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U. 8. CoaST AND GEODETIC SURVEY REPORT FOR 1893.—Parr II.

PREFATORY NOTE.

. The text of this Report for the fiscal year 1892 has been arranged for publication.

IR two parts, like that for the fiscal year preceding.

. art 1, in quarto form, contains tho historical portion, presenting reports of prog-
88 in the field and office operations of the Survey; estimates for future progress,

:{:d statements of expenditures during the fiscal year, Maps of general progress, and
s“:tches showing localities of field work, exhibit graphically tho advance of the

vey to June 30, 1893,

rell:r'.t 11, it will be observed, is in octavo, and includes the professional papers
ng to the methods, discussions, and results of the Survey which have been

2PProved for publication during the year. Such illustrations as are noeded accom-

bany them,

The octavo form is more convenient and suitable for tho scientific and professional
pers, while the quarto form appears to be demanded for thoe statistical mattor and
© Progress sketches. Since tho latter are of less general interest than the former,

tho future distribution of the Report, Part II only will Lo sent, as it is believed
cozt th}S will include all that is generally desired, and in o much more compact and

vemel?t form tLan that of tho old quarto.
© 8pecial cages, where both parts are desirable, they will be sent.
T. C. MENDENHALL,
Superintendeont.
I
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APPENDIX No. 1—1898.

STA'}‘E LAWS AUTHORIZING OFFICERS OF THE UNITED STATES COAST
AND GEODETIC SURVEY TO ENTER UPON LANDS WITHIN STATE
LIMITS FOR THE PURPOSES OF THE SURVEY.

LETTER OF TRANSMISSION.

UriteEp STATES COAST AND GEODETIC SURVEY,
Washington, D. C., December 29, 1893.

SIR: In accordance with your suggestion that it is desirable to have
Publighed, as an appendix to the report for 1893, the laws of several of
the States enacted for the protection of Coast Survey parties working

erein, I have bad the accompanying typewritten copies made, for
the printer’s use, of all such laws that we have any record of in this
Office. According to this record, laws have been passed in the follow-
Ing nineteen States: California, Connecticut, Georgia, Illinois, Indiana,

aine, Maryland, Massachusetts, Minnesota, Missouri, New Hamp-
Sh.ire, New Jersey, Ohio, Oregon, South Carolina, Tennessee, Vermont,

Irginia, and West Virginia.

In order to insure the accuracy of the manuscript copies of the laws
on file jn this oftice, I took them over to the Law Library of Congress
and compared them with the printed laws on file there.

Finding that they were incomplete and full of inaccuracies, I care-
fally corrected them, and from the corrected text Miss Hein then
Made typewritten copies. These I have carefully compared, and now
Submit them (56 pages) as exact copies, following strictly the pune-
tuation and capitalization of the printed laws,

Respectfully, yours,
GEORGE A. FAIRFIELD,

Assistant in Charge of State Surveys.
Dr. T. C. MENDENHALL, :
Superintendent Coast and Geodetic Survey.

8. Ex, 19, pt, 2—1



STATE 1ILAWS

FUR THK

PROTECTION OI' COAST SURVEY 'PARTIES.Y

CALIFORNIA.
CiArter LXXV,

An Act to authorizo persons engaged in the United Statos Coast Survey, upon the Const ot California,
to enter on lands within this State, for the purpose of said Survey; to protect the operations of tho
same from injury and molestation; to ascertain the mode of assessing damages caused to any prop-
orty in the progroess of the samo, and to provido for the punishmont of offendors agaiust the pro-
visjons of this Act, and for othor purposes.

The People of the State of California, represented in Senate and Assembly, do enact as
Sollows :

Skc. 1. That from and after the passing of this Act, any and every person employed
under and by virtue of an Act of Congress of the United States, passed the tenth
day of February, ono thousand eight hundred and seven, and the supplements
thereto coucerning the United States Coast Survey, may enter upon Lands and clear
and cut the timber, within this State, upon the same, and may erect any works,
Luildings, or appendages requisite for the purpose of exploring, surveying, triangu-
Iation, leveling, or doing any other act requisite to effect the object of said Act of
Congress, without being considered as a trespasser: Irovided, no unnecessary injury
be done thereto.

SEc. 2. That if the parties interestod—namely, party or parties reprosenting the
Government of the United States Coust Survey on thie Coast of Calitornia, and the
owners or possessors, of the Laud so entered upon, and to which damnge may have
been dono—cannot agree togethor upon the amount to be paid for the damages
caused by doing any of the acts aforesaid, either ot them may compluin, in o sum-
mary manner, to the nearest Justice of the Peace for the District of the County
where the damages may have been committed, who shall associate with bimself two
disinterested freeholders of the suid County, one to be named by each party iuter-
ested, who shall, upon hearing the parties, and with or without view of the prewmises,
as they may determine, proceed to assess and award any damages which may have
accrned to the owners or possessors of the Land so entered upon: Prorided, nover-
theless, that the party complaining as, aforesaid, sh: \l serve upon the opposite party
interusted, ten days notice, in writing, of the time and place where said complaint
is to Lo lieard, and the name of the freeholder by liim selected.

Skc, 3. ’J‘hat thesaid magistrate and freeholders shall, without unreasonable delay,
file in the Office of the Clerk of the County Court of the County where the said
complaint may have been heard, a report of their proceedings, which report shall bo
conclusive against the parties, and bo evidonce of their assent to the same; unless
either of thom shall, within ten days after filing of the said report, file a general of
gpocial objection to tho sawe in the oflice of the said Clerk, of which the other party

2
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8hall have hotice; whercupon an issue shall be enade up and a trial had at the next

m of the County Court of said County, in tho same manner in which civil casos
are trie( lcx(‘opt that the judgment shall be rendered and the damages assossed at,
the firgt toryp,

BLC. 4, That any porson so cntering upon Land, as aforesaid, for the purposes
"'fores&id, may tender to the party injured sufficient amends for any danages done
Uhon gaigq Land; and if, upon exmmination before the Justico of the Peace and freo-
lolders 45 aforesnid, or upon trial before the County Court, tho damages finally
:’:sessed shall not exceed the amount so tendered, the person who has so entered and
eldered tlo amount, shall recover his costs.

C. 5, That the Justices of thoe Peuce and Freeholdors aforesaid, upon compluint
made to them as aforesaid, and decision given, shall recoive the samo costs to which,
¥ law, Justices of the Peaco are entitled in a civil case from smmimnons to judgment;
2ud upon the trial in the County Court tho costs shall be taxed by analogy to the

Ml of Cogty in said Court, ostablished by law.
reml-:c. 6. 'l‘l}nt if any person or persons shall wilfully or wantonly injure, deface, or
or c°V0 any instrmment, signal, monument, building, or any appendnge thereto, used
o OHS“‘:ructed in tho State of California, under and by virtue of tbe Act of Congress
oresaid, he and thoy shall be liable to indictment for the snme, under this Statute,
of‘ each anq overy offonce, and upon conviction, shall be sentenced to pay o fine of
WO hunqdreq dollars, one-half of which shall go to the proseeutor, and the remain-
oz":h‘llll be appropriated according to tho Laws of this State regulating the disposal
cret}mh fines, or shall be imprisoned not more than one month, or both, at the dis-
Bllnlll(m of the Court before which such conviction shall t:.),ko place, and he ﬂllfl they
rensouulso be linble for ul] damages sustnined by the United States of Amen.uu., by
tho ¢ Of any such injury, defacement, or removul; to Le recoverod by action on
186 in any Court of compotont jurisdiction.
Suc, 7, This Act shall take offect from and after its passuge
Approved April 2, 1852,

CONNECTICUT.

Crarver XI,

An Acereluting to the Survey of the Coast of Connecticut.

Be it enaoteq by the Senate and House of Representatives in Goneral asembly convened:

Dus:::(i 1-1 Persons employed under an act of the Congress of the United States,
Bupple tho tenth dny of Febraary, in the year eighteen hundred aund seven, and the
mny bmollt§ thereto, may enter upon lands within this state, for auy purpose w.hich
bui.ldig hecessary to offect the objects of said act, and may erogt'\vorks, stations,

St g"’ or “I‘Pend'nges for that purpose, doing no unnecossary injury, .
ages c.a - 1f the purties interestod cannot agrec npon thoe amount to b.o I_”"'d for dnm-
count, 1.lsed- ‘fhcl‘cby, oither of them may petition tjhe connty commnissionors of the
o, nu{lm whick theland lics, who shall appoint a time for & heoaring, a8 soon a8 may
Withoutord.?r at least fonrteen days’ notico to all persons mterested,'and, with or
Wituesmu‘ 16w of tho promises, as they muy determine, hear the parties und their

St 8 and assess tho damagos.

0011r§;,?.t;rhe conntx commissioners shall file in thoe oftice of t,h(.u cler.k of ‘the supel:ior
8hall b ¢ 1€ county jn which the land is situntod, a report of their doings, which
of Buch reouo‘lusn-o, unless one of tho parties sl‘mll, \\'lthill' thirty days a.fter the flling
Tior courtI-)oil t, ﬁl(‘; 4 potition to said conrt for i now lne:n"mg 1o be had m_such supe-
o eaid y 1n \.vluch gasef, aftor such notice of such p.etitlon to th.o opposite pflrty as
Lo Suprezlx?e'mor court, if in session, or, if in vacation, ns any judge thereof or of
court, or any county commissionor of the county in which such petition
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is pending, shall direct, a trial shall be had in said court, in the same manner as
other civil actions are tried, and such hearing shall take precedence of all other civil
actions.

Skc. 4. The person so ontering upon land may tender to the party injured amends
therefor; and, if the damages finally assessed do not excoed the amount tendered,
the person entering shall recover costs; otherwise, the prevailing party shall recover
costs.

SEc. 5. The costs to be taxed and allowed in all such cases, either beforo the
county commissioners or the superior court, shall bo the same as are ordinarily taxed,
according to the rules and practice in the superior court.

8kxc. 6. Whoever wilfully injures, defaces or removes any signal, monument, build-
ing or appendage thereto, erected, used or constructed, under said acts of Congress,
shall forfeit the sum of fifty dollars for cach offense; and shall Lo liable for damages
sustained by the United Stu%es, to be recovered in an action of tort.

Approved June 5th, 1861.

GBORGIA.

[From ** The Codo of the State of Georgia, 1882."]
Part I—Title I—Chapter I,
ArTICLE IIL
COABT SURVEY.

[Act of 1847, Code, p. 155.

6 23. (23.) (25.) Coast surveyors.—;Any person employed under the Act of the Con-
gress of the United States, providing for a survey of the coasts, mmay enter upon
lands and clear or cut timber within this State upon the same, for any purpose legiti-
mately connected with, and requisite to offect, the said object: IProvided, no unneces-
sary injury be dono thereby, and all damages to the owner of the land be promptly
paid.

[Act of 1847, Code, p. 155.]

. § 24, (24.) (26.) Damage to land-owners.—If the parties representing the Govern-
ment of the United States, and the owner or possessor of the land so eutered upon,
onnnot agree upon the amount to be paid for said damages, either party may com-
pla).in in a summary manner to tho nearest Justice of the Peace of the county in
which the land lies, who shall associate with him two disintérested freeholders of
the county—one to be named by each party intercsted—who shall, upon liearing the
parties, and with or withont view of the premises, us they may determine, proceed
to assess and award the damages, if any: Provided, the party complaining shall give
the opposite party ten days’ notice, in writing, of the time and place when and
where said complaint is to be heard, and the name of the freeholder by him ssleoted.

[Act of 1847, Code, p. 156.]

§ 25, (25.) (27.) Award and objections thereto,—The saiu ussessors, without unrea-
sonable delay, shall filo their award in tho office of the Ordinary of the county, which
shall bo conclusive upon both parties, unless objections are filed to the sume within
ten days after the filing of tho award. If objections are filed, the other party shall
bave written notice; wherenpon an issue shall be made and tried at the first term
thereafter of suid Court, under the same rules as other civil cases.
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[ Act of 1847, Code, p. 156.]

N § 26. (26.) (28.) D’amages, tender of .—The person so entering upon lands may tender
s!lic amount as he chooses for the damage done, and if the damages finally ussessed
81l not exceed the sum tendered, the party complaining shall pay all costs.

[Act of 1847, Code, p. 156.]

nll§ 21, (?7—) (29.) Costs.—The costs before an Ordinary shall be the same as are
OWed in civil cases in said Courts,

Part IV—Title I—Division XII,
[ (@) Acts of 1865-6, p. 233.]

ful514619. (4529.) (41.18..‘-}.) Injuries to coust survey ﬁx{urea.—Any person who shall will-

Othgror Wwantonly injure, defiace or remove any signal, 'monument, building, or any

auth aipt‘)endngo thereto, erected within this State by virtue of any Act of Congress

[Shnﬁnzmg u: coast survey, shall be guilty of a misdemeanor, and, on conviction,
be punished as prescribed in section 4310 of this Code.] (a)

Part 1V—Title I— Divigion 111,

8'3:310. (4245.) (4209.) Punishment of accessories after the fact.—Aocessories after the
not ’t :xcept where it is otherwise ordere(.l in this Code, shall be punished by n‘fme
in the eixlct.zed one thousand dollars, imprisonment not to exceed six months, to work
tieg 1o chain-gang on the public works, or on such other works ns the county authori-
of theuy omIfloy the chain-gang, not to excoed twelve months, aud any one or wnore
not inse 1ll)um.:shment,s‘mn.y Le ordered in the discretion of the Judge: Provided, that
Vato € herein contained shall authorize the giving the control of conviots to pri-

Persons, or their employment by the county authorities in such wechanical

P;lrsuits a8 will bring the products of their lubor into competition with the products
of free labor,

ILLINOIS.
SURVEY.
UNITED BTATES COAST AND GEODETIC SURVEY.

An Aot relating to the oporations of the Unitod States const and geodetic survey.

erflEj’:'ION 1, 'I'Ie it enaoted by the Peoplo of the Stalo of Illinois, repreaented in the Gen-
of the ;;mbly, That any person employed under and by virtue of an act of congress
ol 8m({nted States, approved tho tenth day of February, oue thousand eight hun-
Tteg Stﬂetven, and of the supplements thereto, for the survey of tho‘ coasts of the
etwoen, t,}t: €8, or, t'mder the direction of congress, to form a ggodotlp counnection
Survogs. | e Atlantio and Paoific coasts, und to furnish triangulation points for state
gnlutin, ;my qnter upon l.u,nds within this state, for the purpose of exploring, triau-
to cung’ e:elmg, E}“‘veymg, and of doing any other act which may be pecessary
and 5 yeoul the ob_]e'cfa of said laws, and may erect any works, stations, buildings

5 2.1’{} :l( ages r.eqm‘m(:o for that purpose, doing no unnecessary injury .thereby.
ages sans (;e Eartms mtevre.sted cannot agree upon the amount to be paid for dam-
as ’Dl‘ovided '{) ex::sby the Unitod States of Americx} may procepd to condemn said land,
“Pl‘l‘ovedeA y Anact t.o provide for the oxercise of the right of eminent domain,”

§3, 1p 8‘up!‘ll 10, 1872, in force July 1, 1872,

b\lllding oy Person shall wilfully deface, injure or remove any signal, monument,
Btl’uct,ed,' T other property of the United States coast and geodetic survey, con-
or used under or by virtue ot the act of congress aforesuid, he shall forfeit
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a sum not exceeding fifty dollars for oach offense, and shall bo liable for damages
sustained by the Umted States, in an action on the case in any court of competent
Jjurisdiction.

Approved April 21, 1881.

INDIANA.
Cuarter XCV,

An Act relating to the operations of tho United States Const and Goodetic Survey in the Stato of
Indiana, and decluring an emergency.

SecTiON 1. Be it enacted by the Genecral Assembly of the State of Indiana, That any
person employed under and by virtue of an act ot Congress of the United States,
passed the tenth day of Fobruary, one thonsand eight hundred and seven, and of
the supplements thereto, for the survey of tho coasts of the United States, or undor
the direction of Congress, to furin a geodetic counection between the Atlantic and
Pacific coasts, and to furnish triangulation points for Stato surveys, may enter upon
lands within this Stato for the purpose of oxploring, triangulating, leveling, sur-
veying and doing any other act which may be necessary to carry out the objects of
said laws, and may erect any works, stations, buildings and appendages requisite
for that purpose, doing no unnecessary injury thoreby.

Skc. 2, If the parties interested can not agreo upon the amount to be paid for
damagos caused thereby, either of them may petition the Circuit Court in the
county in which the land is sitnated, which Court-shall appoint a time for o hearing
as soon as may bo, and order at least fourteen days notice to be given to all parties
interested and with or without a view of the premises, as the Court may determine,
hear the parties and their witnesses and assess dmnages.

Skc. 3. The person so ontering upoh land, may tender to the party injured, amends
~ therefor, and if, in case of appeel to the Circuit Court, the dumages finally assessoed
do not exceed tho amount tendered, the person cntering shall recover costs, other-
wise the prevailing party shull recover costs.

SEC. 4. Tho costs to be allowod in all such cases shall be the sume as allowed
according to rules by tho Court.

SEC. 5. If any person shall wilfully doface, injure, or remove, any signal, monu-
ment, building, or other property of the United States coast survey, constructed,
or used under or by virtuo of tho acts of Congress, aforesnid, he shall forfeit a sum
not oxceeding fifty dollars, for cach offonse, and shall be liable for damages sns-
tained Ly the United Stutes in consequonce of such defacing, injury, or removal, to
be recovered in an action on tho case in any Court of compotent jurisdiction.

SEC. 6. Whereas an emergency cxists for the inmediato taking effect of this act,
therefore, the sawme,shall take effect and be in force from and after its passage,

Approved April 9, 1891,

STATE OF MAINE.
Cnarrrr 181,
An Act relating to the survey of the coast of Maine.

Be it enacted by the Senate and House of Representatives in Legislature assombled, as
Jollows:

SECTION 1. Any porson employed under and by virtue of an act of the congress of
the United States, pussed the tenth day of IYebruary, one thousand eight hundred
and seven, and the supplements thereto, may enter upon lunds within this state for
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the purpose of exploring, surveying, trinngulating, leveling and doing any other
act which may be necessary to effect tho objects of said act, and may ercet any works,
8tations, buildings or appendages, requisite for that purpose, doing no unnecessary
injury thercby. .

8Ecr. 2. If thoe parties interested cannot agree upon the amount to bo paid for
the damnages caused by doing any of the acts nforssaid, cither of them may petition
the commissioners of the county in which the land entered upon is situated, to hoar
the parties and assess any damnagos, which in the opinion of the commissioners has
accrued to the owner or possessor of the land so entored upon. ] ‘

SECT. 3. Tho commissioners as soon as may be, shall hear tho partios either with
or withont o view of the premises, as tho commissioners shall determmine, and before
any hearing shall be had, shall order notice to be given to all persons interested, at
least fourteen days hefore the time of hearing.

Suct. 4. Tho commissioners shall filo in tho office of the clerk of the district court
for said county, a report of theso doings, whieh report shall be conclusive upon the
bartics unless one of them shall file within thirty days after the termm of said court,
Which shall bo held next after said report shall bo filed, a petition to the said court
that o trial shall bo had in the ease in said court, and after notice to the opposite
barty a trial shall be had in said court in the same manner in which other eivil
¢ascs are thero tried,

SEcy, 5. The person so entering upon land as aforesaid, may tender to the party
in.iul:ed sufiicient amends therefor, and if the damages finally assessed shall not
exceed the amount so tendered, thé person so entering shall recover his costs, and in
all othier cases the prevailing party shall recover his costs.

Sitcr. 6. In tho taxation and allowance of costs in the district court upon a trial
of the caso, the proceedings of tho said court shall hold the same relation to the
Teport of tho commissioners, as proceedings of the same court hold to judgmeonts of
Justices of tho peace, in cases of appoal from said judgments, and the costs shall be
taxed accordingly.

8rcr. 7. I any person ghall willully injure, doface, or removo any signal, monu-
ment, building, or any appendage thereto, used and constructed under and by vir-
tuo of tho act of congress nforesaid, ho shall forfeit n snm not excoeding fifty dollars
for ench offense, to borecovered by indictment for the use of the person prosecuting,
and ghall also be liable for all dunages sustained by the United States of Americs,
to Lo recovered in an action on the caso in nuy conrt of competent jurisdiotion:

8rcrT. 8. This act shall take effect from and after its approval by the Governor.

Approved Junc 16, 1846.
AMENDMENT.
CHAPTER 125.
A:n Act to smond tho second ohapter of the rovised statutoes, relating to tho coast survey.

p lll?o it enacted by the Senate and House of Represontatives, in Legislature assembled, as
otlows

SrcTioN 1. Thesecond chapter of the revised statutes is hereby amonded by striking
out the eighth section thereof, and inserting instead the following, viz:

.SECT. 8, The person 8o entering upon land, may tender to the party injured suffi-
Clent amonds therefor, and it the damages finally nssessed do not excecd the tender,
Judgment shall be rendered against the owner for costs. The costs recovered by the
Prevailing party ghall be taxed as in case of appeal from the judgment of 8 justioe
of the peace.

8rcr. 2, This act shall tuke offect whon approved by the governor,

Approved Junuary 27, 1860.,
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MARYLAND.
An Act concerning the Survey of the Const of Marylaund.

SECTION 1. Beit enacted by the General Assembly of Maryland, That it shall and may
b6 lawful for any person or persons employed under and by virtue of an act of the
Congress of the United States, passed the tenth of Iobrnary in the year eighteen
hundred and seven, and of tho supplement thercto, at any time hereafter to enter
upon lands within this State for the purpose of exploring, surveying, triangulating
or levelling or doing any other matter or thing which may be necessary to affect the
objects of said act, and to erect any works, stations, buildings or appendages requi-
site for that purpose, dving no unnecessary injury to private or other property.

SEC. 2, And be it enacted, That in case thoe person or persons employed under the
act of congress aforesaid, cannot agree with the owners or posscssors of the land so
entered npon and used ns to the amount of damage done thereto by reason of the re-
moval of fences, cutting of trecs orinjury to tho crop or crops growing on thesame,
it shall and may be lawful for the said parties or oither of them to apply to tho chief
justice for the time being or one of tho associnte judges of the judicial districtin
which such land may be situated, who shall thereupon appoint three disinterested
and judicious frecholders, residents of the same judicial district, to proceed with as
much despatch as possible to the examination of the matter in question, and the
faithful assessment of the damages sustained by the owners or possessors aforesaid,
and the said freeholders or a wajority of them, having first takoen and subseribed an
oath or affirmation before the chief or associato justice aforesaid or other pergon duly
authorized to administer the samo, that they will well and truly examino and nssess
as aforesaid, and having given five days notice to both parties of the time of their
meeting, shall proceed to the spot, and then and there upon their own view aud if
required npon the evidenco of witneases, (to be by them sworn or affirmed and exam-
ined) shall nssess the said damages, and shall afterwards make report thereof and
of their proceedings in writing under their hands and seals and file the same within
five days thercafter in the office of the clerk of the county in which the land afore-
said is situated, subject to an appeal by either party to the county court of the said
county within ten days after filing as aforesaid, and the said report so raade ag afore-
said, if no appeal as aforesaid be taken, shall be held to bo final and conclusive as
between the said parties, and the amount so assessed and reported sball be paid to
the said owners or possessors of the land 8o damaged within twenty days after the
filing of said report, and the said chioef or associate justice us aforesanid, shall have
authority to tax and allow upon the filing of said report, such costs, fees and expensos
to the said frecholders for the performance of their duty as lio shall think equitable
and just, which allowance shall be paid by tho peraon or persuns omployed under
the act of congress aforesaid, within the time last above limited, but if an appeal as
aforesaid be taken, the case shall be set down for hearing at the first term of county
court aforesaid, ensuing upon and after said appeal, and it shall be lawful for either
party immediately after thoe entry of such appeal, to tako ont summons for such wit-
nesges as may be necessary to bo examined upon the hearing aforesaid, and the said
court shall have power in its discretion to award costs against which ever the final
judgment shall bo entered, and such appeal at tho option of either party may and
shall e heard Lefore and tho damages assessed by a jury of twelve mon to be taken
from the regnlar pannel and elected as in othor cases.

SEc. 8. And be it enacted, That if any person or persons shall wilfully injure or
deface or remove any signal, monument or building or any appendage thereto, erccted,
used or constructed under and by virtue of the act of congross aforesaid, such per-
son or persous 8o offending shall severally forfeit aud pay the sum of fifty doliars,
with costs of suit to be sued for and recovered by any person who shall tirst pros-
ecute the same before any justice of the peace of the county where the person so
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:ﬂ'en(?jng' may reside, and shall also be liable to pay the amount of damages theroby

umstmned, t0 Le recovered with costs of suit in an action on the case, in the name

dli]dt‘for the use of the United States of America in avy court of competent juris-
Ction, ’

Passed March 9, 1842.

COMMONWEALTH OF MASSACHUSHETTS.

CHAPTER 192,

Aun Act relating to the Survey of the Coast of Massachusetts.

a-nga it enqoted by the Senate and House of Representatives, in General Court assembled,
by the authority of the same, as follows :
nil:c;' 1. Any person employed under and by virtue of an act of the Congress of the
Seve : States, passed the tenth day of February, in the year eighteen hundred and
pur O, and the supplement thercto, may enter upon lands within.t-his State, for the .
Whiléhse of exploring, survoying, triangulating, levelling, or doing any other act
statjo Tuay 1‘)0 Decessary to effect the objects of said act, and may orect any works,
) injur 18, buildings or appendages, requisite for that purpose, doing no unnecessary
Y thereby. .
ECT. 2. If the purties interested cannot agree upon the amount to be paid for the
enages fml'lf!ed by doing any of tbe acts aforesaid, either of them may petition
o comlfusaloners of the county in which the land entered upon is situated, to hear
accrg:;tles and assess any daumages which, in the opinion of the commissioners, has
Sor to 't}m owner or possessor of the land so entered upon. )
or ‘\:it}; 3. lhe‘ commissioners, a8 soon as may be, shall hear the parties either with
any hy Ol'lt & view of the premises, as the comiuissioners shall determine, and before
cast f:“ng shall be had, shall order notice to be given to all persons interested, at
o, ll:teen dp,ys before the time of hearing.
11101; ].. . The c?mmissioxxors shall filo in the office of the clerk of the court of com-
“DOnI;;M for .smd county, a report of their doings, which report shall be conclusive
8iq cole pu.rtl.es, unless one of them shall file, within thirty days after the term of
saig co“’t: which shall be held next after said report shall be filed, a peti?ion to the
°Ppositurt’ that o t'rinl bo had in the cuse in said court; and after notlc‘e to the
civil cne party, a trial shall he had in said court, in the same manner in which other
Skc Ses 03‘0 there tried. )
iujun:l' 5. 'IhP peorson so entering upon land as aforesaid, may tender to the party
excéed ,t ;umclent ameuds therefor, and if the damnges finally ussested shall not
in g othe umount so tendered, the person so entering shall recover his costs; and,
Srop Gel‘lcnses, the p.revniling party shall recover his costs.
3 trig) ;)f'tl u fihe taxation and allowance of costs in the court of common plea.s,' upon
e ro 16 case, the proceedings of the said court shall hold the same relation to
_Teport of the commissioners, a8 proceedings of the same court hold to judgments

o A
ei‘;i‘:;eu of the pence, in cases of appeal from said judgments, and the costs shall
according)
Se gly.
CT. 7. If any person ghall wilfully injure, deface or remove any signal, monu-

m s
i:;lz;‘:;li%mg’ or any appendage thoreto erected, nsed or constructed under and by
%ach offe, ¢ uct of Congross aforesaid, he shall forfeit the sum of fifty dollars for
and ghyy) ’ucle, to be recovered by indictment, to the use of the person prosecuting;
6 rocor ?0 bc:a liable for all dumages sustained by tl‘]e United States o.f A.merwn,
Stcr. "i‘lif‘d In an action on the case, in any court of competent jurisdiotion.
"7+ 1118 act sball take effect from and after its passage.

A
PProved by the Governor, March 25, 1845,

day
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MINNESOTA.

Cruarrer 60.
[S. F. No. 219.]
An Act to provide tor surveys anthorized by Congreas of the Unitod States in the State of Minnesota.

Be it enacted by the Legislature of the State of Minnesota :

SecTtioN 1. Any person cmployed in tho execution of any survey autborized by
the congress of the United Stutes may onter upon lands within this state for the
purpose of exploring, triaugulating, leveling, surveying, and of doing any work
which may be necessary to carry out the olijects of then existing laws rolative to
surveys, and may establish permanent station arks, and erect the necessary signals
and temporary observatories, doing no unnecessary injury thereby.

Src. 2. If the parties interested cannot agreo upon the amount to be paid for
damages caused thereby, cither of them may petition the district court in the county
in which the land is situated, which court shall appoint a time for a bearing as soon
as may be, and order at lcast twenty (20) days’ notice to be given to all parties inter-
ested, and, with or without a view of the premises, as the court may determine,
hear the parties and their witnesses and assess damages.

Skc. 3. The person 8o entering upon land may tender to the injured party dam-
ages therefor, and if, in case of petition or compluint to the court, the damages
finally assessed do not oxcoed the amount tendered, the person ontering shall recover
costs; otherwise, the prevailing party shall recover costs,

SEC. 4. Tho costs to be allowed in all such cases shall be the same as allowed
according to the rules of the court, and provisions of law relating thereto.

Skc. 5. If any person shall wilfully defaco, injure or remove any signal, moun-
ment, building or other property of the U. 8. coast und geodetic survey, constructed
or used under or by virtnoe of the act of congress aforesaid, ho shall forfeit a sum
not exceeding fifty (30) dollars for each oftense, and shull be liable for damages sus-
tained by the.United States in consequence of such defuciug, injury or removal, to
be recovered in a civil action in any court of competent jurisdiction,

Suc. 6. This act shall take effect from and after its passage.

Approved April 2, 1889,

MISSOURI
GRODETIC SURVEY.

An Act to provide for the protection of citizens of the State of Missourd, the interests of the United
States, and porsons ongaged in the triungulation of the State ot Missourl, under an ot of Congress
to form a geodetic connoction hetween the Atlantic and Pacific Coasts.

Be ilenacted by the General Assembly of the State of Missouri, as follows :

SEcTION 1. Persons employed under an Act of Congrees of the United States,
passed the tenth day of February, 1807, and the supplement thereto, may, upon mank-
ing satisfactory amends, enter upon lands within this State for any purpose which
may be necessary to offect the object of said act, and may erect works, stations,
buildings or appendages for that purpose, doing no uunecessary injury.

8ECTION 2. If the parties interested canuot agreo upon the amount to be paid for
damages cnused thereby, either of them may petition the County Court in the county
in which the land is situated, which court shall appointa time for u hearing as 8008
18 may be, and order at least fourteen days’ notice to be given to all persons inter-
ested, and, with or without a view of the premises, as the Court may determine, hear
the parties and their witnesses and assess damages.
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SEcTioN 3. The person so entering upon land may tender to the party injured
amends therefor, and if, in’ caso .of' appeal to the county court, the damages finally
assessed do not exceed the amount tendered, the person entering shall recover costs;
otherwise the prevailing party shall recover costs.

SrcrioN 4. Tle costs to Le allowed in all such cases shall bo the same as allowed
according to tho rules by the circuit court. '

SecTIoN 5. Whosoever wilfully injures, defaces or removes any signal, mouu-
ment, building or appendage thereto, erected, used or constructed under said acts
of Congress, shall forféit a st not exceeding fifty dollars for each such offence, and
shall be liable for damages sustained by the United States in consequence of snch
injuring, defacing or removing, to be recovered in an action before the circuit court
of the county in which such offenso is committed.

SECTION 6. Any party to the proceeding under the provisions of this act, who
may feel aggrieved by the decision of any county court, may take an appeal to tho
cirenit court, in the same torm, in the same manner, and with like effect, as in other
Proceedings in the county courts of this State; IProvided, thnt no appeal herein pro-
vided for shall provent the continunation of the work referred to in this aot.

SectioN 7. This act to take effect and be in force from and after its pussage.

Approved March 9, 1872,

STATE OF NBW HAMPSHIRBE.
CHAPTER 337.
An Act relating to the survey of the coastsof New Hampshire.

BrcTION 1. Bo it enaoted by the Senate and House of Ilepresentatives in General Court
Convened, That any person employed under and by virtue of an act of the congress
of the United States, passed tho 10th day of February, one thonsand eight hundred
4nd goven, and the supplements thereto, may enter upon lands within this state for
the purpose of exploring, surveying, triangulating, levelling, or doing nny other
act which may be necessary to effect the objects of said acts, and may erect any
Works, buildings, stations or appendages requisite for that purposs, doing no nnnec-
88ary damage thereby. '

Sre, 2. If the parties interested cannot agreo upon the amount to be paid for the

Ymages caused by doing uny of the ncts aforesaid, either of them may petition the
Court of common pleas for the county in which the land ontered npon is situated,
f‘_"' an asgessment of said damnages, who shall refer the same to the road comis-
Sloners for guch county, who shall hear the parties and make report, as in the case of
ﬂesessing damnges for land taken for highways, upon which the court shall render
a“dgment as in other cases: Provided, that cither of the parties dissatisfied with the

Mount of damages so nssessed may appeal to the court of common pleas next to Le

°lden iy gaiq county and not afterwards, nnd thereupon said court shall assess the

Smagey of gucl party by n jury.
ianlEc' 3. '1‘?1(? person so ontering upon land as aforesaid may tender to the.party
ex’(‘“’ed sufficient amends therefor; and if the damages finally assessed shall not
in ‘eed the amount so tendered, the person so entering shall recover his costs, and

all cusos the party prevailing shall recover his costs.

k. 4, If any person shall wilfully deface, injure or remove any signals, monu-
18, buildings, or aiy appeudage thereto, used or constructed under and by virtuo
o ::0 acts of congress aforesaid, he shall torfeit the sum of fifty dollars for ench
alag 1‘:0: 'f:o be recovered by indiotm'ont, to tho use o.f the party prosecuting, and shall
ereq iO liable for all damages sustained by the United States of Amerioa, to bo recov-

U an action on the case in any court of competent jurisdiction.
EC. 6. This act shall take effoct from and after its passage.
APproved, June 30, 1846.

g
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CuarTER XXIX.
An Act in co-oporation with the United States Coast Survey, in the trinngulation of the State.

Be it enacted by the Senate and House of Representatives in General Court convened:

SecTioN 1. The acting assistant, in charge of the triangulation now being carried
on in this state by the United States coast survey, is hereby authorized to set such
éigna.ls as may be nocessary to render this survey complete, and of the greateat serv-
ice and benefit for future use in the construction of a mayp of the state, at an expense
not exceeding twenty dollars in any town or city of the state, and to draw upon the
state treasurer for tho sums so expendoed.

SEct. 2, Tho state treasurer is hereby directed to pay out of any mouey in the
treasury such expenses as may be incurred in carrying out the object named in
the preceding section, the bills for the same having leen previously approved by
the governor.

SkcT. 3. This act shall take effect on its passage.

Approved July 3, 1872.

NEW JERSEY.

ACTS8 OF THE SIXTY-PIFTII GENERAL ASSEMBLY OF THE STATE OF NEW JERSEY.
An Act concerning the survey of tho coast of Now Jeraey.

Sectiox 1, Be it enacted by the Council and Gencral Assembly of this State, and it is
hereby cnacted by the authority of the same, That it shall and may be lawful for any
person or persons, employed under and by virtue of the act of the Congress of the
United States entitled, ““An act to provide for surveying the coasts of the United
States,” passed the tenth day of February, in the year of our Lord eighteen hundred
and seven, at any timo. herenfter to enter upon any lands within this state, for the
purpose of e\plorme, surveying, or levelling, or doing auy other matter or thing
which may bo necessary to effect the objects of the said act, and to erect any works,
stations, buildings, and appendages necessary for thut purpose, doing no unneces-
sary injury to private or other property.

SECTION 2. And be it enacted, That in case the person or persons so employed undor
the said act cannot agree with the owners or possessors of the said land so entered
upon, for the use of the same, or upon the amount of the damage done thereto, it
shall and may be lawful for the person or persous so employed, or the owners or
possessors of the said lands, o apply to one of the justices of the supreme court of
this stato, who shall thereupon appoint three disinterested and judicious freeliolders
resident in the county wherein the said lands do lie, whicl said frecholders, having
first severally taken and subscribed an oath or aflirmation, before some person duly
authorized to administer tho same, faithfully to examine the matter in question, and
nssess the damages sustuined by the owners or posscssors of the lands 8o occupied,
by reason of such occupation thereof, according to the Lest of their skill and under-
standing; and the said freeholders, or a wmajority of them, baving given to the
owners or possessors of thessaid lands, and to the person or persous 8o employed,
five days’ notice of the time and place of meeting, shall proceed upon the testimony
of witnesses, to be by them sworn or affirmed and examined, or upon their own view, .
or both, to assess the said damages; aud shall make report thereof in writing, under
their hands and seals, and filo the same within five dnys thereafter in the office of
the clerk of the county in which the said lands do lie; which report, as between
the said parties, shall be final and conclusive, and the amount so assessed and
reported be paid to the said owners or possessors of the said lands within ten days
after the filing of the said report; and upon default of such payment, any person or
persons so entering upon the said lands shall forfeit all his or their right of entry
given by this Act, and shall be taken and considered as guilty of trespass, in like
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mpnner as if this act’had not been passed; and the said justice of the said supreme
court shall, on application of oither party, tax and allow such costs, fees, and
expenses, to any person or persons performing any of the duties presoribed in this
2ct, as ho shall think equitable and just, which shall be paid by the person or per-
8ons employed under the said act, within the time above limited.

SKECTION 3. And be it cnacted, That, if any person or persons shall wilfully injurve,
deface, or remove any signal, stution, monument, or Lnilding, or any nppendage
thereto erected, nsed, or constructed under the said act of the Congress of the United
States, or under this act, such person or persons so offending shall severally forfeit
and pay the sum of one hundred dollars, with costs of suit, to be sued for and recov-
ered by any person who shall tirst sne for the same in any court having cognizance
thereof; one half thercof for the use of the said prosecutor, and the other half
thereof to Le paid to the overseers of the poor of the township in which the offence
Was committed, for the use of the poor of snid township, and shall be also liable to
DPay the amount of dumages thereby sustained, to be recovered, with cosis of suit,
in an action on the case, in the name and for the use of the United States of America,
in any court of competent jurisdiction. ’

8ECTION 4. 4nd be il enacted, That this act shall go into eflect immediately after
the pussage thereof.

Pagsed March 11, 1841,

OHIO.
An Act relating to surveys authorized by tho congress of the United States, in the state of Ohio,

SECTION 1. Be it enacted by the General Assembly of the State of Ohio, That any person
®mployed in the execution of auy survey authorized by the congress of the United
Stutes, may enter upon lands within this state for the purpose of exploring, trian-
Bulating, leveling, surveying, and of doing nny work which may be necessary to
tarry out the objects of oxisting laws, and may establish permanent stations, murks,
and erect the necessary signals and temporary observatories, doing no unnecessary
Injury thereby.

8kc, 2. If the parties interested cannot agree upon the amount to be paid for dam-
gus caused thereby, either of them may petition the probate court in the county in
Which the lund is situated, which court shall appoint a time for a hearing as soon as
Way bo, and order at least fourteen duys’ notice to be given to all parties interested,
3nd with or without a view of the premises, as the court may determine, hear the
Parties and their witnesses, and assess dumuges,

SEc. 8. The person so entering upon laud muy tender to the injured parties dam-
8ges therefor, and if, in case of appeal to the probate court, the damages finally
U88essed do not excoed the amount tendered, the persons entering shall recover costs;
Otherwise the prevailing party shall recover costs.

SEC. 4. Tho costs to bo allowed in all such cases shall be the same as allowed
a""‘30!‘ding to the rules of the court.

S.“-'C- 5. 1f any person shall wilfully deface, injure, or remove any signal, monument,

“ﬂding, or other proporty of the United Stutes coast survey constructed or used
Under or by virtue of the acts of congress aforesaid, he shall forfeit a sum not exoeod”
lng_ﬁfty dollars for each offense, and shall be liuble for damages sustained by the

Qited States in consequence of such defacing, injury, or removal, to be recovered

81 action in the cnse in any court of compotent jurisdietion,

EC. 6. This act shall take cffect from and after its passage.
JaMES E. NEAL,
Speakor of the House of Representatives.
JAMES W. OWENSs,

Iresident pro tem. of the Sunate.
Pussed April 14, 1879.
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OREGON.
An Act relating to Surveys Authorized by the Congress of the United States in the State of Oregon.

Be il cnacted by the Legislative Assembly of the State of Uregon :

SrcrioN 1. Any person employed in the execution of any survey authorized by the
congress of tho Unitod States may enter upon lands within this State for tho purpose
of exploring, triangulating, leveling, surveying, and of doing any work which may
bo necessary to carry out the objects of existing laws, and may establish permanent
station marks and erect the necessary signals and temporary observatories, doing no
unnecessary injury thereby, having first paid or tendered to the owner thereof the
compensation or dumages hereinafter prescribed.

SkcrioN 2. If the parties interested cannot agree npon thoe amount to be paid for
damages caused thereby, cither of them may petition tho county court in the county
in which the land is situated, which court shall appoint a time for a hearing as soon
as may be, and order at least fourteen days’ notice to Le given to all parties interested
and, with or without a view of the premises, as the court may determine, hear the’
parties and their witnesses and assess damages.

8rctioN 3. The person so entering upon land may tender to the injured party dam-
ages therefor, and if in case of appeal to the county court the dumages finally assessed
do not exceed the amount tendered, the person entering shall recover costs; other-
wise thie prevailing party shall recover costs.

SEcCTION 4. The costs to be allowed in all such cases shall be the same as allowed
gccording to the rules of the court.

SecTioN 5. If any person shall wilfully deface, injure or remove any signal monu-
ment, building or other property of the U. S. coast survey, constructed or used under
or by virtue of the Acts of congress aforesaid, ho shall forfeit a st not exceeding
fifty dollars for each offense, and shall be linble for damages sustained Ly the United
States in consequence of such defacing, injury or removal, to be recovered in an action
on the case in any court of competent jurisdiction.

8rcTioN 6. Inasmueh as there is no law on this subject, this Act shall be in force
from and after its approval by the Governor.

Approved Foebruary 25, 1889,

SOUTH CAROLINA.

An Act relating to the Survey of the Coast of Bouth Carolina under the authority of the United
States. No. 3021.

I, Be it enacted, by the. Senate and House of Representutives, now met and sitting in
General Assembly, and by the authority of the same, That any porson employed under
and by virtuo of an Act of the Congress of the United States, passed tho tenth day
of February, in the year of our Lord ono thousand eight hundred and seven, and the
supplements thereto, may enter upon lands within this State, for the purpose of
exploring, surveying, triangulation, leveling, or doing any other act which may be
necessary to effect the obﬁect of the said Act of Cougress, doing no unnecessary injury
thereby, so that the dwelling house, yard, garden, gravoyard, or ornamental trees,
of any person be not invaded without his consent: 4nd provided, that bofore snch
entry. the person so employed as aforesuid, shall enter into bond, with sufficient
security, in such sum as may be agreed upon by and between the said persons so
employed us aforesaid, and the owner of tho said lands, conditioned to pay whatever
damages may be doue after such entry ; and in case of disagreoment of the parties as
to the amount of the penalty of the hond, the samme may be determined by any Judge
of the Court of Common Pleas of this State in chambers or open court, upon applica-
tion to him, after ten days’ notice to thie opposite party, which application may be
supported or answered by atidavit.
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II. If the parties intercsted cannot agree upon the amount to be paid for the dam-
8ges coused Ly doing any of the acts aforesaid, cither of them may petition the Court
of Cowmmon Pleas for the districtin which thedamagoe hus been dono for the appoint-
lent of five commissioners, a wajority of whom shall value and fix tho amount of
t%le said damuago, either upon view or upon competent testimony, as the said comuis-
8loners may deem hest,  And the said commissioners, before they act, shull severally
tuke an oath Leforesome magistrate, faithfully and impartially to discharge the duty
assigned them, and shall return their proceedings, with a full description of the dam-
480 done, under the hands and seal of a majority of them, to the Court from which
the commission issued, there to remain of record.

IIL. In casocither party shall appeal from the valuation of tho damage so fixed Ly
the gaiq commissioners, or o majority of them, to the Court at its next sitting there- -
after, anq give fiftecn days’ notico to tho opposite party, of such appeal, the Court
Shall order a new valuation to bo made by a jury, who shall Lo charged therowith in

16 8ame term or as soon as practicable, and their verdict shall be final and conclu-
81¥e between the parties, unless n new trial shall be granted.

Iv. 1f any porson shall wilfully and maliciously destroy, or in any manner hurt,
d“"mgo, or obstruet, or shall wilfully nnd maliciously cause, or aid, or assist, or coun-
8¢, or advise any other person or porsons to destroy or in any manner to hurt, dam-
8¢, injure or obstruct any signal, momunent, building, or #uy appendage thereto,
Used or constructod under and by virtne of tho Act of Congress aforesaid, he shall
Lo lablo to Le indicted ‘therefor, and on conviction shall be imprisoned not more than
0"‘0 month, or pay a fine not excoeding fifty dollars, or both, at the discretion of the

ourt before which such conviction shall take place, and shall be farther liable to
an all expenses of ropairing the same, and it shall not he competont for any person

N °ﬁ'8nding, to defend himself, by pleading or giving in ovidence that he was the
olvller, or agent, or servant of the owner of the land where sucl damage was done

Caused at tho time the snwoe was cansed or dono,
on N the Senate Honse, the soventeenth day of Decomber, in the year of our Lard

.0 thousand, oight iundred and forty-eight,' and in the seventy-second yonr of the
YVersignty and Indopendence of the United States of America.
R. F. W. ALLsTON,
President of the Senate pro. tem.
W. F. CoLcock,
Speaker of the House of Representalives.

TENNESSERE.
Cuarrir XXIV,

An Agt rolating to the United States Const Survey in the State of Tennessce.

ps:o(’:ION 1. Beit cnacted by the General Assemdly of the State of ]‘cnncsa('f, That any
e employed under and by virtue of an Act .of Congress of the United St{ttes,
aupmelth“ tentl day of Februury, one thousand eight hundred and seven and of the
. lents thereto, or under the direction of Congress to form a Geodotic conneo-
State ;t‘vﬁell the Atlantic and Pacific coasts, and to furnish triangulation peints for
i ."1‘\'0,\'8, may enter upon such lands within this Stuate for the purpose of oxplotr.
nec;szl::;ijiulating, leveling, l?urvoying.nnd of'do'mg any other act which may beo
0 carry ount tho objocts of said laws, nnd may crect any works, stations,

b\l. .

ilaj . s . -

“.1_”“@8 and uppendages requisite for that purposs, doing no unnecessary injury
Dy

—

1 Sevon.
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Suc. 2, Be it further enacted, That if the person or persons, over whose lands the
survey has been made, or upon whose lands monunments, stations or buildings have
been erected, or who has in any way sustained damage by such survey, cannot agree
with the officer of the Coast Survey as to the damage sustained, the amonnt of such
damago may be ascertained in the maunner provided by Chapter 11, of Title 8, Code
of Tennessee, providing for taking private property for public uses.

SEc. 8. DBe it further enacted, That if any person shall wilfully deface, injure or
remove any signals, monuments, buildings or other property of the United States
Coast Survey, constructed or used under or by virtue of the Acts of Congress afore-
snid, he shall forfeit a sum not exceeding fifty dollars for ench offense, and shall be
liable for dumages sustained by the United States in consequence of each defacing,
injury or removal, in an action on the case in any Court of competent jurisdiction.

SEC. 4. Be it further enacted, That this Act shall take effect from and after its pas-
sago, the public welfare requiring it.

Passed March 17, 1877,

Huex M. McApoo,
Speaker of the Senate.
EpwiN T. TALIAFERRO,
Speaker of the House of Representatives.

Approved March 21, 1877,
JaMEs D, PORTER, Governor.

VERMONT.

No. 251. An Act relating to the Survey of Lake Champlain, and to the operations connected there
with, in the State of Vermont.

It is hereby enacted by the General Assembly of the State of Vermont:

SEC. 1. Any person employed under and by virtue of an act of the Congress of the
United States, passed ‘the tenth day of February, onc thousand eight hundred und
geven, and the supplements thereto, may enter upon lands within this state for the
purpose of exploring, surveying, triangulating, levelling, and doing any other act
which may be neccssary to effect the object of said act, or of the act of Congress
passed the fifteenth day of July, one thousand eight hundred and seventy, and may
ercct any works, stations, buildings, and appendages requisite for that purpose
doing no unnecessary injury thereby.

SEc. 2. If the parties interested cannot agree upon the amount to be paid for the
damages caused by doing any of the acts aforesaid, either of them may petition #
judge of the county court of the county where such land is situated for the appoint~
ment of commissioners to appraise such damages; aud such judge shall give reason-
able notice to the parties interested of the time when and place where he will hear
the parties in such petition; and such judge may appoint three judicious and dis~
iuterested persons commissioners to ascertain the damages to such land-owner:
And such commissioners shall notify the parties interested, and shall proceed t¢
ascertain and appraise the damages to the land-owner, and shall muke & repor?
thereof to the county court then next to be held in the same county; and said court
may, for sufficient reasons, accept or reject suid report, in whole or in part, and may
render judgment in favor of the person interceted in the land for such damages 8¢
it shall sppear he has sustained, and may tax costs as said conrt shall judge ju®
and equitable, and shall issue execution therefor.

Skc. 3. The person so entering upon the land and doing any of the acts aforesaidr
may tender to the parties injured sufficient amends therefor, and if the damage®
finally assessed shall not exceed the amount so tendered, the person so entering shal
recover his costs, )



REPORT FOR 1898—PART II 17

Skc. 4. If any person shall wilfully deface, injure, or remove any signals, monu-
Ients, buildings, or any appendage thereto, used and constructed under and by
Virtue of tho acts of Congroess aforesaid, hio shall forfeit a sum not excoeding fifty
dollars for each offense, to Lo recovered by indictment for the uso of the party
Prosecuting, and shall also be liable for all damages sustained by the United States
of America, to Lo recovered in an action on the case in any court of competent
Jurisdiction. '

SEc. 6. This act shall take effect fromn and after its approval by the governor,

Approved Novenber 8, 1870.

VIRGINIA.
Laws oF VIRGINIA PASSED IN 1843-4—PaAck 63. Cuarrtrnr 85,

§ 1 of TitleI, Chap. 2. refers to ¢ Places purchased by the United States for forts
and other bLuildings.” :

§ 2. Auy person employed under the act of congress providing for a survey of the
Coasts of the United States approved the tenth of February, eighteen hundred and
8even, or under any act supplemental thercto, may, for the purpose of exploring,
Burveying, trianguluting or leveling, to effect the objects of the first mentioned act,
énter upon any lands within this state, remove the fences, cut down trees, or do any.
Other matter or thing necessary to effcet those objects.

$§ 3. The damages sustained by removal of the fences, cutting of trees, injury to the
Crops, or otherwise, if the same be not agreed upon, shall be ascertained either on
the application of the person so employed, or of the owner or possessor of the land,
88 follows, that is to say: notice shall be given by one of them to the other for ten

ays that at a certain time and place he will apply to u justice to appoint persons
to assess the damages. Upon its being shewn to the justice nf such time and place
that such notice has beon given, the justice shall appoint three intelligent, disinter-
8sted and impartial freeholders to make such assessment. They shall bo duly sworn,
8nd after giving five days’ notice of the time of thoir meeting, both to the applicant
“'fld the other party, shall go upon the premises, and then and there, upon their own
View and tho evidenco of such witnesses as may be adduced, to be by thom sworn
8nd exuamined, shall assess the damages.

§ 4. They shall make a roport of their proceedings, under their haunds, and file

6 8ame within five days thereafter in the office of the clerk of the ocourt of the
®ounty wherein the land is situated.

$ 6. Within ton days after the same be filed, either party may file with tho clerk a
Written notice stating that ho appeals from the assessment to tho county court.

§8. If no such notice Lo filed, the county court shall at tho first term thereafter
Confirm to roport, make a reasonable allowance to the frecholdors for their services,
8nd order payment to Le mado of thie amount so assessed, of such rllowance, of the
fficery’ fves and of what the witnesses may be entitled to for their attendance.

§7. If such notice be filed, either party may thereupon take out subpoanas for
:"itn&%sos; and at the first term at which the same can conveniontly be done, the

886 shall e heard. If either party desire it, a jury may be impuanelled to assess
® damages; but if this bo not asked, the court shall itself hear the witucsses and
nl_uke such assessiuent ns may seem to it proper. And the court shall give such
ections in regard to tho costs as it may deem right.
or b&' If any porson shall wilfully injure, deface or remove any signal, monument
tilding or any appendage thercof, erected, used or constructed under the uct of
®Ongross aforesaid, such person shull forfeit fifty dollars to any person who shall

8Ue for the sume, and shall also be liable to the United States for the damages thereby
Sustaineq,

Code of Virginia, published in 1849, pp. 60, 61.
8. Ex. 19, pt. 2—2
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WEST VIRGINIA.
Cuarter LXXXIV,
An Act concerning the United States Coast and Geodetic Survey in this State.

Be it cnacted by the Legislature of West Virginia :

1. That it shall and may bo lawful for any person or persons employed under and
DLy virtue of an act of the Congress of the United States, passcd February the tenth,
une thousand eight hundred and seven, and all acts supplemental thereto, at any
time hereafter to enter upon lands within this state for the purposo of exploring,
surveying, trinngulating or leveling, or deing any other matter or thing which may
be necessary to effect tho objects of said act; and to erect any works, stations,
buildings or appendages requisite for that purpose, doing no unnecessary injury to
private or other proporty.

2. That in case the person or persous cruployed under thoe act of Congress aforesaid,
or acts supplemental thereto, cannot agree with the owners or possessors of the
land so entered upon and used, as to the amount of damages done thereto by reason
of the removal of fences, cutting of trees, or injury to the crop or crops growing on
the same, it shall and may e lawful for the said parties, or cither of them, to apply
* to the circuit court of the county to have the same condemned, and such application
shall be proceeded in, tried and determined, in all respects, as provided in chapter
forty two of the code of West Virginia.

