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U. 8. COAST AND GEODETIC SCRVEY REPORT FOR 1893.—PART IL

PREFATORY NOTE.

i The text of this Report for the fiscal year 1892 has been arranged for publication-
B two parts, like that for the fiscal year preceding.

" Pa.rt 1, in quarto form, contains the historieal portion, presenting reports of prog-
38 in the field and office operations of the Survey; estimates for future progress,

:E;ltsiilslatements of expenditures during the fiscal year. Maps of general progress, and

8 ches showing locnlities of field work, exhibit graphically tho advanco of the
urvey to June 30, 1893,

mll::t II, it will be observed, is in octavo, and includes the professional papers

Ing to the methods, discussions, and results of the Survey which have been

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

pany them,

The 0(_:tavo form is more convenient and suitable for thescientific and professional
{’gfers, while the quarto form appears to be demanded for the statistical matter and
in t{]’mgl‘ess sk(.atches. Since the latter are of less general interest thm.x t.ho fo?mer, .
that t"h_ﬁltu.l‘e distribution of the Report, Part IT only will bo sent, as it is believed
conve 18 will include all that is generally desired, and in o much more compact and

In nlelft form tLan that of the old quarto.

Special cases, where Loth parts are desirable, they will be sent.

T. C. MENDENHALL,
Superintendont.
It
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APPENDIX No. 1—1893.

STATE 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.

UniTeED 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
therein, I have had tho 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,
Maine, Maryland, Massachusetts, Minnesota, Missouri, New Hamp-
Sh.ire, New Jersey, Olio, Oregon, South Carolina, Tennessee, Vermont,
Virginia, and West Virginia,

In order to insure the accuracy of the manuscript copies of the laws
on file in this office, 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-
fully 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 Jaws.

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 'PAR’.L‘IES.V

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 thoe party complaining as, aforesaid, shall 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



REPORT FOR 1893—PART 1L 3

8hall have notice; wheroupon an issue shall be enade up and a trial bad ot the next
term of the County Court of said County, in the sameo mauner in which civil cases
are tried ; lcxcopt that the judgment shall be rondered and the dumages asscssed at,
the first terin,
£xc. 4. That any person 8o cntering upon Land, as aforesaid, for the purposes
aforessid, may tender to tho party injured gufficient amends for any damages done
;‘D(m 8nid Land; and if, upon exnmination Defore the Justico of the Peace and frec-
lolders us aforesnid, or upon trial bofore the County Court, tho damages finally
:’:ﬁessed shall not exceed the amount so tenderoed, the person who has so entered and
¢udered thie amount, shall recover his costs.
8EC. 5, That tho Justices of tho Pence and Freeholders aforesaid, upon compluint
r“‘lo to them ns aforesnid, and decision given, shall recoive the snmo costs to which,
¥ law, Justices of the Peaco are entitled in a civil caso from summons to judgment;
a;f;‘ upon the trial in the County Court tho costs shall be taxed by analogy to the
ill of Costs in said Court, ostablished by law.
relsnl‘(‘;C. G. 'l‘h‘nt if any porson or persons shall wilfully or wantonly injure, deface, or
or cove any 1||s?rnment, signal, monnment, building, or n.ny appendago thereto, used
uromnﬂi:aructed in tho Statc of California, under and by virtue of tho Act of‘ Congress
o\ 80id, he and thoy shall be liable to indictment for the same, under this Statute,
two ﬁCh and every offence, and upon conviction, shall be sentenced to pay it ﬁne.of
or sl undred dollars, onc-half of which shall go to the prosecutor, xfud the remain-
of o1 1‘1111 be appropriated according to tho Laws of this State regulating the disposal
cl'etimh fines, or shall be imprisoned not more b.hnn one month, or both, at the dis-
Bllnll(m of the 90nrt before which such conviction shall t:.),ko place, and he mn‘d they
rensouulso bo linble for ull damages sustnined by tho United Statos of Amen.uu., by
tho ¢ of any such injury, defacement, or removul; to Le recoverod by action on
486 in any Court of competont j urisdiction.
SEC. 7. This Act shall take offect from and after its passuge
Approved April 2, 1852,

CONNECTICUT.

Cuarver X1
An Accreluting to the Survoy of the Coast of Connoeticut.

g:(;t elmaoted by the Senate and House of Representatives in General Aaaevm{ﬂ?/ convened:
D‘lss‘e(i 1.1 Persons employed under an act of the Congress of the United States,
supp]enl 10 tenth day of Febranary, in tho year eightoen hundred aud seven, and the
may 1 1011t§ thercto, may enter upon lands within this state, for any purposo w.hich

lli.ldig necéssary to offect the objects of said act, and may oroct '\VOI‘kS, stations,

Sec gs,lor nppend'nge.s for that purpose, doing 1o UNNECOSSATY INjury.
ages c'm. f the purtles.mterosted cannot agreo upon the amouut to b.o I_mId for dam-
connt i\sed_ tAhcrcby, cither of them may petition t.he county comimissionors of the

o nu):l n )(;hlclz theland lics, who shall appoint a time for a hicaring, o8 8001 18 way
Withontm .(.sr at least fourtoen days’ notico to all persons interested, 'and, with or
Wituesmu‘ iow of tho promises, ns they may determine, hour the purties and their

S50 38 and assess the damages.
cones ;)f-t;l‘he.conntx comx‘nissimlers shall file in tho oftice of th(} cler.k of ‘the super‘ior
Shall . ) {.ou.uty in which the land is situatod, n: 1'(Eport;. of their doings, \Vh}ch
of suct, reouo‘ usive, unless one of the purties sl‘mll, \\'lthlll. thirty days a.fter the flling
rior courtljoil t, ﬁl(? a potition to said court for & new lne:}l'}ug 1o be had m_such supe-
tho sai 8, n \.vluch case, aftor snch nutice of such p.etmon to th.o opposite p:}rty as
the 8upmnlll’:f)e'rlor court, if in session, or, if in vacation, ns any judge thereof or of

dourt, or any county commissioner of the county in which such petition
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is pending, shall direet, a trial shall be bad in said court, in the same maunner as
other eivil actions are tried, and such hearing shall take precedence of all other civil
actions.

Sizc. 4. The person so ontering upon land may tender to the party injured amends
therefor; and. if the damages finally assessed do not oxcoed 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 be the same as are ordinarily taxed,
according to the rules and practice in the superior court.

8kc. 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 sun of fifty dollars for each offense; and shall Lo liable for damages
sustained by the United States, to be recovered in an action of tort.

Approved June 5th, 1861.

GBORGIA.

{¥rom ** The Codo of the State of Georgia, 1882."]
Part I—Title I—Chapter I.
ArTICLE IIL
COASBT SURVEY,

[Act of 1847, Code, p. 155.

¢ 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 effect, the said object: I’rovided, no unneces-
sary injury be done thereby, and all damages to the owner of the land be promptly
paid.
[Act of 1847, Code, p. 155.]

.6 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,
ocannot agree upon the amount to be paid for said damages, either party may com-
plain in o summary ynanner to the nearest Justice of the Peace of the county in
which the land lies, who shall associate with him two disinterested freeholdors of
the county—one to be named by each party interested—who shall, upon lhearing the
porties, and with or without view of the premises, as they may determine, proceed
to assess and award the damages, if any: Provided, the party complaining shall give
tho opposite party ten days’ notice, in writing, of the timo and place when and
where said complaint is to be heard, and the name of the frecholdoer by him selected.

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

$ 25. (25.) (27.) Award and objections thereto.—The saiu ussessors, withiout nnrea-
sonable delay, shall file their award in tho offico of the Ordinary of the county, which
shall be conclusive upon both parties, unless objections ave filed to the same within
ten days after the filing of the award. If objections aro filed, the other party shall
bave written notice; wherenpon an issue shall he 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.]

su§ 26. (26.) (28.) Damages, tender of.—The person so entering upon lands may tender
SLCh amount as ho chooses for the damage done, and if the damages finally assessed
41l not exceed tho sum tendered, the party complaining shall pay all costs.

