible, to have on hand the number of subfloats required to obtain velocities at numerous points of
the curve; consequently, the steam-cutter after dropping the float followed it down stream, keeping

S. Ex. 12—-14
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at a certain distance, and picked it up aflter passage over the lower range. This necessitated the
steaming up to the dropping-buoy before another float conld be placed overboard, a loss of time, it
must be admitted, but during which no material change in the velocity of the stream ecan oceur

where the current is not tidal.
DESCRIPTION OF FLOATS.

Surfuace-floats.—Those used were the usual eylindrical tin cans loaded to eleven inches dranght.
Height of eylindrical part of can = 11 inches; diameter = 8 inches ; height of cone top projecting
above the surface of the water = 3 inches.  Nozzle one inch in diameter at apex of cone for cork
stopper. The cone can be surmounted by a small flag thrust into the cork stopper; the flag need
not be more than five inches square, as this is large enough for the observer to find in the field of
view of his telescope, even across the Mississippi River, a distance of 4,000 feet.

With these floats transverse curves of velocities were observed by dropping them at distances
of one hundred and fifty to two hundred feet, giving thus from fifteen to twenty points of actual
measurement in each transverse curve. '

Surtace-floats of the above dimensions have heen found very convenient for use. They can be
loaded easily from any material at hand, such as old nails, iron filings, earth, or sand, and are
large enough so that the wind can have little influence on them.

Subcurrent floats and observations,—All the subeurrent observations have been of the free-tloat
kind (with the exception of a few trials of Revy’s eurrent-meter), and as the form of the apparatus
used was somewhat changed from that previously in use, a detailed description is given below.

It had seemed desirable to do away, if possible, with eorrections for influence of surface-float
in subeurrent observations; or sinee, theoretically, this eannot be done, at least so to veduce it that
it would practically amount to nothing. With this end in view, the area of the surface-float and
the size of the connecting-wire were much reduced and the area of the subfloat greatly enlarged.
The form of the surface-tloat was also changed so as to give the greatest buoyaney with the least
resistance to the current. The connected surface-tloat is a semi-ellipsoid, the vertical section being
a semi-ellipse, with major axig = 0.5 feet and semi-minor axis = 0.2 feet, and the horizontal section
a cirle. Tt is made of thin sheet-copper, water-tight, with slightly convex top, so as not to
increase its section materially when it dips Delow the surface, and at the same time preveut the
water from remaining on it. The section opposed to the current has an area of 0.0734 square feet
or about 11.3 square inches.

The connecting-wire is the finest piano-wire, with a diameter of 0.0224 of an inch. Irven
tiner wire than this could be used, but with increased care in manipulating it.

The subfloat is a common wooden barrel, without top or bottom; the sinking-weight is fast-
ened at the lower inside edge, so that the barrel shall float upright if left free; to it is added the
weight of bueyaney of upper float less the weight of connceting-wire when immersed. The mean
diameter of this float is 1.4 feet and its height = 1.89 feet. The area of section exposed to the cur-
rent is three bundred and eighty-one square inches, giving a ratio to section of surface-float of 35
to 1, aud to the latter, combined with the section of sixty feet of connecting-wire, of 14 to 1.

From the above data we may find to what extent the surface-float affects the motion of the
~ subfloat at depths where differences of velocity oceur. Taking, for example, an observation at

sixty feet depth, and assuming a difterence of velocity between surface and subenrrent of 0.5 nau-
tical mile per hour, or 0.8439 foot per second, and computing the impulse on the surface-float due
to this velocity by Weisbacl’s formula for the resistance of floating bodies, we find the theorstieal
value of an observation wade with these floats to be as follows: The retardation (or acceleration)
of lower float = 1.8 feet, or a distance slightly in excess of the diameter of the subfloat; the incli-
nation of the eonnecting-wire is 1° 42/; and the lifting of the subfloat = 0.03 foot, . ¢., instead of
floating at sixty feet depth it moves at a depth of 59.97 feet.

This result tends to show that very reliable observations can be made with this form of floats
without haviug to make any correction for the influence of the connected surface-float.
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A sketch showing the relative sizes of the floats is given below:

Soon after the receipt of the Revy current-meter sent by
the Coast Survey Oftice, T made several ineffectual attempts
to obtain its valne by direct observations in a small still-water
canal at the head of South Pass.

An approximate value was obtained, and I then deter-
mined te oceupy a station in the axis of the stream in South-
west Pass and observe a vertical curve from top to bottom.
Some difficulty was experienced in anchoring boats {rom which
the meter could be kept in a vertical line in the strong current
of the pass; but the greatest difficnlty was found in manipu-
lating the instrument. After the meter is secured at the re-
quired depth, it is then placed in gear by pulling a wire con-
neeted with the pivot of the registering-wheels, which raises
them towards an endless serew on the propeller-shaft, the pro-
peller Leing continually in motion so long as the current ex-
ists.  This is & continual source of uncertainty. The tension
on the wire which would be required to place the wheels in
gear at ten feet depth is very different from that which wounld
gear them at fitty feet depth, and canmot be ascertained but
by repeated readings ol the register at the same depth, which
entails a great loss of time, us the meter has to be lifted out
of the water each time.

Another source of error is found in the possibility of the
endless serew catching the teeth of one wheel in advance of
those of the other registering-wheel, thereby registering erro-
neously.  This was the case in a few instances.  All of these
are disqualifications which make the use of this meter so un-
certain as to bar it from usefulness in subeurrent-observations
in large streams,

A mieter registering by means of an electric current, or < ark
by some other method directly under one’s observation, seems
to me to be the.only way of obtaining reliable work.

I respecifully submit the above, hoping that the amount of work done during the season, and
its quality, may meet your approval.

Very respectfully,

Surface Float.

waw Float.

HENRY L. MARINDIN,
Assistant Coast Swrvey.
CARLILE P. PATTERSON,
Superintendent United States Coast Survey,
Washingtor, D. C.
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APPENDIX No. 10.

DESCRIPTION OF AN OPTICAL DENSIMETER FOR OCEAN WATER.

UNITED STATES COAST AND GEODETIC SURVEY OFFICE,
Washington, October, 1879.

Sir : I submit herewith an account of an instrument which was devised by myself and con-
structed at this office, for the purpose of determining the density of sea-water by its refractive
power. A description of it was presented to the National Academy of Seiences in April, 1878,
The observation with this instrument is as readily performed at sea as on shore, while the deter-
mination of specific gravity by the hydrometer is rendered diffienlt and uncertain by the motion of
the ship.

In perfecting this device, T have followed the suggestion of Prof. Wolcott Gibbs, made for
the vovage of the Hassler in 1871-"72,  According to his indication, a hollow prism was mounted
on a sextant in the place of the index-glass, a collimating-telescope with a narrow slit attached
to the vernier-arm, and an observing-telescope so fixed in the usual place of the horizon-glass,
that the image of the slit might be observed in it after two refractions and one internal reflec-
tion by the prism, when tilled with fresh or saline water. No available results were obtained with
this instrument, but this I believe to have been due maiuly to the observer not using monochro-
matic light, so that the image of the slit appeared as a series of ill-defined spectra, instead
of a single sharply-defined line. The scale of measurement appears to have been sufficiently
large.

Numerous experiments made with the simple instrument herewith submitted give reason to
believe that it will prove to be satistactory to our naval officers.

I am indebted to Mr. J. Homer Lane for designing the Jetails of’ construction.

Very respectfully,
J. E. HILGARD,

- . Assistant.
CARLILE I’. PATTERSON,
Superintendent United States Coast Survey,
Washington, D. C.

OPTICAL DENSIMETER FOR OCEAN WATER.

The determination of the density of the ocean in different parts of the world and at various
depths is admitted to be an element of the physical condition of our globe which it is important
to determine with great precision. As the object of this notice is only to describe a new instru-
ment for finding snch densities, there is no occasion to discuss the importance of their ascertain-
ment further than to consider the degree of precision requisite for useful results, and which can be
reached by the instramental means available on ship-board. Aecount is taken only of the density
of ocean-water uninfluenced by the immediate proximity of fresh-water streams. As the sensible
effect of such is variable in ditferent seasons and at different stages of the tide, no great precision
in any single observation of the density of the water is useful, becanse the densities will differ
sensibly in adjacent threads of the current, aud the value can only be obtained by the average of
a great number of observations of approximate accuracy. Ordinary hydrometer-fioats ranging
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from the density of fresh water to that of ocean-water, with a stem of three inches graduated from
1.000 to 1.030, will sufficiently serve such experimental purposes.

‘When. however, we get away from such local conditions and inquire into the general regimen
of the ocean, affected in part by the fresh-water outflow from the coutinents, but mainly Ly the
general thermal circulation, it becomes important to measure the differences of density with the
greatest precision that ean practically be obtained. These considerations are equally important
with regard to the density of ocean-water in different parts of the surface and at various depths.
It the specimens secured could be preserved without seusible change until they could be oppor-
tunely submitted to a laboratory investigation, the task of the naval officer would be reduced to
collecting specimens and bermetically sealing them up, bat it is reasonably to be supposed that he
would have a desire to ascertain the results for himself.

The want of suitable instruments has been met to a certain degree by hydrometers (which
might properly be called “stem-floats”) specially adapted to sea-water. This method of ascertain-
ing the density does not, however, admit of great precision on ship-board, because the tloat par.
takes of the movements of the vessel, and oscillates between wide limits—wider in proportion to
its sensitiveness, and generally unconformable to the oscillations of the ship. Henee it becomes
very difficnlt to read the average position of the float with a sufiicient degree of precision, nnless
the sea be exeeptionally calm. .

The average density of the occan properly speaking, unatlected by local causes, will not vary,
when reduced to a common temperature, more than one-thousandth part trom the average value.
It is therefore necessary, in order to obtain any useful result, that the density should be ascertained
to at least one-ten-thousandth part of the whole, or practically a unit in the fourth decimal place.
Now, a hydrometer or stem-float of that degree of sensibility, while perfeetly available on shore,
is 80 susceptible of thre movements of the vessel as generally to render observations quite imprac-
ticable ou ship-board. For this reason it has been deemed advisable to abandon that most direct
mode of ascertaining the density, and to resort to other means offered us by physical science.

With this view the Optical Densimeter, deseribed below, has been devised, which obviates all
the difficulties arising from the movement of the vessel. 'The basisof this instrument is the change
n the refractive power of a saline solution of greater or less deusity. The instrument consists
ilubstantially of a hollow prism filled with the water under observation, transmitting from a ¢oll-
mating-telescope a line of monochromatic light to an observing-telescope in which the refracted
position of that line is read by means of a micrometer. The monochromatic light employed is a
sodinm flame obtained by adding a small proportion of a solation of common salt to the aleohol of
the lamp. The accompanying illustration exhibits the instrument in the proportions that have
been found advantageous. The temperature of the liquid nunder observation is found by means of
a thermometer inserted through the neck of the hollow prism, but which is withdrawn when the
optical observation is made.

1t is obvious that the sensibility of this apparatus is not affected Ly the movements of tho

vessel, and that its power of measurement might be inereased by cither enlarging or increasing the
power of the telescopes or by introducing an additional prism. DBut it will be scen at onee that
the practical aceuracy is limited to the aseertainment of the temperatare at which the observation
is made. .
For, at the average temperature at which such ebservations would be made
20° C.—a change of one degree Fahrenheit canses a change of specific gravity of about 0.0002,
and since we cannot expect to ascertain the temperature more correctly than within two or three
tenths of a degree Falirenheit, it is obvious that any attempt to ascertain the density more nearly
than 0.00006 would prove futile on that account. The tables given at the end of this article show
that a single determination by the Optical Densimeter possesses this degree of aceuracy, amd any
greater degree of refinement would be lost in the uncertainty of the physical conditions of the
specimelt.

The glass prism rests on three little knobs so as to have a firm support. Attached to the
stand carrying the telescopes are two guides, by means of which the prism is mude always to
occupy exactly the same position, so that all observations are made under the same angle. A

say 632 F. or
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small thumb-screw on the side of the prisn, not seen in the plate, forees the prism closely into the
guides. -

"Phe slit in the tocus of the collimating-lens is very readily made by drawing a fine line through
a black coating (sneh as engravers' etehing-ground) on the inner surface of a glass diaphragm. In
the illustration this diaphragm appéars mounted on a micrometer slide, which was deemed desir-
able for general experimental purposes, in order to make the observations under the condition of
equal refraction oni both faces of the prism ; but in the instruments for practical use on board ship
the slit will be in o fixed position. The image of the slit in the field of the observing-telescope is a
sharply-defined bright-yellow line, which is pointed upon with a fine dark spider line carried by
the micrometer.

The relation of the angle of refraction to the density of sea-water having been ascertained
experimentally in the oflice, as well as the temperature-corrections for different degrees of salinity,
it is only necessary to deternine for each instrmumnent the difference of mierometer-reading between
distilled water and sea-water of an aseertained specific gravity, and from this and the ascertained
‘Jaw construet two tables for its use; one giving he reduction to the standard temperature of 60°
Fahr., in terms of micrometer-divisions, the other giving the specific gravity for the difference of
reduced readings on distilled water and on the specimen of sea-water under observation.

The following experiments recently made with the Optical Densimeter will give a clear idea of
its adaptation to the purpose designed, and will also show the degree of reliability attaching to a
single determination by its use.

Four samples of water, of different degrees of saltness, were carefully weighed under observed
conditions of temperature and barometric pressure, so that the determination of their specitic
gravities was a matter of simple computation.

The specitic gravity of distilled water at 60° Fahr. is taken as unity, or 1.0000, and all specitic
gravities herein considered are referred to that uunit.

The temperature at which the specimens were weighed was 8208 Fahr. There being no
well determined coefficients for the expaunsion of salt water, the specific gravities were computed
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for the temperature of the weighings. Referred to distilled water at 60>, we have thus obtained
the following specific gravities at 820.8 I'alr.:

ek

I jod ] 111, | 1v.
| Distilled water Mixture I and I11. | Sca-water. } Salted sea-water.
i o .
i 0.90722 101012 “ 102320 | 1. 03638

For cach particular instrument it iz of course neecessary to deduee the value of the micrometer
and to determine certain constants from observations upon liquids of known specifie gravity.

To determine the value of the micrometer in terms of the specifie gravity, it becomes necessary
to know the micrometer-readings wpon the above liquids. For reasons before stated we cannot
reduce the saline solutions to other temperatures than that at whieh they were weighed. It is also,
in general, inconvenient or impracticable to obtain micrometer-readings at exactly this {emperature.
The first step toward ascertaining the constants of a new densimeter is, therefore, to develop the
curve which shall represent the change in micrometer-reading upon a liquid of known specitic
gravity, due to changes of the temperature of observations.

For this purpose there were made upon each of the samples a series of readings at varions
temperatures from 45° to 95° Falhr. From three to five readings of the micrometer are taken
at each temperature. The following are the mean temperatures and the mean micrometer-readings
as observed :

DISTILLED} WATER. MINTURE. BEA-WATER. BSALTED fEA-WATER. (
Tempera- | Microm- ;| Tempera- | Microm-  Tempera- ! Microm:  Tempera- . Mierom-
ture. eter. ‘ tare. cter, turc. eter. ; ture, i eter,
—_— — SRR e — - — P
o ; o ! o i o s
92.4 187. 94.5 362.4 94,2 546. 7 8.8 T4R. 2
87. 0 211. 90.0 WU L 8L 5 I % 76
83.1 230. 6 54.1 06.4 ‘ 8.2 SR8.5 . 4.8 7926 ‘
7.2 252. 5 ‘\ 8.4 419.¢ | 788 6130 | 739 815.56 |
7.9 262.7 76.9 a2 | 70 g5 | e.2 | &9 |
70.1 274.3 71.9 452.8 1 68.2 6LT | 619 | g5z |
64.3 291. 8 65.8 636 | 6.5 667. 4 j 5.8 ’ 8712 "
58.9 304. 5 62.8 4818 | 59.0 6R0.9 | M0, B8GH |
5.5 3.7 | 1 496.1 | 541 6945 | 490 | 800.7 !
40.4 324. 0 } 54.0 a2 | 406 051 1 452 | o108 |
% ¢ 511 | 4.2 7152 | { i
| a9 520.8 | ‘ 1 i J
[ a4 a1 | ; ; | j

If M, = micrometer-reading at an assumed temperature, ¢, and M, = reading at observed tew-
perature, ¢, we will have for the equation representing M, the following:

I\It — hlo + A. (t -_ tn) + B (t - to)z + C (t - t(l>3

For the present investigation C is infinitesimal and is negleeted.

The preceding observations give from ten to thirteen equations of condition for each specimen.
Assuming % = 60° Fahr., forming the normal equatious, and solving them, we derive the following
values for My, A, and B:

For distilled water: ) .

M, = 3024 — 241 (t — 60°) — 0.031 (¢ — GO°Y
For the mixture :

M, = 489.8 — 2.69 (t — 60°) — 0.030 (¢ — 60°)?
For sea-water:

M, = 677.2 — 299 (t — 60°) — 0.025 (¢ — GO°)®
For salted sea-water:

M, == 867.0 — 3.32 (¢ — 60°) — 0.022(t  60°)°
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‘We have thus the means of ascertaiping what would be the scale-reading of any one of these

specimens at any desired temper

From these equations we find that the micrometer-readings, at 82°.8 Fahr.,, would be as

follows :

ature,
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1.

Distilled water.

From the weighings we have the

1.

i Distilled water.

0. 90722

‘ 1L L

1} Mixture. Sea-water. |
! 412.9 ; 596. 0 {
| :

v
Salted sea-water.

779.9 !

following specitie gravities:

11 “ 11I.
Mixture. | Sea-water.
101012 1. 02320

Iv.

Salted sea-water.

1. 03638

From these two tables we get the following differences of micrometer-reading and of specific
gravity, from which we deduce the value of one revolution of micrometer expressed in specific

gravity, as given in last cohunn.

i

Ito If
1 to IIT.....
111 to IV ...
| ltell..
| I ie IV..
I rtory

Difterence micrometer,| Dlfference specific

: gravity.
i I
| d. | }
181.6 0. 01280 :
153 1 } 0. 01308 '
183.0 ; 0.01318 i
364.7 0. 02598 |
367. 0 ; 0. 02626 !
48 ¢ { 0. 03916 |

! 1

. |

One revolution of mi- |
crometer in terms
of gpecitic gravity.

0. 00710
Tid i
717 !
713 |

15

|
i

0. DOTIZ

The direct observations will thus give us immediately the difference of specific gravity between
any two specimmens observed at any two temperatures, ¢t and ', and their specific gravity as referred
to distilled water = 1.0000, at 60¢ Fahr,, results from the preceding equations.

A fair estimate of the trustworthiness of the method may be formed from the observations
given above by computing the micrometer-readings for each temperature there given by the gen-
eral formule deduced from them, and comparing the computed with the actnally-observed results.

We thus have—

TINTILLED WATER,
< i P
= ! . ER
£ s g g |
g S I
- Lo & z
P& 2 E 2
e a4 i d d. 5
914 | 1813 0 LR | ~05 | 9.5
7.9 1o ! —0.6 90.0
@1 | ez —0.4 | R4l
T | 2508 | o —0.7 | 8.4
w30 | 2629 o wes |08 | 7609
701 | 9748 . 2043 | 40.6 | 719
643 | 2.5 | 291.8 | -0.3 | 68
S8 | 205.0 P 3045 | 0.6 | 628
545 | 368 | W7 | ~0.9 | 61
49.4 1 3.5 | 2240 | 405 34.0
| | i 497
5.9
4.4

MIXTURE. SEA-WATER. SALTED SKA-WATER.
| L
< e | g 2 %l E g
2 o R B D =] ‘f a Hop© =]
T T T o R S T
d. d. d. ° @ a | a o | d.
3614 | 3624 ;08 82 | MAT  MET | 10 | B8 l T48.5 | TAR2
382.1 | 323 | ~0.2 | BTG . 5161 - 518 0.3 | T | 7160 758
407.0 | 4004 | 412 1 B2 | 8.2 5SS L 4LT || 798 | 20| a2
4185 | 4190 | 0.5 788 | 6121 . 6130 | 0.9 | 7RO | 816.5] 8155
458 | a2 | 906 . 730 | 631 | 625 | 416 | 602 | 834.5| 8339
4n3.5 | as28 |07 L oes2 | esle | BRL7 | 0.7 || 649 1 850.2 | 8512 |
432 | 416 | —04 65 | 6664 . 6674 | —Lo || 588 | 8710 8712
aszo | 4818 | 402 © 500 ¢ es0.2 | 6R0.9 {ﬂm 54.0 | B86.U | 8865
4949 | 4961 |12 | 51 | 6930 | 695 | —0.6 | 49.0 | 08| wer
504.9 | 504.2 | 0.7 . 49.6 | 705.6 : 7051 L.w.ﬁ 5.2 | s | s
5143 | 5151 | —08 | 452 ! 7160 | 7152 | 108 |
521.8 | 5208 | 410 | E
524.5 | 524.7 | —0.2 J ] |

0.5
£0.1
10.5
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In the above table the extreme difference between the computed and observed mierometer-
readings is 1.7 divisions, and the average difference is only 0.65 division. Expressed in specific
gravity, these differences are respectively 0.000121 and 0.000046. It is thus seen that the uncer-
tainty of a determination by this method is less than the uncertainty, from physical caases, of’ any
one specimen heing an average specimen.

The reading of distilled water being a fixed point on the scale of reference, it is not necessary
to observe distilled water for every determination. Tests should, however, be frequently made of
the constaucy of this reading.

The following will serve as an example of recorid and reduction of observations:

at

gravity

Number of sample.
Latitnde and longitude. :
Depth, in fathoms.
Date of taking.
: Temperature, Fuhr.
i Reduced micrometer-
reading.
i
{ Difference of microm- !
oter,
60° Fahr.

Specific

Distilled June 28 274.
‘water. 75.

|
i
|
|
|
|
|
|
|
|

T0°

-
grmow
1O = o e @

3Ny 20 2 55
mw. S 100 June 22 June 28 655.

0
6

543 T1I°
8
[

654.5 6.5 | 30 12 :

: 374 N. ‘ ‘ ‘ ‘
©o2p { ) ' 50 June 22  June 28 | 638
5.
5.
57.
£58.

700 '

R

638. 3 690. 6 388.1 1. 02770

S. Ex. 12——15
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APPENDIX No. I1.

AN EXAMINATION OF THREE NEW 20NCII THEODOLITES. REPORT BY J. E. HILGARD, ASSISTANT:

The three theodolites whieh form the subject of the following report were made by William
Wardemann, formerly of the Coast Survey, and have recently been received from his workshops
in Dresden, Saxony. Theodolite No. 113 arrived a short time before the close of the Centennial
Exhibition, and formed a part of the Coast Survey exhibit. 1t was then brought to Washington,
where, for want of proper conveniences, it remained unexamined until March of this year.  In
January the second one, No. 114, arrived, aud a few weeks since the third one was received.

In their general construction these three theodolites are similar to the two 20-inch theodolites
made by Mr. Wurdewmann tor the Cloast Sarvey in 1873, The essential points of difference are—

First, the use of an improved clamp for holding the telescope, the device of Assistant David-
son.  Instead of being attached to the axis of the telescope, the clamps, of which two are used on
each instrument. ave attachied to the pillars; and do not change when the telescope is reversed.
The cliunp acts upon a collar near one end of the axis, and the contact-surfaces are so adjusted as
in clamping to exert a slight downward pressure, thus avoiding all risk of lifting the telescope
from the Ys.

Second, the use of a shield of sheet-brass which covers the limb, concealing it from view,
except for a space of about 10% at one side where an opening in the shield and a pointer permit the
setting of any desired reading, or the reading of any pointing.  The opening under each microscope
being Targe enough merely to permit their use in reading the subdivisions of the limb the readings
are uoted by the pointer only, the fractional minutes and seconds being derived from the microm-
eter. The form of the shield is that of the surface of the frustum of a cone, having its upper
DLase around the uxis of the instrument, about three inches above the circle, and extending down-
ward and outward so as to cover and protect, without touching, the limbh. The principal object of
the rhield is to protect the limb from the effect of unequal temperatures in observing. As, in
actual field-practice, the light and heat always come from one side, and as the limb remains fixed
in position through any one “position” of the instrument, there is a tendency for one side of the
instrument to become more heated than the other, and diserepant observations may result. Ry the
use of this shield the heat radiated from the side of the observing-lent or observatory is received
upon it instead of falling divectly upon the limb and axis of the instrument. They are thus uot
only protected {rom the direet radiation, but inasmueh as the shield revolves with the microscopes
different portions of it are eontinually brought to the warmer side of the observing tent, and the
temperature is thereby equalized to a great extent.

Third, and most important, the new theodolites were graduated on a dividing-engine recently
perfected by Mr. Wurdemann, and which the examination of the limbs proves to have done very
good work,

1t was desired to Lave the illumination of the linb radial, but owing to mechanical diffienlties
this could not be readily effected.  Kxperience, however, has shown that the most aceurate point-
ings may be made when the limb is iluminated by a hand-lamp held by the observer. The lamp
may be so beld as to give radial illamination, but it is generally more convenient to bold it a little
to one side. This gives oblique illumination, vet, as the obligunity is the same at every reading, no
source of error is introduced when the lines are as even as regards depth and width as are the
lines on these eircles,

Bhe cireles were examnined

First, with reference to the trisection of the limb by any three division lines 120° apart, and

Seeond, with reference to periodie errors within 5, the mechanical construction of the dividing-
machine being such that all constant errors would recur with that period.
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The trisection of the limb was mude Dy the use of the three filar micrometers attached to the
instrument, and in pursuance of the method deseribed in Appendix No. 33, Coast Sarvey Report
for 1860, pp. 357-361, the method being slightly moditied to adapt it to the use of three microme-
ters instead of two, as there used.

The limbs under examination are of 20-inch diameter. Theyv are provided with three filarv
micrometer-microscopes, at equal angular distances of 1202, The limbs are divided to 5. In the
trisection only every even 5° was read.

It should be borne in mind that it is not ¢laimed for the method of” examination by hi- or tri-
section that it is an absolute test of the accuracy of the graduation. In every trisection the three
individual readings are referred ench to the mean of the three, and the smallness of the resulting
residuals is the criterion of the general accuracy. IT we have a limh graduated continnously from
00 to 3602, and if we triseet this limD at various points, and find always that the individoal read-
ings closely agree with the mean of the three, it is very strong presumptive evidence of the general
aceuracy of the division,  Yef, as each trisection is eutively independent of every other one, it is
evident that we have no check npon the acenraey ot the angular space hetween any two divisions
not exactly 1202 apart; and thuas errors. having a period of 1207 or any aliquot part of 1207,
will ot appear hy this method, the principal value of which consists in showing the probable value
of aceidental errors or of errors having a period not commensurate with 1202,

Of the three theodolites, one, C. 8. No.#113, was examined hy Mr. J. B, Baylor, and two, Nos.
114 and 115, by Mr. H. W. Blair. ,

With regard to the periodieity of errors within 52, No. 114 was examined by Mr. Baylor and
No. 115 by Mr. Blair. '

Here will be given merely the final results of the examination. The detailed results, and the
method of arriving at them, will be given at greater length at the end of this paper.

Eramination of 20-inch theodolite €. 8. No. 113.

- For the purposes of the examination, the theodolite was mounted upon one of the masonry
piers in the small observatory in the rear of the Coast Survey building. The door, windows. amd
slides were all closed and the ilumination of {he limb was effected by means of a bull's-eye lamyp,
held in the left hand of the observer. By this means an even and steady Hght was obtained and
. the pointings were quickly and readily made. The division-lines upon the Limb appeared even and
regular, and the adjustient of the distance between the parallel wires of the microscopes to the
width of the lines was sich as to obtain the most accurate pointings.

The resnlts for this instrument show greater errors of trisection than is observable in the other
two. This was noted and mentioned by Mr, Wurdemann when the instrument was sent from Dres-
den. He ascribes the greater irregularity to unfavorable temperaturve considerations during the
dividing of the limb.

The examination involves the determination of the line of no eceentricity, or the reading, p,
at which the line through the centers of rotation and of graduation intersects the limb, the eccen-
tricity, &, the mutual errors of trisection and the mean uncertainty of any one residual,

Three sets of readings were taken in April, 1877, and the following values were obtained:

Value of .

(Readings of line of no eceentricity.)

o
First set, p = 48 59
Second set, p = 33 16

Third set, p 36 00

Mean, 39 42

>
i
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Value of e
(Eccentricity.)

14

First set, e = — 145
Second set, e = — 1.26
Third set, ¢ = — 131
————e Ineh.
Mean, e = — 131 = — 0.00006
Mean uncertainty of any one residual = £+ 17.03

With regard to the sign of the eccentricity, the positive sign indicates thal the center of mo-
tion is in the direction from the center of graduation to the reading p; when negative, that it is in
the opposite dircction.

Framination of limb of 20-inch theodolite C. 8. No. 114,

The three sets of observations npon the limb of this instrument were made on March 28, 29,
and 30. The instrument was mounted in the same place and manner as No. 113 and illumination
of the limb was etfected by the same means, All the ¢onditions, with the exception of the change
of the observer, were the same as with No. 113. While the examination shows a somewhat larger
eccentricity, it also shows the graduation to be much superior, as is indicated by the very small
errors of trisection.

The following are the values obtained :

Value of p.

O /
First set, p = 115 50
Second set, T =119 36
Third set, p = 115 235
Mean, p = 116 57
Value of e.
i
First set, e = — 241
Second set, e = — 2,16
Third set e = — 236
Inch.
Mean, e = — 228 = — 0.00011

And the center of motion is between the eenter of graduation and the reading 296 57°.
Mean uncertainty of any one residual = + 07,44,

Eramination of limb of 20-inch theodolite C. 8. No. 115.

This instrument was not received at the office until the latter part of April. The examination
was immediately taken up, and the three sets of observations were made on May 1, 2, and 3. The
examination was condneted aceording to the method used in the preceding cases, but the place and
manner of mounting were different. The instrument was mounted upon the iron stand belonging to
it, and the examination was made in the instrument-room of the fire-proof building adjoining the
Coast Snrvey building. The stand rested upon the floor, and was consequently subject to slight
jur as the observer moved around it, but as absolute stability of the stand is not essential to accu-
racy, no sotirce of error was thereby introduced.

Tun this instrument the division-lines are much heavier and deeper than on the other two. The
edges are beautifully regular and even, and all the lines appear of exactly the same width. Whether
or not this deepening of the lines is an advantage, use of the instrument alone will prove. While
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the limh is new and tright, and the division-lines well blacke:!, pointings can be made with almost
absolute precision.
The following are the resulting values:

Value of p.

(@] 4
First set, p =48 01
Secoud set, p = 72 I8
Third set, p = 58 4
Mean, p o= 59 44
Value of &
7”
First set, e m — (L33
Second set, e = — 041
Third set, e = - (.42
_ Inch.
Mean, e = — (.39 = — 0.00002

And the center of motion is between the center of graduation and the reading 238° 447,
Mean uncertainty of any oune residual = 4 07.75,
The exceedingly small value of = readily accounts for the large range in the value of p.

The method pursued in the graduation of these circles was such as to make every even 5°
mark a standard line on the circle. The 5° spaces were then subdivided automatically. Any error
in the automatic apparatus would thus appear as a periodic error in every 3° space.  To ascertain
whether or not any such error existed in these instruments awp entire space of 5° was wmeasured
with the micrometer of one of the reading-microscopes. Portions of the limbs of hoth No. 114 and
No. 115 were thus examined, the former by Mr. Baylor, the latter by Mr. Blair.

The investigation consisted merely in measuring with cne of the micrometers each 3 space
for 5°, wnd comparing directly the resulting value.

To obtain a better mean result two spaces of 3° each were thus measured on each instrument.

Measurement of subdivisions on limh of 20-ineh theodolite C. S. No. 114,

The instrument was mounted on its iron stand in the fire-proot building. The value of each
5/ space was measured with the micrometer of microscope A, and the resulting values exmressed
in turns and divisions (1 turn = 60 divisions). It is evident from the observations that the
microscope has an overrun of nearly two seconds, but, as the values are relative and not absolute,
this is inmnaterial. Two pointings were made upon each end of cach space measured, that is, in
measuring any space, as from 5 to 10/, a pointing was made upon the 5 line, then npon the 1/ line,
again upon the 10/ line, and back to the 5. The maxiinum range in several pointings upon the
same line would seldom exceed 07.5. Below is given a tabular statement of the results for the
mean value of a b’ space for each degree measured.