3. Thatif any person or persons shall wilfully injure or deface vr remove any sig-
nal, monument, or building, or any appendago thereto, orected, used or constructed
under and by virtuo of the act of' congress aforesaid, or any act or actssupplemental
tlhereto, such persons so offending shall severally forfeit and pay thoe sum of fifty
dollars with the costs of suit, to be sued for and recovered by any person who shall
first prosecuto the same hefore any justice of the peaco of the county where the per-
son 8o offending may reside, and shall also he liable to pay the amount of damages
thereby sustained, to be recovered with costs of suif in an action.on the case, in the
name and for the use of the United States of America, in any court of competent
jurisdiction.

Passed March 14, 1881,

Approved March 16, 1881.

[ Note by the Clerk of the Houss of Delegates.]

The foregoing act takes effect from its passage, two-thirds of the members clected
to cach House, by a vote taken by yous and nays, having so directed.



APPENDIX No. 2—1898.

ON THE RESULTING HEIGHTS FROM GEODETIC LEVELING ALONG THE
TRANSCONTINENTAL LINE OF LEVELS BETWEEN ST. LOUIS AND JEF-
FERSON CITY, MO., EXECUTED IN THE YEARS 1882 AND 1838, BY ANDREW
BRAID AND GERSHOM BRADFORD, ASSISTANTS, AND ISAAC WINSTON,
SUBASSISTANT.

Discussion and report by CiiaARLES A, SCHOTT, Assistant and Chief of the Comput-
ing Division.
Submitted for publication August 29, 2898,

The report which 1 have the honor to submit herewith gives the
resulting heights from geodctic leveling along the transcontinental
line of levels between St. Louis and Jefferson City, Mo., executed in
the years 1882 and 1888 by Assistants Andrew Braid and Gershom
Bradford.

In Appendix No. 11, Report for 1880, Assistant Braid explains the
ethod of leveling then in ase, viz: Two parallel lines were run simul-
taneously and in the same direction, one using (say) Staff E, the
Other Statt’ 17, the rods being placed at slightly different distances
from the intrument ; alternate parts of the double line were run in oppo-.
Bite directions. On level ground or where the slope did not interfere,
the average distance between the staves was 220 metres, the instru-
Inent being as near as may be nudway between them. This method
wag afterwards found unsatisfactory and was superseded in 1885 and
1886 by the better one of ruuning two independent lines, one forward,
the other backward. The latter method was employed in 1888 by
Assistant Bradford, who usually took the forward and Subassistant
Winston the backward measures.

Route of levels.—The hine starts from the Coast and Gieodetic Survey
bench mark J 3y 28 marked by a bronze plate on the western land pier of
the Great Bridge across the Mississippi at St. Louis, and identical in
level with bench mark XK;, known as the St. Louis Directrix, which is
Used by city surveyors and United States engineers. (For description
8ee Appendix No. 11, C. and G. Survey Report for 1882, p. 556.) The
line of 1882 follows the Missouri Pacific Railroad track to New Haven.
and g few miles beyoud to Iitlah, at which point it was taken up and

. 19
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carried, in 1888, along the same road to Moreau Creek (secondary bench
mark XXV), a few miles east of Jefferson City. Total development of
line of levels from St. Louis mark K; to temporary mark XXV, 194:5
kilometres, or 120-86 statute miles. (See illustration No. 1.)

Observers and dates of leveling.—Assistant A. Braid carried the line
from St. Louis to Itlah between October 15 and December 6, 1882, and
Asgistant (. Bradford, aided by Subassistant I. Winston, extended it
to the vicinity of Jefferson City between April 19 and June 30, 1888.

Instruments and rods.—Geodetic spirit level No. 1 was used by Assist-
ant Braid; it is described and illustrated in Appendix No. 11, Report
for 1880. The metric rods E and T are of the pattern shown on plate
23, Coast and Geodetic Survey Report for 1879, Appendix No. 15.
Asgistant Bradford used almost exclusively spirit level No. 2 and No.
3 on only four days; the rods A (A,), B, C, D were used at one time or
another.! Both instruments are described in Appendix No. 15, Report
for 1879. The instrumental constants are as follows:

'A; and B from April 19 to May 18; then C and D until May 28; then B and D
until June 7; after that date A, and B, but from June 23 to June 30 C and D were
again used, their broken thermometers having been replaced by new ones,



Geodetic Micrometer Leved Vo, 1, / Geodetic Micromeler Level Vo, 2. Geodetic Micrometer Level No. 3.

Aperture of telescope, 3°5cm 43 43
Focal length of telescope, 40°7em 41-0°W 41-0c0
Magnifying power of telescope, 26 | Used with low-power eyepiece, 265°6 | Used with low-power eyepiece, 256
. . ; idi : ’
Value of 1 div. of striding level, 57/-29 37737 {\ atl‘ue ?‘f sct}::ix‘?)%rf& ella’ve],f 211.48
Determined by A. Braid, Apr. 23, 1879. | Determined by J. B. Weir, Apr. 2, 1887. Determined by{é%ﬁ?iﬁﬁ;ﬁi‘; zﬁzo::‘(llsgs’.lbgs'
Collar inequality, object-end large,* 277-74 | Object-end large, 0//-25 and 0//-24. Object-end small, 0//'03 and 0//-41.
Determined by A. Braid, Dec. 9, 1882. Determined by I. Winston, Apr. 18, July 10,1888. | Determ’d by I.Winston, Apr.18, 19, July 10,1838.
Telemeter diaphragm of 3 horizontal spider lines. Three equidistant telemeter threads. Three eqyuidistant telemeter threads. -
Upper to middle thread, 16/ 52//-7 | Angular distance, 167 39//:3 | Angular distance, 14/ 00’7 &
Lower ¢¢ “ “« 167 357773 o
Value of 1 turn=—100 divisions of microm., 443//:1 ; Value adopted,} 257/7-5 | Value adopted,{ 257775 g
and 44277-9. =
determined by : determined by determined by 'ﬂ
- . Sy - Tittmann =
O.hliL I|ttmannl,8Aug. and Sept., 1877,and A. Braid, ; Q‘i"(_:l(;sl;alh in 1887. Winston | in 1879-"80-'87. g
ay 21, 23, 1879. inston McGrath
Weight of instrument and stand, 10°4 kg. : 204 kg. 204 kg. &
Increasing,f's and «’s of microm. correspond to de- | Increasing turns depress object-end of telescope. 53
pressing object-end of telescope.
Rods £ and £ are each 3m long. Rods 4, B, C, D are each 3™ long (see App. No. g, Rep. for 1887). ]
The graduation of these rods is of standard length at | The graduation of 4, is standard at 67°-0 Fah. or 194 C. >
62°.1 and 66°1 Fah. or 16°'7 and 18°'g C. B s wogpep o« gy & .
C “«© i “«© 68 ‘4 « ¢ 20 ~3 “ 3
Du 113 i 58 -1 “«@ “ 14 .4 ‘“ u

Fahrenheit scale, 0-oooo10

Coefficient of expansion of brass for Centigrade * 0000018

Index corr. of Z (Oct., 1883), 64-0mm
s & ) 61-omm | Index corr. of 4, (in Apr, and July, 1888), 77-2mm
B(“ “ 3 X3 [ ), 77-0“]!11
C (u L(ay 3 JU]Yy 3 , 60'4“"“
D (u 6 ‘e “ [ y 60-omm
* It was but 17,01 in the period April, 1881, to i[une,rBSz, as computed by H. Farquhar from records by A. Braid. :
t Used when determining collar inequality in July, 1888, the tube of striding level broken. 1 For particulars, see Appendix No. 14, Report for 1887, p. 276.

N. B.—This differeace between the terminal point of the rods and the zero of the “ brass scale” does not ordinarity come into consideration. None of these rods have under-
gone any change since their construction except that due to an acciden. to rod A in August, 188:1,and that due to wear of supporting surface. Comparisons for lengths of rodsC DD
and D were made by J. J. Clark, September 21, 1880, and August 30,1882, and computed by H. Farquhar. -t
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Metnod of observing.—As already stated, the method employed for the
part of the line between St, Louis and Etlah was that of running simul-
taneously two parallel lines, but this was changed for the remainder of
the line to the better practice of running two independent lines—one
forward, the other backward. Iu the latter work, before taking the
micrometer reading for ¢ horizon,” the bubble of the level was always
brought to the center of the scale.

Computations.—The field computation was made by the observer, and
the office computation of the 1882 work by Subassistant J. I, Pratt
and Mr, H. Farquhar, with results drawn up by Mr. A. 8. Christie.! The
observations of 1838 were reduced by the observers, and the office com-
putation was made by Mr. I, M. Little in November, 1888, and com-
pleted by Subassistant J. Nelson, in April, 1893. The usual corrections
were made for micrometric difference when pointing to horizon and to
target of staff; for effect of collar inequality; for curvature and refrac-
tion; for length of staff at various temperatures, and for index error
where necessary.

Results.—They are given here in the usual tabular form, but instead
of starting from the sea level the results are given differentially with
respect to the St. Louis bench mark K. 1ts height above the ocean is
at present not known with precision, but the value given in the Annual
Report for 1882, page 554, appears too high, to judge trom the two inde-
pendent lines of levels now extending to the Gulf. TUntil the fieldwork
is completed, and if temporarily approximate results of the bench marks
west of St. Louis be required, we may take for the height of this mark
126 metres, or 413-4 feet, nearly.

'Results reported by me, August 25, 1883.



Results from geodetic spirit leveling in Missouri—First part from St. Louis to New Haven (and Etlah), 1852,

Bench mark.
Date, 1882.

From— To—~

K,

Oct. 15 | Ks 181
22 | 181 187

22 | 187 188

25 | 188 189

25 | 189 190

Nov. 2| 190 191
2| 191 192

3| 192 193

31193 194

3| 194 195

31198 196

4] 196 197

4| 197 148

9| 198 204

g | 204 203

7 | 203 202

7 | 202 201 |
7 | 201 200 |

7 | 200 199

13 | 199 205§

13 | 205 206

13 | 206 X
131X 207"

14 | 207 208

Distance
between
successive
bench marks.

!
1

Difference of height between bench marks.

Discrepancy.

Distance from l
initial mark Ky.

f E or first line. I! F or second line.
e e -
k. m. m.
Qo000 | _.__._. et ———
0372 +13°5064 +13°5061
2°431 — 31293 — 31224
3:316 +18-g172 +18-9179
4655 —15-7988 —157945
7217 + 9-7236 <+ 9-7250
10066 —10°9293 —10°9311
14-020 -+ 7°1345 + 71342
14-972 — 577505 — 57473
17073 ! +17-1256 +17°1265
19-085 ': +15:2657 +15°2582
20238 +10-8348 + 108342
22574 +10-5820 | +10°'5790
23502 — 04905 |  — 0%48g2
25698 —17-8612 ! —17-8662
29332 —2971377 | —29°'1404
30°334 — 91403 — 971363
32°1i4 — 6-8468 | — 6-8444
34-248 + o'1142 | + o-1181
36-465 | - 01627 ¢ —~ 0°1669
t
38372 . 4+ 171323 ’ 4- 11364
407435 + 31798 |+ 31756
42414 :  — 24040 | — 2:3983
44355 | o+ renus i 4 12148
46382 |+ ogbgo | 4 09705

Mean.

|
(%]

-

N
wn
O

+ 97243
—10°9302
+ 771344
— 57489
+17°1260

+15-2620
+10'8345
" +10°5805
¢ — 0°48¢8
—17°8637

—29°1390
— 91383
6-8456
1162
01648

_{_

1'1344
31777
2-4012
+4- 172132
| + 0'9698

H

—I

mm.
+o'3
—69
—07
—4'3

—1°4
4+1-8
+0°3
_3'2
_0'9

+7°5
+0'6
~ 30
~1‘3
+50

427
__4'0
—2°4
~39
+4-2

—4°1
442
—57
~—33
—1I5

Height of

y ——-— | mark above
P‘ani§l , Total accu-

!
1
i

mulated.

mm.
00
+ 03
— 66
— 73
—116

b+

- AR Y7

|

J
! |
N\Dw\f PRI =N

Gu st

!
...
'S

St. Louis bench
mark K;.

.
00000
+-13'5062
103803
29°2978
13'5012

23-2255
122953
19°4297
136808
308068

460688
569033
674838
66-9940
4971303

199913
10-8530
40074
4°1236
3'9588

50932
8-2709
5-8697
7'c829
8-0527
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Resulls from geodetic spirit leveling in Missowri—First part from St. Louis to New Haren (and Etlah), 1882—Continued.

Bench mark. . Difference of height between beach marks. Discrepancy. .
Distance Height of
Date, 1882. between Distance from - mark above
' successive | initial mark Kj. . . Partial | Totalaccu- St. Louis bench
From— To~ | bench marks, E or first line. F or second line, Mean. E_F, mulated. mark Kj.
!
Lm. l Ene. ”. m. m. mm. mm. .

Nov. 14 | 208 209 1-830 48-212 + 39695 + 39629 | 4 39662 | 66 — 74 120189
14 | 209 210 1712 497924 + 3-4154 + 34143 | 4 34148 | 411 — 63 15°4337
18 | 210 21§ 2177 52-101 + 54122 + 5-4089 <+ 5-4105% +33 — 30 208442
18 | 215 216 27325 54426 + 6-0574 + 670593 | -+ 60583 | —1-9 — 49 26-9025
18 | 216 XI 0°925 55°351 — 67483 — 6-7480 — 67482 —0°3 — 52 20°1543
18 | XI 213 2°655 58-006 — 4'7312 — 47287 | — 47299 | —2°3 — 77 15°4244
18 | 217 218 0640 58646 — 0°'868g — 08680 | — 08685 . —o09 86 14°5559
21 | 218 224 2-428 61-074 + 11732 <+ 11719 + 11725 | 4173 — 73 157284
21 | 224 223 1575 - 62647 ~+11°7666 +11-7637 4117652 | -+279 — 44 274936
21 | 223 222 2°045 64692 +14-6175 +14-6112 +14.6144 ° -63 + 19 42-1080
20 | 222 221 o217 f 64-909 - 1°5192 + 15185 + 1-5188 | 4oy + 26 436268
20 | 221 220 3051 | 67960 +23-9667 +23°9673 +23-9670 —o0'6 + 20 673938
20 | 220 219 1-:8g0 69850 —14°3620 — 143641 —14°3631 +21 + 41 532307
20 | 219 214 1928 71778 —15°3343 —15°4353 | —154348 | 410 + 51 3777959
16 | 214 213 1569 73°347 ~12'9338 —12°9412 | —12°9400 | —2°4 + 75 248559
15 | 213 212 2:476 75823 — 3-2351 — 3-2341 — 32346 —10 + 65 216213
15 | 212 211 3'309 79°132 — 0°4045 — 03990 | — 04017 | —5°§ + 10 21°2196
22 | 211 225 2:329 | 81-461 -+ 1-5481 + 1°5503 + 1°5492 —2-2 — 12 227688
22 | 22§ 226 2°450 83-911 -— 0°'5850 — 0°5792 — 0°'5821 —58 — 70 22-1867
22 ' 226 227 1°943 85854 + 08756 + 08736 | 4 08746 +20 — 50 230613
23 | 227 XII 0861 86-715% +- 0:2358 + 0-2395% -+ 02377 | —3°7 — 87 23°2990
23 | XII 228 2-026 88-741 — 0°1652 — 0°'1704 — 01678 +5-2 — 35 23°1312
23 | 228 229 1°305 90-046 + 11348 + 11383 4- 1°1365 —3'5 - 70 24-2677
25§ 229 Ls 0451 90°497 +15°G322 +15'9332 | +15°9327 —Io — 8o 40°2004

144
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Lec.

229
237
236
235
234

233
232
231
230
238

X111
239
240

XIII

240
XIv

237
236
235
234
233

232
231
230
238

M,

239

1°265
2°416
2057
1-869
2079

2:025
2485
3095
2:040
1'103

0129
1080
2126
2347

/

Q1-311
93727
95784
977653
99732

101757
104°242
107337
109°377
110480

110°609
111689
113-815
116°162

—~— I°2052
+ 14987
— 04891
+ 13960
+ 10373

— 04763
+ 0.9834
+ 04674

— 0°3330 .

+ rgots

— 0-8887
-+ 06260
+ 0°1268
+ 00674

— I°2041
+ 14967
— o4

-+ 14976
+ 1-0365

— 04756
+ 09869
+ 04677
— 0°3341
+ 19034

— 08889
+ 062350
+ 01273
- 00666

._4'0
—33
+32
—1-7
+13
+o0°6
—2'1
+37
—0°3
—2"1
+1-0
—1°5

230636
24-5603
240695
255671
266036

26-1280
27°1149
27°5826
27-2485%
29-1519
282630
28-8880

29-0153
29-0819
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Description of primary and secondary bench marks between St. Louis, Mo., and Etlah, Mo.

K;—This mark is known at St. Louis as the ¢ City Directrix.” It has
been in use for many years in connection with the levels of the city,
It was originally the top surface of a pedestal of a monument
which stood on Front street, near Market. The monument shaft
was destroyed at the time of the great fire in thatlocality, but the
pedestal remained. It is now (1882) level with the curbstone and
forms a part thereof. A T mark has since been cut to indicate
the point used for a bench mark. The large bronze-plate bench
marks I;, on south face of the eastern land pier of the Great Bridge
at Bast St. Louis, Ill,, and J;, on the western land pier of the bridge,
were placed, as near as possible, on the same level with the Civy
Directrix mark K, (See C. and G. Survey Report for 1852, p, 554;
also report of the Miss, River Commission for 1883.)

| J

/ B.o M.

l U.S.C.&G.S. |

; l
1882
FiG. 1.

Secondary B. M, X.—Is cut on the upper surface of the middle top
stone of the south side of the east abutment of railroad bridge
(Missouri Pacific) at St. Paul, Mo. It is marked thus: B. o M.

Secondary B. M. XI1.—Is cut on top of the south side of the west abut-
ment of the Missouri Pacific Railroad bridge at Allenton, Mo. It
is marked thus: B g M.

U.S.C.& G.S.

B.9F M.
M,
1882

Ing. 2.

Secondary B. M. XIL.—Is a cross on the head of a copper bolt inserted
in the face ot a perpendicular rocky bluff about three-cighths of
mile west of South Point Station (Mo. Pac, R. R.). The bolt was
inserted by the United States engineers at work on improvement
of Missouri River,

Primary 3. M. 1L,—I8 cut on the horizontal surface of the stone ledge
under the windows of the east face of the German Catholic chureb
at Washington, Mo. It is marked as shown in fig. 1.

Primary B. M. My.—Is8 cut on the northeast corner of the building
occupied by the “New Haven Merchandise Company,” at New
Haven, Mo. The building stands a short distance south of tho
Missouri Pacific Railroad track and west of the ratlroad station.
The B. M. 1s inarked as shown in fig. 2.
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Secondary B, M, XIIL.—Is cut on the north side of the east abutment
of railroad culvert (Mo, Pac. R, R.) about one-eighth mile west of
New Haven, Mo. It is marked thus: B. o M.

Secondary B. M.X1V.—Is cut on the top surface of the north end of
the east abutment of a small railroad bridge or culvert (Mo. Paec.
R. R.) about one-fourth mile east of Etlah Station, Mo. 1t is

U.S.
marked thus: B. o M.
X1vV.

(See route diagrarm,)



Results from geodelic spirit leveling in Missouri—Second part from New Haven to vicinity of Jefferson City, 1858,

Beach mark.’

Distance Difference of height between bench marks. Discrepancy. Height of

Date, 1888 — between Distance from mark above

’ . N successive | initial mark Kj. Partial | Total accu- | St Louis mark

From— To— | bench marks. Forward measure. |Backward measure. Mecan, l:-—é mulalegu 3
R, km. m. m. m. mm. mm. m.
1882, . P 110-480 — - +29°'1519
Dec. 4 Dec. 4| M, XIII 0129 110°609 —0°88g0 —0-8887 —o0-8889 - —— 28-2630
4 4 | XIII 239 1080 111-689 +0-6239 +40-6260 06250 — — 288880
6 6| 239 240 2°126 113815 +o0°1278 -+0-1268 +4o0-1273 o —— 29°0133
6 6 | 240 X1V 2347 116°162 +o0°0659 +o0-0674 +0-0666 - - 29-0819
1888. 5 PO I 110°380 o o0 +29-1519
Apr. 19 May 2 | M, 1 0521 111001 —o0°6548 —0°6541 —0'6544 —07 — 07 284975
19 I I 2 0956 111-957 ~+0°3198 -+0°3169 +-0-3184 “+29 + 22 28-8159
i9 1] 2 3 0831 112-788 +o0-2576 +-0-2548 +0°2562 -+2-8 + 50 290721
20 1| 3 4 0-50% 113-293 —0°0502 —0-0528 —0°0515 +26 + 76 290206
20 1 4 5 0724 114°017 —o-8g10 —0-8885 —0°8898 —25 +4- 51 28-1308
20 1| s 6 0830 114-847 +0~4326 404375 404370 | —o9g | + 42 285678
Apr. 21 Apr. 30 0°759 . +-0-0287 +4-0°0227 . . s .

M;:\y 2 M’;y 32} 6 7 { o728 115609 { Foos7s T oos8yf| o068 | 426 t 68 285946
Apr. 21 Apr.30| 7 X1V 0°490 116-099 +0-4901 +-0:4891 -+0.4896 +10 + 78 29-0842
Mean XIv| .. 116°131 + 78 29-0830
Apr. 21 Apr. 30 | X1V 8 04744 116-875% —0°-0784 —0°'0746 --0'0765% —38 + 40 29-006%5
23 30| 8 9 0662 117°§37 —0°'1600 —o°1607 —0-1604 +o0-7 + 47 28-8461
23 30| 9 10 0858 118:395 ~+0-1742 +4-0'1779 —+o0-1760 —37 4+ 10 29-0221
24 28 | 10 1 0782 119177 —0°6261 —0°6286 —o0°6274 +25 + 35 28-3047
24 28 | 11 12 0911 120088 404952 -}-0°4950 +0°4951 +o02 4 37 28-8898
25 28 | 12 13 0818 120906 +0'4874 404837 +0-4856 | 437 | + 74 29°3754
25 27 i 13 14 0:936 121-842 —0°3931 —0°3926 —0-3928 —o0'5 + 649 28:9826
26 27 | 14 15 0782 122624 —00657 —0°0664 —0-0660 +o0-7 + 76 289166

8%
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26
May 3
Io

Apr. 26

May 4

[

~ qNNwn wn OV h

June 8
May 16
25
16
16

25
16

/ 0834 —o-°1302 —o0°1247 {
May 9 15 16 { 0831 123 457 —0°1293 —o°1217 / —0°1254 —4°8 + 31 287912
of] 0835 —o'1232 | —0°1229 |
| s ! ! X

Apr. 26 | 16 XV [ 0114 . 123578 | +1-0344 f +1-0339 +1-0342 f -+o5 -+ 36 29-8254

May 9| 16 17 0-927 124°384 +0-3828 +0°3825 +0-3826 +o0°3 + 34 59-1738
9|1y 18 0985 125-369 -+0°3205 ~+0°3186 +o-3196 | 419 | 4 53 29°4934
9118 19 o~282 126351 —o0-2762 —0-2740 —0-2751 —22 + 31 292183
9 0093 . : —+0-7521 +o0°7561 . x .
m} 19 20 |{ o6o 127043 |{ 1ol TorSio)| tosas | —r3| 418 29-9731
9| 20 21 o-805 127848 I —0-1655 —0°1630 —0°1642 —2°5 — 077 298089
81 21 22 1-028 128-876 404504 +40°4515 +o0-4510 —11 — 18 30°2599
8| 22 23 1-106 129-982 —0-0178 —0°0196 —0-0187 +1-8 00 302412
823 24 1038 131-020 +o-1218 +o°1210 +0-1214 +o08 L o8 30°3626
8| 24 25 1-062 1327082 +0-4491 | +o-4536 | +o4513 | —45 | — 37 308139
3| 25 26 0852 132°934 —0-0794 | —0°0802 —o00798 | +o0-8 -— 279 30°7341

. 1
7126 N, 0052 ! 132986 +1°4628 | +1-4632 ~+1:4630 ' —04 — 33 | 32°1971
12| 26 27 0677 133611 : —C'1193 ' —~0°1209  —0°1201 +16 [ I3 30°6140
12 | 27 28 0968 134°579 409055 | +0-go81 + 09068 —26 — 39 31°5208
12 | 28 29 0-896 135°475 +0-3169 +o-3180 ° to-3174 —I1 — 50 31-8382
12 | 29 30 O'ggg 136409 10'1725 +0'1t7329 I torp47 | —44 | — 94 3270129
1zy] . I . 05562 0°5663
1l 5o {13 137475 Tostes TR yoseas | st | —1ss 325757
15 | 3t XVI1 1°052 138-527 +4-0°6489 +0°6450 +-0-6470 +39 —10°6 33°2227
;g XVvI1 32 0998 1397525 +o0°3731 +0'3g66 +0°3748 | —35 | —ia1 33°5975
0°944 . —0°254 —0°2 . . :
june 8 32 33 { o538 1407469 Toases _O.zsgf}( —0-2589 | +36 | —r10%g 333386
ay 23 1184 } ~+0-88381 08744 ) . - .

25} 33 34 { 1-184 141°653 {0-8815 108849 ~+0°8822 +52 1 — 53 34-2208
23 | 34 35 1210 142863 ——0-6933 —0-6888 - | —o-€g09 —42 — 95 33°5299
23 o . 00 0
25} 35 36 { o0 143863 io.oggo jco.?gg +o0656 | —43 | —138 335955
23 | 36 XVII1 0656 144519 —o-1385 ~—0-1373 + —O°1379 —I2 —1I15°0 33'4576

€681 YOA 1.I0dIY
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Results from geodctic spirit lcveling in Missouri—Second part from New Haven lo vicinity of Jefferson City, 188§—Continued.

Bench mark.

Distance
L B
From— To— | bench marks.
|
1888. km.
May 16,18 May 22,23 | XVII XVIII 0°383
18 22,23 | XVIII 37 1144
18 22 14921
31 June 2} 37 38 { 1°495
May 18 May 22 1°566
3tMay 31,June 23| 38 39 | 1°564
June 4 June 4 1-564 )1
May 18 May 21 | 39 40 1'553 .
1§, 19 21 | 40 XIX 1-278
19 21 ; XIX 4% o-870
] 2[] o914
24 June 17| 41 42 0°914
June 4 4J’ 0911
May 19 May 21 | 42 43 0974
19, 24 Junme I | 43 44 1-211
May 24 1|44 45 1°364
M
24{ ju:r?:: 2?} 45 46 1'082
26 May 29) 0960
June 1 June 1f 46. 47 { 0-962
May 26 May 29 | 47 48 0-848
26 28 | 48 49 0°go0 |
26 28 | 49 50 1-039 |
26 8 | 50 51 1-061 |

Distance from
initial mark Kj.

Bm.
145°102
146246

147740
149°305

150-858
152°136
153006

153919

154893
156°104

157468
158550

159°511

160°359
161°259
162-298
163°359

Difference of height between bench marks.

Discrepancy.

Height of
: St Louts mark
Forward measure. |Backward measure.:: Mean, };92']:‘;' Tgﬁlln?gg‘.“' T 3
!

. ”, m. mm. mm. m.
+-0°9390 ~+0-9389 409390 | +o'1 | -—149 343966
—o0-8794 —0-8799 —08796 | +o5 | —144 33'5170
—-0°1412 —0°1331 e e ypen .

{ —or1328 — 01383 01362 09 15°3 333808
—+0°5681 +o-5816

{ -+-0°5775 +°'5786} +0°5774 —28 —-181 33'9582
-}-0°5824 +0°5763

! +0°237§ +0°-2436 -}-0°2406 —6-1 —24°2 341988
-i-0-3278 03275 +0°3276 +03 —-23'9 34'5264
—o0°2010 —0°1991 —0°2000 —1°9 —258 343264
—0°2624 —0-2522

{ —0°2595 —0'2565} —0'2564 | —49 | —307 34-0700
—0°2547 —0°2534
~-1-0060 --1-0090 ~+1-0075 —3° —337 350775
~+1-1416 +1°1437 +1-1426 —2-1 —35-8 36-2201
-{-0-0470 ~+0°0455 +o00462 | 4151 —343 362663

i —1-0914 ! —1-0948 —1-0931 +34 —309 3571732

i | .

lf touazs | HousBe\l oz | s <o

!{ oy | Toind +o0°4257 0 31t 35°5989

' —o-2077 -—0°2035 —0°2056 —4:2 —35°3 35°3933
+14371 | +1°4345 414358 | 426 | —3277 368291
—o0°3258 | -—0°3272 —0°3265 +1°4 —31°3 36°5026
—0-0518 | —0-0538 —o0-0528 +z0 —29'3 364498

0g
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May 28 | 52

O O OO

’
o072 -f0-5028 . eon
/5: 52 /{ 0812}/ 164°128 /{ 405046 +o-5017 / +o-5027 j
' 0092 164220 +0-2664 +0°2661 +0-2662
52 53 I 0820 164 948 —0'0465% ~0°0464 —-—-0'0464 i
1y ., 0832 —0°3289 —0°3239 . |
53 se l{ o 165781 o o33 —osess
| 54 55 0928 166709 —02724 —0°2698 —o-z711 |
55 561 0986 167695 ~+0-8934 +0-8934 | +08934
{56 57| 07905 168600 —0°3543 —o3498 | —o3520
. 57 581 o820 169°420 +o-7511 +o07553 | +o7532
i 58 59 0817 170°237 —0°1016 —o'1022 | —o'1019
i 59 60 : 0°942 171°179 +0-0600 -+-0-0610 | -+o-obog
i 6o 61 o870 172049 —0'0732 —00748 | —o0-0740
) o XX | o314 172°363 +0°4994 +04985 | {04990
9| XX 62 : 0739 173°102 —00079 —o-0080 —o0-0080
- 62 XXI | 1°223 174°325 —0°1606 -—0°1593 —o01600
¢ XXI 63 1-:002 175327 +-0-8696 ~+0-8746 —+0-8721
. 63 64 1-084 176°411 ~+o-4163 +o0-4159 +0°4161
| 64 63 . 0-896 l 177°307 —o0178 —0°0220 —0°0199
i 63 XXIT ! 0786 | 178:093 —07713 —07691 -—0°7702
PXXIT 66 : o844 | 178937 “+1+7270 --1-7287 +1-7278
66 67. 1039 | 179'976 +0°4371 -+0°4389 +0°4380
6 67 68 | 1:078 181054 —0°8449 —0-8461 —0-8455
| :
: 68 69 : 0-806 181860 —0°7478 —0°7454 —0°7466
69 70 0-842 182-702 +0-2703 “+0-2710 -+0°2706
i o836 +0°3512 +-0°3590
70 711y 0838 183539 +0°3518 +0°3556 01 403528
0837 +0°3493 ~+0°3495
16 71 72 1192 184731 -40°1626 +o-1612 +o0°1619
15 72 P, 0'097 184828 +2:3964 ~+2-3966 +2-3965
l 73 0656 185484 —2-5319 —2-5302 —2-5310
15 73 74 0778 186-262 -}-0-2088 +o0-2078 +0-2083
75 0838 187100 +0°1475 +o-1513 +0°1494

—2770
—274
—300

—326
—32°6

—37°1
—41°3
—40°7
—41°7
—40°1

—39°2
—39°1
—40°4
—45°4
—-45°0

—40°8
—43°0
—a44°7
—46°5
—45°3

—47°7
—43°4

—523

—50°9
—51°1
—52-8
—51-8
—55°6

369525

37° "187

37°5599
3774859

379849
37°9769
378169
38:68g0
39'[05[

39'0852
383150
40°0428
40°4808
396353

38-8887
3971593

v39'5121

39°6740
42°0705
395395
397478
398972

£68T ¥YOA L1JO0dAY
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Rosults from geodetic spirit leveling in Missouri—Second part from New Haven to vicinity of Jefferson City, 1888—Continued.

Bench mark. Distance . Difference of height between bench marks. ) Discrepancy. Height of
Date. 1888, ——————————, Dbetween Distance from = mark above
ate, ) successive | initial mark Ky.| Partial | Total accu. | St- Louis mark
From— To— | bench marks. Forward measure. |Backward measure. Mean, F-B. mulated. 3.
1888. km. Am. ne. m. m. . mm. ”.

June 14,19 Junezo | 75 76 09I 188-011 +o0-1597 +o-1572 +o°1584 +25 —53°1 400556
19 20 | 76 77 0906 188-917 +0°5809 +0°5782 +o5796 | 4277 | --50¢ 40°6352
19 20| 77 78 0832 189-749 +0°5384 +o3410 +o0-5397 | —=26 | —530 41°1749
19 20 ¢ 78 79 i 0789 190°538 -—0-0681 — 00668 —0-0674 —1°3 —354°'3 41°1075
25 20,23 0640 —0°3141 —o0-3080
26 261 79 XXIIT 0-638} 191°178 | —o-3101 —0°3081 —0°3094 —23 —-56-6 407981
28 28 0643 —o0-3072 . —0°3084
25 23 | XXIII XXIV 0421 191°599 —0°3978 —0°3964 | -—o0°3971 —1°4 —580 40°4010
25 20,23 | 79 80 0°534 191°072 -4-84g(5) —4-850;; —4-8488 +26 —51°7 362587
26 26 0-381 . —0°22 —0°234 . X e raen .

26 26} % 81 { 0.38,} 191°453 { —o2239 —02320 0'2292 | +84 433 | 36-0295
25 23 | 81 XX1V o301 191754 443750 +4:3750 | +43750 00 | —433 | 40°4045
Mean XXV 191°676 : ' —506 40°4028
27 28 0938 . +4-0272 +4-0195 . . 8- .
30 30} XXIV 82 { 0-948} 192°619 ’{ 40104 +4-0230 -+4-0222 +2-1 485 44°4250
27 28 [ 82 83 0-882 193°501 | —o0°0624 —0°'0602 —0°0613 —2°2 ~50'7 443637
27 30| 83 84 1214 104715 —1°5940 ~—1'5944 —15942 | o4 | ~—503 42°7695
29 30| 84 XXV o191 194996 +4o0-8160 +o08143 | +o0'8152 “+17 —486 ! 43°5847
! I

44
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Deac‘ript-im' of primary and sccondary bench marks between Itlah, Mo., and vicinity of
Jefferson City, Mo.

Secondary B. M. XY.—Berger, Franklin County, Mo. A limestone
post 1'7 feet long, rough at the bottom and dressed to 6 by 6 inches
at the top to a depth of 6 inches, was used as this B, M. Itis buried
1-5 feet in the ground. 1t is situated on the west side of Mrs, M. M.
Schaub’s house, close to the wall of the foundation and 3-3 fuet from
the southwest corner of the house. This house is quite close to the
track of the Missouri Pacific Railroad (50 feet), just north of the point
where the main street of the village crosses it. Both corners of the
stone on the south side are chipped off; and the stone appears to be
rather soft. :

P?’imary B. M. N,,—Hermann, Gasconade County, Mo, A cross cut
on the northeast corner (east side) of the stone foundation of the
“White House ” hiotel, A. C. Leisner, proprietor, at Hermann, Gas-
conade County, Mo., and the center of this cross was used as the
bench mark. The cross is 1:24 feet south of the corner and 1-26
feet above the surface of the ground. This beuch was marked as

U. 8.

. +
follows: B. M.
N..
1888. '

‘SPCOndary B. M. XVI.—Gasconade County, Mo. This bench'is the
bottom ot a square hole cut in the top of the stone abutment to
the iron bridge on the Missouri Pacific Railroad across Coles Creek.
The bridge rests on a portion of the abutment which is about 4
feet lower than that portion where the bench is cut. Near the
Corner of the stonc a cross is cut with the letters B. 4+ M.

B. M. X VT is 0-750 metre east of this, on the same stone. It is on
the east side of the creek and is north of the railroad. Mr. Eaffner
lives near the creek, on the west side. The bench is marked as

U. S.
follows: w}

. B. M.

'be"Ondary B. M. XVIIL.—Gasconade County, Mo. This bench is the
bottom of o square holo cut in the top of the middle stone pier of
the Missouri Pacific Railroad bridge over the Gasconade River.

S.

, M.

‘Secondary B. M. XVIII.—Gasconade County, Mo. This bench is the
bottom of a square liole cut in the center of the top of a limestone
Post which was set in the ground in the yard of Mr. J. Wolter’s
dWOlling and storehouse at Gasconade Station. The postis about
0-7 metre from the southeast corner of the house, which is situated
about 100 feet south of the Missouri Pacific Railroad and about

8. Ex. 19, pt. 2—-3

Itis south of the track and marked as follows: .D
B.
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200 feet west of the railroad station house. The post is dressed to
6 by 6 inches at the top and is 18 inches long, buried 15 inches in
U. S
the .ground. It is marked on top: o
B. M.

Secondary B. M, XIX.—Gasconade County, Mo. This bench is the
bottom of a small square hole cut in the top of the stone founda-
tion to H. Binkholter & Co.’s grain elevator at Morrison Station,
Missouri Pacific Railroad. The building is about 6 inches inside
the outer face of the foundation, and the bench is on this ledge, near
the northeast corner of the building, which is situated quite near
the track, on the south side. The-stoneis soft and the letters are
roughly cut; the bottom of the hole is smooth. This bench is

U. 8.
marked as follows: (»)
B. M.

Primary B. M. O;—Chamois, Osage County, Mo. This bench is the
bottom of a square hole cut in the top of the stone across the bot:
tom of the side door to the saloon on the northwest corner of Main
and Pacific streets. This door is on the Pacific strect side and
faces the railroad. The building is a two-story brick, with imita-
tion stone foundation. The bench is near the west side of the doo¥

U. S.
and is marked as follows: o]
B. M.

03.
1888,

Secondary B. M. XX.—8t. Aubert, Osage County, Mo. This benech i8
the bottom of a square hole cut in the top of the stone abutmento
the Missouri Pacific Railroad bridge across Creek, opposit®
the village of St. Aubert. The bench is on the cast abutment, ad
is south of the track. The letters are very roughly cut. The bridg®
is about one-fourth mile west of the depot. The bench is marke

U. 8.

as follows: O
B. M.

Secondary B. M. XXI.—Near St. Aubert, Osage County, Mo. Is on th®
north side of east abutment of the first trestle west of mile pOsf‘
106 on the Missouri Pacific Railroad, and is about 1 mile west ?f
St. Aubert Station and between it and Isbell Station. The B.M. 18
a spot surrounded by a square trench (about an inch square), wit

T S8
the letters 0 rudely and slightly cut.
B M

Secondary B. M. XXII.—Isbell, Osage County, Mo. This bench is th®
bottom of a square hole cut in the top of the stone abutment 0
the Missouri Pacific Railroad bridge over Loose Oreek. It 1®
on the east abutment, and is north of the track, It iy situated 0%




REPORT FOR. 1895—PART II. . . '85

the step in the abutment on which the bridge rests, and is about
5 feet below the track. Near the corner of the stone a crossis
cut, with the letters B. M., thus: B. + M. This bench is about
: U B
one-half a mile east of Isbell Station. Marked as follows: BDM
"The stone is a soft sandstone and the letters are roughly cut.

Primary B. i, Py—At Bonnot’s Mill, Osage County, Mo. It is on the
northwest corner of a brick bmldmg used as a store and owned by -
Mrs. 1., Bonnot, and is on the limestone block forming the corner
stone, which is about 8 inches square at the end and projects some

"4 inches. The mark is a square cavity in center of projection, and
has on upper surface U. 8. 0 B. M. and on western face P, 1888,
The stone is 35 paces south of railroad. The exact B. M. is the
. bottom of the square cavity.

becomlar y B, M. XXIII.—This B. M. is the surface of the stone inside
a square (0) cut on top of the fourth pier (from cast bank) of the
Missouri Pacific Railvroad bridge over the Osage River at Osage,
Mo. The B. M. is nnder the center of the track and about the

‘ center of the top of the pier,

Secondary B. M QK\IV —This B. M. is the bottom of a square cavity
cut in the top of a stone post set in the sonthwest corner of Mrs.
Rassler’s boarding house yard at Osage, Mo. The stone post (lime-
stone) is dressed to G by 6 inches at the top and 6 inches below; it
is about 2 feet long and is set 22 inches in the ground. The top of

U8

]

B M

~ Becondary B. M. XXV.—This is the bottom of a square cavity cut in

the capstone on south end of west abutment of first trestle west of
mile post 119 on the Missouri Pacific Railroad, between the Osage

U S
River and the Moreau Creek. The letters 0  are placed thus,
B M

the post is lettered as follows:

“and roughly cut. ‘
(See route diagram, illustration No. 1.)

Accuracy of the preceding results for heights,

The femporary marks of the line between St. Louis and New Haven
are fairly regularly distributed, with an average distance apart of 19
kllometxes hence we may assume the weights for these partial lines to
be equal and the probable error of a difference of height of 1 kilometre
from # double measure (here two simultaneous measures) becomes

D
=0 675\/14 -~[§J]
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and the probable error for height of a terminal point at the distance
S={s] will be

——ic

These expressions suppose the two measures to be independent of
one another; this, however, is not the case with simultaneous lines, the
condition of the atmosphere at the time being the same for both, and
this i8 also partially true of the condition of the instrument, so that the
weight of results from two sinultaneous lines is but little better than
that for one line. Expericnce showed that in case of two simultaneous
lines the above probable error should be increased by its one-fourth
part in order to approximate to a mmore correct value.

We have [dd|=095-1 and [5]=116-2;
hence r,, = - 0:83"m and adding one-fourth, the corrected value
=+ 1:04"™ also r= |- 11-2mm,

In the line between New Haven and vicinity of Jefterson the tem-
porary marks are also regularly distributed, but only 0-9 kilometre apart
on the average; here we have [dd]=719-9 and [s]=844; hence »,,= +
0-98™m and r= + 9-06m™,

Also for first part of line m,=\/.l)d[‘g, or the meay error of a single
leveling of one kilometre, after increasing the » by its fourth part

‘ m,= £ 2:16mm
and for second part m,= :i: 2:06

The probable crror of the difference of height between St. Louis (Ka)
and vicinity of Jefferson (XXV)

4 11-2 4 91 = f. 1o
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APPENDIX No. 8—1898.

PHOTOTOPOGRAPHY AS PRACTICED IN ITALY UNDER THE AUSPICES
OF THE ROYAL MILITARY GEOGRAPIIICAL INSTITUTE, AND AS PRAC-
TICED IN THE DOMINION OF CANADA UNDER THE AUSPICES OF THE
DEPARTMENT OF THE INTERIOR. ALSO A SHORT HISTORICAL REVIEW
OF OTHER PHOTOGRAPHIC SURVEYS AND PUBLICATIONS ON THE
SUBJECT.

Submitted for publization December 9, 1893, by J. A. FLEMER, Assistant.

PREFACE,

A topographic survey of a large area or of an entire country has
been and still is a very laborious, time-absorbing, and expensive under-
takin g. Nearly all the European countries have such surveys of a more
Or less elaborate and detailed nature, which are the fruits of ceaseless
Work, begun many years ago, and in most instauces the topographic
Work is continued to this day, in order to maintain the value of the
Mmaps, particularly for military purposes, by making frequent resurveys,
Covering all changes subsequent to the time at which the original sur-
Veys had been completed.

The completion of a topographic survey of the United States, exe-
tuted on a scale to be useful for general purposes, if undertaken now,
Could not be witnessed by many of the present generation. With a
Practical people like the Americans such an undertaking would prob-
bly be looked upon with more favor if the generation that begins this
Work would also reap some of the beuefits thereof.

The topography of this country is so diversified and the population is
8o Unevenly distributed over the same that the methods to e employed

r such a survey should also bediversified; the character and value of
¢ different sections should govern the accuracy and amounts of detail
°f the survey, in order to reach the quickest yet practically useful and

Valuable results.
b mute and detailed methods, with ensuing accurate results, should
Q

r applied to cities and all closely settled regions, to the coast, larger
vers, and lakes, and the work should be platted on a large scale. Arid,

8rren, and mountainous regions, as well as prairies and swamp lands,
37
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should be more generalized in their cartographic representations and
platted on a small scale.

The new survey of Italy demonstrates this fully, and it is there that
phototopography, the subject to be considered in this paper, has
reached a high state of perfection under the auspices of the Military
Geographical Institute of that country.

Photogrammetry proper (or metrophotography) shiould be applied to
the art of taking perspective views of buildings with a photographic
camera for the purpose of constructing therefrom the elevations and
ground plans of buildings. Itisused chiefly for architectural purposes
(remodeling, illustrating, copying, ete.).

The term phototopograply should be generally adopted for all topo-
graphic surveys based on perspective views of the terrene obtained by
means of the camera..

Photographic survey, finally, could then Le applied to all surveys based
on photographic data which do not include the delineation of the
terrene (nonhypsometric surveys).

We have endeavored to give in the following pages a short review of
the more important photographic surveys, and of some of the publica-
tions on photogrammetry and phototopography, as well as a concise
description of the general methods and principles of phototopography
as practiced in Ilurope and in the Dominion of Canada, in order that
this branch of surveying may become more generally known, tested, and
amplified also in this country.

SHORT REVIEW OF PIIOTOGRAPHIC SURVEYS AND PUBLICATIONS.

In Europe the possibility of applying photography for constructive
and surveying purposes was recognized many years ago.

Photographs obtained by aid of lenses ground specially with a view
toward reducing astigmatic aberration as much as possible and giving
a uniform extension of definition and depth over a strictly flat field will
represent geometrically true perspectives,

Photogrammetry, or metrophotography, is the art of ascertaining
graphically the true dimensions of objects from their perspectives, in
which the relative dimensions of the objects are changed and distorted
(chiefly foreshortened) and can not be ascertained by direct linear meas-
urements in consequence of being represented in perspective view on @
plane surface.

The study of constructing geometrical views and ground plans of
objects represented in perspective can be divided into two groups or
chapters.

1. To construct geometrical plans from perspectives, composed of
regular figures and taken from points of view close to the objects
thus represented, for instance, to construct the elevations and ground
plans of buildings, mnachines, and the like from photograplhs taken from
stations sufficiently close to the same to delineate all details. This art
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may properly be termed photogrammetry gr metrophotography; it is
of interest only to constructors, architects, paleologists, artists, ete,

2. The objects represented in perspective are of irregular shape and
at various distances from the stations or points of view, like distant
landscapes, and it is desired to construct therefrom, graphically, a
topographic map of the terrene, projected in horizontal plan. This art
may be termed phototopography and it interests topographers, geo-
graphers, geologists, explorers, hydrographers, ete.

Descriptive geometry teaches the laws which are to be followed
when representing objects by drawings on plane surfaces, The eye
receives the natural image or the view of an object Ly aid of the rays
of light—termed visual rays—which emanate from the illuminated
parts of an object facing the spectator.

If we regard the eye as a fixed point and imagine the rays of light,
emanating from diflerent points ot the object in view, intercepted by a
Vertical plane, we will obtain a central projection or a perspective view
of the object in the vertical plane.

The greater. the distance of the object from the eye, the less great
will be the deviation of the extreme visual rays from the direction of
the central ray; for an iufinite length of the central ray all the rays
will become parallel.

1f the picture or image of the object is given us as a true perspec-
tive in a plane, we can, inversely, construct therefrom a geometrical
Projection of the object in a plane placed at right angles to the picture
Plane, if we know the distance and relative position of the point of
View with reference to the picture plane, and if we have views taken
from g sufficient number of stations in space to envelop the irregu-
larly formed object in question.

Regarding a photograph as o geometrically true perspective, photo-
8rammetry will be the art of reconstructing geometrical horizontal
Projections from given perspective views,

. The theoretical fundamentg ineiple
lous rest were known to
f’DDIication of the same
gnd bydrographer, Beautemps-Beauprg, ientif
00 during the years 1791 to 1793. AltHouglitlié ¢aiiera had not yet
see" invented, it is “sMM—B‘eEutemp&Beaupré was an expert
reefceher, and he made perspective drawings and sketches of coast
. glons while on that expedition, from which, at a later period, he
Obstructed topographic maps of a part of Van Diemen’s Land (now
48Mania) and of the 1sland of Santa Cruz. Notwithstanding Beau-
“Mps. Beaupre's frequent allusions. to the feasibility of this method of
w:‘:mg reconmussancq,:ﬁ'i‘?’?frm topographic maps, nothing more
accomplished untfl Laussedat, pdajor in the French army, took the

Udy of this subject Wp in 1850,a66ing, however, the camera to obtain

® Perspectives,

Qi which such reconstruc-
“Dut the first practical
the celebrated French savant
while on a scientific expedi- .
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In 1839, shortly after Daguerre had presented his memorial upon
photography to the Academy of Sciences in Paris through Arago, the
latter called attention to the possibilities of photography in the Cham-
ber of Deputies, where he said:

* * * Nous pourrions, par exemple, parler de quelques idées qu’on a eu sur les
moyens rapides d’investigation, que le tepographe pourra emprunter & la photo-
graphie,

Gay-Lussac similarly called attention to the probable adaptability of
photography to topographic surveys.

In 1838 Chevallier had an instrument patented which he called a
“planchette photographique.” This photographic plane table is men-
tioned and described by Alophe (1861), d’Abbadie, Baté (1862), Jouart
(1866), Tronquoy, etc.

Jounart, Wiganowski, Baté, and others also made practical tests and
topographic surveys with Chevallier’s photographic plane table.

Captain Cannette used the sextant and photographic camera to make
topographic surveys, chietly of fortifications.

In 1851 Laussedat constructed a ¢ camera clara,” which in 1858 was
superseded by the ¢ camera obscura” with additional improvemeuts for
surveying purposes, by Reynault. Laussedat, as ¢ chef du génie corps,”
made numerous experimental surveys and studies with Reynault’s
improved ¢camera obscura,” partly on his own behalf and partly under
the direction of the French ministry of war. He also was the first to
make topographical surveys with the aid of balloon photography.
During the years 1863 to 1870 he had the assistance of Captain, now
Commandant, Javary, who improved the I'rench phototheodolite and
made experimental surveys in the mmountains of the Dauphiné and
Savoie, in the Vosges, and in Alsatia. The first practical survey of a
more extended character made with the aid of photography in France
was made by Laussedat in 1861, when he mapped a portion of Paris
and also the town of Grenoble under the auspices of the ministry of
war. The area covered by this survey was 0-4 square mile; the field-
work consumed sixty hours, and the office work was accomplished in
two months. o/

Pujo and Fourq®de published an article in Les Mondes, 1865, on
“Goniométrie photographique.”

Other publications in French are:

Comptes Rendus de ’Académie des Sciences, Paris, XLIX. 1859; L,
1860; LI, 1860; LIX, 1864; 1885 and III, p. 729-732, 1890.

Magasin Pittoresque, XXIX, 1861.

Anpales du Conservatoite National des Arts et Métiers, 2° série,
1V, 1892,

Comptes Rendus du Congrés de Pau et Revue Scientifique de 1892.

“Eléments de Photogrammdtrie,” in Bulletin de la Soc. d’Editions
Scient., Paris, 1891, by V. Legros. '

Application de la I’botographie & la Topographie Militaire, par E.
Paté. 1862, ‘
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Mémorial de "Officier du Génie, No. 16, 1854; No. 17, 1864; No. 22,
1874.

Bulletin de la Société de Géographie de Paris, Déc. 1862,

Application de la Photographie aux Levers Militaires, par A, Jouart,
1866,

La Photographie Appliquée aux Etudes Géographiques, par Jules
Girard, 1872.

De la Photographie et ses Applications aux Besoins de 1'Armée, par
Fl. Dumas, 1872,

La Photograplhie Applignée an Lever des Plans, par J. Bornecque,
1886,

La Photographie dans les Armées, par Alfred Hanot, 1873, -

La Photographie sans Objectif, par 12, Colson, 1887,

La Nature (Paris).

La Revue d’Artillerie (PParis).

Bulletin de l1a Société Frangaise de Photographie (Paris),

] Les Levers Photographiques et la Photographie en Voyage, par le
Dr. ¢tustave Le Bon, 1889,

Aunales du Conservatoire des Arts et Métiers. Edouard Monet: Prin-
Cipes Ifondamentaux de la Photogrammétrie, published by La Société
@Lditions Scientifiques, No. 4 Rue Antoine-Dubois, Paris.

Inrecent years the French ministry of war has had numerous experi-
Ments made with balloon surveying (using both the. captive and free
baJlloon), balloon photography being better adapted for military and
Secret surveys. : '

France had an exhibit at the World’s Columbian Exposition in Chi-
®ago, 1893, showing photographic instruments and specimens in illus-

Tation of topographic and astronomical results; gained chiefly under

@ direction of Qol. A. Laussedat and taken from the collection of the

Ohservatoire National des Arts et Métiers, in Paris, of which Bureau
YOl A Laussedat is the director.

. 'l?he 1?1rst German publication bearing on this subject i
Tticle in Horn’s Photographische Mittheilungen,
aserlflall translation of A. Laussedat’s explanations™ escriptions,
8lven by him on January 9, 1863, in a meeting of the French Photo-
Eraphic Society.
editf‘. A. Meydeubaur's first publication ou this subject is in the, Junek
10n of the Photographische Mittheilungen of 1863, \where he uses
« © term ‘‘photometrography,” which was subsequently changed into
Dhot‘.’gl_‘ammetry.” -
9gel published, in the March number of the same magazine for 1866,
D‘(’;Ptl(:le on the use of Johnson’s photographic instrument for making
ertigmphlc surveys, showing the method of obtaining horizontal and

: vcal angles from the perspectives.

en?ir S8lnce Dr. Meydenbaur first became interested in this method

8avored to interest German private and Government surveyors

an
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in photogrammetry. He has Leen recently appointed director of the
Photogrammetrical Institute in Berlin, founded by the Prussian Gov-
erument as a branch bureau of the ministry of culture. May 4, 1893,
Dr. Meydenbaur (royal counsilor), gave a lecture on metrophotog-
raphy, or photogrammetry, in the ministerial bunilding, under the aus-
pices of Mr. Bosse, minister of culture,

Although this photogrammetrical institute was founded several years
ago, no official publications or reports have been issued yet to the public,

Professor Jordan, Dr: Doergens, Dr, Stolze, Dr. Vogel, and Dr. Hauck
have done much toward popularizing the photographic methods of sur-
veying in Germany and Austria.