[Act of 1847, Code, . 158.]

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

Part IV—Title I—Division XII.
{ (a) Acts of 1865-G, p. 233.]

ful§]4619. (4529.) (41.183.) Injuries to coust survey fixtures.—Any person who shall will-

Othgror wantonly injure, deface or remove any signal, monument, building, or any

auth aipt.)endugo thereto, erected within this State by virtue of any Act of Congress

[shn;;r‘l)zmg n: coast survey, shall be guilty of a misdemesanor, and, on convietion,
¢ punished as prescribed in section 4310 of this Code.] (a)

Part 1V—Title I—Division 111,

a2t4310- (42453.) (4?09.) Punishment of acccaaorief; after the fact.—Aoccessories after the
not ’t :Xcept where it is otherwiso ordered in this Code, shall be punished by n‘fme
in the eic(}ed one thousand dollars, imprisonment not to exceed six months, to work
tics cliain-gang on tho. public works, or on such other works ns the county authori-
of theuy Omlfloy the chain-gang, not to oxcoeed twelve months, and any one or mnore
nOthinse lll)llm.shments‘mny Do ordered in the discretion of the Judge: Provided, that
Vato g herein contx.uue(l shall authorize tho giving the control of convicts to pri-
pumuli’fmons..or their employment by the county authorities in such wmechanical
of fres ;i as will bring the products of their labor into oompotition with the products
abor.

ILLINOIS.
SURVEY.
UNITED SBTATES COAST AND GHODETIC SURVEY.

An Aot relating to the operations of the Taited States coast and gsodetic survey.

erszZ::ON 1. 'I'Ie it enaoted by the People of the Stato of Illinois, reg)reaented in the Gen-
of the I‘J’"‘M.'l; That any person employed under and by virtue of an act of congress
dred 8‘m;llted States, approved the tenth day of February, oue thousand eight hun-
"mited S:et"en, and of the sup.ploments thereto, for the survey of tho‘ coasts of the
Detween ta €8, 0T, l'mder the .dn:ect,ion of congress, to form 2 g_eodetl_c connection
surveys, 1 e Aflantio and Pacific consts, und to furnish triangulation points for state
g‘llutin, ;my 1e'nt',er upon l.unds within this state, for the purpose of exploring, triau-
to cung, e:e ing, s}lrveymg, and of doing any other act which may bo Decessary
and 5 ye°“1 the Ob.le'cfa of suid 1aws, and may erect any works, stations, buildings

$ 2.p;’f :l( nges Yéqm‘tuto for that purpose, doing no unnecessary injury thereby.
ages cmme(lletgartms luto}‘ef!tetl cannot ngres upon the amount to be paid for dam-
48 provided 1 el::sby the Unitod States of America maypx'ocqed to condemn said land,
approved 4 y Anact t.o provide for the oxercise of the right of eminent domain,”

§3. 1t aupﬂl 10, 1872, in force July 1, 1872,

b‘lllding oy person shall wilfully deface, injure or remove any signal, monument,
Btructe d.'o r other property of the United States coast and geodetic survey, cou-
T used under or by virtue ot the act of congress aforesnid, 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, triangulating, leveling and doing any other
act which may be necessary to effect tho objects of said act, and may crect any works,
stations, buildings or appendages, requisite for that purpose, doing no unnecessary
injury thercby. ,

8Ecr. 2. If the parties intercsted cannot agree upon the amount to bo paid for
the damages caused by doing any of the acts aforesaid, either of them may petition
the commissioners of the county in which the land entered upon is situated, to hoar
the parties and assess any damagos, which in the opinion of the commissioners has
accrued to the owner or possessor of the land so entered upon. ) ‘

SEcT. 3. Tho commissioners as soon as may boe, ghall hear the parties cither with
or withont & view of the premises, ns tho commissioners shall deternine, and before
any hearing shall be had, shall order notice to be given to all persons interested, at
least fourteen days before the time of hearing.

Suct. 4. Tho commissioners shall file in tho office of the clerk of the district court
for said county, a report of these doings, which report shall bo conclusive upon the
purtics unless one of them shall filo within thirty days after the term of said court,
which shiall be held next after said report shall bo filed, o petition to the sx_iid court
that o trial shall bo had in the case in said court, and after notice to the opposite
yarty o trial shail be had in said court in tho same manner in which other eivil
cases are thero tried,

SEct, 5. Tho person so entering upon land as nforesaid, may tender to the party
injlll:ed sufiicient amends therefor, and if the damages finally assessod shall not
exceod the amonnt so tendered, thé person so entering shall recover his costs, and in
all other cases the prevailing party shall recover his costs.

Siccr. 6. In tho taxation and allowance of costs in tho district court upon a trial
of the caso, tho proceedings of thio said court shall hold the same relation to the
Teport of tho coulmissioners, as proceedings of the same court hold to judgments of
justices of tho peace, in cases of appoal from said jndgments, and thoe costs shall be
taxed accordingly.

8kcr. 7. 1f any person shall willully injure, doface, or removo any signal, monu-
ment, building, or any appendagoe thereto, used and constructed under and by vir-
tue of tho nct of congress nforesaid, ho shall forfeit n sum not excoeding fifty dollars
for euch offenso, to borecovered by indictment {or the uso of the person prosecuting,
and shall also bo linble for all damnages sustained by the United States of America,
to be recovered in an action on the caso in any court of competent jurisdiotion:

Stcr. 8. This act shiall take offect from and after its approval by the Governor.
Approved Juno 16, 1846.
AMENDMENT.
CHAPTER 125.
A:n Act to amend tho socond ohapter of the revised statutos, relating to the cvast survey.

p lll?o it enacted by the Senate and House of Represontatives, in Legislalure assembled, a8
otiows:

SkcrioN 1. Thesecond chapter of the rovised statutes is hereby amonded by striking
out the sighth section thereof, and inserting instead the following, viz:

) 8rct. 8. ‘The person so eutering upon land, may tender to tho party injured suffi-
ciont amends therofor, and it the damages finally assessed do not excecd the tender,
Judgment shall be rendered against the owner for costs. The costs recovered by the
Prevailing party shall be taxed us in caso of appoal from the judgment of a justice
of the peace.

8rcT. 2. This act shall take offect when approved by the governor.

Approved January 27, 1860.,
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MARYLAND.
An Aot concorning the Survey of the Coast of Maryland.

SECTION 1. Beit enacted by the General dssembly of Maryland, That it shall and may
bé lawful for any person or persons employed under and by virtue of an act of the
Congress of the United States, passod the tenth of Fobruary in the year eighteen
bundred and seven, and of the supplement thereto, at any time hereafter to enter
upon lands within this State for the purpose af cxploring, surveying, triangulating
or levelling or doing any other matter or thing which may bo necessary to affect the
objects of said act, and to erect any works, stations, buildings or appendages requi-
site for that purpose, dving ne unnecossary injury to private or other property.