Measurement of subdivisions of limb of 20-inch theodolite C. 8. No. 114, for 5°, from 21° fo 29°,

April 28 and 30, 1877, Mean temperature, 65°.7 Fal,
' °© o ot a
Meun value of 5 space, 25 to 26 = 4 058.02
26 to 27 = 4819
27 to 28 = HR.25
28 to 20 = H8.13
24 to 25 = 4 5818

Mean, 24 to 20 = 4 38.15
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Measurcment of subdivisions of limb from 290° to 2959,

May 1, 1877, Mean temperature, 59°.9 Fahr.
o °© t. d.
Mean value of 3 space, 200 to 201 = 4 358.36
291 to 292 = 58.55
292 to 293 = a8.25
203 to 204 = H8.33
294 to 205 = 4 5845

290 to 295 = 4 58.39

The difference of (.24 between the tinal means of the two sets probably finds its explanation
in an altered relation between the microscope and limb. This may be partly due to change of
temperature, but the most probable explanation is that the plane of the limb is not absolutely
perpendicular to the axis of rotation, in which case the microscopes would be in one position a
little nearer to or further from the limb than in another, and by a quantity suflicient to slightly
alter the value of the micrometer, without sensibly affecting the focal adjustment.

The value of the micrometer being somewhat different, we can compare the two sets only by
reducing them to common terms, which is best effected by expressing the values of a ¥ space in
minutes and seconds of are, the variations being expressed as differences from the mean of each
set, not from the mean of the two. We thus have—

24~ to 2/° 290° to 295° Mean.
! I i 1 ! /r
Mean value 5 space, 1st degree, 4 39.87 4 59.97 4 59.92
24 degree, 5 00,04 o 00.16 5 00.10
3 degree, 5 0010 4 59.80 4 5998
4th degree, 4 59.98 1 59.94 4 5996
ath degree, 3 00,03 5 00,006 3 00.04
From these we have, by multiplying by 12,
/ i
Value of 1st degree, 39 59.04
24 degree, 61.20
3d degree, 59,76
4th degree, 59.52

oth degree, 59 6048

from which we dednce V.70 as the mean uncertainty of any oue degree. The discrepancies from
the mean, however, are so small as to be well within the ordinary accumulation of error in the
measurement of so large a quantity. The extreme variation from the mean is 1.2, Expressed in
linear measurement this is equal to 0.00006 iuch in sixty revolutions of the micrometer.

Although the measurements on the limb of No, 114 elearly indicated that there was no periodic
error of any pronounced magnitude, it was considered desirable to establish the fact more fully by
repeating the measurements on the limb of No.113. This was accordingly done under precisely
the same conditions as the former measurements, with the exception of a change of observers,
No. 115 being examined by Mr. Blair. Two spaces of 3° were measured, from 0° to 50, and from
H° to 95°, To ensure the detection of any change in the value of micrometer during a set, the
first 3 space of the set was remeasured at the end of every degree. No appreciable change was
observable.
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Following is a statement of the resulting mean values of 3/ spaces:

Measurement of subdivisions of limb of 20-inck theodolite C. 8. No. 115, from 0° to 5o,

May 15, 1877. Mean temperature, 65°.6 Fahr.
© ° t. d.
Mean valne of 3 space, 0 to 1 = 5 01.31
1to2 = 01.08
2t0 3 = 01.10
3 to 4 = 01.01
41005 =105 010D

Mean, 0 to 5 = 5 01.11

<
<

Measurement of subdivisions from 90° {0 95°,

May 16, 1877, Mean temperature, 7003 Fahr.
o o t. d.
Mean value of 5 space, 90 to 91 = 5 00.82
91 to 92 = 00.81
92 to 93 = 00.75
93 to 04 = 00.66

91 to 95 = 5 00.73

Mean, 90 to 95 = 5 00.75

Expressing these values in minutes and seconds of are (using for each set the mean value of
micrometer derived from that set), we have—

0~ to 5 N to 95¢ Mean.
f " I3 i ! i
Mean value of 5 space, 1st degree, 5 0020 5 00.07 5 0013
2d degree, 4 59.97 5 00.06 5 00.01
3d degree, 4+ 59.99 5 00.060 5 00.00
4th degree, 4 59.90 4 5991 4 59.90
5th degree, 4 59.94 4 5993 5 59.96

From which we have, for the degrees, the following:
/ I

Value of 1st degree, 60 01.56
24 degree, 60 00.12
3d degree, 60 00.060
4th degree, 59 58.80
5th degree, 59 59.52

The extreme discrepaney being 17,56 = 0.00008 inch in sixty revolutions of the micrometer-screw.
If we combine these values with the ones derived from the examination of No. 114, we will

have— , Ny

Value of 1st degree, 60 00.30
2d degree, 60 00.66
3d degree, 59 59.88
4th degree, 59 59.16
5th degree, 60 00.00

These last values show conclusively that there is no periodic error of any appreciable magni-
tude in the subdivisions of the 5° spaces.
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The preceding part of this paper embodies the substance of the results of the examination of
the three 20 inch theodolites. The succeeding portion will be devoted to a description of the
method and samples of record, the reductions, and statement of the results of the individual tri-
sections.

The method pursued is substautially the same as that given in Appendix No. 35, Coast. Survey
Report for 1560, pages 357-361.

The three settings, or nine pointings, for any one trisection, are made in succession, to avoid
the risk of possible change in the relative positions of the microscopes, if the settings were made
in regnlar suecession from 0° to 360°; that is to say, for the trisection, 02, 1200, 240°, the pointer
was set at 0% and the three micrometers read; then at 120°9; and then at 24095 after which it was
set snecessively at 5°, 1250, 2450, &c.

Following is given a sample of the form of record and the derivation of the observed errors of
trisection :

Exramination of limb of 20-inch theodolite C. S. No. 114.

CoasT SURVEY OFFE. Washkington, D, C.. March 28, 1877,

Trisection of limb at every even 5°. Temperature at commencement = 61°,
! Circle-readings. Circle-readings. Cirele-readings.
) Time. L Time. Time. : .

| Lr 1200 22400 o | ro irs 1200 r4 2400
_ ' [ SO AU S

' = ’ ” 2 " : o . ’ " n E ti : I ”

10640a.m.. 0 W [0 - 01 L4 10.55a. m. 10 00 ou —0L + 03 1111 a.m. 20 : 09 40 (13 113

120 . 00 U oo | -0 00 00 ! -5 0o -0l

240 00— 02 00 ! 07 | -05 | w0 P03 02 00
R — _ e
| -03 [1 104 : ~11 —04 i +03 ! i -10 P 01 i 02 “
. 2.3 ¢ 2.3 4.6 Co 700 00 70 O T0 - 20 - b0y
C0¥ 08 - 15 L S 23 00 P oug Do L4280 -7,
‘ o : ; b s
! 10.47 a. . 5 60 w02 02, 11.03a. m. .15 ' 00 o +01 i +03 - 11.18a.m. 25 00 : 00 00 =02 i
: N o0 0 Y ‘ —o ; [—03 | e . op |

i Y s e | 00 1 ‘ C05 1 ~0 | 00 ] 1 L0502 ] 00
: : : 06 o4 oz Pl T m e e | Fos .2 | —se !
R I 4.6 ‘ L6010 5.0 LR 0T - 47
[ | ¢ 0.4 - 1.5 ! - 20 0.2 L7 1.8 02 1.6

And so on to 1152, which is the last reading.

In this record the first column notes the times of the observations; the second and third
colmmns give the degrees and minutes of the various readings; and the fourth, fifth, and sixth
columns give the seconds.  Of these last three columns, the first horizontal line gives the readings
of the three microscopes, A, B, (), when the pointer is upon any reading, ». The order of the miero-
scopes is then A, B, C. The second line gives the readings when the pointer is upon the reading
r 4 1209 Microscope A has then moved to the second colmnn, and the order of the microscopes
is C, A, B. In the third line the pointer is upon » 4+ 2409, A is in the third column, and the order
of the microscopes is 13, G, A, The fourth line contains the sums of the first, second, and third
lines. The mean of the quantities in this line represents the mean reading of the microscopes ;
and subtracting each quantity from the mean of the three, we have the fifth line. These quanti-
ties represent three times the “ mutual errors of trisection” (since each angular space on the limb
Las been measured three times), and, dividing by three, we have the “ mutual errors of trisection,”
which include the effect of eccentricity, of errors of graduation, and errors of pointing.

If, now, we determine the effect of the cceentricity npon any given reading, and correct this
reading for it, we will have left the “residual error of graduation and pointing.” These two errors
it is impossible to separate, but the latter may be practically eliminated by repeating the trisection
of the limb several times, '
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If we designate by «,, 5, and y, the observed errors of trisection corresponding to », r 4+ 1202
and r 4+ 2400, and by [, cos r], [3 cos (¥ 4+ 1209)], [, cos (r + 240°)], {a, sin 7], [3, sin (r 4+ 120%)]
and [y, sin (r + 240°)|, the sums of all the «, cos », A, sin (r 4+ 120°9), &e., and by p, the reading at
which the line through the centers of graduation and of rotation meets the limb, we derive the
value of p from the formula—

[a, co8 7] -}- [ cos (r 4+ 1200)] + [y cos (r 4 2409)] 1
Tl p = — 1, ginr| 4 [B sin (r 4 1209)] 4 [re sin (r 4 240°)] 1)

To determine p, we find each «, cos 7, «, s8in 7, 5, cos (r 4 120°), &c. This may, of course, be
done by actually multiplying out each quantity; but if we reflect that the sines and cosines of any
angle may always e expressed in terms of some angle in the first quadrant, this multiplication
may be greatly simplified by proceeding iu the manner given in Tables T and I in the following
reductions. In these tables the first line represents the first quadrant, the second line the second
quadrant, &e.  Bach a., 5, and ;. is set down under its proper sine and cosine, retaining its sign
if the sine or cosine is positive, reversing it it negative. For example, in the sample of record,

page 15, we have, corresponding to the reading r = 359, o, = 4+ 1.1, S, =4 04, . = — 175,
In Table I, March 28, we therefore find «, under the reading 5°, with the positive sign. 2, corres-
ponds to 1259, which is in the second quadrant. Cos 1239 = — cos 55°; hence, 7, cos 1259 = — 3,
cos 539, and we find 3 in the second line, under the reading 53°, and w uh its sigu changed. r, cor-
responds to 2450, Cos 245° = — cos 65° and y, cos 2450 = — y, cos 63°. We therefore place j, in

the third line, under the reading 65°, and change its sign. The same remarks apply to the forma-

tion of Table II, which gives «, sin », 8, sin (r 4 120°), &c. The tifth, sixth, seventh, and ejghth

lines of these tables explain themselves. The algebraic addition of the quantities in the eighth

line gives the [« cos r], [& sin (¥ + 120°)], &e¢., and p is then derived from the preceding formula.
Knowing p, we derive the eccentricity from either of the formule—

[ar cos 7] 4+ [, cos (r + 1209)] + [y, cos (i + 240)]
- o  imsing ’

e {ay sin 7] 4+ [A sin (v 4 120°)] 4 [y, sin (r + 240°)] 3)
3 ncosp
Where n = number of trisections. .
The eorrection for eccentricity is == ¢ sin (r — p), and if o/, 8, ;/; represent the * mutual
errors of trisection,” corrected for eccentricity, or the “residnal errors of gradunation and pointing,”
we will have—

o = a, — e gin (# — p) ’ (4)
B, = B, — e sin (r 4+ 120° — p) »
V= 7y — e 8in (r + 2400 — p) (6)

These corrections may be separately computed, but a simpler method of arriving at them
consists in describing, upon a sheet, ruled in equidistant parallel lines, a circle, with radius equal
to the eccentricity, and with the reading of the line of no eccentricity for its initial diameter.
Simple inspection thus gives immediately the value of the quantity e sin (r — p) for any reading, r.
The following diagram illustrates:

8. Ex. 12——16



s = — 2/'.31.
AENERREN T T
RN R [ T
1] 11T 11 I 1
H il : 1
»8” i i 11 +z
A, F N
N }
1
@ } W 1
=
° - --—1-< 0
-~
| -
-1 TN = -3
]
V.
a” 1 a”
I 1 !
i 8 !

REPORT OF THE SUPERINTENDENT OF

Graphic projection of ¢ sin (r — p).

March 28, 1877.

e = 1130 50/

It is readily seen that this gives directly the
value of « sin (r — p) for every even 10° in the value
of r. The intermediate values of r are interpolated.

In Table 111 the second, fourth, and sixth col-
umns contain the “mutual errors of trisection,” un-
corrected for eccentricity. These quantities are found
in the sixth line in the reduction of observations,
sample of which is given on page 120. The third,
fifth, and seventh lines contain the corrections for ec-
centricity, either computed or derived from graphic
projection as above. (In the following reductions
the graphic method is used.) The eighth, ninth,
and tenth columus give the errors of trisection, cor-
rected for eccentricity, or the “residual errors of
graduation and reading.” Three sets of observa-
tious were made upon each instrument, in order to

eliminate, in a great degree, the errors of reading, and thus have the final means represent, as
nearly as possible, the residual errors of graduation.
Following are the reductions:

.
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Examination of limb of 20-inch theodolite . 8. No. 114.

-
FIRST SET.—TABLE 1.

123

| H v ] ! |
I Cos 0° | Cos 5° . Cos 16° } Cos 15° | Cos 20° | Cos 25°  Con 30° = Cos 35° : Cos 40° | Cos 45°
+0.8 S+ 11 2% 420 [ +23 418 +30 |[4+23 429 420
+a2 4290 (428 (420 +21 413 420 |+02 467 403
©4+89 14+38 | +36 +3F |4+28 +20 [~-14 412  +08
* [+ 11 4Lt P06 404 [+02 408 +12 (408 + 18
| i : ; ; i
Sums . 440 L +90 4100 4 BEZ 478 |4 6] + 78 |+581 457 7449
Logs.... eees 0.602 !  0.95¢ 1.000 | 0.9H4 0.808 0.985 . 0.863 0.708 | 0.758,  6.690
LOZ COB e e emenn s eenenenneeans " 0.908 0.003 .  9.985 9,973 9. 957 9. 938 9. 913 0.884 9.840
Produets - .. ... ... ....._....... + 4.00 + 895 4+ 0.8 4792 4743 [ 4552 4 632 ! + 418 | 4 4.36 4+ 3.46
,,,,, - - : | :
| Cos 90°  Cos 85° Cos 80° | Cos 75° Cos 70°  Cos 65° . Cos 60° ' Cos 550 ! Cos 50° |
| H . 3 f
+ L7 + L6 4 2.2 + 18 [+ L9 +21 4+ 18 + 1.4 i+1.6 1
-1.2 —08 {—02 | —04 - 08 [—08 —04 | 00 |
+10 . +16 +L7 |+17 +283 +15 415 [+ L9 i+1.e |
— L0 — 0.8 0.0 412 | 4+ L4 §+1.4 4+ LB i+1.9 ;
+27 410 =23 |+83 [+50 +42 4389 [ +47 !+5.1 {
Logs 0.431 0.000 0. 362 0.519 . 0.690 0.623 0.591 0672 } 0.708
Log cos 8,940 9. 240 9.413 . 9.534 9.626 9.699 9750 |  9.808
Products - ...ceveeneeeneananaaan 0.00 4 009 |+ 0.40 |+ €8 | 4+ L7 |+ L77  + 195 + 270 |+ 3.28
{(ar) con 7] + [(5r) o8 (r + 120°)] + [(yr) coB (rr + 240°)] = + T4.74
i
FIRST SET.—TABLE I1.
| Sinoc . Sin5° | Sin10° | Sin15° ; Sin20° . Sin25° | Sin30° | Sin3s | Sin 400 | Sinase |
: : ! :
: 408 L+ L1 423 420 423 [ 418 330 |+23 L+ 29 420
: —82 [ —29 |—28 —20 . —21 {—-13 ,—20 |-02 [—07 @ —03
i P4+39 {88 436  +381 428 +20 l3+14 412 408
| ‘11 |—-11 06 —04 —02 —03 |—12 —09 i—18 !
! S ‘ ‘
SUIIS v oeeeeeaneeens meeneneas +24 10 |+22 +30 +29 ‘431 +27 [+23 425 407
Logs - s .- 0.602 | 0.000 0.342 0. 477 0.462 |  0.491 0 0.431 0.362 0.308 | 9 B45
| R 8. 940 9.240 9.413 9.534 9. 626 9. 699 9.759 9. 808 9. 849
Productd . ..ooioniiii e 0.00 -+ 0.08 + 0.88 + 078 ¢+ 0.99 4 1.31 + 1. 35 1 + 1.32 { L.61 1048
_ ‘ e
= e e : : -
Sin 9° ‘ Sin 85° } Sin 80° | 8in 75¢ ° Sin 70° E $in 65°  Sin 60° | Sin55° | Sin 50° |
- 1 i H
+ 1.7 + 1.6 + + L& .+ 19 + 2.1 4+ 18 + 1.4 +~ L6
| C4 L2 |4+ 08 |402 404 408 408 |+ 0.4 0.0 !
fp10 4 ne | +17 417 423 415 4 L5 |+ 19 4+ L6 |
: + 10 |+ 08 0.0 —1.2 |—14 :—14 |—18  ~—19
: § ! ! | i f
Sums . . P - ,’+ 54 |4 55 {'+ 3.7 + 8.4 |4 30 427 + 1.9 ~ L3 |
0.431 | 0732 | 0740  0.568 0.531 0.477 0.431 0.279 0.114
2 sin . 9,098 9.993 9.985 9.973 9.957 9.938 9.013 9.884
i H
Products .....\’ + 270+ 5.87 1 4+ 541 {4 357 4+ 819 |4 272 4 23 |+ L5 4+ LOO
[{ar) sin 7] + {(By) 8in (7 + 1209)] - ((p) sin (r | 240°)) = + 36.18
; . ” ’
tan [(2:) cos r] + [(B) cos (r 4 1200)] 4 [(r;) eos (r 4 2400)]  74.74
NP =""(a) sin r| + [(B) sIn (r + 1209)] 4 [(rr) sin (r + 240°)] 36.18
.. p = 1150 50
[i 1200 s 7 4 240°)] 74.74
[(a) cos r] 4+ [(B:) cos (r 4 120°)] + [(rx) (c0 2 = — = — 2131
g= =" T ) - 36 sin 115° 50/

4 ngin B
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Examination of limb of 20-inch theodolite C. 8. No. 114—Continued.

FIRST SET.—TABLE IIL

Mntual errors of trisection. ; :
' Residual errors of graduation
and reading. :

r ) 7 + 1200 7 + 240° i

T

Error. (‘;;f‘r:C Error. i Cf;::c. Error. Cgf:]ic' ‘ T 17‘+120”; 7 4 2402
e e e v e - —_— PR —_— ——— e .
0 4 0& . -.21 F08 i +02  —15 | 410 . —13 . 410! 404
5 -+ L1 - 21 + 0.4 + 04 — 15 + 17 ) =10 408 | 4 0.2
0 +23 . ~2¢2 00  +06 —23 | —16 =01 | +06 | 0.7
15 20 — 23 —083  +08 —17 | 415 —03 ! 405 —02
20 423 0 23 —067 4+ L0 —17 | +13 | 00 +03 ;i —ouv4
205 + 18 - 2.3 — 0.2 + 11 — L& + 11 P 65 + 49 | — 0.5
a0 -+ 3.0 - 2.8 — 20  + 1.3 — 1.0 + Lo + 0.7 - 0.7 ‘ 0.0
3 421 Saa —~ 13 ; + 1.5 1.0 + 0.8 0.0 ) — 02
40 429 —22 21 | £16 —08 | 406 407, —05 | —02
4 -+ 20 — 21 o200 418 —00 1 404 . —01 | —02 + 04
5 +16 —21 1 -28 ° 4190 4 L2 | 4102 —05 1 — 09 14
55 | 4+ 1.4 — 2.0 — 2.0 =+ 2.0 + 14 0.0 ; — 0.6 - 09 4 1.4
60 + 1.8 -~ 1.9 — 32 . + 21 + 14 -~ L2 ! —01 - 1.1 } + 1.2
6 +21 — 18  —39 | +22 418 | —04 403 —1T . +14
0 +19 —16 —88 | 4+22 i +L% | —06  +03 —1.6  +13
B+ LB 15 —86 | 4235 4+ L8| --08, +03 —13 | +10
WO +22 — 13 —31 | 422 4090 —1L0 409, —08, —01
8 ' 416 — 12 —28 | +23 7 +1.2 | —L1 i +04 ! —0.5 | ol
a0 -+ L7 - 1.0 Lo 2.0 | -+ 2.3 . + 0.3 — L3 + 0.7 + 03 ; — 10
9% + L2 i - 08 - 1.4 + 23 | + 0.2 —~ L5 - 0.4 + 0.9 1 — 1.3
00 08 | ~06 i —L2 422 ! 404 | L6 402 +L0o | —1L2
W5 4+ 02  ~04  —08 | 422, +06 | —1L8  —02 414 —1L2
W0 < 04— 0.2 —16 : 421 4 L1 - 19 402  +05 08
M5 ro0e | 00 —19 ! 320 411 20 . 108 i +01  —o09

For each date the values of ¢ and p» were used as determined by the observations of that date
“and not the mean values of the three dates.



THE UNITED STATES COAST SURVEY.

125

FExamination of limb of 20-inch theodolite C. 8. No. 114—Continued.

SECOND SET.—TABLE 1L

- | i ] I
Cos 0° | Con 5° ‘ Cos 100 | Los 157 | Cos20° = Cos 25> ; Cos 30° ‘ Cos 35° Cos 40° | Cos 45°
! S— | o
: i | j |
: + 0.7 4+ 10 + L4 '+ L9 -+ 2.4 “4 2.1 ;+3.0 24 427 L4238
| +381 |+31  +30 423 428 412 413 —01 ‘406 |4+01 |
i +33 487 28 429 429 (4+L7 409 L2 404 |
i +11 408 402 (401 —~06 '+03 .+ 08 -+ 08 ] ;
BUIDA oo eeete e P438 |+85 +&9 72 =TT 49 463 440 . +53 44t |
0. 580 0. 920 0. 949 0.857 | 0.886 0. 690 0.79% | C.602 0.724 0. 643 1
9. 998 9. 993 9,985 | L9731 9.957 ,  9.938 | ©.913 . 584 9. 549 |
4380 |4 845 BT | 605 ‘ 4T+ 444 4 546 527 3.10
E : 1 o
Con 90 Cos 757 Cos 70° | Cos 65° - Cos 60° i
[ S - L }
+13 |+L4 421 L2 4+ LT 420 419 1.6 f420 |
—1d4 o1 e 0.8 l—08 10 -0 01 |
+ 1.7 +22 ;419 =~ 1.8 + 1.6 4 1.7 + 1.7 4 1.9 LG |
—12 i —03 0.0 4+ L0 4.6 12 413 .20 |
i : i
1 i
SUMB - eoeemmecveaearemieeaeaneanen P30 410 26 =28 435 [-+45 +88 . +41 .55
LOZE oo 04T 0.000 °  0.415 0.447 0.544 @ 0.653 0. 580 0.613 1 0.740
| T DY 8.940 0 9.240 9.413 9.7334 9. 626 9. 699 9.750 9. 508
Products cooocveeiiiciiiioiiiaeeey 0,00 40,00 | - 0,45 4 0.72 0 4+ 120 0 190 4 190 4+ 235 2 8.53
{{ar) cos ] -+ [(B:) cos {r + 120°}] 4 [{yr) cos (v + 2407)] = <+ 67.64
SECOND SET.—TABLE 1II1.
| ) T 1 ‘ o - N
Sin (° Sin 3° Sin 10° | Sin 15° © Sin 20° Sin 35¢ Sin 40° ; Sin 450 |
3 | ‘ * e Noves
‘ 407 4 1L0 414 ‘519 424 91 i3z0 o1 P27 |l +eas
. i i i !
j —81 ~—31 | —30 —23 ' —23 —12 !—13 ' +01 —06 |—01 |
; 4383 437 128 429 22 7L LT+ 00 L2 |04
—L1 =08 -02 i—61 406 [ —03 —08 —08 |16
I
SUMS - oo e P24 01 4 L3422 428 43T 481 426 425 Lo
T SO 0. 380 9.000 0.114 1  0.3d2 0. 462 0. 568 0. 491 0.415 0.398 1 0.000
logsin ... [ N1 S (R 3 9. 534 0.626 ,  9.699 9.759 0.808 0,849
[ O 0.00 |+ 0.01 + 0.23 057 |+ 080 4 156 |+ 155 4149 4 161 0.7
i Sin 90° i Sin 85° - 76° | Sin T0° | Sin 65° | Sin 60° | Sin 500 |
E— R S e - | —
| + 13 14, j+21 {412 (417 L4200 410|416 420 i
i [+1 + L1 402 408 {408 [+1LD |+ 07 i;u.l I :
| 4+ 1.7 '422 ;+1.9 L LB 4 LG 4+ L7 4+ 17 5 L9 |+ 1.6 ;
; 1 +1 I+ 0.3 00 | —10 | —16 |—12 |—13 |—zu0 |
|
|
i B
; I }
g + 30 !+62 L+ B4 432 [ 431 [+29 j+34 [+2e |07 !
| i
" Logs caeennnann 0477 0.792°  0.732  0.505 0. 491 0. 462 0.531 0.462 | 0.230 | |
I H i
| 9998 093 | o085 9.973 9. 957 9.938 9,913 9884 | |
| ;
{ Products ..cecavieenne. . ceeee] 4 300 5 4+ 617 | + 531 ;4300 | 4+ 291 ‘ 262§+ 20 |4 23T |- 130 | |
| i i !
‘ — — |
] [(@) 8in 7] + [(Be) sin (r + 1209)] + ((y:) 8in (r + 240°)] = — 38.43
: !
tan [(2:) cos 7] + [(By) cos (r 4+ 120°)] 4 [(r:) cos (v + 240°)] _ 67.64
P =" [{a) sin 7] ¥ [(#) sin r + 1209)] + [(72) sin (r 4 240°)] = — 38.43
. = 119° 36/
067.64

_ [{er) cos 7] + [(B:} €08 (r + 120°)] + [(yz) cos (» + 2400)]

4 nsmp

= 7 36 sin 1190 3¢/

= — 216
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Cxamination of limb of 20-inch theodolite C. S. No. 114—Continued.

SECOND SET.—TABLE III.

Mutual errors of triscetion.

l

! Residual errors of graduation
and reading.

r H r -+ 120° 7 + 2400 t |
r i i i
D \ ! e | | : 1
Error. ! (,;):s:c 5 Error. Lfi?xicr Error. | Lf;;tﬁ : r :,-,f_ 12002 7 4 2400
I T I
n i 1t “ H 7] " i 1" i " H " i "
0 10T =19 L 10 00 | 17 | 410 L2 410 |02
5 410 =20 407 | 402 —1L7 418 —L0 098 | 401 |
10 ¢ L4 —=20  +01 ] 04 —16 ] +17 ‘ —0.6 = 4+ 05 +01
%5 +1.9 ' —21; ~01 ! 406 | —18 ! +L5 | —02 @ +05 —03
2 0 424 —21 ~0.6 | 407 | —19 & 414 ] y03; 01l —05
25 . 421 —21 401, +09  —22 | +12 ] 06 . 410 —10
0 430 —22 - —13 | L1 | —17 | +11 | +0.8 | —02 - 08
35 +24 ) —21 | —12 | 412 | —12 . 409 403 00 | —o03 !
0 pe2r 21 —28 !l prd ! —os i o por ] 406 —00 | 404
# 423 — 21 0 —~23 416, 00 405 +02  —~07 405
5 | 420 0 —20 ! =30 +17  +10! $04 ] 00 —13 | + 14 |
5% 4160 —19 | —31 { +18 | +16 1 +01  —03  —L3 | +17 |
&  +19 0 —19  —31 | 19| 412 00| 00 —12 412
6 20 —18 0 --33 | 420 [ $13 —02 | +02 —13 | 411
0 0 L7 —17 ¢ ~87 | +20 | +20  —04 | 00! —17 | +16
%+ 1%, —15, —28 +21 | +16 | —08 | —03  —07 | +10
80 +21 % —14 ] —29 ! 421 +68 ! —07 | 407 —08 | 01
8 | 4+ 14 | —12 | ~22 | £21 | +08 | —09 | 402! —01 | —01
901+1.3§—1.1,'—1.75+2.2'+o.3§~1.1;+0.2;+0.5)§-o.s
95i+1.4‘}—0.9;——0.93+2.11-—-0.65—1.21—9—0.514—1.2}—1.8;
00 | +1L1 | —08: —12 fo+ 21 |01 —14 ; +03 | +09 | —13
05 402 —06, —o0d [ 2L 402 —15 | —0s 7 s
U0 | 408 | —04 | —16  £20 | 408 —L6 +04 04 —08
Us | 408 —02 | ~19 19 | +11 -1.7§+o.6l 00 | - 086
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Hramination of limb of 20-inck theodolite C. S. No. 114—Continued.

THIRD SET.—TABLE 1L

i 7 ‘
Cos 0° | Cos 5° : Cos 10° ; Cos 15¢ Cos 20° ° Cos 25 ; Cos 30° Cos 35% | Cos 40v | Cor 45°
| | R S !
411 [4+17 |4+20 423 426 26 434 it FI I O
+34 |+31 432 |+28 }+2.3 L2838 19 .+11 l+11 |+ 03
+36 |36 |+ 31 429 428 ‘L4 LT 10 “+ 0.9
i
09 | 0T 0.1 00 =03 '+a02 00 |+ 08 |+16 |
Sums .. +45 [+903 4905 L83 78 o5 169 456 |56 |4 50
Logs..... 0.633 1 0.968  0.978 0.919 . 0.892 0.873 0839 v. 748 0.748 | 0.690 !
Log cos . i 0998’ 9.093: 9.885: 9.9 9.957 ©  9.938 9,913 9.884 . 0.F49
Products + 4.50 ; +9.25 0 4935 4 802 .+ T3 ¢ 679 - 598 = 458 |+ 498 |+ 853
L
Cos 90° | Con 85° | Cos 805 Cos 750 | Cos 70° | Cos 650 | Cox 600 | Cos 55° | Cos 509 |
i 12 P23 |21 416 (414 418 [ +1L0 | L9 L8
| — 13 — Lo — 0.8 - 0.7 — 0.6 — 0.8 — 038 — 0.3
416 414 |+ld =26 23 420 18 4 14 |+ 13
[~ 0.6 | — 0.3 + 0.6 4+ 14 4+ L2 4+ 1.6 | 418 |21
418 | +22 484 444 w44 46 log8 49 i
0.255 0.342 ;  0.531 0.643 0.643  0.063 0. 681 0. 690
B840 9. 240 9.413 9. 534 9. 626 9. 699 9.758 9. 808
4+ 0.16 | + 0,38 & 0.8 4 150 -+ L8 -+ 230 |+ 275 3.15
{(ar) cos 7] -+ [(Be) cO8 (r + 1209)] + [(ye) CO8 (7 + 246°)] = -4 T6.50 i
THIRD SET.—TABLE Il
Sin0o | Sinf° | Sin10°  Sin15° | Sin2°  Sin2°  Sin3ec | Sin35 | Sin4ee | Sinds
i P o ! I ‘
| H H | i
+11 4L li20 423 +26 li26 +24 —28 P27 |+ e
; | ‘
— 34 {-3.1 %—3.2 ~928 | —23 —23 —18 —11 |—-11 |—03
l+36 | +36 |+31 +29 S +23 ‘414 LT |- L0 |+ 09 !
S f—m -01 | 0t ,—03 !—o02 0o l—08 |—16
23 418 |+17 |+25 Y482 428 427 484 4L |+L2
03621 0114 ]  0.280 0.898 ,  0.505 0.362 0.431 0.531 0.255 0.079
{8910 9.240 9.413 |  09.534 0626 0.699  9.750 .  9.BOR 9. 849
: : i e
0.00 |+ 0.11 ]+o.so +0.65 4+ 109 | 4097 [+ 1.3 419 | .- L16 |+ 0.8
: : ‘ e
Sin 90° . Sin B85° i Sin 80° | 8in 75° | 8in 70° | Sin 65° | 8in 60°  Sin 55° | Sin 50°
! ! ' . — s
‘ ; | ‘ i
+ L2 }+2.3 ,‘+2.1 + 1.6 + 14 [ +18 419 [+19 + L&
[+18 [+10 {+08 [+07 [ +06 '+08  +08 |+03
+ L6 |+ 14 i+ 14 4+ 2.0 + 28 |+ 20 |+ 19 + 14 [+ L3 .
L4 0.6 i+o.3 —06 [—14 ;—-22 [—16 -—18 |[—21
i | | i
1428 l"+5A6 f+48 |+2s8 |+30 [+32 [+30 +23 [413
0.447! 0.748 | 0.651] 0.580) 0.477 0505 0477 0362 {0114 ;
| 998! 9903 9.985 9.973 | 9.057: 9.938; 9.913] 9.854 :
+ 2.8 | + 5.57 ‘i+4.72 +8.67 | 4282 4200 +260 18 |10 i
i ; | ! i
Lar) sin 7] + [(B2) sim (* + 1209)] + [(ys) sim (¢ 4 246°)] = + 36.39
tanp = — [(ar) cos 7] + [(B:) €08 (r 4 1200)] 4 [(y7) cos (r + 2400)]  76.59
- [(az) 8in 7} 4 [(B,) 8in (r 4 120°)] + [{;:) sin (r + 240°)] — 36.39
.. p o= 115° 25/
. {(ax) co8 7] + [(B;) cos (r 4 120°)] + [(r:) cos (» + 2409)] 76.59 — _ 936

Sheinp = T 36sin 115° 257
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REPORT OF THE SUPERINTENDENT OT

Framination of limb of 20-inch theodolite C. 8. No. 114—Continned.