Professor Jordan published «a treatise upon “The application of pho-
tography for geometrical representations” in the Zeitschrift fiir Ver-
messungswesen, 1876, Ieft 2, Bd. V, and he points out the future
importance of photogrammetry in his closing remark: “FPhotogram-
metry can be applied with the greatest advantage in certain cases, e. g.,
for the survey of inaccessible mountain groups and ranges, on scientific
expeditions,” ete.

The first attempt at a photogrammetric survey in Germany was made
under the direction of the Prussian ministry of war and commerce in
1867, when a survey of the town of Freiburg and also an architectural
survey of the cathedral in Freiburg were made. The fieldwork was
continued through four days and the area surveyed comprised about
0-04 square mile. The office work for the construction of the map con-
sumed. three weels, while it took one week to draw the ground plan,
one side, and one front elevation of the cathedral.

During the Franco-Prussian war phototopography was called into
service by the German army, and a detachment of the engineer corps,
under Dr. Doergens (later professor of geodesy in Berlin), was formed
to obtain certain distances about the city of Strasburg with tue aid
of a camera, during the siege of that city, This detachment made.
a map on the scale of 1 to 25,000 of the besieged front of the city.
However, the result was not utilized by the army, the city having capit-
ulated before the map was fully platted.

Professor Jordan, as member of Rohlf’s African cxplorivg expedi-
tion in 1873-74, made a phototopographic survey of the Qasis Gassr
Dachel in the Libyan desert.

In 1874 Dr. Stolze used a Meydeubaur camera-theodolite to make o
survey of the ruius of Persepolis, and also an architectural survey of
the mosque of Djumiht, in Shiraz, Persia.

In 1885 the students of the technical high school in Berlin, under
direction of Professor Pietsch, used two instruments specially con-
structed to obtain views also under an inclined position of the optical
axis of the camera. They obtained satisfactory results from various
ascensions made in a iree balloon, as well as from views taken on the
ground for architeetural purposes.
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Photography has also not quly found practical application in topo-
graphical surveys of Austria, principally in Steiermark and Kirnten,
but the art of phototopography has made rapid strides in gaining
public favor in that country, owing to the treatises and works pub-
lished on this subject by Pollack, Hofferl, Steiner, and others, as well
a8 to recent improvements in the instruments.

The following are the principal publications in German on photo-
graphiec surveying:

Photographisches Archiv, Septr., 18035,

Zeitschr. fiir Bauwesen, 1867.

Archiv fiir die Offizicre des k. preuss. Artillerie- und Ingenieur-Corps, .
Bd. 63, 1868.

Deutsehe Bauzeitung, 18

Zeitschr. t, Vermessungswesen, Heft 23 and 24, 1887,

Journal fiir die reine und angewandte Mathematik, Bd. 95.

Das Licht. 8. G. Stein. Heft 5, 1887. (Photogrammetrie, von V.
stolze.) :

Lechner’s Mittheilungen aus dem Gebiete der Photographie und
Kartographie. R. Lechner, Graben 31, Wien.

181)1‘. C. Koppe: Die Photogrammetrie, oder Bildmesskunst. Weimar,

89,

_V. Pollo¢k: Die photographischen Terrainaufnahmen mit Beriick-
Sichtigung der Arvbeit in Steiermark. R. Lechner, Wien, 1891,
V. Pollock: Photogrammetrie und Phototopographie. Mittheilun-
geu der k. k. geogr. Gesellsch., 1891 (pages 175-195), Wien.

Fr, Steiner: Das Problem der fiinf Punkte, cine Aufgabe der Pho.

8rammetrie, 1891. Wochenschr. d. str. Ing.- und Archt.-Vereins
(Pages 214-217).

I Fr. Steiner: Die Photographie im Dienste des Ingenieurs. Ein

Blirbuch der Photogrametric.. R. Lechner, Wien, 1891.
mFl‘: Schiffuer: Die photographische Messkunst, oder Photogram-
N e;rl(i,s ?;ldmesskuust und Phototopographie. Wilhelm Knapp, Halle

4y AOvL,
sOh;ft,é' Meydenbaur: Das photographische Aufnehmen zu wissen-
or] licken Zwecken, ins besondere (das Messbildverfahren. Unte’s
ags-Anstalt, Berlin, 1892,
]ich;st'd\' Fritsch, in Dr. G. Neumayer’s Anleitung zu wissenschaft-
o 1 Bﬁ?bachtungen auf Reisen. Robert Oppenhein:, Berlin, 1888,
* Schiffner: Ueber die photogrammetrische Aufiahme einer Kiiste
’ orbeifahren, Mittheilungen aus dem Gebiete des Seewesens,
» bages 412417,
fi-%tr. ]Ifatfer]: Ueber 1"hotogrammetrie. Vortrag. Wochenschrift des
" "8 . Archit.-Vereins, 1890, pages 199-203.
bip + Pollggk Ueber Anwendung der Photogrammetrie im Hochge-

e, 7 O . g . g - .
I)agges 2(}{28’&3- Woehensehriit d. dstr. Ing.- u. Archit.- Vereins, 1890,

72.
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Volkmer: Das Wesen der Photogrammetrie. Wochenschrift des
ostr. Ing.- u. Archit.-Vereins, Vol. X1V, page 157.

Jordan: Vermessungskunde. II. Feld-Landmessen. Metzler’sche
Verlagsbuchhandlung, Stuttgart, 1893, _

In Italy we find, as previously mentioned, that phototopography has
been brought to o high state of perfection in recent years,

Porro spent much time, labor, and euergy in perfecting photography
as applied to tachymetry and topography. The results of his labors
were pubtished in 11 Politecnico, Vols. X and X1, under ¢ Applicazione
della Fotografia alla Geodesia,” 1853, Saldini, Milano. PPorro’s instru-
ments have all been preserved by Salmairaghi, director of the 1’oly-
technic Institute at Milan, of which Porro was a member,

In 1875 Manzi Michele, officer of the Military Geographical Institute
of Italy, utilized some photographic views of the “Abruzzi” to supple-
ment Lis plane-table survey of the “Gran Sasso.” In 1876 the same
officer continued the practical application of photography for the topo-
graphical survey of “Mont Cenis” (Bart Glacier).

The Military Geographical Institute then decided to suspend all pho-
tographic work indefinitely, as many maintained that photographical
data for topographic purposes were unreliable.

In 1878 General Terrero, chief of the geodetiz department of thé
institute, called the attention of the directory of tlie institute to the
desirability of resmining the studiesin photogrammetry ; and in the same
year L. P. Paganini, engineer geographer of the institute, was com-
missioned to proceed to the Alps, near Apua, to resume the studies in
photography applied to topographic surveys, with « view to ascertain
whether phototopography was economical and oxpedient for practical
work.

During Paganini’s first scason he obtained 17 cycloramic views, com-
posed of 110 perspectives. A number of these perspectives were used
to construct a mayp), in Florence, on a scale of 1 to 25,000, of the marble
quarries at Colonnata (Carrara), with hypsometric contours in intervals
of 5 metres.

In 1879 Paganini (using bromo-gelatin plates instead of wet plates,
as heretofore, also having improved the camera theodolite) surveyed
the Serra dell’ Argentera, whicl’was platted on a scale of 1 to 25,000,
with contours in 10 metres intervals. This survey was based upon
panoramic views obtained from fifteen stations, on clevated points,
comprised 113 perspectives, aud was the result of a field season of two
months and a half. Also, this map was constructed in Florence during
the following winter, and it represents an area of 28 square miles. The
contours were controlled by 490 points, the elevations of which had
been ascertained.

In 1880 the same officer commenced the survey of the area bounded
by the valleys of the Orco, the Valsoana, the Cogue, and the Valsava-
ranche, representing an area of about 386 square miles, The survey of
this area was finished in 1885.
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However, since 1884 Paganini used an improved instrument, made
by Galileo for the institute after plans submitted by Paganini. He
also invented three instruments which greatly facilitate and accelerate
the otherwise tedious graphic operations of the map construction from
the perspectives, and which will be described later on.

Paganini’s results proved the efficiency of phototopography for Alplne
work, to be platted on a scale of 1 to 25,000 or 1 to 50,000, and the tech-
nical solution of the problem has been full) established. Owing to the
untiring effortsof the officers ot the Military Geographical Institute, and
the good results which they obtained, phototopography has been
adopted as an auxiliary to the plane table for the new survey of Italy.

In a wmore recent report ou phototopographic work by Paganini to
the first geographical congress in Italy, he described his latest improve-
ments to the camera theodolite. An extract from this report, made by
Fenner, can be found in the Zeitschr. f. Verm., 1893.

A German translation, by A. Schepp, of ]’aganini’s “La fototopo-
grafia in Italia” can be found in the same periodicalfor]891 and 1892.

C.W. Verner, ¢ Notes on military topogray hy ”1891. JAlso, Mechan.-
ies, Vol. 11, p. 168, “Application of photography-tosiiiveying.”

A short article on photogrammetry has also been published by Henry
A. Reed, lieutenant, United States Army, ¢ Topographical drawing and
Dhotogmphy a,pphed to surveying.” Another work in English has been
Issued by Allen, in London.

Civil and Mlhtary Thotogrammetry (read before the American Phil-
l0801)hica1 Society, May 6, 1892), by R. Meade Bache, assistant, United

tates Coast and Geodetic Survey.

The following works are very explicit and full of detnﬂb

Photography Applied to Surveying, by Lieut. 1 i y A. Reed,
States Army. John Wiley & Sons, 15 Astor pla e, 1889,

P]lOtO“‘I’&pth Surveying, by E. Deville, survgy\oﬁgﬁﬁal Canada.

bta.er, 1889. This work, unfortunately, is out of print. Only a lim-
Iteq number of copies had begn printed, chietly to supply the Dominion

and surveyors.
CZ o ( Ny Ok CAIQ A

U («AG‘;Q
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INTRODUCTION.

Topography (description of locality) serves to represent and describe,
in horizontal plan, limited arcas of the eartl’s surface, showing vertical
and horizontal distances (the rclief) between points of the area thus
represented. Omn every topographic map, therefore, the characteristic
lines and forms of the terrene, including natural objects which appear
on the earth’s surface, must be recognizable with more or less minute
detail, according to the scale and purpose of the map.

Generally speaking, the scales of topographic maps vary from 1
to 10,000 to 1 to 200,000. On a larger scale than 1 to 10,000 such maps
are chiefly used for constructive (engineering) purposes; they show all
artificial as well as natural objects on the carth’s surface, and they are
the result of special surveys for special purposes.

Maps on a smaller scale than 1 to 200,000 are designated as geo-
graphic maps. Their topography is generalized to show only promi-
nent and characteristic features (mountain ranges, valleys, plateaus,
seas, lakes, rivers, etc.). _

The topographer inspects the area to be mapped and intuitively sep-
arates characteristic features from minor detail. He immediately, o2
inspection, recognizes what is to be shown on the map, and consequently
embodies only such topographic features of the terrene as will har-
monize with the power of representation ot the adopted scale for the
work. It is useless to locate features during the instrumental survey
which are too small to be represented on the scale of the map., ADB.
expert topographer will make a topographic map of a given area it
the least time necessary, yet show all characteristic features that caf
be drawn and represented in harmony with the scale of the map.

After a system of triangulation has been extended over a country
and the topographic details of the same area have been gathered bY
a series of photographic panorama views, taken from these trigono
metric stations, and supplemented, where needed, by views taken fro®
other points (the latter to be subsequently connected with the triang?
lation by resecting or otherwise), an experienced topographic draft®
man can select all characteristic topographic features from su¢
photographs, for mapping purpose 8, with the same good result as th0

46



REPORT FOR 1893—PART II. 47

topographer would select them in nature from the same area, as shown
in the photographs, were he to draw the map in the field (plane-table
method).

If by a simple graphic method such selected characteristic points
on the photographs can be platted upon the map, a great deal would be
gained in the survey of certain regions and under certain conditions
toward a saving of time and moncy, compared with the instrumental
methods of topographic surveying as generally practiced. At present
phototopography can not replace instrumental topography; still, experi-
ence in Italy, Irance, Canada, Austria, and Germany has proven it to
be a very valuable adjunct to the plane table and transit for topo-
graphic surveys of rugged mountainous regions, if they are not too
wooded. ‘

The following description of photographie instruments and methods
is chiefly a condensed extract from the previously mentioned article
printed in the Rivista di Topogratia e Catasto, 1889, by L. P, Paganini,
engineer of the Royal Italian Military Geographical Tustitute, followed
by a description of instruments as used and methods as practiced in
Canada, with a short reference to German, French, and Austrian
instruineuts.



(CHAPTER I,

THE PHOTOGRAMMETRIC APPARATUS —PRINCIPAL COMPONENT PARTS
OI' THI PERSPECTIVESN,

Figure A shows Paganini’s ltulian photogrammetric apparatus, It
has a fripod which can be dismembered into three “ alpenstocks?”
4, 4, and A, a theodolite, aud a camera C. All three parts can be
firmly united by means ot spiral springs and screws.

The three screws §, of the tripod head H (but two shown in draw-
ing) support the theodolite, and the camera C is supported by another
get of three screws 8/, 8./, and 8y, which are connected with the hori-
zontal limb of the theodolite in such o manner that the camera can be
revolved about the vertical axis of the theodolite.

A spirit level I and telescope T are supported by an upright piece
U, placed at right angles to the horizontal limb of the theodolite and
at one side of, but close to, the camera.

" The telescope 7' is provided with two cross hairs (one vertical and
the other horizontal), in the usual adjustable manner. The camera box
is made of hardened pasteboards, which are stiffencd Ly o metal skele-
ton casing B. The camera is provided with an aplanatic objective
(antiplanet), made by Steinheil, the focal length of which is 244.5m"
and the aperturein the diapliragm has a diameter of 5w

Regarding the general arrangement of the camera, it may be said
that—

1. The optical axis of the photographic lens (objective) is vertical to
the image plate I.

2. The intersection O of the optical axis and image plate I i8
marked on the latter by the point of intersection of two very fine plati-
num wires p, and p,, placed at right angles to each other and very
near the image plate I'; when in adjustment one p, of these fine wires
is horizontal and the other p, vertical.

The optical axis of the camera can be adjusted in horizontal plane by
means of the three milled head screws 8/, 8/, and 8y whicb support
the camera. The horizontal wire p; i8 adjusted (after the instrument
has been carefully leveled up) in horizontal plane Ly finding som®
eagily identified point on the ground-glass plate I, which is bisected
by this wire, and by gently revolving the camera about the vertical
axis of the instrument; if the wire p, is in horizontal plane, the
observed point will be secn to move along p; during the revolving
motion of the camera. Should the bisected point appear above or
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below the wire p, at any time during the revolution of the camera, the
Same must be adjusted in lorizontal plane by aid of the two forward
8crews S and 8, which support the camera,

The camera is provided with a short tangent screw ¢, by means of
Which the same can be slightly moved in azimuth, while the telescope
and horizontal limb of the theodolite remain stationary. This will
€nable the observer to place the optical axis of the camera parallel to
that of the telescope 7, provided both are adjusted in horizontal
Plane. This correction is made by observing some distant point in
the intersection of the cross wires of the telescope and then clamping
the theodolite. The camera is now moved by means of the tangent .
Screw ¢ to the right or left until the same point appears in the inter-
8ection O of the two wires p, and p,, it being already bisected by the
Camera wire p;, as described in the preceding adjustment.

The points of the camera cross wires p; and p, appear upon every
Plate taken with the camera, and as these plates are vertical to the
Obtical axis of the camera, the perspectives obtained after the camera

ad been adjusted, as described in the preceding paragraphs,® are in
Vertical plan and each shows the principal point of view 0, as well as

8 two axes, p, and p,, intersecting each
Other in O at right angles. The line p, rep- M
re_SEHts the horizon of the station whence the
Pleture was taken. d

Instead of the fixed platinum wires p; and =
Py some recent instruments (amoug others

08¢ uged in Canada) have a set of teeth
Wtached to the camera, close to the plate J,
43 shown in figurel. If solar prints arc used
_ or. the map construction instead of the plates,

18 arrar gement is more desirable than that of the fixed wires, as the

Pringg will unavoidably be a little distorted. The lines p, and p, are

;'efﬁrably drawn in red ink on the prints after their positions in regard
the teeth Lave been experimentally ascertained or checked. Great
'aa:: must be exercised in locating these lines properly, as they form
. “®Ctangular gystem of coordinates to which every point in the picture
: refe_l‘l‘e(l during the process of the subsequent map construction, They
:u(i(:-f in ascertaining the value of the coustant focal longth of the
Dhlillglme 2 shows the longitudinal section of a camera witll Fhe dia-
n‘gm ADB in position, the aperture of which is 5wm in diameter.
: they Such rays of light, emanating from a point, ¥, in nature, will reach
‘ \\I_)Omt n on plate I which form a cone around the central ray nON
e :
the‘:ffer a

ui
Fia. 1.

err berspoctive hay been taken and it appears desirable to obtain a view of
the immediately below (or above) the same, tho construction of the instru-
by, Will permit a deprossion (or au olevation) of the opticul axis of 30¢ below (or
©) the horizon,
8. Bx. 19, pt. 2— 4
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with apex in #» and base in O of 5™= diameter. (In our diagram, figure
2, this base will be an ellipse with 5™ leugth for the short axis; the
cone of rays emanating from a point, C, would be intercepted by the
plane of diaphragm A B in a circle of 5™ diameter.) The camera lenses
are so0 focused that even for the largest diaphragm aperture used all

TG, 2.

points from 10 metres to infinite distance from 0, will be ciearly photo-
graphed with a maximum error of 6™, as will readily be seen from
the following discussion:

a=distance ot object from O (10 metres to infinite distance).
JSf=principal focal distance (240mm),
b=focal distance, variable for different lengths of «.

From the well-known relation:

1 11
T +l)
we find _
«f
I)=“ - (1)

By adopting 240m» as value for /, and substituting different value®
tfrom 1 metre to 300 metres, for «, in formala (1), we obtain the fol-
lowing values for b:

@ (inw) -1 10 RIS 30 40 51 i) 10 200 300
b(in ) 3158 D15 2420 2410 2410 24001 24007 2405 2402 240402
. . P . . m

The error, therefore, in maintaining the focal distance constant is 6™
if the object is 10™ distant from the image point; is 1»m if the object }s
50-100™ distant from the image point; is inappreciable if the object 18
300™ or more distant from the image point.

The value ., of the error (distortion), maintaining a constant focal di8

tance = 240™™ in the photograph for points at different distances, ct?

be seen from the following: d
Assuming again that the plate T is held in a fixed position &

200 distant from the “image point” (principal focus), it is evide!!
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that the plane of image I will intersect some of the cones of rays
(passing through aperture of diaphragm) in a circle (or in an ellipse)
instead of intercepting their apex. From the foregoing table we see
that this circle of diffused rays will increase in size with the decreasing

=

e Plate

rdiame x

‘ 4
1
H €
: 0 £
+ [o]
3] C
Q £
iy e
) L 1
' [a) ;
L-.. - S R L L R TR T TR O] cedes ...f..-.........-S
| ¥ T

di§ta11ce of the object photographed. The length of the diameter, x, of
(ﬁls circle (or ellipse) can be ascertained from the following relation
g. 3):

If we assume this aperture, 0O, in the diaphragm, to be 5" in diame-
ﬁer, and assume the same values for f and @ as in the preceding, we
nd the respective values for v as follows:

Clnm) =10 20 30 4o 50 I w0 200 300 00 A00 700 1000
Z (in man) 0012 006G 004 00 0e025 0016 0-012 0005 0004 0-003 0003 0002 0-001
The g

ameter, x, of' the circle (or ellipse) is evidently quite small, and
&lle maintaining of a constant. tocal distance can be well carried out for
\Dractical purposes without appreciable errov.*

th

P, .
thei}(;t? upI')a.mtus d'uscri.lm(l ix.x this paper is pr.nvidml \\'ith.u, metal graduation plate,
ocq lmg in the direction of the camera axis, :m'd lmzn‘ln.;: X.L fwmtf-.h to mnrl& the
is o ongth of the cumera wl.lc.n focused 1.|pon objects at. u.lln‘nte distance. .l' rox'n
engmsl‘iitch, toward the scusitive p]{n.te u.I the camera, o 1n1]]m}etwre graduation is
ocal | & 1111013 the plate, by means of ‘\vlnvh the ol)scr\'v.r can (1|r4-(:t]¥ measure the
. ‘ength of the camern if the sama is changed at any timo for any pictures, The
ap}]::tlff’ cy]in(lo!‘ can be moved i.n the (lil:ect%on'of the camera axis by means of a
ong L‘,;loove 'cut_mm n RO.(:OH(I cylinder wln.ch is h'rmly fl.t.tnc.be.d to the camera, und-
cus o rn of this screw is equal to an axial motm'n of 1 nu]hmo.tro, the c]m..ngo ?t
th an readily be ascertnined to one-tenth of a millimetre, as will be described in
ollowing;
gh i:eV(ﬂVing the external eylinder, the metal strip or plate attached to the same,
Around the outer surface of the inner eylindor (fivmly attached to the camera),
ing thrbeurs & cirenlar seratch lying in a plane vertical to the camera axis and. pass-
lute ough the constfant focus (or through 2 ]u'nnt whose distance from tho image
®quals the principal focal length). This circular scratch is divided Into ten
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The distance of the point of view from the perspective plate, the
priveipal point of view on the perspective, and the line of horizon can
always be ascertained or rectified by instrumental observations and
computations,or graphically, as has been indicated, and as will be shown
more fully.

‘We have described how the optical axes of the telescope and of the
camera can be brought into two vertical parallel planes. Both can be
kept in this position and yet be revolved about the vertical axis of the
instrument. The horizontal limb of the theodolite is divided into 360°,
with subdivisions of 20’, and by means of two verniers 30’/ can be read.
The vertical circle is provided with the same graduation. Thus the
means are given to ascertain the azimuthal positions of the optical axis
for each perspective; or,in other words, the means for orientation are
thus provided for. The magnetic azimuth of the principal ray of the
perspectives (i. e., direction of optical axis for each exposure), or the
horizontal angle made with any other line passing through the station
and some known point (e. g., trigonometrical point), can readily be
ascertained.

All the perspectives which are to be used for mapping must be
obtained from stations with known geographical positions. Generally
trigonometrical points are selected for photographic stations, but if
other points have to be occupied the elements needed (horizontal and
vertical angles) to delermine their positions with respect to surround-
ing triangulation points, can readily be observed by aid of the theodo-
lite before leaving the camera station.

e

equal parts, and the metal scale, passing over this graduated ring when the objoctive
tube is moved toward tho sensitive plate, will indicate by its position on this circu-
lar scale the number of tenths of millimotres it has moved beyond the number of
millimetres whicly nro read oft’ on the metal scale lirst 1mentioned.

The focal length is a very important factor in all pliototopographic work, and it
is advisable to verify at the beginning of operations the reading ot the metal scale,
and if the principal focul length is changed, the dilterence must be ontered into the
notohook, so that the proper correction can bo applied later on,



Cuarter IT.
FUNDAMENTAL PRINCIPLES OF PHOTOTOPOGRAPHY.

It was comparatively ecasy to obtain a close connection between the
pllOtotopographic gtations and the new triangulation of Italy, as the
Committee who had charge of this triangulation has provided Italy
With o genmerous and barmonious disposition of triangulation points,
Which have been very carefully located, their exact positions computed
and permanently marked in the field, irrespective of the charaecter of

¢ surrounding topography or of the order of triangulation to which
they lhelon g.

This great number of triangulation points not only facilitates the
application of the camera and assures the acenrate determination of

€ panorama stations, but it also simplifies the subsequent map con-
8tructiou, as the greater part of the perspective contains one, two, or
Ill_ol-e triangulation points, although the instrument commands a field
Y‘eW of but 42° horizontally.

Thus all cardinal points of the perspectives can readily be adjusted,
ﬁale' Dictures are easily orientated for the map constructi‘on, and the

lent topographical features, deduced from the perspectives, can be
Yequently checked.
he camera used for this work gave pictures of 18+3 x 14 (the plates
verﬁ 19 x 24-5¢m); the lens controlled a field of 420 hiorizontally and 520

leally (260 above and 26° helow the horizon). Recently, however,
O:ullens of the cameri has been exchanged for one with a principal
.length of 240™™ in order to use plates of 18 x 24em, which size is
cadily supplied Ly photographic dealers.
. OT an exact deteriination of the primary points of the perspectives
uploinecessury to 1measure the ¢ (:oordiua.t(?s ? of the. points in question
ol the perspectives as accurately as possible. To insure good result.s
v Iweasurements should be made upon the negatives with a pair
e;}xi{lel"s made espeoial!y f01: thi§ purpose, by means of which the
distances are obtained in millimetres and tenths.
Ccondary and tertiary points need not bo obtained with the same
cipg:]?e of accuracy as the primary points (needed for the (}011tr01 prin-
¥), and as the plates are not well adapted for the making of direct
aurements thereon, nor for the marking of identical points with
fo m;::"ills or other characters, it will be better tq talke all measurements
an ('()"(la-%',v and tertiary points from the prints, as the permanent
8¢8 whick such prints undergo, compared with the negatives, are,
53

Wer



54 U. S. COAST AND GEODETIC SURVEY.

when some care is exercised, hardly ever greater than the irregularities
which can be discovered in auy drawing on paper, no matter how care-
fully made.

‘The perspectives (panoramic views) which are to subserve the map
making, and seme of which are also to be reproduced as illustrations
to accompany certain maps of the Alpine ranges, are obtained by ten
suceessive exposures.  After the camera has been adjusted at a pano-
rama station, it will have to be revolved about the vertical axis through
an angle of 36° after each exposure, and, as cach plate subtends a
horizontal angle of 429, the two ends of adjoining plates will lap over
by a vertical strip of the horizon of 39, or each one of two adjoining
plates will have a vertical margin of 15"™™ width reproduced on the
neighboring plate. :

Figure 4 shows the horizontal projection of the positions of ten plates
(PrP% . . . . I’ atapanorama station. VP'=VP%= . . , .
V P =y = principal focal length of camera = 244-5mm,

P

I, 4.

The common margins of two adjoining plates serve principally t0

asecertain whether the adjustments of the instrument have been dis
" turbed during the occupancy of a station. Should, for instance, the

position of the horizontal thread have been disturbed by some causés
this would be shown by different vesults when measuring the ordinate®
of identical points of two adjoining margins. These margins als0
serve admirably for the correct trimming of the edges of nd,joinillg
pictures if they are to be fitted together for the panorama,

The horizontal projection of the ten plates exposed from one pand
rama station is a regular decagon (lig. 4), with a radius ot the inscrib®
sircle equal to the principal focal length of the camera.

After the position of one panoramic view has been found on the maP
(1. ., after the angle w, figure 4, has been plotted from the station yw
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the triangulation point, shown in the figure), the orientation of all the
other plates is accomplished by adding 36°, 720,108° . . . . to
the angle w; thus the entire decagon can be plotted after the horizontal
projection of plate P! has been oriented with reference to the station
V and the triangulation point plotted on the map.

The orientation in horizontal plan having been made, it will be an
6asy matter to draw lines of direction from the platted camera station
to points photographed in the panorama.

The plate m m’ n’ n, ligure 5, may represent a vertical and oriented
Perspective and OO0’ be the line of the horizon of said plate. V isthe
boint of view; o' represents the angle of orientation for this plate in

A

n'

MG, 5.

Tefarence to the secondary point A (i. e., the horizontal angle between
1}0 direction from V to «’ and the vertical ray V P to principal point of
View P of the perspective).

VP=Fis the principal focal length. If A represents a point of the
teI‘I‘ene in space and « is the representation of the same on the plate,
and if the vertical @ a’ has been drawn from ¢ upon the line of horizon

()", then P a/=x will be the abscissa of the point a.

‘Tom the rectangular triangie V Pa’ we find:

r = ftan o’
/Flgul‘ﬁf 6 shows this triangle as V/ P’ a’ in the plane of the drawing;
= h()I:lZOIlt.il,l projection of the principal point of view (I in fig. 5) of
e horizontal projection O O’ of the plate (m m/ 2/ n in fig. 5) which

tbeen oyienned in the plane ot the map by the direction V- 8 (or rather
¥ the horizontal angle @, fig. G) to the triungulation point 8.
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In order to draw the herizontal projection of the ray from V to the
point A (fig. 5) the distance I’ a/, (fig. 6) = I’ o’ (fig. 5) = x is’laid oft
upon O O (fig. ) from P’, in the sense of direction to 4 (whether to the
right or left of the vertical thread). This abscissa x is taken from the
picture by means of a pair of dividers as the radius a p (fig. 5). After
drawing a line from V7 through a’ (fig. 6), this line V' a/ will be the
horizontal direction of the ray V A (fig. 5).

The position of A’ (horizontal projection of A plotted on the map) will
be in the intersection of two or more lines of direction, obtained, in a
similar manner, from other pictures containing @ and taken from other
stations. The same refers to all other points of the terrene, if their
pictures can be identified upon plates taken from different panorama
gtations. '

Every perspective containing the .picture of a triangulation point
will give evidence of the grade of accuracy for the relative plotted posi-

Tia. 6.

tions of the horizontal projections of the point of view and of the per-
spective, as well as for the orientation of the plate, by laying off upon
0 O/ (fig. 6) the abscissa 2’ of the triangulation point § and drawing the
line V7 &, which should bisect the plotted poiut 8.

If the lorizontal projection of a point, 4, has been determined by the
intersection of two rays from two statious, V! and 7172, 4 check is
obtained if a third plate, taken from another camera station, V7, shows
the same point, as all rays to the same object, 4, must intersect each
other in the samne point on the map.

The hypsometric determinations of the terrene can readily be accom-
plished after the selected points have been determined and plotted in
horizontal plan in the foregoing manuer. If the elevation of the sta-
tion V (fig. 5) is known, the elevation of the line of horizon O 0’ ou the
plate m m’ n’ n can be easily obtained by adding the height of the instru-
ment to the elevation of the station V. The elevations of all the points
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on the plate which are bisected by the line O 0/ have the same cle-
vation as the optical axis of the instrument at the station V,disre-
garding the effects of curvature and refraction. The apparent elevations
of other secondary points, selected from the plate for the construction
ot the map, are obtained by determining their elevations above or their
depression below the line 0 0.
1f 1) =horizontal distance of a point A from the station V;
= VA’ (to be measured on the map) (fig. 5);
L = difference of clevation between point A and station V;
= A A’ (A’isthe projection of 4 upon the horizontal plane through
optical axis of instrument at stationV);
d =horizontal distance of the picture of A from 7
Then we have from the similar triangles V' aand V A’A the relation:

L:D=y:d 1)
_Dy 9
L= d (")

From the rectangular triangle V.2« we find:

: A : / 9
(1 = .. = J Se¢ @ pAd
COs &' J ()
Dy .
Whenco: L= D‘/——,- (3)
7 8eC @

Should the point A4 be bisected by the vertical thread then /=0
anqd gec w'=1, or:
n="24
J
. (Formula 3* would answer for all points of the perspeetive if the
Mage plate were a ¢ylindrical surface of radius = instead of being a
b dne, it the decagon were a circle.) ’
The differences of elevation, taken from the perspectives, are positive
or Negative according to the relative positions of their points in respect
the line of horizon O (’, whether above or below the same, In order
th (?btain the apparent elevations of these points above mean sea level
8Ir ordinates must be added to or subtracted from the elevation of the
%Mera station. Two graphical instruments have been constructed
-a8ed upon the formulas (1) and (2). The one serves to locate the points
" horizontal plan by intersections after their abscissic () have been
eizﬂul‘ed upon ‘the persl)ectives. The other serves to :l-scerthin the dif-
aftences of their elevations compared with the height of instrunment
T the abscissie (x) and the ordinates (y) of the points have been
*asured upon the perspectives. _
en;e use of these auxiliary instrumments enables the draftsman to dis-
.0 With the construction of the decagons (representing the horizontal
t :iections of the panoramas about the plotted camera stations), and as
al. o Polygons must be very carefully drawn, the dispensing with them
8ether, espectally if the area to be plotted is extensive and the sta-

(3*)
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tions numerous, will save much time and labor. I[tis particularly desira-
ble to avoid the drawing of these polygons if the plotting is to be done
on 1 to 25,000 or 1 to 50,000 scales, as the numerous decagons will inter-
mingle in such a manner that great care and painstaking must be exer-
cised to avoid confusion in selecting the proper lines from the intricate
network of lines upon the face of the drawing. Amn attempt has been
made to overcome this difficulty Ly drawing the different polygons in
lines of different colors, but even this expedient tailed when plotting on
small scales.

Also, the hypsometric determinations of secondary points can be
checked by comparing the elevations obtained in the preceding manner
with the results obtained in tne sawme way from other stations and on
other plates.

IFurthermore, any perspective containing one or more triangulation
points (the elevations of which are determined by double zenith dis-
tances, or by any other instrumental method) will serve to check the
horizontal adjustments of the instrument during the exposure of such
plate, by comparing the elevation obtained from the perspective with
the elevation of the trigonometrical point obtained by former instru-
mental measurements. Should the elevations of the triangulation points
be unkuown, this check can still be made by using the vertical circle of
the instrunent and measuring the vertical angles («, fig. 5) from the
panorama station to the surrounding triangulation points. By observ-
ing vertical angles from every camera station, a check on the weasured
values of the ordinates oun the perspectives is obtained, inasmuch as
then these ordinates can be computed and compared with those obtained
by direct measurements on the perspectives.

T'rom the triangles V. A’4 and V&’ « we find (fig. 3):

tan A VA =tan o= Jé: (';
According to formula (2') we had
(l PRI f_‘ ,
€oS @
therefore: tan o = ;Z 0s @ (4)

where @' is the horizontal angle formed at 1’ by the vertical plane con-
taining the line of direction from the camera station V to the triangy
lation point and the vertical plane containing the line drawn from V 10
the principal point I of the perspective, which horizontal angle can als0
be measured directly on the horizontal limb of the camera theodolite i?
the field before leaving the station. If these different values are not
in accord, the horizontal line on the perspective must be adjusted bY
determining the value of the ordinate y by aid of the following formul®
(b) derived from (4): )

y=- Y L tan a (5)

o8 @
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From the preceding the necessity of the precise deterwnination of the
value for f is evident, and this value can readily be found if the area
to be-surveyed is provided with a number of triangulation points,
marked by signals, and if the secondary points are of such a character
(for instance, when surveying mountain ranges) that the difterences of
their elevations, compared with the elevation of the panorama station,
are sufficiently great to give their ordinates on the perspectives, lengths
sufficient to be readily measured. This will perinit the determination
of f by means of the line of horizon O 0, the latter being an element
obtainable from the perspectives with a great degree of accuracy.

The instrument is placed over any well-deternined point and adjusted,
then it is turned in azimuth until the vertical thread bisects o geodetic
boint, which can readily be identified upon the image plate (desirable
also that the ordinate y of such point be sufficiently long to assure a
Correct measurement). )

Then will be given: the difference of elevation of bisected point and
Panorama station = L; the horizontal distance between these two = I,
and y = ordinate of bisected point; and from equation (3*) we tind for
2 fairly accurate value, if the adjustments for securing the horizontal
Position of the 1nstrument were carcfully made and if the ordinate y
Was measured upon the negative plate correct within 0.1mm,

The value for f can also be found, if the perspective contains several
Other points (besides the one bisected by the vertical thread) which
“an readily be identitied, by measuring both the vertical and horizontal
angles (by observing all the points, including the one bisected). The
Values for « and @ thus obtained, including the values of the abscissm
(@) and ordinates (¥), measured upon the image or negative plate, will
®nable us to compute / by means of equations (1) and (4). By using the
Dean of these different determinations for J the computation, based
UDon the new values for .+ and Y, ¢an be repeated until an agreement is
foung, :

Alt?hough the Italian pictures commanded an angle of but 420, the
5;;2?1‘301‘ part of t?hem contain one or more triangulut.‘inn points.  In all
Har cases, simultaneously with the determination of the value f
f]]::‘::sipa‘l focal length), it can 1)(.» as‘certaifle(l w]!cth.or t he pi(:.turc (.if ‘the
, orseetion of the crosswires coincides with the principal point of view

bon the perspective (fig. 7):

8y . . . . .
and 8 represent the pictures of two triangulation points upon the

berspective m u;
P Station point or point of view;
Odlld § 0 = vertical lines from & and 8 upon the line of horizon
! - . H \J
0’ = ordinates y' and y of these two points & and 8.
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It is desired to find V P (vertical to plane m n) and the position of
™ the point P in regard to O and
O’ or the abseisse 2 and 2’ of
the two triangulation pomts §
and &',

1. and I/ represent the differ-
ences of clevation betweoen the
camera station () or the hori-
zon (0O0') and the triangulation’
points § and 8. D and 1) are
the horizontal distances of § and
8’ from the camera station (17).

L, I, D, I)V,as wellas y and y/,
are known or can be measured
upon the chart projection and
negative plate; therefore the hor-

n izontal distances d and d’ of the

Fro. 5. pictured triangulation points &
aud & from the point of view 17 can be computed from the following
equations (see fig. 5):

Dy
d = T
Dy
=

The horizontal angle 0’ V 0 (= w + &@') being observed in the field,
the other two angles, y and 4, of the horizontal triangle (/ 1" O (fig. 7)
can be computed as follows:

r—=>" _ d—d o’ o

tan R cot, o
By substituting
N for L2 ? and
. ;1
M for r't T — 9009 l 0

we will have:
y = M+ N
l? p—rg _11[ — _NY

From the two triangles ¢/ P V and O I’ V" (both are rectangular at )
we find (fig. 7):
J =dsiny = {'sin §
e=fcoty; a'=/cotd
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also the angles of orientation

@ =900 —»
@=90°0—¢

The sum z + z’ must be equal to the value O O’ found by careful
measurement upon the plate, and it must also be equal to the value of
O O’ obtained from the tollowing formula:

(d 4 d’) sin 0-2-(-)-
00 = ———————
o —y
cos * -

Should the horizontal angle O V0O’ not have been measured in the
field, then the angles  and & can be computed by carefully measuring
0’0 on the negative plate and using the following well-known formulas:

s_ =) @ =00),
tan . = - and
2 \/ p(p—d)

| = JEED (2= 00

)
/
Where p = {l_—}-_((___‘)-{-()()’

The angles of elevation « and a’, which arg either obtained by direct
Weasurement in the field or computed from the formmulas:

L
Q1 = D

!
tﬂ.ll a’l = D/

Serve to obtain check values for the values of ¥ and y’, measured upon
¢ negative plate, by using the formulas:

yo— —-e e .
Y= Gosa tan « and

Y,

A . /

. V= o8 o tan «
rhe value for f in above formulas being the same ws found (page 60)
om the equation:

S=dsiny=d sin 4.

By .. . . . \
IIi‘epeatmg; the computation with these new values for y and y’ the
0v3 value for f can be obtained very closely. For all practical purposes,
en tver, it will suffice to take several pictures with a constant focal

th 8th, and to take the mean value of the ditferent f determined from
88e pictures.*

~

-
03'112 {’Ompt‘lrison of the value read off on the graduated motal plate on the objective
uI‘DIi( Or with the resnlt obtained by computation will give the correction to be
ed to the reading on suid graduuntion.
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Examples showing the application of the methods described in the foregoing
pages.
1.

In the panorama obtained from the ¢ Punta Percia,” September 19,
1884 (this peak is on the divide between the valleys of the ¢“Rhémes”
aud the ¢ Valsavaranche”), two stations, ¢ Punta Rouletta” and “Gran
Punta di Nomenon,” of' the new Italian geodetic triangulation appear
upon the same plate (see fig. 8).

The following values are given for the computation:

Taken from the

Elevation of Punta Roulefita: =3384-10m L
J catalogue of tri-

Elevation of Gran Punta di Nomenon--:3488-42u / . .
Cangulation points.

Elevation of Punta Percia: =3202:3-- horizon of panorama station,

: ) [ Mecasured.graphically upon
1 o 12 119 oo L= QRN . N A
Distance: Percia-Rouletta .= [} = 3250 | 4 o projection on drawing

s . 1¢ 'N e Y 9T e }
Distance: Percia-Nomenon =-: )/ =~ 9720 \boa-rd, scale: ghos.

L. e P.Rs)ulettzx " .
KT} 338410 6. 08 s P Nomenon L 279,77
3202.3 3202.3
D« 3250m. Dl' 9720m.

P Percia

v
I'1a. 8.

The angle V (fig. 8) at Percia included by the horizontal dirvectio®
to Rouletta and Nomenon =-: 280 02/ 30/,

It is desired to find:

(1) Focal distance == /, the preliminary value, read off on the gradw’
ation on plate attached to objective cylinder, is found to be abot
2445 wm
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(2) The position of the principal point of view, which is fixed by the
determination of the abscisse z and a’.

(3) The position of the line of horizon, which will be located by ascer-
taining the values for y and y'.

The difference in elevation of Percia and Rouletta, according to the
given data, is: -
3384+10 — 3202-30 — 181-80™
The difference in elevation between Percia and Nomenon is

348842 — 3202-30=286-12m,

If we consider that the distances D and J ave great, and that the
above values are the apparent elevations, we will have to make a cor-
Tection for curvature and refraction to obtain the true values of I and
1/, as follows:

Difference of elevations: IPercia-Rouletta, =181-30™
Correction for curvature and refraction, = —0-70™

L =181-09™

Difference of elevations: Percia-Nomenon, =286-12"
Correction for curvature and refraction, =—G-35"
L/ =279-77"

By measuring the ordinates (» and #»’) and the absciss® (r and z’)
Upon the negative plate with a millimetre scale, provided with a vernier,
Which enables the computer to read &5"™ (the vernier being divided to
Tead ,; of the gradunation), we find:

The coordinates of Punta~Rouletta: x =46:05"m y =13-75mw
The coordinates of Punta-Nomenon: r'=7540" y'= 7:30uw

The value of d is found from the following formula:

D
d= Ly» (sec page 6O),
log D = log 3250 == 35118834
log y == log 001375 = 81383027
colog 1. = co.log 18109 = 7-7421055

log d = 93922916
d = 024677 = 246-77mm

iy similarly found:
log .D'=log 9720 = 39876663
log ¥ = log 0-00730 = 7-8633229
co.log L'= colog 27977 = 7-56531989
log d' = 9-4041881
d' = 0-25362m = 253-62mw
d4-d' = 0-50039™
d'—d = 000685
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The angles y and & (fig. 8) are computed by aid of the formula:

/ — L
tan - T 9 :%Tt;{ cot. OII 0 Z (page 60)
as follows:
V=2800230"; Y =140 01’ 15"

y+8=1802—V = 1510 57/ 30" ; Kgﬁ = 750 58 45/ = I

log (A’ —d) = log 0-00685 = 7-8356906
log.cot };—: log cot 140 01/ 15" = 0:6025567
co.log (d+4d’) = co.log 050039 = 0:3006914
log Z; g = 87380387

-l

Y=2_30 08 16'"1=N

Hence M+ N=y = ‘)O 07/011 and
M—N=¢="T2050" 289
The computation of /"based on the formulas (page GO)
S=dsin y and f=4d’ sin J,
gives the following two values:

log d = 9-3922916
log sin y = 9-9921180

log d/ = 94041881
log sin & = 9-9802269

log f = 93844096 log f=9-3844150
JS=0-242331m S=0-242334"

wmean value for f = 242-332wm,

The abscissie x and &' are computed by aid of the two formulad
(page 60)

z=ftan @ z'=[tan o' .
@ =900 — y =10° 52/ 38".9 @' =900 — §=17009 31"".1
log /= 9-3844123 (mean log) log f = 93844123 (mean log)
log tan @ = 9-2838945 log tan o’ = 94896221

log ©=86683068

log 2’ = 8'8740344
x = 46-59mm 2! = T4-82mm
x measured on plate = 4G-05™™ measured ' = 75-40mm

dlﬁ- = .54mm d]ﬂ»" — .42unn
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Computation of the ordinates y and y':

S _.f ' (e
Y=os oot @ Y= o5 w tan «’ (pago 61).

(from station

a = angle of elevation of Punta Rouletta =3° 11/ 3()”{ Percia. Sece
a’ = angle of elevation of Punta Nomenon = 1° 38’ 30"/ | modelin Sup-

{_plement.
log f= 9:3844123 log f= 93844123
log tan «w = 87463444 log tan a’ = 8.4572812
co.log cos @ = 0-0078820 endog cos @’ = 00197731
log y = 81386387 log y' = 7-8614666
Y = 13.761111111 yl — 7.269xnm
y measured on plate = 13-75m» measured ¥’ = 7-30mm
diff. = 0.01=m diff, = 0-03mm

IL

Owing to the fact that the distances D and D’ in the example treated
In Subject I ave large, while the ordinates y and y’ are quite small (due
to the small difference in the elevations of the two points Rouletta and
Nomenon compared with the camera station Percia), it will be prefer-
able first to determine 7 by means of the absciss:e and then to compute
the values for the ordinates (y and g’ ), based upon this value of / and
the observed angles of orientation @, and a,’ (see Supplement, remarks
to station Percia).

The direction to the main point of view P of the perspective con-
taining the pictures ot Rouletta and Nomenon is = 350° 00’ 00/

Direction to point Nomenon (signal) = 3320 42/ 00*/

Direction to point Rouletta (signal) = 0° 44/ 30"/
Direction to Rouletta = 360° 44’ 30’/
Direction to point 2 =350° 00’ 00"

Hence, @ = 10° 44/ 30"/

Dircetion to point P = 3500 00’ 00"
Direction to point Nomenon = 332¢ 42/ 00"

Hence, @' = 17° 18’ 00"
Computation of f:
x
T tan @,
log « = log 46'05 = 1:6632296
co.log tan @, = co.log tan 10° 44’ 30¥ =0-7219207

log f=2-3851503

J=242-745mm
8. Ex. 19, pt.2—5
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(d) =&

YT tan @ _
log 2’ =log 75-40) == 1-8773713
coJog tan «,’ = co.log tan 170 18’ 00" = 0-3065903
log f = 2-3839616
f= 2492:082mm

Mean value for f =242-41mm
and from computation I we had f=242-33wm

diff. = 0-08wm
Computation of the ordinates y and y':

Y =.—~77:-- tan «
COS @
log f=log 242:41 = 2-3845505
log tan @ =log tan 3° 11’ 30" = 8:7463444
co.Jog ¢os w;=co.log cos 100 44’ 30" = 0.0076774

log y = 11385723

Y= 13.7581'“1"
and computation I gave y=13-761"m

diff. = 0-003mm™

Yy = f—-/ tan o
cos @!

log f = log 24241 = 2:3845505
log tan «' = log tan 1° 38/ 30" = 8.4372812
cu.loy cos @' == co.log cos 170 18’ 00/ = 0-0201054

log ¥’ = 0-8619371
y/ — 7.277:11!11
and computation 1 gave: gy’ = 7-26Ymm

diff, = 0-008mm
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111,

The following computation is of greater interest, the camera station
having been selected over a trigonometrical point of the Italian geodetic
triangulation system, thus admitting a direct comparison between the
elements of the perspective and the exact values of these same elements,
taken from the data of the triangulation work.

In the round of perspectives, obtained on September 21, 1884, ver-
tically above the trigonometrical point near the Royal Hunting Lodge
of Valsavaranclhe, there is ono plate (%) which contains the pictures of
two triangulation points, ¢ Punta Ruja” and ¢ Gran Punta di Nome-
hon,” of the new geodetic triangulation.

J,Q“P Nomenon
L+ 979.4m. L+ 1294.9m.
2191 m, 219tsm.
/D- S5804.2m. g« 5029.6m.
y Hunting Lodge
Fra. 0.
The following data are given for the computation:
B . '
{evatlon of Punta Ruja (signal) = 3173-5m
: e"fmon of Gran Punta di Nomenon (signal) = 3488-4m
Svation of the horizon of panorama station near the Royal
Unting Lodge of Valsavaranche = 2191-8™
e tI‘l.a,ngle side Hunting Lodge — Ruja =D = 5804-2™m
18 triangle side Huuting Lodge ~— Nomenon = ]’ = 50296

© angle, V, between Ruja and Nomenon 1s = 13° 51’ 04:50. (See
-)

Ilt i§ desired to find:
io( ) The focal length, f, approximately found by reading the gradua-
1 on objective tube, = 2445w,
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(2) The position of the principal point of view (located by the absciss®
x and x’').

(3) The true position of the line of horizon (located by the ordinates
y and y').

By careful measurements (mnade as in the preceding) we find:

The coordinates of PPunta Ruja: r =24:80mm; y = 41-45mm
The coordinates of Punta Nomeuvon: &/ =34:05""; y’ = 63:50==
Elevation of Punta Ruja = 3173.5m
Elevation of point 1" = 2191-8m

Apparent difterence of elevation = 981-7m
Correction for refraction and curvature = — 2:3m
True difference of elevation = 9T d4n=L,
Elevation of Punta di Nomenon = 3488:4m
Elevation of point of view (1) = 2191-8™
Apparent difference of elevation = 1296-6™
Correction for curvature and refraction = — 1-7
True difference of elevation =1294-9m =T/
Computation of d = Dy
log D=1log  5804-2 =3:7637424
logy=1log 004145 = 8:6175245
co.log I.=co.log 9794 = 70090399

log d = 93903068
d = 0245644 = 245644

Computation of d’' = D[/‘Z/I
log 1)) =1log 50296 = 37015334
logy' = log 0-06350 = 8-8027727
coJog L' = co.log 12949 = 6-8877438

log d’ = 93920709
d' = 0:246644™ = 246-644mm
A+ d/ = 492-29mm
d/ - d _— 1:0Qmm

Computations * the angles y and 4:
—6 _d—ad
tan 7_/__‘_)..__ TTa

V = 130 51/ 04//-50
L= 60553225
¥ + 6 =1800 — 7 = 166° 08" 5550

%‘? = 83004/ 2775 = M

cot — V

rol <
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log (&' —d)=log 000100 = 7-0000000
Vv
log cot < = log cot G° 55/ 32//-3 = 0-9155406

co.log (A4 d’') =colog 0-49229 =0-3077790

log tan 272 = 52233196

V%00 57 2010 = N
M4 N=284° 01’ 569 = 5
M —~ N=2820006'58"7T=¢
Computation of f=d sin y = @’ sin &
logd= log 0-24564 - =9-3903068
log sin y = log sin 84001/ 56/"-9 = 9-0976401

log /'=9:3879469

J=10244313
logd’'=  log 0-24664 =9:3920709
log sin ¢ =log sin 820 04/ 587 = 9:9958757

log 7= 93879466
JS=0244313=
Mean value for f= 244-:31w

Computation of the abscissa:
x=ftan w
@ =90 — 3, =59 58" 03'":1
log (mean value of /') = 3879468
log tan w=log tan 5° 58 03//*1 =9:0192462

log x=284071930
& == 0-025538" = 25-54mm
a = ftan o’
@ =900 — § = 7° 53’ 01//:3
log f = 9-3879468
log tan o’ = log tan 7° 53’ 01/-3 = 9-1413601

_ log =’ = 8:5293069
a' = 0-033830 = 33-§3mm

= 2554 wm 2 = 33:83mm

measured x = 24-30"™ measured &' = 34-05"™

M diff, = 0-T4mm diff, = (-22mm
€an difference = 0.48"" = correction for principal point of view

v s
( .ermcal thread) on the plate.
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Iv.

The plate (I’°) treated of, under Subject 111, is the fifth perspective of
the ten plates forming the panorama. These perspectives wereobtained,
as previously mentioned, by moving the optical axis of the cawmera suc-
cessively by 36° in horizontal plan, as indicated in the examples for
phototopographic stations in the Supplement.

The orientation for the entire panorama (set of ten plates) was
obtained by the exposure of the first plate () by directing the optical
axis for this exposure to the trigonometrical point ¢ Punta Chandellei”
(i. e., by bisecting the signal at Punta Chandellei with the vertical
thread of the camera). (See fig. 10.)

s
/’I
=

L= 619.20

P-'/ ” “—‘S'

D:3270.7m,

/

/
Fi1a. 10.

We find, therefore, on plate I” (fig. 11) the picture of the signal
Punta Chandellei (8 in fig. 10), bisected by the vertical thread, and this
fact enables us to obtain the value for f more readily trom this plate bv
means of the following formula (fig, 10):

i ¢ V8 X P'S
VP =f=_21 S

For this computation the following data are given:

D = triangle side: Royal Lodge (signal)—Punta Chandellei

(signal) = V& = 32707 ™
The elevation of ’unta Chandellei = 2811-72%
The elevation of Royal Lodge—elevation of horizon of V= 2191-80"

The ordinate y of image (8) of P. Chandellei, measured

on plate P’ = 46:25""
Computation of L = 8§':
Elevation of Punta Chandellei = 2811:72m

Elevation of point V (camera horizon) =2191-80™

Apparent difference of elevation = (19:92w
Correction for curvature and refraction = —0-72m

True difference of elevation = 061920m= T,
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Computation of f = Dy _ V8 I'§

L 8§
log D =log 3270-7 = 35146407
log y=1log 0-04625 = 86651117
colog L =co.log 61920 = 7-2081691
log f = 9:3879215
J= 024430 = 244:30wm
P A Ryja
/
/

P aANomenon

0o =

n

Hunting Lodge

stez gg SE)

€99

P Vm g

|

|

I

|

AP Chandellei
Tie 11,
Y.

ofp)erspective Ps (fig. 11) shows, as previously mentioned, the pictures
.y Wta Rnja and Punta Nomenon, while the vertical thread of plate
186cts the picture of the signal Punta Chandellei, and as the horl-
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_zontal angles P’V P, P*V P, PPV P* . . . . . . are uniformly
=360, the oriéntation of plate P for instance, will be:

P VP=4x36°=144°

From the geodetic records we take the angle: Chandellei-Royal
Lodge-Nomenon = 135° 58’ 23/:25 and the angles: P*V P'—(Nomenon-
Royal Lodge-Chaundellei)= &’

(Ruja-Royal Lodge-Nomenon)— o' =

With aid of these valucs for ¢, o’ and the value for f, see Subject III,
we can compute the values for x aud y very closely. (See fig.11.)