SEC. 2. And bc it enacted, That in case the person or persons employed under the
act of congress aforesaid, cannot agree with tho owners or posscssors of the land so
entered npon and used 28 to the amount of damago done thereto by reason of the re-
moval of fences, cutting of troes orinjury to the crop or crops growing on the same,
it shall and may be lawful for the said parties or oither of them to apply to tho chief
justice for tho time being or ono of tho associnte judges of tho judicial districtin
which such land may bo situated, who shall thercupon appoint three disinterested
and judicious frecholders, residents of tho samo judicial district, to proceed with as
much despatch as possible to the examination of the matter in question, and the
faithful assessment of the damapges sustained by tho owners or possessors aforesaid,
and the said freeholders or a wajority of them, having first taken and subscribed an
osth or affirmation before the chief or associate justice aforesaid or other pergon daly
authorized to administer the samo, that they will well and truly examine and nssess
as aforesaid, and hoving given five daya notice to both parties of the timo of their
meeting, shall proceed to the spot, and then and there upon their own view aud if
required upon the evidenco of witnesses, (to bo by them sworn or affirmed and exam-
ined) shall nasess the said damages, and shall afterwards make report thereof and
of their proceedings in writing under their hands and seals and file the samo within
five days thercafter in the office of the clerk of the county in which the land afore-
snid is situnted, subject Lo 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 rande as afore-
said, if no appeal as aforesaid be taken, shall be held to be final and conclusivo as
between the said parties, and the amount so assessed and reported sball be paid to
the said owners or possessors of the land so damaged within twenty days after the
filing of said report, and the said chiof or associnte justice as aforesnid, 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 he shall think equitable
and just, which allowance shall be paid by tho peraon or persuns employed under
tho 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 connty
court aforesaid, ensuing upon and after said appeal, and it shall be lawful for either
party immediately after the entry of such appeal, to tako ont summons for such wit-
nesses as may bo necessary to be examined upon the hearing aforesaid, and the said
court shall have power in its diseretion to nward costs ngainst which over the final
judgment shall bo entered, and such appeal at tho option of either party may and
shall be heard beforo and tho damages assessed by a jury of twelve men to be taken
from the regniar pannel and elected as in other cases.

SEC. 3. And be it enacted, That if any person or persons shall wilfully injure or
deface or remove any signal, monument or building or any appendago thereto, erected,
used or constructed under and by virtue of the act of congross aforesaid, such per-
son or persons 8o offending shall severally forfeit and pay the sum of fifty dollars,
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 tle county where the person so
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:ﬂ'euqing' may reside, and shall also be liable to pay the amount of damages theroby
W8tained, to Lo recovered with costs of suit in an action on the case, in the name

g?dt‘for the use of the United States of America in auny court of competent juris-
ction, :

Passed March 9, 1842.

COMMONWEALTH OF MASSACHUSETTS.

CHAPTER 192,

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

a-nge it enacted by the Senate and House of Representatives, in General Court assembled,

by the authority of the same, as follows:

Unil:c;' 1. Any person émployed under and by virtue of an act of the Congress of tho

Beve: States, passed the tenth day of February, in the year eighteen hundred and

pur (; and the supplement thereto, may enter upon lands within this State, for the .

Whiléhse of exploring, surveying, trinngulating, levelling, or doing any other act

statio Tuay I‘)e Decessary to effect the objects of said act, and may erect any works,

: ujur 18, buildings or appendages, requisite for that purpose, doing no unnecessary

¥ thereby, _
m::T' 2. If the purties interested cannot agree upon the amount to be paid for the
o coges (.3!1-1'180(1 by doing any of tbe acts aforesaid, either of them may petition

. ml!usmoners of the county in which the land entered upon is situated, to hear

crstl(rltles and assess any dumages which, in the opinion of the commissioners, has

Svc: to 't}m owner or possessor of the land so entered upon. o )

or ‘\:it}; 3. lhe‘ commissioners, as soon &s may be, shall hear the parties either with

any by Ol'lt & view of the premises, as the commissioners shall determine, and before
cast f:l‘lng shall be had, shall order notice to be given to all persons interested, at
Sty ll:teen days before the time of hearing.

“CT. 4. The commissioners shall file in the office of the clerk of the court of com-
Upon thM for .snid county, a report of their doing‘s, x‘vhich‘ report shall be conclusive
saiq cme Pu-l‘tl.es, unless one of them shall file, within thirty days after the term of
suig co“’t: which shall be held next after said report shall be filed, a peti?ion to the
°Ppositurt’ that o t'rinl be had in the case in said court; and n.fter.notlc‘e to the
eivil cn: party, a trial shall he had in suid court, in the same manner in which other

©s are there tried.

i“‘;:ﬁz 5. Th.o peraon so entering upon land as aforesaid, may tender to the party

excéed ,t ;uf’licmnt amends therefor, and if the damages finally ussested shall not

in g Othe umount so tendored, the person so entering shall rocover his costs; and,
neT 6""1011808, the p.revniling party shall recover his costs.

% trig] ;)f'tl o t~he taxation and allowance of costs in the court of common pleas,‘ upon
@ Toport 1@ case, the proceedings of the said court shall hold the same relation to
justiog of the commissioners, as proceedings of the same court hold to judgments

® taxeq :c(::t(;rtdhie Pleuce, in cases of appeal from said judgments, and the costs shall
ngly.

ms:tc::_‘l 1I.f any person shall wilfully injure, deface or remove any signal, monu-

Virtn’e oflt‘hmg, or any nppendage thereto erected, used or constructed under and by

Cach offe, ¢ uct of Congress atoresaid, ho shall forfeit the sum of fifty dollars for

ang Shull’cle’ to bt.s rocovered by indictment, to the use of the person prosecuting;

o recou ?0 b? liable for all damages sustained by the United States o_f Ameriva,
Skcr. g V"i‘li:!‘d In an action on the case, in any court of competent jurisdiotion.

O 18 act shall take effoct from and after its passage.

A
PPIoved Ly the Governor, March 25, 1845,

ac

oy p]e
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MINNESOTA.

Cruarrer 60.
[S. F. No. 210.]
An Act to provide for surveya authorized by Congreas of the Unitod States in the State of Minnesata.

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

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

Siic. 2. If the parties interested cannot agreo upon the amount to be paid for
damages caused thereby, either of them may petition the district court in the county
in which the land is situated, which court shall appoint a time for o hearing 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,

Src. 3. Thoe person so entering upon land may tender to the injured party dam-
ages therefor, and if, in case of petition or complaint to the court, the damages
finally assessed do not excoed the amount tendered, the person entering shall recover
costs; otherwiso, the prevailing party shall recover costs.

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

Sec. 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 virtue of the act of congress aforesaid, he shall forfeit a sum
not exceeding fifty (50) dollars for each oftense, and shall 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.

Skc. 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 Stato of Missouri, the interests of the United
States, and porsons engaged in the trjungulation of the State ot Missourl, under an ot of Congreas
to form o geodetic conuection hetween tho Atlantic and Paciflc Coasts.

Be it enacted by the General Assembly of the Stale of Missouri, as follows :

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

S8ECTION 2. If the parties interested canuot agree upon the amount to be paid for
damages cunsed thereby, either of them may petition the County Court in the county
in which the land is situated, which court shall appointa time for 4 hearing as sooB
a8 may be, and order at least fourteon days’ notice to be given to all persons inter-
ested, and, with or withont » view of the premises, as the Court may determine, heaf
the parties and their witnesses and assess damages.
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SEcTION 3. The person so c¢ntering mpon land may tender to the party injured
amends therefor, and if, in caso .of' appeal to the connty court, tho damagos finally
assessed do not exceed the amount tendered, the person entering shall recover costs;
otherwise the provailing party shall recover costs.

8rcrioN 4. The costs to Le allowed in all snch cases shall bo the same as allowed
according to tho rules by the circuit court. '

SEcTION 5. Whosoever wilfilly injures, defnces or removes any signal, mounn-
ment, building or appendago thereto, erected, used or constructed under said acts
of Congress, shall forféit a sum not excesding fifty dollars for each such offence, and
shall be liable for damages sustained by the United States in consequence of such
injuring, defacing or removing, to be recovered in an action before the circuit court
of the county in which such offense is committed.

SeCTION 6. Any party to the proceeding under the provisions of this act, who
ay 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; Provided, that no appeal herein pro-
vided for shall provent the continuation of the work referred to in this act.

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

Approved March 9, 1872,

STATE OF NBW HAMPSHIRE.
CHAPTER 337.
An Act relating to the survey of the coasteof New Hampshire.