THIRD SET.-—TABLE IIL

Murnal errors of trisection.

: Residual errors of gradnation !
i and reading.

|

|

rj r r 4+ 120° 7 4 2400 i i
3 ) i “ 1‘ i } 1 ‘l
jErrur. ‘\(/{:’r:c Error. ;C&EI:_V‘; Error i(gf::&-; T {r—{» 1200‘?7' + 2400;
: ! | P ! _

) P o ‘ " ; u ] ” i I } i \ " j " j
o 411 21| 08 +oe2 ~10l 119 10| 410 0o |
5 4+ L7, —22 403 404 20 0 418 —05 4067 —02

1o£+2,og-—2.33+0.3§+0.6 72.3“,4—1.73—0.31-{-0.9;*0.6

Bl 423 ~23 | —03 | +08 1 —20 ! 415 00| +05 | —05

20}+2.61—2.4E-—1.13+1.0‘—1.4J+1.4‘i+0.2 —061 | 00

o420 [ ~24 0 —L1 0 412 14| +12] $02 ¢ +01 | —0.2

30 +34 ! —24 | —19 +1L3)! —16] +1L1] +10,; —06 ! —a5

3 0 428 —28, —23 4£15 ] —06 | 408 | £05 —08 | +o02

4 | +27  —28 i —23 | +1.6 | —03 | 406 ! + 04 —0T | 403

455+2.21,va2§—2.8 $18 | 406 | 404 00 ~1_0j+1.0

5og+1.s§_—z2i_3.21+1.9§+1.4'+0.2§-0.4 ~13 | 416

85 0 419 —21 ~3.1;+2.13’+1.2 0.0[-0.21—1.0]+1.2

8 | 410 | —20  —34 ) +22 | 416 —02 —01i 12| 414}

6 | +L8 | - LB —36 423 $18 04, 0.0 14 +14,

70 . |14 - L7 —36: +28 ' +21 ) —06 ] —03 | ~13  +15

750 416 . — 16  —381 { +23 | 416 6 —08 . 00| o.sf+o.s’

8 | -+ 21 | —14 | 2.9 | + 2.4 | ‘0.8;*1.01‘+0.7‘f—0.5‘:—-0.2§

85 0 +23 I*—i2 ) -23 | 424 00 —12 1.1 +0l @ —12|

901+1.21—1_oi—1.4g+2.4)+0.2;—1.3E+0.2§+1.0;«1.1"

asla-x.s{—o‘si—1.7{+2.3‘,+o.3;—1.5‘+o.5{+o‘0‘~1.2

1ooj+1.o}—(>‘7r~1.o§+2.3§ 00 | —1L6 +o,3]+1.3 ~ 16

105f+o.b§—04;’—0.9§+2.2{+0.1§-1.8 +0.4§+1.3[_1.7

1]0370.6<~—0.2”-—1.3“+2.2?‘+0.7\’—1.9 +04 1 +00 | ~12 ]

15 ¢+ 06 | 0.0i‘—~l.41+2‘1!+0.9"—2‘1§+O.6;+0.7’;~1.2‘

| i t ! i i i



THE UXNITED S’I‘ATES COAST SURVEY.

Eramination of limb of 20-inch theodolite C. 8. No.

114—Continued.

RESIDUAL ERRORS OF GRADUATION AND READING.
RESIDUTAL ERRORS.
r FIRST SKT. SECOND SET. THIRD RET. MEAN.
.
0° % 1200 | 2400 120 2400 02 20 2400 0 1200 1 2400

0 —-1.3! 5+ 1.0, +04 — 12 410 02 —L0 180 0o - L2 4 L0 402

5 — 190 0.8° + 0.2 — 10 -+09 -+ 01 -—05i<07 —0 0.8 0.8 0.0
W+ 01 206 —0T —06 4+ 05 61 03 +69% —06]—035 =07 - 05
15 —~08 + 05 —~02 —02 +05 ~08 0.0 -+ 05 0. 0.9 4+ 0.5 - 0.3,
20, 0.0, 4+ 03| —~04 +03, 401 — 05 02 —01 0. 0.2, +0.1: o3
2B 05|+ 09|05 00410 —L0 4+ 0.2 401~ 02 —01: 4067 -0
0407 —07 00 08 —02 —06 +10 — 06 - 0.5 0.8 05 - 0
B 00| +02!-02'+063] 00i—03 +05 —08. -+02 +03, —02;

0 +07!—05 -02 +06 —09 =04 ~04,—07 +03|+06 —0.7]
45 — 01l —02{+04 $02, - 07 +05 0.0 — 10 =+ 10 0.0 — 0.6} = 0.6
5 ;05 -09! 414 00, —13, 4+ L4 ~ 04 —213 +16|—03 —12 5
86— 0.6 —09]+14 —08 —13 =17 —02 —10 = 12/-04 --11 .4
6. —01 —1L1!4+L2 00 — 12 +12 —01 - L2 14— 0.1 —12 .2
6 03[ —-17:+14 302 ~13 -~ 11 6.0 — 1.4 L4+ 02 15 .3
7O 4+ 03— 16 13 00 -1.7 =+ 16 -03 —13 + 153 0o - 15 3
754 0.8, L3 | Lo 0.3 ©n7 + Lo 0.0 08 4 uR 0.0 09 . B
8 09 o.si 0L 40T 08 401, 40T 05 o020 w7 a1
85i+ 0.4{—0.5;-*- 01 402 01, -01 411 +01 --12 - 0.6 0.2 0.4
m;+o.7i+o.35--1.o 402 405 —08: 402 +l.(l: - 1.1 w4 + 0.6 - 10
940409, —18 405 +12 —18 +05 +06 —12i+03 +09 —14
00402 + 10! —~12 +03, 409 —13 403 +13.—16|+03 11, —14
105§—0.2’+1.4§—1‘2 04 + 17— L3 + 04 +13 —17 0.1 + 1.5 — 14
M0, 4 02| + 0.5 — 08 -+ 04,404 — 0.8, +04 -+ 09 —12 0.3 - 0.6 0.4
115i+o.s’+0.1l~0.9 + 0.6, O.OL—0.6’+0.6 $ 0T - LT 0T 403 - 09

| i

12.—17

8. Ex.

-

129



130

REPORT OF,THE SUPERINTENDENT OF

Eramination of limb of 20-inch theodolite C. 8, No. 113,

FIRST SET.—~TABLE I

3‘ Con ¢ Cos 52 | Cas 107 ‘ Cos 152 Cos 207 . Cor25° . Cos 307 i Cos 357 i Cos 407 | Cos 457
- ‘
. £06 409 |43 —08 [—07 -—0F |—19 l+1.s +o02 | 00
| —02 | —08 |—-08 :-13 +08 -—09 | —-14 |—02 0.0 | —16
i et 01 | +08 00 +20 o +17 w23 {0 |+ 01
| L4 2.9 = 0.7 440 + 18 | =46 -+ 3.0 ]+ 4.0 2.3 [+ 29
i . ' 3
| & £ 04 45T L0l 4+ 43 0 +19 40 1.4 |4 77 toa la20
0. 756 0. 000 0.633 0.279 0. 650 0. 146 0. 886 0. 380 ‘ 0. 301
i
9. 998 9.993 - 9. 985 9.973 | 9.957 ¢ 9. 938 9.913 9. 884 s 9. 849
i Products P4 040 4 568 | L 0.98 | 4 415 "L 179 - 405 |+ L4l
i ! = e
Con80° | Cos 85 © (Cos8D> . Cos75° | Cos 70° | Cos 850 ; ‘
I i b o S [, i
~ 13 | —20 23 3‘~»2.1 b—1e j—10 (1 ~21 |—09 \)-1,9 !
+ 0.5 2.3 -+ 1.9 | 433 4 1.0 + 21 3 | — 02 3_0.7
~06 | —07 408 !4+10 |+11 :+08 408 |—03 !
: ~25 l-o06 12 Lo fror 4 [+ 27 |+ 18 |
{ i | ! ! I i
Sums . —o8 |—z8 ‘05 o7 w12 li2s —o6 |+as |11 | !
LOE8 - aeaermee e anmam e mananaanes L0447 0.699°  9.815  0.079 osex! o7 esa ! oovarg
Log cos. . | . 8. 940 9. 240 9,413 i 9. 534 0.626!  9.699 | 9.75 . 808 ‘
Products . I 00 — 0.24 | —~0.09 018 .+ 0.41 | 4 973 0.30 ‘ + 195 | — 070 !
_ [— S SR _ b -
[a) cos 7} + {(Be) cos (r + 1209)] + [(y:) cus (r + 2409)] = + 34.44
FIRST SET—TABLE 1I.
— . S , ‘ :
! $in0° | Sin5 . Sin10° | Sin15° | Sin20° | Sin2° | Sin30°  Sin35° | Sin 400 | Sin 45°
: S B : ] i g S I
. | : ] i
i 406 409 403 — 0.8 |- 0.7 gao.s — 18 |+ L6 4+ 0.2 0.0
' +02 408 08 413 .08 i 0.9 L4 + 0.2 0.0 1 1.8
: A 01 r 08 . 00 | P20 1 LT 428 -0l 4T
; | 229 —07 |40 |- 18 | -4 |- 20 40 |—23 -89
i i ;
SUIIS <o een e een e : + 0.8 15 1403 -7 a3 | .25  -18 o1 2.2
Log sin N 8.940 1 9.240 9.413 . 954 |  9.026  9.69 9.759 9. 808
Logs ...... ! 0.176 1 9.477 0.431 | 0518 0.400 | 0.255 9.000 |  0.342
Products . .ocoeee... ool 000 2013 (4005~ 070 P~ L13 [ - 1.08 |- 0.90 4 0.00 | — 1.4
i | I i I B o -
| Sin 90> | Sin®6°  Sin 80° | Sin750 | Sin70° | Sin 68 i Sin60° | Sin55° | Sin50° | ;
e SN BRSNS S NN P i [
Jm1e o200 a3 -2l 19 {—10 ! 21 |—09 |19
©05 |- 28 -~ 19 (—-83 {—10 |~21 ;402 |+462 |+07 i
{ i ~06 —07 i+08 [+10 |41l [+08 {+08 |—03 !
; : +25  —~06 413 |- 11 |01 ’—1.9 ~ 3.7 |~18 ;
| .
24 55 ;38 |—%0 |—21 |—80 |—a6 |—33
9, 998 9.993 1 9.985 9.973 9.957 | 9.938 9.913 9. 884
0.380 .  0.740| 0.518 0.477 0.322 1 0.477 0.556 0.518
- 240 ©— 541 | — 339 |28 |~ 190 {-zm - 295 | ~— 2.52

{{ar) 8in 7] 4 [(B+) sin (r 4 120°)] + [{ys) sin @ + 2409)] = — 30.03
. L)

.. p = + 480 59

34.44
¢ = —3gemage = — 14



THE UNITED STATES COAST SURVEY. 131

Examination of limb of 20-inch theodolite C. 8. No. 113—Continued.

FIRST SET.—TABLE 11

! Mutual errors of trisection. :
Residual errors of graduation

. and reading.

» T Tt 1200 T 2400
"1 4, oy TOTTR e

: Error. C;::::‘ Error, L&:‘:“” Error. L:::‘ I T 1200 o 240‘:

i ; ;
o | " oo " " " .o .o oo v
0 +06 | —11 f02} 413 — 08 0.3 ! -Tes - 415 —11 |
51 +09 | ~10 l 02 | + L4 —1L1 | —04 ] 01" $+1L6 | —15
10 { + 0.3 ! —09 | 407 | + 14 —10 | ~05 - 0.6 | 421 . — L3
13 | —0.8 | —08 | 16 14 —08 | —06  —16 430, —14
20 } — 07T | — 0.7 60 | - L4 ;0T ~ 0.7 — L4 4 14 0.0 ;
25 0.8 0.6 402 | + L4 406 —09  —L4é 416 ‘ —0.3 !
30 1.9 . - 05 - 14 Pl4 405 | - 09 - 24 528 - 04
35 1.6 0.3 0.9 . L8 S2.3 10 + 13 422 | — 35
40 o2 ! . oo2 0.8 S 13 406 i - 1 0.0 + 05 0 - 0h
15 0.0 S0 P LB P L2~ 13§ 12 -0l . 4235 —o5
5% - 1.9 . 60 ¢+ 408 | L2 411} 12 —L®; 420 -01
350 — 0.9 - 0.1 0B | 4+ L1 401 - 18 0.8 i 1.9 - 12
€ - 21 03 402 | 411 L9 13 L8 <13 =08
65 1.0 0 404 -~ 27 | 4+ L0 . +387 | - 1.4 0.6 . — LT ' - 23
70 —19 . +05 " 401 + 0.9 ' 4 LW - 14 14 W] 0.4
B - 21 406 | — 08 4 08 ¢ + 2.9 - 1.4 — L5 ! 0.0 + 1.5
80 ‘ ~-28 407 00| +07  +28 | - L4 1.6 ' + 0.7 - 69
8 | —20 . +08 . —20 | 406 +40} —14 ~—1L2 —1L4; +26
9 | 18 +69  — 17| 405 480 14 =04 -—12| +L6
% | ~23 | +10 | —23 | +04 0 +46] —~14 —13] —~1901 432
160 ‘ -~ 1.9 + 11 + 01 +02 ! +18 ] —-13 - 0.8 | + 03 ' +05
105 | 33 +12° —07 | +01  +40 | —13  —21 ] ~08 +27
10 — 1.9 1 L2+ 03 00 | +0T | —12 @ 402 | H03 =03
16 ¢ --21 0 4 L3 —08 | —01 20 ] —12 ' 08 —09 417
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REPORT OF THE SUPERINTENDENT OF

Examination of limb of 20-inch theodolite C. 8. No, 113—Continued.

SECOND SET.—TABLE 1.

P i N o o !
2 I Cos 90 ! Cos 57 Cos 10° ; Cos 150 | Cos 200 | Cos 250 | Cos 302 Coe 33° - Cos 40° | Cos 45°
f—01 -0t 40l [ -12 —01 —0l ;~08 |[4+0% 404 i-—01
— 16 —06 —13 {+05 +062 - 06 '—06 i+11 @01 |—24
i + 14 406 423 03 416 412 421 i 04 [—02
‘ f4+20 518 {4 L9 +32 42 {434 434 110 |+43
! !
1 i
- 26 <+ 10 |- 35 F80 4+ 51 {432 475 4+ L9 |+ L6
0.415 0.000 | 0.544 0.477 0.708 | 0.505° 0.875  0.270 (  0.204
- 9,998 0.983 1 9.985 9,978 9.957 |  9.938 9.913 9.884 . 5.849
+ 259 - 0.98 |~ 3.38 |+ 281 : 4 462 'l + 277 |+ 613
Cos 800 Cos 85° | Cos 80°  Cos 75° | Cos 700 (os 65° ‘ Cos 60° © Cos 53@ Cos 500 H
; i 1
~22  —18 |13 ‘-6 |-16 —24 —21 [—21 [-.30 :
+ 0.2 4 21 2.8 2.1 + 19 4 13 —0.6 | — 0.4 — 0.8 i
— 1.2 — 0.2 1.2 + 0.9 + 02 |+ 0.6 + 0.7 — 0.1
—~14 |- 02 v 0.6 | LT LB 405 (439 421
20 24 4Ll 319 |+ 29 0.6 |~ 16 - 21 - 18 ;
0.380 0.041 ;  0.278 0.462 9.778 0.204 | 0322, 0.255
N 8. 940 0.240 | 9.413 0.53¢ . 0.626| 0.609 | 9.759;, 0.808
H i
0.00 ' — 021 4019 -+0.49 | 4090 402 08 @412 |—116 i
} {{ar) cos 7] + [(Br) cos {r + 120°}] 4 [(yr) cos (r + 2409)] = + 24,92 l
SECOND SET.—TABLE II.
- ]"""““‘ T .‘ T 3
l ; Sin15° | Sin20° | Sin25° | Sin30° | Sin35° | Sin 400 ‘ Sin 450 |
=12 |—01 j—01 —08 |+09 |+ 04 |—01
05 | -02 466 06 | L1 j-o01 |+ 24
;03 - 0.3 i 1.6 P L2 |+ 21 0.4 |02 |
18 | —-32 42 34 -4 |10 !.-—a3
: |
4 LB 0.2 402 |- L3 | —38 —21 —24 |-15 |—03 |—22 !
9.301 93011 0.1 0. 580 0.322 0.380 0.176 9.477 I 0.348
Log sin ST 8.940 0.240 | 9.413 9.534 9.626 9,609 9.750 9.808 9.849
Produets ...ooooon iiieie el 0.60 - - 0.02 4+ 0.04 ;--03 | -130 . —68  — 120 |08 | —018 | — L5 !
i i i : | i
Sin 96° : Sin 85° ! Sing0° | Sin75° | Sin7ec | Sin65° . Sin60° | Sin 35 | Sin 500
; - U
~22 | —-19 |—-13 !|—20 |~16  —-24 —21 |—21 |30
-02 | —21 l_zs ;—21 |—19 {—1L3 408 |+04 |itos !
P —12 102 !+ 12 + 0.8 + 6.2 + 0.6 + 0.7 + 0.1
P14 lyoz -0 [—17 |—15 —05 1-39 |~—21
S } i
SUMS < vme o oiee s iciaae e, 24 - 38 —41 -85 |—43 ~50 —24 |49 |4t
L POt 0.580 | 0.613 0. 544 0.633 0.700 0.380 0. 680 0.843 ]
LOg 6. oo et e iaaan . | a8 99% 9. 985 9973 0.957 9938 9.913 9. 884 ;
CProduets ..ol — 240 | — 379 i»4.o4 ~8.88 | — 404 | ~ 454 | ~208 400 |— 337 |

[(a:} sin v} + [(Br) 8in (r - 120°)] + [iye) sin (v -+ 240°)] = — 8798

+ 2492
— 3798,

tau,n:—-(

e op o= 33° 16/

o (e
¢ = =\ 36sm 335 1¢

.

) = - 126

)



THE UNITED BTATES COAST SURVEY. 138

Eromination of limb of 20-inch theodolite C. 8. No. 113—Continued.

SECOND SET.—TABLE I1I.

Mutual errors of trisection. :
Reridual arrors of graduation
and reading.

r r 4 1200 7o 2400
-
Frror Cn.rmur Error. (/‘o.rrl-r: Error. Cu_rrer- . .o o~ o
. tion. tion, tion.
=] ” ! ” " I " : " i i " ”
8 —61: —07 4066 | +13; —06 ~06 - 06 L8 12|
5, =02 ~06 | +04 ] +13 ‘ —-02  ~07 ; —08 ; + LT -—09,

10 401 | —08 | +08 | +12; —08  —~07| 04 +20 —16
1| —22 | —04 | +24{ 412} L2 —~08 | —16 | +36 ;i —20
P2 —0.1 —~o.3‘-o.1§+x.2 +62  —09 04 + L1 0 —07
p% | —01 —02, —1L1 i+ L2, +1l2  —16  —03 . 01 . 402
8 | —08 , —01 406, +31, 402 ~L1 5 —09 +LT —09
35 4 0.9 | [1N+) 4-0.6 ! + 11 — 14 ~11 4 0.8 - kT — 2.5

© | +04 " +O01 —02 +10 —02 =11 405 0.8 - 13
| 4 —01 ! 402 —05  +09% +06 . —L2 401 404 —U6
5 | ~30 | +04 +L3 ! 408 4#17 ] —12 | 26, 122 405
5 | —21  +05 406, +08 13 —13 —16 414 02
80  -21 . + 06 -+ L6 \ + 0.7 405 — 13 -1 23 —~ 08
65 | —24 i +07  ~14 . +06  +389 —13 — L7 —0E -6
| —16 . +07 —06 , 405 +21 , —12 —09 01 09

B —20 , +&8 —23 . +04 43 —12 712 -1 431

; 8 | —13 | +09 1»0.35,\»_',03 +10 | LT  ~ 04 0.6 —02
8 | —19 , +10  —Lé, 302 | +3¢ -~12 - 09 —L4 22
% —22 4Ll —12i $01 . +34  ~—11 0 --11 L1 4 23
9% | 21 | 411 ~21] 00 +42 5 —10° —L0  —27 - 32
1m3~'2.s}+1.21—-a41—o.1i+3.z}—1.o"-1.s — 05 422
ro5|~2.1!+1.2%+0.2 —e2 | +18 ] 09 —00 | 00 10

L mo | —19 ) 412 401 | —0d4 +18| —08 —07 | -03 <009
‘ ns;—z.a§+1.3‘—o.7 -o.5§+zo [~ 00 i —12 | +12




134 REPORT OF THE SUPERINTENDENT OF

Examination of limb of 20-inch theodolite C. S. No. 113—Continued.

THIRD SET.—TABLE 1.

Cos 5¢ “ Cos 10° | Cos15° Cos 20° | Cos 25° ! Cos 30° | Cos35° | Cos40° | Cos 450

T - 7 ;
+0¢1 - +07 |{—12 403  —L4 :—13 { 0.2 0.0 |- 02
| — L7 6o |—04 —03 L 23 g»04 +0.3 | —1L1
S 20 406 |21 403 +L2 412 |4 +01 |—o07
T+ 88 +12 |+27 426 +53 |+ 34 f P06 442
‘442 425 |+82 +29 4398 ﬁ+1o +64 | +10 422 |
0.623 0 0.400 0. 505 0.462 |  0.501 | 0.806 | 0.000 0.342 |
. 8.9 9.9% 9.985 9.973 |  9.957| 9.938 9.013 |  5.884 9.849 |
[+ 418 | +2.47 |4+ 300 + 272 |4 3.8 i+ 0.87 | 4524 4+ 077 |+ 1.5 ]
i i i
ST = * 1 H B e S ‘
i i Cor85° | Cos 80° | Cos 75° ! Cos 700 ! Cos 85° I Cos 60° - Cos 55°  Cos 509 :
| ! ! ! | ! |
: ; i — e — - i
| — 22 ’~2.9 j—03 j—21 |-16 |—20 |-22 ~17 —10 i
i Lo [+37 524 433 408 |[+26 —04 |02 |- 07 ;
: i—19 00 ' —01 ,+1.3 —01 |4+06 412 04 '
i P14 03 —02 410 | 00 418 440 21
f l.025 |4 18 _+4+09 4 L6 405 | 0.2 i+ 37 4+ 0.8
' 040} o025 994 017 } 9.700 ] 9301 |  0.568 9.903 !
[ es40; 9240 9413 9.5% |  9.626; 9,699 9.759 9. 808 :
Products ...... v 0.00 . — 0.92 | 0.31 1 + 02 05 4 02 1 ~0.10 . + 212 |+ 0.5 i
- ‘ ‘ i
[tar) coB #] + [(B:) 008 (r -+ 120°9)] + [(¥x) co8 (¥ 4 240°)] = + 27".69
THIRD SET.—TABLE II.
_ e L
\ Sin 0° [ Sin 3° Sin 10° - Sin 15° § Sin 20¢ 1 Sin 25° ¢ Sin 300 | Sin 3%¢ | Sin 400 f Sin 45°
! +01 L0107 - 12 |43 ],, L4 L3 |z 00 | —o2 |
i + 04+ 17 0.0 404 |+03 |+12 423 |—04 |03 +L1
; 20 406 4+ 21 + 08 4 12 L2 |+ 17 01— 0.7
~ 38 -1z 27 |-26 1-33 —a4 [—41 |-o0s —42
CSUMI e i +o035 14 |7 t 43 —12 |-26 |—~o08 !—40
" Logs. et 0.146 0.230 | 0.€33 . 0.079 0.415 |  9.903 0.602 |
t H
| Lo sin 9.413 9.534 | 9.626 | 9.609 9.759 |  9.808 | 9.849
Produets veencoeennnn. 0.00 ~ 036 |- 0.58 |18 - 06 |~ 149 o 51 |
. . B P S |
Sin 9u© > | Sin75° | Sin 70° 8in 502 :
—2 — 10 !
+ 10 + 0.7 !
+ 0.4 !
L2l | .
—12 i —ql 24 - !
Logs.... 0. 079 0.861 0.380

9.998 9.993 | 9.985 997.;‘ 9.957

: i
— 120 §--7.07 | —2.36 | —507 |- 197 1 — 4.96 ;—.

Log ain ...
Products...

[(a:} 8in #] -+ [(Bs) sin (# -+ 1209)] + {(y;) 8in (r 4 2400} ] = — 38".07

tat p = — <,2799

3807
‘. p = 360 50
= — 28 qug

36 sin 36.50



THE UNITED STATES COAST SURVEY.

Ezxamination of limb of 20-inck theodolite 0. 8. No. 113—Continued.

THIRD SET.—TABLE III

Mutual errors of trisection.

|

' Residual errors of graduation E

: and reading.
” 7 r + 120° ‘ r + 2400 !
c ' ¢ i
‘ Error. ;;T:c Error. | g‘::o ! Error. ?:::c [ r 7 4 120° | v + 240°

© E " ] ’” " ! " " . 0 "
ol 401 | 08| 404 +13 —06| —05 —07 ! +17| 11
50 401 ] —07] —02 . 413 401 —06: —06 +11 | —05
0+ 07 06 | +07 | +13 1 13| —07 101 420 —20
5| —12 ] —05 | 411 413 | 401 ] —08; —17 : 424 | —07
0| +03 | —04 | —03 413 0.6 | — o009 i —e1 | +10 | —o9
25 | —14 ] —03 | —04 | 13| 419§ —10 ] —17 | +00 | 400
30 | —13 | ~o01 | +28; +12 | -0 | —11] —14 ! +385 | —21
35 | + 0.2 00 | +12 411 -14 | ~11 | 02| +23 | ~25
40 0.0 | +01 ] +03 11 -03 | —12 4601 ! 14| —15
45 0 —02 | +02 | +04 ; +10 1 —02 | —12! 00 414 1Lt
50 | —10 | +03 0.0 | +1.0 | + Lo | — 13 l —07 | +10 | —03
5 | — L7 | +04 ) +17 | 409 0.0 | —13 | —13 | 426 | —13
60 | —22 ! +05 | 104! 308 | +18 | —18 | —17, +12 | =05
5| —20 ] +06]| —20! y07 | +40 | —n3! —1e] 13| 127
0. -16 407 —06] +06 | +21 | 13 [ 0.0 | + 0.8
% 21 408 | —21 405 | +42 | ~13, —13 16 +29
80 | —03 | +09 ] —03 l +o04 | 08| —13! 1081 401 -—07
8 | —29 | +1.0 | —12 | $+03 | 441 ] —12 1 —18 ! —as | +29
0 | —22 | 411 ] ~12 f +02 | +34 | —n2 | —11 ! — 10 | +22
% 0 =37 | 4+18 | —17 401 | 453 | ~12| —25 | —1L6 | 44l
10 | —24 | +12 ] ~01, ~01 | +26 | —1L1| —12 | —02 | +16
105 | — 3.2 + 1.2 + 07 | —0.2 + 2.7 -1 —21 + 0.5 + 1.8
1 ;| — 08 | +13 | —0.4 ] —03 | 412 | —L0 | 4+05 | —07 | +02
115 } —26 ] +13 | ~12 | —04| +38 | ~09 : —13 ! —~16 ] +29

135
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REPORT OF THE SUPERINTENDENT OF

Eramination of limb of 20-inch theodolite C. S. No. 113—Continned.

RESIDUAL ERRORS OF GRADUATION AND READING.

RESIDUAL ERRORS.

Tor ; FIRST BET. | BECOXND S8ET. TRIRD BET. MEAN

| R I R '

; ‘0051200;2400300 1-zoo;240°§0°§120°i24o° m{mmimoi

el wd w wl w w o ah aiw “ vl el
0 —05 +1L5 — Ll —~08 +18 —1.2 —07 +17 —1L1|~07 417 -21
5'-01 426 —15 —08 +17. —08 —06 +L1 —05| 05 +15 —10
100 —0.6:4+21 ~1L5 04 420 —~16 +01 +20.—20|--03! 2017

[ 15— 16 430 —~14! 16 436 —20 —L7 +24] —07]—L6 +30 - 14
20 -4, 414 00 04 411 ~BT 01 +10]—~08]-06 +12 05
25 L4 +16 - 03 —03 +01 +02 —L7 +09!+09|~-1L1:+08 +03
30 - 24! 128 -04 —09 17 09 L4; 4135 231! 16l {27 L1
8 413|422 25 ;09 L1017 —25 402428 25 +o.s:+le—u,
40 | o.o}+05;~0.5;+0.5 {-0.8‘—1.3L+0.1i‘+1.4 - L5 +o.2[+aoi*u;
45 01,425 — 25 501 04 — 06 0.0 41L& -Lé( 00 414 ~15
50~ 19 +20 —01 —~26 422 +05. 07 410, —0al-17 +17! o0}
50— 08| +19' ~12 —16 414 +02!-18| +26|—13| 12 +20| ~08]
80 --181+ L3 +06 —15 +23 —0.8]-L7 +12 105 _”MI'GH“"
6 — 0617, 423 17 R R R R b
(1} —1.4]+1.01+0.4§—-0.9 ——0.1‘+0.9'—0.D' 0.0{-\-0.8 -—1.1(+03,+0.7;
B —15] 00l +Ls5 12 —10'+a1! -13{-16 r29¢ —1sl_1zl4es5!
0 —16 +07 +09 —04 +06 02 +06 +01 —0T| 65| +05 00
8 - L2|--L4 +26 —09 ~14 422 -1L9 0.8 42813, -12 26
W -04 —~12,+16 —L1 11 +23 —L1' 10 422 -9/ -21 +20°
9 —13 —19 +32 —10 —21 +32 —25 —16 441 ~1.7§ 19 4 85!
00, 08 +03 +05 —16 —05 +22 —12/ 02!+ L5} ~12] 00 14|
06 21 —08[+27| 09 00 +10 —21 05 L6 -17; 00 +18]
20402 408, — 05 wo.7;no.ai;,+o.9“+o.5;—o.'l}+o.z 00,02 +03,
M5 - 08|09 +17] 00 —12 +12 ~-18[—16 +29|-07 —12 +19




Ezamination of limb of 20-inch theodolite C.

THE UNITED STATES COAST SURVEY.

FIRST SET.—TABLE I.