The angle: (Chandellei-Lodge-P%)= P’/ VL3 =144° 00’ 00"/
The angle: (Chandellei- Lodge Nomeunon)= IV No- =135 58 23'/-25
menon.

Therefore o' = 8° 01/ 36/-75
o =(Ruja-Lodge-Nomenon)—aw'=13° 51’ 04/"-50 — 82 01’ 36'"75
= 5949’ 2715

Computation of the abscissax:

x =f tan @
log f=1log 244.31 = 9:38794068 (see computation Subject I1I)
logtan w=Ilogtan 5049/ 27-75= 9-00806263
log x = 83965731
2T = 24-92mm
by measurement: x = 24-80mn

dift. = 0-12mw
z' = ftan o'
logf= 9-3879468
log tan @’ = log tan 8° 01/ 36"-75 = 9-1492780

log o' = 8:5372248
! = 34-45um
by measurement: z’ = 34:05mm

diff, = 0-40mm

192 . . . .
The mean difference: 0_1“_ -‘})-_0 40 = 0-26"m is the correction which

should be applied to the vertical axis of plate I,
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Computation of the ordinates:

_ L
Y= Gos b
log f = log 0-24431 = 9-38794068
log L =1log 9794 = 2:0909601
co.log ¢os @ == co.log cos 3° 49 27/-75 = 00022478
co.log D = co.log 5304-2 = 2362576

log y = 86174123

y = 01041439

Y= 41:44mwm

by measurement: y = 41:45™m

R
V'= ooy
log f = 93879468
log L/ = log 1294-9 = 3-1122362
co.log cos @’ = co.log cos 8° 01’ 36’75 = 0:0042759
colog D' = co.log 5029-6 = 62984666

log y' = 8:8029255
y' = 0-063522w = (3-52m™
by measurement: y' = 63-50™™

These five examples will elucidate the various relations between parts
of the perspectives and the terrene, as well as give tho means to judge
of the degree of accuracy of phototopography.

In practical work it would become too time consuming to male such
Computations for all the plates, or even for all the panoramas, with the
nec@ssary minute graphical measurements.

If the camera has been carefully constructed it is generally accepted

at its optical axis is vertical to the image plate, and the value for
0({)1'_ any, or for all, panoramas which were obtained with the same

Jective aud with the same counstant focal length (that is to say,

tained with the same reading of the scale on the objective tube) is

“Mputed in practice in the following manner:
S the horizontal shiftings

PVPr, PrVIEPs, PPVPY
We all = 360, the angles
'V, m VP2 P2V,

Wi
;H' be = 180 each. The value of Pm = mP?=Pw'= . . . . is
he‘x); tan 180 =a™ = the value of the greatest abscissa of the plates;
ce,
fem P
tan 18°
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In the preceding (page 54) it has been stated that two adjoining
plates have a common margin, representing the terrene included by an
angle p Vq (fig. 11).  If the negative plates are sufficiently clear, it will
be an easy matter to identify a point, m (fig. 11), on the two strips p ¢ of
two adjoining plates, which will be on or near the line of horizon, and
which will be m P’ distant from the vertical axis of plate I and m I
distant from the vertical axis of plate P% If we select such points w/,
m%, m% . . . . which can be identified upon two adjoining plates,
P—p3 P —pt P1%, . , . . we will obtain a mean value, z™, for
the entire panorama, by aid of which a good value for f can be obtained
from the formula:

A wln
S= fan 180

Tor example: By means of ten negatives of a panorama station,
occupied with the latest improved Italian apparatus, it was found:

mn )
znfor I’ — P? =7710
wlll 1.)2 _1)3 — "-"'-15
am Py — P =T7700
™ P4 — P5 =7740
™ P5 — P% = 7740 Y p» = 77.194™" — mean value.
xm Pt —PT =77-20
rm PT —P% ——
™ PP — P =
zm P? — PW — 7740,
gm  PY__ P’ =76-90)

log 77194 = 1-8875835
co.log tan 180 = 0-4882240

log f = 2-3758075
f = 237-6mm

The above values were obtained by using the negative plates and
reading the measurements, obtained by means of dividers, off the
graduated rulers of the .graphical instruments of the Royal Military
Geographical Institute.

Using the positives (prints) of the same panorama, the following

results were obtained:
mm

™ for P/ — I? = 7625
z™ P — P =170620
™ 1.)3 _1)4 —_ 76.10
gm P9 — P = 7670
am ])1(1 — 1)/ = "'6.00
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From this the mean value for 2™ is found = 76:25mm
log 76.25 = 1-8822398
co.log tan 18° = 04882240

log f = 2:3704628
f = 93407 MM o 2347 mm

The negatives gave ™ = 17719
The positives gave M = 7625

di ﬂ" — 0-94 mm

) This skortening of the greatest abscissa of half amillimetre at either
Side of the vertical thread on the prints is due to shrinkage of the
24x180m paper. The positive prints being extensively used in the map
Construction, this shrinkage must be taken into account,



CaartER IIL
THE LEXECUTION OF THE FIELDWORK,

By a close inspection of the various panoramas upon which the con-
struction of the map is based, it readily becomes evident that not all
of the perspectives are adapted for illustrative purposes (to be used
to illustrate the Alpine character).

For cartographic purposes the panoramic views should not be taken
at too great a‘distance from the terrene which is to be delineated, in
order to preserve and show as much as possible of the topographic
details and also that the selected triangulation points may appear
sufiiciently c¢lear and well defined in the two or three views of the
panorama scet which contain their pictures.

It will be best to select the distance from which views for illustrative
purposes are to be taken in such a manvner that the camera station may
command an extensive field of the terrene. Illustrative views should
therefore, be taken from isolated prominent points and from such that
can readily be recognized upon the topographic map containing the
section photographed, thus assuring a rapid orientation and giving the
student of the map the means to form a correct opinion of the topo-
graphic character of the terrene by comparing such illustrative views
with the map.

With this object in view, a selection was made from the numerous
panoramas obtained during former years and the selected perspectives
were copied with pen and ink by expert draftsmen, whose drawing$
were reproduced by photozincography and published with the additiont
of all data needed to identify the camera station and to enable the
student to orient each view properly upon the map.

The requirements which the camera theodolite constructed under
the auspices of the Royal Military Geographical Institute was to satr
isfy have been previously mentioned, and as a result of the improve
ments suggested and made by practical experience the apparatus now
in use in Italy furnishes the elements of the panorama station in such
completeness that little nceds to be added by extra operations and
computations before the map construction is begun, and, with due ref-
erence to the rongh character of the terrene, the apparatus can easily
be dismembered into pieces small enough to be talken to the most inac
cessible points. Three small-sized knapsacks, each weighmng 7 to 8
kilogrammes, contain the theodolite, the camera, and ten negative

76
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Plates. They are carried by two soldiers and one guide, each bearing
one tripod leg, to be used as an alpenstock.

The fieldwork consists in the fitting up of a small laboratory, con-
Veniently located with due regard to communication, to a central posi-
tion, to facilities of transportation, accessibility of good water, ete. A
Sufficient number of bromo-gelatin plates are kept on hand packed
In air and water tight cases. From this laboratory the camp outfit is
taken to the neighborhood of the stations which are to be occupied.
The observer and party take daily excursions from this camp to the
Surrounding mountain peaks, replacing the plates exposed during the
day every evening by new ones to be used the next day.

After the camera theodolite has been put together and placed in
Position at a station, with favorable weather and light, precluding
Unforeseen accidents to the corrections and adjustments of the instru-
lent, an experienced observer will exceute the panorama and deter-
Mine the camera station within an hour.

To secure the position ot i camera station at least three or four
directions to surrounding geodetic points should be taken, as, if so
Many are not visible, that number of horizontal directions must be
taken to some other points which have previously been determined as
phOtotopo,r,rramphic stations, and which were provided with signals
Yefore leaving them. The vertical angles at these points are recorded
In g notebook. After the terrene to be photographed has been
focused upon, the circle reading of the focal length on the graduated
Metal plate on the objective tube is also recorded in this book if the
Dl'incipal focal distance has not been used.

_The panorama is obtained by clamping the instrument, after the
direction of the optical axis of the first perspective I’' has been
Secured, by bisecting a geodetic point (see fig. 11), and then revolv-
Dg the camera 36° for each successive exposure in order to obtain
g‘f l(lirections of the optical axes of the following perspectives:
? 3- . . . .

In the notebook (Model No. 1, supplement) all data are recorded which

2y be deemed useful or necessary for the selection of subsequent cam-
61'.a Stations, also the general incidents of the fieldwork at each station
:““6 or duration of exposure of the difterent plates, according to the
. aracter of illumination, in order to gather the means for regulating
ske Subsequent developing of the plates). Finally, a pencil outline

Cteh of the terrene, with valuable notes for the map (names, roads,

Aths, buildings, etc.), is made before leaving the station.

After all the stations around this camp have been completed, and if
themquired data havebeen gathered during theseveral traverses through
Country, from the camp to the stations, the camp is packed and the

‘:rty returns to the laboratory, where the recently obtained negatives

© developed and the occupied camera stations are plotted and marked

Pon the chart projection. All the finished punoramas left at the labo-
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ratory are catalogued and labeled. Then the party, with a new supply
of plates, proceeds to another camping ground to continue the work as
before.

In order to save time and trouble, it will be advisable to regulate the
general progress of the work in such a manner that the elevated points
are visited in the most favorable season (i. ., when the snow has least
depth, when the passes are free from snowdrifts, and when the glaciers
can be passed over with the least risk). The lower regions, being nearer
to civilization, require less time and can be occupied at leisure at any
time during the season.

A good selection of the camera station is important, and should be
well considered and be made dependent upon the clevation and distance
of the points of the terrena to be surveyed, upon the scale of the chart,
and upon the character of the country (a diversified and broken terrene
will need more stations to control the same than an undulating and a
more regular section), still, with due regard to the limited length of the
working season in these elevated regions, it will also be advisable to
occupy no more stations than are really needed to develop the terrene
properly. The stations, finally, should be selected in such a manner
that the sinallest area of the represented terrene is visible from three
or more stations. If any part is visible from two stations only, and if
it is of minor importance, its determination by two dircctions only may
be accepted if the points of the same are determined by good intersec-
tions (if the two lines of direction intersect each other at an angle of
60°-900),

Regarding the most favorable hours for exposing the plates, one must
be guided by local conditions; generally speaking, the trend of the val-
leys in comparison with the course of the sun is important; slopes
totally in shadow should not be photographed; neither is it advisable
to execute panoramas when the sun is low or near the horizon. In the
latter case an additional source of trouble would arise from the fact that
one or two perspectives, taken in the direction toward the sun, will be
cloudy and have a double set of cross wires, one set being printed by
rays which penetrate into the camera and the other in the usual man-
ner by the refracted rays through the lenses of the objective. Gener-
ally speaking, it will be found that the best results are obtained from
exposures made during the latter part of the forenoon, the atmosphere
having a greater percentage of vapor in the afternoon, particularly in
mountainous countries. ’

From every negative plate obtained at least two positive prints aré

ade. One serves to determine the panorama necessary for the locs
tion of the secondary points, while the other is used to measure the
absciss@ and ordinates needed for the map construction.  All measure:
ments should be made upon loose prints, as the pictures become greatly
distorted by being pasted on cardboards.



Crarter TV,
THE IIORIZONTAL PROJECTION.

In order to obtain the map, based upon the panoramas, two drawing
l‘)oards are covered wiih paper (gummed down on the edges). One is
Used as a constructing board (to make all graphical determinations of
Points) and the other for the drawing of the finished charts; both are
Provided with a chart projection upon which the trigonometric points
Which- were used during the field season are plotted by means of their
Coordinates.

i With the aid of a specially constructed graphical protractor and trac-
Ing paper the directions obtained
With tho theodolte in the field can
readily be plotted upon both sheets.
Thig protractor is shown'in figure 12.
t consists of two concentric circles
4 4 and B B. The former can be
lnoved concentric within the latter
%out the axis O, secured in the
Center of A A. This rotary motion
8 applied to A A by means of two
Projecting ribs 8 and § on the plate
% @, the latter being secured to the
Movable circle.
_The inner circle 4 A has a gradua-
on, divided into degrees and half
grees, while the outer circle B B
b_ea,l-s a vernier », the zero of which
'8 in the prolongation of the fidu-
“al edge of an arm b b, which is
lse‘iul‘ely fastened to the outer circle
d_ in a radial position to the same.
18 vernier 2 veads to Lialf minutes. Fie. 12.
€ clamp screw P serves to secure the two circles in any position.
" OAD alidade ruler, 1) D, the fiducial edgo of which lies also in the direc-
Qof g (iawmeter of the circles, is revolvable about the axis € and slides
Don the upper surfaces of the circles which are in the same plane,
48 alidade bears a vernier 2/, graduated like n, the zero of which.
79
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coincides with the fiducial edge of D D. The clamp screw I” serves
to clamp this movable arm- D D to the outer circle B B.

The axis C is a hollow serew bolt with conical interior, at the bottom
of which a thin piece of isinglass is secured in such a manner that
it can be renewed. This has a small puncture to indicate the center of
the circles and revolving axis.

When an ordinary protractor is used to lay off the different directions
from one ecamera station which were obtained by the theodolite in the
field all the necessary additions and subtractions to be made in order
to obtain the successive angles between these lines of direetions absord
much valuable time, especially when plotting a series of panorama
stations,

'l‘heprbtrzwtor shown in figure 12 can ho used not only as any ordinary
protractor (by making the zero of the inner circle coincide with the zero
of the outer circle and clamping the two circles in that position by
meaus of the clamp screw P), but it can also be used to plot the direc-
tions upon the mayp in the same manner as they were obtained in the
field, by aid of the theodolite; that is to say, they can be referred to
zero or any other direction as the beginning, and then be plotted in su¢-
cessive order. To do this, the inner circle is revolved until the zero of
the outer circle (vernier n) gives the same reading upon the graduation
ot the movable circle as the theodolite reading for the prime direction;
then both circles are clamped together by the same clamp screw P.
The line of prime direction is drawn along the fiducial edge of the fixed
ruler b b upon the drawing (or upon the tracing paper, if the station i8
to be fixed or located upon the tracing of the lines), while the center of
the instrument coincides with the point representing the station upo?
the paper.

The zero of the vernier 2/ of the alidade I D is then successively
brought, upon the inner circle graduation, to the readings of the other
directious radiating from the station point under the center of the pro-
tractor; each successive direction is plotted by drawing a pencil line
along the edge of the alidade D D. Care must be taken not to change
the primary position of the' instrument as defined by the first liné
during these motions of the alidade.

The tracings of the lines radiating from the stations are obtained with
great accuracy by means of this instrument., If we have a sufficient nui-
ber of directions to well-determined points which are evenly distributed
about the station, their corresponding intersections upon both drawing
boards can be located with as much rapidity and accuracy as a graph
ical construction will admit of.

This protractor serves also to locate. points on the constructio?
board which on account of importance or for reasons of control h&
been bisected from numerous stations with the theodolite, and also, 38
will be shown, to orient a perspective view upon the board, if such -
Jperspective contains no trigonometrical point, or if the image of su¢
is blurred and not sufficiently clear to be identified with precision.
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After all stations, including such sceondary points as have been deter-
nined by theodolite directions from these camera statious, have been
plotted upon the two boards, the work of determining upon the construe-
tion board such secondary points as seem needed to complete the map is
taken up. For this purpose the various elements of the perspectives
are corrocted and adjusted in the manner previously indicated, and all
Secondary points are selected and marked by searching for well-defined
Doints which are common to two or more plates, carefully selecting
therefrom only such as seem
to be the most useful either X
for drawing the contours or A B
for tracing the general trend
of mountain ranges, torrents
and streams, boundary lines
of glaciers, etc. The vum-
ber to be selected depends
chiefly upon the adopted
8cale and upon the accuracy
to be attained. All such
Doints are marked upon the
Prints (perspectives) by nu-
lerals or letters in red ink.

Instead of drawing the
horizontal projections of all
Perspectives (or the poly-
8onsof the panoramas)upon
the construction board, 0"
uch time can be saved by
Using the instrument repre-
8ented in figure 14. With
this instrument we can draw directly upon the construction board the
horizontal directions to the pairs or trios of points marked upon the
Prints without drawing the horizontal projections of said prints.

In figure 13, V represents the station point plotted upon the board,
0 0’ the horizontal projection of a perspective (which has been oriented
With reference to a signal point §, a known and plotted point of the

Trene). '

V P is vertical to O 0",

J'=focal length for the perspective 0 0’.

P = principal point of view of the perspective.

Psupon 0 0'is the measure of orientation (= @) of the perspective.

We now prolong V P through Vby VP=V P’=7 and erect a per-
Pendicular to V.P/=0"" 0" in P’. Likewise, prolong V B, VA,V § to

eir intersections with 0’/ 0", whicl intersections are marked 0/, ¢/, ¢/,
resDe‘ctively. VP =V Pand O 0'parallel to 0" 0" ; hence the rectan-’

8, Ex. 19, pt. 2—6

Fie. 13,
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gular triangles V P’ o/, V P’ I, and V P’ &' are congruent with V P a,
V P b,and V P s, respectively; therefore:

Pa'=Pa==z

PV =Ph=2a' and

P’s’ = Ps, giving also the measure of orien-
tation (= w) of the perspective.

The construction of the graphic sector (fig. 14) is based on the pre-
ceding consideration, and it serves to draw from the station point, in
the plane of drawing, the various horizontal directions to secondary
points of the perspectives.

The metal plate V' S §, shaped like a sector, can be revolved in the
plane of drawing about the center of a strong needle, puncturing the
station point in center () of sector.
This needle passes through an oblong
opening (of the same width as the
needle) of a revolvable button,
secured in ¥, and through a similar
slot in the metal plate V. 8 &’ at V.
The metal ruler 12 R’ is revolvable
about V, gliding with the end R’ over
the arc & & of the sector, and the
fidueial edge of the ruler passing
through the center of 17,

This ruler is secured to the revolv-
able button » by means of a cylinder,
the bottom of which also bears a slot
similar to those in the button and sec-
tor plate.

When the ruler and button are in
a4 certain position the three slots it
sector plate, button, and ring of ruler
will coincide, and the needle can bé
inserted into the station point under
V, the center of rotation, through the
three slots. By a quarter turn of the
button » the needle will become in-
closed in a square, of which the needle cireumference forms the inscribed
circle. The entire instrument can now be revolved about the needl®
ceunter in V.

The lever screw m serves to move the prolongation arms a o/ ip @
suitable slide in the direction of the middle line of the sector. The
axis of this instrument coincides with that radius of the sector whichk
falls together with the middle line, passing through the center of V.
The steel ruler 7T'is perpendicular to this axis, and is secured to the pro-
longation arms n #/; it can be moved up or down, while maintaining
position perpendicular to the axis of the instrumnent, by meaus of the

¥ia. 14,
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8crew m to positions parallel to each other. During such movements
of T the ruler ends O and 0’ glide over two graduated metal strips «» «/,
which are parallel to the axis of the instrument and upon which the
distance of a line coinciding with the fiducial edge O O’ of . T from.the
center of the needle in V can be read off to 0-1m,

. If the edge O O’ of the steel ruler T'is brought to a distance == f from
the camera station in center of 7 (by means of the screw m) it will.
represent the line of horizon or the horizontal projection of a perspec-
tive, obtained with the focal length = £ (in inverse position, like theline
of horizon, viewed upon the ground-glass plate of the camera).

The point P, intersection of the axis of the instrument with O 0/, is
the principal point of view, and it is accentuated by a small conical
cavity to reccive the point of one arm of the divider.

The screw ¢ serves to give the steel ruler 7 a permanent position
after it has been brought to the desired distance from theé center of
Trotation V. Two thumbscrews W and W’ (iuto which fine needles can
be inserted and held in place by clamyp screws) serve to secure the metal
8ector in any desired position upon the drawing board. The arc S8 of
the sector is graduated to ten minutes and the zero of this graduation
Coincides with the axis VP of the instrument, giving readings from
0° t0 250 on either side of V' P upon this are.

The ruler or alidade I I’ bears a vernier to read fractions of the arc
8raduation. It is graduated to read half minutes. The thumbscrew
Sela,mp screw) Z of the alidade has a counterplate at its lower end and
't serves to secure the end R’ of the alidade upon the arc of the sector
804 upon the steel ruler T.

In order to draw the lines of direction upon the construction board

& point of the terrene, the picture of which has been selected and
Warkeq upon the perspective, the instrument is placed with its ¢enter
of Yotation, ¥, over the needle, marking the camera station on the board
a‘_"d giving the button r» a quarter turn (care must be taken that the
Side bearings of the Lutton # of the instrument have no loose play
gbollt the needle), then 0 0’ is moved Ly turning the serew a2 until 0 0/
'8 distant from center of V= J, whereupon the orientation of the instru-
Nent ig accomplished as follows:

?P is divected to bisect a plotted triangulation point, the image of
;:1;’011 appears on the perspective with sufficient distinctness; its abscissa

aken from the print by means of a pair of dividers and plotted in

R ® inverse direction, upon the line O 0, from the puncture in .P; the
N fldade R B is nrow gently brought into contact with tho other point
the dividers and secured in this position by clamping the screw Z.
Ofo“’ the.ent;ire instrument is revolved about V until tlie other end R
Dost:h-e alidade bisects the plotted point. The instrumentisheld in this
ition by pressing the small needles Waund W’ into the drawing board ;
e‘end I of the alidade is now released and the abscissm of all the
S8ireq Points of the perspective are trausferred to the drawing along
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the line O 0 from P, by means of the dividers, in their successive order,
but in inverse direction (the fiducial edge of the alidade being gently
brought into contact with the divider point each time), and the lines of
direction are drawn with a sharp pencil along the fiducial edge of the
alidade end R.

Should the image of the triangulation point appear blurred upon the
. perspective, the instrument, will have to be oriented upon the drawing
by means of the angle of orientation = @ of the perspective, which
angle is taken from the field book (Model No. 1, Supplement). The end
R’ of the alidade is placed and secured in such a position that the
alidade R I’ forms the angle @ with the axis V' .I» of the instruinent,
which angle is read oft (in the inverse direction) on the arc § 8 of the
sector, The instrument is then revolved about the needle in V), the
same as before, until the end I of the ruler passes thirough the trigo-
nometrical point in question. 'The instrument is then secured upon
the board in this position by means of the screws W and W’ and the
horizontal directions are drawn to the secondary points along R, in the
manner just described.

If a plate has been exposed while the vertical wire bisected a trigo-
nometrical point, the orientation of such perspective is accomplished
by making the zero of alidade-vernier ¢oincide with the zero of the arc
graduation, 8§, clamping R I’ in this position and directing the end B
to bisect the plotted trigonometrical point in question,

Should, finally, the perspective contain mo images of points previ-
ously located and plotted, then the zero of alidade is again made to
coincide with the zero of the arc graduation and the instrument is
revolved about the center of the needle until the fiducial edge I of the
alidade coincides with a line (which had been drawn by means of the
previously described protractor) which forms an angle in the station-
point 7 with the direction to a triangulation point, which is equal t0
the angle of orientation (= w) of the plate and which is taken from the
field notebook (Model No. 1, Supplement).

After the horizontal directions have been drawn to the different
points of the panorama, they are provided with numerals or symbols
corresponding with the characters affixed to the points upon the
panoramic views, in order to facilitate their identification when seek-
ing for the subsequent intersections with lines to the samne points from
other camera stations. In this manner, shown in the preceding, the
positions of the secondary points in the plan of the drawing are secure
by intersections, which will serve to make up the control of the map
It is well to transfer to the fair drawing, by means of tracings, whicl
are oriented by the plotted trigonometrical points and previously
located panorama stations, all the different points obtained by inter;
sections upon the construction board, in order to erase therefrom &
lead peneil lines, which served for their determination and to obscur?
the subsequent constructions for the’positions of other points of th®
terrene as little as possible. 2



CHAPTER V.

THE HYPSOMETRICAL WORK.

After the position of the most important points of the second order
is well under control it remains to ascertain the elevations of the vari-
ous station and secondary points of the perspectives, in order to enable
the draftsman to interpolate the cuntours between these points.

By means of the graphical hypsometer, figure 15, the elevations of the
Dlotted camera stations can be ascertained, by means of their graph-
Igally measured distances from triangulation points and the correspond-
Ing angles of elevation of said points (measured with the theodolite),

Which are recorded in the ficld notebook

(Model No. 1, Supplement). The clevations of

all secondary points are determined with the
Sameinstrumentby meansof their graphically
neasured distances from the camera station
and their corresponding ordinates, y, to be
Teasured upon the perspectives.

Two rulers, L L’ and M M’ (fig. 15), can be
Made to glide with their ends along a ruler,
4 B, but always maintaining a perpendicular
Position to the same, for which purpose their
ends are secured to two sleighs, A/ and L/,
Which glide in two parallel grooves, g and ¢’ ,
along A B. The motion of I/ is free, and is
Accomplished by pushing the button O up or
down the ruler 4 B. )

M is provided with a ratchet and scrow P.

Y turning the latter in oue direction or the
Other the ruler M M is gradually moved up or
down 4 I3, the latter being provided with a
YOW of fine teeth into which the ratchet wheel

Tia. 15,

Of M’ Dites while P is being revolved. The alidade ruler d'd is secured
With one end, 4, in V, in such a'manner that d’d can be revolved about
Caxis of Vas ncenter, while the other end, d’, passes over a graduated
Are, Ggg'. Theplug in Vissimilarly constructed to the onein Vof the
8raphical sector, figure 14, previously described (it is provided with a
Tevolvable button which contains a slot in such a manner that the ruler
B ean be revolved simultaneousl y with the alidade d’d about a needle,
arking the station point on the construction board). In this instru-

83
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ment the plug, the revolvable button, and the alidade have each a slot,
which intersect eachh other in the center of rotation V, and through
which the needle can be passed when they have a certain position and
then be sceured in place by a quarter turn of the button. The entire
instrument can be revolved about the needle, the center of which lies in
the directions of the fiducial edges of the ruler 4 B and alidade d'd.

The alidade is provided with a vernier, n, graduated to read half
minutes, on the gradaation of the limb G ¢ ¢g’. This vernier serves to
lay off angles from T between the fiducial cdges of A Band d'd. When
d'd is brought close to aud in contact with A B, the zero of the vernier
n and the zero of the arc graduation will coincide. The axis of this
instrument is represented by that edge of A B (lying toward d’d) which
passes through the center of rotation 17, and which passes through the
zero of the graduated arc g ¢’; it also passes through the point p of
the line p ¢, which is marked upon the ruler A ', This line p ¢ corre-
spouds with the zero of a vernier, #/, which is attached to the ruler M M’
and which glides along the groove ¢ when J A’ is moved up or down
A B. A Bhas o millimetre graduation, and by means of the vernier »'
the distance of the line p ¢ from center of 1 can be read to 0.1mm,

‘When this line p ¢ is brought to the distance = f from V, by means of
the fine ratchet movement at Jf', the line pg can be regarded as the
axis of abscissic drawn upon the perspective, while the point P repre-
rents the principal point of view of the perspective (see fig. 5).

In this case the line p ¢ can also be regarded as the axis of the ordi-
nates of the perspective mn (fig. 5), provided the vertical plane (con-
taining V' P and axis of ordinates) is supposed to be rotated about VP
until it coincides with the horizontal plane V P O.-

The poiut p is marked upon the line p ¢ (in the same way as described
for the sector) by a small puncture, which serves to receive one point
of the dividers, when such are used to lay off the abscissa: and ordi-
nates, taken from the perspectives,

After p ¢ has been secured at a distance = f from the center V and
the abscissa @ of a point ¢, taken from the perspective m n, has been
transferred to the line p ¢ from p), the second point of the dividers upon
pqwill represent the horizontal projection a’ of the point ¢. If we noWw
move the alidade, d’d, until its fiducial edge touches the second point of
the dividers, the trmugle formed by the edge of the alidade d’d, the
edge of the ruler A B, and line &’ p will represent the triangle VPa’ of
tigure 3.

The end d’ of the alidade is provided with a steel index mark, @
which can be moved along 4’ d by means of a revolvable button, FE, 8
ratchet movement, and teeth in a groove along d’ d. If this indeX
mark is moved to o’ (the intersection of fiducial edge of the alidade
and line p ¢ on M M), the distance V a’ cut off on d’ d will represent the
horizontal distance of the point a’ of the perspective from V (i, e., th®
value d in figure 5). '
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Maintaining this index mark ¢ (fig. 15) in this position on d' d and
revolving d’ d about 1 until its fiducial edge coincides with the edge p V'
of A B (i. e., with the axis of the hypsometer), then moving the ruler.
M M’ away from V (by turning the ratchet button P) until the line p ¢
coincides with the index mark ¢, we will have transferred the distance d
(fig. 5) upon the hypsometer axis; we will have brought the line p ¢
(engraved upon JM M) to a distance from the center of rotation (of the
needle) in 17 equal to d, and by transferring the ordinate y (fig. 3),
measured on the perspective m n with a pair of dividers, upoun the line
D q (while the latter is still in the position just described), by inserting
one point of the dividers into the cavity p and bringing the fiducial
edgoe of the alidade d’ d gently into contact with the other point of the
dividers, resting on the line p ¢ (fig. 15), then the triangle Vp a of the
hypsometer will also represent the vertical triangle V «/ a of figure 5,
except that it is now turned about 1 a/, as axis, into horizontal plan.

The movable ruler I, L/, which will always remain perpendicular to
the hiypsometer axis, consists of two plates joined firmly together at
their ends, between which the alidade @’ d (fig. 15) can glide when
Tevolved about V. - The upper plate of L I/ is slotted like the handle
of a penknife, and the edges I L and L L/ are beveled and provided
With a millimetre graduation, the numerals of which correspond with g
8cale of 1:50000 /50 m =1 mm). A ratchet screw, ¢, serves to move a
bPlate (J{ 0 K') with two index marks K and K, which can be made

coincide with the intersections of the fiducial edge of the alidadé
@' d and the two sharp graduated edges L L and L L. Thé index
Plate K 0 K’ also has a double vernier, #’, on the opposite side of
the ratchet screw ¢, graduated to read J&;™n (i. e., to read metres for
the sosgy scale) in connection with the millimetre scales I L and L L/,

When the zeros of this double vernier #/ coincide with the zeros of
‘the graduated edges L L and L L/,the marks of the doubleindex K and
‘K' will coincide with the edge V p of A B (i. ., with the axis of the
lstrument) and also with the fiducial edge of alidade d’ d, the zero of

he vernier # of the alidade also coinciding with the zero of the arc
Braduation @ ¢ ¢’ (i. e., the fiducial edge of d d’ will fall together with
© axis p V of the instrument).
. In figure 5 A represents a point of the terrene, the image of which
s designated by « in the perspective m n. 1f 4’ is the projection of 4
l‘} the horizontal plane passing through V,then A A’ will represent the
_lﬁ'erence of elevation = L between the points A and V. V A’will be
18 horizontal distance = D of the point A from the camera station V,

Which distance is represented by 50_150_0 for a scale of map of 1:50000.

N Returning to figure 15, we imagine the bypsometer revolved about the
fedle center in V until the hypsometer axis p V passes through a

Plotteq point A’ in the drawing. If the ruler A M’ had previously been

Securedrin such a position that the distance of p from V= d and if d d
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had been set to lay off the ordinate y upon p ¢ from p, and if we now
bring the index mark K in & position to mark the intersection of the
fiducial edge of the alidade with the edge /. L, then the triangle V.4 A4’
(fig. 15) will also represent (in the scale of 1:50000) the triangle V.4’ 4
of figure 5, The index mark A indicating on the edge L L the length

L
5000(
camera station V by reading the corresponding vernier n'/

The triangles 7 p « and 1" 4’ 4 (fig. 15) being similar ones, we will
have:

3 we will find the difference of clevation between the point A and

Ad Pa y
VATV T4
we found (page 58).
y_L
d— D
AA L
hence =7

D
and as 1" A/ = :)0—060, we have

L
4 A’ = 55000

L =50000 x A A’

The nunerals of the graduation of the edges I L and L L"and of
the double vernier n’/ give the value 4 A’ multiplied by 50,000, which
is the difference of elevation, ,

It has been previously shown (page 38) that

Ly
tan a = _D = —d
A A
and therefore tan a = "p g7

Hence, if we have the angle of elevation of a point A of the terrene
we need only to lay off this angle upon the graduated arc @ g g’ by
means of the alidade vernier u, from g, and place the index mark K
upon the intersection of the fiducial edge of alidade and edge L L (the
instrument having been placed upon the drawing in such a position
that the hypsometer axis passes through the plotted point A’), and then
read off on L and corresponding vernier »’/ the ditference of elevation
between camera station and point 4,

This case becomes very much simplified when the image 4’ of A i8
bisected by the vertical thread of perspective (axis of y), as then:

r=o0and d=J.

The alidade is placed so as to lay off the ordinate y of the point &
upou pg from p, after the ruler M M’ had been secured in a position &b
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a distance —f from V; then the index mark I or K is brought into

the point of intersection of the fiducial edge of d &/, with edge L L or

L L' of the ruler I I/ (the axis of hypsometer passing through the plotted

Doint 4’), and the difference of elovation between A and 17 is read off

either on the vernier corresponding -to the graduation I L or to thes
graduation - I’. The correction for curvature and refraction to Le

applied to these differences of elevation is taken from the ordinary field

tables.

A special list (Model No, 2, Supplement) is made for the secondary
Doints, in which they are tabulated according to the numerals or sym-
bols with which they were characterized on the perspectives, and they

are catalogued according to the panorama and perspective to which
~ theybelong. Thislistalso contains the differences of elevation between
‘them and the two or more stations whence they were determined, as
Well as their absolute elevations, the Iatter being the mean of the values
Obtained from the different stations and corrected for curvature and
Tefraction.

The elevations of the camera stations are the mean results of the
Values obtained by adding or subtracting the difference of elevation
(obtained by meauns of the graphical hypsometer) to or from the known
el.BVations of the triangulation points (using the vertical angles observed
With the theodolite and the graphically measured horizontal distances

etween plotted camera station and triangalation points).

After the secondary points,including their subscribed elevations, have

€en transferred from the construction board to the final plan, it
Temaing only to interpolate the contours between these points, in har-
Moy with the affixed figures, to sketch in the details and everything

at is needed, and to give the terrene its proper character, all based
Upon frequent refercuce to the perspectives of the terrene in question.

‘CONCLUSION.

hoﬁs the work at a phototopographic station can be finished withil} an
Willr or an houyr anq a halfy and as .two or three Wel‘]-selected stations
ameacontro.l the ]mrlzpnta-l and vertlcul'reprfasenmtun} of an extended
or y t-l‘le fieldwork will take no more .tnne t.or a detailed stlr\"ey than
Theal.g.‘eneml survey, as the persl‘)ectlves‘w‘l]l be the same for b(.)th.
01)0('1.?01‘9])% in the time needed for ob‘tzunmg a more or less detailed
‘givi,ﬁtdphw map depends upon the oﬁlce'wm‘k 0111y, every panorama
Ol‘i'lh the means to. construct therefmfn an unlnmteq mm%ber of
“ontal directions from the camera station to surrounding points, as
‘ll(?r:;mbe-r of fsefzondm‘y pbintg §clected from 'the persx)eeti'\ies can be
Taﬂ;ssed indefinitely to the limit of the patience and ability of the
nan,
be pancramic perspectives, hiowever, are not only important aids
© construction of the map, but they can also serve as subsequent
Gely upon the work of the draftsman, and if they are preserved,
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together with the catalogues containing the numerals, symbols, ete., of
their secondary points, their elevations, ete.; they can serve for future
illustrations of the mapped terrene, giving the relief modeler important
details to enhance and complete the natural character of the model, etc.

IFrom the foregoing it is evident that phototopography is especially
well adapted for topographical surveys of mountainous regions, as the
ordinary topograpbical methods for such regions can be carried on
only during a few swmmer months cach year with advantage. Iven
in favorable seasons the weather will be very vacillating; clouds will
obscure during the warmer hours of nearly every bright day the more
elevated peaks, winds will carry misty vapors from one valley to
another, ete., so that the camera can obtain in a short bright interval
more topographical data than could be obtained in weeks of time with
‘the other instrumental methods. Even if the selected camping ground
is most favorably situated for the work, the ordinary topographer will
have to traverse long and difficult distances before he will reach a-
favorable point for a topographical station. He can not leave camp
before daybreak, and he can not risk a late return on account of the .
danger to life and limb (not mentioning his instruments) attending 2
tramp through rough mountain regions by night. Iie will arrive at the
selected station in a fatigued and nervous condition, have but-a short
time to spend there, and consequently will hurry through his obser-
vations. Asis well known, the topographer can, under general circum-
stances, determine prominent points by the intersections of horizontal
directions from a number of stations or by telemeter readings from one
station. In order to sccure the details, however, he will have to trav-
erfe the country quite extensively and make numerous sketches in
order to give it the proper character and to delineate the terrene by
horizontal contours. Not many lhorizontal and vertical angles can be
obtained in a single day either with the plane table, the theodolite, the
tachemeter,or other instruments, as the topographer will have to spend
@ good deal of his time, at the station, in making sketches in order t0
identify the points of thoe lines of direction for subsequent lines to the
same objecty from other stations (in order to get the correct intersec-
tions).

The work will be still less encouraging if the use of the telemeter i8
depended upon to determine secondary and tertiary points, on account
of the slow progress, the danger to life and limb of the telemeter men
ete. If we add to this the low temperature and snow, it will be impos-
sible to work more than a few hours at one station with the plane
table, theodolite, etc., to get directions and malke sketches, It appear®
certain, at best, that, under the conditions which always prevail i
mountains of an alpine character, the positions and elevations 0
prominent points only will be determined (and often only such #8
are absolutely necessary), the telemeter will be discarded, and the
characteristic forms of the terrene, which are only seen at a distancé.
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are sketchily represented. 1f details are mapped at all they will be
unreliable, and the hours at which they can be seen to the best
advantage are few. These facts render topographic surveys of such
mountains not only tedious, difficult, ygnd expensive, but also unreli-
able. They explain why so few maps give the true representation of
such regions, and they also show the great advantage to be derived by
applying photography to the surveys of all regions which are difficult
of access or inaccessible, and where snow, ice, and bad weather pre-
vail theentire year. The photographic perspectives will not only repro-
duce the terrene before one’s eyes at any place, and at any time, but we
can also construct a topographic nap, based on, such views, with the
utmost correctness that may be demanded by science or industry, It
is evident, therefore, that phototopography is to be rccommended in
the following cases:

1. For all mountains of an alpine cbaracter where, it the ordinary
topographic methods are followed, the lack of control will give but
ediocre results.

2. For extensive scientific expeditions and explorations, for recon-
laissance in times of war, for topographic surveys in unhealthy local-
lties along the frontiers of belligerent nations, ete.

3. For surveys for geological studies, for projected railroads through
Wountains, for hydrographical surveys for river ameliorations; in short,
for surveys for all purposes where correct representation and charactar
f the terrene, as well as full details, are desired,

4. For naval purposes or on board of vessels fitted out for explora-
l7101153, to obtain coast views, topographic and hydrographic sketches
of Liostile or barren coasts. (L'wo or more shore stations are selected
trom the deck of the vessel and panoramic views are taken therefrom,
%are being had to include in these perspectives the vessel, anchored

Oats, buoys, moored flags and other secured objects which served to
outrol the soundings, simultaneously carried on with the topographic
slll‘vey.) ,

*A special apparatus, for use on shipboard, has been invented by

Aganini. It furnishes a vertical photographic perspective of a known
°C3:1 length and at the same time gives the magnetic azimuth of the
tical axis of the camera for each perspective. The azimuths of all
d'e points along the coast shown on the perspective can be taken

rectly from the perspective,
- Pio Paganini, engineer geographer and director of the phototopo-
&raphical work in 1taly, in a report recently made to the First Geo-
&raphical Congress in Italy, says the following, relating to the improve-

®uts of his camera theodolite (a German translation, by Fenner, of

18 report has been published in the Zeitschrift, fiir Vermessungs.

“8en, 1899):

_the Principal improvement to the camera theodolite consists in drop-

€ the eccentric telescope of the theodolite (Fig. A) and changiug the
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instrument so that the “photographic camera in itself will serve as a
centrally located telescope.”

Paganini accomplished this by replacing the ground-glass plate of the
camera by an opaque plate which bhas a Ramsden ocular lens in the
center. This new apparatus has all the details of a traupsit, with a cen-
trally located telescope. The same instrument serves to obtain the
photographic panorama as well as to measure the horizontal angles
necessary to orient the panorama or needed for the determination of
the camera station by resection, and to measure the vertical angles for
the determination of the elevations.*

The plates Nos. 6 and 7 of the new map of Italy, comprising the
terrene to the north of Chiavenna to Spliigen, were obtained in 1889
by means of the former instrument (Ifig. A), and they are now com-
pleted and have been published. A comparison between a recent edi-
tion (scale s¢dgy, With contours of 50 metres interval, excepting the
lowlands, where the interval is 10 metres) and the adjoining sheet of
the Swiss “Dufour Atlas” shows that the former appears to represent
the terrene more true to nature, and although the Swiss map ranks
higher from an artistic point of view, it also evinces a certain uniform
undisputable neglect of characteristic topographic features.

During the exposition of charts and maps at Vieuna (in 1891), under
the auspices of the Ninth Congress of German Geographers, this Italian
map was generally praised and declared by competent judges to deserve
the first rank above all other exhibits.

In 1890 Paganini, assisted by the topographer Rimbotti, began the
work of phototopograpling the elevated parts of the terrene of plate
No. 29 of the new Italian map, which comprises the difticult group of
Monte Rosa, with elevations of 4,600 metres. They used two instru-
ments, one of the older pattern and one of the latest construction. This
work, however, had to be interrupted in 1891 in order to do ¢more
important work for military purposes.” Paganini also mentions that he
had been engaged in the same year upon an “important military work,”
to accomplish which ho doubtless would not have succeeded withoub
the aid of photogrammetry.

Coneluding his report, Paganini made some very interesting remarks
conceruing a recent]y invented instrument, which, however, is not yeb
cousiructively finished. 1t is also a photographic instrument, but 0
be used on shipboard, and which he terms a ¢ photographic azimutale’

Formerly the perspectives used to illustrate portions of the coasts
in order to facilitate the identification of such portions by sailors whe?
approaching the coast from the sca, were published with and upon the
charts or in the coast-pilot books. They were obtained in the folloW
ing manner:

From the deck of a vessel at anchor a free-hand perspective drawinf
would be made of the desired part of the coast, including all prom_ii“f’

*Paganini proposes to publish o detailed description of this new apparatus ghortly’
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features, particularly light-houses and navigation marks. (The use of
an ordinary camera was precluded on account ot the rocking motion of
the vessel.)

The angles formed by the lines of direction from the vessel to the
various prominent points shown in the perspective were measured voith
a4 sextant, and the local magnetic azimuth of one of these lines would
also be determined (giving the local maguetic azimuth of all other lines
of direction to points on the perspective).

These magnetic bearings were inscribed in the drawing above the
points to which they referred. The place of anchorage had to be deter-
mined as accurately as possible and plotted upon the coast chart.

Such perspectives (it is said that Porro showed a remarkable skill in
making such views) would naturally be obtained more readily and far
more accurately if a photographic instrument could be constructed to
be used on shipboard for this purpose.

Paganini (having been an officer in the Italian navy until 1877) had
for several years made studies and investigations with the above object
in view, partiéula.rly since the instantaneous process in photography
had been developed to the present degree of perfection.

The “photographic azimutule,” the construction of which is now well
Under way, if not already completed, is the dircet result of Paganini's
Studies in this direction. This instrument can he ealled a transit, the
telescope of which is replaced by a photographic camera, which can be
‘Converted into a telescope by replacing the ground-glass plate by an
Opaque plate with an ocular lens in the centerr  This instrumentdifiers
from Paganini’s latest improved camera theodolite by its mounting and
by the additional attachment of a dial Ccoupass.

Regarding the mounting of this “photographic azimutale,” we will
8ay that it rests upon a plate which swings in gimbals; both are con-
lected by a central clamp screw, which has a heavy weight attached to
Secure a permanent horizontal position of the horizontal limb or the
Vertical position of image plate.

The compass resembles the Schmalkalder or ‘mmuth compass and
Iy Placed centrally above the horizontal plate and within the ring-
Shaped alidade. .The magnetic bearing of the optical axis for every
Del“lpectlve is secured by photographing directly upon the image plate
sl1lmlt;a,neously with the picture of the coast (and immediately below

© vertical wire) that part of the compass graduation which lies in

8 direction of the view pliotographed.

The zero diameter of the dial compass always being in the magnetic

eridian, the compass reading designated by that graduation mark

hlbh we find bisected by the prolonged vertical thread under the
l(fture will represent the magnetic azimuth of the optical axis of the

Wstrument at the moment of the exposure, or it will indicate the
fngle of orientation for the picture.
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This picture of the compass graduation, caught simultanecously with
that of the coast view, is obtained by means of a small secondary
camera placed immediately above the compass and below the main
camera. The optical axes of these two cameras are at right angles
with each other. The image of the compass graduation in the second-
ary camera is retlected by meaus of a suitably placed prism upon the
image plate of the main camera.

In order to obtain the pictures of both cameras simultaneously, the
shutters of both are operated automatically and at the same moment.

The “photographic azimutale” is to Le permanently secured to the
captain’s bridge, forming a, part of the instrumental outfit of every
naval vessel, By replacing the gimbyl support by a tripod the instru-
ment can be used for work on land. Itis also tested and adjusted
on shore in order to adjust the horizontal thread by means of the sea
horizon.

Paganini mentions that this instrument is well adapted to photo-
graph the illuminated sectors of light-houses and the range of visibility
of navigation marks. He also believes that the same can Le employed
with advantage for the topographic and hydrographic surveys of har-
bors, wharves, seldom-frequented coasts, for military or scientific expedi-
tions, for the determination of the geographical latitude of a vessel’s
position by means of the image of the sun, which can readily be obtained
with sufficient sharpness, including the illuminated sea horizon, to give
good results, ete. )

From every picture shawing the image of the sun we can find the sun’s
declination and azimuth, and the time being known we can compute
the geographical position. Whether such semigraphical determina-
tious are sufficiently accurate for practical use and whether sextant
observations will be supplanted by these, time and experience car only
teach; at present there are no comparative results to communicate.

The preceding chapters show that photographic surveying is being
pushed to a high degree of perfection in Italy, and we are particularly
indebted to Paganini for the numerous improvements so recently made
in photographic and graphical instruments, including methods of use
for topographic and hydrographic surveys.
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SUPPLEMENT.

Mopzr No. 1.

Station on Punta Bivula (irig. pt.), on the ridge between the valleys of the Falsavaranche
) and Rémes,

[September 18, 1884.]

ot Perspectives| n; : .
Orlentam::nc;; the parno— betlgt: ;ng lt)l};e\"):gggisp;(l’ Focal distance. Remarks,
: panorama. points of view, |.
L
.Punta Gran Paradiso: ‘ ° 7 Time of exposure:
) 78° 27/ oo’ P " 78 27 244°5Wm 10%, with smallest
i ) diaphragm,
) No. 7.
p2 114 27 . 108
s 150 27 b4 9
P4 186 27 B 128
: ps 222 27 &8 9%,
i Punta Della Grivola: =
123° 47/ 00’/ Pe. | 258 27 28, 10%
p7 294 27 TE 9% TFine weather,
P8 330 27 £ 108,
P 6 27 3" 108
Pro 42 27 v 108

Directions and vertical angles of the trigonomet-
rical points.

Computation of elevation of station nndyclevatioh
of line of horizon,

'

Geodetic point, elevation =3413-69m.
= Elev. of instr. == 2-30m.

Station upon the half-destroyed signal. Elev, of instr, = 2:30™,

Elevation of lines of horizon of panorama == 3415'99" =< 34.16'0“‘.

\

v

of roads, etc,

The adjoining page is utilized for topographic sketch from station, detailed remarks, names
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MobpeL No. 1.

Station on Punta Percia, on ridge between the valleys of the Talsavaranche and the Rémes.

[September 19, 1884.)

|

 Porenecrives .. ;
Perspectives pyjrections to |

: Orientation of the pano- | belonging

ama. .

Punta dell’ Erbetet:
282° 04’ 00’/

to the

i panorama.

I

Ps
s
P
P
p6
p7
ps
Po

pro

| the principal : Focal distance.
points of view. .

170

206
242
278
314
350

26
62
08

184

’ . I Time of exposurc:

oo 244-5mm 0%. Shorter exposure
than before on
account of the ‘
great reflection !

> of surrounding !
=3 . glacier.

00 S ) 78,

00 =g ! 8,

% g | .
[o]e] v g, l Q°.
oo k= 'o108,
2= :
[o¢] =2 : 8e,
fo'e) = . 8,
[ H ~e
00 F i 9°%. Fine weather.
00 | 10%. Diaphragm No.
7.
[e]o} 78.

Rewarks.

Directions and vertical angles of the trigonomet-
rical points. .

Cima di Breuil,
Flevation,

Punta dell’ Erbetet,
Elevation,

Cima di Nomenon,
Elevation,

Cima di Rouletta,
Elevation,

Punta dell’ Invergnan,
Elevation,

Cima di Toss,
Elevation,

220

282

‘222

o7
42

11
30

44
00

10 |
30 .

00 :

30

30
30

[ole]

30
30

. Computation of

clevation of
of line of h

staution and elevation
orizon.

Flevation Invergnan
Diff. of clev, 4~ corr.

Elevation Nomenon
Diff. of elev. 4 corr.

Elevation Toss
Diff, of elev. 4+ corr.

Elevation Breuil
Diff, of elev. + corr.

Llevatjon Rouletta
Diff, of elev. <+ corr.

Elev. of line of horizon

m.
360772
406°15

—_——

3201°57

(N

348842
28494
sarr—— e |

320248

3302°24
9984
P

3202°40

i

345462
252°64
_——/

320198

i

338419
182°28
e

3201°82 |

il

3202°3
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MopeL No. 2.

Elevationa of secondary points of the panorama.

97

Names or num-
bers of points.

Stations whence
they were
derived.

Elevations of
stations.

Diff, of cleva-
tions.

Elevation of
point.

Remarks,

L

S. Ex. 19, pt. 2——7
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PHOTOGRAPHIC INSTRUMENTS AND METHODS EMPLOYED FOR TOPO-
GRAPHIC SURVEYS IN THE DOMINION OF OANADA.

The phototopography of the Rocky Mountain region in the North-
west Territory of the Dominion of Canada proved a success, and several
of the Dominion topographic and land surveyors (J. J. McArthur,
W. 8. Drewry, ete.), under the direction of the surveyor general, Capt.
E. Deville, have acquired skill and valuable experience in this branch
of surveying, as is well proven by Deville’s topographic map of the
Rocky Mountains along the Canadian Pacific Railroad, based on tri-
angulation and phototopography, plotted on 1:20000 and published
on 1:40000 scale, and which was on exhibition at the Columbial
World’s Fair.

NIRRT

Fia. 16.

Under the direction of Dr. W, F. King, Alaskan boundary commif’
sioner to Her Majesty, phototopography has been successtully employ®
for the topographic survey of southeastern Alaska, as far as thi
topographic reconnaissance has been executed under the Governme?
of the Dominion of Canada.

The views taken from the camera stations of the Dominion survey? .
are not-complete or full sets of panoramic views, and when the statiov®
are close.together, even those few plates which are exposed from op®
station do not always comprise adjoining pictures. According to tbo
desired greater vertical or horizontal exteusion of the view, the came”
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Can be placed with either the long or short side in an upright posi-
tion upon the tripod.

The camera is a rectangular box of well-seasoned mahogany (fig. 16),
Strongly bound in brass and very carefully constructed, with opposite
Sides parallel and adjoining sides at right angles to each other. The
Camera has neither telescope, horizontal nor vertical circles, as it is
Ued in conjunction with a transit, the same tripod serving for both
Instruments. All angles are observed with this transit, either before

Fiu, 17.

0ir after the exposure of the plates has been made. Care must be exer-
%ed not to disturb the tripod when changing the instruments. The
D Wery, js secured to the tripod by means of a separate triangular sup-
Ort (ig. 17); the three screws marked e serve to level up the
Wery, hefore each exposure of a plate. A brass plate, with two spirit
Vels placed at right angles to each other, can be attached to the
Permost side of the camera, and thus pair of levels is used for the
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leveling up. The central clamp screw, b, serves also as vertical axis
when revolving the camera in azimuth,

The camera box 4 B C (fig. 17) 1s provided with two nuts inserted
into and made flush with the face of the camera, one in the center of 8
small side and the other in the center of an adjoining long side. These
nuts receive the central clamp screw, b (fig. 17), of the triangular cainera
support, and a circular brass plate inserted into these same sides, with
the nuts as centers, forms the bearings for the three camera rests, ¢
(fig. 17), when revolving the camera horizontally. The clamp screw, b,
of the camera support is drawn only tight enough still to permit the
camera to berotated in horizontal plane, and after the double levels
have becn ingerted into the slide of the uppermost side of the camera
the latter leveled up and oricnted, this central screw, b, is tightened
sufficiently to securé
the. fixed position of
e the camera when the
T, shdeis drawn and the
plate exposed.