8EcTION 1. Bo it enaoted by the Senate and House of Representatives in General Court
Convened, 'I'hat any person employed under and by virtue of an act of the congress
of the United States, passed the 10th day of February, one thousand cight hundred
And geven, and tho supplements thoreto, may enter upon lands within this state for
the purpose of exploring, surveying, triangulating, levelling, or doing uny other
act which may be necessary to effect the objocts of said acts, and may erect any
Works, buildings, stations or appendages requisite for that purpose, doing no unnec-
tssary damage thereby. '
810, 2. If the parties interested cannot agrec upon the amount to be paid for the
Smages caused by doing any of tho nots aforesaid, either of them may petition the
$0urt of common pleas for the county in which the land entered upon is situated,
OT an assessment of ssid damages, who shall refer the same to the road comuis-
8toners for guch county, who shall hear the parties and make report, as in the case of
fissessing damnges for land taken for highways, upon which the court shall render
a“dgment as in other cases: Provided, that cither of the partics dissatisfied with the
Mount of damages so assossed may appeal to the court of common pleas next to be
°l_d0n in snid county and not afterwurds, nud thereupon said court shall assess the
Smagey of such party by a jury.
injslfc' 3. ’1‘?1(? person so ontering upon land as aforesaid may tender to the.party
Bx'(- red sufficient nmends therefor; and if the damages finally assessed shall not
in ‘eed the amount so tendercd, the person so entering shall recover his costs, and
4l cusos the party prevailing shall recover his costs.
e ke 4, .If any person shall wilfully deface, injure or remove any signals, monu-
s, buildings, or ahy appeudage therato, used or constructed under and by virtuo
o ::0 acts of congress aforesaid, ho shall forfeit the sum of fifty dollars for each
alag ﬁe: '(.50 bs recovered by indioctment to tho use o.f tho party prosecuting, and shall
ereq iO liable for all damages sustained by the United States of Amorioa, to bo recov-
1 an action on the case in any court of competent jurisdiction.
BC. 5. This act shall take effect from and after its passage.

APproved, June 30, 1846.
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CuarTeERr XXIX.
An Act in co-oporation with the United States Coast Survey, in the triangulation 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 heroby authorized to set such
signals as may be necessary to render this survey complete, and of the greatest 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 the sums 8o expendod.

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 been proviously approved by
the governor.

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

Approved July 3, 1872.

NEW JERSEY.

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

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 euntitled, *“An act to provide for surveying the coasts of the United
States,” passed the tenth day of Febraary, in the yoar of our Lord eighteen hundred
and seven, at any time. hereafter to enter upon any lands within this state, for the
purpose of exploring, surveying, or levelling, or doing auny 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 that purpose, doing no unneces-
sary injury to private or other property.

S8EcTION 2. And be it enacted, That in case the person or persons so employed under
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 persons so employed, or the owners or
possessors of the said lands, 10 apply to one of the justices of the supreme court of
this state, who shall thereupon appoint three disinterested and judicious freelbolders
resident in the county wherein the said lands do lie, which said frecholders, having
first severally taken and subscribed an oath or afirmation, before some person duly
authorized to administer the same, faithfully to examine the mattor in quostion, and
assess the dumages sustained by the owners or posscssors of the lands so occupied,
by reason of such occupation thereof, according to the best of their skill and under-
standing; and the said freeholders, or a wajority of them, having given to the
owners or possessors of the«said lands, and to the person or persous 8o employed,
five days’ notice of the time and place of meeting, shall proceed upou the testimony
of witnesses, to be by them sworn or affirmed and exawmined, or upon their own view, .
or both, to assess the said damages; aund shall make report thereof in writing, under
their hands and seals, and filo the samo within five duys 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 Do finnl and conclusive, and the amount so assessed and
reported be paid to the said owners or possessors of the asid 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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manner as if this act’had not been passed; and the said justice of the said supreme
court shall, on application of cither party, tax and allow such costs, fecs, and
expenses, to any person or persons performing any of the duties prescribed in this
act, as he shall think equitable and just, which shall be puid by the person or per-
sons employed under the said act, within the time above limited.

SkcTiON 8. And be it cnacted, That, if any person or persons shall wilfully injure,
deface, or remove any signal, station, monuwent, or bunilding, or any appendage
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 slinll severally forfeit
and pay the sum of one hundred dollars, with costs of suit, to be sued for and rocov-
ered by any person who shall tirst sue for the same in any court having cognizance
thereof; one half thercof for the use of the said proseccutor, and the other half
thereof to be paid to the overseers of the poor of the township in which the offence
was cowmmitted, fur the use of the poor of said township, and shall be also liable to
pay the amount of damages thereby sustained, to be recovered, with costs 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 j urigdiction. )

SrcTioN 4. And be it onacted, That this act shall go into eflect immediately after
the pussage thereof.

Pagsed March 11, 1841,

OHIO.
An Act relating to surveys suthorized by the congreas of the United States, in the state of Ohio.

BrCTION 1. Be it enacted by the General Assembly of the State of Ohio, That any person
employed in the oxecution of auy survey authorized by the congress of the United
Stutes, may enter upon lands within this state for the purpose of exploring, trian-
gulating, leveling, surveying, and of doing any work which way be necessary to
carry out the objects of existing laws, and may establish permanent stations, marks,
and erect the necessary signals and temporary observatories, doing no unnecessary
Injury thereby.

8Ec, 2. If the parties interested cannot agree upon the amount to be paid fordam-
agos caused thereby, either of them may petition tho probute court in the county in
Wwhich the land is situated, which court shall appoint a time for a hearing as soon as
gy Yo, and order at least fourteon duys’ notice to be given to all parties interested,
and with or without & view of the premises, as the vourt may determine, hear the
Darties and their witnesses, nnd assess dumuges.

8EC. 8, The person so entering upon land muy tender to the injured parties dam-
4ges therofor, and if, in case of appeal to the probate court, the damages finally
88sesged do not excoed the amount tendered, the persons entering shall recover coste;
Otherwise the prevailing party shall recover costs.

SEC. 4, Tho costs to bo allowed in all such cases shall be the same a8 allowed
fccording to the rules of the court.

Snc. 5. 1f any person shall wilfully deface, injure, or remove any signal, monument,

Uilding, or other property of the United States coast survey constructed or nsed
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 liable for damages sustained by the

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

81 action in the case in any court of compotent jurisdiotion.

EC. 6. This act shall take offect from and after its passage.
JaMmes E. NEal,
Speakor of the House of Representatives.
JaMEs W. OWENS,

President pro tem. of the Seaats.
Pussed April 14, 1879.



14 U. S. COAST AND GEODETIC S8URVEY,

OREGON.
An Act relating to Surveys Aunthorized by the Congress of the United States in the State of Oregon.

Be it enacted by the Legislative Assembly of the State of Oregon :

SEcTIoN 1. Any person employed in the execution of any survey authorized by the
congress of tho United States may enter upon lands within this State for the 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 permancent
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.

SecTioN 2. If the parties interested cannot agreo upon the amount to be paid for
damages caused thereby, cither of them may petition tho county court iu the county
in which tho land is situated, which court shall appoint a time for n hearing as soon
as may be, 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 damages.

8rctioN 3. The person so entering upon land may tonder 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 tendored, the person entering shall recover costs; othor-
wise tlie prevailing purty shall recover costs.

SECTION 4. The costs to Le allowed in all such cases shall be the same as allowed
gccording to thie 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, he shall forfeit a sum 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 G. Inasmuel as there is no law on this subject, this Act shall be in force
from and after its approval by 1he Governor.

Approved February 25, 1889,

SOUTH CAROLINA.

An Act relating to the Survey of the Coast of South Carolina under the authority of the United
States. No. 8021.