8. No. 115.

137

Cos 0° ‘ Cos 52 Cos 107 ; i s 25° | Cos 30° ; Cos 35 ‘ Cos 40" Cos 45
—— : ‘,,__,,,‘ S SR O E—— t T TPy P M
B R T S O T R NS O 16 - 09 -7
P h21 ,—14 |03 |- 04 | 04 0.2 107 - 08 !:o03
0.7 | %3 | Lo Dine : 13 L& 0.9 .4 L6 14 L6
| I~ we 0.6 04 g0z 0.1 0.8 L2 L i L4
LSume oe eeen e . 0.5 1 25 | 0.5 0.6 0.1 15 10 1.9 1.0 2.6
Logs...... . 9. 694 0. 398 9. 6YY | Y, 778 9. 000 0. 176 0000 0,279 0. 000 0.415
Log cos i 0.998 9993 9.985 9.973 1 0.957 9,905 . 0.918 9. 8R4 9. 849
Produets cooeee vt ieraansaanns — 050 |4 249 | 049 | 058 . (.09 1. 36 0.87 4 1.56 0.77 184
T - _ - ‘ . e s it .
i Cog 90> | C “ | Cos 757 Cos 70° Cos 657 Cos 60~ Cos 557 i Cos 5t '
N I
; [ie1 tqes o0 [0z 0.3 0a 0T o |- o0 |
: ~14 | -12 |—11 | 16 01 - 0 €3 0.3 |
botto-e7 leeod 17 03 10 —08 .04 —21 |
‘ ‘ 411 : LD N 10006 4 1Y L3 Lg 407
‘ : - 0.4 f L ‘7 20 | 22 12— 0.6 4 13 16 |
Coo0e02) 0079 03010 a.342 0. 079 9,778 6. 114 0.204 |
[ 890! 9.240 )‘ 0413 05N 062 0.6 9.3 0 M
1‘ L 0.03 ]‘AO.21 |- 0.52 } 0.75 | - 0.51 0.30 || 0.75 1.03 |
e R S e S ,
i faconrf < [Bcos (v 4 1207} -} [y cor (r - 2407)] = - 8.87
I
FIRST SET.—TABLE 1II.
,f ’ . .. . [ |« T R B U e
| 8in 00 ’ Sin 50 Sin 10° l Sin 15° | Sin 200 ; Sin 25© Sin 30° [ Sin 35> © Sin 40° “ Sin 45° i
A e : ! -
i - 12 §—1.3 — 0.7 ]_1.3 — 12 ‘{ 0.0 |— 08 |16 ikuo j~o.'.' :
: =21 |+L4 1 —03 {404 204 |02 f-07 403 j— 03
! +07 |+23 |+10 ls+12 413 418 |+09 |16 |14 (,u 16 |
‘, P08 06 j—04 —02 o1 |- o8 {~lz |—13 |-14 :'
' Sums . — 05 |4 11 |03 |21 1.0 19 ‘ 0.0 - 0.8
Logs .. 9.609 | 0.041 LowaTr 0.322 0000 0.279 | 9. 603
, Log sin B.940 9,240 Doea31) 9626 0.699| 9759 | 9808, 9849
¢ Products P00 09 |+ 010 + 0.8~ 0.50 ‘: ~ 109 | e - 050
! - - A m . e !
: ! ! ; ]
; Sin 85° | Sin 860 | Sin 70° - Sin 65 : Sin 60°  Sin 55° | Sin 50¢ |
i B ‘ I - ‘1""’“'
+61 [+ 06 0.¢ | —02 403 404 | —~07 162 . —08
+ L4 |+ 12 + 11 |+ 16 0.1 {4 04 403 403 |
SL1 -7 j-0d4 -7 D03 10 {-08 o4 fher
L1 j—04 i—-10 'w-06 —1.9 |-13 ‘-18 i-07 |
i i :
—10 |+ 02 0.4 !-—-1.8 P42z - 24 J-24 17 408 |
0. 000 9.301 1  9.602 0.255 0.342  0.380 0.380 | 0.230 9.903 '
9,998 9993 9.98  9.973 9.957 9. 938 9.913 7 988
~100 |4+ 0.20 § 4038 ~ LT | 206 — 217 |- no8 — 130 i 0.6 |
: i
| [asinr) | [Bsin (- 1209} + [ysin (r + 240°)] = — 6.34

8. Ex. 12—18

p =

= — 36 sin 48° 01"

48° 01/

88T _ g3



138 REPORT OF THE SUPERINTENDENT OE

Eramination of limb of 20-inch theodolite C. 8. No. 115—Continned.

FIRST SET.—TABLE IIL

3 Mutual errors of trisection, ! ‘
- Residual errors of gradnation 1
and reading. |

|

! r ' r 4 120° r 2400
N r o o ‘ - i e
: : ] { Correc. | f i
i l Error. ( C;‘i?:.(" ! Error. C&!::.n Error. j (:’;‘:‘ i r 57‘4» 1205‘ 4 24003
- | ! | j___..l,.___ 1
0 — 12 -0z 4+ 0.4 | 4 0.3 4 6.8 , 01 — 14 1 4 0.7 407
5 L3 - 02| y03 ] 403 ;L0 01 1 - 15 ] 406 . 09
00 -07 - 02 | $03 | +03 | 5063 01 —09 . 406 402 |
15 —~13 —02 | -3 +0¢3 | ~017, —02  —15 00 | 415
20 - 12 ' -2 + 0.8 + 0.3 ~ 04 ~02 — 14 4+ 11 4 0.2 -
L2 00 —01 | —07 4 03| +07 1 —02 —01| —o4 RS E
! 30;_0.9J—o.1 ~02 | 403 | $L1 | —~02  —16| £01 | +09
35 | —16  —o01 | +04 | 403 | +11 | —02  —17 | 407 +09
0 i — 09 l 00 | +04 | 403 | —04 ] ~03 | —00 | 407 301
1 45 | —07; 00| —03 | +03 | +10 | —03 | —07 0.0 . 4+ 0.7
b —09 00 | £14| 403 | —06 ) ~03 | —00 | +17 | —09
f 402 | 00| —21| e | Lo ] 03 42| 18 +16
60 @ —07  +01 | —07 | +02 | +13 -03 | —06 | —05 <+ L1
65 | 404 | +01 | ~28 | 02 | +18 | ~03 | +05 -21 | +16
! 00 +03 | 401 —10 | 402 | 07 | ~03 504 | —08 404
[T -2 401 | —12 | 4020 34§ —03  —01] —10 411
f 80 0.0 ' + 0.2 — 13 1 + 0.2 - 1.3 — 0.3 -+ 0.2 11 + 1.0
B 4+ 06 | +02 | —18 1 401 | +12 | ~03 408 | —1L7 409 |
90 40l | 402 | —09 | 4ol {08 l—03 403! —08  +05 |
L8 4 1.4 +02 | ~-16 , 401 | =01 P—03 4181 —15 : —02
100 0 412 +03 | —14 | F01 ] 02 —03 0 L5 —18  —e1
D06 i 4 L1l 403 | —16 1 401 04| —03; +14! —15 401
. 10| 416 | 403} —21 i ee | +e6 | —03 ! 18| —21 403
] 15, 01 403 | 404 00 | —06 | —03 | F04 | 404 —0
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Eramination of limb of 20-inch theodolite C. S. No. 115—Continued.

SECOND SET.—TABLE L.

{ Cos 109 | Cos15v } Cos 20 i Cos¥5' | Cos30 ' ¢ | Cos40° | Cos 45°

L 0.8 — 0.3 — 1.4

Lo | —04 | — 06 0.8 0.7
~ 20 12 00 |02 |-—o0¢2 0.6 0.7 -0l
{16 21 04 PLE L2 L 2.0 . 13 1.8 1.8
— 1.2 + 04 + 06 |02 L 0.2 £ 1.3 + 20 14 L8
i
4 0.8 + 21 -7 L08R + L0 16 428 425 23 -3

o
9. 903 0.322 0 984 9.90% | 0.600 TR 0. 415 0.398 ©  0.362 0.477
9.998 | 9.993 9. 485 9.973 |  9.957 9. 938 %913 9. 884 9.849
+ 0.8 200 069 4 077 |- 094 |5 145 - 292 205 + LI 4 232

- : e e e e e
to8 90° . Cos 85° “ Cos 80° | Cos 75° Cos 707 | Cos65° | Cos 607 | Conb55° . Cos 50° I

: : | i

o i |

00 1407 | 00 . —02 .01 | +06 |—06 |+02 —o08

0
16 | =16 =12 —14 |—08 |—06 |-o0.1 0.0

: - L1 - 12 |- 03 1.6 —053 | —09 {—-02 |—04 @18 !

! ‘+ 1.2 4 0.6 T 0.4 LT + 21 .+ L 0.6

|

|
! | ' T i {
-1 f~99 |-13 —35 |—22 |-06 |+07 |—16 '4+17 ! |
o114 o054 0342] 979 985! 0204  0.2% |
9.240 | 9413  9.534 9. 626 9. 699 9.759 9. 808 |
|~ o Ewo‘.@l 3—0.75 i+o.25 4+ 035 |+ 0.92 !J 100 %

facosr} 1 [Beos(r 1 1200] + [ycos {r+ 2407)] = + 14.18

SECOND SET.—TABLE 1II.

: i
Sin 302 Kin 3650 | Sin40° - Sind5

Sin0> | Sins | Sim1w° | Sin1se | Sin200  Sin 25
; ;
~ 68 !-08 {-~03 !-14 1.0 04 06 14 0K |-—07T
—20 l+1r2 { 00 402 402 —06 —08 |07 [-01

i
416 421 |+04 [4+16 420 420 413 18 |18 | 4L8 |

i [+1L2 J~04 |06 —02 ' —02 '—13 —-13 |20 @ --18
I ¢ i l
i | i i ; i .
Sums .. (405 409 -4 lile 416 —2z 17 03 - 08
Logs... 9.699 9.954 0 9.602. 0.000: 0.204 . 0079 0.230 9477 9.903

8.0 92000 9413 0534 066 069 9.759| 0808 9840 |

0.00 . - 0.04 + 016 | —0.30 4 0,34 | - 068 - 060  -—-097 | — 019 | — 0.56
i ; i

Log sin ...
Produacts ..

" Sin90° | Sin85° | Sin8° | Sin75° | Sin70° | Sin63° | Sin 60> | Sin55° | Sin WO |

0.0 |+ 0.7 00 | —02 | —01 06 |- 06 P03 9.8
+ 16 416 | +12 4 L4 [+08 106 -0l 0.0

i
-2 {—03 |—~16 [ —03 |—09 |—o02 170.4 + L9 !
|

~12 {-06 |+07 {4104 |—17 |—21 {—16 |—o8
!

—01 |+07 {401 |+L4 |—12 |—23 | —18 + 0.5
9. 000 9. 845 9. 600 0.146 0.079 0.362 | 0.255 9. 699
9. 998 9. 993 9.985 9.973 9,957 9.938 J 9.913 9. 884

—0.10 | +060 | +010 |4+ 131 | — 109 |- 200 |~ 147 | + 0.38

fasin#] + {Bain (r + 120°)] + [y sin (r + 240°)] = — 448

— 14.18
tan p = ———7= 148

p = 720 28

14.13 — - O
‘"="365in7 55 = 041
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Examination of limb of 20-inch theodolite C. 8.
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SECOXND SET.—TABLE IIIL

Mutual errvors of trisection.

r | 7 4 1200 ! r 4 2400

! e

j Cu_rrew ( Eror ! (Zn_rr«r- Error Cn'rrec~
tion. ‘ tion. tion.

i

oo i yo p "

— 0.4 ! 0.6 0 + 0.3 4 0.2 = 0.1
— 04 —-01 403 ' 09 L0
- 0.4 00  +03 1 403 . 00
04 —01 404 +186 0.0
- 0.3 1 407 04 +03  —01
—0.35 © — 0.8 +04 ' +12 { —01

- 0.3 . — 06  +04 L1 - 0.1 :
- 0.2 02 04! +12 02
- 0.2 - 0.2 0.4 4 0.6 0.2
- 0.2 0.0 0.4 0 4+ 0.7 - 0.2
“02  +12 0 404 —04 03
~ 014 —20  +04; + LT 0.3
—e1 |- L6  +04 | +21 —03
01 —-21 04 + L6 0.3
0.0 | — 0.4 S04 | 06 0.4
00, - 16 03 -18 - 04
P01 20 0B 420 - 04
FO1, - 20 403 | 13 0 —04
PB1 o - L3 403 L3 — 04
P02 LR L0302 04
.02 L8 402! 402 — 04
02l L8 402z | 406 — 04
0.2 19 0.2 4+ 04 ;=04
403 404 | 4 01 L 12 [0

No 115—Continued.

71 Residual errors of graduation

1 and reading.

12 i 408 : +03
-2 w02 o+ 10

~ 0.7 | 403  +0.3
| — L8 + 0.3 . + 16
- 18 L1, 402
I —e7 | —~0.4 , + 11
P09 | —02 | 410
|- 16 106 410
| L0 o6 0.4
09 0 04 7 0.5
L~ Le L8 0.7
Ppee . -8 4 14
[ 0.7 12 o+ 18
405~ LT 4+ 1.3

~01 00 402
[ 02 | - L3 14
RS — L7 L6
S r 08—~ 17 409

+01 | —10 | 409

+ L8 — 15 i - 02

4 1.8 } -~ 1.6 . — 0.2
j +14 1 - 16 402
fh16 ]~ 1T | 00
o+ 1 ; 105 . -~ 1.8

i
|
|
|
i

I

7 741209 7 b 2400
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Erxamination of limb of 20-inch theodolite C. 8. No. 115—Continued.

THIRD SET.—TABLE I

Cos 0> | Cos 5  Ces10° . Cos 15° ' Cos 20° * Cos25°  Cos30° ; Cos3i° ; Cos 40° = Cos 45
i : |

‘ P07 =07 —07 —13 :—12 —02 ‘—06 :-09 | —09 —06
i I +14 ~ 07T 402 402 402 406 409 | —04 0.0
| 414 + 1.3 + 1.4 + 1.2 14 +13 {+16 |+ 13 + 14 420
— L1  +06 403 | —01 00 414 413 416 418
SUMB «cnnnaaa . +0.9 406 404 403 413 1320 {426 417 432
LOgB-cnue. . : 9,954 9.779 9.602 | 9.477 0114 0477 0.413 0 02300  0.503
Log cos.... 9.998 . 0.993 8.98:! 9.973 9.957 9.93: 9.013, 0841 9.849
Products + 0.9 4+ 0.59 4 0.3% 4 0.28 . 4 118 [F2E0 4203+ 13022
i ' | |
Cos 85> | Cos 80° Cos 75° } Cos 70° 1 Cos 65° : Cos 60~ ;| Cos 55° : Cos 50°
| 0.0 | —01 —06 |406 | 00 .—o0& (-0l [
[ —13 {—-16 =17 {i—16 '—06 —03 ' —03 | —03
; 11 j—11 | —t8 | —13 5—0,3 e 0.3 | —0.8 —06 ;421
i + 11 411 408 ; 0.0 |+ 1.6 22 4+ 13 4 0.4
—13 |—1L4 [—28 —-13 407 +08 l4o03 20
0.114 0.146]1 0.447 1 0114  0.845 ] 0.903;  0.477 0. 301
8. 940 9.240 0 9413 9.5M | 9.626] 9.609 9.759 9. 808
— 011 | —0.24 | —0.72 }—0,45 "4 0.30 }+o.40 "rer 412

fa cos r] + [Beom (r 4 120°)] - [y cos (» 4 240°)} = -} 1206

THIRD SET.—TABLE IL

e e : oo -
,f Sin 0° Sin 5° | Sin 10° Sin 15° ¢ Sin 20° - Sin 25° | Sin 30° Sin 35 : Sin 40° | Sin 45° |
| ! ; ; t i i
f P07 f—07 l—07 |—13 i—12 [—02 |[—06 [-09 ;098 |-—0.6
| ,‘ — 14 "+0.7 —02 [—02 | —02 06 |00 o4 "
! P4 14 + L3 414 + 1.2 414 |+ 13 |+ 16 +13 (414 1420

: +11 '—08 |-03 +01 | 00 —14 |—13 J‘—I.G I—1.8
Sums ... ! . ]+0.:; I 4 0.8 — 0.6 401 409 %—1.0 — 18 —07 -4
: Logs.. | 0417 9005, 9.779  5.000' 8.83 . 0.000| 0.255] 9845  9.602
" Log sin 8.940 9.240] 9.413 9534 0.626°  9.699) 0.750 0.808 . 9.840

0.

Products . 28

£0.03 4014 | —0.16 | + 003 ‘+0.38i—u.5u —1.03 | —0.45  ~—
: ! ! i i

| Sin90o | Sin 860 | Sin 800 | Sin75° | Sin70° | Sin66° | Sin60° | Sin 5 | Sin 50°
, ! ! |
|
i

|
|
|

+ 0.6 00 |—08 —01 |—07

NS | 60 [ —01 |—0.6 | i
, ; +18 416 |+ L7 ls1e |4+06 |[+03  +03 '+03
i f—11 |—1.1 [—08 {—1.3 {—03 |—03 {—03 /—06 {421 |
—11 |-21 |—o08 00 |—16 |—22 [—13 ‘—09 |
f— L0 |— o009 1—0.4 —~10 |+18 |—13 |—80 ‘—1L7 {408 !

9. 602 0. 000 0.279 0.114 0.477 0.230 ‘ 9903

9. 993 9. 985 9.972 9.957 9.938 9913 9.93 f
I
—~ 0.3 | — 097 |4+ L7 | —1L18 | — 260 @ - 139 E + 061

0. 000 9.954
! 9. 998
Products ....oovveniiceniiiiiiiiii] — 100 | — 0,90

[e8inr) + [Bsin (r + 120°)] + {ysio {r 4 240°)] = — 7.87

12.96
7.87
p = b8 44/
12.96
—— e e (742
36 sin 68° 44/

tan p = —

£ =
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Erxamination of limb of 20-inch theodolite C. 8. No. 115—Continued,

THIRD SET—TABLE III

Mutual errors of trisection.
Residual errors of graduation

and reading,

r ‘ r 4- 120° ! 7+ 2400

-
Error. C:)::‘:c Error. (/:;:::c- Error. ' L;:::(‘ i T 7+ 1200 1 7 4 240° ‘
0 -07 04, 403 —~03 403 401, —11 406 4 0.4
5 —07 i —04 403 03 +03 . +01 ’ —11 406 | 4 0.4
0 0T -4 403 +o.3§+o.3;+0.1;—1.1§+u.s + 0.4
1B —13; —03' 00 404 413, 00 —16! 404 13
M — L2 —03 +04 | 404 408 | —~01 [ — L5, +08 | 407 |
B 02 03 ~69 | 404 411 | ~01 . =05 —05 410
30 , — 06, —03 | ~06 | 404, +11 | —0t  —0% | —02  41lo:
B —0e9 | —02l o2 ? L 04 421 } —02  —11 ! +0.2 | 409
| —o09 | —6z | 02 +o.4|+1.1|—0.2’~1.1§+0.2 +09 |
4 ] -06 | —02 | ~02 | +04 'i +08 | —0.2 | —~08 | 402 | 406 |
50 0 — 07 | - 02 +o.7l+o.4] 6o | —o.3}~o.9§+1.1 —0.3 |
550 — 01 —02 | 14 404 418 { —03 | —er —10 13
6 -~ 08 | - 01 —14 404 4221 —03 -.09 10 19
6 00 : 00 | — 13 | 404 13| —03 0.0 09 +1Lo
™ 06 00 1 ~ 14 404 409 L —04 | 408 . 10! 405
% — 0.6 00 | --12 404 +LE 04 — 06 S0.8 | 414
80 0.1 § 401 . —L4 403 4 L6 | —04 | 00 11 412
85 0.0 | +01 | — 13 403 | 4130 -04 01 —10 | 409
%0 401 $01 | ~ 16| 403 414 —04 @ 4062 @ -.13 } + L0
% 4130 402 ‘l — 13 4‘ 4030 00 04 415 ~10 | —0a
100 R + 0.2 i — L4 402! 0.1 | — 0.4 + 18 L2 —05 ]
105 0 41T | 402 wz.o‘+o.2j+u.3]-—o.41+1.9{71.s)—o.1“
10 . + 1.6 + 0.2 — 21 +02 ! 406 7 ~04 | 418 - 19 402
115 } 406 | +03 I 408 | 401 11 } — 0.4 \ 408 | 4 07 } -~ 15 |

i
[
I
i
i
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vo. 115—Continued.

RESIDUAL ERRORS OF GRADUATION AND READING.

4

4o

SR OO ND S 20

g’

& @ -

I -

A A e I

]

- e

'
i

= o

Lol ol A A
s -1

—
-

¢
P

0.2

0.1

0.1
0.3

0.9

RESIDG AL ERRORS.

SECOND SET.

THIRD BET.

-3

w

B I A I

'S

e -
©® =

i
!
]
!

i
|

a’ - y | @ g i ¥y on Bu | Yo
‘ , ‘ } - .

” ol v o " ! P P vl .
—12 509 4 0.3~ L1 004 04 — 12 0.7 4 0.5
—~ 1202 4+ Lo — 11406404 - 13 0.5 08
— 074 03 4 0.3 1.1 O.li} i ®4 0.9 0.5 03
- L& 03 4 L6 - 1. i il 0.2 R )
S L3411 0.2 - 1 .4 1O 4 0.4
~ 0.7 — 0.4+ L1:i-0 .4 0.4 0.9
~ 09 02 fL0i- ol 10
— 16 4 0.6 + L0 — 50203 4 09

—~ 10406 404 — 0 =05 +0

—00 404 405 802 0

LO 4 16--0.7| - 9.+ 15 —0.

0.2 — L6 £ 14~ e 0 — L& -+ 1.

67 — 12+ LB — | 709 4L

05 — 17!+ L3 .9 | 35— 16 -+ 1L

01, 00402 +0 L0 0. 3. -06 o

- 02 13 4 14! -—06 - n.siju 14 — 0.3 - 10 + 1

S+ 01— L7 4160 00 — 11,4 L2 401 —-13 +1
408 —L7 40.9[+01 —L0:+09. 406 — L5 =09
P+010 10 +09 +0'2!—1-3H1“’ 0.2 — 1.0 —+ 0.8
+1‘slv-x.s.ﬁo_z;*1A5‘—1.oj—0.4 + L6 - 1.3 -~ 0.3
418~ 16 —02+1L8 —12]—05 +17:—14 —03
+ 14— 160 +02 4 19— 18| LB L6 - 0.1
+ 16 - 17 00 191 - P L8 - L9 4 0.2
411 405 16! 0.7 | 408 405 — 13

PO L -
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Eramination of imbs of 20-inch theodolites with reference to periodicity of errors within 5°.

The design of these observations, and their general results, are given before-—pages 117 to 119
of this report. The following differs from what has already been given only in being more full
and giving the individual results for each 5 space measured.

The design of the observer in measuring from 24° to 29°, instead of from 25° to 30°, does not
appear. As it is a question of comparison of even 5° spaces, we must consider the degree between
24° and 25° as correspouding to that between 29° and 30°. 1t is, therefore, called the 5th degree,
and from 25° to 26° is considered the 1st degree.

The examination consisted merely in measuring with one of the micrometers each 5 space for
5° and comparing the results directly. Each measurement consisted of two pointings upon each
end of each 5 space. In mcasuring any space, as from 5 to 10/, a pointing was made upon the 5
line, then upon the 10/, upon the 1¢’ again, and back to the 5. The range in the readings in sev-
eral pointings upon the same line very rarely exceeded 0.5 division. ‘

It will be noticed that the mean value of micrometer is somewhat different on the different
dates of observation. The presumed explanation of this difference is given on pages 10 and 11, In
expressing the values of the 5 spaces, the 50 spaces are assumed to be equal to 52, and the value of
the 5 spaces are expressed according to their differences from the mean micrometer value of the 57
space for that set.

Following is a specimen of record of obgervations:

FEramination of limb of 20-inch theodolite C. S. No. 114,

Cosst SUrRVRY OFFcE, May 1, 1877,

‘ :
{ Measurement of equality of subdivisions. Observatious with micrometer A. Measurement of 5 spaces from 290° to 285°. Temp., 58°.5 F. |

Tt T T T - i T : R i ST ;
[ Valueof ) !Vﬂlﬂﬁ of | . | " Value of
i Time. ’ P d a space. Time. J : d d E 5' space. | Time. ‘f a | d 5 space.
: ; | S . B
; T L T i
| ‘ | : ¢ d ’ td ‘ | ‘ t. d
J1nzvam 200 o0 162 150 | S 10304 m. ) 290 20 25 | 20.4 | 10405, m. 200 | 40| 46.2 | 45.0
| 168 164 | ‘ 2.0 1200 lg P } 480 146.4
! i |
i ! : ! H !
i : $16.50 1570 ¢ 4 50.20 2175 | 20.20 1 4 38.45 [47.10 | 45,70 | 4 38.60
200 05 137 ! 290 25 ! 1290 | 45 1 46.9 | 44.8
‘ .8 : : : 46.5 | 45.0
- - i N : ‘ - o
L5 1285 4 55 10 Pog7s | 9715 0 4 5840 ; 46.70 | 44.90 4 36.20
‘ . i 1 " |
; 200 10 3.2 35 20030 345 | 330 (200 | 50 39.0 |37.2 |
! 8.0 50 | {947 |83 ; : | 1 '385 |anz |
i R | ! H ! H !
; ; ; I 1
I 3710 5500 0 4 5200 ' 134,60 [ 33.15 1 4 58,55 ! \ 36.75 1 37.20 | 458,45
i i | i i i !
! 1 i
: 4 i i i | ! i
i\ 200 15 24.6 2.0 j290 350300 | 353 i ; ‘ i
: 245 28| 1365 | 345 | : ; ! i
; I ! | i { | :
- i : S ! i
: ; 24,55 2290 | 4 5E.3D ! 36.90 34.9"% 438,00 | !
: ; ! : : | i

i
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The entire 3° was measured in this manner. IFor Theodolite C. S. No. 114 we have then the
following results:

Measurement of linub from 242 to 297, April 28, 1877, Measurement of limb from 2907 {0 295, May 1. 1877,

CLO 2T 267 to 270 270 to 287 287 to 207 247 to 207 12007 to 2017 2917 0 2027 2027 £0 2937 293¢ to 2045 2947 Lo 2057

, F t. d t.od o d. L d tod . ; . d. foodo to d. L. ’(],,
Oto 5 4 5795 4 5890 4 5525 1 A030 4 5800 oo 5 ¢ 4 D4 B8OS4 IBTH 4 5980 ;
5t 10 57.75 57.85 58. 85 5T.55 1 5R.25 Ftol 58.10 5575 ;
10 to 15§ 5340 58,70 57.20 58, 45 Wit 15 | 75 ’
15 to 20 57.50 57,20 36,25 57.25 15 to 20 | .60 i
20 to 25 | 5860 58.75 58,40 5R. 20 20 to 2 | 58, 00
25t 30 7,07 57. 40 57.95 0 5975 5 to 30 3795
130 to 35 ‘ 59. 35 50. 45 DB, BU 58. 90 30 to 35 59. 20
35 to 40 56. 60 59. 45 57.70 57. 10 35 to 40 | ‘ 5810
40 to 45 & 59.35 57.65 59. 25 58,20 ETRURLEE | 58. 40 :
45 to 50 56,40 56. 60 57,85 57. 65 R CRTIE I ; 8850 !
| 50 to 55 5785 56,30 58, 25 58, 50 50 to 33 | i 5115 ;
55 to 60 4 57.45 4 A8.00 4 B 03 4 56,65 4 aotosy |4 ! 4 500
4 58.02 4 5819 4 3825 4 58.13 4 58.1% ‘ 4 4 ’
From the preceding we have, from the first set—
o o t. d.
Mean value of 5/ space, 25 to 26 = 4 58.02
26 to 271 = 58.19
27 to 28 = 58.25
28 to 29 = 58.13
24 t0 26 = 4 b8.18
24 to 20 = 4 5815
And from the second set—
o o t. d.
Mean value of 5" space, 290 to 291 = 4 58.36
201 to 292 = 58.35
292 to 293 = 58.25
293 to 294 = 58.33
295 = 4 5843

204 to

290 to 295 = 4 58.39

To compare the two sets we must reduce them to common terms. Expressing them in min.
utes and seconds (using for each set the mean value of micrometer derived from that set), we have—

1‘ J’First set. gSecrmd set.: Mean.
‘i oo ’ P v
! Mean value of 5 space, Ist degree...,[ 4 59.87 | 4 59.97 4 59.92
; 24 degree....t 5 0004 | 5 0016 | 5 o010
3d degree....[ 5 00.10 I 4 59.86 ' 4 59.88
4th degme...,l 4 59.98 | 4 50.94 \ 4 59.06
]‘ 5th aegme...,l 5 00.03 | 5 00.06 | 5 00.04
And from these mean values we have—
N ! "
Value of 1st degree = 59  59.04
2d degree = 61.20
3d degree = 59.76
4th degree = 59.52

5th degree = 53 60,48
8. Ex. 12—-19
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Probable error of any one degree = 4 0".70 = 02000035 in sixty revolutions of the micrometer
screw, a quantity well within the ordinary accumulation of error in the measurement of so large a
quantity.

After examination of its limb by trisection, the limb of the 20-inch theodolite No. 115 was sub-
Jected to the preceding examination. Two spaces of 5° were measnred—from 0° to 4° and from 90°
to 950—the first on May 15, the second on May 16, 1877,

Following are the individual results:

Measurement of limb from 0° to 50. May 15, 1877. Mean tempera- | Measurement of Limb from 90° to95°. May 16,1877. Mean tempera-
ture 85°.6 F. i ture, 70°.3 F, i
— ‘ - 5 : — : — ‘
{ 0° to 10 19020 | 20103° | 3°t04° | 491050 | 90° 0 91° 91°to 92° 92° 40930 937 fo D40 940 t0 95° |
- o ' | 3 ] | !
I R ) t. o4t od o tod | todof ot od L o4t a6 d ot d
0to 5 1 5 00.6 5 0.3 | 5005 | 5 0L4 | 5 002 Y Oto 5 | 5 00.9 S5 0L1 5 009 .5 006 . 5 0L3
bto10 01.0 oLo ! 01.3 00.5 0.9 | stolv 0.3 | 00.9 | 4 59.5 ° ws 00.7
10 t0 15 | 00.9 010 00.8 00.3 00.9 1 10 to 15 oLp | 0.1 - 5015 0. 3 00.5
15 t0 20 | 01.6 (I 00.9 & 5 021 0.8 i 15to 2 00.6 01.5 | 0.1 ¢ 00.8 01.2
20 to 25 | 010 00, 8 00.5 | 4 5.8 00.5 20 to 25 00, 3 012 | 00.9 0.6 00.7 |
25 t0 30 | i1 o017 0Ty 50T 010 25 to 30 0.3 00.8 | 00.6 0.2 00.9
30 to 35 01.9 00.4 oL 1 00.9 30 to 35 J. 6 00. 4 i 00 & .9 | 5 0.9
35 to 40 01.3 3 DN} 00.8 01.2 1 35 to 40 00.7 | 00.6 | 00.5 003 | 4 9.2
40 to 45 | oL 8 oL 5 00.8 L0 i 40 to 45 00. 3 oL 1 ‘ 00.9 oLt 5 0L§
[ 45 to 50 01.8 (U 01 01.3 01.0 45 to 50 0.7 5 008 00. 4 oL o 00.3
¢ 50 to 55 02.0 20.1 00.8 00.6 00.7 50 to 53 00.9 & 4 50.8 | 00.8 00,7 00.6
i 55 to 60 5 0L4 5024 5 009 5 O0L6 5 OLS L ShteBO | 5 0L0 - 5 0L4 5 009 5 00.6 5 00.9
] iP5 Ol.Blf 5 m.osi 5 0L 5 014)1,{ 5 01.|:51;} | 5 wssr 5 00.81 1 5 00.75; 5 00.66; 5 00.73

From the preceding we have, from the first set—

o o t d
Mean value of 5/ space, 0 to 1 =75 0L31
lto 2= 01.08
2t0 3= 01.10
3to 4= 01.01
4dto 5=5 0105

0to 6=5 0Ll

=
I

And from the second set—

o °  t d
Mean value of 3 space, 90 to 91 =5 00.82
91 to 92 =  00.81
92 to 93 = 00.75
93 to M4 = 00.66
94 to 95 =5 00.73

90 to 95 =3 00.75

Expressing these results in minutes and seconds of arc (using for each set the mean microme.
ter-value derived from that set), we have—

|

, ; First set. Second set. [ Mean. E
} s " ’ 73 ' "
!Maan value of 5 space, 18t degme‘..., 5 00.20 5 00.07 5 00.13
A 5 00.06 5 00.01;
I 4 59.99 5 00.00 5 00.00
| s 90 4 o] 4 5090
f 5thdegme...4l 4 59.%4 4 59.98; 4 59.961
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And from these mean values we have—

/ "
Value of 1st degree = 60 01.56
2d degree = 60 00.12
3d degree = G0 00.00
4th degree = 9 58.80
Hth degree - 59.52

=

5

]

from which we deduce (.68, as the mean uncertainty of one degree.
If we combine these results with those from No. 114, we will have—

I No.1l4. ¢ Nao. 115 ‘ Mean. |
AR

| Yalue of 1st degree 59 59.04 60 01.66 | 60 00.30 ‘
24 degree ... 60 01.20 60 00.12; 60 00.66!