Each camera is pro-
vided with six doubl®
t,3= | plate lLolders, H B
(fig. 16), bearing @
number on each side
(from 1to12)to enable
the operator to keep
trace of the plates.
a ] 1 The latter are made
by B.J. Edwards &
Co., The Grove, Hack:
ney, London, England. They are the so-called isochromatic instanta:
neous plates of 4} by 6% inches (old English half plate), all of oné
emulsion and made as uniformly in every respect as possible,

Four sets of teeth (fig. 18), cach set about one-eighth of an inch wide,
are securely fastened to the camera box, as close as possible to the
plate-holder slides, in such a manuer that the lines (horizon and prit
cipal lines) joining the middles of two opposite sets are parallel to the
faces of the camera box. These mectal teeth ¢ & t, ¢, (fig. 18) are
placed close enough to the plates to give sharp and well-defined prints
of the same. After the camera has been leveled up the plates ar®
vertical, the line ¢, ¢, is horizontal, t; ¢, is vertical, and the “principﬂl
point” (the intersection of ¢ ¢ and #; ¢,) is in the optical axis of the
capera, Capt. I, Deville has changed these teeth, as they were t0°
long, and inasmuch as the lens, levels, sunshade, .etc., are carrie
within the camera box during transportation, and the jarring motio?
to which the pack is exposed 1s liable to dislodge, or at least to pend

o

d

Fia. 18.
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t‘he teeth, he advocates their being placed farther back, as shown in
figure 184.

Some of the Canadian cameras have a revolvable plate, with Iens
€ccentrically located, so that the width of the picture remains the same
t;hrollghom:, but the horizon ean be elevated or lowered by turning this
Tevolvable plate. This plate, being of wood, swells in damp weather
and then can not be moved. Then, too, every movable part of an instru-
lllt?nt is a source of uncer- A B
ti}ln errors. Capt. E. De- [ povw
Ville's experience teaches K
that the best results arve

obtainedq with a camera S RS |
* that jg perfectly rigid in ,

Al its parts, of a constant
focal length, immovable
s, situated in one-third
t%‘e length of one short
Slde from either long side
and midway between two | — |
Short sides of the camera € ) D
as flldi(:ated in figure 18a. . 5a.

h1§ arrangement will enable the surveyor to elevate or depress the
Orizon by resting the camnera on the face A B or C D (fig. 18a). '

A square diaphragm, e b ¢ 4 (fig. 18), placed within the camera box
Umitg only the light needed for the development of the negative,
“Xcluding side lights or rays which may possibly be reflected from the
“amery sides. .

A small mahogany box, with a shutter made like a venetian blind,
can readily be secured to the

7 tube of the camora lens in

N =T / case it becomes necessary to
= L 1 exelude the direct sunlight
— = "'4” == and shade the lens (fig. 19).
N e 1 % | I/ The eamera faces, which

A s \f’f-’-"\:‘\; ; ; "/////, are provided with the level
NS = | attachment (B and 0,tig. 16),

also show two converging
f lines, @ B and y & (side C,
8. 16), which indicate the range of the lens in horizontal and vertical
o fa:cne. One set of these lines will appear on the upper face (B, fig. 16)
a he camera when in usc, while the other set (e g and y 6, side C) will
Ppear on one vertical*side. This arrangement enables the surveyor
by S?B what part of the panorama he is taking during the exposure
Sighting along the two lines of the horizontal face, and also up and
%Wn the two lines a f and y 6 marked on one of the vertica} faces of

Ta. 19,
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the camera, thus dispensing with the use of the ground-glass plate and
shade cloth altogether. After the camera has been oriented by means
of these sight lines and leveled up, as mentioned before, the central
clamp screw is tightened and the plate exposed.

The lens is a wide.angle lens, No. 1a, of 5§-inch focus, made by J. H.
Dallmeyer, in London. Itreally is a combination of two similar lenses,
between which the diaphragm is inserted. The aperture of the latter
(the stop) used is always the same for all pictures. That end of the
lens tube which faces the negative is closed by a planoparallel plate of
a yellow or orange color to lessen the actinie action of the blue and
violet rays upon the isochromatic plates, thus securing a sharp outline
of distant mountain ranges and ridges.

With the plates used, this lens gives an angle of about 45° for the
small side and 60° for the long side of the picture.

The camera, six double plate holders (including twelve plates), sun-
shade, levels, camel’s-hair brush for removing dust particles from the

' slides, etc., arc securely packed into

S~ D> ’ a sole-leather case, which has straps
Wm sy attached to it in such a way that the
— AN .. whole can ecasily be carried on the

era is packed with the transit, and
the case of the latter is also inclosed
in a sole-leather knapsack, with
straps for the extension tripod, both
being carried together on the Lack-

The cameras are made by J. H. Dallmeyer, No. 25 Newwman streebs
London, W,

The transits and tripods are made by Troughton & Sims, 138 TFleet
street, London, E. C.

Every evening the surveyor replaces the exposed plates in his dark
tent by new ones, using a ruby-colored light. He marks the exposed
plates in one corner, before their removal from .the holder, with his
initials, the namber of the dozen and of the plate, using a soft lead
pencil. e. g., IIL 5 means plate No. 5 of the third dozen. (The plates
are packed in sets of a dozen each.)

The exposed aud marked plates are placed into a double tin boX*
(fig. 20) which can Dbe closed hermetically and which will float when
filled with two dozen plates, it by accident it should be thrown into
water. These boxes are shipped to the head ofiice, in Ottawa, where
the plates are developed by a specialist (Mr. Topley).

The outline sketches of the ditferent perspectives are designated DY
the same numerals as the plates to which they belong. They show the
peaks, saddles, and points to which horizontal directions were takeP
with the transit (or altazimuth), and they also coutain remarks about

! I ‘ back like a knapsack.

i { ! The triangular support of the cam-
i I |

| l [‘ it
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the weather, illumination, time of expdsure, names of localities and fea-
tures, and any other needed data.

The data obtained with aid of the transit for triangulation purposes
are recorded in the usunal manner. '

The length of exposure for the plates is determined experimentally,
as it may be assumed that the same length of exposure will suit a
similar subject under similar couditions, with a light of equal inten-
sity, the plates being all of one emulsion.

So-called photometers are used to measure the intensity ot the light.
They consist of an endless strip of sensitized paper incased in a small
metal box—Ilike a small tapeline—a short portion of the paper being
exposed to the light and the time noted (in seconds) which it takes to
bronze the exposed part of the paper. The nature and coloring of the
subject vary but little in phototopography, and the time of exposure
should be regulated with reference to the shadows or dark colors of
the distant landscape; the darker these are, the longer the time of
exposure should be (ten to forty seconds).

On the southeastern Alaskan boundary survey, Mr. O. J. Klotz,
Dominion topographical surveyor, received the exposed plates from the
different shore parties, und by way of test developed one plate out of
every seb of a dozen plates in a dark room fitted up for this purpose
on the steamer Thistle to see that no bad plates had crept in.

The other plates were shipped to Ottawa, where the photographic
specialist developed them and also made the enlarged prints (four
times the size of tho original negative) on heavy bromide paper, which
enlarged prints are preferably uscd for the map construction, as they
permit a greater precision in making direct linear measurements and
the drawing of construction lines, which would become too minute and
intricate if done on the small contact prints. However, if the loss of
detail becomes a scrious objection, larger cameras should be used or
the enlargements should be made on gluss. (ilass transparencies
(eularged from the small negatives) show minute details in the shadows
a8 well as in the high lights and assure more accurate results, there
beiug no irregular expansion and contraction, as will always be more
Or less the case with paper prints. The ounly objection against enlarge-
Inents on glass liesin the fact of their being less handy in manipulation
during the process of the ma)p construction than paper prints, Still
the latter could be used for the location of poiuts of detail and minor
iInportance, while all data forming the control of the map are preferably
deduced from the enlarged glass prints. Captain Deville is greatly in
favor of dispensing with the use of paper prints aitogether, and advo-
Cates the use of glass enlargements exclusively, the ensuing loss of
time being outweighed by far by the great gain in accuracy.

The horizontal angles observed with the transit (or altazimuth) to
the pomts of the terrene marked on the outline sketch which accom-
Panies each negative serve not only for the orientation of the horizontal
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projection of the plate on the plan (the picture trace), but they also aid
to counteract in a measure and to ascertain the distortion of the paper
prints. The vertical angles, with the plotted distances, are used to
check and verify the position of the horizon line on the different
photographs.

To test whether the plate is vertical after the camera has been
leveled up the following process is carried out:

Insert a piece of plate glass or a plano parallel mirror of 43 by 63
. inches into the plate holder, open the rear slide of the latter, and level
the camera carefully. Now set up a level (altazimuth or transit, with
the vernier of the vertical circle set at 0°) near the back of the camera
and revolve in azimuth until a well-defined and distant point of the
landscape is covered by the intersection of the cross wires of the level
telescope; the reflection of the same point must also be visible in the
reflecting surface at the back of the camera from the level station. If
on directing the level toward this reflected image the latter is also

a6

Te. 21.

bisected by the horizontal wire of the level the plate in the camera will
be vertical. (Sec fig. 21.) .

If A is the position of the level and F the selected point of the ter-
rene on level with the elevation of the instrument and B C the reflect-
ing surface at the back of the camera, then the line A E will be hori-
zontal, and if the plate B C is vertical I/ will be reflected in B C at D
and D A and E will be in the same horizontal plane.

Should the top of B C be inclined toward A (as in fig. 21), then the
ray I2 D will be reflected in the direction of 1) !, and thoreflected point
D will no longer be bisected by the horizontal wire of the level, but
will fall below the same. Should the plate B C incline upward, as
shown in B’ (', the reflection 1) of ¥ would appear above the hori-
zontal thread of the level telescope, I¥ D being now reflected in the
direction D G.

Should the plate be thus found not to be vertical after the camera
has been leveled up, the mmchnation must be changed by means of the
leveling screws of the camera until D) falls upon the horizontal thread
of the level telescope, and the level, which 1s at right angles to the



REPORT FOR 1893—PART 1II. 105

camera plate, must now be ad}ubted to conform with this corrected 1)081-
tion of B C.

The plate holders must of course be well made, and all be exactly
alike, so that the above couditions are fulfilled by every one of them,
and that the distance ot the sensitive plate from the lens be the same;
1. e, the sensitive surface of every plate should fall into the foca] plane
of the camera lens.

The focal length of the camera, which has a constant value for every
camera, must be determined directly if the negatives are to be used for
plotting; but if prints are to subserve the construction of the map, this
determination shonld be made from a print.

It has been previously mentioned that the prints rarely correspond in
size withthe negatives. They eitherexpand orcontract, sometimes both,
and the distortion is greater in one direction of the paper than in the
other, If this distortion is uniform in all directions the print will be
similar to the negative and correspond to the perspective of the same
landsecape on a vertical plane (parallel to the plate), but nearer the lens
when contracted and farther from the lens when expanded. The prints
have cither a shorter or a longer distance line (focal length) than the
camera plate.

As (enlarged) prints are used for the map construction of the Cana-
dian survey in southeastern Alaska, the constants required for this con-
struction of the lorizontal plan (i. e., the focal length, the horizontal
and prineipal lines) are obtained from such a print.

This is done by taking a picture of some large building or any land-
scape with well-defined points from a station of which the distances to
said points are known or can be ascertained by direct measurements in
the field. Trom the same station vertical and horizontal angles are
measured to the selected points, and the points as well as the station
are plotted on a sheet of paper, and radials are drawn from the plotted
station through the selected and plotted points marked on the print
and plotted on the paper.

On a strip of paper, one edge of whieh is made perfectly strmght the
points marked on thoe photograph are laid off, and this strip is moved
over the plotted radials until the lines biscct: the corresponding points
marked off on the straight edge. A line is now drawn along this edge
on the drawing sheet and a perpendicular dropped on this line from the
blotted station. (See fig. 22.)

The line H H’, representing the paper edge, will be the picture trace,
the perpendicular line O P will be the distance line, and P will repre-
sent the horizontal projection of the prineipal point.

The paper is now again laid on /£ I/ in such a mauner that the radials
bisect the points marked on the straight edge, and P is marked oft on
the latter. »

From the known distances of the reference points from the station
and their vertical angles the elevations of these points, above or below
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~the horizon of the station, are computed and laid oft on the photograph.

This will enable the draftsman to draw the horizon line on the photo-
graph, and after projecting the marked reference points upon this line
the strip of paper is placed on this line in such a manner that the cor-
responding points cover each other, and I’is transferred to the picture.
A vertical to H H’ through P will represent the principal line V' ¥V’ on
the print. The points where the principal and horizon line bisects the.
comb marks are noted and will serve to draw these lines on all other
similar prints without any new determinations being necessary.

In order to lay off’ the elevations of the selected points above or below
the horizon of the station aun approximate horizon line had to be drawn
on the photograph. This is done by setting the vernier of the vertical
circle of the transit (which replaced the camera in such a way that the
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optical axes of camera and level telescope were in the same horizontal
plane) at 0° and noting several points of the building or landscape
which were bisected by the horizontal thread of the telescope while
level and by drawing a line through the same points pictured on the
photograph.

PLOTTING,

The field data of the Canadian surveys in "Alaska are plotted on
a scale of 1:80000, with a contour interval of 250 feet, indicating the
1,000-foot contours by heavier lines.

Irom the original negatives copies are made, four times enlarged on
heavy bromide paper (94 by 13 inches), which are used for the construc-
tion of the maps.

The triangulation points, obtained by means of a 4-inch transit, are
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plotted, and their elevations (obtained ba.romet;ric;a,lly, and checked by
vertical angles whenever convenient) are added in red ink.

Now the principal line and the horizon line are drawn on the prints
thirough the proper points of the comb marks, or in proper position
with reference to the position of the lens during the exposure of the
original plate, if the lens was attached to a revolvable plate, an arrange-
ment not approved by Capt. I8, Deville, as a surveying camera should
be rigid in all its parts in order to obtain uniform results.

The horizon line, obtained by means of the comb marks, is checked
and corrected, if necessary, by means ot pictured points of known ele-
vation, each print containing two or more c
points which have Dbeen determined trigo-
nometrically aud which have previously been
plotted on the working sheet and the cleva-
tions of which are inscribed in red ink.

The picture traces are plotted on the work-
ing sheet as follows (fig. 23):

Take a triangle of hard rubber or wood
and mark off along one side the focal distance
of the print a b from the right angle «, and
carefully notch b so that the center of a needle
inserted into this notch will be at a distance
from « equal to this focal length. From the
outline sketch seleet a point, € (fig..23a), to
which angles have been rcad, and take the
abscissa of €= C, I’, between the points of '
a pair of dividers. Insert a fine needle into !
the plotted station (), fig. 23) whenee the /
picture was taken and place the triangle noteh !

b close to this needle; now move the triangle
with the left hand so that the line of direction
to the plotted point ¢ will be covered by the
triangle, and with the right hand hold the
dividers, moving one point over this line of
direction until « ¢is equal to C, I, (the tri-
angle must be moved likewise until this takes place), The triangle is
sccurely held in this position and lines are drawn oun the working sheet
along « b and « ¢; prolong a ¢ beyond a, and now check the distance
a ¢ again with the dividers (to be = ¢, P,). Then b « = horizoutal
projection of prineipal ray.

@ ¢ = horiz. projection of picture plane.
=IH H'=picture trace.
a = principal point.

The trace of the principal plane (= « b) is only marked by a short
line bearing an arrow pointing toward the plotted station whence the
Picture was taken, and the point @ is marked the same as the print to

a

Fra. 23.
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which it refers; e. g., III 5 (fig. 22). The prints are marked with the
name of the camera station whence tliey were taken, with the numerical
designation of their negative, and with the elevation of the horizon
line above the datum plane; e. g., N N, I1T 2, 4,860, means name of
camera station, second plate of third set of a dozen plates (or really
the twenty-sixth plate), and elevation of camera horizon = 4,860 feet
above mean sea level,

After the traces of the principal and corresponding picture planes
have been plotted, the draftsman selects from the prints a pair of
photographs which are represented on the plan by their traces, taken
from two different camera stations and overlooking common ground.
On these pairs he identifies as many points as possible, marking all
corresponding points alike with numbers or letters and with a dot
in red ink. Of course such points are chiefly selected which indi-
cate characteristic features of and changes in the terrene like knolls
and depressions in ridges,
\ peaks, bends in streams, coves
in the shore line of ‘lakes and

(\< rivers, buildings, etec.
/\ : After enough pictures have

' been selected to develop a
™ P, c. n{ certain area and the identifi-
cation and marking of corre-
sponding points have been
completed, projections of all
these points on the horizon-
line are marked (their ab-
scissas aré measured) and
transferred to the straight edge of a strip of paper, including the prin-
cipal point of every photograph.

These strips are now placed upon the plotted traces (fig. 22) to which
they belong in such a manner that the principal points of trace and
paper strip coincide, and in this position they are held on the working
sheet by means of small thumb tacks or paper weights.

To plot the horizontal projections of a point shown and marked on
two prints we insert two fine needles into the plotted stations of these
two prints and attach a fine silk thread to each needle. The other end
of the thread is connected with a small paper weight by means of a thin
rubber band (fig. 230).

The weighted thread attached to station needle 7 is now moved over
the weighted strip (indicating the picture trace) until it biseets the pro-
jection a’ of the sought point A, The weight is now placed upon the
paper, holding this thread under slight tension in this position. The
second thread connected with the needle in Station 77 is placed over the
projection a’’ of the sought point, also under tension. The point of
intersection of these two threads will be the desired point A plotted.on

\
Y1, 28a.




REPORT FOR 1893—PART Il 109

the map. After this position of point 4 on the plan has been checked,
in the same manner, by means of another. photograph taken from a third
station and containing the picture of this point,its plotted position is
marked by a dot and its designation, as given on the prints, in red ink.
After a sufficient number of points have Leen plotted in this manner
by intersections, and after they have beeu supplied with the letters or
numerals (in red ink) as given on the prints, their elevations are deter-

Ir

Fia. 23b.

mined and also added in red ink. Frequently the designation of the
points by letters or numerals are only added in pencil, to be erased
after the elevations have been added in red ink.

ELEVATIONS.

All points of the prints which are bisected by the horizon line H H'
have the same elevation as the horizon of the camera station, which
fact will greatly assist in drawing in the contours on the plan. The
latter can be plotted or drawn in with the same precision as is attain-
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able in other ¢ irregular methods” of contouring if only enough points
can be identified on the prints and established by intersections and
their elevations to cover the area sufficiently close to leave no place
for doubt. Ridges, which appear in profile on the prints, will also
facilitate contouring, inasmucli as lines of directions drawn to charac-
teristic points of' these ridges can be regarded as tangents to the con-
tours passing through such points. The heigats of the pomnts fixed
by intersections are found by means of a so-called ¢ scale of heights”
(fig. 24).

Sz P = straight line divided into equal parts.

S P = focal length of prints.

P P’ perpendicular to 8 I’ and divided into equal parts.

Erect verticals to 8 I? in the points of division. Join the points of
division along P P’ to ¥.
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This scale is used as follows:

Take, with a pair of dividers, from the photograph the ordinate of
any point bisected by the principal line of which the elevation is sought,
transfer this length to I’ I” from P. Suppose it corresponds to Pr =11
parts ot the graduation of I’ I”,

Now take from the plan with the dividers the distance of the hori-
zontal projection of the point (previously plotted by intersections) from
the picture trace and lay this length oft on § I from P to the right-or
left of P according to the position of the point on the plan in regard to
the picture trace if beyond or within the trace and station. Suppose
the point was between the plotted station and picture trace and it fell
on 2. Then the distance from x to a point vertically above x on the
ray S = (=11) and measured on the plotting scale will represent the
elevation of the point above or below the camera horizon. If the point
on the photograph was above H H' this length will have to be added
to the camera ¢levation and the sum is entered on the plan in peneil
close to the plotted point. After it has been checked by a second pho-
tograph, and the discrepancy between these two heights is within the
permissible limit of error, the mean is entered 1 red ink on the plan
and the pencil marks are erased. After the elevations of all the points
plotted on the working sheet have been determined and entered on
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the drawing in red ink, the streams, ridges, bluffs, and shore lines are
drawn in, using intersections and tangents, whenever possible, to
identify and locate their characteristic bends, their terminals, ete.

Now the contour lines are drawn in by estimation between the
established points of known elevation (“irregulor method”), having the
shore lines, streams, and ridges as guides, and studying the photo-
graphs as much as possible to modify the contours so as to represent
minor inequalities and accidents of the terrene.

As long as a sufficient number of points is obtained by intersections
there will be little difficulty in drawing in the contour lines, but in a
rapid reconnaissance it may happen that the points which- can be
plotted ave too few and too far apart for defining the surface, when it
will beeome necessary to resort to so-called ¢“tricks of trade” and less
accurate methods. The perspectograph and similar instruments to
convert perspectives into plan drawings and vice versa are too compli-
cated (the numerous movable parts are sources of too much lost motion)
to give results sufficiently accurate for topographical maps.

THYX PHOTOGRATH BOARD.
(Fig. 25.)

So many lines are needed and drawn for the constructions on the
photographs that it is advisable to prepare a special drawing board on
which as many of the construction lines are drawn, once for all, as
would have to be repeated for the different prints of uniform size.
This so-called “photograph board” is an ordinary drawing board
covered with tough drawing paper, the surface of which is to represent
the picture plane, and it is used in conjunction with the photographs.

Two lines, H H' and V' V, are drawn at right angles to each other;

they represent the horizon and prinecipal lines, while VP, = HP, =
V' P, = H' P, = focal length of prints. By revolving the horizontal
plane about H H’ we obtain the upper and lower distance points V’
and V in the picture plane, and by turping the principal plane about
the line V/ V into the picture plane we obtain the left and right dis-
tance points M and H'.
" The photograph is put on the middle of the board in such a manner
that the principal line coincides with ¥/ V and the horizon line with
H H', The four scales, forming the sides of the square TU RS (a
little larger than the photograph which falls within 7'U R 8 ), can be
used to draw parallels to the horizon and principal lines, without
Obscuring the print by too many pencil lines, by placing a ruler on the
Corresponding graduation marks of two oppositescales. Also for mark-
Ing the “ground line” for any station by joining the graduations of the
Vertical scales representing the height of the station.

At a suitable distance from H, outside of the photograph field, a per-
Pendicular, I{ I to H H', is erected, on which line are marked, by means
of a table of tangents, the angles formed with H H’ by lines drawn from
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the left-hand distance point H. This graduation, K L, serves for meas-
uring the horizontal angles or the altitudes of points selected on the
photographs, as will be explained in the following: »

From V as a center describe a cireular are, P, O, with V' P, = focal
length as radius, and divide this are into any number of equal parts.
Through the points of division, between P, C aud P, H’, radials are
drawn from V as center.

In order to obtain the elevations of points marked on the photographs
the radial distance from the station to the horizontal projection of the
point in the picture trace must be known, If the sensitive plate formed
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a part of a vertical ¢ylinder with radius = focal length, then these dis-
tances would all be constant and equal to the focal length of the print-
The arc P, C (divided into any number of equal parts) and the 1in®
P, H' cuts off pieces of the radials drawn from the station V to the
various horizontal projections of pictured points, which must be adde
to the focal length V' P, =V C to give the horizontal distance of the
station to the projected point on the photograph,

The equidistant lines A B, drawn parallel to the principal line,
also drawn sufficiently close together and cover a space in width equ®’
to the largest radial difference 0 J. All these lines (4 B and 4 U

are
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are used in connection with the scale of degrees and minutes I K; e. 1.,
on a print, 77U S B (fig. 26), we wish to obtain the elevation ¢ ¢/, the
Vertical and horizontal angles to ¢ having been observed in the field
and noted on outline sketch. TFrom H (fig. 25) we draw a line through
that division mark on K L which corresponds to the vertical angle of
¢ 8say 103°, Now the abscissa P, ¢’ =z, is laid off (on the photograph
board) along P, H' from P,; the second point of the dividers may fall
apon the twentieth radial difference (counting from P, toward ¢). The
length of the difference between the radius of the are P,c¢ and the dis-
tance V C (from the plotted camera station ¥ to the plotted point c)is
now laid off along >, ' from I’,, which may fall midway between the
fourth and fifth line (counting from P, as zero) of the set A B. Then the
distance from the line P, H', taken midway between the fourth and fifth
4 B line to tho line H 104° (on degree scale i L) and measured on the
Plotting scale, will be the difference of elevation ¢ ¢/, which, added to
the clevation of the camera horizon, will give the elevation of the point
¢ above the datum plane. T U

Sometimes the angle be-
tween a point, a, on the
Print and the principal and
horizon lines (altitude and
Azimuthal angles) may be
Wanted,

The azimuthal angle P,
Pg, (fig. 27) can be found
directly by joining the
Plotted station > to the

Orizontal projection a, of . ‘
the point «’. To find the S . R
Same in degrees and min- . 20
Utes we transfer the abscissa P, a, of the point (fig. 27) a’ to P, V7 (on
the Photograph board) from P, and draw a line from H through this
boint on P,V!, Where this line intersects the scale I L will be the
feading indicating the value of the azimuthal angle in degrees and
Minutes, '

The altitude of the point a’ on the photograph (tig. 27) isrepresented

Y the angle a’ I’ ao, and to find its value we transfer P, a, the abscissa
of o/ (fig. 27) to P, H' from P, on the photograpl board; say,equal to

o Y. With the same pair of dividers woe take the radial difference at

(distance of Y to the are DI, C) and transfer the same to I, H’ from

o and note which of the verticals A B falls upon the second point of

© dividers. . On this vertical we transfer the ordinate of a’= a/ a, from
lir: H’i say, equal to 4 Z, If we draw a line through Z from H, this
o ;)Wlll Indicate on the divisions of scale K I the value of the angle

%, (fig. 27) in degrees and minutes.

e foregoing is a general description of the plotting methods em-
8. Ex. 19, pt. 2——8
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ployed by the topographers under Dr. W. F. King, boundary commis-
sioner for the southeastern Alaskan survey. There remain, of course,
some minor details which serve in a measure to facilitate the work of
plotting and which every draftsman acquires by practical application,
and which are not touched upon in the preceding pages.

The enlarged prints are made npon positive bromide paper, using a
good copying lens to secure as much detail as possible. The prints are
developed and dried in the usual manner, and classified. The essential
requirement for a true copy or correct enlargement is that the sensitized
paper be parallel to the negative. Ioth the printing camera and the
easel upon which the paper rests are provided with graduations on
their slides to facilitate giving the correct distances both for enlarging
and reducing. An inclined position of the easel and negative is the

g, 27,

essential feature of the Canadian printing apparatus in order to give
the negative the full skylight and not have a part of the plate illumi-
nated by reflected rays from the earth, thus giving the entire plate 2
uniform light during the time of printing.. .

In France, Germany, and Italy the tendeney has been toward com
bining the transit and camera into one iustrument, while in Canad?®
these iustruments have been kept separate. The reason, probably, i8
that in the European countrics mentioned, photographic surveys weré
made on a large scale and the means for safe transportation were comt
paratively within easy reach, while in the Canadian surveys the work
was done on a small scale and the instruments had to be carried ove*
rough country, frequently on the human back, thus making it essentid
to reduce the weight to a minimum (which could be best done by keep:
ing the instruments separate) and to make them rigid and easy ©
adjustment.
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FRENCH PROTO-THEODOLITE.

Fic.29

THE SAME WITH CAMERA DETACHED.
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Figures 28 and 29 show the latest model, in its geneval form, of the
Freuch “phototheodolite,” which was on exhibition at the World’s
Columbian Fair, in Chicago. TFigure 28 shows the complete photothe-
odolite, and figure 29 shows the theodolite without the camera, in
which form it is used for trigonometrical purposes, the triangulation
being made before the phototopography is begun.

This phototheodolite has a “declinatoire” (cowmpass) and a pair of
sights, which will enable the observer to direct the optical axis of the
camera quickly toward any desired object or pomt of the panorama.
The “declinatoire” is principally used for traverse work, to note the
magnetic meridian from time to fime. This compass and the sights are
not; visible in the figure; they are on the side opposite to the one with
the telescope.

The near side of the instrument (fig. 28) shows the telescope, level
and vertical circle for making angular measurements, in addition to
the previously executed triangulation, in order to determine the posi-
tion of the camera station (by the three-point problem) with reference
to surrounding triangulation points or for running -traverse lines
between triangulation stations, The horizontal cirele is under the
camerg proper and carries a box level. The optical axis can be ele-
vated or depressed (maintaining a lorizontal position) by meauns of a
slide or shutter to which the camera lens is attached.

Dr. Meydenbaur’s camera theodolite is a camera of constant focal
length, constructed in metal throughout, with neither telescope nor ver-
tical circle, but it is provided with a horizontal limb and mounted on
a tripod.

After the instrument is leveled up, the panorama surrounding the
Station can be surveyed (photographed) by making six consecutive
exposures, revolving the camera 60° in azimuth after each exposure by
eans of the lorizountal circle, which is graduated to read to-single
inutes.

The lens is a pantoscopic one, made by E. Busch, in Rathenow, Prus-
8ia. It commands an angle of about 1002, but by excluding the external
ting of this lens by means of a small stop in the diaphragm, pictures
are obtained subtending a horizontal angle of about 66°, thus giving
two consecutive plates a common margin of 3° width, horizontally.

The horizontal projections of the six picture planes, representing the
Panorama surrounding one station, form a regular hexagon, and after
One picture trace has been plotted and oriented on the plan, the
Temaining five are readily plotted by constructing this hexagon of
Which one side is given.

To use this instrument it is necessary that the country to be sur-
E‘111“;’eyed photographically be well supplied with a generous number of
Carefully selected triangulation points of a recently made triangulation,
38 it is necessary that the signals shall be still intact and standing

uring the photographic operations, The triangulation mustalsoinclude
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the hypsometrical determinations of all the statious, as no direct meas-
urements of vertical angles can be made with this camera theodolite.
The elevations of all the other points needed for the topographic
development of terrene will have to be obtained by constructions from
the negatives or photographic prints by means of the elevations of the
horizon line, obtained from the given elevation of the station (triangu-
lation point) and the height of the instrument above the ground. The
survey will have to be plotted on a large scale and numerous camera
stations will have to be occupied.

The recently made small traveling camera theodolite of Dr. Meyden-
baur dispenses with plate holders, inasmuch ws the plates are placed
directly against the rear frame of the camera b)> u1l Ingenious arrange-
ment with which the plates can be exchanged under exclusion of light.

One of the more recent productions of photographic surveying
instruments in Austria is Captain Hiibl’s planc table photogrammeter,
made by R. Lechner in Vienna, and deseribed in ¢ Lechner’s Mittheil-
ungen aus dem Gebicte der Photographic und Kartographie,” Wiet,
Graben No. 31. : . :

The camera proper has also been modified like the latest Meydenbaur
camera by discarding the plate holders. Captain Hiibl places the sensi-
tive plate directly against the camera casing, where it is held in posi-
tion by means of springs, thus securing a constant permunent focal
length. The camera box is cube shaped and has sides of 2Le» length.
The plates are 12 by 16e», but the pictures are only 10 by 14em, The
camera alone weighs 34 kilogrammes; with knapsaek, inelnding entire
outfit for one day’s work and stout tripod, the weight is 113 kilogrammes
and the cost in Vienna is 400 flovius. '

This instrument is the result of Captain Hiibl’s efforts to reduce the
weight and cost of the camera theodolite and to simplify the adjust:
ments and manipulation of the same.

IFor this reason the theodolite has been replaced by a plane table and
small alidade, '

The upper surface (horizontal) of the camera, 21 by 21sm, serves a8
plane table; it is provided with a pivot with which the alidade is cot”
nected. By means of special appliances the picturc trace, princip#
line, and point, as well as lorizontal directions to known (triangulation)
points, for the orientation of the picture trace, are drawn directly oR
the paper, resting oun the upper horizontal surface of the camera.

Fach negative can thus be accompanied by a small plane-table sheet
showing a bunch of rays radiating from the station point to a numbe*
of known points (triangulation points) in correct relation and positio?
to the picture trace and principal line, besides numerous data which
can be sketehed and inscribed upon the paper.

The results obtained with this photographic plane table are easily
transferred to the working sheet containing a plot of the triangulatio?:
The adjustments of this instrument are few and simple.
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ON PHOTOGRAPHY AS APPLIED TO OBTAIN AN INSTANTANEOUS RECORD
OF LUNAR DISTANCES FOR DETERMINATIONS OF LONGITUDE.

By C. RUNGE.
Translated and submitted for publication December 9, 1893, by J. A. FLEMKR,
Assistant. ‘

Since Dr. F. Stolze’s treatise on photographical determination of geo-
8raphical positions without the use of chronometers was published,
Mr. C. Runge, in Hanover, Prussia, has made experimental observations
?Vith an ordinary camera, such as travelers and explorers generally carry -
In their outfits, to develop a photographic method for obtaining the geo-
8raphical longitude and latitude of a place, as well as the local time by
eans of photography. ' :

Photographic determinations of the latitude and the local time of
4 place, however, do not offer great advantages, compared with the
general methods heretofore in use for obtaining these values, as nearly
every explorer will carry in his outfit instruments which can readily be
used for this purpose, the ordinary methods for astronomical latitude
and time observations being comparatively simple and easily applied.
We will, therefore, in the following pages, consider only Mr. Runge’s
ethod for determining the geographical longitude photographically.

The desirability of developing a method for finding the longitude
Without the use of chronometers, which, when the geographical longi-
tude of a place had been determined by means of chronometer readings, -
Could also be used to check the latter, had not only been recognized by
Mr, Runge, but he also felt convineed that if the method should find
favor with explorers, the necessity of making astronomical observa-
ti()ns—suc-h as would be necessary, for instance, for longitude deter-
~ Winatjons based on lunar distances—could be avoided.

+ A full description of Mr. C. Runge’s first application of photography,
Made June 17, 1893, in Hanover, for this purpose, will be found in the
Zeitschr, f. Verm., Heft 15, 1893, of which the following is a free trans-
lation; ‘ ’
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The camera, placed upon a window sill and its position secured, as
well as possible, against accidents, was directed upon the new moon at
10 p. m. (June 17, 1893) and eight successive short exposures of the
same plate were made; at 104, 10% 2m, 10* 4m, 10" &=, 10t 10™, 10" 12,
10" 14™, and at 10" 23™ p. m., an ordinary watch being used for timing
the latter.

The camera, with objective closed, was left undisturbed in the same
position until the constellation Leonis appeared in the same part of the
firmament where the moon had been photographed. At 10" 51" (by
the same watch) the objective of the camera was uncovered and the
plate remained exposed, short interruptions excepted, until 124 45™,

These interruptions, of five seconds’ duration each, were effected by
means of a dark cloth, with which the objective was covered, without
having been brought into contact with the same.

Twenty such interruptions of the exposure were made in toto, and
their times of oceurrence were carefully noted by the same watch and
recorded. Between 10" 51™ and 11* 00™ two such interruptions took
place. From 11 till 12 p. m. interruptions were made every five min-
utes, beginning at the full minute and lasting five seconds (12 breaks);
from 12 p. m. till 12" 40™ the breaks occurred in the same manner, but
at intervals of ten minutes (4 interruptions), and two breaks were made
at odd times, one at 11" 37" and the other at 11" 54™,

After the plate had been developed the moon’s crescent appeared
eight times, as was to be expected, in the central portion of the plate.
Above and below this row of moon pictures the star traces were plainly
visible in the shape of smooth curves of a regular curvature. '

From the relative positions of these curves and the positions of their
beginnings and end points it could readily be conjectured which star of
the constellation Leonis belonged to each curve. The star traces of
ay B, v, 6, &£, n, and S Leonis, besides some other faint star traces, were
plainly distinguishable upon the developed plate. The trace made by
J Leonis was the most distines of all, this star having been farther
north (in a darker portion of the firmament) than the other bright stars
of the constellation.

The traces of S and & Leonis, serutinized under a microscope, dis-
tinctly showed the gaps, corresponding with the recorded interrup-
tions, made during the exposure. These breaks were less clearly shown
in the other star traces, partly because they appeared less bright,
having been nearer the lLorizon, and partly because their light was
dimmed by the illuminated western horizon,

The positions of ‘the two breaks, corresponding with the two inter
ruptions of the exposure, made at random (at 11 37™ and 11b 54) among
the regular series, formed characteristic pointers toward identifying the
Jbreaks with their corresponding recorded time observations (by the
watch).
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On the lower part of the plate the upper outlines of two vpuildings
were shown, one with a lightning rod and the other with a flag pole.

In order to ascertain the Greenwich time by means of this plate, Mr.
Runge employed difterent methods of mensuration. The mensuration
Wwas done with an instrument used heretofore for making measurements
on photographic plates in analytical investigations of spectra (with the
Spectroscope). Its principal parts are a frame over which a sleigh can
be moved borizontally by means of a horizontal screw having a very
fine thread.

The plate is placed upon the movable holder (sleigh) and illaminated
from below by means of an inclined mirror. A microscope with cross
Wires is secured to the stationary frame in such a manner that the plate
tan be studied through the same while the plate is passed underneath in
a horizontal plane by turning the screw passing through the plate holder
(sleigh). The horizontal lincar change in position of the plate when
thus moved is measured by the number of turns of the serew. This
Screw has two threads per 12m length, and is supplied with a micrometer
at one end, divided into 100 parts, and a vernier. Thus, 34¢™ can be
Tead with the index mark, and by using the vernier 4g%;™™ can be
Mmeasured. A registering apparatus marks the full turns of the scrow.

‘With the aid of this micrometer the following measurements on the
Plate were taken: '

1. To determine the right ascensions of the pictured crescents, we find
and mark on the trace of ¢ Loonis that point which corresponds with the
Weridian of one of the crescents—for instance, the first one of the eight
Shown on the plate—and by means of tho gaps shown in this star trace
the time of transit (the time asshown by the watch when ¢ Leonis had
Teached that particular spot on the trace) of ¢ Leonis at this marked
Point is ascertained.

The time which had elapsed from the moment of photographing the
first position of the moon (10*) until & I.eonis had reached the point in
Question on its trace gives in watch time the difference of the hour
Angles of the moon and & Leonis.

This civil time interval converted into sidereal time will represent
the difference of the moon’s and & Leonis’s right ascensions; and after

he value for the right ascension of ¢ Leonis has been taken from the
ﬁ_XGd star catalogue of the Ephemeris, we will thus have found the
Yght ascension of the moon at the time of tho first exposure.

4s only short time intervals enter into consideration, the quality of

€ watch is immaterial.

In detail the mensuration was made as follows:

By means of the difference between the right ascensions of § and 8
Leonis, as taken from the Ephemeris, two points were located on the

‘ QOI‘I‘esponding two star traces, situated as nearly as possible upon the
Same hour circle, which two points were joined by a fine line scratched
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into the film of gelatin on the plate by means of a fine needle and
straight edge.

The photograph being a true perspective, all meridians are repre-
sented by straight lines on the same, and this scrateh, if carefully made,
should represent a meridian line. If the direction of this scratch does
not appear perfectly correct, its deviation from the true position can be
ascertained by measuring the distances from two corresponding breaks
in the two star traces (of ¢ and 3 Leonis) to the intersections of the
seratch with these two curves, and the necessary correction can be
applied.

After this has been done, the distance between the crescents and the
seratch are measured; and as the distance between the breaks—shown
in the star traces of ¢ and f Leonis—between which the crescents are
situated are known, we can compute the time interval corresponding
with a certain length of the moon’s circle of declination.

If the scratch passes close to the picture of the moon, a small error
in the value with which the distance is to Le multiplied in order to
obtain the time interal will barely affect the result.

As only the edge of the moon could be measured in our case, a cor-
rection for the moon’s semidiameter had to be applied in order to obtain
the right ascension of the moon’s center, which was done by measuring
a chord and corresponding height of the crescent’s are. The resulting
right ascension is free from atmospheric refraction, as it has been deter-
mined from the relative position of the moon with reference to the
pictured stars on the plate, which were also subjected to the same
atmospherical influences (and are likewise affected by refraction). In
order to reduce this right asceunsion to the center of the earth the decli-
nation and the local time must be known or will have to be found.

2. Mensuration of the declination of the lunar pictures.—For this pur-
pose the plate was placed npon the movable holder in such a manner
that the direction of its course under the microscope (when moved in
a borizontal plane by turning the micrometer) was vertical to the star
traces.

Pointings were now made to as many of the star traces as possible, a8
well as to the edge of the crescent; for instance, the traces of ¢, d, 7,
/3, and a Leonis were bisected, and also the edge of the crescént falling
between y and f£.

If we now write opposite the micrometer values for the bisected
star traces the declinations of the corresponding stars, we can regard
the latter as a linear funection of the micrometer readings. The two
unknown values of this linear function are computed by means of the
method of least squares, and after substituting the micrometer readings
for the edge of the moon we find her declination.
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The following example will show the degree of precision obtained in
this manner:

—
: Declination P
Micrometer - N Declination .
reading. 1 ""ll(ﬁ:}lg:"r;itﬁe J computed. Diff.
| o / 144 H o /’ 77 144
a Leonis. 2490 ; 12 29 26 | 12 29 1§ 411
g 25151 ' 15 10 12 | 15 10 31 —-19
Edge of moon. 6441°1 19 49 53
§ ILconis. 75159 | 21 6 38 21 6 2 +15
&« 99167 @ 23 57 o7 | 23 57 13 -6
| : '

‘We believe that the declination of the moon’s edge can be found by
this method within a limit of error of 20", and if the star curves are
all close to the lunar picture even a more close value may be obtained.-

The semidiameter of the noon having been determined as mentioned
above, we can now compute the declination of the moon’s center. The
declinations having yet to be reduced to the center of the earth, we will
Deed for this purpose, besides the right aseensions, also the local time,
Which is found as follows:

3. Determination of the local time.—We could assume the local time
to be known, as the explorer will generally determine the same astro-
Domically, especially if ke intends to determine the longitude of the
Place of observation by means of chronometer readings. e can readily
find the local time by observing sun, moon, or star altitudes with a
Sufficient degree of accuracy for practical purposes.

Whenever the photographic plate contains the image of a fixed ter-
Testrial point—for instance, the lightning rod, gable, or chimney of a
distant building, the peak of a distant mountain, etc.—such point can
be utilized in the same manner as a star. As mentioned before, the
€Xposed plate contained a picture of a conspicuous lightning rod. The
Cirele of declination and hour circle of this point were determined in

he same manner as shown for the lunar pictures (by means of civil time
a8 indicated Ly the watch). The following day (June 18) the elevation
01_' this ponint (of the lightning rod) was determined from the place occu-
Dled by the camera in the preceding night. From this elevation and
the declination we can determine the hour angle, it the geographical
atitude be known, and we are thus enabled to compute the difference
etween the time indicated by the watch and the local time.

After the local time has been found in this manner, the determined
Values for the right ascension and declination can be reduced to the
Ceuter of the earth, the altitude of the lunar pictures being known if

@ local time and the declination are given.

4. Measuring a lunar distance.—We measured the distance between

Yie firgt Junar picture and that break in the stellar curve belonging to

Leonis which was nearest the crescent without being intersected by

¢ same lLour circle.
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The angle corresponding to a measured length on the plate can be
computed if we know the distance between the traces of two stars. It
is true, the plate represents the area of the firmament on a variable scale
(it being a perspective representation of the photographed area of the
firmament), yet for a small portion in the center of the plate we can
assume that there is no distortion, In the present case the distance
amounted to only 24°. A star, the image of which would have appeared
at the time of exposure for the first lunar picture on that part of the
plate indicated by the break referred to, would have to have had the
same declination as ¢ Leonis, and its right ascension would be found
from the time which would have clapsed until § Leonis had reached the
same place. '

By means of this imaginary star point we can compute in the same
manner as for a true star its lunar distance for any given Greenwich
time, and also from the measured Iunar distance, reduced to the center
of the earth, we can interpolate the Greenwich time.

The following tabulated results were obtained by these three methods:

M?m; uffthc }i A's ,
of the first three .
lunar piﬁturc]ccn- : Mex}grhme Local time Difffeycncc
ters reduced t¢ 0 . : of time.
the center of Greenwich.
the earth.
J— [ RS,
!
he w5 heoom 2 ko .
9 23 407 | 8 563 ‘ 9 354 391
Il)ecli_n?li?n of |
the cight lunar | Mecan .
sicture centers ) - . Differcence
]reduced to the ch.cn\‘\ ich L.ocal time. of time.
center of the time.
carth, :
°o /s v B om. f. o .
20 19 33 & 541 9 334 39°3
18 58 8 571 354 383
18 28 8 596 374 378
18 1 9 18 414 396
17 27 9 47 434 387
17 22 9 51 454 | 403
16 50 9 78 47°4 396
I5 9 9 17°2 56°4 392
Mean 39-1(zz0°2)
. Interpolated
Lunar distances Lunar Mean ~ .
measured and distances Greenwich L mean Local time. Diff. of
reduced. computed. ! time. (Jrel;}:::v.lch time.
° 7 e s /7 k. m. /TR /TR I .
2 39 34 8 45
2 35 19 8 548 9 334 386
2 38 20 9 O :
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According to these three methods we find the three corresponding

differences of time:
».
391
39°1
386

Mean 38:03
The true difference of time for the “market tower” in Hanover Gity

is, according to Gauss:
m.

38943

And as the place of observation was 650 metres west from this tower,
‘the difference of time for the camera station would be:

”.

3890

This close result seems to partake of the nature of a coincidevce.
Still, we believe that an crror of more ‘than 0-2" is precluded if the
Measurements on the plate are made as carvefully as the one just
described. In order to obtain an equnally good result by the ordinary
astronomical methods, the observations would have to be made within
6 seconds. Wo believe, however, that this photographic method can
be raised to a still higher degree of precision without having to add
Many mechanical devices. )

In this first practical attempt the stellar pictures in reference to the
bictured crescents were not very favorably situated, more favorable
Positions being of frequent occurrence.  For instance, if we photograph
»the moon at the moment when she has the same apparent declination
a8 the star, and after the moon has passed this point allow the star to
trace its path (making suitable breaks in the star trace by means of
SI}OFt interruptions of the exposure) over the plate until this moon
p}cture is bisected by the star trace, it will be possible to obtain the
Yght agcension with the same degree of precision with which the breaks
N the star trace can be measured (bisected with the cross wires in the
Microscope). If we assume that the tenth part of such a gap or break
an be bisected in the microscope (which is feasible), then a single read-
Ing will be correct within 0-5 scconds of time and the right ascension
fi(lllally ag-close; consequently the Greenwich time can be ascertained
I this case within 15 seconds.

If we wonder how it is possible to reach such close results with the
rude means employed, we find that this erudeness is only an apparent
%be. The work has simply been divided in a happy manner. The entire
wofk of mensuration has been separated from that part by means of
“hich the obscervations are gained and recorded. Photography simply
Tecords instantaneously the relative positions of the stars and moon at
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fixed-time intervals, which positions can afterwards Le studied and
measured at leisure.

The described measuring apparatus takes the place of the theodolite
or sextant, with its graduated limb, are, verniers, and micrometers.

This division of work is of great value for geographical exploration .
parties, as the actual measuring can be done by experts at ‘any subse-
quent time after the plates have been shipped to the mother country.

In regard to the camera used for the foregoing described experimental
observations, it may be said that the objective was a so-called anti-
planetic group lens, of a focal length of about 24°™, made by Steinheil,
in Munich, Bavaria. The stop used had a diameter of 17, This
objective really consists of four lenses—i. e., two cemented pairs—which
are placed as closely together as the interposition of the diaphragm
(with the 17 stop) will admit of. The peculiarities of this lens com-
bination have been utilized in increasing the depth and the field of the
objective without sacrificing uniformity of definition and an even dis-
tribution of light.

The constants of the camera need not be known, as they do not enter
into the work. All we need to know is the geographical latitude of the
station and at what time periods (given in c¢ivil time) the breaks in the
star traces were made and when the lunar pictures were obtained. All
remaining data can be culled from the plate.
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ON THE MEASUREMENT OF BASE LINES WITH STEEL TAPES AND WITH
STEEL AND BRASS WIRES.

By Epv. JXDERIN.

Translated and submitted for publication by Prof. J. Howarn Gorx, November 27,
1893.

In the report on a method for measuring geodetic base lines with steel
tapes, which was published in Ofversigt af. K. Vetenskapsakacemiens
forhandlingar, No. 9, 1879, only the first attempts at such measuring
were described. Since these experiments were not sufficiently general
to give an accnrate and detailed account of the practical application of
the method, and as the plans pursued were not satisfactory in every
respect, especially as they could not be carried out under certain atmos-
Dheric conditions—conditions which mayalways be expected during auy
extensive measurement—with any hope of materially diminishing the
error, I found it necessary within the past years to coutinue my experi-
Inents on a larger scale.

In the report which here follows 1 have, for the suke of continuity,
deemed it advisable to repeat in outline the principles of this method.

The steel tapes which can be purchased in the stores are of various
kinds and grades. Those which are best suited for geodetic measuring,
In agccordance with the method hereinafter described, are about 13w
broad and 20m or more long. They are divided iuto centimetres, with
the first decimetre further divided into millimetres.

_If it should be desired to make uso of a steel tapo in the field, where
1t is not possible to provide a smooth support, it is necessary to support
Only the two end points, allowing the tape to hang freely throughout
the rest of itslength. In such a case the exact distance between the two
ouds can be mathematically determined. Tor this a tension is needed
at both ends, exerted either by means of a spring balance or by weights.
'.l‘his use of the tape requires two corrections—a negative correction,
lncreasing the length of the tape, which arises from the stretching of
Fhe tape due to the applied tension, and a posttive correction, shorten-

lng the straight-line distance between the ends, which amounts to the
125
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difference between the length of the curve formed by the freely hanging
tape and its chord. Should it be desired to have as the normal length of
the tape—that is, the straight-line distance from the zero mark on one
end to the similar mark on the other—a length exactly equal to the dis-
tance between these marks while the tape is lying on a smooth support
throughout its entire length, it is only nceessary that the sum of the
two corrections named be (,qua,l to zero or that a tension Le found suffi-
cient to give to the hanging tape its normal length. Irom this it can
be seen that this tension takes the place of the support.

It is better to provide the line which is to be measured with tripods
than with stakes, since the latter arc less stable and not so convenient
as the former. If the tripod should be placed on rocks or on ground
too hard for the feet to secure a firm hold, the requisite stability can
be obtained Ly placing a stone in a sling attached to the under part of
the tripod. In measuring, the tripods are placed so that the distance
between the fine needles which are fixed in their upper surfaces is
some centimetres less than the full length of the tape. The zero mark
on the rear end of the tape is brought into coincidence with the needle
on the rear tripod: The spring balance is attached to the forward end
and a tension predetermined upon is applied. The reading on the tape
is then made to the tenth of a millimetre by approximation, and
recorded. (The forward tripod now becomes the rear one, and the
operation just described is repeated.) :

The length of the line is computed by cons1dermg, besides the read-
ings just referred to, the following corrections: The constant correc-
tion to the length of the tape, obtained by measuring with it a line of
known length—the comparator; the reduction to the horizontal pro-
jection, determined from the difference in the elevation of the tripod
heads for each tape length, and the correction for temperature, that of
the tape being taken as the temperature of the air.

When the mecasurement is prosecuted in this manner the weather
occasionally interferes. The steel tapes, which are usually 13=» in
breadth, offer in a length of 20™, when turned flat side to the wind, 2
surface of one-fourth square metre, approximately. A strong wind,
thevefore, causes a waving motion and moves the millimetre scale along
the needle so rapidly as to make a reading inaccurate. Again, it i8
easy to see that in the suushine the temperature of the air is not the
same as that of the tape or even that of the thermometer, whichk
makes the thermometric reading very unreliable, TFor this reason the
application of this method of obtaining the temperature of the tape
should be made use of only when the sky is clonded and the air
perfectly still or in a gentle wind.

To obviate these difficulties was the purpose of the following expel’i‘ ‘
ments: '

The effect of the wind is diminished partly by selecting a tape 88
small in cross section as possible and partly by increasing the tension:
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In the matter of cross section there is a minimum which must not be
exceeded in order to avoid an appreciable stretching in applying the
tension. 'Therefore, as the width is diminished the thickness must be
increased, which leads to the fact that a circular cross section is the
best, and instead of tapes wires should be used. When the tension is
increased it isnecessary to know the length correctioun for this increased
tension; to find this the comparator is measured with that tension..
Whenever the entire length of the tape is not employed, it is best to
determine the tension which will make the correction to the length
Proportional to the length utilized.

In order to be able to safely determine the temperature under all
conditions, there appears to be no better way than to employ two wires—
for example, one of steel and one of brass—whose coefficients of expan-
sion are different, If these wires are of the same size and have a
similar surface—nickel plated, for instance—and are handled in the same
anner, there is no apparent reason why, on the average, they should not
have for the entire measurement the same temperature; and this tem-
Derature can be determined from the difterences in the readings of the
two wires stretched successively between the same two fixed points.

After making these suggestions and before passing on to a deserip-
tion of the instrumnents and a report of the results, I shall give the devel-
Opment of the requisite formulas.

The following notation is employed:

L, = the normal length of the tape or wire, or the length which it indi-
cates when supported and without tension.

L = the straight-line distance between the two zero marks when the
tape or wire is supported at both ends, hangs freely through-
out its length, and is subjected to a tension I.

g = gravity, force of.

™ = mass of a unit’s length of the tape.

W = weight of a unit’s length of the tape.

8 = the cxtension of a unit’s length due to a unit tension.

¢ = correction to the length due to a curvature of the tape.

¢ = correction to the length due to tension.

One has then
w==mg

The curve line which the tape forms when it hangs suspended from
Its two end points has, according to Sturm’s Cours de Mcécanique, vol. 2,
D. 48, the following equations:

& x

%. = Lk-_-_}-_zc _k ()
€r X

L_ef—o (b)
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(Y
= (k) (©)
Y=+ (d)
T=wy (e)
in which the y axis is vertical and the x axis horizontal, the former
passing through the curve at its lowest point and the latter at a dis-
tance, k, below it; I the length of the curve reckoned from the point
where the y axis cuts the same, p the radius of curvature, and T the
tension exerted in the direction of its length.

‘When the two ends are at the same height the ordinates will be
equal, while the abscissas will be equal but with opposite signs. If L
be the length of the tape and « the straight-line distance between the
end points, then

or expressed in a series

a 1 a \?
L=2k (zk 17973 <2‘7;~> 1957475 (" ) e )

and L—a= g+ g+ o (/)

In the experiments it was found that all the terms nftel. the first
would fall between 0-0001 and 0-001™w; hence it can be assuned that
a.l
I—o=y
_ T
T wy
%
2wy
From a series of tabulated value% it was found that l‘; changed value

From (e)

or k=

with k, but only to the extent of s of the whole, or that the factor

k_ 1. This gives:

Y

k="
w
. a/’iw2
and L--a_241,2
atw?
or o=a—_[,._—__-2.4;..:.’3_2
or placing L,=a*

and w=mg



REPORT FOR 1893—PART IL 129

Lj3m?g*
we ha t o e 20 1 T
ve ¢ o4 T
Likewise e =sL,T
from which we have
- . L m? C7om
1 = L(, — —-:—24——-',[';:_ + & ].lo T ...... (1)

For the torce 7, (the normal tension), which makes I equal to L, it
Would give

2 YA 4 2
LEm? ¢ 14 (2)

248 248

in which v (or ¢ L,) is the weight of the entire tape.