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 virtue of an Act of the Congress of the United States, passod the tenth day
of February, in the year of our Lord ono thousand sight hundred and seven, and the
supplements thercto, may onter upon lands within this State, for the purpose of
exploring, surveying, triangulation, leveling, or doing any other act which may Le
necessary to effect the obﬁect of the said Act of Cougress, doing no unnecessary injury
thereby, so thut the dwelling house, yard, garden, gravoyard, or ornamental trees,
of any person be not invaded without his consent: 4nd provided, that before snch
entry. the person so employed as aforesaid, shall enter into Lond, with suificient
security, in such sum as may be agrecd upon by and between the said persons so
employed us aforesaid, and the owner of the said lands, conditioned to pay whatover
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 same may be determined by any Judgo
of the Court of Contmon Plens of this State in chambers or open court, upon applica-
tion to him, after ten days’ notico to the opposite party, which application may be
supported or answered by afidavit.
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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, citherof them may potition the Court
of Common Pleas for the districtin which the damago has been done for the appoint-
Nent of five commissioners, & majority of whom shall value and fix the amount of
t%‘e said damago, cither upon view or upon competent testimony, as the said commis-
8loners may deem best,  And tho said commissioners, before they act, shall severally
tuke an oath Leforosome magistrate, faithfully and impartislly to discharge the duty
assigned them, and shall roturn their proceedings, with o full description of the dam-
4go done, under the hands and seal of a majority of them, to the Court from which
the connnission issued, there to remain of record.

IIL. In caso cither party shall appeal from the valuation of thoe damage so fixed by
tle said commissioners, or o majority of them, to the Court at its next sitting there- -
ter, anq give fifteon days’ notice to the opposite party, of such appeal, the Court
Sball order a new valuation to bo mado by u jury, who shall Lo charged therowith in

6 8ame torm or as soon as practicable, and their verdict shall be final and conolu-
81ve botween the parties, unless 1 new trial shall be granted.

Iv. 1f any porson shall wilfully and maliciously destroy, or in any manner hurt,

Amago, or obstruet, or shall wilfully nnd maliciously cause, or aid, or assist, or coun-
8¢l or advise any other person or porsons to destroy or in any manuer to hurt, dam-
8¢, injure or obstruct any signal, mouument, building, or #uy appendage thereto,
Used or constructod under and by virtne of tho Act of Congress aforesaid, ho shall

¢ linble to Lo indicted ‘therefor, and on conviction shall bo imprisoned not more than
°‘n° Tnouth, or pay a fine not excoeding fifty dollars, or both, at the discretion of tho
ourt Liefore which such conviction shall take place, nnd shall be further liable to
an 811 expenses of repairing the same, and it shall not ho competont for any person

o °ﬁending, to defend himself, by pleading or giving in evidence that he was the
olvller, or agent, or servant of the owner of the land where such damage was done

Caused at tho time the snwo was caused or done.

N the Senato House, the soventeenth day of Decomber, in the year of our Lord
e thOllsaud, oight hundred and forty-eight,' and in the seventy-second yoar of the
Y¥ereignty and Independence of the United States of America.
R. . W, ALL&TON,
President of the Senato pro. tem.
W. F. CowLcock,
Speaker of the House of Representatives.

on,

TENNESSEE.
Cuarrir XXIV,

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

ef:OC:ION 1. Beit cnacted by the chlci'aY Assembly of the State of ]‘cnncsa('f, That any

A5 :ll]nployed under and by virtue of an Act .of Congress of the United St{ttes,

aupplel 6 tenth day of February, one thousand eight hundred and seven and of the
tig hents thereto, or under the direction of Congress to form a Geodotic connee-
State ;tweell the Atlantic and Pacific consts, and t(? furnish trinngulation points for
fng tr,"r"e.\'s; may eoter upon such lunds within this State for the pnrpose of explot-
nec' . ‘angulating, leveling, surveying and of doing any other act which mauy be
ary to earry ont the objocts of said laws, and may crect any works, stations,

bll' .

ilq ; . . -

)“.1_( llngs and appendages requisite for that purposs, doing no unnccessary injury
by,

—

1 Sevon.
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Skc. 2. Be it further enacted, That if the person or persons, over whose lands the
survey has been made, or upon whose lands monuments, 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
damage may bo ascertained in the maunner provided by Chapter 11, of Title 8, Code
of Tennessee, providing for taking private property for public uses.

SEc. 8. Be 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-
said, he shall forfeit a sum not exceeding fifty dollars for each 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 enaoted, 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 snd
seven, and the supplemoents thereto, may enter upon lands within this state for the
purpose of exploring, surveying, triangulating, levelling, and doing any other act
which may be necessary 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 purposé,
doing no unnecessary injury thereby.

8Ec. 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 plice where he will heaf
the parties in such petition; and such judge may appoint three judicious and dis
iuterested persons commissioners to ascertain thoe damages to such land-owner:
And such commissioners shall notify the parties interested, und shall proceed t0
ascertain and appraise the damages to the land-owner, and shall muke a mpol‘t
thercof to the county court then next to be held in the same county; and said court
may, for sufficient reasons, accept or reject said report, in whole or in part, aud msy
render judgment in favor of the person intercsted in the land for such damnges 89
it shall appear ho has sustained, and may tax costs as said court shall judge just
and equitable, and shall issue execution therefor.

Sgrc¢. 8. The person so entering upon the land and doing any of the acts aforesaids
may tender to the parties injured sufficient amends therefor, and if the dnmage®
finally assessed shall not exceed the amount so tendered, the person so entering sha!
recover his costs, '
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81c. 4. If any person shall wilfully deface, injure, or remove any signals, monu-
ments, buildings, or any appendage thereto, used and constructed under and by
virtuo of the acts of Congress aforesaid, o shall forfeit a sum not excoeding fifty
dollars for each offense, 'to Lo recovered by indictment for the nse of the party
Progecuting, and shall also be liable for all damages sustained by the United States
of America, to Lo recovered in nn action on the case in any court of competent
Jurisdiction. '

Sec. 5. This act shall take effect fromn and after its approval by the governor.

Approved November 8, 1870.

VIRGINIA.
Laws oF VIRGINIA PASSED IN 1843-4—PaAcGr 65. Cuarrenr 85.

$ 1 of TitleI, Chap. 2. refers to *“ Places purchased by the United States for forts
and other Luildings.” :

§ 2. Any person employed under the act of congress providing for a survey of the
Goasts of the Unifed States approved the tenth of February, eightecn hundred and
8even, or under any nct supplemental thercto, may, for the purpose of exploring,
Surveying, 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 effcct those objects.

$ 8. The damages sustained by removal of the fences, cutting of trees, injury to the
Crops, or otherwise, if the same Le not agreed upon, shall be nscertained either on
the application of the person so employed, or of the owner or possessor of the lund,
35 follows, that is to say: notice shall be given by one of them to the other for ten
days that ot o certain time and place he will apply to a justice to appoint persons
to nssess the damages. Upon its being shewn to the justice af such timo and place
that such notice has been given, the justice shall appoint three intelligent, disinter-
®ted and impartial freeholders to mnke such assessment. They shall bo duly sworn,
8nd after giviug five days’ notice of the time of their meeting, both to the applicant
“'fld the other party, shall go upon the premises, and then and there, upon their own
View anq the evidence of such witnesses ns may be adduced, to Le by thom sworn
8nd examined, shall assess the damages.

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

¢ 8ame within five days thereafter in the office of the clerk of the court of the
co“nty wherein tho land is situated.

$ 5. Within ton days after the sume Dbe filed, either party may file with the clerk a
Written notice stating that he appeals from the assessment to the county court.

§8. If no such notice Le filed, the county court shall at the first term thereafter
Confirm tho roport, make & reasonable allowance to the frecholdors for their services,
804 order paymeont to be mado of the amount so assessoed, of such allowance, of the
Ofcory fves and of what tho witnesses may be entitled to for their attendance.