3d degree ... 59 50.76 60 00 00.4 50 59, se!

4th degree ... 59 59.52 59 5880 59 59.16 ’

5tk degree 60 00.48 ng 59,52 } 60 00.00

from which it appears that either there is no periodic error, or, if any exists, it is so small as not to
be at all well defined.
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APPENDIX No. 12.

COMPARISON OF AMERICAX AND BRITISH STANDARD YARDS. REPORT BY J. E. HILGARD, ASSISTANT

L}

UNTIED STATES COAST AND (iEODETIC SURVEY OFFICE,
Waskington, D. C., July 10, 1850.

SIR: A yvear ago I submitted to you a statement eoncerning the relation of the lawful standards
of measure of the United States to those of (ireat Britain and France, which Ly your direction
was printed with the Coast Survey Report for 1876 as Appendix No. 22, That statement, which
was also separately printed and widely distributed, has elicited nnmerous expressions of satisfaction
from various quarters, because it set at rest doubts which had arisen from various causes as to the
identity of the British and Awmerican standards of length.

Tt appears to be useful to publish through the same chaunnel the details of the observations
upon which rest the relations at present assigned to different standards of length in order to fully
substantiate the statements of this office, and likewise to bring to the knowledge of those interested
in the maintenance of standards the variations which have taken place in time, influenced prob-
ably by changes of temperature, in the relative length of bars, not only of different but even of
the same material, at least when that material is an alloy of metals of widely different chemical
and mechanical properties, as is the alloy of the British standards. With this view, T submit to
you this eoncise record for publication in the Coast Survey Report for 1877.

1 am indebted to Assistant O. H. Tittimann for editing the material, as well as for the part he
has taken in some of the comparisons; to the late J. Homer Lane for the critical discussion of the
coeflicient of expansion of the British bronze bars, which 1 present in full as a model for treating
such investigations; and to Subassistant 11. W. Blair for the efficient part he has taken in the
comparisons made at this office as well as for the discussion of the standard temperature of the
Troughton scale.

The present amplified aceount, preceded hy a repetition of last year's condensed statement
slightly wodified by more explicit information in some instances and in others by minute changes
in assigned values resulting from recent diseussions, is arranged under the following separate
heads:

1. Relation of the lawful Standards of measure of the United States to those of Great Britain
and France.

2. Description of the Tronghton 86-inch scale.

3. Description of British standard yards, bronze No. 11 and iron No. 57.

4. Discussion of coeflictents of expansion.

5. Comparisons of bronze yard No. 11 with iron yard No. 57,

G, Comparisons of bronze yard No, 11 with the Tmperial yard and other British standards.

7. Comparisons of Troughton scale with British standard yard No. 11.

8. Councluding statements.

Very respectfully,
J. E. HILGARD,
Asvistant Coast and Geodetic Survey,
In charge of Verifications of Standards.
CARLILE P. PATTERSON, Superintendent.
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1. RELATION OF THE LAWFUL STANDARDS OF MEASURE OF THE UNITED STATES TO THOSE OF
GREAT BRITAIN AND FRANCE.’

This publication is designed to give trustworthy information concerning the relation of Ameri-
can standards of measure to British and French standards.

In regard to all standards of measure in customary use in the United States, it should be
observed that they have been inherited by our ancestors from England together with the commnon
law. No enactment by Congress has ever been made declaring particular measures in the keeping
of the government as standards exeept the standard troy pound of the Mint of the United States
at Philadelphia, procured in 1327, which is an exact copy of the Imperial troy pound of Great

Jritain.
The prineipal facts may he stated as follows:

1st. There is at this time no difference hetween the standards of weight of Great Britain and
those of the United States.

2d. The standards of volume or capacity in the United States are the same as those lawful in
Great Britain prior to 1826.

3d. Thereis at this time no difterence between the standards of length of Great Dritain and
those of the United States.

4th. The relation of the American and British standards to the French metric standards is not
determined with extreme precision, but the legal enactments (see Annex I1) will saftice for all
purposes, except those of great scientific aceuracy.

MEASURE OF WEIGHT.

Elaborate comparisons, made at various times from the year 1333 up to the present date, of
this trey pound, containing 5,760 graius, and of the commercial or avoirdupois pound, containing
7,000 grains, derived from the former, with copies of similar weights derived from the standard
pound of Great Britain, have shown that there is not so much as one-thousandth of a grain out-
standing between the money standards of the two countries.

MEASURE OF CAPACITY.

Of the measures of capacity, which are not measures of great precision, it is only necessary to
say that the old British wine-gallon of 231 cubic inches, and the old Winchester bashel, containing
2,150.4 cubie inches, are the recognized standards in the United States, as they were the lawful
standards before the separation of the colonies from Great Britain, no subsequent enactment having

been made.
MEASURE OF LENGTH.

The measure of length, which is the yard of 36 inches, is legally in the same condition as the
measures of capacity. The standard yard of Great Britain was lawful in the colonies before 1776.
By the Constitution of the United States the Congress is charged with fixing the standard of
weights and measures (Art. T, sec. 8); but no such enactment has ever been made by Congress,
and therefore that yard which was standard in England previous to 1776 remains the standard
yard of the United States to this day; the same being also true of the commercial or avoirdupois
pound and of the gallon and bushel, as above stated.

It must not be supposed that this is a matter which, in view of the great questions of publie
poliey engrossing the attention of Congress in early years, had remained without due consideration.
The journals of both houses of Congress show that committees were early appointed for the
consideration of the subject. A Senate committee reported on March 1, 1781, that it would not
be eligible at present to introduce any alteration in the measures and weights which are now
used in the United States.” Other reports were made from time to time, and in January, 1820, a
committee of the House of Representatives presented their conclusions, which were: “That little
should be done; that standards conformed to those in most common use among us should be accu-
. rately made and carefully preserved at the seat of government; that correct models should be
placed in different districts of the country; and that the proportions and relations between these
should be ascertained.”
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Again, on March 11, 1822, a committee report was submitted to the same body, making recom-
mendations for rendering ‘‘uniform and stable the measures and weights which we at present
possess.” .

Thus, after il consideration for thirty years, it was agreed that the matter was in a satisfac-
tory shape, in virtue of our inheritanee and traditions, and that no legislation was advisable.

Finally, in 1836, an act was passed directing the Secretary of the Treasury to canse copies of
thre weights and measures adopted by the department as standards, for the use of custom-houses,
to be sapplied to each State, “to the end that a uniform standard of weights and measures may
be established throughont the United States.” (Annex 1) The staudards so “adopted” were
those of Great Britain, as before related.

The actual standard of length unsed was a bronze scale of 82 inehes, subdivided on silver to
tenths of inches, which had been prepared for the Coast Survey of the United States by Trongh-
ton, of London. The 36 inches comprised befween the 27th and 63d inches, found equal to the
average of the whole scale, were taken as the standard yard, and the temperature at which this
was considered to be @ standard, that is to say, equal to the British Standard Yard, was presumed
to be 62° F. It had, however, never been directly compared with that standard, but was simply
copied from Troughton’s own seale without subsequent verification.

~ In England, the old standard yard, known ds Bird’s Standard of 1760, had in the mean time
been found to be inadequate in definition for the inereasing requirements of science, and a new set
of standards of length, weight, and capacity was constructed between 1816 and 1826 of such finished
workmanship and precise definition as was required by the science of the time, and every effort
was made to reproduce, with the greatest possible exactness, the old standard pound and yard.

Not long atter this important work had been accomplished, the standards so constructed were
destroyed by the burning of the Parliament buildings in 1834. They have since been reproduced
by reference to all of the former accredited standards with which they had been originally com-
pared, and are niow known as the ¢ Imperial Standards.” Some fifty copies of these standards were
constructed and jutercompared, and certain of these have been sent to the United States. The
avoirdupois pound of 7,000 grains is found to agree within one-thousandth of a grain with the
avoirdnpois pound of the United States, derived from the Mint-ponnd heretofore mentioned—an
agreement which leaves no question ontstanding as to the identity of the units of weight of Great
Britain and the United States.

The comparison of the Troughton scale heretofore mentioned with the BDronze Standard Yard
No. 11, received from Great Britain in 1856, shows the former to be longer by nearly one-thousandth
of an inch in the yard, or, more precisely, 0.00092 inch. By very recent comparisons, however,
made by myself at the British Standards Office between the standard Imperial yard and Bronze
No. 11, the latter was found to be 0.000088 inch shorter than the former, which may Dbe stated in
the form that it is of standard length at & temperature of 62025 F. Hence we infer that at 62°
the Troughton scale is too long by 0.00083 inch, or that it is standard at 59.6 F. instead of 62°
as formerly assumed ; and this correction will apply to all measures that have been derived from it.
This change, although sensible in operations of extreme scientific precision, is really of no conse-
quence in ordinary practice, as it amounts only to the 1:40,000th part of the whole length—a degree
of accuracy which is seldom required. The correction does not exceed {the thickness of one of the
lines that define the yards supplied to the States.

Extreme accuracy in this matter is beset with great difficulties, for in addition to that of ascer-
taining for each particular bar the rate of dilatation by temperature, there is an uncertainty in
regard to permanence in the length of the bars themselves. Of the two standard yards presented
to the United States, one is of bronze (No. 11), and the other of Low-Moor wrought iron (No. 57).
These are found to have changed their relative length by 0.00025 inch in twenty-five years; the
bronze bar being now relatively shorter by that amounnt. This subject. is undergoing further inves-
tigation.

RELATION OF YARD TO METER.

Statements in regard to this relation have varied excessively, comparison between the two
standards being subject to two great difficulties: first, their different nature and definition, and
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second, their incommensurability in length, The meter is o platinnm bar, cut to length (an end-
measure), and standard at the temperature of melting ice (32° F.). The length of the yard is
defined by lines drawn on a bronze bar, staundard at a temperature of 622 T, The difficulty of
making accurate comparisons of lengths so differently defined is at once apparent; moreover, as
their relative length is such that the meter is something longer than 39.37 inches, it is necessary first
to derive the latter length from the yard of 36 inches by minute subdivision into a scale of equal
parts, and the addition of the odd amount, a process which invelves so many sucecessive operations
that the probable error of the result is largely increased by an accumulation of uncertaiuties.

From these circumstances have arisen the differences in statements of the length of a meter
expressed in inches. One of the earliest trustworthy comparisous was that made by Kater, giving
the value, generally quoted, of 39.37079 inches. This comparison was made with one of the earlier
British standards. A more recent determination is that made by Clarke, at oftice of the British
Ordnance Survey, between a number of the new Brifish standards and several well-accredited
copies of the meter, which give, very accordantly, a value of 39.37045 inches. It appears that in
the latter observations the coefficients of expansion of the bars used were more aceurately ascertained
than in the former, and as between these two values the latter probably deserves the preference.

Tt must be observed, that since both yard and meter are material things, no legislative decla-
ration in regard to their relative value can have any force other than to define what shall be con-
sidered lawful equivalents. This eircnmstance being recoguized, when the metric standavds were
made optional in the United States, Congress, instead of stating the equivalents with excessive
minuteness, as was done in Great Britain, merely defined the relation which shall be held lawtul,
to a degree of precision suflicient for practical purposes; thus we find m the table annexed that
the lawtul equivalent of a meter is 39.37 inches.

Tn the United States, Professor Hassler, first Superintendent of the Coast Survey, made very
careful comparisons between one of the original iron meters aind thie Troughton 82-inch scale. The
records of his experiments are not now extant, having been destroyed by fire in 1843, but he has
published his results, viz: One meter — 30.38092 inches of the bronze yard, reduced to 32¢ F.
e made use of a coefficient of expansion resulting from some experiments made by himself upon
a brass wire, which value is much too large; but we cannot now correct his rednction, because we
do not know the actual temperatures of comparison. Using Mr. Hassler's rate of expansion, viz,
0.0003783 inch in one yard, for 1° F., and reducing his result to the standard temperature of
the yard (62° F.), his suceessor, Professor Bache, found the value of the meter to be 39.36351
inches of the Troughton scale, then the only accredited standard in our possession.  Whew, hrow-
ever, we apply to the latter the correction of 0,00083 inch in a yard, found as above stated, and
ascribe to it the rate of expansion of other bronze alloys—for instance, that found by Airy, from
Sheepshank’s observations, for the bronze ot which the new Imperial standards are made, viz:
0.000342 inch per yard—we find one meter == 39.37050 inches, as follows:

Hassler’s value of meter, reduced to 62°. ... ... .. ... ... 39, 36851
Correction for difference in rate of expansion ............. + 00100
Correction for excess of Troughton scale in one meter .. ... + 0. 00090
Hassler's comparisons, corrected reduction ................ 39. 37050

a value which differs very little from that obtained by Clarke, although it cannot be claimed to

* possess the same degree of trustworthiness. Ib fact, if we substitute in above reduction the rate
of expansion for the bronze of the British standards recently determined by Fizeau, viz, 0.000351
inch per yard, we shall get 39.37023.

The value 39.3685 inches, derived as above mentioned from Mr. Hassler's compatisons, was
used in the Coast Survey for stating the equivalents in yards of distances known in meters, and it
has been so employed, as stated in the respective places, in various lists of geographical positions
and tables for projections in the Coast Survey Reports, from 1851 to 1868, Since that time it has
been deemed advisable to employ the value obtained by Clarke, viz, 39.3704 inches.  The conver-
sion is readily made with very sufficient accuracy, by increasing the distances in yards by their
1:20000th part. A table of -equivalents is given below (Annex I1I).
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Tt is not practicable to attain greater precision in comparison until after the completion of the
new international meters now in course of construction at the International Bureau of Weights

and Measures in ’aris.

When the construction of these shall have been perfected, and when they

shall have been thoroughly intercompared, it will be useful once more to attempt to arrive at a
closer comparison of the yvard and meter than we now possess.

In order to make such a comparison with the least number of successive operations, I have
devised the following schemeé: Divide a yard into four parts by successive bisections; dividing
again the sum of three of these parts into eight equal parts by successive bisections, one of these
eighths added to the yard will give the length of the meter with a degree of precision readily

within the reach of any comparator; that is to say, the length will be 39.375 inches.

correspondingly divided have been prepared for this purpose, and intercomparison is in progress.

ANNEX I

RESOLUTION OF CONGRLISS PROVIDING FOR THE DISTRIBUTION OF WEIGIITS AND .\IEASURES.

Two bars

Resolved by the Senate and House of Representatives of the United States of America in Congress
assembled, That the Secretary of the Treasury be, and he hereby is, directed to cause a complete
set of all the weights and measures adopted as standards, and now cither made, or in progress of
manufacture, for the use of the several custom-houses, and for other purposes, to be delivered to
the governor of each State in the Union, or such person as he may appoint, for the use of the
States respectively, to the end that a uniform standard of weights and measures may be established

throughout the United States.
Approved June 14, 1836.

ANNEX II.
AN ACT to authorize the use of the metric systent of weights and measures.

Be it enacted by the Senate and House of Representatives of the United States in Congress assembled,
That from and after the passage of this aet it shall be lawful throughout the United States of
America to cmploy the weights and measures of the metric system, and no contract or dealing, or
pleading in any court, shall be deemed invalid or liable to objection because the weights or meas-
ures expressed or referred to therein are weights or measures of the metric system.

Sec. 2. Aad be it further enacted, That the tables in the schedule heretofore annexed shall be
recognized in the construction of coutracts, aud in all legal proceedings, as establishing, in terms
of the weights and measures now in use in the United States, the equivalents of the weights and
measures expressed therein in terms of the metric system; and said tables may be lawfully used
for computing, determining, and expressing in customary weights and measures the weights and

measures of the metric system.
Measurcs

Metrie devominations and values.

S

. 10,000 meters.
1,000 meters.

Myriameter .
Kilometer .

of length.

i Equivalents in denmmninations in use.
: 6.2137 miles.

| 062137 mile, or 3,280 foet 10 inches.
|

|

Hectometor 100 meters. 328 feet 1inch. ‘
Dekameter 10 meters. 398.7 inches, |
Y 1 R P 1 meter. 39.37 inches, :
Decimeter . 110 of a meter. | 3.937 inches.
Centimfeter. .. ..couiiiiiiii e e 1-100 of & meter. | 0.3937 iuch. }
MAeter con e ai e eenaa 1-1000 of a meler. 0.0384 inch. !
Measures of swrface.

Metrie denominations awd values, Equivalents in denomiuations in use. }

) & T ¥ A -»- 10,000 square meters. 2.471 acres.
Are.... . 100 square meters. 119.6 square yards. ,
1 square meter. 1,550 square inches. f

R G731 S
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Metrie denominations and values.

e e S
Number
of liters. |

Names.

i Cubic measure.

Measures of capacity.

Dry nieasare.

Equivalents in denominations in use.

153

Liquid or wine nieasure.

Kiloliter or stere_ ... ... 1000 | 1 cubiemeter..... ... . 1508 cubie virds 264,17 zallons.
Hectoliter coao.ooveeos 00 0 110 of aeubic meder. oL o2 bushels and 335 pecks ._. ... 26417 gallons.
Dekaliter _........cooeeen. 1n ‘ 10 cubic dechinerers ..o B8 QUATES. ... i iieiii e on 2.6417 wallons.
Liter cacceceeneniiivnnnaon. 1 1 cubic decimeter co..o. .. 0,908 «quart............. 10567 guarts,
Deciliter_..........o.oo 110 | 110 of a cubie decimeter.... 67022 cubic inehes. ... 0.845  gill.
Centiliter ... ... ... 1-100 16 cubjc centimeters ...... 0.6102 cubijc jnch. . 0.338  fHnid ounce.
Milliliver ..o 11000 1 cn bic centimeter ..., Q061 enbic el Lol 0.27  Huoid dram.

Metrie denominations and values.

Names,

Millier or tonnean
Quintal ... ...
Myriagram
Kilogram or kilo

Heetogram .

Trekagriam ...

Gram
Decigram.

Centigram

Milligramn. oees o

Approved July 28 1866.

Weights.

Number of* Weight of what quantity of water at maxiwum

grams. density. i
1 000 000 Teubje meter oo oren i 2204.6  ponmis.
106 goo 1 heetaliter .. 220.46  pounds,
10 000 10 liters 22,046 pounds,
1 ovn 1 liter. 2.2046 ponnds.
100 I deciliter. ... . 74 ounees,
10 10 cubiv centimcters 0.3527 ounee,
T 5 Yenbie centimedev ..ol il 15.432 grains.
1-40 110 of a cubic centimeter....o. ... .. { 10432 grains.
1-100 10 cubic millimeters. . c..oooeeoioni o 0.1543 grain.
11000 | 1 eubic millimeter ... .....ocaaii.. 0.0154 grain.

ANNEX IIIL

COMPARISON OF YARDS AND METERS.

1 metre == 1063623 yard — 39.37043 inches,

Enuivalents in denomina-

tions in use.

Avoirdupois weight.

Meters, Yards, Meters,
1 1093628 1. 0.914392
2 2187246 2. 1. 528784
3 3.280869 | 3. 2.743175
4 £.374492 0 4. 36577 |
5 3.468116 © 5 4.571959 °
6 .| 6.561739 - 6. 5.486351
7 .o7.635362 ¢ 9. 6.400743
8 8748985 | 8 7.315134
9 9.842608 | 9 8,219526

2. DESCRIPTION OF THE TROUGHTON #6-INCH SCALE.

The Troughton scale is a bronze bar, with an inlaid silver scale, made for the survey of the
coast of the United States, by Troughton, of London (see House Doc. No. 299, Twenty-second

Jongress, first session, and also Am. Phil. Society Trans., vol. 2, new series).

The bar is nearly 86

inches long, 24 inches wide, and one-half inch thick., A thin strip of silver a little more than 0.1 inch

wide is inlaid with its surfuace flush with that of the brass, midway the width of the bar.

1t extends

the whole length of the bar save where it is interrupted by two perforations, oue near each end.
Two parallel lines about 0.1 inch apart are ruled longitudinally on the silver. The space between

them is divided transversely into tenths of inches.

S. Ex. 12 20




154 REPORT OF THE SUPERINTENDEXNT OF

The zero mark of the graduation is about 3.2 inches from one end of the bar. Immediately
over it is engraved an eagle surmounted by the motto E pluribus Unum, and thirteen stars.
Below the 38 to 42 inch divisions is engraved “Troughtou, London, 1814,” The bar is also per-
forated hy a hole abave the scale and near the 40-inch division, and by one below it between the
words “Troughton ™ and * Loudon.”

The bar is placed in a wooden box into whicly it is fitted edgewise and in this position it is
usually maintained, and since 1872 is kept iv a room the temperature of which does not vary more
than between 60° and 807 Fahr.

The yard of 36 inches comprised between the 27th and 63d inch of the Tronghton scale, which
was found by Hassler's comparison to be equal to the average 36 inches of the scale, is the actual
standard yard of the United States, having been adopted by the Treasury Department as such, in
1832, on the recommendation of Mr. Hassler (Weights and Measures Report, Washington, 1857).
As it was the intention that this yard should be equivalent to the Euglish yard, its standard tem-
perature depends on its relation to the Imperial yard.

3. DESCRIPTION OF BRITISH STANDARD YARDs, BRONZE No, 11 AND IRON No. 57.

Copies of the new British standards of length and weight were presented to the United States
by the British Government through G. B. Airy, esq., Astronomer Royal. They were received in
1856, and are accompanied by the following statement:

“ Copies of the British stanlards of length and weight, inclosed in box No. 10 and addressed
to the United Statex of Awmerica.

“ Bronze standard of length No. 11,

<t Malleable iron standard of length No. b7,

“ At the bottom of each of the two holes near the extremities of each bar is a gold pin, upon
whiclh are drawn three trunsversal lines and two longitudinal lines. The length of one English
vard is defined by the distance from the middle transversal line in one hole to the middle trans-
versal line in the other hole, using the parts of those lines which are central between the longitud-
inal lines, the temperature of the bronze bar No. 11 being 61°.79 Fahr, and that of the ivon bar No.
57 being 622.58 Fahr,

«The expansion of the brouze bar is 0.000342 and that of the iron bar 0.000221 inch for each
degree of Fahrenheit,

s Standard weight No. 3.

«Phis weight isx heavier than the (commereial) British pound of 7,000 grains by 0.008 grain.

“Ga B AIRY.

» DEcEMBER 21, 1855."

ach standard of fength is a selid bar 58 inches Jong and L inch square in transverse section,
One inch from each extremity a eylimdrical well, one-half inclt in diameter, is sunk ove-half inch
helow the surtace. At the bottom of the wells in each bar is a- gold pin about 0.1 inch in diameter,
upon which are drawn three transversal and two longitudinal lives. The wells are protected by
metal caps.  The length of one English yard at a specitied temperature is detined by the distance
trom the middle fransversal line in one well to the middle transversal line in the other, using the
parts of those lines which are midway between the longitudinal lines. The spaces between the lon-
gitudinal lines of No. 11 are greater than between those of No. 57, being in both between 0,02 inch
and 0.03 inch.

The distance between any two transverse lines is about 0.01 inch {Airy, Ihil. Trans., 1857, vol.
T3, p. 692), but actual measurements show that the lines of No. 57 are not so far apart as those of
No. 11, The lines of No. 11 are mueh finer than those of No, 57,

No. 11 is of bronze and bears the following inscription :

«opper, 14 oz,
“'Tin, 23
“ Zine, 1

Z Mr. Baily’s metal No, 11.  Standard yard at 610,79 I, Cast in 1845, Trough-
S ton & Simms, London,”

No. 57 is of iron and bears the following inseription :

#No. a7, Low Moor iron A, Standard yard at 620,58 Fahr?
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4. COEFFICIENT OF EXPANSION O THE BRITISH STANDARD YARD BAR, BRONZE No. 11
BFING A NEW DISCUSSION OF THE EXPERIMENTS OF SHEEPSHANKS AND OF CLAEKE.
By J. HoMmep Laxe.

There is reason to believe that the coefficient attributed to this bar is too small. The following
is an extract from Professor Airy’s * Aceount™ of the experiments made by Mr. Sheepshanks. upon
whieh this coetticient appears to depend (Loud, Phil, Trans,, 18537, vol. 75, pp. 667-669) :

“In the winter of 1849-"50 Mr. Sheepshanks made a sevies of experiments for the thermonmetric
expansions of bronze, brass, and Low Moor iron.  The different temperatures were given to the hars
by pouring in water at different temperatures into the external box; this, I helieve, was the first
occasion on which it was so used. The quantity of water employed at once was 11 gallons. The
corrections to the thermometers L and R were still obtained, T believe, from old thermometers: but
as the comparison of L. and R with new original thermometers followed closely, I am not quite cer-
tain on this point. Each nnmber below is the mean of aboul thirfy comparisons.

17 = 0005587

The relative expansion of bronze 12 and Low Mooy iron.

f

| i
{ Reading for :

Date. Temperature. R]C”diflg f?’ [ Low Moor
yrouze 12, “ iron, 1
! . !
! Nov. 30,1849 676§ 201598 | 2012076
] 64, 41 ‘ 201 0627 200, 9355
! ! | . \
, Dec  1,1%49..° S50 | 1983867 200,189
i ; BE. B8 1 200. 5319 200. 5968 |
: ‘ ST08 1 o0, 2766 00, 4R95
Deec. 2,184, 67. 63 ; 201, 3963 201164
: Dec. 5, 1849.. TRBL 2025139 “01. Y086
i ‘ ]
 Dec. 6 1849.. 54.82 ' 200, 2089 2004075
6115 | 200.7820 | 2007572 f
| !
{ Dee. 81849 48,46 199. 6225 200, 0354
7545 ; 2. 1283 2016404 |
|
Dec. 10, 1849, 63,92 | 201, 3656 901, 2943 |
i 64.13 % 201. 0967

¢ From these the excess of expansion of 36 inches of hronze above iron for 12 Fabr. was inferred
to be 0-.03318. i :

“For absolute expansion of low moor iron, Mr. Sheepshanks eompured the higher and lower
temperatures on each of the following days:

“ November 30, December 1, December 6, December 8, December 10, as given m the last table.
“ From these he obtained for 1 Fahr.— .

“Absolute expansion of 36 inches of low moor ivan = 6R.OBOYS
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For absolute expansion of bronze 12 and brass 2.

1Remling for Reading for

D‘dtﬁ- TG“]]‘DGY‘H““TE.‘ bronze 12. hrass 2.
N i
Jan. 24,1850 36.06 | 198.8437 198. 8780
5175 1 2003481 200, 4152
G821 201,898 201 M6T |
i i
Jan. 25,1850, 70.14 202. 0569 202, 1420
45.85 | 1997360 08,7850
; ‘ | i
[ Jam, 26,1850 41.95 199. 2963 164 3419
{ 70.46 202, 0152 202, 0959
; |
! ! : i
. May 4, 1860, 54.23 200, 0187 260, 0701
i ; 6387 | 2011187 ¢ 2011719

'

“I'rom these were obtained for 1° TFahr—

¢ Absolute expansion of 36 iuches of hronze = 07.09507
“Absolute expansion of 36 inches of brass = 07.09601

“And by eombining the absolute expansion of bronze with the execess of expansion of bronze

above iron—
“Absolute expansion of 36 inches of iron = 07.0G189.”

The number here given (0™.000341) for the absolute expansion of bronze 12 is equivalent,
sensibly, to the expansion 00.000342 attributed to bronze 11 in possession of the United States
Government. It does not appear that there was any independent determination of the latter. By
way of verification 1 have recomputed the absolute expansion from the printed numbers of the com-
parisons, using the method of least squaves. The following is the process of compntation :

', 1y, temperatures — 63°.76, 64541, — of comparisons, November 30, 1849.
m’, their mean

", t,, 'y, temperatures for December 1.
m'’, their mean

¥, 17, temperatures for December 6,
', their mean,
&e.
Om.005 4+ y = expansion of 36 inches, brouze 12;

&' = true reading on November 30 for bronze 12 at temperature m’
2" = true reading on December 1 for bronze 12 at temperature m'’
' = true reading on December 6 for hronze 12 at temperature m'*’

&e.
Equations of condition.
, A

x4+ (U — wm') (0.095 4 ¥) — 2015598 = 0 (' — m)y —a/y =0

T 4 (U — m') (0.0 4 y) — 2010627 = 0 (ty — MYy —ny =0

S gy, — ey 0095 + y) — 1998867 = 0 'S (0, — iy — v, = 0
2 (1 — m) (0,005 + ) — 2005319 = 0 (' — m")y — n'y = 0
x4 (P — m') (0,095 + y) — 2003766 = 0 (s —m")y—n'"y =0
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Normal equations:
(2) & = } (20153508 4 2010.0627), 2/ = 1 (19058867 4 20005310 4 2000.3766), &e.