If it should be necessary to employ a fractional part—say, the nth
bart of the tape—and we wished to know the corresponding part of
_the normal length, we would have to introduce a tension, 7, which
18 obtained by sabstituting in (2) » L, for L,, from which we obtain

o _a [0 L2 m"—// 7 ;\/__
T = \/_ o4 =T [t ... .. (3)

If, on the other hand, a greater teusion, 7, is made use of. in order to
Qiminish the effect of the wind, the distance between the zero points
Will be greater than L,. We therefore place

L=1I,(1+f)

Ot the factor 4 _z_]i"
From (1) we obtain ’
. FIRE m L, w? m
J= =g A 8T= = gy 1
oy 2
‘ R ®

When only a part of the tape is utilized, the corresponding or nth
Part, of J'is obtained by first finding from 7' the value 7%. From (1)

W¥e have
wt I3 m2 (/

nl, (1 +f) =nl, — g 77 + nsdi 1",
from whicn
.n2 V2 .
S= YW O + s2Y
Which ¢combined with cH) gives
or LA 1
T/_j'—24eT2+24s W e (5)

Where the value of 7" is given by approximation,
8. Ex. 19
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If p is the sag of the tape at its lowest point, or the height of the
segment of the circle formed by the tape, we have
Lo L,V
p=4%—p- =%y
Tor three steel tapes == A and B (both 20™ long, the latter nickel
plated) and O, nearly 30" in length, but used as a 20" tape, I found,
using the metre as & unit of length and a kilogramme as the unit of
weight:
A, 10 =001977%, & = 0:0000214 4- 6, s2w = 0:000000424 + 11

B, 0-01898° 0:0000226 4- 6, 0:000000429 4- 12
C, 0-01653. 0-0000234 4- 5, 0:0000003874- 8

The determination of s and s were made while snbjecting the tapes
when horizontal to a tension Ly means of a dynamometer; also when
vertical by suspending them from a bigh tower and attaching weights
to the lower ends. The mean temperature was 6° (C.).

FFrom these values, by means of (2,, we obtain

for A, T, =072k
B, 643
C, 5-80. ,

For the elncidation of the formulas given above, the following table
is given for 4, which was used in the experimental determinations of
length:

i : ; r
Lot |
” \ nL 7u=6'72~ !
i /=0 ' I'=10* S I=ask
|' I JS=o0'000149 | /=0'000293
m fo. A l k.
ooo | o 0°00 696 | 1365
[ 00§ | I 091 698 | 13°65
ol0 i 2 1°45 702 13°67
o1 | 3 1-88 7°10 1369
020 | 4 230 7°20 1371
| ©35 . 5 2°67 7°32 13:75
! o030 | 4 301 7°45 1379
35 7 334 | 760 13-84
040 8 365 777 1390
o045 1 9 395 7'94 13-96
o050 . 10 424 811 14-03
055 | 11 451 8:30 1411
obo , I2 4°78 848, 14°'19
o065 ' 13 5-05 867 14-28
o0 ¢ 14 5'30 886 14°37
075 1§ 5°55 905 14°47
080 | 16 579 924 1457
o085 | 17 6-03 943 14°67
090 18 627 9:62 14°78
| 095 19 6-50 9-81 14-89
j Too ' 20 672 10°00 15°'00
. |

If the length [, is known when the tension T, was used, it is possible
by means of the formula already given to determine the length undef .
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& teusion, 7, introducing for that purpose the factor /. However, it is
Dreferable to ascertain from the comparator this length with the appli-
cation of the new tension.

The disturbing influence of the wind, as has been said, chiefly shows
itself in adding to the difficulty of reading tho scale on the tape. If
this interference of the wind is regarded as manifesting itself in a con-
8tant thrust sidewise, or a lateral curving of the tape, it is possible by
means of equation (1) to determine the length, introducing in the place
of ¢ a factor representing the strength of the wind. Irom this it will
be seen that the distortion in question is propor tional to the square of
the force of the wind and inversely proportional to the square of the
tension. But the force of the wind is proportional to the exposed sur-
face of the tape, from which it is apparent that to avoid these obstacles
the use of wires is well-nigh imperative.

In case the measurement takes place under a different latitude or at
a greater elevation than that of the comparator, it is necessary, in
order to be able to compute the effect of gravity npon the results of
the measuring, to take into consideration two distinct cases:

1. When the tension is effected by means of a spring balance.

2. When the teusion is effected Dy means of weights.

In the first instance the tension is unchanged, although the weight
of the entire tape or wire is different at the two places. If the length
of the wire was found from the comparator to be L under a tension of
T, and at the base line the same tension was applied, then the straight-
line distance between the zero marks. I.', can be obtained from the

8quation
24 1

u which ¢ and ¢’ represont the gravity at the (:ompzu-ator aund the base
hne, respectively. This eqlmtion can also be written

’ N
1V — L= -IJ" X !1_;;‘(’ <!/_!]/)

Y 2 42 /2
L — L= g (1_ A

247
or with sufticient approximation
LV rg—g’ .
1N~ L=" 1o ,< {]_“, ------ . (6)

In the second case, where the tension is exerted by means of weights,
their tensive force, as well as the weight of the wire or tape, will vary.
It ar represent the mass of the object used to produce the tonsion, then
Its weight (taking the place of 7T in formula (1)) at the two placos
Would be M g and M ¢'; this would give

I —~L= —sL,Mg ( 1_00)

or
L'mL= s, T -9%-”—- ...... )

For the numerical results, see pages 133-134.
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DESCRIPTION OF THE INSTRUMENTS.

In the measurements, wires were chiefly made use of, and steel tapes
employed only when the distance between two tripods happened to be
less than the length of a wire. In such cases it was necessary to use
a tape, since it was mnot possible to graduate a wire throughout its
entire length. ‘

As has already been remarked; wires were used in pairs—one of steel
and one of brass. Piano wire was found to be the best size for the
steel. The brass wire was repeatedly pulled through a draw plate so
as to give to it its greatest possible ductility. In selecting a wire one
must see to it that there are no longitudinal cracks in it, a fault which
may be found by cold hammering even when invisible to the naked eye.

‘When it becomes necessary to roll up the wires, it is advisable to
give to the rings the size which, if left to themselves, they would nat-
urally take, so that they may not suffer a permanent change in length
through bending. The winding and unwinding must be done with the
greatest care, and every possible precaution taken that no kinks are
formed. Should any occur, it will be necessary to redetermine its length
before continuing the measurement. It may be remnarked that when-
ever any slight unevenness occurs on the wire the error in length
resulting therefrom is always the same under equal tension. The dau-
ger, therefore, arising from such misfortune is, as experience shows,
considerably less than one would be inclined to'imagine.

The wires are provided at both their ends with scales 1 decimetre
in length, divided into millimetres. These, marked s in figure 2, aré
attached longitudinally to brass tubes. The free end of the twisted
wire is inserted into the outer terminals of this tube and firmly soldered
thereto. 'T'o prevent the wire from twisting when in use, a turn buckle,
r, is inserted, which also makes it possible to bring the scale into the
most favorable position with respect to the needle in the top of the
tripod for reading.

Of the ten wires made by the mechanician, I'r, J. Berg, of Stockholm,
eight have been repeatedly investigated on the comparator, which will
be described later on. All these wires have a length of 25m, This
length was made necessary by the desire to cmploy each wire as often
as possible on the 100" eomparator., Otherwise, wires of 30™ or more
would have been used.

The pair A B was utilized since March, 1882, ¢ D since April, E F
since September, and M N since April, 1883. The reason why I em-
ployed so many wires was to determine from experience what diameter
is the best, and also to confirm or disprove the oft-expressed fear of &
continuous change in the length of tapes or wires under use.

The following wires were nickel plated:

For A (steel) and B (brass) before plating the weights were found

to be
4 e = 0-01459%

B 001624
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After plating
A w = 001469

B 0-01629 *
Likewise it was found that under tension, with a temperature of +1°
(Celsius), the following wires gave:
A ..., §=000002799, sw = 0-000000411
B...., 0-00005769, 0-000000940

Since the wires are always employed throughout their entire length,
which is not the case with tapes, it is of slight importance whether these
quantities are known, even if approximate values are at times needed.
A knowledge of such values can be obtained with sufficient accuracy
if itis supposed that for the same metal ¢ is proportional to the surface
of a transverse section or to the square of the diameter (a d?, in which
a represents a constant and d the diameter); also, that s w is a constant

and s inversely proportional to the square of the diameter, or equal to a

For 4,d =1-53"v, and for B, d=157"", If @ be expressed in milli-
netres, we would have:

for steel, a=0006275%; w=ad?........ {log., 7-7976]
b =0-0000655"; 5= -..... .. {log., 58162]
for brass, a=0.006609% ................ (log., 7-8201]
b=0-0001422™ . ... ..... .. ..[log., 6:1529]

From these two values for a the specific gr.wnty was found to be for
8teel, 7-99, and for brass, 8-41.

After havmg determined the diameters of the other wires, the
remaining quantities were found to have the following approximate
values:

1 . '

Wire,. | d w s sLa oo g

mm. 2. i £ £. £. ",
Steel. | 4 | 1°53 | 0’01469 | 0'00002799 | 0000700 | 0367 | 585 10| O'I1
Brass. | & | 157 | 0'c1629| 0'0000§769 | 0001442 | 0°407 | 4°'92| 10| 013
Brass. | ¢ ! 1'52 |0'0153 | 0-0000616 | 000154 1038 | 46 | 10| 012
Steel. | D | 1°51 1 0°0143 | 0:0000287 000072 |0°36 | 57 | 10| o'I1
Steel. | £ | 2'04 |0°0270 | o'000O0I5Y 000039 {065 |10¢ | 10| 020
Brass. | # | 2'02 | 00270 | 0'0000349 | 0'00087 | 067 82 | 10| o021
Steel. |*A7 | 266 | 0'0444 | ©°'0000091 000023 | 111 |17°7 | 15 ] 0°23
Brass. | /| 2'66 ,0'0468 | 0-0000201 0'00050 | I'I7- |I14°2' | 15 | 0O'24

L !

*If for any reason w, and likewise V/, suffered any change—for example, throngh the
Wear of the plating or removal of the plating—o took on a new value, which was
determined from

LT
de=————4dV
127
4Also s would change, givin
&% giving doy=1L, Tde.

From these equations it can-be seen how small the dreaded changes from these
8ources are,
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We readily obtain from (2)

. L2’
m /2 o® .
T,=d 240 (8)
and
3 L'T
L 9
“\Va4aqi, ()

With a wire it is easy to obtain d by measunring, and in a tape 1 can
be found by weighing; thel efore the formulas just given can serve in
determining an approxnma,te value for 7). The values given in the
eiglith column of the above table were obtained in this way. The knowl-
edge of T,is of no direct value, yet tor the sake of comparing values
of it with the arbitrarily taken values of T, as shown in column 9, they
are here given. If it is desired to obtain T\, more easily, it can be done,
from formulas (8) and (9), expressing T, and w0 in kilogramimes, and d in

millimetres.
Steel, L = 00'", ", = 210 d* = 344

Brass, T, =172 d* = 261 w
Stecl, L = 25", T, = 2-50 @* = 399 w
Brass, T, = 2:00 42 = 303 2¢

If we take the values given in the above table and insert them in
formulas (6) and {7), we will obtain for the influence of the varying
force of gravity the following, in millimetres:

1. Tengion twith spring balance.

A B c D E n M N
+28 435 430 427 488 494 4114 4127

2, Tension from weights,

A B ¢ D K F M N
— 70 —144 —154 —-T72 39 —87T —35 —-735

Y
These values have not been multiplied by the tactor” - (/!/ ; but as

this factor never exceeds 0-0032, it would give a correction of only
0-066™» for N and 0-080 for C.

The wires 4 B and € D were found to be easily handled, while more
trouble was experienced with M N. The latter were given a greater
thickness that they might serve as standards for the others, it being
accepted that they would be less sub]ecb to change than the lighter
wires,

“For the eorrections to reduee a 25™ wire to the.horizontal projection
the following table was computed from the formula

I VR Y.
kF=yr+spticr - (10)

in which & is the correction, always poswive; L the length of the wiré
.and L the difference in elevation of the two tripod heads:
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[
Correction for reduction to a horizontal projection.

P2 & k

m. mm. m. mm.
0°'00 00 066 87
0°'04 oo 067 90
0°08% o1 068 92
008 o'l 069 95
. 0'09 o2 o070 9'8
011 o2 071 10°1
o'12 03 072 10°4
013 03 0'73 1077
o'14 03 0'74 110
o'1§ 04 075 11-3
o016 0§ 076 116
017 o's 077 119
o018 06 078 12°2
o'19 07 0'79 12°5
0°20 o8 o-8o 128
021 09 081 13°1
022 10 o082 13°5
023 1’1 | 083 13-8
024 12 : 08 141
025 1:3 + 08s 14°5
0°26 14 086 14-8
0'27 15 o-87 15°1
028 16 0-88 15°5
0°29 17 -89 158
030 18 0'go 16-2
031 19 091 166
032 20 0°g2 169
033 22 093 17°3
034 2°3 0'94 17°7
0°35 25 095 181
036 26 0'g6 184
037 27 097 188
o038 2'9 098 19°2
039 30 | o499 19:6
040 32 1'00 200
041 34 101 20°4
Q42 35 102 20-8
0'43 37 1'03 21°2
044 39" 1'04 21-6
0'45 4'1 1'0§ 22°%1
046 42 106 22'5
047 44 1-07 229
048 46 108 233
0'49 48 1'09 238
0°'50 5°0 110 24°2
o051 52 111 247
0'52 54 112 25°1
053 56 g 25°5
0'54 . 58 114 26+0
055 61 1'1§ 263
0'56 63 116 26.9
057 65 117 274
0's8 67 1'18 279
0°59 70 1'19 283
o-6o 72 120 28-8
061 74 121 293
062 77 1°22 298
063 79 1-23 30°
064 82 124 308
065 -3 1°2§ 313

mim..
318
323
328
33°3
338
3473
349
354
360
36§
370
37°6
381
387
392
398
404
409
41°5
42'1
427
433
438
444
450
456
463
469
47'5
481
487
49°3
50°0
506
513
519
2+5
532
538
545
552
558
565
572
5779
586
592
59°
606
613
62-0
62-7
634
64°2
649
656
66°3
671
678
685

]

m,
1-86
187
188
1-89
1'go
1°91
192
1°93
1'94

[ ]
B QDB
~ S

9

8%

o]
w

o
O

BNV DNRBRIUBDROMOBRNDNRONROEOENDNRREROBNDNRORNRNBNBNDRYDNBRDRNONNNDNRNRDRN =~
—
e

mn.
693
700
708
715
723
731
738
746
754
76°2
76°9
777
78°5
793
8o°1
809
81°7
826
834
842
850
867
87°5
8844
892
900
90°9
01°8
926
935
94°4
95°2
96°x
970

988

997
100°6
101°§
102°4
1033
103°3
104°2
105°1
1060

1069 -

1079
1088
1098
110°7
1116
1126
113°§
114°5
115°5
1164
117°4
1184
119°4
120°3

135
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Correction for reduction to a horizontal projection—Continued.

A & & & A & : & *

n. mn. ”. mm. ”. mm. m. mni.
246 1213 2°54 129°4 262 1377 270" 1462
2°47 122'3 2°55 1304 263 1386, 271 147°3
2:48 123°3 256 1314 264 1398 272 1484
2°49 124°3 2°57 1324 2-65 1408 © 273 149°5
2-50 1253 258 133'5 | 266 1419 274 1506
2:51 1265 | 259 1344 | 267 1430 i 275 1517
2'52 127°3 260 1356 2:68 144°1 2°76 152°8
2°53 1283 2°61 136°5 2°69 145°1

The table extends only to a difference of 2:76™ in the height of the
two tripods, because a greater inclination than this—1 in 9—should be
avoided. In such extreme cases an crrov in elevation of 1»» would
produce an error of 0-1m™ in the length,

" From equation (10) we obtain by differentiating

h?

oge @l .. vy

dle=—

from which it appears that when L is not exactly 25™, but, as is usually
the case, varies a few centimetres, owing to the scale readings, the
corrections taken from the table will not be correct. If h=3m and
d L=4-50m", then the error referred to would amount to —0-36mm,

To compute k in those instances where L is not quite 25, as in the
use of parts of a steel tape, one can proceed as follows:

Place in equation (10) a for all the terms of the second member
except the first, that is

h?
k= 5T, +a,
then

h=~/s/8al?—2aL...... 12)

If % and I are expressed in metres and %k in millimetres, then

N 2)
k=L- x500mm 4. .. ... (12
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from which it is easy to compute k by taking a from the following
table:

L(m.) . - a |
! O-OSHJIII O~15H"|I | 0'25"““ | °~35"‘lll) 0-45mm
! !
' h
. m. o m. m.
1 o'14 o'Ig
2 o2 031
3 032 042
4 040 053
5 0°47 0-62
6 0'54 071 o081
7 001 o-8o 091
8 067 088 100
9 0°73 097 110 1'19
10 0'79 1°05 1'19 129
It [oR-13 1'12 128 1°39
12 09I 1'20 1:36 148
13 097 1-27 1°45 57 167
14 1'02 135 153 166 177
15 108 142 1°61 175 1-86
16 113 1°49 169 1-84 196
17 118 1°56 177 1'92 2-05
18 1'24 162 1-85 201 2'14
19 1-29 169 192 2'09 223
20 134 1'76 200 2°17 2-31
21 1.39 1-82 2:07 2:25 2:40
22 1°44 1-89 . 213 2:33 2:48
23 148 195 2:22 2-41 257
24 153 2'02 2'29 . 2°49 265
2§ 158 2-08 2:36 257 2'73
20 163 2°14 2:43 2:65 2:82
27 167 2°20 2'50 272 2:g0 .
28 172 2:26 2'57 2-8o 2:98
29 177 2:32 2:04 2-87 3'06
30 .81 238 271 295§ 314

If f represent the error in the leveling rod, then for a difference of
elevation . we must write & (14/); therefore from (10) we will have far
the reduction to the horizon

12 N ne
K=o A+ +gra(I+S)+. ...

or with sufficient approximation

'=k(142))
or Sk =(14+23k...... (13)

Both ends of the wires are provided with balances. The one at the
énd where the scale on the wire is read is to Lring about the desired
t‘»fﬁnsion, while the other is to hold the counter action at the same ten-
Slon and to avoid as far as possible any drag on the tripod which car-
Tles the mark indicating the terminus of the preceding wire. For the
latter an ordinary spring balance such as is found in the stores will
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answer, but for the former purpose a more carefully constructed bal-
ance will be required. - From this it will be seen that in measuring in
the field two spring balances are needed—a smaller and a larger one.
These balances are employed to measure the horizontal tension and
not to weigh anything in a vertical position, as is supposed to be the
case when the graduation is made. Thercfore it is necessary to take
into consideration the difference in the readings in these two cases for
actual tension. This difference can be obtained by adding to half of
the weight of the spring the weight of those parts—> and ¢—which are
attached to the lower end of the spiral spring. It is easy to find that
if p represents the entire weight of the dynamometer, y the difference
Jjust mentioned, x the correction to the horizontal reading for 0 I, a the
reading on the balance when it hangs vertical and free, and a’ the
reading when the balance is inverted and suspended by its own hook,
then ‘

p—a' —a
a=t 0T
2 (14)
—al 4
and y= p___%__ 4

By way of illustration, the following quantities are added:

Old New
balance, balance.
— N P
!
The difference between the readings of the balance when hori- £ i £
zontal and when vertical, ¢ oIS o186
i mm. mm.
The diameter of the steel wire which formed the spring, 2°25 262
The outer diameter of the spring, 20°§ 260
The inner diameter of the spring, 160 208
The mean radius of the spring —= A& 91 11°4
‘Extension of spring for 1 4=/ 8:34 ‘10°14
The number of coils in the spring=4# 42 ©39°5
‘We will have
)
f=rTh (14a)

where k= 00073 for steel.

The scales on both balances were divided into tenths of a kilogramme,
making it possible to read to liundredths by approximation.

If the same balances are used in measuring that were employed ou
the comparator, it is not necessary to determine these corrections; bub
if different balances are made use of, it will be absolutely necessary 0
investigate each balance that is employed. TFor this reason it is deemed -
well to give the correction for the two balances mentioned. In each case
the vertical weighing is given with proper correction to make it the
equivalent of the horizontal tension.
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The old balance.

[1883, Apr. 24.] [1884, Jan. 30.] [x884, Feb. 3.)

Temp.=+13° Temp.=+46° Temp.=+2° * Temp.=-426°
Weight, Corr., Weight, Corr. Weight.  Corr. Weight.  Corr,

0k —o°l4k ok —o134 ok —O'1I§& ol —o'1354

10 -—0'I4 9 —018 2 —o'14 2 —0'19§
§ —0°20 10 —o°I1 4 —0°17 ‘4 —0°'245

10 --0°'10 6 —o-21 6 -—0'30

9 --o0I9 9 —oy 9 —o27

5§ —o'19 11 —O0'I0 11 —o-21

The new balance.

[1883, Apr. 24.] (1884, Jan. 30.] 1884, Keb. 3.]
Temp.=+13° Temp.=+6° Temp,=-+2° Tewnp.=+26°
Weight, Corr. Weight, Corr. Weight. Corr, Weight. Corr.
ok —o'18% ot —o'18% ok —o°194 ok —o0°2054
o —o18 o —o18 2 —o'19 2 —o0'20
5 ,—cC18 10 —o0'I4 4 —o0'17 4 —o0°21
10 —o0°I8 13 -—0'13 7 —O'I§ 6 —o0-205
14 --0'14 14 —o'11 9 —o°I12 9 —o0-21§
14 —o'Ig 14 —O°II ‘11 —-0'13 11 —o°20
13 —o'17 14 —o0°11 13 —o0°12 13 —0°19
13 —o0'I6 13 —o0'14 15 —0-09 15 —o0'18
14 —0°'13 o —o18
‘9 —o0'18 9 —o'16
10 —o0'17 10 —0°I7
o —o18 5§ —o'17
o —o0'Ig

For both instruments the two last determinations are the mean of
two series of observations. _
Since the correction % can be expressed by the equation

k=24 my,

in which m is the weight suspended and x and y are counstants, we
have, after applying the corrections just given for reduction to horizon-
tal readings, according to the method of least squares, the following

€quations:
I'or the old bulance.

1884, Jan, 30, Temp.=+ 20, k= —0:034—0-0003m.
1883, Apr. 24, ¢ =4 (9, k= —003140-0005m.

“ “ §  =41309, k= —0'036—0-0005m,
1884, Feh, 3, ¢  ==-260, k=—0-064—0-0085m.

Lor the new balance.

1884, Jan, 30, Temp.=+4 20°, k= —0:0114-0:0063m.
1883, Apr. 24, “ =+ 6°, k=—0-000+40-0045m.

¢ «@ & =4139, k==—0-001+4 0-0025m.
1884, Feb. 3, ¢ =426°, k=—00250-0013m.

If # changes with the temperature, it is evidetit that the variation is
®xtremely slight; consequently it is regarded as practically constant.
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However, the variation in y can not be made a constant function of
temperature; but it is assumed that it may be expressed by the relation

Yy=u-vl,
in which ¢ is the temperature and # and v are constants. In this man-
ner it is found that for the old balance

§=+0-0021—0-000365¢,
and Je= —0-041 4 (00021 — 0-0003652)m ;

and for the new balance

y=+0-0060—0-000197¢,
and le=—0-009+4- (0-:0060 —0-000197)m.

The temperature correction, which for the two instruments is almost
the same, can not be regarded as devoid of real significance.

From what has just been given, the following table of corrections has
been computed :

The old bal- The new balance.”

Temp. ance tension, -~ - T -

1ok. Tension 104, : Tension 154.

—10° 4 0024 -Loror4 +o°114
— 50 0-00 +006 010
oo —o02 ~+40°05 ~+-0-08
50 —o0-04 “+o0-04 +-0°07
100 —0-06 “+003 ~+-0-05
15° -—-0'07 “+002 —+-0-04
200 — 009 +4-0-01 ~+o0-02
25° —oO°I1 0°00 ~+0°01
300 —0°13 —o0-01 —o0°01

These corrections must be applied with their proper signs to the read-
ings of the balance in order to have the correct tension.

The correction for the length of the wire depending upon an error in
teusion can be found by differentiating (1), which gives

dl Lp3mtg* 7 L. V? .
aT="1575 * =15+ sLe-n . as)
or if T=T,
\
dL .
— = e 15a
d/[v 38]11)- . ( )

The equation (15) gives for a positive error of 1k in the balance the
following positive corrections in the length of the wires in millimetres

for the wire A-B C D FEF F M N
the correction 10 1-8 1-8 10 13 1-8 10 13
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In order to secure reliable readings on the wire scale it is necessary
to see to it that the friction on the interior of the balance is a minimum
and that the observer is skilled in work of this character.

THE COMPARATOR.

In February, 1882, the earth not being in a frozen condition, two
stones were set in the sidewalk extending along the Technology street,
cach of which weighed about 2,000 kilogrammes. Into the upper sur-
face of each stone was inserted a brass rod 1 decimetre in length,
and in the free ends of these rods fine holes were drilled, which marked
the ends of the line. The line was intended to be exactly 100™ long as
indicated by an old-standarded steel tape. The stones rested upon
well-packed beds of gravel about 0-6™ below ground and extended 0+4*
above. '

The line was measured three times in April, 1882, and twice in
November with the base apparatus belonging to the Royal Academy
of Sciences. Since the base bars are two toises long, 26 lengths give
101-35™. The excess, 1:35™, is such a large fractional part of the whole
that it must be laid off with great care. TFor this purpose a 2" bar of
Bessemer steel was employed which had been tested both for length
and graduation and compared with the standard by the Bureau of
Weights and Measures.

At the time of the first measurement no comparison of the base bars
with the standard was made, as I considered that no significant change
had taken place since the last comparison; at least no change of suffi-
cient importance to affect my results. However, it can be seen from
what follows that this hypothesis was unjustifiable. A, B, C, D are
the lengths of the four bars of the base apparatus and N that of the

Standard, all at a temperature of 13° R., or 16225 Celsius. The quan-
tities are expressed in millimetres:
' 1883, in Stockholn '
| ngB,Ocl. 10, in | 1882, innutumn, |
I tockholin, at Jaederen, |7 T -
| Nov. g. Nov.is.
. — e e
A -N —0-0020 —0°0294 —0°'0992 —0'0832
B—N —+o0-0305 +0°1374 —0.2492 —0°2338
C—N —o0'1272 —0°2574 —0-2888 —0°2711
D—N +0-0043 —o0-0861 —0-1088 —00963
Mean | —0-0226 —0'0589 —0'1865 , —o'1711 |
|

Before the comparisons at Jaederen were made, some flakes of rust
Were removed from the end surfaces of the bars, by which the lengths
Were somewhat shortened. Still the length of B had in the interim
Increased cousiderably and then diminished by not less than 0-38™w,
Which revealed a change of a most significant character. I have here
Introduced the results of these comparisons in order to show why I
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attach so little weight to the measurements of April, 1882, although
the results agree very well with those of November, 1883,

The two comparisons between the base bars and the standard were
made immediately before and after the measurcment of the comparator
in November, 1883. -In addition to this, a direct comparison was made
on the 23d of November, 1883, between the traveling standard belong:
ing to the base apparatus, which was used in the cases just mentioned,
and the Pulkowa standard at Stockholm. It was here found that

N—P=—0-0626m",

a value almost identical with that obtained in a previous comparison.
The results of the measurements with the base apparatus are:

m.

1882, Apr. 14, 99°9997
SR 999989
“ ¢ 999995

Mean 99°9994
.

1883, Nov. 12, 100°0003

m . . 1000000
Mgan 100°0001

These determinations indicate that the length of the line had increased.
Such an increase also became apparent in the discussion of the lengths
obtained from measuring with the wires. This change of length pre-
sents nothing very surprising when it is understood that the line was
laid out under the most unfavorable circumnstances. The street along
which the line extended was, in 1882, raised by a fill at the north end
by as much as 2. To support this embankment a supporting wall
was built, for which it was necessary to dig a foundation of considerable
depth. Besides this, 2 number of large buildings were erected in the
"immediate neighborhood, during which it is quite likely that the stones
received a jar or shock, and perhaps several, as they presented no evi-
dence of violence and the chango in the length of the line appeared
gradual.

Inasmuch as a greater increase in length took place than is shown
in the earlier determinations, and since the value which was obtained
in November, 1883, can not be affected with any great error, the former
determination must be regarded as having a value that is too large
As the result of seventeen trials, made between March 22, 1882, and
November 17, 1883, it appears that the northern point was 0-5863"
higher than the southern, while no change exceeding the probable
error was apparent.

THE INVESTIGATION OF THE WIRES AND STEEL TAPES UPON THE
COMPARATOR.

This investigation had for its object the determination-of errors of
length and the coefficient of expansion. All measurements were made
when the sky was overcast or when the wires and tapes could be pro-
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tected from the sun’s rays, so that the temperature of the wires could
be regarded as that of the air. The air temperature was ascertained
from three thermometers, each held at the same distance from the
ground, one being near each end of the wire and the third one at the
middle. The thermometers were investigated in November, 1882, and
the zero-point correction determined and errors of calibration by com-
parison with a standard thermometer at various temperatures. In
January, 1884, the zero poiuts were again examined and found to be
unchanged.

In the epitomized results of the measurements of the comparator
which follow, the reduction to the horizon has been made and likewise
the errors from inaceuracies of the leveling rod (equation 13) and those
of the balances (equation 15). The constant length correction of the
wires for the 100™ is represented by @y, @y, @y . - . . @y, While ¥y, Yo, 93 - ... Y5
stand for the expansion in 100 for 10° Celsius. The thermometer read-
ings have been corrected and 4- 15° taken as the temperature at which
the wires have their normal length. Therefore y will indicate the
amount by which the temperature exceeds 15°; and in the majority of
cases it will be negative, since the measurement of the comparator was
usually made in cold weather.. The length. of this line is represented
by &, which of course is regarded as an unknown quantity.

IWive 1.

1882, Mar. 27. A= 99'9693 -;-x1 — 135 31, No. of determ. =3

Apr. 19. 999688 4-x;— 122 3y, ¢ (LR
‘26 99°9617 L — 5951, ¢ =2
June 15. 999606 4-x — 40 3, ** “«  —p
Sept. 7. 99.9585 -+ 41— 0'4 ¥, “o=2
1883,]an. 0. 999878+r|_—264 », I —
T 999839 -1 —22'5 y1, ¢ “oo=2
RIE 99'97534- 71— 134 1. € =2
Apr. 20. 99'9717 4y —11°7 3, “ =2
Sept. 25. 99°9640 4 &y — 4°9 1y ‘a2
Oct. 16. 99°9630+x1— 3°4 ¥, ** =2
Nov.17. 99'9764 41 — 159 31, T—
Wire I3,
1882, Mar. 22. A= 999215+ x:— 97 y:, No. of determ, =2
27, 99°9281 + 22— 136 3o, ¢ =4
Apr. 1. 99'9270 - x;—12°2 33, “ =2
June 3. 99'9156+4-ra— 41 3o ¢ “ =z
Sept. 7. 99°9105 4-x:— 07 yg, “ =2
1883, Jan. 0. 99°9508 + xy — 26°5 3y, ¢ “  ——a
A 999522 + %2 —22'6 yu, ¢ “oo=2
“o3rn 999377 4 x2— 134 Yo * “o=2
Apr. 20. 999327 + 2y —11°6 33, ¢ I 1
Sept. 25. 99'9197 +xp— 49 ys “ =2

- Nov. 17. 99°9405 +x; — 15°9 3, . ¢ =3
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Wire C.

1882, Apr. 19. 1 ==100'0224 + x5 — 11°45y4, No. of determ. == 2
June 15. 100°0110-{-x3— 4°3 y3, ** =2
Sept. 7. 100°0070 + x5 — 1°2 ¥, ** "=

1883, Jan. 6. 100°0530 + a3y —26°0 3, oz 2

‘“ 7. 100°0471 4 x3 —21'g y3, ** (D =2
L 1000330 4-x3— 13°4 p3, ** o =2
Apr. 206, 100°0224 - x3— Q2 3y, ** (L
Sept. 25. 100°0124 + x5~ 4°5 g4, ** o=
Nov. 17. 100'0342 -+ 29— 1575y, ' o=
Wire D.

1882, Apr. 19. A:2100'0566 -} xy -~ 116 3, No. of determ. =3
Tune 15. 100°0500 -} oy — 4°153,, =3
Sept. 7. 100°0498 + x4 -— 175y, ¢ =2

1883, Jan. 6. 1000792 4- xy —26°95y,, ** o=z

L 100°0752 + a4 —21°8 34, ‘¢ o =2

3L 100:0670 + a4 — 134 p,, =2
Apr. 26. 100°0582 - xy— 82 ¥, ** “ =
Sept. 25. 100°0556 4+ xy — 5°'2 y,, ** =2
Nov. 17. 100°0687 -} x4-— 167 py, iz

Wire E.

1882, Sept. 4. A=100'0107 <~ x1,4- 1'9 y,, No. of determ. =2

¢ 7. 1000120+ xp-1- 0°453, ¢ o =3

1883, Jan. 6. 100°0412 + a5 —26°0 35, ¢ “oo=2

L 100°0384 -k xp~— 2228y, ¢ o z=2
¢ 31 1000307 + x5 — 13°4 35, ¢ eo=2
Apr. 20. 10002062 ++ x5 —12°3 Jg,  ** o =2
Sept. 25. 1000198 + xp— §°5 3%, ¢ “ =2
Nov. 17. 1000278 -4 x5 — 13°1 yw, o w2
Wire F.
1882, Sept. 4. A ~=100°0139 -4+ 0°9 Jy, Nu. of determ. ==2
“ 7- 1000157 {- X5+ ©'2 yy ‘¢ v =2
1883, Jan. 6. 100'0660 4 x4 — 266 p,, ** “ =3
“ 7. 100°0§84 -i- X3 — 22°5 3, ‘¢ L )
3L 1000448 - x5 —13'4 Jo ** vo=2
Apr. 20. 100°0409 + xg ~~ 12°583%,  *¢ ‘“ =2
Sept. 25. 100°0284 -+ x4y — 5°0 4, ¢ “o =2
Nov. 17. 1000431 - xg—13°4 35, * s =3
Wire M.

1883, Apr. 23. A==100'0567 4 x; —13'8 3, No. of determ. =
Sept. 25. 100°0514 -7 — 6°4 yy, ¢ [C—
Nov. 17. 100°0571 +x7 —13°2 3y, ¢ “ =2

Wire N.

1883, Apr. 23. A =100'0407 4 xs—13°75)s, No. of determ. =2
Sept. 25. 100°0308 x5 — 6°7 g, o =2
Nov. 17. 100°0430 4 25— 13°T wu. ** =2

The total number of simple observations made in determining the
length ot the comparator was 136.



The following results for the length of the line were. obtained after

z and y as given below:

'

AT B) e NG

01—

substituting the first approximate values of

Date. g Temp. A (steel). A (brass). : C (brass). ! D (steel). E (steel). ! F (brass). M (brass). A (brass). | Mean.
e : - ! | R
x =406 mm 4-87-3 mm I — 79 mm —352z mm | — 150 mm i - 190 mm : — 436 ™mm | _qg0omm |
! y= 104 168 174 1oz | o099 | 1775 | 1oz | ij0 L L.
1882, | ° i : ; :
Mar. 2z | +5 | ... 999925 | —omcoooe | eeoooen b ees Co. R | 999925
27 | +1 99°9959 999926 | ...} o e e [ oomreeees R P 99'9943
Apr. 19 +3 999967 999938 999946 999928 | ... P O T 99°9945
26 4 -9 999961 | oo b e s s T e Loeeeeeee 99°9961
June 15 11 99°9970 99°9959 999956 99°9947 SR - U 999958
Sept. 4 | -F16 ST B AGOUN RS 999976 | 99°9965 | .__..__. [ 99'9970
88 7 +14 999987 99°9966 99°9970 99°9960 99°9974 | 9979970 S 99°9971
1883, ! ! i
Jan. 6 . —i2 100°0010 100°001§ 99°9999 99°9997 99°9999 : 100°0004 | ________ EEEEEE 100°0004
7 i —7 100-0017 100°001§ 100°0011 100°0010 100°0009 | 100°0000 [ R 100°0009
31 - 2 100°0020 10070025 |. 100-0018 1000013 100°0022 1000024 | ._._._.__ | mmeeenan 100°0020
Apr. 20 + 3 100°0001 100°003 [ I 99°9988 ©99°9999 | ... R 99°9998
X B T (ORI IRV [ RS (AR . 999990 |  99-9982 9999836
26 | 47§ s | e 999985 999978 | - ... .. . I 99.9982
Sept. 25 +10 99°9995 99'9988 999967 999983 99'9992 1 999991 100-0013 1000003 99°9991
Oct. 16 +12 1000001 S A S R N S I, 100°0001
Nov. 17 + 2 10070005 10070011 999989 999997 99°9986 100°0007 100°0000 1000016 100°0003

J130d34

€681 dOA

‘II L4vd

vl
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Although only approximate values for the lengths of the wires and
the expansion of the same were employed in the computation, still it
unquestionably appears (1)- that the variations are not altogether
dependent upon temperature; (2) that the results obtained on any one
day with different wires agree very well with one another; (3) that if
the variations are made a fanction of the changes in the lengths of the
wires, these changes would appear the same for all the wires; (4) that
the line itself must be regarded as varying.

The especial difficulty of obtaining from the observations the errors
of the wires is unquestionably to be regarded as an unfavorable e:cep-
tional case, caused by the grading and building operations already
referred to. The errors also must be affected with a larger probable
crror than would otherwise have been the case. Hence the results in
the longer lines depending upon this one must give a larger error than
would ordinarily be expected rather than a smaller one,

So far as the change in the line is coneerned, there was positive evi-
dence of it during the carly experiments, or until the beginning of the
year 1883, but after that it seemed to remain quite constant. This
cessation of change was expected about this time, since the work along
the street was then completed. If the variation is regarded as &
function of time, it may be obtained it we take terms up to the third
involving time, as

A=2A,+ rt+4 ycost 4+ zsin i,

in which ¢ is the time and x, y, and = are constants. 1t seems necessary
to assume one expression for the period prior to the epoch 18830 and
another for the time subsequent to it. I therefore place for the former

A=A, Fmyt=my t2 . (a)

and for the latter
A=Ag4mt4n b ()

in which ¢ is expressed in years dating from 1883+0 and A, the length of
the comparator at that time. The determination of the comparator bY
means of the basc apparatus already referred to took place November
12, 1883, or 1883-86. Therefore the equation

1000001 = A, + 086 2, + 0Td my . . .. .. (e).

" must be satisfied.
Without introducing into the computation complications that are

withont .any gain, 1 compute first of all, with the aid of the mean
lengths of the line as obtained in the above approximations, the con
stants iu the expressions for A, Weights are ascribed to these memfs
in proportion to the number of wires employed each day in finding this
mean. Ifor the period after 1883:0 we have from equations (b) and (©)

A — 100:0001 = (t — 0-86G) n; 4 (£* — 0°74) 9,
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and
+0'5:= —0°85n, — 0°742:, weight=6
fo0B=—o08) —o7g v =6
+19=—078 —o0°73 =6
—o0'3==—0'§6 —o0-65 =g
~~1'§=—0'§§ —o0'64 o=z
—1'g==—0°'65 -—0°64 ¢ =2
—10=—0'13 —O0°2} =8
0'0:=-—0'0] —O'I2 =1
-o2=-L002 4003 “. =8

From these one finds the following most probable values:

Ny = — 9 6Tmm

ny = + 9-69mm
and from equatiou (¢)

Ao = 1000001 + 8:31lmm — 7-09mm
= 100-0013m
The equation («¢) now takes the formn
A = 100:0013 = myt + m,t?,

from which we have

—8.8mm =—078m+0-61m;, weight=1
—70 =—077] 4059 =2
— 68 =—070 o049 “=

—352 =—0'69 4048 =1
—5% =-—0'55 +0°30 =4
—43 =—033 Horr S =2

—4-2 —o0'32 +o0'10 o=

which gives
my = + 14-55mm

My = + 6:98mm
Hence we have
before 18830, A==100+0013m 4- 14-55mm X t -+ 6-98mm x ¢*
after 1883:0, 2A=100:0013m — 9-6Tmm x ¢t + 9-56mm X t*

in which ¢ is the time in years reckoning from 1883-0.

With these equations the following table has been computed:

",

1882, Mar, 22 A== 99'9942
‘27 ‘9942

Apr. 19 ‘0946

“ 26 ‘9947

June 1§ ‘9954
Sept. 4 ‘9973
“o7 ‘9974

1883, Jan. 6 100°0012
11 7 .ooll

[13 3[ 0006

Apr. 20 99°9993
X ‘9993
26 9993

Sept. 2§ ‘9993

Oct. 16 ‘9996

Nov. 17 106°0002

147
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Upon this determination of A rest the computation of errors of length
and the expansion of the wires, by taking the appreximate values given
on page 144 for x and y equal to (x) and (y). One then obtains

IFire Ad.

mm.
— 7= (xn)—14(n)
— 2 1=(x)-—12(3)
—14=(m)— 6(s)
—1'6.—_(x1)—; 4(}‘1)
—1'3=(x)— o(y)
+ 02— (x) —26(»)

00=(x;) —23(»)
—~I4=(n)-—13(n)
—0'8=(x1)—12()
~oa=(n)— 5(n)
—o5={(n)-— 3()
—0'3—(xn)—16(n)

Wire C.

mm.

0'0=/{(x3) — 11( ¥3)
—o02=(x3)— 4(rs)
+ 04=(x3)— 1(3)
+0:3=(a5) — 26( ys)

0-0==(x3) —22( y3)
—1-2=(x3) —13(¥3)
~+- 0 8= (xa) — 9()’;;)
+2:6=(x3) — 4(y)
+ 1:3=(x3) — 16(1)

Wire It.

mm.
—oa=(x)+ 2()

0'0={(xs) + O(ys)
13 (xs) —26(3s)
+-0°25=(xs) —22()
— 1°6==(xs) — 13(3s)
+ 05 =(xs) —12(s)
+o1==(xs)— 6()
+0°6:=: () — 13(1)

Wire M.
mm.
+0°3=(x1) — 14(y7)
—20=(xy) — 6(5)
+0z2=(x7) —13(»)

Wire B,
mmn.,
+ 17 =(a3) —10(2)
+16= () — 14(3)
+0'8={(xs)—12{3,)
—o5=(x3) — 4(13)
+oB=(m)— 1(3)
—-0°3=(x2) —27(s2)
— 04— (x2) —23(2)
— 9= (%) —13(39)
—1'0=(xg) — 12( %)
+0°5=(x2) — 5(s2)
—0°9 = (x3) ~16(12)

Wire D.

mm.
+ 1.8=(x) —12(5)
F07={(x)— 4(r)
+14=(xs) — 2(ys)
+ 15— () — 27(54)
01 == (&) — 22( p4)
—07 = (x,) —13(34)
+ 15 =(x)-— 8(y)
+ o= (a5)— 5(y4)
405 = (x,) —17(x)

Wire I,

mm,
+0'8=(xs) + 1{re)
+0'4=(x¢) + 0(xs)
+0°8=(x4s) —27(ys)
+1 1= (xp) —22(y6)
— 1-8=(x6) — 13(5s)
~0°6 == (x5) — 13( 5)
+0°2=_(xg) — 6(ys)
—0°5==(xg) — 13(s)

Wire N, -
mnt.
+ 1°1= (x8) — 14(7s)
—1°0==(x3) — 7(s)
— 1°4 == (xg) —13(7s)
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From these we can obtain the following equations, involving the
unknown quantities, the first member being in millimetres.

—1rr= 12(n)— 134(»), + 04=  1I(xa)— 137(»s),
937 = —134(x) +2200(3),  —181.=—137(x:) -+ 2309(0),
+ 5o= 9(»":!)- 106( y4), + 78= 9(4‘4)— l!0()")’
— 562 =— 106(ay) |- 1820( ), - 863 == — 110(xy) 4- 1924(y4},
+ 08= 8(xs) —  90(1%), Ao 04— 8(xs) —  93(1)s
—32:4:== - go(xy) - 1682(y5),  — 8:5:=-- 93(ww)+1757(¥s),
— 15= 3(er)— 33(m) - 3= 3(xs) —  34(3s)s
+ 5rz=— 33(x:) 4 401(p), -+ 9 8=— 34(x)+ 414(m)
From which we obtain

(x))=—141, x;=39'19, {(x:) =051, x;=-87381,
(3)=—0043, ;1= 0997, Ay)=+0038 = 1718
(xr3) =+-061, xa= —7-29, (vi)=+ 106, xy=--50'04,
(7)== 10005, ;3= 1745, o016, yy==  1°036,
(x5) =—0"29, ay=-—15°29, (#4) == —0'02, aw=—19°02,
(ys)==—0035, o= ©0'955, {15) =-—0'000, yu=z 1744,

x7=—44'38, xy=— 191§,

Jim= 0°996, ye=  1'736.

TFor the wires M and N the coefficient of expansion is taken as the
mean of the preceding wires of the same metal, inasmuch as the number
of determinations was too few to admit of an independent determina-
tion for each.

't'he wires, therefore, when hanging free and under the tension already
mentioned, have the following lengths in metres from the middle of the
scale at one end to the middle of the scale at the other,and also the coeffi-
cient of expansion for 1° Celsius:

Wire, A4 B A D
Length, 25-00g9€0 25°'0219% 24'99818 24'99727
Coef. of ex., (0°0000)0997 1718 1745 1036
Wire, £ a M N
Length, 24'99618 2499524 24-98890 24°99521
Coef. of ex., (0'0000)0g55 1744 0996 1736.

Since these experiments gave a noticeably smaller coefficient of
expansion for steel, as well as brass, than has usually been found for
these metals, I have deemed it wise to detormine these coefficients
Independent of any geodetic operation. For this purpose I employed
the proper apparatus, belonging to the school of technology, in which
the wires are immersed in water of different temperatures. The changes
In length were read by a telescope in a mirror, which, turned by the
expansion or contraction of the wire, reflected the divisions of a large
8cale placed at a suitable distance from it. The result of these inves-
tigations gave f01j the brass wire fron which F was taken

Coeflicient of' expansion = 0-00001751,
and for steel wire 1-3™" in diameter
Coefticient of expansion = 0.00000979,
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Some days later the experiments were repeated,
giving for the former 0-:00001703
and for the latter 0-00000988;
or, taking the means we have,

Coefficient of expansion for drawn brass wire = (0-00001727
Coefficient of expansion for drawn steel wire = 0:00000984,

results which agree very closely with those found in the direct meas-
uring.

The errors of length and coefficients of expansion for the two steel
tapes 4 and B were also determined by measurement of the compara-
tor; but since these tapes were only occasionally used in measuring the
short overlaps at the ends of the line, a detailed account of the experi-
ments can have no special interest. Therefore the results only will be
given:

The length of the tape A at 15° Celsius = 20.00303",
The length of the tape B at 15° Celsius = 20.00493",
The coefficient of expansion for A = 0.00001046.
The coefficient of expansion for 3 = 0,00001030,

The length given above is for the tapes when lying on a Hlat surface
and without tension. In addition, the errors of graduation were deter-
mined for A, it alone being used in the final measurements. They are
given in the table below, combined with the errors of length for the
normal tension and also the errors if 10¥ or 15* tension were emnployed.

Errors of graduation+-crror of length.

l l To=6'72% . 7'=10k I'=15k
e S
s ! A. mm. £ mm, 3 mm.
| o000 oo 696 00 1365 00
1 ' o1 i-0°3 698 -~o4 1365  -j-06
2 1°45 0§ 702 o8 1307 Il
3 1°88 o7 7°10 11 13-69 15
4 ; 230 o9 7°20 15 13°71 20
5 . 267 12 7:32 19 1375 26
6 301 10 745 19 1379 28
7 334 13 7°60 2°3 1384 33
8 3768 1°1 777 2°3 | 1390 35
9 : 395 4 7°94 27 . 1396 40
10 | 424 18 811 32 5 1403 47
11 . 451 21 830 38 . 1411 53
1z | 478 20 8:48 38 14°19 55
13 5°0§ 2:2 8-67 41 1428 60
14 ' 530 21 8-86 41 14°37 62
1§ 555 22 9°05 44 14°47 6-6
16 579 2°2 924 46 14°57 69
17 603 2°6 9'43 51 14°67 7°6
18 627 26 962 53 1478 7'9
19 | 650 31 981 59 1489 87
20 i 672 30 10°00 60 15°00 88 .
|
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THE LONG LINE.

This liné also is situated on “Ladugardsgardet,” near Stockliolm, but
it is not the line measured in 1364 by Professor Lindhagen with the
base apparatus belonging to the Academy of Sciences. One end of*
this line is covered by dirt, and buildings have Leen erected at difter-
ent points along it. In figsure 3 A B is the old line and A’ B3’ the new
one, The terminal points, as well as the two intermediate points Tand
11, are fixed by small holes drilled into a rod of iron firmnly fastened
in the upper surface of stone blocks. '

The measurement in 1864 gave for A Breduced to sca level 2320-1878™,

In order to compare this result with the length of A’ B’ obtained by
wire measurement the two lines were connected by means of a trian-
gulation.

. At the beginning, in 1880, it was possible to determine B B’ by direct

-méasuremeut, but shortly afterwards a house was built in the way, so
that it was necessary to establish an intermediate point, b. Each of
the values given below is the mean of at least two independent deter-
minations.

LENGYTHS.
.
1880, Apr. 26, line B b, measured with stecl tape A, 161-6456
May 2, « BB, « W u 20444511
1882, May 17, « B'p, « “  wires, 1354757
May 19, « 4 4/, « “ 6 643883
When reduced to sea level the lines have the following values:
M.

A B = 2320-1878

Bl = 161-6453

BB = 294-4506

B'b = 1354757
AA = 043882

ANGLE READINGS.

1880, May 3, B B' A, using a theodolite of Ertel reading o =«
to 10’/ by means of verniers, 154 1 266

1882, May 20, A b B, using a universal instrument of
Wanschaft reading to 1/ by means of

microscopes, 163 4 3846

AbAY, 51 389

A B, 31 20 166

By B, 164 34 259

1882, June 12, B’ A’ b, with the same instrument, 9 1 57T
LA A, 149 35 422
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In the triangle Bl B’ the sides Bb and b B’ being known from direct
measurement and the angle 36 3, one obtained from computation
B B'=294-453
By giving the measured value weight 2 and this computed result
weigit 1, the mean gives
B B =294-4517
And after making the corrcetions for triangle errors it was found
that
B 1=1061-6442
B ) =1354747
In the triangle A Bb, Bb, A B and A b B are known, from which one
can find that

o ¢ u
VAB= 1 94315
and ABDb=15 45 38.25

using the known equation
Ab=ABcosbA B+ Bhecos AVB=AB—-2ABsin*3) A B4 Bb
cos AV B
or
AD:--2320-1878" = 04771 — 1546448 = 216G5-0659,
In the same manner, from A B’ ) 1 found
A B = 2051-8967™
and from 4 b A
A'D = 21092877
And, finally, tfrom the triangle AA’' B’
A’ B = 19950148
and from A’ ')
A’ B = 19950168
the mean of which was accepted as o sufficient approximation, or

A’ B = 1995:0158"
DETERMINATION OF A4’ B WITH WIRES.

In measuring, two wires were always used, one of steel and oné
of brass. By means of the difference in the readings of the two a
check is obtained on the reading and data for the determination of
temperature.

If the two wires at the normal temperature (415° Celsius) have
lengths L and I/, and if we designate by ¢ and ¢’ the scale readings,
then after applying n wire lengths the sums of the readings would be
Seand X ¢. Again, if the excess of temperature above the normal
temperature be indicated by t and the coefficients of expaunsion by &
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and f, then the length of the measured line A is for one wire ascertained

from the equation
A=nLl4Zet+nlLat

and for the other wire
A=al/4+2e4nl’ Bt

therefore
nL—nLl+Ze—-2¢,
t="""g (L =T oy
By substituting this expression for ¢ in one of the equations above,
we have
LpmLyZe)y—~La@nl +2e¢)

= AL —u«L
or, if the length of the line according to the two wires he represented
by s and s’——that is, without reference to the temperature—then

A
= (8 —8)=¢8 J - s —8). .. ... 16
b+ gl —s) =5t gl ) (16)

or

Jél _ @
A=t Fa®

~ Trom the latter of these equations it is evident that if at each read-
Ing of the scale there was a probable error of 4 r, the probable error

for the whole line from this cause would be
@= :f-ﬁ— — V(4 &)...... (17)

a formula which is true only when the temperature, as is here regarded,
Is determined by the differences in the scale readings.

Over smooth ground the errors of length resulting from errors of
Contact and of differences of elevation are of very slight consequence.
In guch a case the accidental error only is found from equation (17).