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

480 shall Yo Leard. If either party desire it, a jury may be impanelled to assess
® damages; but if this bo not asked, tho court shall itself hear tho witnesses and
nl_uke such nassessinent as may seem to it proper. Aund tho court shall give such
Tections in regard to the costs as it may deem right.
031)8-. If any porson shall wilfully injure, deface or remove any signal, monument
uilding or any appendago thereof, erected, used or constructed under the act of
Congrogs aforesaid, such porson shall forfeit fifty dollars to any person who shall

::::tf‘;r the sume, und shall ulso be liablo to the United States for the damnnges thereby
fined,

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 be lawful for any person or persons employed under and
Ly virtue of an act of the Congress of the United States, passed IFebruary the tenth,
une thousand eight hundred and seven, and all acts supplementul thereto, at any
time hereafter to enter npon lands within this state for the purposo of exploring,
surveying, trinngulating or leveling, or doing any other matter or thing which may
be necessary to c¢ffect the 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 be lawful for the said parties, or cither of them, to apply
* to the circuit court of the county to have the snme condemned, and such application
shall be proceeded in, tried and determined, in all respects, us provided in chapter
forty two of the code of West Virginia.

3. That if any person or persons shall wilfully injure or deface or remove any sig-
nal, monument, or building, or any appendago thereto, erccted, used or constructed
under and by virtue of the act of congress aforesaid, or any sct or actssupplemental
tlhereto, such persons so offending shall severally forfeit and pay the sum of fifty
dollars with the costs of suit, to bo sucd for and recovered by any person who shall
first prosecuto the saye hefore any justice of tho peace of the county where the per-
son 8o offending may reside, and shall also he liable to pay the amount of damuges
thereby sustained, to be recovered with costs of suit in an action.on the case, in the
name and for the use of the United States of Awmerica, in uny court of competent
jurisdiction.

Passed March 14, 1881,

Approved March 16, 1881.

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

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



APPENDIX No. 2—1893.

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 und report by CuarLEs A, SCHOTT, Assistant und Chief of the Comput-
ing Division.
Submitted for publication August 29, 1893.

The report which 1 have the honor to submit herewith gives the
resulting heights from geodectic 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 1830, Assistant Braid explains the
Inethod of leveling then in use, 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 ot 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-
nent being as near as may be midway between them. This method
Was afterwards found unsatisfactory and was superseded in 1885 and
1886 by the better one of running 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 lhine starts from the Coast and (ieodetic Survey
bench mark J 3, a8 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 K, kuown 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 Missour: Pacific Railroad track to New Haven.
and a few miles beyound 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, 1945
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 Iitlah between October 15 and December 6, 1882, and
Assistant ;. 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 Il and F are of the pattern shown on plate
23, Coast and Geodetic Survey Report for 1879, Appendix No, 15.
Assistant 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 oncs,



—
[~

PART II.

FOR 1893

REPORT

D spoa jo sqi3ud| 10j suosuedmor) ‘3oejns Bunroddns jo 1eam 03 I JBYY puB‘IgRI ISN.

-1eynbrey ‘H £q paindwmos pue ‘zggrt ‘of 1sn3ny puw ‘oggr ‘1z 13quardsg ‘yrer) °f *f £q spEW 2194 (7 pUE
ny a1 i poi 0} UIPIIIE UE 03 NP 18y} 1d30Y3 UORINIISU0D 112Y1 3ouLs a3ueyo Aus auod

Z19pun 3A¥Y SPO1 I3} JO SUON -GOREIIPISUGD OJU} JWOD AJUEUIPIO JOU SI0P ,, I[BIS SSEIQ ,, Y] JO 019Z Y} PUE SPOI 31 Jo jutod [BUIUIAN I3 UIIMIAQ F0IIIPIP ST ‘N

‘gLz *d ‘tggt 103 1oday *¥1 ‘oN xipuaddy 29s ‘srenotued 10, 1
3 d !

*uaj01q |3a3] 3oIpLNs Jo 3qni oY) ‘gg8l .3:% ut L)yifenbaut 1e((00 BuraImIIIGP UIYM PISN 4

-prery -v £q sp10221 woiy teynbiey “H Aq paindwod sE *zggr*auny o3 188t ‘judy pouad syj ut 10°,1 NG SBM I] 4

EEO.O@ »M E2) 19 iR} 1 Iv q
wat.09 ‘(. ‘Ar{ ., Lel ,) D
EEOhh .A i3 EX] I 1 ZV.Q‘
wae-LL “(gggl ‘Anf pue ‘ady ur) ' jo *1102 X3pU] | mmO-19 ¢ " 4
i wm0.¥9 ‘(€881 “1O) 7 Jo '110d Xapuy
M”MMQQWWHM .omw,Um w_wﬂwwmww 10§ sse1q jo uowsuedxa jo JuUIDYR0)
wh.¥r, 4 I wm i ” »wd
b1l m. o ” ” ¢' wo RAd ”» " b
w122y o LoXl, o, »w& *3 6.,81 pue L.,9I 10 "YE] 1.,09 PUE 1°5Z9

3 ¥.,61 10 “ye,] 0.,L9 T prepurIs st !y jo uonenpeid sy,
-(Lgg1 10j "day ‘6 -oN 'ddy 33s) Buop w€ yoes 21e (7 ) ‘g ‘'p spoy

3y v.oz
PRI
‘[g,—08,~6.g1 ut{ uosuIp
wuewNL,
£ paurunaiap
S.0il82 $‘pardope anpey
L.,00 b1 ouersip requduy

*speaIyy 101awa3) Jueisipinha sa1y ]
‘grgl1‘o1 L[ ‘61'g1-1dy ‘uoisutpy ‘1 £q p,wIapg
‘1¥.,,0 pue £o.,,0 ‘|Jews pus-Pa{qO)

@831 ‘UOIRUIULISNIP DY)
@8I ‘L1 pue Z "idy ‘uojsuipy .~TQ pourRia(l

L.,z 1[2A5] parequeyd ,, 4,
(129914 [3A9[ Surpuis jo anjey
9.5z 3321da45 J9mo0d-mo] YIIm pasn)
tw0-1¥

waf. ¥

E QN JIRIT AJHUOLIY 20921020

}

3¢ (33ua[ piepuels Jo S1 Spo1 as3Y) Jo uonenpesd oy,
*Buof wf Yoea are  pue 7 spoy
*adoosapay Jo pua-ioafqo Juissaid

*3d03sa[a1 jo pua-103(qo ssaxdap suiny Suisessou] | -ap 03 puodsdIIed "WOIIML JO 5,2 put § 7 BuISEaIdu]

3y Yoz . 3y v.o1 ‘puels pue uswWNNSUT Jo YA
-Zaer ur { UOKTIAL ‘6181 ‘€z ‘12 Aely
881 W peanop ! ‘preag 'y pue‘Ligr “idag pue-Sny ‘uurumty, 110
«q pauiuayap : £q pavtuunep
*6.,,2vY pue

S.,/LS¢ tpaidope aney | 1.,,£¥P “wordiw jo SUOISIAIP COI=-WIn} I JO SN[BA
€.,,5¢ 91 »» »s 5y 10MOT]

£.,/6 ,01 ‘oueisip remduy | L.,,25 ,91 ‘pearyy ajppiwt 03 zaddn

‘saut] Japids eyuozuoy £ jo wderydelp 1ajowafa],

*SpEaIY) 193oma[3) Jueisipnba saryy,
'ZQYI 6 *03(] ‘preug "V Aq pauruuala(f

-g881 ‘o1 Anf ‘g1 -1dy ‘uoisuipy I £q pauruLIala(q

bz.,,0 pue §z.,,0 ‘adrz] pua-alqo | vL.,z x‘a51e] pua-Pafqo ‘Anrenbaur avfjon

+Lgg1 ‘z :ady ‘map) g [ £q paurtwiapqg _ 6481 ‘Sz "ady ‘prexg -y £q pamiuLIaa(y

L£.,,€ 6z.,,5 ‘{2431 Sutpwis Jo "Alp I jo anfep
9.5¢ ‘a0a1dafs 1amod-mop yim pasn | 9z ‘adoasajay jo 1amod Surkjrudery
a0- 1P wal.ob ‘adoasapay jo yiduaf jeoog
ST 4 w>S-E ‘adoosajay Jo sanuady

T QNS JAT AIIUOLILY FIIPO03,

‘2 ON JAIT APIIUOLINY I2I9E07D



22 U. S. COAST AND GEODETIC SURVEY.

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.
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26 U. S. COAST AND GEODETIC SURVEY.