[(t — m) n]
v [(i”:“m)"iij

Equation (1) expresses the result of substituting the values of &/, 2/, &e., in (1).
The following table exhibits the reductions of these formula::

Pemper- : Reading tor

Date. ature. * bronze 12. : [ H EU ne)? , (- ) n ; .= I
- 1 _ N -
' > r H o r ] . P
Nov. 40, 1840, 68.76 | 2015606 -+ 2170 4+ 0.0419 | 473 b 0.0911 1 — 00427
|Gh4l. 201067~ 2175 — .oy j 473 4 0.0011 00427
! i ! . H
Dec. 11449 | 5150 | 1998867 4.3 0 po0.0M0 TR 92 ‘ — 01518~ 0.0334
HR. 8% i 200, 5319 + 303 — 0.021 9. 18 :‘ — 0. 0636 -L0.0109
POBT16 0 2008766 - Lu2 . — 00130 L7 - UIR3 4 0.013
! | ‘ ‘ i
Dec. 61880  5L87. 2002080 — 8163 4 00141 10.02 — 0.0446 - 0.0130 '
BLI1G . 2007820 . B.16%  — 0.0M1 1 10.02 - 0.0446 - 00Ul
! |
DDec, ROIRO AR4E L 1906225 — 104050 o 0.0%01 | 18219 03098 | - 00244 |
] ThAD LB 4 TR495 - 0.0203 TSR ATy
! ; i = | i
Dee. 10, 1849..? 85,92 2015666 4+ 2305 4 0.0069 | 574 | 4 0.0165 | — 0 0077 |
I 6113 2010067 — 2,395 - 0.0000 5741 4 0.0165 1 4+ 00077 .
‘ | : 1 '% | }
[Aan 218500 3606 1988437 — 1582 | — 00030 | 2027 b 00617 | b 0.0094 | < .00
51.75 ‘ 200. 3481 — 012 4 (L0090 1 0.04 F — .0011 — 0. 0090 | — 0.009C
' T2 0LES05 | 41504 — 0.0030 23409 — 00707 |~ 0.0006 | = 0.0087
' ! i i '
| Jan. 25, 18600 TO4 2020509 1 o 12145 4 0.0082 0 14750 b 0.0996 | — 00128 I — o005y
| 405 199.7360 1 — 115 - D.0GSZ . 4S50 o 00996 & 0.0125 ) - 0.0034
! ! ! | |
| Jan. 26, 1850... 4195 199.2063 14,255 | — 0.0052 | 209.21 + G.0761 | + 0.0137 | 4 0.0019
j | T0.46 020152 | 14255 f 0.00 | 2G| 4 0.0TL | — 0,017 } - 0.0019
l May 4, 1850..11 54.23 | 2000187 { — 5.82 ’ + 0.0029 ‘[ 30,87 | — 0.0160° — 0.0000 ' — 0.0042
; | 67| 20nusr| 4 ne [ ~ 0.0629 : .87 | — 0.0169 | ~+ 0.0009 | 4 00082
e E ! o o ! ' n . .
For brass 2.
f Readingforl . Residuals.
qj Date. brass 2. n ; {t—m)n E II1. ;
! i
| - i i
| L
| Janp. 24, 1850..| 108.8780 | - 0.032¢ © 4 0.5126 | + 0.00%5 |
200.4152 | + 0.0133 . — 0.0017 E - 0.0135
! 2019467 | 4 0.0191 4 0.3044 | -+ 0.0040
; 1 i i
'an.os, 1850, 2021320 | 4 00197 4 0.2303 ‘ — 00014 '
; ‘\ 199.7850 | — 0.0197 | 4 0.2808 | -+ 0.0014
D yan. 26,1830 190.3419 | — 0.0228 | 4+ 0.32%  + 0.0013
‘i 20200359 | + 0.0228 ; 4+ 0.3250  — 0.0013 1
| N |
May 4,1860..] 200.0701 | 4 0.0020 | — 0.0116 | — 0.0108 |
: 2011719 | — 0.0020 | — 0.0116 |+ 0.0108 f
| t |

Taking together all the numbers in the foregoing table, including both the November-Decem-
ber series and the January-May series, we have—

[(t—m)n] =~  0.5988
, [(¢ —m) = 170859
. y = — 07000350
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or—
Absolute expansion of 36 inches = 07.094650

and the corresponding residuals are given in columm T of residuals.
Exclnding the November-December series, the Jannary-May series’alone gives—

[(t —m)n] =+ 0,245
f(t —m) 2} = 1273.53
y = 4 0000231
or-—
Absolute expansion of 36 inches = 07095231
and the corresponding residuals are given in column 11 of residuals.

The large maguitude of the residuals in the November-December series confirms the construe-
tion naturally borue by the words of Airy's acconnt, that the number there given for the absolute
expansion of 34 inches of bronze. viz :

0r. 09507

was derived wholly from the January-May series, and it would farther appear that this was on
aceount of some superiority in the cirenmstances of that series.  There appears to be no statement
of the temperature to which this expansion of 0709507 appertains.

When the coefficient of expansion has heen determined, as it a constant, by the least squares,
from a series of readings made in independent pairs, ealling ¢, and ¢, the temperatures of any one
pair, it is readily shown that the true temperature appertaining to the deduced coefficient is that
which, used as a zero of temperature, will make (§ (& + &) (. — £) 2| = 0, the brackets being, as
before, the symbol of summation. When, as on January 24, a triplet of readings occurs, the third
near the middle temperature of the triplet is without sensible influence on the temperature apper-
taining to the deduced coefficient. Hence the temperature for the coefficient

07095231
above found from the printed numbers of the Jannary and May series is—

B0 X 520 4+ 300 x 58O + 400 X 560 + 68 x 600
300 4 300 - 400 + 68

= 397

The number 0n.09507 is palpably too small for the printed numbers of the data in the January-
May series, if it be understood, as apparently it is, to apply to the resultant temperatures of the
eomparisons, viz, 53°. 1n order to elucidate, if possible, the origin of the diserepancy, the coeffi-
cient of brass 2 was also recomputed, as follows:

[t —m)n] = + 1.9207

(t — m) ? 1273.53
(
¥y =4 00151

fl

Absolute expansion of 36 iuches brass 2 = 0.09651
Discrepancy in the case of bronze 12 = 0.00016
Discrepancy in the case of brass 2 = (.00050

These largely different mere diserepancies in ealeulation eannot be accounted for by any single
ause, unless it were the inadvertent omission of part of the data from the published account. Tt
seems at any rate most judicious fo receive the published number

009507 (= 0™.000341)

as the result of Mr. Sheepshanks's experiments, unless, indeed, we may suppose that the somewhat,
bat not miterially, larger namber (000342, certified for bronze 11, is a recomputation from the
same data, with which it suficiently well agrees, ’

If the value be, as we have reason to believe, too small, the cause of this must of course be
sought in the circumstances of Mr. Sheepshanks’s experiments. The details of these experiments
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are not all given. In reference, however, to experiments upon *relative expansions” afterwards
made by Mr. Sheepshanks in 1853, Professor Airy informs ns, in the same ¢ account” (Phil. Trans..
vol. 75, p. 676), that when the temperature had been altered by pouring in hot water, &c.. no obser-
vations were made until six or more hours after the alteration. Tf the experiments in 1850 were
similarly conducted in this respect, as it seems necessary to suppose, so that a considerable interval
of time always elapsed between readings taken at Iow and high temperatures, then the expansion
of the bar may have Dbeen in a very seisible degree offset by expansion of the stone slab D,
This slab was the main element in maintaining the interval from microscope to microscope, and that
edge of it towards the mieroscopes, or inner edge as we may call it, was 1n the near vieinity of the
“external trough” of hot water, and not only the edge surface of the slab, but its under sur-
face for a considerable distance back from the edge, wonld be exposed to the influence of radiation,
and perhaps of conveetion by the air. The inner edge of the slab, therefore, may well have nuder-
gone elevation of temperature unless extraordinary measures were taken to prevent it, amd it does
not appear that this was done in the series here in guestion, January-May, 1350,

I tind only a general statement, apparently referring to the above-mentioned experiments of
1853, that, “In some cases, the trough was wrapped in blankets during the night” But even if
such a wrapping of the trough was used in the series of January-May, 1850, it is very doubtful
whether it would suffice to cut off the access of heat to the stone slab.  And expansion of the inner
edge of the slab would be magnified in its effect upon the interval between the microscopes by the
circumstance of the outer edge of the slab not partaking of the expansion. In this way it scems
possible to account for an error greater than can be attributed to a ditference between the eleva-
tion of the temperature iu the bar and the elevation of temperature indicated by the thermometers.

This source of error or uncertainty was completely guarded against in the determinations
made by Captain Clarke in 1865 of the absolute expansions of the Indian 10-foot standards.  (Cons-
parisons of Standards of Length made at the Orduance Survey Office. 1866, p. 180.)

One of these is made of Baily’s bronze, of the same given proportions as the standard vards.
viz, copper 16, tin 23, zinc 1. The coeflicient obtained by him for the 10-foot Indian bronze bar,
it will be seen, very consitlerably exceeds that found by Mr. Sheepshanks for the Dritish yard
bronze 12,

As Mr. Clarke, in the reductions of his observations, has not taken into account the inerease
of the coefficient with elevation of temperature, I have thought it well to caleulate the temperature
to which his coeflicient, as deduced, applies, and to ingraft upon his residuals the result they will
give for the rate of increase of the coefticient with rising temperature. The expansions were
measured by comparing, as immediately as possible, the length of the bronze 11-foot bar at one
temperature with the length of the steel 10-foot bar at a different temperature, varying the tem-
perature in oune bar and the other alternately. There were two series of experiments.  The first
series was in four groups; both Dars cold; bronze hot—steel cold; bronze cokd-—steel hot; both
bars hot. The second series was in three groups; both bars cold; bronrze hot—steel cold; ronze
cold—steel hot. Tor valid reasons stated by him, Captain Clarke has used the first-mentioned
group alone (both bars cold), consisting of thirteen comparisons in the first series and six conmpari-
sons in the second series, to give the absolute difference of length between the two bars at a certain
temperature, determined in the first series to be 43°.75 Falr.

This determined difterence was applied to the remaining groups of the sevies, and thus gave
for the first series the equations of condition (19) found at page 204, each of which is of the form

ty—ty4+au=0 . . . (1IN

yard in the length of the browze bar for 17 I'ahr.,

wlere y is the increment in millionths of a

and ¥ the same for the steel bar, and 432.75 4 ¢ is the temperature in degrees Fahv, of the
brouze bars, and 43°.73 4 ¢ the same for the steel bar. From these cquations of condition the
values of ¥ and ¥, considered as constant, werce deduced by Caprain Clarke by the method of least
squares.  In the first series the values thus found were

y = 32,0566
y' = 211935
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In place of these supposed constant values let us assume as the true values for any tempera-
ture 43°.95 4 {,
320366 + sy + (f — 23.25) v
211938 4 Sy 4 (t — 24.00) ¢

forms in which ¢ y and 4 ¥’ will come out small quantities, Then the increment in length of the
bronze bar in passing from 43°.75 to 43°.75 4 t, and that of the stee! Lar in passing from 43°.75
to 43°.75 + ¥, will be, respectively,

320566 ¢ 4+t dy + Lt (f —465) e . . . {A)
LIS 4 Oy 4 LU (¢ —48.0) ¢ . . . (B)

e pzi

For deducing satisfactorily the variation of the coefficient for brass, it was found necessary,
in the ease of the first series at least, partly in order that the observations with both bars hot
might be bLrought into account, and partly in consequence of the relations existing Letween the
temperaturex used, to resort to a complete analysis embracing all the four constants v, v, 5y, ¢ .
Putting the expressions (A) and (B) in the place of ¢ y and ¢ ¥ in Clarke’sequations of condition
(19), above referred to, those equations reduce to the following, formed with the residuals »/; which
he gives at the top of page 211, These I have veritied with the exeeption of — 3.55, which is evi-
dently a misprint for — 3.65, and the latter has been substituted.

19y —2560y ~4141 0y +
— 33 oy —4457 5y +
&e., &

I

(= 2.56) (— 256 — 46.5) r — | (41.41) (4141 — 48.0) o/ — £.12 = 0
(— 3534 (— 3.34 — 46.3) 0 — ! (4437) ($1.57 — 48.0) o/ — 1.23

‘

[

General form :
(9« L L sy — Uy — Lt — 46D e — LV (D — 48.0) ¢ 4 0 == 0

Sinee it was known that the values of 4 y and 4 ' as well as those of + and ¢ would be very
small, the several coeflicients, ¢, ¢/, J 1 (£ — 46.5), 4 ¢/ (¢’ — 48,0}, have been taken only to the nearest
whole numnber, a, b, ¢, d. There being niore risk in assuming the two sums [a #'| and [d #/] to be
like |[# 2] and [t/ #/] equal to nothing, the sums {(a — ) 2/} and [(b — ¢') #] were, for security roughly
taken in making up the normal equations, though proving to be insignificant. In this way were
obtained the normal equations given below. In the following table are given the coefficients «a, b,
e, d, of the equations of eondition, to the nearest whole number, Clarke's residuals #/, and the
residuals 2/ resulting trom the normal equations given below. In the first column is given the
nunber of” the comparisons.

Nao a I ¢ d » "w No « fr ¢ d 7" al
9 ; C o4l 63 — 146 12 — 040 iyl - 41 -~ 169 - 25 0. 46 312
6 - 3 45 83 (] 12 LT 17 4 4h 0 — 33 A 2,90 — 4.43
7 } 45 ST - T - 227 i 0.61 22 3 1 4 3 - Bl - 102 — 0.2
8 } B o - - 5.6 - 0.86 19 42 68~ 4L + L8 - L7
1 1 W 18 42 — 0,23 — 044 20 4oz 477 SH 2.83 -+ 3T
10 1 S0 L8 75 O 7 - 0.38 21 - 2 -+ T8 — BT 1 4 a0 R A
[ 4 <Al 101 76 4.65 b. 23 18 401 4 140 w9 7.55 - 5B
s T .5y I BERITH CLAT 0 35 41 + 151 ~ — 049 — 7.7
[ - 4 o 100G ] ERE ! 40T 36 41 + 183 0 . 24 - 506 — LB
14 o ¥ 1 b 1.06 — L8 33 [} - 285 - 1 + L1 - 3o
12 [URE-* 1 o - 171 305 5. 86 4 1 L o239 - 13 - 0,24 . 267
4 0 85 -2 188 o2 0. 98 16 -1 4. 246 ’ oM ST S 219
27 P30 ,oa 245 PO LT 10, o3 }OI6 -~ 164 - 21 — 5.95 - 5.8
B 30 3 BRI Vi ERNRT 41 36 R T Y 230 EaKURC IR P}
[ 31 P - M3 B 2,70 R T R ) - 183 226 — 208 . — L8
[l 31 2 — o 55 236 43 48 47 2 — 30 + 3.56 o4 BT
S 3 po2 — 238 56 g -~ 3. 63 44 - 45 + 43 -~ 41 — 78 L1 + 110
. BT 1 ~ 173 - B . 0. 96 FLIR ) [T S” N RN ) 3.01 — 317
L3 SR | 172 25 T8 2w :

{
-
]
)
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The following are tlre normal equations:

484230y — 101925y — 3457+ 4 58049% ;1 310 = O
— 101923y + 393620y —  104r — 666 — 4.4 = O
— BTy — 11043y 4 TOTSH0 ¢ — 174540 0/ — 976150 = 0

SR049 5y — G660y — T30 £ 350000 1 — 224375 = 0

These equations have heen reduced in sneh a manner as directly (o bring out the we ights ol
» and 2/ with their values. Since the expansion per 12 1%ahr, changes with the temperature, its
weight will likewise change, since the error of r or ¥/ is involved init.  The probable error of the
expansion per 1° Fahr. of the bronze bar is, at the temperature 432,75 4 252,25 4 m©, the probable
error of the function (3y + m»). This has Leen computed by the formula given in Chauvenet's
Practical Astronomy, val. ii, Appendix, section 50, 1. 341, The values of 3 Y oy'y v, of are

sy = — 0.0214
Sy = — 00047
v = -4 (L1607, weight 693400

v = 4 001797, weight 241000

The sum of the squares of the new residnals, »//, ix 396.13, whenee we have for the new valne

of r, the probable error of a single comparison, .
= 06745 ;"’_’: =+ 23301
The probable errorof (G y + mr) = + — “m V02764 4+ 00141 o 0
=z no V1510 £ 00787 (m — 0,60)2
¥
‘ohable e P of = e o P =
The probable error of 1 V693100 of 1 ‘/24]0‘ W

Henece we have at TC Fahr.—

Expansion, al » of bronze har = 32,9352 + 0.01607 (T — 67

dt
Probable error, = & 0“ VIS0 £ 00787 (T = 67.00y
lncrease, gti’ of d Itm 191 = 4 0.01607
Probable error, = 4 (.00281
@1

For steel bar, = 4 0,01797 ..

e v
Probable error, = 4 000476

Multiplying these quantities by 0.0000003, we have their expression us fractions of the bar's
len yth, and in this form their numerical values from 47°.69 to 872,69 Fahr. are given for the bronze
bar in the following tabular statement:

Temperature. 47°.69 ] 577.69 ’ F7°.69 57,69 ,
— - A

Coeff. exp. i%li 0. 0000097375 0. 0000098347 6. DN00009ISRID t 0. 0000099321 ‘ 0. 0000099803
Probable error..|+ o172 !« 0082 | 0027 zi [T 0172 i
111;71, + 0. 00000000482 |
Probable error.. ES 00084 ‘

8. Ex. 12—-21
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I proceed to apply the above process to the second series of experiments. In this series,
Captain Clarke has followed the same plan as in the fivst with certain changes in the details of the
apparatus, one of which was made with a view to greater uniformity in the temperature of the
hot bar. The determined temperature for which the absolute difterence of length between the
Dbronze har and the steel bar is fixed by the group, both bars eold, is 56°.84, and the values of y
and ¥ deduced by Captain Clarke in the <ame way as in the fivst series are:

y = 327591
¥ = 211504

Using the same notation as before, let us assume as the true values for any temperature
569,84 4 1.
327501 4 Ay + (1 — 1634 ¢
QLI 4 Sy 4 (t — 16.01) 2

Then the inerements in length of the two bavs respectively will he

BT 4 4 Sy 4 bt (F — B3363) ¢ (A
SLISOL Y 4+ U5y 4 (¢ — 32.02) ¢ (BY

Putting these expressions in the place of ¢y and ¢ ¢/, in Clarke’s equations of condition (27),
page 214 of the volume referrfed to, we oblain equations of condition of the general form

toy — 3y + 46t —B368) ¢ — 10 (¢ — 3202 ¢ + ' = 0

in which @/ stands for Clarke's residnals —1.23, —~1.60, &c., given on page 215, and which I have
duly verified. Treating these equations of condition in the same manner substantially as we have
done those of the first series the normal equations below were obtained. In the following table
are given, under the same notation as before, the coeflicients a, b, ¢, d, of the equations of condi-
tion, Clarke’s residuals 7/, and new residuals »’.

: No. [ b ¢ ' d % i No. o b : ¢ d n' E n't
1 I T T © - 193 04 1 4 s 4 S0 - 56 4 3R2 , + 0.88
@ 0 b IR - [ 127 — 160 B 4 419 44 — 139 e 1] 4 209 e 0, B8R
B (B X [ - 1% 21T —1u8 13 119 43 — 140 — 16 RS B ‘ L
1 I N i 126 04 417 14 po18 S1 — 1 - 16 R 0. 50

.4 t P T Y 2 042 0 15 o0 11 —14 o~ 1 S 465 | 2000

g A 5008 Tl % L o4 P S | VR 7 + o000 , — 0.43

i i 1 P 34 FEE 141 0. 69 - 1.35 17 430 i1 41 -9 ) ! - 8.63

[ J R ) R T BT 1149 4oos 1R {30 P14 1m0 1 [

" v 6 e D053 — 0 1y foaE o, 41 Rl - 14 | —20m
w o . T S ET 4oL [ 0.38 20 | a8 s 8 15 Iow09

Normal equations.
Siddoy — IOTay — Td6e 4+ 52720 4+ 097 =0
— 1575y 4+ 00170y — 23592 4+ 0000 + 133 =0
—T456 6y — 23590y + 147115 ¢ — 21708 v — 3410.60 = 0
4+ 32720y 4 00006y — 21708 v 4 156198 ¢/ — 533,93 = 0
dy = — 0.0004
dy = — 0.0009
P o= 4 0.02422, weight 143881
v = 4 0.00717, weight 141483 .

The sum of the squares of the new residuals, n’/; is here 36.9752. Hence

o 0.6745 \/ 23":_?14 = & 1.025
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r

Probable error of vy + mv) = & 160 V1ISG 4+ 0.0605 {m + 000

It

1 : R
I . =y 2
2 o0 V12 4+ 00TSL (ne 4 0.00)

Thix Iast is, at the temperature now of 56584 4+ 16781 4 w ™, the probable error of the expan-
sion per 12 1, of the bronze bar,
}

The probable error of r = '
V141483

[a——

r )
Vigss !

Henee we have at To Fahr—

coodl L ao - o P ma o
‘]xpunsmn,d . of bronze bar = 32,7537 4 n.02422 (T — 73.68)
1
Probable error, =4 0o V91218 4+ 00731 (T — 73.6)

&l dl .

Increase of for 17 1IN = 4 002422

de dp
Probable error, = + 0.00270
For steel bar, o { = 4 0OBTLT
ar
Probable crror, = £ 000272

The nmmerical values of these quantities, expressed as fractions of the bar's lengtl, from 53°.6
to 930.6, are given for the brouze bar in the following tabular statement:

¢ Temperatine, 336 66 T8 856 9376

dai
; Coetfoexp. gy 1 00000096817 (L 00000UTH44 U, QO0NNIELTH 0, 000NGRI0T G U007
i

:Pl‘uhalll(‘ €rTor. .4 0166+ DUSE 4 0034 4 0p=8 & 0186
‘ 2 L P
ranr | 0. 000000 T 2T
Proballe errov. .| + 00053
c . drl . . . . . . .
The difference between the value of Ld as given in the first series and its value as given in

the second series is much greater than is spanned by the caleulated probable error of the two

’,

results, and still more is this the case with the two values IJI ; It the difference between the two
[¢

determinations be denoted by D and their respective probable errors by rp and ry, it is known that,
according to the probability carve always assumed,

0477 D
- ‘/),1-2 + ,,'.2-2

. . ., , . .2 t - ¢ o
is the argument with which we may take from a table of values of - f ¢ di the probability
- L a
of the accidental occurrence of a difference not less than 1), The difference between the two deter-

minations of 1

T lare
t =1, and the probability of the accidental occurrence of so large a difference in the two results
more than one-seventh.

‘When, however, we apply the sawe test to thetwodeterminationsof

is 0.00245, and their respective probable errors 0.00034 and $.00081. This gives

dli

1ar the probability against
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the accidental nature of the difference between the two is enormous, and, admitting the absence
of change in the actual valne of the coefticient, the difference must be due to something special in
the conditions of the t.wo series. This is probably conneeted with the fact that only two thermom-
eters were used to indicate the mean temperature of the 10-foot bar, and with the changes which
Captain Clarke made after the first series with a view to reduce the large residual errors of that
series. It seems not likely to have been caused by the friction of the rollers under their changed
mode of support in the second series, since the residuals became in fact much smaller in that series,
and no reason appears why the friction of the rollers should fake effect in a systematic direction.
The nowaceidental eharacter of' the difference between the two determinations of ldl(t throws
1
greater doubt upon the value of Id; i , than would be justitied by the comparison of these alone with
i
each other and with their probable ervors, for they give increased reason to apprehend that the

Ll . . . L .
deduced values ol I(fl g WAV be in part the mere expression of the conditions of the experiments.

. . Codrl . o .

I fact both values of ilrl " exceed, and 1hat of the second geries is nearly double, the equivalent
4 0.00000000370 of the value tound by Fizean for the brass used in the United States yards and
meters. )

[ will now express i a formufa the mean result of the two series, giving equal weights to the
two. 1t being known that the chief errov in it is an unkbown systematic one, it is fruitless to
attempt a numerical statement ot the probable value of that error. In the first series 67°.69, and
in the second 7376, is the temperature at which the deduced valne of I('illt has its greatest calen-
lated weight. The mean of its value at 67°.69 in the first series and its value at 73°.6 in the second
is, thercfore, assumed to be the best value for 70°.645, the mean of these temperatures, and to
remain* the best, as a result of these two series, at that temperature, when any change of the

“That this assumption cannot be materially in error in the present case is shown as follows: In the first series
anr expressions for the coeflicients of expansion of the ten-foot bronze and iron bars in millionths of a yard are,
respectively,

(@) BLOHG L 0y 4 (f— 225) r
QLU 4 Ay (E— 24.00) !
and in the seeond serics—
FATH0L - Gy 4 (1 — 16.81) r
SLIMM 4 &y - ({— 16.01)

It and 7 were hnown or assutned. we should be limited wo the fisst two of one four normal equations in either
sevtes, from whieh two we find in the first series—
Ay 008 ¢~ 12260,
which value of ¢ y, substituted in (e), gives for the value, at the temperature (43.90 <4 )7, of the coefficient in the
ronze bar,
(b) 29566 + (1 — 2B.17) ¢ — 1.26 ¢

Here the temperature (4350 - 39.17), or 66,92, at which the coetficient of » disappears, difters less than 1¢
frow the temperature stated as that at which we find the mwaximum weight, or minimmun probable error of (b), when
such weight or probable error is caleulated upon the theory of rand v’ being both fuunctions, exclusively, of the ohser-
vations of the series, viz, the functions given by the normal equatious.

Again (b) also shows that the temperature at which the coeflicient takes the value of Clarke’s coefficient is but
little affected by avy values which we eanattribute to v and v/, and differs but a trifle from the other two temperatures
here defined.

For we have in this case—

(- 2307) =126 "
v

and it is qnite safe to say that " will not greavly exceed a nnit. The mean values of ¢ and ¢’ derived from these two
"
series give "= 062
2 -
Iu the second series the value of the coefiicient at the temperature (36.84 4 t) is found in the same way to be—
32,7591 4 (t — 16,67) v — 0,63 v’

and the like remarks apply as in the tirst series, .
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2
value of Z%_;iz may be brought in from other sources. 1u other words, any such change in this last
element alone will take effect upon that part only of the value of (” which has (T — 70) for its

Id#¢
factor nearly enough. The mean of the two values of as resulting from these series, is

+ 0.00000000604.

al
tdt

We find, then, the expansion for the coefficient, I(I?J(f’ as follows:

Temp. dl
o tdt
By first series, at 67.69 (LU0000IRR3Y
3y second series, at  73.6 0.0000093270
Mean, at 70.645 0.00000985545
Difference, for 0.645 003896
Mean, at 70,00 OL000009551 6

Coefficient expansion brouze at T~ Fahr. = 0.0000093516 4 0.00000000604 (T — 70)

10,0000098339 -+ 000000000604 (73.6 — G7.69) = VORONVIYLT6
98270

Coefticient in first series—coeflicient in second = 0.0000000926
as drawn from results of the two series aloune.

The following is a eollation of the results of the above reduetions, with the reduction made by
Captain Clarke on the assumption of a constant value of the coefticient :

; :
i First geries.  Second sevies,
3

Sum of squares of Clarke's residuals ....

Sum of squares of new residuals ..o ... emiieiiii i it
Probable error of one comparison as resulting from Clarke's reduction ...
i Probable error of one comparison as resulting from new reduction.....
5‘ Mecan value of Clarke's residunals when steel bar 'alonv ishot...........
| Mean value of Clarke's residuals when bronze bar alone 38 hot. oeeoeeioouniiioen i aiiii i
Mean value of Clarke's reaiduals when both bars are hot (oo ..o iiiii it

Mean value of new residuals when steel bar alone is hot._..
{ Mean value of new residuals when bronze baraloneis hot . ... ... i iiiiniiiiiier e :
}' Mean valne of new residuals when both bars are hot. ... o i iieeie i i

RECAPITULATION.

1st. The certified expansion of the British standard yard bronze 11 (Baily’s bronze) for 1©
Fahr., 0.000342 inch, reduced to the fraction of the whole length is 0.0000094722, and agrees sensibly
with the number found by Mr. Sheepshanks for the yard bronze 12, from which it seems to have
been adopted.

2d. There is reason to Lelieve this coeficient too small, the cause of which, it is conjectured,
may have been an undetected heating of the stone slab of the microscope beam compass used by
Mr. Sheepshanks.

3d. The mean of the coefficients of Captain Clarke, deduced, without taking into consideration
the variation with temperature, from two independent series of experiments, for another bar of
Baily’s brouze, viz, one of the 10-foot Indian standards, is 0.0000093573.
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4th. The mean of the two values of the coefficient, regarded as a linear function of the temper-
ature, deduced from the same two series of Caprain Clarke’s experiments, is, at the temperature T©
Fahbr., 0.0000008516 4+ Q (T — 70), and this expression of the deduced value is nearly correct with
whatever assumed value of Q the deduction may be made. .

Sth. The mean of the valueg of Q, deduced from Captain Clarke's experiments, is 0.0000000060,

6th. The value of Q, found by Fizeau for Hassler’s brass, is 0.00000000:37.

ADDENDUM BY O. H. TITTMAN, ASSISTANT.

Since the foregoing investigation was made by Mr. J, I1. Lane, the results of M. Fizean's deter-
mination of the coefficient of expansion of Baily’s bronze have been published (12th Annual Report
of the Warden of the Standards, page 7, London, 1878).

Asx there given the expansion—

from 07 10 2, C = 0000017972 — 0.0000000137 (400 — f))

acvordingly we obtain the expansion of 36 inches, according to Tizean = 00003507 for 1° F. at
62°; according to Clarke = 0".0003518, for 1° F. at 62°; and we adopt the mean = 0.000351 as
the expansion of bronze No. 11 for 1¢ Fahr. at 62°,

According to Mr. Airy’s account (Phil. Trans., 1857, vol. 75, p. 676), the absolute expansion
of the wrought iron used in the coustruction of No, 57 was deduced from its relative expansion
with bronze No. 6 (No. 28 old).  The relative expansion being 0.000121 inch tor 1° Fahr,, we obtain
for the absolute expansion of No, 57, at 422 Fahr., 0.000351 — 0.000121 = 0.000230 inch for 1° Fahr,

5 RELATIVE LENGTHS OF BRONZE YARD No. 11 AND IRON YARD No. 57,

In 1872 there were compared at the Coast Survey Office, on the line and end comparator, two
brass-end yards, known as transfer yards A and B, with bronze No. 11. In the same year two
brass-end yards, No. 6 and No. 7, muade by the office of Weights and Measures for the Lake Survey,
were compared by General €. B, Comstock, superintendent United States Lake Survey, with the
transfer yards A and B on Saxton’s pyvrometer at the Coast Survey Cffice.

The result of these and other comparisons is given by General Comstock as follows, in a letier
dated Detroit, April 20, 1576

= * * * The resulting values at 62° Fahr., of Nos, 6 and 7, were—

¢ Inch.

No. 6 = 36.00002
No. 7 = 36.00133

“There are the tollowing checks on this work: No. 6-7 has since been carefully determined
here and agrees with the above value within 0.00002 in¢h; wy comparisons gave indireetly—

A = B = 0000904 inch,

*while your diveet and precise ones gave 0,00039 inch.  No. 6 has been carvefully compared with
two end measure yards, whose valnes were found by Colonel Clarke by comparisons with the ord-
nanee survey standard ; there results—

No. 6 = 3599956 inch

“as the mean derived from the two Clarke yards, the separate results differing by 0.00005 inch.
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«The value of' No. 6 is then 0.00046 inch longer when derived from your transfer yards A and
B thau when derived from the Clarke yards.” :

As afirst step towards tracing this diserepancy, a series of comparisons was instituted between
bronze No. 11 and iron No. 57.  The relation between No. 11 and No. 37 had hitherto been assumed
to be that assigned in the Astronomer Royal’s statement accompanying the vards, as the compari-
sons between No. 11 and No. 57, spoken of in the Weights and Measures Tieport of 1856, were never
completed.

The first set of comparisons was made in May, 1376, on the Saxton dividing-machine, room 6,
Coast Survey building. They were merely experimental, and no speeial precantions were taken to
protect the bars against the influence of the observer’s presence.  The observations were made by
A. H. Scott.

In the reduction of these and the subsequent comparisons between Noo 11 and No. 37, the rela-
tive expansion is taken as equal to 0.000121 inch for 1° T,

Lrpertmental comparisons on the dividing-machine.

(Niserved dif-

Observed tem-

|
I
t
[ perature.
i
|

Datas. ference— : _A1 G jﬂﬂ: |
No.11-No. 57. | (Fahrenheit.) No. 13-No. 57
1
187¢C. Tuch. i o Turke.

May 10, 2. m ... ! 3 + 0. 00690 T0.45 1000065
1, pom..... 3 (. 00090 024 i
Mam..... 3 0. 00067 G6. b3 89
M, pom..... E 0. 00056 66.55 a3
W, pomo..... 2 o, 00056 | 66. &2 7
12,0 m... .. 2 0. 00060 Erindd o~
2, p.m o0 3 0. 00065 " 68. 01 58
12, pom.. . : 3 ., 00060 i 64, 80 43

Means...... e e : 68. 38 0. 00068
Tuch.

Hence, at 68°.38 Fahr,, No. 11 = No. 57 4 0.00068

Reduced to 62° Fahr,, No. 11 = No. 57 — 0.00009

Aceording to the Astronomer Royal’s statement, however, we should have—

Inel.
at 62¢ I, No. 11 = No. 57 + 0.000200

The foregoing tentative observations having established the fact of a relative change, the Lars
were removed to the “line and end comparator” mounted in the basement of the Dutler building
adjoining the Coast Survey Office. The line and end comparator was used by Mr. J. IT. Lane in
the comparisons between No. 11 and the transfer yards A and B. It was damaged by the falling
of the east wall of room No. 6, but at the date of the following comparisons it had been repaired,
and was as nearly identical with its condition before the accident as possible.

The value of the micrometers was deduced from the 0.02 inch interval between the transverse
lines in the wells of No.11. The temperature was derived from the indications of four thermometers
of known value. During the observations the bars were shifted so that each was alternately
nearest the observer. The time occupied by three comparisons was about thirteen minutes. The
observations were made by A. H. Scott.
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Comparisons on line and end comparator.