Instead of using equation (16), it would be better to compute the
length of the line in such a way that the temperature may Le taken
from a table already prepared in which the argument is the difference
In the lengths of the two wires and the tabulated values degrees. In
this way, by computing the length of the line for each wire, one has
a'Check on the work. For the wires A and B, at 4 15° Celsius, the
difference in lengths,

B — A = 4 12:15mm

and the relative expansion for 1©

26" (ff — a) = 0+1802mm
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from which the following table was prepared:

' Differences of expansion.

t B-A ¢ | Bea t | B-A
_ —1 - ; _—
| ° mm. ° mm. ° | mm.
©o-18 675 7 10°71 29 I 14°68
14 6-93 8 10-89 30 | 1486
13 1 711 9 11°07 31 | 15704
P12 7-29 10 11-25 32 1522
R 7°47 I 11°43 33 15°40
i 10 765 12 1161
9 783 13 1179
. 8 8-01 14 11:97 Differences.
i 7 819 15 12°15 | e
i 6 8-37 16 12°34
i s 855 17 12°82 ° mnt.
i 4 ) 873 18 12-70 00 0°00
. 3 891 19 12:38 ‘1 ‘02
L2 909 20 1306 ‘2 ‘04
P 927 21 13-24 3 ‘08
| o 945 22 1342 | 4 ‘07
[T ¢ 9°63 23 1360 5 09
2 9-81 24 13-78 6 B
3 0 999 . 2§ 13°96 7 13
4 | 1017 26 14°14 -8 ‘14
5 1035 | 27 14°32 ‘9 16
6 1053 28 ¢ 1450 10 ‘18
|

The necessary personnel for measuring is as follows: One persol
for the spring balance. one at each end to place the scales side by side
and to mnake the readings, one for leveling, and one for marking—or five
trusty persous. For handwork there are necded one person for the
small steel balanée, one to hold the leveling rod, and two for carrying
instruments, pegs, etc., along the line, making four workmen. Thus
it will be seen that in order to have the work move along without delay®
nine persons are essential. In the work on “Ladugirdsgiirdet” the
number of assistants was not so large as desirable. Besides this, the
continuous progress of the work was often hindered by passing wagon®
and the drilling of soldiers. This latter interruption is the reason why
the line A’ 13’ was seldom measured as a whole, but in the sections A’ I
I 11, and IT .13’ independently and irregularly.

During the first few days a leveling rod was used which was pPro:
vided with two targets, the second one being on the reverse side ab
read downward, the zero being at the top. The advantage thus
afforded was that the two readings should always havea constant subh
thereby furnishing a check.

But after some days one of the targets was injured, and thereaftd
the ordinary method was pursued with confidence, inasmuch as up to
that time no erroneous readings had been made.
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The following gives the measurements of A’ B’:

1882,
May 8.
“« 9.

€

12.
¢ 15

Line

Al
II'lL
1B
IT'I
115
II'1
147
A1
115/
A’
118

Began Finished
10:50 a. m. 4:00 p. m,
7:45 10:10 a.1n,
__________ 315 pom,
7:00 p. M 8:10

0:20 2:50

6:45 7:25
8:40a.m 10:50 a. m.
0:50 p.m 2:2§5 p.m.
3:25 5:50
8:40a.m 10:55 a. m,
3:10 p. m. 6:40 p. m.

Remarks.

Sunshine, scattering clouds.

“ wind =3 to 4.%
Thin clouds.
Still.
Sunshine, wind ==1.

(X3

155

¢ still.
¢ scattering clouds, wind =1 to 2.
“ wind =2,

Rain, wind = 2.

Sunshine, wind at right angles to the wires.

In ‘these measurements only wires 4 and B were employed and the

tape A.

in the autumn of the same year the line was measured twice by a
barty of students, using the wires F and F, but unfortunately palpa-
ble errors were made, making the results useless. However, I mention
them here merely to show how rapidly measurements of this kind can

e done.

1882,
Sept. 8.

The three lines A’I, I II, and II B’
letres, respectively. The rapidity of

Line

AL
111
115
V240!
TI1
147

a8 follows:

Began Finished
9:15 a.m. 0:00
2:30 p. m. 3:40 p.m.
3:40 6:05
8:30a.m. 10:50 2. 1m.
0:40 p. m. 1:40 p. m,
1:40 3:50

740
367
888
367
367 |
§88 .
367
| 740
i 740
. 888
[ 740 |
| 888 !
| 740

e

10
11

12

15

Sept. 8
367
888
888
367
740

Remarks.

Sunshine, scattering clouds,

“ wind =2.

' Lengths ; Lengths i

Time. per huuni per day, |
]
L. m. |
§ 10 . - I43 740
2 2 ’52} |
_____ . 1622 |
I 10 315 i
o 50 : 440} :
2 30 ! 355 1622 |
0 40 550 :
2 10 342 i
I 55 386 5| 2368 |
2 25 367 |
2 15 329 740 ‘
3 30 | 254 | 888 |
2 45 269 !
i 10 3:5} 1995 |
2 2§ 367 ;
2 20 381) | i
1 oo 367} 1995 ‘
2 10 342 '

* Estimuted by the meteorological scale o=still, 6=hurricane.

have the lengths 740, 367, 888
the measurement in metres is
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The best speed was 550™ in an hour, and the largest day’s work was
on the day when operations began at 8:40 a. m. and continued until 5:50
p-m. On this day 2368™ were measured.

The following is the record of one measurement of a line. The num-
bering is from A’. Of course the record of the measurement of the
line was separate from the record of the leveling, but they are united
here for illustrative purposes. With the steel tape the tension was
always Ty,

For the wires A and B,

= 1353 and ﬂ_f’_ — 2:383,! which
values are to be employed Wheu the computation is made according t0

equation (16). {16z, May 10,1

| Wire. Leveling. Horizon-
Pomt. i—. .. — e tal re- Remarks.
| ! ) ) duction.t
A 5 | Diff. Readings. Diff. Height.*
—_— ! - e e e e
mm. mm. i mnt. | dm. dm. am. | am. i mn.
I 038 0°00
| m
i 721 602 | 11'9 — 16§ o-g ' 10:30a. M-
30 203 — 1'65 |
907 | 787 | 120 — 7°30 11'0 .
31 943 — 908 Sunshine.
869 | 754 ] 1 —10°97 241
32 20°40 —20°02
' 305 ; 183 ‘ 12°2 — 391 30
33 2431 | 230 —23'93
852 | 734 118 I/ -— 042 [¢ R}
34 I | 272 —24°35
586 | 468 11°81 — 141 04
35 ‘ 4713 —25°76
317 4 19°3 | 12°4 + 1°54 0.5
36 ' 2:59 —24°22
91°3 | 79°1 ; 12°2 -~ 070 o'l
37 ! : 1683 3'29_ —24°92
i 548 | 4279 119 ! + 424 36
38 ! 12°59 ! ‘ —20°68
380 | 263 11°7 4 316 | 20
39 i 9'43 —17°52
| 585 | 464 - 1271 -+ 822 136
40 - . 121 ! 2000 — 9°30
i 568 450 . 11°8 .77 7 d-rrc1y 250
41 : 1253 8-89 | 4 187
17°1 52§ 11.9 Tl 14065 | 430
42 H 1-00 1839 -+—I6'52 i
088 1| 5790, 1179 | 77T +18:41 | 670
43 : —002 -+34793 -
17:0— 660 ; - 524 . 81t
I | — 522 --29-69 j———— 11:208. m.
842 == Sum = | 2028
674:9=2=¢’ !
The mean of the diff. = 11:94mm,
The corresponding temperature § = 4- 13°-85.
* The check is in the dlffcrcucc;z between the first and last number in each row of readings. jtted:

1 This is taken from the table on pp. 135, 136. In the record the readings on the reverse scale is om
$ Based on equation (12a) and the table following.

§ Taken from table on p. 154.

! The coefficients of expansion, which werc determined geodetically, have been applied here.
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{1882, May 10.]

' l Wire, ) Leveling. Horizon-
Point, |- -- .y - . | e e e - e tal re- Remarks.

4 | ‘ Diff. | Readings. |  Diff.  Height. duction.
- : [ - B A . .

wmm. | mm. | mm. dm. | m. dm. | dm. mm.
11 22 | 0-00

653 | 53°1 | 12°2 I -+ 354 2°5
44 | 168 + 354 0:20 p. m.

77°2 ) 654 118 | ‘ — 6°52 85
45 . 820 ; | — 268

564 |.441 | 12°3 | — 958 18-3
46 , 1778 028 —12°56

360 237 | 12:3 | — 543 59
47 57¢ : —17°99

336 | 21°5 [ 12°1 | — 2°07 15
48 . ; §:38 . —20°66

987 | 864 | 12°3 | - 331 | 2-2
49 1169 —23'97 i

95'6 | 837 | 119 I — 313 | 2179 |
50 14°82 i —27°10 i

826 | 708 | 118 | - 318 | 20
51 ' | 18-00 | -—30°28

6321 516 | 116 — 260 14
52 1-83 | 20°60 --32-88

42'0 | 300 | 120 T — 1116 03
53 299 —34°04

933 | 812 | 1271 — 6603 8-8
54 962 -~40°67

500 | 380 120 — 243 1-2
S5 12°0§ —43°10

79°0 | 66:8 | 122 —11'24 253
56 23°29 —54'34

837 | 716 | 1271 + 397 31
57 19°32 —50°37

854 | 735 | 1179 — 680 92
58 2612 5717

64'8 | 530| 11'8 — 300 1-8
59 2912 | 2'97 —60°17

484 | 365 | 119 - 374 | 28
6o 671 —63°91 |

677 | 556 121 . — 168 06
61 ‘ 839 —65°59 Wind=1.:
6 91°4 | 792 | 12°2 i — 349 25
2 i 1188 ° —69'08

“ o972 851 121 | + 442 3.9 ]

63 I 746 | —64°66 Sunshine.

429 | 306 | 12°3 ALY 103
b4 | 029 | —57°49

938 | 821 | 11.7 -l- 031 0'0
65 14°37 |—o0'02 —57°18

95-2 | 832 120 | 3 570 65
66 | | 867 | —5148 |
6 457 | 336 1271 i + 358 .26
7 | ‘ 509 | —47°90
6 tor'g ! 89'z° 12.3 + 356 | 26
8 | | 153 —44'34

84:4 | 727 1271 +4- 070 o1
69 | 083 | —-43°64 |

40°3 ! 288, 11°5 | | - 379 Pz
70 ! ! | 462 | 4743 |

o'z 797 | 1175 | — 061 S £

— | | | : . i

et
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(1882, Muy 10— Continued].

Leveling.

Wire. 1
o . Horizon-|
Point. '~—- — e - tal re- Remarks.
A B ' Dif. | Readings. | D Height duction.
e - _5._ S S S, - —
. ‘ mm. | mm. dm. dm dm dm. mm.
71 i 5.23 —48-04
: 7:-0‘ 5973 ; It7 — 248 20
72 7.71 —50°'52
61°5 i 49°5 | I2'0 + 320 86
73 451 | 23°99 —47°32
918 | 800 | 11'8 "" + 6°57 233
74 17°42 —40°75
512 3971 121 +10°79 12°9
75 663 -—29°96
26°2 | 140 { 12°2 : +4- 803 o1
76 i 12°38 ‘ —1°40 —21°93
79°1 | 66°7 | 12:4 ! — 053 230
77 T 12491 ! —22°46
681 | 560 | 1271 | ! 10772 11
78 12:4—5°9 ©o2019 Co-—11'74
B | 052 --10°07 —10°0%7
2455°8 = ‘ ‘ Sum = | 201'1
' 20353 =3¢/ | ;
] | o
The mean of the diff. =12-01mm,
The temperature ==--14°'2.
[May 11.]
i Wire. Leveling. .
Horizon-
Point, j - —-— = = s e e e oo g - o ] T Remarks:
A | B Dift. Readings. Difl. Helght. |duction.
= : o : _ ——
| mm.  mm. | mm. dm. dm. | dm. dm. mm,
I 1'55 | 0°00
626 | 50°5 | 121 | — 42§ 36
29 5-80 1 — 4°25 8:40 a. 1
560 | 428 12°2 - 161 0.5 .
28 7°41 ' — 586 Sunshin¢-
226 | 11'0 | 1I'6 | | — 052 o1 )
27 793 | = — 638 No wind:
582 | 4631 119 , 4 016 00
26 : 777 . — 622
0958 | 841 | 11°7 — 272 15
25 ; 10°49 — 894
592 | 47°3 | 119 ¢ -+ 318 20
24 bo7°31 — 576
3581 242 | 116 + 481 | - 46
23 | 2:50 21°48 | — o-g9s
752 | 631 | 121 + 2°30 1
22 ! 1918 |+ 135
799 | 68:3 | 116 + 480 ; 46
21 i 1438 + 6715
5801 45'9 | 12°1 ! 4- 994 16°4
20 ! 524 {-15°19
Dy | sos | 12z | , 173 06"
t9 | z 361 +16709
49°1 1 3770 | 1271 ! i+ 273 15
i : | ! !
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[May 11—Continued.]

I, Wire. Leveling. Horizon
Point. - - e e IR BT | re- Remarks,
A ‘ y/] I Diff. Readings. Diff. Height. duction.
mm. I mm. | mm. dm. dn. dm. dm, nm,
18 ! o-88 --19°6§
4421 32001 1272 ] 4 088 ;o2
17 . ' 000 +20°33 |
I 486 | 368 118 -— 417 38
16 ! 417 416-36
674 | 552 | 122 — 4°55 41
15 872 41181
51-3 | 388 125 -+ 3738 23
4 L 19°47 5'34 +15°19 ;
55°3 | 432 | 127 § T 4 048 o1
13 i * 18°99 1567
87:4 1 697 | 1107 + 710 102 | Cloudy.
12 : 1189 +-22'77
] 42:3 1 306 | 1177 + 261 14
o i 928 4-25°38 .
i 7821 667 | 11°§ -}~ 821 13°§
Io ' 1-07 19-28 +33°59
7351 618 | 1107 T -+ 748 11°2
9 1180 --41-07
839 719 | 1270 + 6-86 94
8 [ 494 -+47-95
662 | 547 | 11°§5 — 075 o1
7 569 ~-47°18
§2°7 | 41°1 | 11'6 + o-6o o1
6 ) 509 +-47°78
700 | §7°8 | 122 . + 509 52
5 : . I 0'00 +-52-87
997 | 877 | 12°0 ‘ — 051 o1
4 1208 o051 -+-52°36
54'2 | 42°3 | 1l'9 ) 4 7731 107
3 i 1177 | 2859 +59°97
442 323 | 119 ‘ 458
2 1346 47480 | 47480
641 | 520 | 121 | 41513 127
1 549 | "l 482077 | +82:77
.+ 797 12°9
o 76 —63°9 109 +-87.17 | +-87°17
: + 440 260
A 69 —85°2 . 7'04 +-81.22 81-22 10:50
| 1880°3 =2 — 59§
: 14546 ==Z¢f Sum == | 2059
: |

The mean of the diff. = 11-g2mm,
The mean temperature = 13°7.

COMPUTATION OF THI LINE.

In determining the length of the line it is necessary to observe the
following precaution: In placing each wire put the scale so that the
reading increases toward the rear end of the wire, The lengths just
8iven refer in each case to the middle mark of the scale, the scale
Covering 5ev, except on M, where it begins with 5 and stops at 15.
For this reason, since these 5 enter into each reading, it is necessary
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t0 subtract 50™™ from the reading, or, what is better, from the length
of the wire, before multiplying it by the number of wires. Before tak-
ing from the table the temperature, by using the mean of the differences
of readings as an argument, it is well to make the correction for the
erroneous readings of the spring balance from the table on page 140.
The rest of the computation will explain itself.

The leveling rod is too long by gz of its length; therefore each
reading must be corrected by + ;13z.

1882, MAY 10, LINE I II.

Approximate temperature = + 14°, The correction for the old bal-
ance at 10% and + 140 is (p. 140) — 0-07%, The resulting error in the
length of the wire A4 =.- — 007", in B = —0:13"m, These values
multiplied by 14, the number of wire lengths, give the correction to
Zeand Z ¢, or

Se .o 8420mm Sl = GT49mm
error == —1-0 error = —-1§
corrected e = 8410 corrected = ¢/ == 6731

The difference between these values, 167-9n divided by 14 gives the

argument for finding the temperature.
1679
The corrected mean of differences = —z— ==11-99"™; therefore (p. 154)

temp. = 14°.1,

Wire A. Wire B.
m. m.
14 X 2495980 == 3494372 14 X 24°97195 . = 3496073
e (corrected) = ‘8410 Ze’ (corrected) = 6731
3502782 350°-2804
(14°1—15°) X 3§ X0'997= —'0031 (14°1—15°) X 35 X 1718 == —'0054
35072751 350°2750
m.

The tape A4 169340 16:9364
Errors of division 4- errors of length = ~0026} ——
Temp. corr. (—0°'9 X 0°17 X 1'046) = —-0002 3672114

.,

Reduction to the horizon 2028
B 2 } 2035

Corr. for error in leveling rod 4 202'8 X §55 = -j-07
Line I [1 w== 3670079

The results are as follows:
Line 4’ 1.

mne. °

1882, May 8. 471 7397708 7' =4133 Sunshine, scaitering clouds.

T WL 7723 14°1 Sunshine, still.
1. A1 7695 137 Wind =1 to 2.
12. A71 7725 8-a Heavy rain, wind .=z,

Mean =739°7713+0°5
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‘Probable error of & measurement = - 0-9mm,

Line 111,

i, °

1882, May 4. 111 3670127 7'= + 10°7 Sunshine, wind==3 to 4.

9. III ‘0120 81 Still.
10 111 ‘0079 14°1 Sunshine.
ro. 111 0100 85 Sunshine.

Mean =—:367-0106)0'7
Probable error of a measurement= - 1.4mm,

Line I1 I¥'.

mmn. °

1882, May ¢. 11 B/ 888-2372 7= 11’5  Thin clouds.

10, 1I B/ 2371 146 Sunshine, wind=1.
11, IT &7 2287 141 Sunshine, wind =2,
15. 1T B/ 2380 10°3 Sunshine, wind vertical to wire.

Mean :=888:'23524-1°5 _
Mean = 888:2352 4 1.5mm,
Probable error of o measuremont = 4 2'9""“..
Line A’ B/ = 1905-0171» o / ¥ 37 2 .3
= 19950171 - 1-7mm,

Probable error of a measurement = J: 3-4™, or 1: 600 000.
If the measurement of May 11 of IL.B’ were cexcluded, for which
unfortunately there is no good reason, we would have

A’ B’ = 19950193 L 0-Qmm,

Probable error of a measurement = -+ 1-7mm, or 1: 1 200 000,
The height of the thres sections above sea level is

.,
A'l 11-6
I1I 78
IIB 7-8

Which gives the following corrections for the reduction to sea level:
for A’T — 1-3um for I II — 05wy for IT B/ — 1-1mm,

This makes the lines at sea level to have the following lengths:

m.
A'l 739 <7700
III 367 -0101
IIB  888-2341

A'B 19950142
8. Ex. 19, pt., 2—11
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The result of the computation from A B was 1995:0158, which agrees
with the measurement within 1-6"m, or 1:1 250 000,

By omitting the one result for II B already referred to, or taking for
A’ B 1995:0164™, the difference would be only 0-6m™, or 1: 3 300 000.

The probable error committed in making a scale reading can be
cbtained from the record by supposing that the tempemture was con-
staut during an entire measurement. Since the temperature was
changing, the variation of differences is effected Ly these temperature
changes, and the error obtained in this manner will be somewhat too

large. The record gives
mm,

for 111 + 0156

I 4 0-159

L4/ -+ 0164

ar the mean 4= 0164

The probable error for the difference of the two readings must
therefore be less than £ 0-164m», and each individual reading must
be affected by an error which is smaller than

4 0164 o) 4 ge1ggmm
v
From equation (17) the probable error in a line 2000™ in length, when

n = 80, is
mm,

@ < £ 286
or @ < 1:700000

The greatest accidental error is evidently that which arises in read-
ing the scales, IFor in the alignment, although made with the unaided
eye, the average error can hot exceed 20, an inaccuracy which, if uni-
formly committed, could cause an error for cach wire length of only
0-008m, or for 2000™, 0-G4m™; and this error would always have the
same sign. The error in leveling from which result errors in detormin-
ing the difference in the heights of the two ends of the wire could not
well make this difference erroneons by more than 3=, which, if each
jnclination were as much as 1 ; 100, would cause an error of only 0-03"";
and since the sign of this may be cither plus or minus, for 80 lengths
it would not exceed 0-03 80 = 0-27™w, If the inclination were always
1 : 20 the errors would be 0-15 and 1-3"™, and this is less than the errors
resulting from the error of measuring or from faulty scale reading.

The discussion just completed of the various sources of error which
arise in the measurcment of lines with wires may appear to detract
from the confidence which this method appeared to beget.

The resulting probable error for the measurement finds its confirma-
tion partly in the agreement of the measures one with another and
partly in the coincidence of the final results for the whole line with the
value obtained when measured with another form of apparatus.
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With reference to the former of the above remarks, it is necessary to
call attention to the unfavorable conditions under which the compara-
tor was measured, for it was during this period that because of external
conditions the line was very unstable. This oceasioned a less accurate
determination of the lengths of the wires, as well as a less reliable
value for the coefficients of expansion, than under ordinary circum-
stances could be expected.

From the error in the determination of the lengths arises a constant
error in the nature of a correction to the length as well as an error in
the temperature coming from the scale readings—themselves depend-
ent upon the lengths.

Likewise, an erroneous value for the coetlicient of expansion occasions
an error in the temperature reduction of the line and also a varying
error in the determination of the temperature itself.

The error in tlie actual length of the wire has for the same line the
Same value, and the nearer the temperature remains constant during
the measuring the nearer constant will be the error resulting from the
uncertainties in the determination of the coefficient ot expansion.

Since in the experiments here described the latter was the case, the
total error arising from these sources may be approximately regarded
as a constant correction factor, or for the line A’ B’ it is of the same
8ize for all the measurements.

The interagreement in the various measurements of the line A’ B’
can not be sensibly affected by these errors.

On the other hand, in comparing the results of the measurements
Wwith wires with the results obtained with the apparatus of the Royal
Academy of Sciences, the following is observed:

1. In the connection of A’ B’ with A B errors may exist which could
affect our knowledge of the length of the former,

2. The point B was covered with dirt, and the stone in which it was
marked might have been disarranged in the dumping.

3. The point A is in & somewhat small stone on the surface of the
ground, and has for that reason an imsecure position. It has been
observed that this stone was raised from its position by a heavy wagon
Dassing over it and that it afterwards fell back into its place.

4. The heads of the iron bolts in the top of the terminal stones are
rusted, so that it is difficult to see distinetly the drill holes which mark
4 and B.

The close agreement between the measured and computed values of
4’ B’ must be regarded in a certain degree as a happy accident, but, on
the other hand, it must be said that the coincidence would have been
cqually close if the obstacles mentioned had not been met.

Since the above communication was made to the Royal Academy of
Sciences, in May of last year, the experiments have been continued
and certain changes in the apparatus have been made. Therefore the
‘fiescription of the apparatus just given does not apply to the form now
u use,
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Among the experiences which have resulted from the recent experi-
ments one at least is of importance; that is in regard to the question
of a change in the lengths of wires during a long period of time,

The mean time in which the measurements of the comparator here
referred to were made was 1853:0. The line was measured anew with
the base apparatus of the Academy on September 3 and 4, 1884, at
which time complete comparisons were made with the standard. The
length of the line showed since November 12, 1882, o decrease of 0-1mm,
The wires 4, B, C, D, I, and F were again compared on September 4
and 5 (temp. = + 16° Celsius) and once on November 12 (temp. = + 3°).
The results are given below, except for 4, which was injured in the
interim. In the period from 1883-0 to 1884-8 all the wires were repeat-
edly unrolled and rolled.

Change in lengﬂh

VWire. during 1'8 years.
mm.
B (brass) — 0-05
c « 4 012
D (steel) =002
B o« 4 0-17
F (brass) + 001

On the average, without and with regard to the signs, the changes "
in the lengths were 0:07"m and 4 0-046™. The comparisons of Sep-
tember, 1884, were made by persons who had had no experience in work
of this kind. The deviations in length or the apparent changes in
length of the different wires fall unquestionably within or very near
the probable error of the last-mmade comparisons.

TRANSLATOR’S NOTE.—For later experience in the use of steel tapes see an ex-
haustive report by Assistant R. S. Woodwaurd, Appendix 8, Coast and Geodetic
Survey Report 18.{)2, Part II.



APPENDIX No. 6—1898.

FUNDAMENTAL STANDARDS OF LENGTH AND MASS.*

While the Constitution of the United States authorizes Congress
to “fix the standard of weights and measures,” this power has never
been definitely exercised, and but little legislation has been enacted
upon the subject. Washington regarded the matter of sufficient im-
portance to justify a special reference to it in his first annual message
to Congress (January, 1790), and Jefferson, while Secretary of State,
prepared a report, at the request of the IHouse of Representatives,
in which he proposed (July, 1790) ¢“to reduce every branch to the
decimal ratio already established for coins, and thus bLring the cal-
culation ot the prinecipal affairs of life within the arithmetic of every
man who can multiply and divide,” The cousideration of the subject
being again urged by Washington, a committee of Cougress reported
in favor of Jetferson’s plau, but no legislation followed. In the mean-
time the executive branch of the Government found it necessary to
procure standards for use in the collection of revenue and other opera-
tions in which weights and measures were required, and the Troughton
82-inch brass seale was obtained for the Coast and Geodetic Survey in
1814, a platinum kilogramme and metre, by Gallatin, in 1821, and a
troy pound fromm London in 1827, also by Gallatin. In 1828 the latter
was, by act of Congress, made the standard of mass for the Mint of
the United States, and, although totally unfit for such purpose, it has
since remained the standard for coinage purposes.

In 1830 the Secretary of the Treasury was directed to cause a com-
parison to be made of the standards of weight and measure used at
the principal custom-houses, as a result of which large discrepancies
were disclosed in the weights and measures in use. The Treasury
Department, being obliged to execute the constitutional provision that
all duties, imposts, ard excises shall be uniform throughout the United
States, adopted the Troughton scale as the standard of length; the
avoirdupois pound, to be derived fromn the troy pound of the Mint, as
the unit of mass. At the same time the Department adopted the wine

* This paper was first pubhshed as Bulletm No 26, und is republlshed here to
give it a more permanent form. Appended to it will be found a third edition of the
Tables for converting Customary and Metric Weiglts and Moasures,

1656
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gallon of 231 cubic inches for liquid measure and the Winchester
bushel of 2150-42 cubic inches for dry measure. In 1836 the Secretary
of the Treasury was authorized to cause a complete set of all weights
and measures adopted as standards by the Department for the use of
custom-houses and for other purposes to be delivered to the governor
of each State in the Union for the use of the States, respectively, the
object being to encourage uniformity of weights and measures through-
out the Union. At this time several States had adopted standards
differing from those used in the Treasury Department, but after a time
these were rejected, and finally nearly all the States formally adopted,
by act of legislature, the standards which had been put in their hands
by the National Government. Thus a good degree of uniformity was
secured, although Coungress had not adopted a standard of mass or of
length, other than for coinage purposes, as already described.

The next and in many respects the most important legislation upon
the subject was the act of July 28, 1866, making the use of the metric
system lawful throughout the United States aud defining the weights
and measures in common use in terms of the units of this system. This
was the first general legislation upon the subject, and the metric sys-
tem was thus the first, and thus far th« only, system made generally
legal throughout the country.

In 1875 an international metric convention was agreed upon by
seventeen Governments, including the United States, at which it was
undertaken to establish and maintain at common expense a permanent
international bureau of weights and measures, the first object of which
should be the preparation of a new international standard metre and
a new international standard kilogramme, copies of which should be
made for distribution among the contributing Governments. Since
the organization of the Bureau, the United States has regularly con-
tributed to its support, and in 1889 the copies of the new international
prototypes were ready for distribution. This was eftected by lot, and
the United States received metres Nos. 21 and 27 and kilogrammes
Nos. 4 and 20. The metres and kilogrammes are made from the same
material, which is an alloy of platinum with 10 per cent of iridium.

Oun January 2, 1890, the seals which had been placed on metre No. 27
and kilogramme No. 20 at the International Bureau of Weights and
Measures, near Paris, were broken in the Cabinet room of the lixecu- -
tive Mansion by the President of the United States in the presence of
the Secretary of' State and the Secretary of the Treasury, together with
a number of invited guests. They were thus adopted as the national
prototype metre and kilogramme.

The Troughton scale, which in the early part of the century had been
tentatively adopted as a standard of length, has long been recognized
as quite unsuitable for such use, owing to its faulty construction and the
inferiority of its graduation. For many years, in standardizing length
measures, recourse to copies of the imperial yard of Great Britain had
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been necessary, and to the copies of the metre ot the archives in the
office of weights and measures. The standard of mass originally
selected was likewise unfit for use for similar reasons, and had been
practically ignored.

The recent receipt of the very accurate copies of the International
Metric Standards, which are counstructed in accord with tho most
advanced conceptions of modern metrology, enables comparisons to be
made directly with those standards, as the equations of the national
prototypes are accurately known. It has scemed, therefore, that greater
stability in weights and measures, as well as much higher accuracy in
their comparison, can be secured by accepting the international proto-
types as the fundamental standards of length and mass. It was doubt-
less the intention of Congress that this should be done when the
international metric convention was entered into in 18735; otherwise
there would be nothing gained from the annunal contributions to its
support which the Government has ¢onstantly made. Such action will
also have the great advantage of putting us in direct relation in our
weights and measures with all eivilized nations, most of which have
adopted the metric system for exclusive use. The practical effect upon
our customary weights and measures is, of course, nothing. The most
careful study of the relation of the yard aund the metre has failed thus
far to show that the relation as defined by Congress in the act of 1866
is in error. The pound as there detined, in its relation to the kilo-
gramme, differs from the imperial pound of Great Britain by not more
" than one part in one hundred thousand, au error, if' it be so called,
which utterly vanishes in comparison with the allowances in all ordi-
nary transactions. Ouly the most refined scientific research will demand
a closer approximation, aud in scientific work the kilogramnme itself is
now universally used, both in this country and in Iinglaund.*

In view of these fucts, and the absence of any material normal stand-
ards of customary weights and measures, the Oflice of Weights and
Measures, with the approval of the Seccretary of the Treasury, will in
the future regard the International Prototype Metre and Kilogramme
as fundamental standards, and the customary units—the yard and the
pound—will be derived the1 efrom in accordance with the Act of July 28,

* Norn.—Refercnce to the act of 1866 umxlts in tho cstablishment of the following:

l'qualzonn.

3600
1 yard = __3()37 metre.
1 pound avoirdupois == 92046 kg.

A more procise valne of the Ilnglish pound avoirdupois is -kg., (hﬁ'ermg from

1
220462
tbe above by about one part in one hundred thousand, but the equation established
by law is suilhciently accurate for all ordinary conversions,

As alrendy statod, in work of high procision the kilogramme is now all but uni-
versally used and no conversion is required.
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1866. Indeed, this course has been practically forced upon this Office
for several years, but it is considered desirable to make this formal
announcement for the information of all interested in the science of

metrology or in measurements of precision.
T. C. MENDENHALL,

Superintendent of Standard Weights and Measures.
Approved:
Jd. G. CARLISLE,
Secretary of the Treasury.
APRIL 5, 1893.

[United States Coast and (xeodetic Survoy.—Oflice of Standard Weights and Measures—T. C.
Mondenhall, Superintendent.]

TABLES FOR CONVERTING CUSTOMARY AND METRIC WLEIGHTS AND
MEASURES.

OFFICE OF STANDARD WEIGHTS AND MEASURES,
Washington, D. ., March 21, 1894

The yard in use in the United States is equal to 232 of the metre.

The troy pound of the mint is the United States standard weight
for coinage. It is of brass of unknown density, and therefore not suit-
able for a standard of mass. 1t was derived from the British standard
troy pound of 1758 by direct comparison. The British avoirdupois
pound was also derived from the latter and contains 7,000 grains troy.
The grain troy is therefore the samne as the grain avoirdupois, and the
pound avoirdupois in use in the United States is equal to the British
pound.

2:20462234 pounds avoirdupois = 1 kilogramme.

In Great Britain the legal metric equivalent of the imperial gallon is
454340 litres, and of the imperial bushel 36:3477 litres.

The length of a nautical mile, as given below, is that adopted by the
United States Coast Survey many years ago, and defined as the length
of a minute of arc of a great circle of a sphere whose surface is equal
to the surface of the earth (the Clarke spheroid of 1866).

1 foot =  0°304801 metre, 9-4840158 log.
1 fathom ==  1'829 metres.

1 Gunter’s chain = 20°1168 metres.

I'square statute mile == 259°000 hectares.

I nautical mile — 18§3°25 metres.

1 avoirdupois pound = 45§53°5924277 grammes.

1543235639 grains — 1 kilogramme.
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Tables for converting United States weights and measures.

[Customary to metric.]

LINEAR.

Inches. Millimetres. | FFeet. Metres. ! Yards. Metres, Miles. Kilometres,

- . I»
1 254001 1 0304801 1 o~§x44oz 1 160035
2 508001 2 0-609601 2 1-828804 2 321869
3 762002 3 0'914402 3 27432058 3 4°82804
4 101°6002 4 1'219202 4 3657607 4 643739
5 §27°0003 5 1524003 S 4572009 S 8:04674
6 152°4003 6 1-828804 6 5486411 6 9°65608
7 1778004 7 27133604 | 7  6°400813 7 11°26543
8 203°2004 8 2°438405% 8 7°315215% 8 12:87478
9 228-6005% 9 27432058 9 8:229616 9 14°48412
SQUARE.
| 1

Squa S S S : iSquarc  Squs .

);]z;lhgf ccnu:gtcres.; ;l‘::‘;r © dcc?xgl&‘:;‘r’es.? )?\‘)!"};L n;]eut?::g Acres.  Hectares.
I 6:452 1 9°290 1 0836 I 04047
2 12'903 2 18581 2 1672 2 0-8094
3 19355 3 27871 3 2'508 3 12141
4 25807 4 37°161 4 3'344 4 1-6187
5 32258 5 46452 5 4181 5 20234
6 38710 6 55742 6 5017 6 24281
7 45°161 7 65032 | 7 58353 7 2-8328
8 §1:613 8 74323 8 6-689 8 32375
9. 58-065 9 83613 9 7°525 9 3:6422

CUBIC.

Cubic Cubic Cuhic Cubic Cubic Cubic Bush- Hecto-

inches. centimetres. fe'ct. metres, yards. metres, els. litres.
1 16-387 1 002832 1 0°765 I 0°35239
2 32°774 2 0°05663 2 1529 2 070479
3 49161 3 008495 3 2204 | 3 105718
4 65549 | 4 0'11327 4 3058 | 4 140957
[ 81936 5 014158 5 3:823 5 176196
6 98:323 6 016990 6 4'587 6 2°11436
7. 114.710 7 019822 7 5°352 7 2°46675
8 131'097 8 0:22654 8 6:116 8 2-81914
9 147°484 | 9 025485 9 6-881 9 317154

CATACITY.
: Millilitres
Fluid PHECS 1 Fluid : \ .
drams. cc:::s;‘:lcbtlrc; . ounces, Millititres, 1 Quarts.  Litres, | Gallons. Litres.
1 370 1 29°57 1 094636 | 1 378543
2 739 | 2 5915 | 2 189272 | 2 7°57087
3 11'09 3 88-72 3 2:83908 3 1135630
4 1479 | 4 11829 | 4 378543 | 4 1514174
5 1848 | 5 14787 5 473179 | § 1892717
6 22318 6 17744 6 567815 6 2271261
7 25-88 7 207°02 7 662451 7 26°49804 -
8 2957 | 8 23659 | 38 757087 | 8 3028348
9 3327 9 266'16 | 9 851723 | 9  34'06891
. \]
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Tables for converting United States weights and measures—Continued.

[Customary to metric.]

WEIGHT.
- Avoir- Avoir- .
oo Milli- G . ” Kiloa Troy )
Grains. grnr:mlles. g:r':é’é: Grammes. l‘)i(;]\i:?&; gmnlnilcs. outl;(éz):s. Grammes.
1 647989 ' 1 283495 | 1 045359 1 3110348
2 129°5978 . 2 566991 @ 2 0'90719 2 6220696 |
3 194'3968 3 85-0486 3 1:36078 3 9331044 |
4 2591957 | 4 1133981 4 1-81437 4 124°41392
5 3239946 | 5 1417470 5 226766 S 155°51740
6 3887935 6 170°0972 6 2:72156 6  186-62088
7 453'5924 7 1984467 | 7 3717515 07 217772437
8 5183914 8 226:7962 8 362874 | 8 24882785 -
9 5831903 | 9 25571457 | 9 = 408233 ! 9 27993133 ;|

By the concurrent action of the principal Governments of the world,
an International Bureau of Weights and Measures has been estab-
lished near Paris. Under the direction of the International Committee,
two ingots were cast of pure platinum-iridiam in the proportion of 9
parts of the former to 1 of the latter metal. From one of these a cer-
tain number of kilogrammes were prepared; from the other a definite
number of metre bars. These standards of weight and length were
intercompared without preterence, and certain ones were selected as
international prototype standards. The others were distributed by
lot, in September, 1889, to the different Governments, and are called
national prototype standards. Those apportioned to the United States
were received in 1890 and are in the keeping of this office.

The metric systemn was legalized in the United States in 1866.

The. International Standard Metre is derived from the Metre des
Archives, and its length is defined by the distance between two lines at
00 centigrade on a platinum-iridium bar deposited at the International
Burcau of Weights and Mcasures.

The International Standard Kilogramme is a mass of platinum-iridium
deposited at the same place, and its weight in vacuo is the same as that
of the Kilogramme des Archives,

The litre is equal to a cubic decimetre, and it is measured by the
quantity of distilled water which, at its maximum density, will coun-
terpoise the standard kilogramme in a vacuum, the volame of such a
quantity of water being, as nearly as has been ascertained, equal to a
cubic decimetre.
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Tables for converting United States weights and measures.

[Meotric to customary.]

LINEATR.
- e
N i , | Kito- :

Metres.  Inches. Metres.  Peet. ‘Mctres. Yards, | m:_,'“f:}s. Miles.
S [ O St [PU

! 1 39°3700 1 328083 | 1 1093611 1 062137

2 787400 2 656167 | =2 2-187222 2 1°24274
3 1181100 3 g-84250 3 3-280833 3 1-86411
4 1574800 | 4 13712333 ( 4 4374444 | 4 248548
5 196°8500 5 16:40417 5 5'468056 5 310685
6 2362200 6 1968500 | 6 6561607 6 372822
7 275'5900 | 7 2296583 i 7 7655278 , 7 434959
8 314°9600 8 2624667 | 8 8748889 8 4°97096
e 9 35473300 | 9 29°'52750 ; 9 9'842500 9 5°59233
i ! !
SQUARE.

Square Square. jS . S . is n S 2 Hec-

GEEROERDOEIT BRSNS eee

) e e e e

1 0°1550 1 10764 1 1196 | 1 2471
2 0'3100 : 2 21528 | 2 2:392 , 2 4°042
3 04650 | 3 32292 ;3 3588 1 3 7°413
4 06200 | 4 43055 | 4 478 | 4 9884

| 3 07750 | § 53819 | § 5980 ) 5 12-355

6 0'9300 6 64583 . 6 7176 6 14-826

| 1 10850 | 7 75347 | 7 8372 | 71 17°297

I8 12400 8 86°111 8 9568 ' 8 19768

| 9 13950 | 9 96875 . 9 10764 | 9 22239

Vo ] R !

CUBIC.

'(' “' l_C b T T ot T TR
anie Cubic G QUEC Cubic | Cubic Cubic  Cubi
:ﬁl:t‘r"le-s ingh)cl;. ,n()l&l‘rlgs, inﬁh)(l::. [m:lrlgs. Cubic feet. ‘uu‘:lu"::s. yx;]r?llsc.

| 1 o010 | 1- 61-023 1 35314 1 1-308

L2 01220 | 2 122047 2 70629 |- 2 2516

| 3 01831 | 3 183070 | 3 105943 | 3 3'924

4 0°2441 4 244094 4 141°258 4 5232

| s o305t | s 305117 |5 a76s72 | s 6540

;0 03661 | 6 366°140 6 211-887 6 7848

[ 7 04272 | 7 4277164 | 7 247200 | 7 9156

] 8 04882 , 8 488187 8 282516 8 10°464

l 9 0'5492 i 9 549°210 | 9 317830 | 9 10778
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Tables for converting United States weights and measures—Continued.

[Metric to customary.]

CAPACITY.

]Milli-

itresor o s P

cubie grid | Gentl- FUid | Litres. Quarts. | DR Gattons. | Hecle” Bushets

metres,
1 o027 1 0338 1 10567 1 2:6417 r 2:8377
2 054 2 0676 2 21134 2 52834 2 56755
3 o8I 3 1014 3 371700 3 79251 3 835132
4 1708 4 1°383 4 422067 ‘4 10°5668 4 11°3510
5 1'35 5 1601 5 52834 5 132085 5 141887
6 162 6  2-029 6 63401 |° 6 158502 6 17-0265
7 18 | 7 2367 7 73968 | 7 184919 | 7 198642
8 2116 8 2705 8  8:453% 8 21-1336 8 22-7019
9 . 243 9 3943 9 95101 9 237753 9 2575397

WEIGHT.

Millis . Kilo- 3 Hecto- Qunces Kilo- Pounds

gran’mlxes. Grains. granln?nes. Grains. gratexfrtxges. da:];);;; gran:xlr)les. gl‘l’gg;'s
1 0°'01543 1 1543236 1 3'5274 1 220462
2 003086 2 3086471 2 7°0548 2 4°40924
3 004630 3 46297-07 3 10°5822 3 661387
4 006173 4 61729°43 4 141096 4 881849
5 0'07716 5 7716178 5 176370 5 1702311
6 009259 | 6 9250414 | 6  21'1644 | 6 1322773
7 0°10803 7 10802649 7 246918 7 15°43236
8 0°12346 8 12345885 8 282192 8 1763698
9 0°13889 9 138801-21 9 317466 9 19-84160
- P 1 Milliers Pound Kilo- O

Quintals. avqigz‘;xr:‘()gis. or tonnes. avoi(r)gspcs;is. grafxluges. ;‘r‘z)‘;is
1 22046 1 2204:6 1 32°1507
2 440°92 2 44092 2 643015
3 661'39 | 3 661379 | 3 96°4522
4 88185 4 88185 4 1286030
5 1102731 5 11023°1 5 1607537
6 132277 6 1322777 6 192°9044
7 1543724 7 15432°4 7 2250552
8 176370 8 176370 8 2572059
o] 1984°16 9 198416 9 289°3567




APPENDIX No. 7—1898.

UNITS OF ELECTRICAL MEASURE.

Within but little more than a decade practical applications of elec-
tricity have developed with a rapidity unparalleled in the history of
modern industries. Many nillious of dollars of capital are now invested
in the manufacture of machinery and various devices for the production
and consumption of electricity. As it has now become a commodity of
trade, its measurement is o question of the highest importance both
to the producer and consumer. Both {he nomenclature of electro-
technics and the methods and instruments of measure are exception-
ally precise and satisfactory, but there has been lacking, up to the
present time, the very important and essential clement of fixed and
invariable units of measure authoritatively adopted. Suclh units have
long been in use among scientific men, but the necessity for the estab-
lishment and legalization of practical units for commercial purposes
became evident in the beginning of the recent enormous development
of the applications of electricity.

To meet this universally recognized waut, conferences -and con-
gresses of the leading electricians of the world have been held at
occasional intervals, the first being the Paris Congressof 1881. 'These
assemblages have been international in their character, for it was
wisely determined in the beginning that the new units of measure
should be international and, indeed, universal in their application.
It was convenient to make them so, and it was important, to thus facil-
itate international interchange of machinery, instruments, ete. The
United States was represeunted by oflicial delegates in the Congress of
1881, and also in subsequent Congresses in 1884.

The difficulty of the material representation of some of the units of
measure was 80 great at the time of holding these Congresses that no
satisfactory agreement as to all of them could be arrived at. Sowme
recommendations were made, but they at no time received the unani-
mous support of those interested, and were admitted by all to be ten-
tative in their character. During the past few years the advance of
knowledge and experience among electricians was such as to_indicate
that the time was ripe for the general adoption of the principal units

of electrical measure. An International Congress of Electricians was
178
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arranged for, to meet in Chicago during the World’s Columbian Expo-
sition of 1893. 1In this congress the business of defining and naming
units of measure was left to what was known as the ¢ Chamber of Del-
egates,” a body composed of those only who had been officially com.
missioned by their respective Governments to act as members of said
chamber. The United States, Great Britain, Germany, and France
were each allowed five delegates in the chamber. Other natious were
represented by three, two, and 1n some cases one. The principal nations
of the world were represented ‘by their leading electricians, and the
chamber embraced many of the most distinguished living representa-
tives of physical science.

The delegates representing the United States have reported to the
Honorable the Secretary of State, under date of November G, 1893,
giving the names and definitions of the units of electrical measure as
unanimously recommended by the chamber in a resolution as follows:

Resolved, That the several Governments represented by the delegates of this Inter-
national Congress of Electricians be, and they «are hereby, recommended to formally
adopt as legal units of electrical measure tho following:

As a unit of resistance, the international ohm, which is based npon the ohm equal to
107 units of resistance of the centimetre.gramme-second system of olectro-magnetic
units, and is represented by the resistance offered to an unvarying electric current .
by a column of mercury at the temperature of melting ico 14-4521 grammes in mass,
of a constant cross-sectional area and of the lenght of 106-3cm,

As a unit of current, the international ampére, which is one-tenth of the unit of cur-
rent of the C. (. S. system of electro-magnetic units, and which is repyrescnted
sufficiently well for practical use by the unvarying current which, when passed
through a solution of nitrate of silver in water, and in accordance with accompany-
ing specifications,* deposits silver ut the rate of 0°001118 of a gramme per second.

* In the following specification, the term silver voltameter means the arrangement
of apparatus by means of which an electric current is passed through a solution of
nitrate of silver in water. The silver voltameter measures the total electrical quan-
tity which hus passed during the time of the experiment, and by noting this time
the time average of the current, or if the current has been kept constant the
current itself, can be deduced.

In employing the silver voltameter to measure currents of about one ampere, the
following arrangements should be adopted:

The kathode on which the silver is to be deposited should take the form of a plati-
num bowl not less than 10" in diameter and from 4" to 5™ in depth.

The anode should be a plate of pure silver some 30 squure centimetres in area and
2mm or 3mm in thickness.

This is supported horizontally in the liquid near the top of the solution by a
platinum wire passed through holes in the plate at opposite corners. To prevent
the disintegrated silver which is forined on the anode from falling onto the kathode
the anode should Le wrapped round with pure filter paper, secured at the back with

sealing wax. :
The liquid should consist of o neutral solution of pure silver nitrate, containing
about 15 parts by weight of the nitrate to 85 parts of water.
The resistance of the voltameter changes somowhat as the current passes. To
prevent these changes having too great an effect on tho current some resistance
besides that of the voltameter should be inserted in the cirenit. The total metallio

resistance of the circuit should not be less than 10 ohms,
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As a nnit of electro-motive force, the infernational volt, which is the electro-motive
force that, steadily applied to & conductor whose resistance is one international
ohm, will produce a current of one international ampere, and which is represented
sufficiently well for practical use by {7§% of tho electro-motive force Letween the
poles or electrodes of the voltaic cell known as Clark’s cell, at o temperature of 15°
C., and prepared in the manner described in the accompanying specification.*

As o unit of quantity, tho international conloml, which is the quantity of elec-
tricity transferred by o current of one international ampere in one second.

As a unit of capacity, the infernational farad, which is the capacity of 4 condenser
charged to a potential of one intornational volt by one international coulomb of
electricity.

As a unit of work, tho joule, which is equal to 107 nnits of work in the C. G. 8. sys-
tom, and which is represented sufficiontly well for practical nse by the energy
expended in one second by an international ampire in an international ohm.

As a unit of power, the watt, which is equal to 107 units of power in the C.G. 8.
system, and which is represented sufliciently well for practical use by the work
done at the rate ot one jonle per second. '

As the unit of induction, the henry, which is the induction in a circuit when
the electro-motive force induced in this circuit is one international volt, while the
inducing current vavies at the rate of ono ampdre per second.

Besides the tact that the Congress in which this important and far-
reaching action was taken was held in the United States, our country
has been honored by the action of the Chamber of Delegates in placing
in the list of the illustrious names which are to be perpetuated in the
nomenclature of electricity that of our countryman, Joseph Henry,
whose splendid contributions to science, made about sixty years ago,
have only in recent years met with full recognition. TFor these and
other reasons it is extremely desirable that our Government should be
among the first, if not the first, to adopt the recommendations of the
Chamber. To make the use ot these units obligatory in all parts of the
country will require an act of Congress, but in the abseuce of that it
is within the power of the Secretary of the Treasury to approve their
adoption for use in all Departments of the Government. This, indeed,
i3 precisely the course long ago followed in reference to the ordinary
weights and measures of commerce and trade. Congress has never
enacted a law fixing the value of their 'uuits, but the Secretary of the
Treasury was authorized to establish and construct standards for use
in the various Departments of the Government. Uniformity has fol-
lowed on account of the universal adoption of these standards by the
several States.

The Government is itself a large consumer of electricity and elec-
trical machinery, and for its own protection it is important that units
of measure be adopted. With the approval, therefore, of the Honor-
able the Secretary of the Treasury, the formal adoption by the Office

of Standard Weights and Measures of the names and values of units of
—

*A committee, counsisting of Messrs. Holmholtz, Ayrton, and Carhart, was
appointed to prepare specifications for the Clark cell. Their report has not yet
been received.
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electrical measure as given above, the same being in accord with the
recommendations of the International Congress of Electricians of 1893,
is hereby announced.

T. C. MENDENHALL,

Superintendent U, S. Coast and Geodetic Survey
and of Standard Weights and Measures,

Approved:’
J. G. CARLISLE,
Secretary of the Treasury.
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[IN TWO PARTS.]

PART I.—A HISTORICAL ACCOUNT OF THIX BOUNDARY LINE BETWEEN
THE STATES OF PENNSYLVANIA AND DELAWARE.

By W. C. HopaKixs, Assistant.
Submitted for publication December 1, 1893.

The history of the boundary line between the States of Delaware and
Pennsylvania possesses a peculiar interest to the antiguarian, the his-
torian, and the enginecer; and the consideration of its origin carried to
its ultimate sources leads us far back into the colonial history of our
country, to a period antedating not only this particular boundary line
but even the existence and very name of the great State of Penusylvania
itself, of which province, under the proprietary government, Delaware
for nearly a century formed a part.

A brief outline of the more important historical events which have
left their impress in one way or another upon the long-continued con-
troversy over the boundaries of Delaware, a coutroversy which has
extended over more than two centuries and of which the last sounds
have hardly yet been heard, may not be uniuteresting nor out of place
in this connection as serving to.explain the somewhat intricate and
frequently obscure causes which have resulted in the conditions under
which this cirecular boundary has at last been marked by permanent
monuments.

The earliest settlement by Europeans within the limits of the present
State of Delaware appears to have been made by a Hollander named
De Vries and a party of his countrymen, who landed in 1631 upon a
tract of land near Cape Henlopen which had been purchased trom the
Indians two years before by another Hollander named Godyn.

De Vries called his settlement Swaanendael, and the creek on which
it was situated he called the Hoornkill, after the city of Hoorn, in Hol-
land. Swuanendael was not far from the present town of Lewes, in
Sussex Qounty, and the Hoornkill was, no doubt, the present Lewes
Oreek.

8. Ex. 19, pt. 2—12 177
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The name Hoornkill, it may be remarked, seems to have become more
widely known than that of Swaanendael, and subsequently gave a name
to the county under various corrupted forms, as Hoarkill, Horekill, or
‘Whorekills (afterwards called New Dale, and then Sussex).

After establishing his colony De Vries returned to Holland to secure
more gettlers. Upon his return the following year he was horrified to
tind that the Indians had attacked the settlers, about thirty in number,
had put them all to death, and had destroyed the village.

This tragie event, according to the best information attainable, seems
to have been due to the killing by a white man of an Iudian who had
torn down a piece of metal ornamented with the Dutch arms from a post
on which it had been placed.

There are various versions of this story, none of which are perhaps
quite reliable, as they depend on the accounts of the Indians handed
down by the Dutch.

It appears, however, that De Vries thought the killing not without
some good reason, for he made no attempt to punish the Indians, though
he parleyed with them and induced one of them to visit his ship aud
to give an account of the massacre.

This unfortunate affair, however, discouraged him and his party, and
after a brief trip up the river they sailed to Virginia and then to New
Amsterdam (New York), preferring to relinquish their dreams of wealth
from a new colony on the Delaware rather thau face the probability of
encountering such savage foes; and for many years the Dutch made no
further attempt to settle on the Delaware shore.

It might, therefore, appear that the incident thus abruptly closed
could have no bearing upoun the course of future settlements nor enter
as a factor into the question of a boundary line between colonies sub-
sequently established by the English.

As will be seen later, however, it proved to be an event of much
moment in the conflict between the opposing claims of the proprietary
governments of Pennsylvania and Maryland.

In the year 1632 King Charles 1 of England granted by royal letters

_patent to Cacilius Calvert, second Baron Baltimore,a great tract of
country on the Atlantic coast between the parallels of 38° and 40° of
north latitude. This grant, which the King named Terra Mariwe, or
Maryland, in honor of the Queen, Henrietta Maria, embraced not only
the present area of Maryland, but the whole of Delaware aud a con-
siderable portion of the present State of Pennsylvania.

The whole of this grant, however, was inclauded within the tract
already grauted by Xing James 1 for the Colony of Virginia under three
charters, of 1606, 1609, and 1612, respectively. In the first charter the
boundaries of Virginia are thus described:

“ * * Situnate, lying, or being all along the sea coasts, between four and thirty
degrees of northerly latitude from the equinoctial line, and five and forty degrees of
the same latitude, and ir the main land between the same four and thirty and five
and forty degrees und the islands therounto adjaceut, or within one hundred wmiles of
the coast thereof. " * *
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But the territory thus granted to the London and Bristol companies
was materially reduced by King James himself in 1620, when he granted
a charter to the Plymouth Company for all the territory between the
fortieth and forty-eighth parallels, under the name of New England. In
this charter we read:

We therofore * * * do grant, ordain, and establish that all that Circuit, Con-
tinent, Procinets and’ Limitts in America lying and being in Breadth from Fourty
Degroees of Northerly Latitude from the Equinoctial Line, to I'ourty eight Degrees
of the said Northerly Latitude and in length by all the Breadth atoresaid throughout
the Maino Land from Sea to Sea—with all the Seas, Rivers, Islands, Creckes, Iunletts,
Ports and Havens within the Degrees, Precinets and Limitts of thesaid Latitude and
Longitude shall be the Limitts, and Bounds, and Precincts of the second collony—
and to tho end that the said Territoryes may hercafter be more particularly and cer-
tainly known and distinguished, our Will and Pleasure is, that the same shall from

" henceforth be nominated, termed aud called by the name of Now England in Ameri€a.