Description of primary and secondary bench marks between St. Louis, Mo., and Etlah, Mo.

K,.—This maik 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 that locality, 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 East St. Louis, IIL, and J,, on the western land pier of the bridge,
were placed, as near as possible, on the same level with the City
Directrix mark K, (See C. and G. Survey Report for 1852, p. 554;
also report of the Miss. River Commission for 1883.)

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. XI.—Is cut on top of the south side of the west abut-
ment of the Missouri Pacific Railroad bridge at Allenton, Mo. It
i3 marked thus: B o M.

U.S.C.%G.S.
B. 4 M.
M

3
1882

Ing. 2,

Secondary B. M. XIL.—Is a cross on the head of a copper bolt inserted
in the face of 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 B. M. 1,—Is cut on the horizontal surface of the stone ledge
under the windows of the east face of the German Catholic chureh
at Washington, Mo, It is marked as shown in fig. 1.

Primary B. M. M3.—Is cut on the northeast corner of the building
occupied Dy the ¢“New Haven Merchandise Company,” at New
Haven, Mo. The building stands a short distance south of the
Missouri Pacific Railroad track and west of the railroad station.
The B. M. 1s marked as shown in fig, 2.
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Secondary B. M. XII1.—Is cut on the north side of the east abutment
of railroad culvert (Mo. Pac. R. R.) about onc-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. Pac.
R. R.) about one-fourth mile east of Ltlah Station, Mo. Itis

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

£

(See route diagram.)
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Deac?‘ipt-iow of primary and sccondary bench marks between Ltlak, Mo., and vicinity of
Jeflerson City, Mo.

Secondary B. M. XV.—Berger, Franklin County, Mo. A linestone
post 1-7 feet long, rough at the bottom and dressed to 6 by 6 inches
at the top to a depth of G inches, was used as this B, M. Itisburied
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 fvet from
the southwest corner of the house. This house is quite close to the
track of the Missouri Pacitic 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. '

Primary B. M. N,—Hermann, Gasconade County, Mo. A cross cut
on the northeast corner (east side) of the stone foundation of the
“White House” hotel, 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 bench was marked a8

U. 8.

. +
follows: B. M.
N..
1588, :

‘g"cOndary B. M. XVL-_Gasconade County, Mo. This bench'is the
bottom of 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 stone a cross is cut with the letters B. 4 M.

B. M. X VI is 0-750 metre east of this, on the same stone. 1t ison
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
follows: D >

Se B. M.

condary B, M. XVII,.—Gasconade County, Mo. This bench is the
bottom of a square hole cut.in the top of the middle stone pier of
the Missouri Pacific Railroad bridge over the Gasconade River.
U. s
1t is south of the track and marked as follows: O M

‘SeCOndary B. M. XVIII.—Gasconade County, Mo. This bench is the
bottom of a square lole 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
dwelling and storehouse at Gasconade Station. The post is about
07 metre from the southeast corner of the Liouse, which is situated
about 100 feet south of the Missouri Pacific Railroad and about

8. Ex. 19, pt. 2—3
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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. 8.
the ground. It is marked on top: o
B. M.

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

U. 8.
marked as follows: 0
B. M.

Primary B. M. Oj.—Chamois, Osage County, Mo. This bench is the
bottoin of a square hole cut in the top of the stone across the bot
tom of the side door to the saloou on the northwest corner of Main
and Pacific strcets. This door is on the Pacific street side and
faces the railroad. The building is a two-story brick, with imiti-
tion stone foundation. The bench is near the west side of the doof

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

03.
1888, )
Secondary B. M. XX.—St. Aubert, Osage County, Mo, This bench 18
the bottom of a square hole cut in the top of the stone abutment©
the Missouri Pacific Railroad bridge across Creek, opposit®
the village of St. Aubert. The bench is on the cast abutment, ap
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 tb®
north side of east abutment of the first trestle west of mile post
106 on the Missouri Pacific Railroad, and is about 1 mile west 0
St. Aubert Station and between it and Isbell Station. The B. M: 18
a spot surrounded by a square trench (about an inch square), with

T S8
the letters 0O rudely and slightly cat.
B M

Secondary B. M. XXII.—Isbell, Osage County, Mo. This bench is the
bottom of a square hole cut in the top of the stone abutment ¢
the Missouri Pacific Railroad bridge over Loose Creek. It 18
on the east abutment, and is north of the track, It is situated o%
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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 S
one-half a mile east of Isbell Station. Marked as follows: BDM
"The stone is o soft sandstone and the letters are roughly cut.

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

"4 iuches. The mark is a square cavity in center of projection, and
has on upper surface U. S, o0 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.

becondar y B. M, XXJIII.—This B. M. is the sarface of the stone inside
a square (0) cut on top of the fourth pier (from east bank) of the
Missouri Pacific Railroad bridge over the Osage River at Osage,
Mo. The B. M. is under 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 6 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

s

]

B M
- Secondary 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 8
River and the Moreau Creek. The letters 0O  arve. placed thus,
B M

the post is lettered as follows:

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

Acouracy 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 1-9
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 ‘

T, = 0'675\/[5{?]
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and the probable error for height of a terminal point at the distance
S={s] will be

i

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 is 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 more correct value.

We have [dd|=695-1 and [s]=116-2;
hence r,, = -- 0-83" and adding one-fourth, the corrected value
= £ 1:04"", also r= |- 11:2mm,

In the line between New Haven and vicinity of Jefferson 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]=84'4; hence »,,= 4+
0-98™m and r= &+ 9:06m™,

[dd)
287
leveling of one kilometre, after increasing the » by its fourth part

) m,= £ 216"
and for second part m,= :{: 2:06

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

4 11°2 4- 91 = . 1dedomw

Also for first part of line m,= or the meay error of a single
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APPENDIX No. 8—18938.

PHOTOTOPOGRAPHY AS PRACTICED IN ITALY UNDER THE AUSPICES
OF THE ROYAL MILITARY GEOGRAPIICAL INSTITUTE, AND AS PRAC-
TICED IN THE DOMINION OF CANADA UNDER THE AUSPICES OF THE
DEPARTMLENT 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. FLEMRiR, Assistant.

PREFACE,

A topographic survey of a large area or of an entire country has

€en 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-
Cuted 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
80 unevenl y distributed over the same that the methods to be employed

% such a survey should also be diversified; the character and value of
e 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 nute 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 seale.

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) slhould 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. It is used chiefly for architectural purposes
(remodeling, illustrating, copying, ete.),

The term phototopography 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 be 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 conceise
description of the general methods and principles of phototopography
as practiced in Burope 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 PIOTOGRAPHIC 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 astigimatic aberration as much as possible aud giving
a uniform extension of definition and depth over a strietly 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 ot 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 object8
thus represented, for instance, to construct the elevations and ground
plans of buildings, machines, and the like from photographs 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 coustruct therefrom, graphically, a
topographic map of the terrene, projected in horizontal plau. 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 by 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,.