Observed dif-  Observed 1em-

= @ i

Date. - ?r ference— peratare. At 67210

: & ¢ No.U-No.57.  (Fahrenheit.) No. 11-Ko. 57. !

‘ st |

1876, Inck. a Tuch. E

May 27, a.ne ... K] £ 4 0060A27T 66. 44 {0, 000607 )

20, 4. M eeaan. 3 536 66, 92 858 |

: B0, A e il 516 7. 91 4R |
: Sloame . a 538 7. 44 1497

! June Lam...... 3 4+ 0. 000547 66.81 1 4 0.0003%2 ’

i Means oooooiiiiiiil ci i e 7. 10 ~+ 0. 00544 ’

i

Inch.
Hence, at 67210 Tabr., No. 11 = No. 57 4 0.000544
Redueed to 620 Trahr,, No. 11 = No. 57 — 0.000073

REarly in May, 1877, comparisonus were again made between these yards by a different observer,
and with another apparatus, in the basement of the Butler building.

The arrangement for comparing was as follows:

Along one side of a wooden trestle a brass beam-compass extended. To this were fastened
two microscopes, which could be clamped at any required distance apart. The microscopes were
held on horizontal arms, which projected sufficiently to allow the bars to be brought under them.
By means of & serew at one end of the beam-compass a longitudinal motion could be given to it.

3y this means the right-hand micrometer was made to read, as nearly as possible, the same for bhoth
bars, and nearly all the difference was measured on the left-hand micrometer.

The bars were placed parallel to each other abont % inch apart, and were supported about 9
inches from the ends on brass rollers about -%; inch in thickness. These in turn rested on a wooden
slide, which could be moved transversely to the beam backward and forward, stops being so adjusted
as to arrest its motion when one or the other bar was under the microscopes. The temperature at
which the comparisons were made was obtained by two thermometers, one laid on the surface of
each bar. After the comparisons of May 2 the microscopes were transposed. The bars were
shifted three times to bring them alternately next to the observer. A box made of thick paper,
throngh which the microscopes projected, screened the bars and thermometers from the influence
of the observer’s person. The time occupied in making three comparisons was about ten minutes
Light was obtained by artificial illumination.

The observations were made by Mr. H. W. Blair.

Comparisons on the beam compass comparator.

. i .

‘ § 2 | Observed dif: | Observed mm—I i ,

Date. | z ference— perature, J At 612 94—

‘ S & No.l1-No.57 | (Falrenheit.) | No.11-No.57.

K ! |

i S PR RSSO

1877, : Inch. @ Inch, 1

Apr. 3w, | 3 -} 0. 000013 62,45 - 0. 000049
30, m .. 3 ‘ + [113] 62.90 110

0,pm...; 3 | + 032 €2.70 059 |

i May  lam...| 8 | — o2 61.75 048 |

: 1, wm... | 3 — 033 61.85 022 |

: tpm.... 3 | — o072 61.80 055 |

2am..... 32 - 305 60.35 i 113 |

; 2 m..| 8 | — 260 60.75 IR

; epm _f. 3 — 247 60.80 109 |

‘ Lpm... 3 — 072 61. 60 032 ‘
| 16,2.m....| 3 + 039 62,55 035
| 16, m..| 2 | - 006 6.9 104
? wpm...{ 3 | + 0000032 63. 00 E 0. 006006

Means....... U S eveeeees 6Lo | — 0000073 t
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Inch.
Hence, at 61294 T., No. 11 = No. 57 — 0.000073
and
Reduced to 627°.0 F., No. 11 = No. 57 — 0.000066

Shortly after these comparisons No. 11 was taken to Ottawa. Canada, and compared with
standards in Keeping there in May and June. 1877: an account of these cowmparisons ix given
further on.

Upon its return to this office it was again compared in Mareh, 1878, with No. 7.

These comparisons were made by Mr. 11, W, Blair, in the same place and manner as those
made by hin in April and May, 1877, excepting that different micrometers were attached to the
apparatus.

The paralle]l lines in the mieroscopes were far cnough apart to admit of a well-defined line of
light on eacl: side of the defining lines of No. 57, The temperature was noted by two Casella ther-
mometers, Nos. 13135 and 13136, whose corrections were determined by comparison with two ther-
mometers made by James Green, which, in turn, had been carefully compared with Coast Survey
Kew standards. The correction to the mean ot the fwo thermometers — 07,01 was negleeted as
inappreciable,

During the comparisons, which occupied ten or twelve munttes, the thermometers genrally rose
from 0°.3 10 0955 as they probably felt the heat of the nbserver’s body sooner thau the bars, the
temperature first read was adopted for the comparisons.  The bars were twice shifted in position
to bring them alternately to the side next the observer,

Comperisons on the beam-compass comparator.

Oberved difs © Obeerved

Traie. No (?f Conl Covence. VA\‘ G1°.50--
parisens ) i No. 11 - Na i,
No b= Nooad. ‘ (Falir)

IRTR, Tneh, | : Tnel
Podareh I oaom . B — 00147 [Ny ~ 4. B0oR6G
1, pomo . it - 105 - Gl 5 100
oam . . o Ui 627 089
12 powm... 4 - 014 /2.0 75
% a0, " i) o4 176
1Wopowm. .. 4 144 t1, 4 [
Mopomo... B R [ 107
15, pom . i PRTET RN GEo4 [ERCTO T
Means ool i e 61,50 - . 000101

Inch,
[Tenece, at 619.50, Ne. 11 = No. 57 — 0.00010]
and
Reduieed to 6270, No. 11 = No. 57 — 0.000040

In Jaly, 1878, No. 11 was taken to Bugland for comparison with the Lmperial standard and
others (see page-174), and affer its return comparisons were again instituted between it and No. 57.

These comparisons were made in January and February, 1879, in room No. 6, Coast Survey
building. The apparatus was that described in the acenunt of the eomparisons in 1877 and 187%,
given above, but different micrometers were used.  The manner of observing wa', however, differ-
ent. The bars were successively brought under the miecroscopes, and the micrometer-threads in
each were moved until the central line in each well appeared midway between the parallel microm-
eter-threads.

The bulbs of the two mercurial thermometers made by James Green. New York, rested about
midway on the bronze and iron bars, respectively,  They had been compared with the Coast Survey
Kew standards, and were compared with each other atter the observations. Thg yards and the
bulbs of the thermometers were covered over with cotton, and so was the brass bar to which the
microscopes were attached. The whole arrangement was then sereened from the radiation of heat
of the observers by means of a wooden box, The values of the micrometers were deduced from the

S, Ex. 12

a0
e




170 REPORT OF THE SUPERINTENDENT OF

tirst millimeter of & Bruner centimeter scale in the possession of the office, and from the (.01 inch
intervals in the wells of No. 11, both giving practically identical values.

The time of each half day’s comparisons was about ten minutes, The illumination used was
artitieial. :

To vary the circumnstances three sets of observations were taken,

In the first set No, 57 was neavest the observers.

In the second set the bars were tarned end for end and No. 11 was placed neavest the observers,

In the third the arrangement was like to that in the first set.

The observations were made by Assistant O. H. Tittmann and Subassistant 11, W, Blair,
simultaneously and according to this scheme, Tittmann on the right and Blair on the left, then
Blair on the right and Tittman on the left, Lringing out the independent Qifferences of micrometer-
readings by Tittmann and by Blair., : )

Comparisons on the beam-compass comparator.
Noooteom.  Gbserved  Obsc i, Noo11 0 No, 37, Noo11 - N 57 at 61711
ute. parisons,  temperature. -
D B (Fahr) Tittmann. Blair, Tittmann. Rlair.
187iL d dneh. Inelr, Inech. Tnck.
Jan, 24 a.m. ... 6 13 0. uonlal 000149 — 0. 000164 0. 00146
9, pom.a.... 6 i W 065 aRi; 254
2h um. ..., G } T -t 15 s 217
P U Y 3 114 ! 213 206 246
2hnm...... g 472 M 21 169
YT P [ 264 404 124 264 .
BTN (D G 144 416 248 o
AL LU T1 S 6 D : a0 patl) 235
LAV |V [ i S8 - M7 046 087
30 pom.a.... 6 + 3RO : 470 145 244
(I T TN & =4 081 ks a0 03 124
SLopom...... 8 033 -+ 015 147 165
Feb, 1, a.m...... ' [ - 131 255 12 236
Boaomo.... 6 — 1830 1304 14 09
{7 TR 1 DR 6 1247 1232 127 12
4am. ... 6 380 - 953 - 921 078 036
Goasme oL 6 EYRL] — 757 - 716 »7 HR6G
Sop.ma.... f 5T 1 -— (£ - 636 83 L5
TopemLL.. @ 59. 95 — 300 - a4 160 174
8 am...... 6 61, R0 - - 086 184 169
8, pom...... 6 61. 85 - 07 - 068 197 158
11 a.m [3 60. 90 - 236 — 214 226 189 |
. p.om 6 61.20 — © 137 1 — 154 148 165
12, a.m... 6 62. 80 -+ 014 - - 009 190 195
12, p.m L3 62.30 — 0.000024 - 0.00003% — 0.000I168  — 0.000183
‘ 61.11 i — 0. 000189 — 0.000175
Inch.

Hence, at 612,11 F., No. 11 = No, 57 — 0.000172
and
Reduced to 62° T., No. T = No. 57 — 0.000064

The magnifying power of the microscopes used in the comparisons was about forty diameters,
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The results obtained in different years under the varying eircumstances described arve, there-
tore, as follows:

R No. 11-Ne. 57,
Date. Obzervers. Apparatus, Observed tem. - e
perature. At observed - !
temperature. ALa :
B Inch. Inch.
1876 ... .. AHLS o o Tine and end comparvator ... .. .......... 15 67.10 Q. 0005344 — 0. 000073
1877 ...t HW.B ... .cc........... Beam-compass comparator.... 39 61. 84 — 0. 006073 - 0. 00066
187% ... HW.B_........... e e ameean do . il 24 61. 50 - 0.000101 — 1, 000040
IR .0 OO Toand HWW.BOL oL (oLl Qo e 150 1. 11 — 0. 000172 - 0. 00ue6d
Avithmetical mean ..o o ol e e e ieemaee amiiah eemeeieiiiii aeeieaiio. — U O06T

We therefore have, as the final vesult of these comparisons—

Tk,
No, 11 = No, o7 — 0,0000G1 at 2o F,

COMPARISON OF BRITISH BRONZE YARD No. 11 WITH THE IMPERIAL YARD AND OTHER STANDARDS
OF GREAT BRITAIN.

1. Comparisons with standards of the Dominion of Canada,

Thie comparisons made in 1876 and 1877 between No. 11 and No. 57 having established, heyond
doubt, that a ditlerent relation at present exists between the lengths of these standards than is
given in the statement accompanying them, it became important to ascertain which one had
changed, or whether the change was partly in both. It was therefore determined, ax a preliminary
step, to compare No. 11 with the standard of” the Dominion of Canada. .

Deposited with the Commissioner of Internal Revenue, at Ottawa. are tour yvards of the same
material as, and similar in construction to, No. 11, They are known as Bronze No. 16 and Dominion
Standards A, B, and C.  Bronze No. 16 is one ot the copies of the Imperial Standard Yard made
by the Standards Cemmission and sent to Canada in 1857, From previous comparisons with the
Lmperial standard, its assigned standard temperature is 61994 I, A, B, and ¢ were compared in
England in 1874 with No. 6, known as the ¢ Generator,” or “accessible representative of the
National standard,” and A was found standard at 61291 F. TFor an account of the Dominion
standards see ¢ Second Report of the Commissioner of Inland Revenue on the Mspeetion of Weights,
Measures, and Gas,” Ottawa, i375.

In the latter part of May, 1877, No. 11 was taken to Ottawa for comparison with the standards
there in keeping. TFor this purpose A and No. 16 were selected. The comparisons were made in
the basement of the Parliament buildings with the new micrometric comparing apparatus con-
strueted for the Dominion by Troughton & Simms. (See the report cited above.) )

Comparisons were begun on May 26, and continued trom day to day until June 1. being made by
Messrs. Hilgard, Brunel, Russell, and Wright. The illumination was obtained sometimes by day-
light, sometimes by the use of lamps. The manner of illuminating appears to have had no marked
effect on tlie results, and though generally noted it is not regarded. The temperature was very
uniform throughout the observations. The bars being all of the same material, shape, and size. the
variations of temperature, though recorded, are not taken into account in the reductions. The
temperature is so near that at which the bars are standard that a slight difference in their coeflicient
of expansion is not appreciable in the reductions.

The observations of May 26 are rejected, the sun having shone on the apparatus for some time
in the early morning, and the observations being intended as merely experimental and for practice.

The values-of the micrometers usced were determined from the spaces of 0.01 ineh on the gold
pius at the bottom of the wells of Bronze 11. The observations give—

1 division of miecrometer A = 0.0000202 4 inch
1 division of mjcrometer B = 0.0000203 — inch
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In the following abstract cach compatison is the result of three pointings by the micrometers

on each bar, . . o L
Abstract of comparisons betiween No. 11 and No. 16,

No.of com- Temperature, " No. 16-No. 11,

Dhate, Ohserver, . - i R N Remarhs.
: ParisoDs. Fabr. i micro. div.
1877 ’ o
May 27,915 a.m Hilgard.... .. 2 4.7
©.22 am .. Brupnel ... 2 7.7
2 62. 9 5.8
4 619 1.8
2 e 2.
R g
o 62,3 + 16
! Bars interchanged.
May 93,1100 a.m . - Hilgard....... 4 [4Y) PN
197 aom .. Brunel......_. 4 + 0z
Hilgard....... 2 4+ LO
A3 pomoodo ol b4 -0
G40 pom .. Brunel.. ... 2 0.8
00 pom . Hilgard ... Al P
" Branel........ P e 51
May 31,8.40 p. 4 63,5 3.2
9.05 p. 4 63,5 -+ 3.2
! Bars intercharged |
June 1,10.10 a m . E Hilgard....... 2 63. 8 ) 4 6.2 1‘
10.30 a.m.,....ﬂo,..‘.u..i 2 3.7 ;
10.50 a.m _ . . 2 - 4.0 |
1L 02 a.m S . 4.7
1118 aam 2 ceenans 5.8
11.30 a.m 2 6845 -+ Ab

Weighting the results according to the number of comparisons, we obtain—
Div. Inch.
No. 16 = No. 11 + 2.81 = No. 11 4 0.000057 at 62°.73 F. (1)

Abstract of comparisons between No. 11 and Dominion Stagpdard A.

I Date, ! Observers. No. t?i' com-. Tomperature, A'—No, 1.1. Remarks,
! ! parisons. | Fahr. i micro. div. |
! 1877. ° : ;
[ May 29, 10.40 a.m .. Hilgard....... 2 63.5 + 6.0 !
i i ! Barw interchanged.
p.w... Brunel. ... . 2 12.6
Hilgard . ...... 2 5.8
: Ruassell ....... 2 PN 6.6
CMavdn 0 Wam. .. Hilgard....... by 62,2 9.3 !
i am..oodo ool 2 memmaan 4.3
Mwam. .. ...do ... s €3. 0 11.0
Lisam.. ... do ... 2 PP 10.5
IL25a.m... Brunel........ 2 0.3
1L85am. ... .do......... z 9.1
Bars interchanged.
! 3.0 p.m... Brunel........ i1 A T
x 3.05 p.m... Hilgard....... 2 7.5
! 2 9.6
3,30 p. 2 6.5
: 2 5.8
! 2 71 i
" 4.2 2 9.3 i
Bd0 ... 2 6.1 |
9. 00 2 7.2 ‘
Mean - Rt PR PO 7.66
i

A =No. 11 + 7.76 = No. 11 + 0.000162 at 63°.18 F. (2)
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Abstract of compurisons beticeen Dominion Standard A and No, 16,

No.ofeom-  Temperature, A - No. 16

Ihrate. Obaerver. pavisons. Fair e, div. Remurks.
1877. ) o
P Maysho10.05a m. .. Milgard ..o 4 62.5 + 8.7
i 1140 a.m .. Brunel ....... 4 4.9
1200 m ... .. Hilgard....... 2 6.0 1.¢
X Bars interehanged.
3.15 p.m... Hilgmd ... 15 1o Y
I 443 pow... Brunel ..... 3
| Y U 4+ 4,02
i

Weighting the results, according to the number of comparisons, we obtain— ¢

v, Inch.

N s Now 16 4 102 = Now 16 4 00000816 (3)

Collecting the results of the direct comparisons we have—

Inch.
(1) No. 16 = No. 11 4 0.000057 from 51 comparisons on 1 days.
(2) A =No. 11 4 0.000162 from 38 comparisons on 2 days.
3 A —- No. 16 4+ 0.000052 from 23 comparisons on 1 day.
Inch,
From (1) we have No. 16 == No, 11 4 0.000057

From (2) and (3) we have No. 16 = No. 11 4- 0.000080

The discrepaney, = 0.000023 may, in this case, be apportioned among the results in the inverse
proportion of the number of comparisons from which they are deduced.

Thus we obtain, as the final result of these comparisons—
L

Inch.
No. 16 = No. 11 4 0.000062
A = No. 11 4 0.000155
A = No. 16 + 0.000093
According to the data accompanying the Canadian standards—

Bronze No. 16 is standard at 61°.94 I,
Bronze A is standard at 61091 F.,

and we should therefore have—
Standard A = Bronze 16 4 0000010
The actual comparisons, however, give—

Standard A = Brouze 16 4 0:2,00009

The discrepancy == 0i0.000083, showing that these bars have not now the relative lengths at-
tributed to them.
Between No. 16 and No. 11 we should have, according to the assigned standard temperatares—

No. 16 == No, 11 — 0000051
But the foregoing comparisons give—

No. 16 = No. 11 + 0.000062, showing a relative change of 0000113 since their comparison
by the Standard Commission in 1853,
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Comparisons with the Imperial Yard and other standards at the Standards Office, Westminster, London.

First series.—Atter having been returned to the United States No, 11 was taken to England
in July, 1873, for comparison with the Imperial standard.

A first series of eomparisous were made under the direction of Mr. H. J. Chaney in September,
1878, between No. 11 and No. 1 (Imperial Standard), No. 6 (Generator), and Cast-Tron Yards B No,
62 and C No. 63. ]

The Imperial standard is fully described in the ¢ Weights and Measures Act, 1878,” 41 and 42
Viel,, chap. 49, No. 6 is the bronze'vard with which all the copies of the Imperial Standard were
originally compared, and, like No. 1, it has 1ts standard length at 620 ¥. (Airy, Phil. Trans., vol.
T, London, 1857.)

The tollowing extracts, given in quotation marks, are from a statement signed H. J. Chauey,
and dated Board of rade, Standard Department, September 9, 1878

“The apparatus by which the length of these yards was now compared is the same apparatus
as was used by Baily and Sheepshanks in the original comparisons of these standards. A detailed
description of this apparatus is given by the Astronomer Royal in the Philosophical Transactions for
1857. ’

“There have heen recently fitted to this apparatus, however, two better microscopes (Nos. 1
amd 2), of whieh the value of the micrometers has been carefully ascertained by this department
and particulariy by Captain Heaveside, to be 0™.0000:319 for each division.” (8th Report, Warden
of the Standards.) ’

“The thermometers used were made by Heicks Baudin and Negretti and Zambra, and have
been pronounced by meteorological authorities to be very fine and-sensitive instruments. The com-
parisons took place in a vault of this office kuown as the ¢strong room.’

" #The yard No. 11 has also been compared with two of the cast-iron yards B and C, the lengths
of which are stated Ly the Standards Commission to he respectively in 1357:

Cast-iron B, No. 62, t = 62.90 I,
Cast-iron C, No. 63, t = 62.34 I,

*These two yards B and C were originally as carefully compared as the other stamdards veri-
fied by the Standards Committee. They have since Deen occasionally fised, and so soon as a con-
venient opportunity arrives, it is desirable that they should be furthier compared with the cast steel
A, Dy C (Nos, 65, 06, 37), or the bars of copper and alloy (Nos. 51, 52, 53).”

Rates of expansion.
.

*Iu the present comparisons there have “been employed the rates of expansion given by Sheep-
shanks, whicl: were accepted by the Standards Commitsee for the aceurate reduction of standards,
and in terms of which the lengths of the copies of the lmperial yard hiive been and are now ex-
pressed.  They are as follows:

“Thermometer expansion of oue yard:

36 inches for 10 I,
Baily’s bronze = 0.000341 inch
Cast iron = 0.000198 inch .

“The rates of expansion obtained from the independent experiments of Clarke, Fizeau, and
of this department do not precisely agree with those above stated; nor is it certain that the rate of
expansion of a bar, whether of an alloy or of a pure metal, remains coustant. The experiments of
this department would incline it to the opinion that the rate of expansion of a bar increases with
age,  Slight corrections may be hereafter applied to the results now obtained,
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« Results of comparisons of bromze No. 11 (United States) with bronze No. 1 (Imperial Yard).

Mean temperature, |

divisicons, e e

i

1

§ Results in micrometer . Fabr.

! . No. 1. No. 1.

J Sept. A 1878 Noo 11. Neo 1. 262 66,52 66,53
U Sepd. 3, 1878 Now B~ Nao 1- 200 66,43 66. 44
Means_ .o ... 2. 5% 66, 4% LETRE ]

“As one division equals 0.0000319 incli—
(a) No.11 = No. 1 — 0.000082 inch, # = 62° T°,
“The present true length of No. 11 appears, therefore, to he 35099918 inches.  In 1857 the
error of No. 11 was 4 0.000072, its standard temperature then being 612,79 1,

“1t may be remarked that this («) is the vesult of abont 300 observations, awd that {he probable
error of the result is - 0.0000035 ineh.

“ Kesults of bronze No. 11 with bronze No. 6 (lienerator).

Mean temperature,

e : Results in micrometer Fahr.
Jate. i divisions,
: Noo 11 Neo. 1.
! ! a <
Sept. 8, 1878 | No. 11==No. 6 — 2.80 . 65.5 65.5
-

#Therefore at 62° F.—

() No.11 = No. 6 — 0.000039 inch

“This agrees practically with the result previously obtained, viz: — 0.000082, Only 36 observa-
tions of No. 11 — No. 6 were recorded, the probable error of the result being 4 0.00001 ineh.

“ Results of comparisons of bronze No. 11 with cast-iron B and cast-iron (.

i Mean: temperature,
Results in mierom. | Fahr.
Date. soss e
eter divisions.
| No.li BC.
' o i)
Sept. 6, 1878 | No. 1l =B 4+ 1.76 6.2 66, 1
Sept. 9,1878 | No.11 == C 4 13.30 66. 4 66.4
¢ Thereforc—
No.11 3 B } .
p = - -+ 0.000471 inch
(©) ¢t = 66°.2 § {t:(mg*" 7

No. 11 ] .
(d) t :66.4 } = { { = G6.4 } + 0.000424 inch

and at 62° F., after allowing for differences of expansion, these results will be—

(¢) No. 11 = B — 0.000159 inch
(/) No.11 = C — 0.0600205 inch
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“In 1857, at 620 F.—

Tnehi.
No. 11 = No, 1 4 0.000072
B = — 0LOV0178
C = — 0.000067
¢ Therefore, in 1837—
No.11 =B 4+ 0.000250

No. 1l = C + 0.000139

“ I the comparvisons of B, ¢, and No. 11 ninety-six observations were recorded, the probable
error of the result heing 4 0.000008 inch.)

* CONCLUSION,

“It would thus appear that, as compared with the original Bronze Imperial Standard, the
United States Bronze Yard No. 11 has, since 1857, decreased in length 0.000154 inch™ (= 0.000072
+ 0.000082,) ‘

Second series.— A second series of comparisons of No. 11 with No. 1 and No. § was made between
O¢tober 11 and 22 of the same year (1878) by Mr. Hilgard and Mr. Chaney, conjointly.

Jetween October 11 and 18 the observations were made on the Baily & Sheepshanks apparatus,
in the “Strong room,” as described and referred to in Mr. Chaney’s statement above given.

During the observations the bars were so shifted as to be alternately next to the observers.
They were also at times turned end for end. The microscopes were twice transposed. The tem- .
perature was derived from the indications of three thermometers, numbered as follows, 16358,
20065, and 20066.  They were laid on the surface of the bars, one with its bulb near {he middle of
one bar, the other two with their bulbs near the extremities of the other.

The observations were made simultancously and according to the following scheme:

ITilgard on the right, Chaney on the left; Chaney on the right, Hilgard on the left, bringing
out the independent differences.

Microscope-reading, Hilgard left; microscopeareading, Hilgurd right.  Microscope-reading,
Chaney left; microscope-reading, Chaney right.

The time oceupied by each a. m. or p. m. series was about halt an hour.

In the reductions the ecoefficient of expansion is assnmed to be the same for both bars under
comparison, and they are also assnmed fo have been at the same temperature during the comparisons.

The value of the micrometer-divisions = 0.0000319 inch.

After the comparisons in the ¢“strong room” had been completed, No. 1 and No. 11 were
removed to the “tower,” and were there compared on the mew comparing apparatus, a deseription
of which will be found in the Fifth Annual Report of the Warden of the Standards, Appendix VIT,
The values of the micrometers of the microscopes are therein given, page 99, to he—

Inch.
Micr. No. 1, one division = 0.00003187
Mier. No. 2, oue division = 0,00003188

Mean 0.0000319

As an additional precaution against the influence of the heat radiated by the observers’ bodies,
the hars and thermometers were covered with cotton. .

The same thermometers used in the comparisons made in the “strong room ” were used in the
“tower,” with the addition of one, No. 12765, which, during the previous comparisons, was not
available, being at Kew for comparison. They were laid on the surface of the bars. The method
of conducting the observations was entirely similar to that pursued in the “strong room,” and the
reductions are made on the same assumptions.

In both the “strong room™ and in the “tower” comparisons, the work was done by the aid of
artificial illumination.
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Results of comparisons between Bronze No. 11 and Bronze No. 6.

| 1 h ' H
i f | Observed micrometer |
. . . . H
{' Time : Corrected tem- N‘hﬁe;’,ﬂw' {
{ Date. ; perature. o 6-No. 11.
i A "*‘i I (Fﬂ.l]l'\‘l]ll@ik) T TS E—
i | [ i
5 A M. , .M. : . Hilgard. “ Chancy. |
SRR, S
1878, i i v i i
Oct, 1. .ooee.. N L 624 42300 g Gy
FEI [ T8 C N SO 61 K 372 3.05
D1 LGS 62.1 3.01 2.82

Hence—
No. 11 = No. 6 — 0.000093 inch 4 0.000010

No. 6 and No. 11 were compared twelve times, each compurison consisting of three observations

on No. 6 and three on No, 11,

Results of comparisons beticeen Bronze No. 1 and Bronze No, 11,

STRONG ROOM.

' Observed micrometer

Tinje— sorvected Lo B difference.
Date. ! !I(/Op:;aftt;llr::m { Ho. 1-No. 11
j e (Fahrenheit. ) i —
[AM. P. M. { ! Hilgard. ! Chaney.
o l {
61.31 + 402 | 4322
61.87 2.40 | 3.02 s
61.83 : 1.95 | 1.05
61538 | 05 | L
61.36 ! 2.78 ‘ 1.05
61. 45 X 1.55 1.02
61. 60 | 4.50 4.02
6183 | 278 | 3.05
62. 46 i 592 | 5.97
61.97 : 4.98 1 .58
62.10 4 610 | 4 535
61.75 $a35 0 08 )
OBSERVATIONS IN THE TOWER. j
e e e j
%3 | —wi | 4030
60. 60 Lo 2.8 4.80 }
6.23 2.50 ‘ 3.8 |
50, 00 ! 4.28 245 |
59.95 | 4 2.50 l 4210
5. 82 o231 427 |
i i
6115 : + 2.93 ’
i
Hence—
Inch. Inch.

No. 11 = Imperial yard (No. 1) — 0.000093 L 0.000002

No. 1 and No. 11 were compared 128 times, each comparison consisting of three observations
on No. 1, and three observations on No. 11. ’

S. Ex. 12 23
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Tabulation of results of comparisons between No. 11 and foreign standards.

. 1 Observed } !

: Date. | temperature, | ;

i Fahr. i
; [ 1 DOMINION STANDARDS,

1878, { ¢

i i ! Tnch, H

- May and June._... 62.03 | No.11 — No. 16 — 0. 000062 ¢

] | i

* May and June.....  63.18 ’ No.ll== A 0.000155 |

| ! i

May and June . . 62.90 | A == No. 16 | 0.000093 |

1

; ENGLISH STAXDARDS,

September........ 66. 15 ' No.11=3B -+ 0. 000464 !

5 | ;
| Beptewber........ | 66.40 | No.11=¢€ b 0000424
{ ! j
‘ :
September........ D oea | (No.6 0.0u0080) |
. ‘ © No.11- £
| October............ 6210 | { Xo. 6 — 0. 0n0ugs $
! 3 |
. September........ i 66. 49 i No.1-— 0. 000082 ]
: ; | No. 11— i ;
October.......... R No.1— 00000938

By reducing the results of direct and indirect comparisons to the standard temperature of
320 1., using Sheepshanks coefficients of expausion, we get the following comparative table of rela-
rve changes between the Imperial standard and the bars compared with it and No. 11.

i ;
, Observed and !

Asgigned value, 1853, ! inferred value, Change relative to No. 1.
3 1878, |
|

Inch. i Inch. Inch.
No.1= Ne.11 - 0.000072 | -}- 0.000088 ' 0.000160. No. 11 has shortened.

Noo 1= NO6ooernianna 0 — 0.000003 No appreciable change.

No.1 =2Noe:16 - 0 000020 -+ 0. 000026 ! ¢. 000046, XNo. 16 has shortened,

‘ No.1 ~ 1.8 A~ — 0.000031 | — 0.000067 }

i Casl tron. ‘ ’

1

§ No.1=B - 0.000178 0.000071 | 0.000249. I has tengthened.
\ No.1=C + 0. 000067 ! - 0.000117 | 0.000184. C has lengthened.

i
j

H

i H i
‘ ! ]
Wrought iron. ! '

i

i

NO. 3 = No.57 4 0.000128 { 4 0.00002 ¢ 0.000i. No. 57 has lengthened

* Of revent construction, and compared in 1874 with No. 6.

Although the inferred relation given above between No. 1 and the iron bars cannot be accepted
as of final accuracy, it is sufficiently evident that a change has taken place between the Imperia
Standard and these bars, and that this change has been in one direction: We are, therefore, not
justified in accepting the conclusion of the Warden of the Standards that no change has occurred
in the absolute lengths of the Imperial Standard and the three Parliamentary copies. See “An
aceount of the eomparisous of the Parliamentary copies of the Imperial Standard.” London, 1877,

Using Clarke and Fizeaw’s value of the expansion of 36 inches of Baily’s metal which at 620 =
0.000351 inch for 1° F., we obtain from the equation—

No. 11 = No. 1 — 0.000088 inch
No. 11 is standard at 62°.25 Fahr.
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7. COMPARISON OF THE TROUGHTON SCALE WITH STANDARD No. 11 BRONZE.

Comparisons of the divisions of the Troughton scale among themselves, made by Mr. Hassler,
and recorded in House Document No. 299, Twenty-second (*ongress, First Session, showed that the
36 inches ineluded between the 27th and 63d inches of that scale corresponded to the mean of the
whole scale. This distance has, therefore, been taken as the standard of reference.

In April, 1877, this length of 36 inches on the Troughton scale was compared with the British
Standard No. 11, witli a view to obtain a near comparison with the Tmperial Standard Yard which
would be available in 1875, )

The comparisons were made by Mr. H, W. Blair, on the optical beam-compass eomparator, sub-
sequently uged in the comparisons between Bronze No, 11 and Iron No. 57, and described in con-
nection with those comparisons. The bars were successively brought under the microscopes, the
Troughton scale by sliding transversely, the bronze yard by being lifted over the other. By means
of the longitudinal motion of the beam-compass the right micrometer was made to read nearly the
same on each bar, so that the difference was nearly all measured on the left micrometer. Each com-
parison consists of three readings, alternate, upon the Troughton scale and No. 11. The tempera-
ture was noted by three Casella thermometers, Nos. 13416, 13420, and 13135. Their combined
correction, determined at the Kew Observatory is, 4 0°.00 at 62°. Two of these thermometers
were laid upon the Troughton seale and one upon No. 11.