This brought the charter limits of Virginia dawn to the fortieth par-
allel. But there was much dissatistaction with the management of the
Virginia colony by the chartered company, and in 1624 a writ of quo
warranto was issued ag: rinst it and the charter was forfeited.

So Virginia becameo a Crown Colony, and its lands were subject to the
royal authority.

Sir George Calvert, the first Lord Baltimore, had received a grant of
land in Newfoundland called Avalon, but tinding the clinate unfavora-
ble he visited Virginia. Finding that the part of Virginia north and
east of the Potomac and Chesapeake was still unsettled, he returned to
England and induced the King to grant him this territory in place of
the undesirable Avalon.

Before the charter was issued- the first Lord Baltimore died, but the
charter was confirmed and issued to his son, as already noted.

In this charter the boundaries of Maryland are, in part, described as
follows:

* * * Allthat part of the Peninsula or Chersonese, lying in parts of Amerioa,
between tho ocoan on tho enst and the Buy of Chesapealke on the west; divided from
the residue thereof by a right line drawn from tho promontory or headlaud called
Watkins Point, situate upon the bay aforesaid, near the river Wighco on the west
unto the main ocean on the east, and between that boundary on the south unto that
bart of the Bay of Dulaware on the north, which lieth underthe furtieth degree of
Borth lutitude from the equinoctial, whete New Lngland is terminated; and all the
tract of that land within the metes underwritton (that is to say), passing from the
8aid bay, called Delaware Bay, in a right line, by the degres aforesaid, unto the true
meridian of the first fountain of the River Pattowmack; *» * *

In all of these successive grants we notice a gradual reduction of the
areas originally so lavishly distributed by English royalty. ,

By the Plymouth charter of 1620 Virginia lost a vast territory, which

“included the present New England States, New York, New Jersey, and
the greater part of Pennsylvania, not to meuntion (J'm.ula and the great
West. Next, by the charter of 1632, Ceecilius Calvert obtained another
Considerable portion of the imperial domain once included within the
Confines of Virginia.
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So, when we find, as we shall a little later, that the barons of Balti-
more themselves suffered a half century afterwards from this same
trimming process, applied for the benefit of newer colonists on the
Delaware, it will seem that perhaps they had little reason to complain
on grounds of equity, however seriously the subsequent grants to
James, Duke of York, and to Willian Penn may have infringed upon
the letter of the Maryland charter, though legally the King might
divide Virginia, as being a royal colony at the time.

The Calverts do not seem to have appreciated, until 1t was too late,
the possible importance of the Delaware coast of the peninsula, and
made no attempt to plant settlements there. Had they done so, it is
not at all likely that there would.be any State of Delaware to-day.
They preferred to plant their new colony on the shores of Chesapeake
Bay. ‘

But the English were not alone in their attempts at colonization on
this coast. As we have already seen, the Dutch had made an abortive
attempt at'colonizing the Lower Delaware and were firmly seated on
the Hudson or North River. They bad also’a trading post called Fort
Nassau on the eastern bank of the Delaware, near the present site of
Gloucester, N. J.

The Swedish nation, then in the height of its power under the great
King Gustavus Adolphus, also felt the influence of the fever for colonial
aggrandizement which in the first half of the seventeenth century
seems to have swept over northern Europe. Considerable preparations
were made in 1627 for a Swedish colony on the Delaware, but for some
reason the project was not then carried into execution.

A few years later, however, in the reign of the infant queen, Chris-
tina, the plan was again taken up by the celebrated Chancellor Oxen-
stiern, and in the year 1638 a Swedish expedition sailed into Delaware
Bay. The commander was Peter Minuit (or Menewe), a Hollander,
who lhad previously served the Dutch West India Company in America.
The Swedes at once purchased from the Indians the whole west bank
of the Delaware from Cape Henlopen to Trenton TFalls. A part of
their territory was included within the former purchase by Godyn, so
swiftly abrogated by the massacre at Swaanendael. The whole of it
was also included in the territory claimed by the Euglish by right of
discovery and disposed of by the grauts to the Loudon and Plymouth
colonies and to Lord Baltimore. The English, however, had tolerated
the Dutch settlements within the charter limits of New England, and
the Swedes claimed that King Charles I had renounced in their favor,
in 1634, any claims that England might have to that country by right
of discovery. Even if this be so, it can hardly be supposed that King
Charles meant to include in any such renunciation the territory of
Maryland grauted only two years before to his faithbful servant, Lord
Baltimore. This claim on the part of the Swedes affords another
proof that neither they nor the English then recognizéd any right of
the Dutch to the western bank of Delaware River and Bay.
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The newecomers selected a site about where Wilmington now stands
and built tbemselves a fort, which they named Christina, after the little
Queen of Sweden. They also named the little river before them the
Christina Kihl, a name still retained in the slightly altered Christiana
Creek.

The Dutch governor of New Amsterdam, who claimed the country
between the Connecticut and the Delaware, immediately protested
against the Swedish settlement as an interference with the rights of
the Duteh West India Company, The Dutch were too weak, however,
to offer forcible resistance, and for nearly twenty years the Swedish
scttlements grew and prospered. But as their numbers and trade
increased the friction between the Swedes on the western and the
Dutch on the eastern bank of the Delaware became constantly greater,
each colony trying to monopolize the navigation of the river. In retal-
lation for the Swedish pretensions, the Dutch, in 1651, repurchased (rom
some of the Indians part of the Swedish territory below Wilmington
aud built a post, which they called Fort Casimir, where Newcastle now
8tands. The Swedes, 1n their turn, crossed the Jersey shore, then part
of New Netherlands, and built Fort Elfsborg, about 7 miles below Fort
Casimir. The Swedes were driven out of this place, lowever, by the
8warms of mosquitoes which made life alinost unendurable. '

In 1654 a new Swedish governor, John Olaudius Rising, arrived in
the Delaware with a considerable number of colonists. One of his first
acts was to compel the surrender of the Dutch at Fort Casimir, which
he renamed the Fort of the Holy Trinity, on account of its having been
captured on Trinity Sunday. The Dutch made no immediate reprisals,
bug having made thorough preparations they appeared in the Dela-
ware at the end of August, 1655, under the redoubtable Governor Peter
Stuyvesant.

Their forcé of seven vessels and more than 600 armed men was more
than a match for the Swedes, and landing between the Fort of the Holy
Trinity and Tort Christina they blocked communication between the
two posts and reduced them in succession without any bloodshed.
Thus the Swedish claims, such as they were, passed by conquest to the
Dutch, who also c¢laimed that the old purchase of the Hoornkill tract
Bave them title to the whole west bank, though that purchase was for
only 30 miles of coast at Cape Henlopen.

But this conquest of the Swedes and tho subsequent increaso of the
Duteyy power on the Delaware alarmed the Lord Proprietor of Mary-
land, who seems to have paid little heed to the Swedish settlers, prob-
:})ly deeming them easy to subject to his dominion in due course of

lme,
. In 1659 Lord Baltimore sent instructions to Maryland‘calling for an
Inquiry into the proceedings of the Dutch. A deputation was accord-
Ingly sent from Maryland to New Amstel, as Newcastle was then called,
to hotify the Dutch that thoy were unlawfully seated within the province
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of his lordship. The Dutch officials paid little heed to the complaints
of Lord Baltimore's envoys, unbacked as they were by military force,
.though the spokesman of the party, Col. Nathaniel Utie, is said to
have delivered his message ¢in a pretty harsh and bitter manner;” and
the embassy came to nothing. Still the Dutch seem to have been some-
what alarmed at Utie’s proceedings, and sent messengers to Governor
Stuyvesant to inform him of the demands of Lord Baltimore, Stuy-
vesant thercupon sent Augustine Hermen and Rosevelt Waldron to the
authorities of Maryland to try to arrange the matter. These Dutch
ambassadors, upon being shown the charter of 1632, immediately caught
at the phrase ¢ hactenus inculta®™ in the preamble thereof and at once
claimed that the charter specified that the lands granted to Lord Balti-
more were only such as were then uncultivated and mhabited only by
certain tribes of savage Indians, and that the Dutch settlements on
the Delaware antedated the charter.

Here for the first time attention was talled to this weak point of
Lord Baltimore’s charter and the argument advaunced which was later
used with such persistence to tear the Delaware shore from Maryland.
This matter will be further discussed in conunection with the grants to
William Penn,

Thenegotiations having come to nothing, Lord Baltimore complained
to the Dutch West India Company, in ISurope, of the invasion of his
dominious by the servants of the company. But this wealthy and
powerful society, feeling secure in the armed forees with which it ocecu-
pied its settlements, took no notice of such appeals, and Baltimore,
perhaps feeling that the logic of events at least was against him, seems
to have made little effort, except occasional futile remonstrances, to
clear his territory of the intruders. Muatters thus remained for several
years, neither side ackuowledging the justice of the other’s claims.

But in 1664, as if in commentary on the theory that England recog-
nized a tritling Dutch settlemeut as a bar to an English grant, King
Charles 11 granted to his brother, the Duke of York, all the territory
between the Connecticut and Delaware rivers, although this region
had been in the hands of the Dutch for more than fifty years and
although the two nations were then at peace.

The Duke at once organized an expedition, which was entirely suc-
cesstul in its results, and New Netherlands became an English prov-
ince under the name of New York.

The Duke of York’s grant was only to the east bank of the Delaware,
and in that same year, 1664, he granted to Lord John Berkley and
Sir George Carteret the whole of New Jersey, so that his proper terri-
tory did not extend south of New York.

But by virtue of the conquest of the Dutch provinees generally the
agents of the Duke appear to have exercised a sort of quasi jurisdiction
over the Dutch settléments west of the Delaware,

1t does not appear that Lord Baltimore protested against this state
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of affairs; and it has been alleged that he forfeited his rights by such
omission.

It is more likely, however, that he was governed by motives of pru-
dence and policy. e was no longer a favorite at court, and he may
eagily have surmised that he would fare ill, no matter how just his
cause, in o controversy with a royal duke, the heir presumptive to the
throne. At all events, he seems to have held amicable intercourse for
Beveral years with his new neighbors on the Delaware.

But in 1673 the Dutch reconquered the province, and during the
brief period of their rule, which lasted less than a year and a half, the
Maryland authorities seized the opportunity to assert their territorial
Tights, and for that purpose sent an armed force against the settlement
at Hoornkill, which had been reestablished by the Dutch.

In spite of this more formidable expedition no good results seem to
have come to Lord Baltimore.

In 1674 the New Netherlands were again surrendered to the English
by the treaty of Westminster. The Duke of York, to perfect his title,
obtained a new grant from the King for his former territories, and the
Wwestern shore of the Delaware seems to have been considered his prop-
erty by all but the Marylanders. And at this point we approach the
origin of the boundary which is the subject of this sketch, a line of
(emarcation which was first formulated in the latter part of the seven-
teenth century, and whicl, after two hundred years of uncertainty and
misconeeption, has at last been marked by enduring monuments in this
last decade of the nineteenth century. On March 4,1681, King Charles
II granted to William Penn a tract of land to the westward of the Dela-
Ware and to the northward of Maryland., This grant wasin partial pay-
ment of claims against the Crown which Penn had inherited from his
father, Admiral Peon. The negotiations preliminary to the issue of this
charter were very protracted, extending over several months, for the
English Government had begun to realize the difficulties which might
arise from the large and rather indefinite grants which had been so
Common. Besides, it was kuown that the new province tor which Penn
asked a charter was likely to interfere to some extent with the territorial
Tights of the Duke of York and of Lord Baltimore.

And yet, curiously enough, in view of all this care, the conflict over
the boundaries of Penn’s territory was more bitter and more pro-
tracted than any other similar trouble in the Iinglish colonles,

So it was ordered that the Duke and the Lord Proprietor should be
Consulted.

Lord Baltimore bad no objections to a grant of land to Penn so long
a8 his northern boundary of the fortieth parallel was respected, and

¢ Duke of York expressed his willingness to yield his claims to-the
almost unsettled shore of the upper Delaware provided he should have
Teserved to himself a sufficient distance between his town of Newcastle
and the boundary of the new province. He suggested that 20 miles
Would be a convenient and suitable distance.
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Penn, however, was reluctant to be pushed so far up the Delaware,
and upon his urgent representations to the Duke a distance of 12 miles
was finally agreed upon. At that time it was thought that the fortieth
parallel crossed the Delaware between Newcastle and Chester (then
called Upland), and it was therefore decided that the southern boundary
of Pennsylvania should follow a circular curve, at 12 miles distance
from Newcastle, northward and westward from the river Delaware, until
. "itcame to the fortieth parallel, and that it should then follow that par-
allel westward to its limit of longitude. This deseription, which was
soon found to be an impossible one, is thus expressed in the charter:

* * * and the said Lands to bee bounded on the * * * South by a Circle
drawne at twelve miles distance from New Castle Northward and Westward unto the
beginning of the fortieth degree of Northern Latitude, and thence by a straight line
Westward to the Limit of Longitude above mentioned.

As a matter of fact, the most northern part of a ecircle of 12 miles
radius from Newcastle court-house is almost exactly on the parallel of
39° 50’ north latitude, and it could, therefore, never intersect the par-
allel of 400, ) .

‘We here find the first mention of this singular boundary line, almost
unique in its circular shape. It is probable that both Penn and the
Duke of York thought that this circular boundary between their domin-
ions wounld soon strike the fortieth parallel and hence would be of
small extent, and if, is hardly likely that either of them then thought
that it would afterwards play so important a part in the location of the
boundary between Maryland and Pennsylvania.

After granting the charter to Penn, the King commanded him and
Lord Baltimore to arrange their boundary.

Accordingly Lord Baltimore met Penn’s kinsman and deputy, Mark-
ham, at Uplaud, in September, 1681, when it was found by a precise
observation that the fortieth parallel was several miles north of Upland,
insteéad of being somewhat to the south of it, as- formerly supposed.
No doubt both parties were somewhat surprised, but Lord Baltimore at
ouce claimed the land to his charter limit of-forty degrees, wherever it
might lie.

Markham, on the other hand, declined to proceed with the delimita-
tion of the provinces and reported the disappointing state of affairs to
Penn, who was still in England. This news made Penn, who had all
along been dissatistied with his provinee as being too difficult of access,
still more anxious to secure control of the shore of the lower Delaware.
He therefore importuned the Duke of York for the transfer to himself
of the Duke’s claims on that region. Thisland bad never been granted
to the Duke, and his possession was only a sort of ‘squatter sov-
ereignty.”

As ahistorical writer has recently expressed it, “Penn asked for that
which he knew to be within the bouudaries of Maryland, and beyond
the power of the Duke to grant.” Penn had a great influence with
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both the Duke of York and the King on account of the services of his
father, Admiral Penn, under the Duke himself, in the naval wars with
the Dutch, Lord Baltimore therefors had heavy odds agaiust him,

Probably with the idea of strengthening his own claims by bolster:
ing the Duke’s shadowy title, Peun obtained from York a quitclaim
deed, dated August 21, 1682, relinquishing to Penn any claim which
the Duke might bave to the provinee of Penusylvania.

It is worthy of note that Penn had been conteuted with his title
under the charter of March 4, 1681, until, on the eve of bargaming with
the Duke for part of Lord Baltimore’s territory, he suddenly perceived
that his own title was defective through the Duke’s claims. Three days
later, August 24, 1682, the Duke gave Penn two deeds of feoftment for
the Delaware shore. The first of these conveyed the town of New-
castle and a 12-mile circle around the same. The second conveyed all
the lands south of that circle as far as Cape Heulopen,

Much doubt seems to have existed, however, as to Penn’s legal rights
under these deeds. The Duke had no title of record. His deeds to Penn
were never confirmed by King Charles, who died soon afterwards, nor
by King James himself during his short and troubled reign. Much
dificulty was therefore experienced by Penn’s agents in the collection
of rents.

After arranging these matters Penn sailed from Iingland to visit his
province. He arrived at the Capes on OQctober 24, 1682 (0. 8.), and
first landed at Newcastle, afterwards going to Upland, now Chester.

IFor nearly twenty years after the organization of the new govern-
lnent the lawmaking body was a joint assembly for the province of
Pennsylvama and the ¢ territories” of * three lower counties on the
Delaware” But dissensions arose between the united provinces, and
upon the revision by Penn in 1701 of the charter of government granted
by him the territories insisted so strongly upon a separate assembly
that Ienn was obliged to yield to their wishes.

In this samne year, 1701, and perhaps in consequence of this legisla-
tive division of the provinces, the circular boundary line between
Chester and Newecastle counties was run out upon the ground under a
Wwarrant from Penn. The work was done Ly Isaac Tailer, of Chester
County, and'Thomas Pierson, of Newcastle County, under the direction
of the county officials, in November, 1701, Their method of work is
flescribed in their field notes, which are in the possession of the Histor-
leal Society of I’ennsylvania.

According to their record, they began work at ¢“the end of the horse
dike” at Newcastle and ran a traverse to the northward with compass
and chain until they reached a point which, from their computations,
they supposed to be exactly 12 miles north of their starting point. By
Some mistake, however, they came out a mile or more too far to the west
and about 2,000 feet too far from . Newcastle. The excess in distance
Taay have been due to their chain being too long, though the size of the
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- error (2 feet to each chain) seems unlikely. This supposition is further

borne out by the fact that the curve actually run out by them had, as

nearly as can be ascertained, a radius of ~hout 13 miles instead of 12, as

- should have been the case. The excess of westing might be accounted
for by supposing that they used the magnetic meridian as their standard
instead of the true north, but the declination of 8° 30’ west, observed at
Philadelphia in 1701, would have carried them a half mile or more still
farther to the west. It is very likely that their .compass needle was a
poor one and that it was much affected by local attraction, which is very
noticeable in the vieinity of the Brandywine. The extremity of the
radius so determined fell upon land then occupied by a certain Israel
Helm and now owned by one Goodley, in a peculiar bend formed by
Brandywine Creek. Tailer and Pierson found there a white oak tree,
which they marked with twelve notches. They next laid off a line at
right angles to their supposed true radius and marked on it the distance
corresponding to the chord of 1 degree of a circle of 12 miles radius,
This distance they computed to be 67 perches, a value sufficiently pre-

_ cise for their purpose (more exactly, 67.018), but if, as seems likely, these
measurements also overran, their chords were probably 68 or 69 perches
in length. -

One-half of this chord was laid off on the east side of their radius
and the other half to the west. Then, starting from the eastern end of
the first chord, they ran the curve to the Delaware River by succes-
sive chords of 67 perches, making a uniform deflection to the right
of 1 degree by compass at the end of each chord. TForty-three chords
brought them to the Delaware, where they found that their line struck
the north side of a house close to the shore, then occupied by one Daniel
Lamplugh.

The surveyors then retraced their steps to the farm of Israel Helm
and in a precisely similar manner ran their curve'to the westward from
the first chord until they had completed 77 chords, which, together with -
the 43 chords east -of their starting point, made up the total of 120
chords, or “two-thirds of a semicircle,” called for by their instructions.
‘They note that their line ended at a stream, a branch of Christiana
Creek, and that they ‘“well marked” a hickory tree. This point can
no longer be identified, but it was most likely in the present State of
Maryland, to the westward or northwestward of the “triangular stone”
on the boundary between Delaware and Maryland. The stream referred
to was probably one called Persimmon Creek on some recent maps.
The course of the boundary line was indicated by notches cut in trees
ncar which it ran.

It will be noticed that this boundary laid out by William Penn between .
two portions of his domain has no connection and little apparent rela-
tion to the boundary, between the lands of Penn and those of Lord
Baltimore, though subsequently complicated and confounded with the
surveys of the latter line. '
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Although the line had been run out, little heed seems to have been
given to it in the issue of patents for land. Over-some small part of
the boundary east of the Brandywine the patent dines were made to
conform to the circular boundary, nominally at least, though it is notice-
able that the old deeds pay no regard to the curvature of the line. The
description of the bounds usually states that the line runs on a certamn
course & specified number of percles “along the circular boundary.”

Except in this one district the land patents pass over the boundary
without reference to it.

So for years and generations this line slumbered in obsecurity, per-
petuated for a time in local memory and tradition by reference to oak
or hickory trees Llazed or notched by the surveyors or by fences which
some settler had built, as he supposed, upon the line. But year by
year these witness marks decayed and passed from sight, until their

"very location became uncertain and until it has come to pass that at
the present time the tolerably authentic relics of the old survey may be
counted upon the fingers ot one hand.

Meanwhile a far more troublesome .question of boundary lines was
arising from the conflicting claims of William Tenn and Lord Baltimore
to the fertile fields of the peninsula and the valley of the Susquebanna.
Grants were given by both sides to Jands in the disputed territory, and
for many ycars the border was the scene of disputation and of conflict
carried at times to the verge of open war. If Baltimore had the better
title, Peun had the greater influence at court, and moreover held pos-
8esgion of a large tract c¢laimed by Baltimore.,

Several efforts were made by the proprietors to come to some agree-
ment in this matter, but for one reasow or another the megotiations
repeatedly miscarricd.

As early as 1685 Penn had succeeded in obtaining from the committee
of trade and plantations, to which the matter had been referred by the
King in council, an order that the peninsula should be divided between
him and Calvert to the northward of a line running west from Cape
Henlopen.

In presenting his case before the committee, we find Penn very

ghrewdly and skillfully availing himself of the Dutch claims through
the early settlement by De Vries at the Hoornkill to support his own
title obtained from the Duke of York and derived from the latter’s
conquest of the Duteh settlements.
_ In Lord Baltimore’s charter of 1632 the descriptive phrase ‘“hactenus
Inealta ” (heretofore uncultivated) is applied to the territory so granted.
This expression, found only in the preamble, was no doubt inserted
Ierely to denote that the part of Virginia conveyed to Lord Baltimore
had not been settled as part of that colony. It seems clear that it was
Dot intended to impose a condition, for it was not repeated in the body
of the charter, and it was not held to substantiute the seemingly valid
claims of William Claiborne, who wus actually settled on Kent Island.
at the time of the grant.
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It is certainly hardly supposable that King Charles 1 intended to
to recognize any prior claim of a feeble Dutch settlement located on
territory claimed by ¥ngland by right of diseovery and conquered later'
by force of arms. And even if this unlikely supposition were true, the
lands exempted under the words ‘hactenus inculta” could only be
those of the actual settlement and could hardly be extended to cover
the present State of Delaware.

But, justly or unjustly, Penn, who was high in favor, prevailed over
Lord Baltimore, who found it prudent to yield for a time lest worse
evils should befall bhim.

And thus we see the little village of Swaanendael, so soon swept
away in fire and blood, rising from its ashes to sever the Delaware
shore from Maryland.

But though Lord Baltimore submitted, he made no haste to carry out
the order, and before anything had been done the revolution which
drove King James from the throne also overturned the proprietary
governments of Maryland and Pennsylvania.

The latter was soon restored to Penn, but Maryland remained a
Crown province till 1716.

‘When Queen Anne succeeded to the throne, ’enn managed to obtain
an order in council for the enforcement of the decision of 1685. This
was in 1708; but nothing was done toward carrying out this order,
and in 1718 Penn died, leaving the dispute to his heirs.

The matter dragged along till 1732, when the heirs of Penn and the
Lord Baltimore of that day joined in a deed to settle their boundaries.
This called for a line running due west across the peninsula from Cape
Henlopen, from the exact middle of which line a second line should
be drawn to the northward in such a mauner as to be tangent to a
circle drawn 12 miles from Newcastle. From the tangent point a due
north line was to be drawn, reaching to within 15 miles fromn Philadel-
phia, and from the terminus of this line the boundary to the westward
should be a parallel of latitude. It was further stipulated that New-
castle County should in any event have the full area included within
the 12-mile circle, even if part of it lay to the westward of the due-north
line from the tangent point.

This proviso seems to have been added on account of the lack of
information as to the direction which the tangent line was likely to
take and for fear that the meridian line might seriously curtail the area
of the circle. Had the parties to the deed known, as we know at pres-
‘ent, that the segment of the circle west of the meridian line from the
tangent point contains less than 14 acres, as the lines were marked on
the ground, they might have concluded that so small an area was
hardly worth considering and we might have been spared one compli-
cation in this historic interstate houndary.

But though matters thus seemed settled, this was really far from
being the case. Difficulties and disputes arose as to carrying out upon
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the ground the provisions of. the deed. The question as to the proper
point in Newcastle which should be taken for the center of the 12-mile
circle occasioned long debate. Oné rather quaint solution was the
suggestion that this point should be the center of gravity of a paper
plat of the town, the center of gravity havmg been found by experi-
ment by balancing the plat on a pin.

Lord Baltimore’s friends insisted oun the absurd theory that the 12
miles” meant the periphery of the circle, while the Penns, of course,
claimed that length of radins. A dispute also arose as to the true
location of Cape Henlopen, as intended in the deed.

In consequence of all these difficultics nothing was done to carry out
the deed.

The next move was made by Lord Baltimore, who, in spite of his own
deed.of 1732, applied to King George II for a grant to confirm his title
according to the original charter of 1632, Naturally enough, this was
refused by the King, and the matter was thrown into the court of
chancery. In 1750 Lord Chancellor Hardwicke decided in favor of the
Penns on every point of dispute, ruling that the center of the circle
must be the niddle of Newcastle as nearly as that point could be ascer-
tained, that the ¢12 miles” meant the radius of the circle, and that the
true Cape Henlopen was not the southern point of Delaware Bay, but
the point claimed by the Penuns, about 25 miles farther south and now
called Fenwicks Island. This last decision seems rather a strange one,
for though it appears that there was some confusion of usage among
the Swedes and the English of the name ¢ Henlopen,” the present cape
of that name seens to be clearly indicated in Williamn Penn’s deed from
the Duke of York, which reads thus:

* * * All that tract of land upon Delaware river and bay, beginning twelve

miles south from the town of New Castle, othorwise culied Delaware, and extending
8outh to the Whore-kills, otherwise called Cape Henlopen. * * *

William Penn himself seems to recognize this limit in his “Act of
Union” of December 7, 1682, where he describes the “territories” as—

All that tract of land, from twelve miles northward of Now Castle, on the river
Pelaware, down to the south-cape, commonly called Cape Hemlopen, and by the
Pmpmetury and Governor now called Cu.po James, lying on the west side of the said
river and bay * * *

But even the decree of Lord Hardwicke did not end the interminable
controversy. It would almost seem that Lord Baltimore and his
friends, despairing of obtaining what they no doubt considered their
Just rights, had set about making all possible trouble for their success-
ful opponents, even at the cost of time, money, and good repute to
themselves.

In order to lessen as much as possible the amount of térritory which
must, be yielded to the Penns, Lord Baltimore’s partisans contended
that the 12 miles should be measured upon the surface of the ground
and not horizontally. Another appeal was made to the lord chancellor,
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and in March, 1751, he ordered that horizontal measurements ghould
be employed. ‘

After this decision by the lord chancellor it appears that the loca-
tion of the boundaries was begun by commissioners and surveyors
appointed for that purpose. The “base line,” or east and west line,
across the peninsula was laid out and measured. For this purpose a
gap, or ‘“visto,” as the old records have it, was cut through the forest.
The line was ranged out by poles set up in the “visto,” and the dis-
tances were measured with a Gunter’s chain 66 fect long, which was
" kept as nearly horizontal as possible. The whole length of this “base
line” was found to be 69 miles and 298 perches, a value probably about
a mile and a quarter greater than the real distance.

But at the distance of 66 miles and 244 perches from the eastern end
of the line the surveyors came to the shore of Slaughters Creek, a
branch of the Hudson or thtle Choptank River, separating Taylors
Island from the peninsula.

Lord Baltimore’s commissioners at once raised another questlon.
Evidently the shorter they could make the base line the farther to the
east would its middle point fall and the smaller would be the territory
yielded by Maryland to PPennsylvania. So the Murylanders claimed
that the line should stop at these first waters of the Chesapeake which
were met in coming west from the ocean. The friends of the Penns, on
the other hand, insisted that the line should continue to the open bay.
It was so completed, as noted above, but the Marylanders would not
aceept it, and once more the dispute was reterred to Lord Chancellor
Hardwicke.

Before his decision had been rendercd Charles Lord Baltimore died
and the proceedings came to nothing.

‘When they were renewed, with the new proprietor, Frederick Lord
Baltimore, made a party to them, he refused to be bound in any way
by the acts of his predecessor. At last, however, on July 4, 1760,
another deed was executed by the interested parties, and the long dis-
pute was at an end so far as concerned the rival claims of Pennsylva-
nia and Maryland. ’

The boundary called for by the deed of 1760 was substantially the
same as that ot 1732. The parallel ot latitude forming the northern
boundary of Maryland was to be 15 miles south of the most southern
part of Philadelphia. The “base line” was to cross Taylors Island to
the open bay, as claimed by the Penns. The court-house at Newcastle
was accepted as the center of the circle,

Under the deed of 1760 commissioners were appointed by each side
to supervise the work of demarcation. These commissioners held their
first meeting at Newcastle on November 19, 1760. They employed a
number of surveyors, who proceeded to complete the work begun in
1751. These surveyors appear to have accepted the work of that year
on the “base line,” and for the next three years, until the latter part
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of October, 1763, they were engaged in running trial lines-for the tan-
gent line, starting from the middls point of the base line, and for the
radius, which should meet the tangeunt at right angles 12 miles from
Newcastle court-house. After their three years of labor no solution
had been reached, though it afterwards appeared that they had located
the radius with considerable precision, cousidering their rude method
of work. In October, 1763, the commissioners had just reached an
agreement to report the state of the work to their respective prinei-
pals and to ask further instructions, when they received information
from the proprietors that two skillful mathematicians had been engaged
by them to gssist the commissioners in their labors. Further proceed-
ings were therefore suspended until the arrival of these new surveyors,
Charles Mason and Jeremiah Dixou.

On December 1, 1763, the commissioners met at Philadelphia and
read the articles of agreement between the proprietors and the sur-
veyors. They also made the nccessary arrangements with the latter
for the conduct of the work.

Messrs. Mason and Dixon, who thus appear upon the scene, were
employed in the boundary surveys for the next four years,

Their first task was to determine the latitude of the most southern
part of the city of Philadelphia. The mayor and other city officials
were called upon for information in regard to the true southern limit of
the city. They conducted the commissioners and Messrs. Mason and
Dixon to the street called Cedar, or South street, and there pointed out
& certain house occupied at the time by Thomas Plumsted and Joseph
Huddle, situated on the south side of the street. The north wall of
this house, marking the south side of the street, was stated by them to
have been ever considered the most southern part of the city of Phila-
delphia. Though the position of this house is not stated, it was prob-
ably very near the river, as Cedar street runs a little south of east and
the most southern part of its south side would be where it struck the
shore,

Mason and Dixon built an observatory, and by observations with a
Zenith sector determined thetlatitude of this most southern point of
Philadelphia to be 390 56/ 20/-1. '

From the latest survey of the water front of Philadelphia the latitude
of the most southern part of the south side of Cedar or South street is
about 390 56/ 266, a value differing from that of Mason and Dixon by
:)1“1)’ 23 seconds of are, and showing that their work was very carefully

one,

. They next removed their instruments to a new station about 27 miles
to the westward and near the forks of Brandywine Creck, where they
8gain observed for latitude and located a point which they supposed
to })e in the same latitude as their first obsevvatory. It is said that a
White 8tone, locally known as ¢ the stargazers’ stone,” still marks this
Second station. From this point they opened & line runuing due south
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through the forest and measured a distance of 15 miles in that direction.
This measurement was designed to locate the parallel of latitude which
by the.deed of 1760 was to be laid out 15 miles south of Philadelphia to
form the northern boundary of Maryland., Either through an error in
the latitude of the second station as compared with that of the first,
or from errors of chaining, or both, this line was carrieu too tar south.

The difference of latitude between the end of South street and the
northeast corner of Maryland is now about 13’ 6”, or about 5 chains
more than 15 miles, so that the northern boundary of Maryland was
put about 330 feet too far south.

From the southern end of their 15-mile meridian Masgn and Dixon
began laying off a parallel of latitude to the westward. fter running
several miles of this line, which was temporarily marked by wooden
posts, the surveyors left it for a time and turned their attention to the
southern portions of the boundary. Acecepting as settled the ¢ base line”
which had already been measured across the peninsula by their prede-
cessors, and the middle point marked by the same persons, Mason and
Dixon endeavored to run out the tangent line from that middle point of
the base to the tangent point. This extremity of the 12-mile radius laid -
out by the former surveyors was also accepted by Mason and Dixon,
who found that it was nearly at right angles with the line which they
laid out between'its western end and the middle point of the base line.
As will be shown later, this tangent point is really about 108 feet too
far from the belfry of Newcastle court-house. '

In laying out the tangent line Mason and Dixon were much assisted
by the trial lines run by their predecessors. Irom these abortive lines
they computed the direction which the line should follow, and then ran
it out by transit until they reached the tangent point. They found that
their line ran 16 feet 7 inches east of that stake. They then computed
the proper offsets for each mile of their line to bring it to the true
line, and moved their posts accordingly. This done, they reported to
the commissioners that the posts so placed were, as nearly as practica-
ble, in the true tangent line. Next, in accordance with the deed, a
true north line was laid off from the tangent point to an intersection
with the parallel of latitude 15 miles south of Philadelphia, which had
already been partially surveyed, as related above. The point of inter-
section of the meridian and parallel became the northeastern corner of
Maryland. The temporary mileposts already placed in this line, and
referring to the south end of the 15.mile meridian as an origin, were
replaced by new posts counting westward from this corner of Maryland.

The next thing to be done was the marking of that portion of the
12-mile circle which lay to the westward of the due-north line from the
tangent point. And here Mason and Dixon fell into an error in com-
puting the length of this small arc. As was pointed out by Col. J. D.
Graham in 1850, they seem to have obtained their angle of deflection
from the tangent to the due-north line, upon whiech, their computati_og ‘
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of the chord depended, by measuring the angle between their due-north
line and the visible portion of the radius laid out by their predecessors.
They had previously found that this radius was sensibly perpendiculas
to their own taugent line. Ividently, however, one of these angular
measures was considerably in ervor. They computed their chord and
offsets with a deflection angle of 30 28/, while the actual angle between
the tangent and the due-north liné was found by Colonel Graham to be
3036’ 06"/, ‘As the arc cut off by the due-north line would be twice
the deflection angle, this made an error of 16/ 12/ i1t the angular value
of the intercepted arc and shortened the chord about 300 feet. Owing
to the flatness of the curve the middle ordinate was not greatly in
error, and the area of the segment was only about an acre too small.

Mason anud Dixon would probably have obtained better results if they

~had directly measured the angle of detlection of the due-north line from
their own tangent line. By an error in chaining they made a smaller
mistake in the opposite direction, the actual length of their chord,
according to Colonel Graham, being 84 fect greater than the value given
by them. Their chain measurements, probably intrusted to careless
Cmployees, seem in general to have been irregular and inaccurate. Dis-
tances on the ground are almost always greater than their nominal
length, The tangent line, supposed to be a little less: than 82 miles
' IOIIg, is probably about 844 miles in actual length. Curiously enough,
all of the errors in measurement made by Mason and Dixon or their
Predecessors seem to have resulted in loss of territory by Maryland,
€xcept for the trifiing error in the arca of the circular segment. On
the base line the distances seem to have underrun, contrary to the gen-
eral rule; but if this error was cumulative it was probably distributed
‘Yith some degree of uniformity and would not greatly affect the posi-
tion of the middle point.
. But the error in locating the northern boundary of Maryland, putting
Y about 5 chains too far south, meant the loss of a strip of that width
along the whole length of the boundary, about 196 miles. This area
Would amount to nearly 8,000 acres.

The error in measuring the radius from Neweastlo court-house, which
Placed the tangent point 108 feet too far {from the center, took o strip of
that width from the eastern border of Maryland to the norihward of
the tangent point, while south of that point, assuming that the south-
West corner of Delaware was correctly placed, Maryland lost a wedge-
Shaped Strip about 844 miles long and 108 feet wide at the base.

After completing the arc above mentioned, Mason and Dixon took up

he extension of their parallel of latitude to the westward, and their
Work does not further affect the matter under consideration,

As these various lines were located by Mason and Dixon they were
Warked by suitable stone monuments which were generally one mile
apart. This work was done by other persons under the supervision of

he Commissioners. These stones were made in England from odlitie
8. Bx, 19, pt. 2——13
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limestone, and were sent out from time to time as they were needed.
They are stout square posts surmounted by a rather flat pyramid.
Upon the side facing Maryland the letter M is cut, and on the opposite
side the letter I’. As Delaware was then a part of Pennsylvania the
whole length of the line was marked in the same way.. Every fifth
milestoue, however, was more elaborately marked, having the arms of
the respective proprietors carved upon the opposite sides in place of the
initials. It speaks well for the durability of the stoné used that after
being exposed to the elements for more than a century and a quarter
these inscriptions are still distinetly legible and the stones are in so
good condition as to have quite a modern appearance. WhileI was
one day examining the eightieth milestone on the tangent tine I was
approached by a farmer who lived in a house not far way., He asked
me the meaning of the stone, and on being told something of its history
seemed much surprised and said that hie had thought it a farm boundary
mark placed there in recent years.

Oue of these stones carved with the arms of the proprietors has found
its way by some strange chance into the town of Newark, where it
supports one of the pillars of the porch in frout of a very old house.
It is probably one that was intended to mark the eighty-fifth mile of
the tangent line; but this being only 82 miles long, as measured, it was
not used, though it might well have been placed at the intersection of
the arc with the due-north line instead ot the rongh, nnmarked stone
which stood there till 1849,

The monuments placed at the middle poult of the base line, now the
southwest corner of Delaware, and at the northeast corner of Maryland,
differed from any of the others in having a coat of arms on each side
thercof. Upon their north and east sides were carved the arms of the
Penns and upon their south and west sides the armsof Lord Baltimore.

The stones placed at the tangent point and at some other points on
the small part of the circle laid out by Mason and Dixon were of dif-
ferent and far less durable material—a dark granite rock of very poor
quality. It appears from the minutes of the commissioners, under date:
of June 17, 1763, that it was intended to replace these stones with more
durable monumeuts marked with the arms of the proprietors. IFor
some reason this never was done, and most of the old stones still remain.
The top of cach is rounded to indicaté that it is on the circle. The arms
of the proprietors can barely be perceived upon the old stone at the
tangent point, the only one which was so marked.

Not long after the completion of this celebrated work, the fruit of so
many years of contention and of so great labor and expense, did the
proprietors enjoy the quiet possession of their heritage. The storm of
the Revolution, which even then was gathering, soon swept away the
proprietary governments and severed the connection between Il’exﬁxsyl-
vania and the ‘“three lower counties,” this disaffected portion of the
province becoming the State of Delaware, or, as its legal title first rca‘d,
‘the Delaware State.”
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By this separation a large portion of the boundary line over which
the Penns and the Calverts had so long contended, the controversy
over which had so embittered neighboring communities and which had
at last been settled at so great labor and expense, became the dividing
line between the States of Maryland and Delaware. Being well marked
by durable monuments, no further dispute has arisen in that con-
nection, _

The boundary between I’ennsylvania and the new State of Dela-
ware, however, reverted to the old circular line between the counties
of Chester and Newcastle: The survey of this line by Tailer and Pier-
8on, 1701, has already been described. As previously noted, there was
no conuection whatever between Mason and Dixoun’s work of 1763-1767
and the old line of 1701. This line ran through a hilly and sparsely
settled region, and the approximate location handed down by tradition

“among the country people seems to have been sufficient for their sim-
Ple needs. As years passed by memories of the line of 1701 became
dim, especiully near its western end, and local tradition assumed that
the stone at the northeast corner of Maryland marked also the western
end of the circular boundary. As a corollary to this, it was held that
all of the territory lying south of the parallel and east of the meridian
bassing through the portheast corner of Maryland, down to the tan-
gent point, belonged to Delaware. In other words, Delaware and
Maryland were thought to be coterminous up to the northeast corner
of the latter State.

This popular view, which crystallized into local usage, though subse-
quently violently assailed and even officially renounced by the boundary
commissioner of Delaware in 1850, has actually governed all interested
DParties even to this day. All the land titles are recorded in Delaware,
the inhabitants vote and pay taxes in that State, and, as noted by
Colonel GGrabam and others, a resident of this wedge-shaped strip
between the circle and the boundary of Maryland was for some time a
member of the Delaware legislature.

From a comparison of the old grants it scems a reasonable interpre-
tation that the jurisdiction of Pennsylvania should not extend south of
Mason and Dixon’s parallel of Iatitude, and it is therefore a gratifying
circumastance that one rvesult of the last interstate commission on this
Subject will be to legally establish that condition.

Penn’s charter of 1681 provided that the southern boundary of I’enn-
8ylvania should follow “the 12-mile circle” northward and westward
until it intersected the forticth parallel of north latitude. This was
found to pe impossible, but by subsequent proceedings, already de-
Scribed, the parailel of latitude 15 miles south of Philadelphia was sub-
Stituted for the fortieth parallel. Now, the 12-mile circle had already

en surveyed when Mason and Dixon marked their parallel of lati-
tude, and it seems clear that tho southern boundary of Pennsylvania
Tesulting from these two surveys, to conform to the spirit of the char-
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ter, should have followed the circle of 1701 to its intersection with
Mason and Dixon’s parallel of latitude, and should thence have' fol-
lowed that parallel to the westward. Under Penn’s deeds of 1682 from
the Duke of York he claimed the 12-mile circle and the country south of
it, but made no claim to any land between the circle and the southern
boundary of Pennsylvania. All such land unquestionably belonged
to Maryland. But in the deeds of 1732 and 1760 the Calverts so far
yielded their rights in this respect as to agree to an eastern boundary
running due north from the tangent point. This agreement trans.
ferred to the Penns the wedge-like area between the circle and the due-
north line. This was outside of both of Penn’s grants, a sort of dona-
tion from Lord Baltimore; but no good reason appears for considering
this aceretion a part of Pennsylvania proper rather than of the imme-
diately contiguous territory of Newcastle County.

Even on the assumption that the territory so gained was part of
Chester County, Newcastle County was entitled to claim the circle of
1701 as its boundary. That line, beyond a doubt, intersected Mason
and Dixon’s due-north line far to the north of the point commonly
called “the junction of: the three States.”

The small circular arc laid out by Mason and Dixon to the north-
ward of the tangent point was part of the boundary of Maryland
under the deeds of 1732 and 1760,

The point of intersection of this arc and the due-north line, known
since 1850 as “the junection of the three States,” was then considered of
no more importance than any other point of the Maryland line, and was
perhaps the worst marked of them all. The idea of making the end of
this fragmeuntary arc, laid out by Mason and Dixon in 1765 for one
special purpose, the initial point of the circular.boundary of Delaware,
in utter disregard of the line actually surveyed in 1701 for that other
special purpose, seems to have originated with Col. J. D. Graham, of the
United States Topograplhical Engineers, who in 1849 and 1850 super-
intended a revision of a portion of Mason and Dixon’s work.

This resurvey wus due to the following circulnstances: The monu-
ment which had been placed iz 1768 at the northeastern corner of
Maryland in the course of time disappeared from its place. Various
stories are current as to the cause of its disappearance, but they are not
important in this connection. The absence of this stone and the uncer-
tainty as to the significance ot others in the neighborhood combined
with rumors of the unaunthorized moving of some of the monuments,
produced a gencral feeling of doubt in regard to the northeastern
boundaries of Maryland. This condition led to the appointment in
1849 of a joint commission composed of one representative from each
of the three States—IPennsylvania, Delaware, and Maryland.

It seems clear from the circumstances atteuding the formation of this
commission that the missing stone was considered by all to have marked
a point common to the three States. The resolution of tlie I elaware
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legislature authorizing: the appointment of a commissioner from that
State describes it as “the original boundary stone established at the
boint where the States of Pennsylvania, Maryland, and Delaware join
each other.,” This resolution was adopted on the 10th of February,
1847, : o .

The legislature of Penusylvania did not act on the mmtter till 1849,
when, on April 10, a bill was passed anthorizing the appointment of a
commissioner to act for Penusylvania in surveying and determining the
Point of intersection of the three States and fixing a suitable monu-
ment af the point.

This is not quite so explicit in its designation of the particular'point
meant as the Delaware resolution, but it clearly indicates that a point
then unmarked is to be located and suitably marked. The corner of
Maryland is the only point that would answer that description, and if
the view advanced by Colonel Graham had been held by the legislature
of Pennsylvania it would hardly have admitted Delaware to a voice in
the location of the boundary between Pennsylvania and Maryland. I
can not find that the legislature of Maryland took any action toward
appointing a commissioner, but one was certainly appointed by the
governor of that State, and this action was subsequently ratified
by the legislature, which authorized the payment of the necessary
€xpenses.

This joint commission of 1849 obtained from the War Department the
detail of Lieut. Col. J. D. Graham to conduct the l1ecessary surveys.

At is unnecessary to enter into much detail in regard to his operations,
Wlich are quite fiflly described in his interesting report subsequently
Published by each of the threec States. He reestablished the corner of
Maryland by producing to an intersection the north and east lines of
that State as marked by monuments then in existence.

The corner thus determined was marked by a massive granite post,
Which is still in good condition.

,He also placed new granite posts at the tangent point, at the middle
Point of the arc of the circle north of the tangent point, and at the
Point where the above are, as laid out by Mason and Dixon, cuts the
due-north line so often referred to.

.'l‘his last stoue was made in the shape of a triangular prism, inscribed
With the initials of the three States on the appropriate sides. The
Rames of the commissioners and the date 1840 were also cut on the
North sid¢ . under the initial I,

The peculiar features of this stone were in accordance with the

heOry adopted by this commission of 1849, at the prompting of Colonel

raham, that this point was “the junction of the three States.” It is
®Specially surprising that the .commissioner from Delaware, George
€ad Riddle, esq., should have assented to this encroachment upon

16 area and jurisdiction of his State. And the legislature had given

m no authority for such surrender. The joint resolution of February
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10, 1847, under whicli he was appointed, has already been mentioned.
It is entitled o * Resolution relative to the northwest boundary stone
of the State,” and its text, which is given in full in the appendix to.
this report, clearly indicates that the legislature wishéd to restore the
stone which had been removed from thé northeast corner of Maryland,
and not that other stone which was then standing at the point now
occupied by the triangular prism, more than 34 miles farther south.
There was no further grant of power to the commissioner, not a hint of
any authority to change a long-aceepted boundary, nor to bind the
State as to any details of the circular boundary between Delaware and
Pennsylvama.

Yet, strangely enough, we find the Delaware commissioner accepting
and signing a report and map which took from his State not only the
wedge or ‘flatiron” south of Mason and Dixou’s line, but also in the
final consequences of his act, a long curved strip, or horn, ahout half
a mile wide at its base and stretching northeastward along the circle
for 11 miles, until it vanishes in a slender point at the Kennett-Penns-
bury stump, near Centerville, Del.

This was due to the fact that Colonel Graham’s map of 1850, signed
by the three commissioners, pushed back the cireular boundary from
its actual intersection with Mason and Dixon’s line to the theoretical
12-nile circle, regardless of the well-known rule that an actual line
upon the ground is to be preferred to the written description of the
samne line in a deed. :

1t will be noticed that, althongh Delaware's claim to the “flatiron”
seems to have been just, the common impression that the circular are
began at the corner of Maryland was erroneous.

Tailer and Pierson’s line of 1701 crossed Mason and Dixon’s line
some 2000 fect east of that corner, and this point of intersection was
the true beginning of the circular boundary.

In addition to the work above mentioned, Colonel Graham also made
some trigonometric observations and’ calculatious to obtain the distance
between the tangent stoiie and the court house at Newcastle. He also
computed the distances from the uortheast corner of Maryland to the
true 12-mile circle in two directions—first, on a right line, or radius, to
the spire of the court-house, and, second, on Mascn and Dixon’s line’
produced. These digtances, shown on the map furnished the commis-
sioners by Colonel Gralam, are, from one cause or another, considerably
in error, even on the assumption that the boundary must follow the true
12-mile cirele, an assumption already shown to be untenable,

As mentioned above, these apparently erroncous conclusions as to
the true poeint of junction of the three States and as to the proper loca-
tion of the circular boundary were embodied in & map which, on March
1, 1850, received the signatures of the three commissioners, H. G. S.
Key, of Maryland, Joshua P. Eyre, of ’enusylvania, and George Read
Riddle, of Delaware.
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No subsequent acts of ratification seem to have Leen passed by the
State legislatures, but the result was generally-accepted on paper while
_ignored in fact. The maps showed Pennsylvania reaching a slender
finger to the southward between Delaware and Maryland, but Delaware
continued to exercise complete jurisdiction over that avea.

In view of recent action, by which the above arrangement has been
somewhat modified and the ¢ tlatiron ” has been restored to Delaware,
it appears that the most important eflect of the map of 1850 was to
commit the State of Delaware to the definite acceptance of the intersec-
tion of Mason aud Dixon’sline with the true 12-mile circle as the initial
point of the circular boundary instead of the intersection with the
circle of 1701. '

This survey of 1850 called attention to the unmarked condition of
this circular boundary, and while, fortunately for Delaware, the com-
missioners appointed at that time had no authority to undertake the
work of marking it, they suggested that speedy action should be taken.

The legislature of Pennsylvania took action in the matter, and in

8everal sections of a sort of omnibus bill, approved April 22, 1850, pro-
vided for the appointment of a commissioner, etc. The act is somewhat -
of a curiosity in its very matter-of-fact provisions for laying out the true
12.mile circle and for securing the titles and other vested interests of
the numerous citizens of Delaware who were thus to be transferred to
Pennsylvania. Aside from this prejudging of the case, its provisions
Seem careful and intelligent, Delaware does not seem to have cared
to make so one-sided a bargain, and nothing more was done for about
forty years. The increasing importance of’ the boundary, as the coun-
try grew in population and wealth, led to a rencewed agitation of' the
qQuestion.
. On April 25,1889, the legislature of Delaware passed a bill appoint-
lug Hon. Thomas F. Bayard, Hon. B. I. Lewis, and Ion. John I.
Hoftecker commissioners on the part of Delaware to act in conjunetion
With a siilar commission from Pennsylvania to agree upon and mark
the boundary.

On May 4, 1889, the legislature of Pennsylvania passed a similar act,
authorizing the governor to appoint three commissioners to act for the
Commonwealth of Pennsylvania, in coujnnetion with the Delaware com-
miS&!ioners, in “examining, surveying, and reestablishing” the bound-
ary line between the two States. These commissioners were dirccted
to join in marking by enduring monuments the line so reestablished.

The governor appointed Ilon. Wayne MacVeagh, Hou. W. H. Miller,
and Hop, R. E. Monaghan as the Pennsylvania commissioners under

his act, _

The proceedings of these two boards of commissioners have not yet

€en published, and not many details of their deliberations can be
Blven, From the limited information at hand it appears that the com-
issioners from both States met in joint session at Philadelphia and
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selected Hon. Thomas F. Bayard as their chairman. Each commission
separately employed an agent, styled, respectively, ¢ surveyor on the
part of Pennsylvania” and “surveyor on the part of Delaware.,” These
“gurveyors” acted as secretaries to their respective boards, collected
information in regard to existing monuments supposed to be on the
boundary line, looked up old title deeds bearing on the matter, ete. It
appears also to have been expected that they would survey and mark
the boundary.

Mr. Benjamin H. Smith, of Philadelphia, was the ¢surveyor for Penn-
sylvania,” and Mr. Daniel Farra, of Wilmington, was. the “surveyor
for Delaware.”

These gentlemen appear to have examined with considerable care the
available documents, county records, ete., which might throw light upon
the question.

Starting from the Delaware River and going westward, they seem to
have been mutually satisfied that they had identified with reasonable
certainty, as parts of the kne of 1701, the following marks: Ifirst, the
remains of the old honse below Marcus Hook at which Tailer and
Pierson ended the eastern section of their line; second, the boundaries
of some farms west of the ¢“Concord Turnpike” and east of Brandy-
wine Creek, the original patents for which lands called for the circular
line as their southern boundary; third, a peculiar bend of Brandywine
Creek, west of the rocky promontory called Ioint Lookout, where the
stream, flowing nearly south, touches the boundary of Delaware, but
retreats again to Pennsylvania, curving back to the northcast and
sweeping in a long bend around Point Lookout, when it once more
trends to the southward and crosses the boundary at last near Smith’s
bridge; fourth, a large hickory stump, which marks the point at which
the line between the townships of Kennctt and PPennsbury, in Chester
County, strikes the circular line of 1701, This last point is a par-
ticularly notable one. The old tree, which was standing a few years
ago, was no doubt in existence in the time of William Penn. It is men-
tioned as a ‘“small hickory” in a deed given in 1713 by George Harlan
to his son, James Harlan, for 200 acres of land, a part of the “manor
of Staneing,” granted by patent by William Penn to his daughter
Latitia in 1701. The hickory was described as being ‘“in ye eastern
line of ye said manor.” .

To the westward of this hickory stump no marks could be found
which the State surveyors were mutually willing to accept as correct.
A considerable number of marks of more or less authenticity were
pointed out or described at that time and snbsequently by the inhab-
itants along the line. There was, however, no documentary evidence of
theiridentity, and the agents of the commissioners declined to consider
usage or tradition as reliable for their purposes.

One of these points, a stone at the corner of a farm in Mill Creek
Hundred, was supported by title deeds dating back to about 1830, when
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the land of an intestate decedent was divided among his heirs. As
the land lay partly in Pénnsylvania and partly in Delaware, the courts
.0f both Chester and Newcastle counties were interested in the case.
A: surveyor was employed, who ran out and marked the portion of the
State line ero