It was desirable that the comparisons he made at a temperature near to that at which each
bar is of standard length, in order to avoid the effeet of unknown difference of expansion. On
account of the marked difference in the figire of the eross-section and in the mass, stabiliiy of
temperature was also of great importance. -

The comparisons of April 7 were made at a temperature which had been almost constant for
several days. On that afternoon the weather turned suddenly cold, and during the night the tem-
perature of the comparing-room fell six degrees. Further comparisons were postponed until the
temperature again rose above 60° and had been maintained tor twenty-four hours. Thisz was not
until the 12th.

An abstraet of the results of the comparison is given below.

Comparisons between Troughton scale and British bronze yard No. 11.

U AL M.op | Tempern-  Troughton seale

j 1T ThTar  twre, o longer than
| 5 l Fabr. ! Brouze Ne.11. |
© ] Inch. |

623 0. 000916 |
24 0915 !
6.7 | 0950 i
6L5 ’ 0956 |
61.6 002 |
63. 2 ’ 0890 :
63.5 0923 i
5.3 ‘ 0.000845 | )

| i 2, 8 ‘ 0. 000925 |

! |

( 4 :

And we have at 62°.8 Fabhr.—
Troughton scale— Bronze No. 11 = 0'2,000925 L 0000011
The comparisons of 1856 by Mr. Saxton give, at about 61° Fahr.—
Troughton scale — Bronze No. 11 = 0200080 . 0.00004.

The cowparisons of 1877, therefore, indicate a shortening of No. 11 relative to the Troughton
scale = 0=,000125, nearly agreeing with the shortening of No. 11 (0.000160), ascertained by compari-
son with the Imperial Standard of Great Britain.

.
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The last-mentioned eomparisons give 620,25 Fahr. as the temperature at which No, 11 is of stand-
ard length. '

No special observations have ever been made for the determination of the coeflicient of expan-
sion of the Troughton seale. For the determination ot the temperature at which the Troughton
vard is of standard length, its coefficient iz assumed to be the same as that of No. 11, an assump
tion which cannot be far wrong, and the error from which must be insigniticant for the small reduc-
tion required. We adnit, therefore, the following statements:

Tueh,
Troughton secale, 27 ta 63 inches Ionger than bronze standard No. 11 = 0.000925
British standard No. 11, bronze, at 62°.25 Fahr. = 36.000000

Mean yard of United States, 84 inch seale (27 to 63), at 59°.62 Falr, = 36.000000
8. CONCLUDING STATEMENXT.

1. The temperature at which the niean vard ot the United states, 84-inch Troughton scale, is
equal to the British standard yand is 592,62 Falir.  All standards heretofore issued to the several
States of the Union, on the supposition that the Troughton seale was standard at 62° Fabr,, require
the corresponding correction of the imputed standard temperatuve,

2. Bar No.11 bronze, presented to the United States, s in all respects an original fellow of Loth
the Tmperial yard, which can be referred fo only ouce in twenty years, and of No, U, kept in the
British Standards Oftice for nsual comparison, and appears to have sensibly shortened in reference
to them by 0.000160 inch.

3. Comparisons with No. 57 Low Moor iron, a fellow of the preeeding ones, that is to say,
having been constructed at the same thme and undergone the same veritications, exhibits a similar
shiortening of No. 11, somewhat in excess of that shown by the ecomparison of the latter with the
Tmperial Standard.

4. Tt should now be stated that both No. 11 bronze and No. 57 Low Moor iron, for want of
proper provision for their safe-keeping, have been subjected to great variations of temperature,
varying fully 752 Fahr. between 1836 and 1872,  They were kept in a small fire-proof building with an
iron roof, safe indeed from conflagration, but snbjected to the extreme variation of the American
REASONS.

5, Trom the foregoing facts, we are eonstrained to conclude that the bronze yard No. 11, which
hias been subjected to traunsportation and great changes of temperature, has shortened relatively
to similar measures which have been preserved at a nearly eonstant temperatnre. In maintaining
this proposition we must first emphasize the fact that there is not now any perceptible difference he-
tween the Imperial Standard No. 1 and the usual or sceessible standard No. 6, the equality between
which has not sensibly changed in twenty-four years. No. 1 has been kept at a very uniform tem-
perature within the walls of the Houses of Parliament, while No. 6 has been subjected to but slight
variations of temperature in the strong-room of the old treasury, now No. 7 Old Palace yard. We
next tind that a measure of the same character, but which is known to have been subjected to
great variations of temperature, shows, after twenty years, a difference far beyond the possible

error of comparison.

' 6. On the other hand we find that a wronght-iron bar (No. 57 Low Moor iron) which has been
subjected to the same vicissitudes as No. 11 bronze has not only maintained its relative length
to the Imperial Standard, but appears somewhat longer through the comparisons with No. 11 by an
amount = 0.000108 inch, which may possibly be covered by the errors of observation. In order to
obtain further evidence on this point, Iron Yard No. 57 has been sent to England for direct com-
parison with the British standards, and particularly with its fellow, Low Moor Iron No. 58, the
only one of the original yards of the same material and construction as No. 57.

The persistence of the dimensions of material redunced to the plastic condition is strongly con-
tirmed by the comparisons made in 1867 between one of the original iron meters long in possession
of the United States Coast Survey and the platinum meter of the Conservatoire des Arts et Metiers,
made about 1800, which exhibited no difference of s0 much as the thousandth part of a millimeter
after so many years, involving two transportations across the ocean and extreme vicissitudes of
temperature,
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7. When we consider the coustitution of any “bronze” metal, especially such as Baily’s metal,
from which, on account of its great rigidity, the British bronze standards were made, and which
consists of eopper, 16 parts; tin, 23 parts; zine, 1 part, we will observe the fact that about tive
sixths of the mass is composed of copper, a very pliable and ductile metal, while the admixtures
have imparted to it great hardness and rigidity. This alloy was expecially selected for the latter
mechanical qualities, but the snitability of the molecular structure was not considered. In the light
of our recent experience we are perinitted to assume that the molecules of such a casting are in a
state of great temsion, which will yield under changes of temperature, and, it so, perhaps in less
degree, to the simple effect of continuance. Hence, while we admit that the shortening of No. 11
bronze relative to the Imperial standard, has taken place in consequence of the great variations
of temperature to which it has been subjected, it is not improbable that No. 1 and No. 6 may
both have shortened by the effect of time alone during the past twenty vears, so as to make the
excess of No. 57 (wronght iron) & reality rather than an acewmulation of residual errors.

8. Finally, we may state as the result of all the comparisons of 1876-"78 between the yvard of
the Troughton scale, Bronze No. 11 aud Iron No. 57, and the Imperial Standard of Great Britain,
that

HUB
Bronze No. 11 = 36.000000 at 62,25 F.
Iron No. 57 = 36.000000 at 62.10 F,

Mean yard of Troughton scale = 36.000000 at 59.62 T
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APPENDIX No. 13.

DESCRIPTION OF AN IMPROVED OPEN VERTICAL CLAMP FOR THE TELESCOPES OF THEODOLITES
AND MERIDIAN INSTRUMENTS, DEVISED BY GEORGE DAVIDSON, ASSISTANT UNITED STATES
COANT SURVEY.

A description of’ the first form of 1873 is given in Appendix No. 15 of the Superintendent’s
Annnal Report for 1874, The main idea of hoth forms is the same.

This clamp has been adopted by instrument-makers ontside the Coast Survey, and very favor-
able opinions have been expressed in regard to it.

To avoid the complication of parts, and of additional weight, the theodolites and the meridian
instruments of the Coast Survey have not been furnished with reversing apparatus; necessarily,
there is some itconvenience aud delay experienced in reversing the telescope in the transit azis Y’s.
Morveover, it has been proven that with the ordinary vertical clamp there is a lifting action devel-
oped at the transit axis pivot it the slow-motion serew is not perfect in its movement. The resnltant
of this lifting action, combined with the necessary horizontal
movenent of the pivot, is a sliding motion of the pivot up
one of the inclined planes of the transit axis Y, and a conse-
quent change of azimuth of the optical axis of the telescope.
This change is minnte, but is readily detected in the lurger
theodolites when using a geodetic collimator, or when mak-
ing the azimuth observations upon a close cirenmpolar near
elongation.

In this newer form of clamp I have so arranged the parts
that the clamp does not elasp the transit-axis collar, but holds
it simply at two points, 180° apart, by the tangent-planesJ J'.

The vertical plate or arm A A is held in position by the
eylindrical stud T, which projects at right aungles from the
transit-axis pillar B B, with its extremity flush with the outer
face of A A.

The slot S, in the vertical plate A A, is formed Dy the
sweeping of the inner and outer circumference with center at
the transit-axis. A screw (with washer and flat spring) fits
into the stud T to keep the vertical plate from moving off the
stud, and also to keep it in the same position during reversal
as when unclamped for the reversal of the telescope.

The clamping-bar J/ Iras motion about the point K, where
the metal is reduced, so that a spring-like action is obtained;
the shortness of this spring prevents the upward thrusting
motion of J' when the clamping-serew D draws J’ toward
A A. The studs H and 1 project from the transit-axis pillar
and carry the slow-motion screw G and the opposing spring F.

The noticeable angle given to the sides L 1/ of the lower
extremity of the vertical plate A A has been adopted, in order
that there shall be a tendency both of the screw G and the opposing spring F to press down the
vertical plate at whatever vertical angle the plate may be. This is to counteract any lifting tend-
ency in the point of the screw G when it is eccentric, which experience shows to be generally
the case.

[ a4
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The recapitulation of the good qualities of the clanmip may be stated thus:

I. The telescope is clamped with sufficient firmness to admit of its being moved in altitude in
the vertical plane by the slow-motion screw.

11, The clamp may be made to liold the transit-axis so gently that a very delicate tap on the
telescope will bring the latter to the desired elevation.

ITI. The top of the clamp is open, so that it permits the telescope {o be lifted out for reversal
and readily replaced in the Y's without currying the clamp with it.

IV. The jaws of the open elamp remain daring reversal in the -same position as when un-
clamped before the reversal of the telescope.

V. There is no tendency to lift the vertical plate through cecentricity ot the slow-motion screw,
and consequently no resultant movement of the trausit axis in azimuth.
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APPENDIX No. 14.

OBSERVATIONS OF THE I')EZ\‘SITY OF THE WATERS OF CHESAPEAKE BAY AND ITS PRINCIPAL
ESTUARIES. REPORT BY LIEUT. FREDERICK COLLINS, UNITED STATES NAVY, ASSISTANT
COAST SURVILY.

SIR: I have the bonor to submit the following report of the operations of the party under my
command, lately engaged under your instructions, in a series of observations for the determination
of the densities of the waters of Chesapeake Bay, from its head to the Capes; including a partial
examination of its more iinportant estuaries and tributaries.

In advance of any opportunity for study of the results obtained, the present report is neces-
sarily confined to a concise statement of those results, with a Dbrief deseription of the instruments
employed, and the general method of conducting the experiments.

The general plan of operations was to make cross-sections of the bay and tributaries at certain
points, occupying on each section a convenient number of stations, and securing at each of these
stations serial specimens of the water, at intervals of two fathoms, from the surface to the bottom.
At the same time there were to be obtained as many specimens of the bottowm itself as might be
necessary to give a fair idea of its characteristics in difterent parts.

These, together with the water specimens, were to be sent to the office for chemical analysis ;
the latter having first been tested for density with delicate hydrometers, as soon as possible after
having been secured. .

The scheme contemplated twenty-six sections, as shown in the following table :

i .
| i !
(

i

g PE ERUR
£ BEREE R
: : < ~ E Locality of scction. i
= b TR '
; ; < ! Bl = i
v @ “ P i
i 2 4 “ 9 ]‘ 1 1 Jatapseo River, Rock Point to North Voint.
2 i 4 11 1 : Rnsqrehanna River, at Havre.de-Grace.
3 2 ’ 5 ‘ 14 1 ‘ Chesapeake Bay, at Norton Point,
) 67 7019 1 i Chesapeak » Pay, at Bodkin Point. ‘
5 9 ! 3 14 1 ‘ Chester River, at Love Point.
[} £ ‘ 39 1 i Severn River, oppesite Naval Academy.
[T S S v S . Chesapeake Bay, at Horseshoe Point. :
b3 R 5 1% H 2 Eastern Bay, at Wade's Point.
9 ‘ 3 3 16 2 Choptank River, at quk‘a Toint.
0 5 5 .22 2 | Chesapeake Bay, at Cove Point.
11 1 ! 3 ‘ w | 1 <' Patuxent River, at Drum Point.
12 i 3 14 1 ! Patuxent River, at Point Patience,
3 a9 4 36 PR Chesapeake Bay, at Point No Point.
14 {5 5 1 1 ; Potomac River. at Point Lookout.
15 TR 19 2 | Potomac iver, at Piney Point.
16 |24 } [ & 1 ¢ Potomac River, near Blackistone Island. !
7 R L 2 Chesapeake Bay, at Smnith's Point,
1 7 ' L 2 ‘ Entrance to Tangier and Pocomoke Sounds.
b 16 11 | a9 6 | Chesapeake Bay, at Rappahannock Spit. ‘
20 3 5 : 15 1 . Rappabannock River, at Windmill Point, }
a1 112 9 35 2 | Chesapeake Bay, at New Peint Comfort. ;
2 0 4 : Mo 4 York River, inside Tod's Point. !
o 3| 4 016 1 1 Hamypton Roads, at Old Point Comfort, ;
24 12 : 5 1 15 7 B James River, near Nowport News.
25 ’ 9 6 ‘f 24 1 } Ch‘csapoake Bay, entrance.
T I A

| ) i QOutside the Capes, !

NoTE—AN the stations ob sections 4 and 21 were oceupied twiee,
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The stations exhibited in this table were occupied and specimens of the water and bottom
secured as therein set forth. Appended to this report is another table,* showing in detail the
position of the various stations, the depths from which the specimens were taken, the specific
gravity of each specimen reduced to the standard temperature of 60° Fahr., and other informa-
tion concerning the character of the bottom, stage of the tide at the time of observation, &ec.

DESCRIPTION OF INSTRUMENTS EMI'LOYED.

As the proposed plan was to secure water specimens at intervals of two fathoms, from the sar-
face to the botton, it became necessary to provide an instrument by which they could be obtained
with facility, and, above all, with absolute certainty that each specimen should be brought from the
exact depth required.

The Coast Survey Office was
in possession of no apparatus,
nor was any knowu to it that ful-
filled completely these require-
ments., Cylinders with valves
operating by the aetion of the ~4°
water in ascending and descend-
ing were looked upon with dis- . o
trust, especially since the experi- . 7
ments of Lieutenant-Command-
er Sigsbee, Assistant in the Coast
Survey, had demonstrated their
unreliability ; and while the in-
strament devised by him ap-
peared admirably adapted to
ordinary deep-sea work, the fact
that it must ascend through at e
least one fathom of water to
close its valves, rendered it en-
tirely useless for serial speci-
mens at such short intervals as
now proposed. Upon consider-
ation two ways of effecting the
desired result presented them-
selves. One was the use of a
pump (used with lead pipe, by
Prof. H. Mitchell, Assistant in
the Coast Survey), and a suf-
ficient length of rubber tubing
for suction-hose, suggested by
Commander Lull, Hydrographic
Inspector; the other a new ap-
paratus, a sketch of which ac-
companies this report.

The use of a cylinder closing
over two fixed disks was sug-
gested by Professor Hilgard,
Assistant in charge of office.
The special form adopted was
devised jointly by Mr. Saegmul-
ler, instrument-maker, and my-
self, subsequently modified, as Drop-eylinder \Vatujr-cnp.
practical experience showed to be advisable, to the form exhibited in the drawing.

~ * Not here published.

Seale » —F—

8. Bx. 12—24
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The apparatus, designed to bring up one pint of water, consists of the following parts: A
stem or spindle 0.5 in diameter and 2¢// in length, terminates at its lower end in a ring for the
attachment of the sounding-lead, and at its upper end, in a slotted head, in which is pivoted the
detaching trigger. This trigger is 3.5 in length. Tt is pivoted at one end in the slotted head,and
terminates at the other in a hook, curved upward, in whieh is placed one end of a rubber spring,
as shown in the drawing. Near its middle the trigger carries a swivel for the attachment of the
sounding-line; two curved lugs project from its lower side, and work, one on either side of the
head of the spindle, so that when either is closed against it, by raising or depressing the free end
of the trigger, the otlier will be open. For couvenience of reference, the lug farthest from the free
end of the trigger is designated the rear and the other the front lug.

Below the slotted head, at a distance of 3" from the pivot of the trigger, the spindle earries
an arm 37 in length, projecting in the plaune of the trigger, and on the same side of the spindle
with it. This also ends in a hook curved downward, over which passes the lower end of the
rubber spring before mentioned. This arm slides on the spindle and is furnished with a set-screw,
so that its distance from the trigger may be increased at pleasure.

At a distance of 8”.4 below this arm the spindle carries a fixed disk 2.6 in diameter, below
this at a distance 4/.6, apother disk 3/ in diameter. Passing freely over the former, and closing
water-tight upon the latter, is a sliding cylinder 5.4 in length. This cylinder is open at both ends,
the upper end being furnished with a cross-bar and ecollar, working smoothly on the spindle, to
guide the cylinder in sliding up and down.

Attached to this cross-bar is a wire sling, ending in a loop, and of such a length that when this
loop is placed over either of the lugs of the trigger, the lower end of the cylinder will come flush
with the lower surface of the upper disk, as shown in the left-hand figure.

A spiral spring, coiled around the spindle between the projecting arm and the collar of the
cylinder, tends to force the latter firmly down on the lower disk.

The method of securing the specimens with this apparatus is as follows :

A lead of sufficient weight (10 to 50 pounds, depending upon the depth of water and strength
of current) is bent on close to the lower ring of the spindle, and a line, marked to fathoms, to the
swivel on the trigger. If, now, the bottow-specimen is desired, the instrument is prepared by
sliding up the cylinder and placing the loop of the sling over the rear lug of the trigger. A rubber
spring is then stretched over the hooks of the trigger and projecting arm, this spring being of
such a strength as to yield to the weight of the lead when the apparatus is suspended by the sound-
ing-line, thus allowing the rear lng to close against the head of the spindle, preventing the eylinder
from sliding down and closing on the lower disk. '

Thus prepared, the apparatus is lowered into the water. On reaching the bottom, the weight
of the lead being taken off, the rabber spring draws the hooked end of the trigger downwards,
thus allowing the wire sling to disengage itself from the rear lug. The cylinder, forced down by
the spiral spring, closes over the disks, and thus the specimen from the stratum in which it rested
is secured and drawn to the surface. :

For the intermediate specimens the apparatus is prepared by placing the loop of the sling ove
the front lug of the trigger, and supplying a rubber spring of sufficient strength to hold the free
end of the trigger down when the instrument is suspended by the sounding-line, thus keeping the
lug closed. The line is then made fast to the rail of the boat or vessel, at such a place as will
allow the mark indicating the number of fathoms from which the specimen is desired to be at the
surface when the line has run out taut.

The instrument is then put overboard and allowed to descend freely. As it reaches the desired
depth the line is tautened, the rubber spring yields to the shoek of the arrested motion, and the
cylinder closes instantly, as before.

In order to be able always to secure the proper relation between the strength of the rabber
spring and the weight of the lead, a number of the springs of different strengths should be ‘sup-
plied with each instrument. If a slight increase only in the strength of a spring is desired, it may
be giving by sliding the arm down the spindle and confining it at the necessary distance with the
set-screw,
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A little experience soon enables one to graduate the springs with the greatest ease, so as to
secure the best results.

The pump used during the first part of the season for obtaining specimens was a small port-
able hand-pump furnished with twenty-five fathoms of extra four-ply rubber hose of 0.5 interior
diameter.

The capacity of the pump was so related to that of the hose that a single full stroke was suf-
ficient to empty approximately a length of one fathom. For convenience of use the hose was
divided into three lengths of eight fathoms each. In practice the lower end was bent on to a
sounding-line, marked to fathoms, and at such a distance as to bring its orifice at the required
depth when the lead was on the bottom and the line hauled taut. Five times the number of strokes
of the pump actually necessary to empty the whole length of hose out were then given before taking
the specimen. This number, it was thought, was sufficient to insure getting the water unmixed
from the place where the orifice of the hose rested.

‘To test this important matter several experiments were made, water from the same spot bein g
taken simultaneously with both hose and cylinder side by side. The specimens were then tested
with the hydrometer. The resnlts gave conclusive proof of the reliability of the pump and hose
thus used, as is shown by the following record of one of the tests:

. Tempera-
Instrument. | Depth. H;:::rg;:ter- tu}‘e,

i & Fahr.
Cylinder.......... 2fathoms_.__. 1. 0104 68
Pumpueeaceieeoado Ll 1.0104 68
Cylinder. ......_.. 5 fathoms..... 1.0103 68
Pump. .o do......... 1. 0103 68

Although thus satisfied of the reliability of the pump and hose, they were so much less con-
venient of manipulation-—especially in a strong tideway when the resistance of the hose caused
much trouble—that we soon discarded them entirely for the cylinders, which appeared to fulfill all
the required conditions, for moderate depths, perfectly.

The specimens, having been brought to the surface, were usually corked in Congress water
bottles, to each of which was attached a tag bearing the following data necessary for its complete
identification : -

Number of the section.

Letter of the station.

Depth.

Stage of the tide, and on the lowest specimens the character of the bottom at the station.

All specimens were then immediately entered in a journal in which were recorded the foregoing
data, with the bearings or angles necessary to fix the position of each station.

The bottles were then packed away in racks provided for the purpose to await a favorable
opportunity for the

DETERMINATION OF THE SPECIFIC GRAVITY

of their contents. The instruments used for this purpose were the salinometers devised by Prof. J. E.
Hilgard, Assistant in charge, figured and fully described in Appendix No. 16 to the Report of the
Superintendent of the Coast Survey for the year 1874. The sketch is republished here. They com-
‘prised a series of three floats, each about 9/ in length. The scale of the first extended from 1.0000
to 1.0110; that of the second from 1.0100 to 1.0210, and that of the third from 1.0200 to 1.0310.
Bach unit in the third decimal place, or thousandths of the density of fresh water, is represented
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on the scale by a length of three-tenths of an inch, which is subdivided into five parts, admitting
of an accurate reading of a unit in the fourth place of decimals by estimation.

900 0 0 T 0 0 0 A3

T 20
48000 00 R 0 L 0 0 A 0

The floats were accompanied by a copper can of a capacity of one pint, with a thermometer
inserted within the cavity, which is glazed in front. The improved form of this can, with which we
were furnished, terminates at the top in a short cylinder of glass which allows the reading of the
salinometer-scale either above or below the capillary meniscus.

Accompanying the instruments were tables for the reduction of the observed readings to the
standard temperature of 60° Fahr.,

Since with instruments of such delicacy, the motion of the vessel, even though slight, wonld
interfere with the accuracy of the observatiouns, the experiments for density were always made
when lying at anchor on favorable days, every precaution being taken to secure the ntmost attain-
- able accuracy. :
METHOD OF CARRYING ON THE WORK.

In making sections of five miles or less in length, the exact location of the section having been
determined upon and the stations marked on the chart, our nsual course was to anchor the vessel
as nearly as possible on the middle station, and then fix her position accurately by the three-point
problem when proper objects were available for the purpose, otherwise as well as possible by cross-
bearings. Two boats were then sent out to occupy the statious on either side, they fixing their
positions by ranges, bearings, and mast-head angles as found practicable.

By these means, and the assistance of the soundings, it was found possible to occupy the pre-
determined stations very approximately. )

In sections of greater length than five miles the vessel was moved and re-anchored a sufficient
number of times to atford mast-head angles Targe enough to insure a satisfactory determination of
the positions of the boats.



THEE UNITED STATES COAST SURVEY. 189

Working in this way, it was found possible, under favorable circumstanees, to complete a see-
tion of five stations in about three hours.

In the lower part of the bay, where the sections were long and the shores destitute of prom-
inent objects, all the stations were occupied by the vessel, ranges being secured when praeticable
-and the positions determined by cross-bearings of such objects as were available for the purpose.
This afforded a less close approximation than the former method, but it was the best that could be
done without building signals.

The rapidity with which this work could be executed depended, of eomse, very much upon
the wind.  'With the improved form of eylinder, and a sufticient number of them already arranged
for bringing up the number of specimens desived at each station, it was only necessary to heave
the vessel to when on the proper bearings, sccure the speeimens, and ill away again; the whole
operation, in depths of ten to twelve fathoms with four ¢ylinders working, not oeeapying more thau
two minutes.

On sections 17 and 19 (the former acress thie bay from Smith’s Point and the latter across
from Windmill Point) there was absolutely nothing available for cross-bearings. These sections,
therefore, were run by compass course and time, the log being hove immediately afier tilling away
at each station.

From guch a method no very elose approximation eonld be anticipated, but the eircumstances
in each of these cases being favorable the results were better than 1 had supposed possible, and 1
am confident that the desirved stations were ocenpied with sufficient nearness for the attainment of
the ohject in view.

Working in this way, but little more time is necessary than is required to sail over the coursc.
Section 19 is sixteen miles in length, with eleven stations, It waseompleted, thirty-nine specimens
being secured within four hours, and nearly half of this time was spent in getting the specimens
from the first and last stations, which, being in one fathom of water only, were necessarily oceupied
by the bLoats.

The result of our experience is, that, with the apparatus in its present form, but little experi-
ence is required to enable a properly equipped party to secure serial specimens from moderate
depths with the ntmost facility, and, under favorable circumstances, with great rapidity.

This is evident from the fact that my party, wholly new to the work and suffering consideralble
detentions from incompleteness of outfit at the outset, within the space of two months, in a sailing
vessel, completed twenty-eight sections, aggregating one hundred and thirty-five miles in length,
occupying one hundred and sixty-four stations, and seeuring five hundred and seventy-one
specimens.

- EXPLANATION OF THE TABLES ACCOMPANYING THE FULL REPORT DEPOSITED TN THE ARCHIVES
OF THE COAST SURVEY.

The first column contains the letters of the stations occupied; the second shows the depths
from which the specimens were taken ; the third gives the observed readings of the salinometer ;
the fourth, the temperature of the specimen at the time of reading the salinometer; the fifth, the
salinometer-readings reduced to the standard temperature of 60° Fahr.; the sixth, the stage of
the tide at the time of securing the specimens; the seventh, the character of the bottom at the
stations; the eighth, the bearings and distances of prominent objects from each station.

The last specimen recorded under each station was invariably taken from the bottom.

The salinometer-readings are given to the fourth place of decimals, as the instruments used
eould readily be read to each unit in that place (see page 12). It does not follow, however, that the
densities are reliable to that degree of precision.

An extended series of experiments is about to be undertaken by the Assistant in charge, to
determine the probable limits of error. Until that is concluded but little can be said on the sub-
Jject. From my experience in the matter, however, I conclude that the results given are not to be
depended upon within two units of the fourth-decimal place on an average. while orcasional dis-
crepancies considerably larger may be expected.
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The salinometers used in determining the densities given in the tables had the following
corrections, which have been applied in reducing the results:

No. 1 indieating from 1.0000 to 1.0100 — .0001
No. 2 indieating from 1.0010 to 1.0200 4 .0001
No. 3 inlieating from 1.0020 to 1.0300 4 .0002

All readings given in the tables have been made above the capillary meniscus ; to rednce them fo
readings below it, a correction of 4 0002 mmust he applied.
Respectfully snbmitted.
FREDERICK COLLINS,
Liext. U. S. N., Asst. U 8. Coast Swrvey, Comdg Schyr. Palinurus.
To €. . PATTERSON,
Supt. U, N. Coast Survey, Washington, D. C.
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APPENDIX No 15.

A QUINCUNCIAL PROJECTION OF THE SPHERE.
BY (. &, PEIRCE. ASSISTANT.

For m%ceorological, magnetological, aud other purposes, it is conveuient to have a projection of
the sphere which shall show the connection of all parts of the surface. This is done by the one
shown in the plate. It is an orthomorphic or conform projection formed by transforming the
stereographic projection, with a pole at infinity, by means of an elliptic tunction. For that pur-
pose, I being the latitude, and ¢ the longitude, we put—

V1 Zeos? 1 cos? 0 — sin !
1+ V1 — costlcosts

cost ¢ = -

1

2]

This ix the same as taking—
i .

and then ;| Fo is the value of one of the rectangunlar co-ordinates of the point on the new projection.

cos um (¢ + ¥v — 1) (angle of mod. = 457) = t:m{: (cos 0 + sin @+ 1y,

where o> and y ave the co-ordinates on the new projection, pis the north polar distance. A table
of these co-ordinates is subjoined. )

Upon an orthomorphic projection the parallels represent equipotential or level lines for the
logarithmic potential, while the meridians are the lines of force. Consequently we may draw these
lines by the method used by Maxwell in his Electricity and Magnetism for drawing the correspond-
ing lines for the Newtonian potential. That is to say, let two such projections be drawn upon the
same sheet, so that npon Loth are shown the same mevidians at equal angular distavces, and the
same parallels at such distances that the ratio of successive values of tan {:is constant,  Then

nuamber the meridians and also the parallels. Then draw curves through the intersections of nerid-
tans with meridians, the sums of numbers of the intersecting meridians being constant on any one
curve.  Also do the same thing for the parallels.  Then these curves will represent the meridians
and parallels of a new projection having north poles and south poles wherever the compouent pro-
jections had such poles.

Funections may, of course, Le classitied according to the pattern of the projection produced by
such a transformation of the stereographic projection with a pole at the tangent points.  Thus we
shall have—

1. Functions with a finite number of zeroes and infinites (algebraie functions),

2. Striped tunctions (trigonometric funetions). In these the stripes may be equal, or may vary
progressively or periodically. The stripes may be simple, or themselves compounded of stripes.
Thus, sin (@ sin 2) will be composed of stripes each consisting of a bundle of parallel stripes (iu-
finite in number) folded over onto itself.

3. Chequered functions (elliptic funetions).

4. Functions whose patterns are eentral or spiral.
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1. Table of rectangular co-ordinates for construction of the “ quincuncial projection.”
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LIST OF SKETCHIES.

PROGRESS SKETCHES.

General progress.

Section
Section
Section

Section
Section

Section
Section

1. Northern part. ,
1. Primary triangulation between the Hudson and Saint Croix Rivers.
I1. Triangunlation and geographical positions between Point Judith and New
York City.
1I. Triangulation and geographical positions between New York City aud Cape
Henlopen.
I1I. Chesapeake Bay and tributaries.
IV, Coasts and sounds of North Carolina.
HI. Primary triangulation between the Maryland and Georgia base-lines {(north-
ern part).

Sections IV and V. Primary triangulation between the Maryland and Georgia base-lines

Section
Section
Seetion
Section
Section
Section
Section
Section
Section
Seetion

Section

(southern part).
V. Coasts of South Carolina and Georgia.
VI East coast of Florida, from Amelia Island to Halifax River.
VI. East coast of Ilorida, from Halifax River to Cape Canaveral.
VI. West coast of Florida, Tampa Bay and vicinity.
VI1I. West coast of Tlorida, Saint Joseph’s Bay to Mobile Bay.
V1L Coast of Alabama, Mississippi, and Louisiana.
IX. Coast of Texas.
X (lower sheet). Coast of California, from San Diego to Point Sal.
X (middle sheet). Coast of California, fromm Point Sal to Tomales Bay. )
X (upper shect). Coast of California, from Tomales Bay to the Oregon line,
and Section XTI (lower sheet), Coast of Oregon, from the California line
to Tillamook Bay.
XI (upper sheet). Coasts of Oregon and Washington Territory, from Tillamook
Bay to the boundary.

Chart of San Luis Obispo Bay and approaches.

Geodetie connection of the Atlantic and Pacific coast triangulation, Missouri, and Illinois.
Triangulation and reconnaissance in Wisconsin,

Reconnaissance for triangulation in Kentucky and Indiana.

ILLUSTRATION.

A Quincuncial Projection of the Sphere.
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