Thoe 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 infinite 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 a sufficient number of stations in space to envelop the irregu-
larly formed object in question.
 Regarding a photograph as a geometrically true perspective, photo-
grammetry will be the art of reconstructing geometrical horizontal
Projections from given perspective views.

o The theoretical fundamental-prineiples—apu which such reconstrue-
lons rest were known -M but the first practical
Application of the same whsanade-by-3ic celebrated French savant

:lld bydrographer, Beautemps-Beaupré, yhile on a scientific expedi-.
'0n during the years 1791 to 1793. AltHouglithie camera had not yet
seen invented, it is “sMM—B‘eEutemp&Beaupré was an expert
reeFCher, and he made perspective drawings and sketches of coast
coglons while on that expedition, from which, at a later period, he
Nstructed topographic maps of a part of Van Diemen’s Land (now
aﬂmmlia) and of the island of Santa Cruz. Notwithstanding Beau-
v "'D8~Beuu1)1'é’s frequent allusions.to the feasibility of this method of
w:‘:mg reconnaissance.saIveys wmd topograplie maps, nothing more
slmaa.c(:mnpAhs;he,d. untfl Launssedat, Jajor in the French army, took tl}e
the ¥ of this subject §p in 1850, A6ing, however, the camera to obtain
Perspectives,
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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 topographe pourra emprunter 3 ln photo-
graphie,

Gay-Lussac similarly called attontion 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, ete.

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

Captain Cannette used the sextant and photographic camnera 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 improvemeunts 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 mountains 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 oflice work was accomplished in
two months, o/

Pujo and Tourq@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 I1I, p. 729-732, 1890.

Magasm Plttoresque, ‘(}xIX 1861,

Annales du Conservatoite National des Arts et Métiers, 2¢ série,
1V, 1892,

Comptes Rendus du Congrés de Paun et Revue Scientifique de 1892.
“Eléments de Photogramm¢trie,” in Bulletin de la Soc. d’Editions
Scient., Paris, 1891, by V. Legros. '

Application de la Photographie A la Topographie Militaire, par }‘4
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 I'Armée, par
Fl. Dumas, 1872,

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

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

La Photographie sans Objectit, par R. Colson, 1887,

La Naturoe (Paris).

La Revuec d’Artillerie (Paris).

Bulletin de la Société Frangaise de Photographie (Paris).

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

Aunales du Counservatoire des Arts et Métiers. Edouard Monet: Prin-
cipes IFfondamentaux de la Photogrammdétrie, published by La Société
@Editions 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
balloon), balloon photography being better adapted for military and
Secret surveys. : '

France had an exhibit at the World’s Columbian Exposition in Chi-
Cago, 1803, showing photographic instruments and specimens in illus-
fration of topographic and astronomical results; gained chiefly under

}16 direction of Ool. 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,
as‘“‘{han translation of A. Laussedat’s explanations™ escriptions,
£iven by him on January 9, 1863, in a meeting of the French Photo-
8raphic Society.
editr. A. Meydenbaur's first pablication ou this subject is in the Junek
101 of the Photographische Mittheilungen of 1863, <where he uSes
w2 term ‘“‘photometrography,” which was subsequently changed into
Dhot‘.’ﬂMmetry.” -
Og‘el published, in the March number of the same magazine for 1866,
D‘(’;l‘tl(: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 Since Dr. Meydenbaur first became interested in this method

€avored to interest German private and Government surveyors

an

A
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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 guly 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 ib that country, owing to the treatises and works pub-
lished on this subject by Pollack, Hofferl, Steiner, and others, as well
as to recent improvements in the instruments.

The following are the principal publications in (erman on photo-
graphic surveyiug:

Photographisches Archiv, Septr., 1865.

Zeitschr. fiir Bauwesen, 1867,

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

Deutsche Bauzeitung, 18

Zeitschr. f. 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. Pollock: Die photographischen Terrainaufnahmen mit Beriick-
Sichtigung der Arbeit in Steiermark. R. Lechner, Wien, 1891.
) V. Pollock: Photogrammetrie und Phototopographie. Mittheilun-
gen der k. k. geogr. Gesellsch., 1891 (pages 175-195), Wien.

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

grammetrie, 1891. Wochenschr. d. ostr. Ing.- und Axcht.-Vereins
(Pages 214-217).

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

elirbuch der Photogrammetrie.. R. Lechner, Wien, 1891.

In(;l:r: Scyiﬁ'uer: Die photographische Messkunst, oder Photogram-

N S"l(i,s ?;ldnmsskuust und Phototopographie. Wilhelin Knapp, Halle
4y OV L,

sOh;ft,é' Meydenbaur: Das photographische Aufnehmen zu wissen-

orl lichen Zweckeun, ins besondere das Messbildverfahren. Unte’s

ags- Anstalt, Berlin, 1892.

Ustav Fritgch, in Dr. G. Neumayer’s Anleitung zu wissenschaft-

:’1 B@bachtungen auf Reisen. Robert Oppenbeim, Berlin, 1888.

\}Sc]n'ﬂ'ner: Ueber die photogramnmetrische Aufnahme einer Kiiste

890 orbeifahren., Mittheilungen aus dem Gebiete des Seewesens,
» bages 412-417,

1'. I‘iehtfer]: Ueber 1"hotogra,mmetrie. Vortrag. Wochenschrift des
' “NE.- u. Archit.-Vereins, 1890, pages 199-203.

bip, Pollock: Ueber Anwendung der Photogrammetrie im Hochge-

T'ge. vop A, I
pag . Vortrag.  Wochensehrift d. éstr. Ing.- w. Archit.-Vereins, 1890,
&es 20720,
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Volkmer: Das Wesen der Photogrammetrie. Wochenschrift des
str. 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 a high state of perfection in recent years.

Porro spent much time, labor, and energy in perfecting photography
as applied to tachymetry and topography. The results of his labors
were published in 11 Politecnico, Vols. X and X1, under ¢ Applicazione
della Fotografia alla Geodesia,” 1853, Saldini, Milano. Porro’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 photograplic 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-
araphical survey of ¢“Mont Cenis” (Bart Glacier).

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

In 1878 General Ferrero, chief of the geodetiz department of the
institute, called the attention of the directory of the institute to the
desirability of resuming the studies in photogramnmetry ; and in the same
year L. P. Paganini, engineer geograpler of the institute, was com-
missioned to proceed to the Alps, near Apua, to resume the studies in
photography applied to topographic surveys, with a view to ascertain
whether phototopography was ccononical and expedient 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 map, 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, which'was platted ou 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 eclevated points,
comprised 113 perspectives, and 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 clevations 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 Cogne, 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
algo 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 effortsot 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 more recent report on phototopographic work by Paganini to
the first geographical congress in Italy, he described his latest improve-
ments to the camera theodolite. Amn extract from this report, made by
Fenner, can be found in the Zeitschr. . Verm., 1893.

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

C.W. Verner, “ Notes on military topogray hy 7 1891. )Also, Mechan-
ies, Vol. 11, p. 168, “Application of photography-to-stiiveying.”

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

Civil and Military Photogrammetry (read before the American Phil-
l0801)hica,1 Society, May 6, 1892), by R. Meade Bache, assistant, United
States Coast and Geodetic Sur vey.

The following works are very explicit and full of detnﬂb

Photography Applied to Surveying, by Licut. I}em y A. Reed,
States Army. John Wiley & Sons, 15 Astor pla! e, 1889,

Photorrmphlc 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. a

nited
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INTRODUCTION.

Topography (description of locality) serves to represent and describe,
in horizontal plan, limited areas of the earth’s surface, showing vertical
and horizontal distances (the relief) between poiuts of the area thus
represented. Onevery 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
t0 10,000 t0 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 earth’s surface, and they areé
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 gencralized 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 iinmediately, o2
inspection, recoguizes 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 of.the adopted scale for the
work. It is useless to locate features during the instrumental survey
which are too sinall to be represented on the scale of the map. AP
expert topographer will make a topographic map of a given area in
the least time necessary, yet show all characteristic features that cap
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 from
other points (the latter to be subsequently connected with the triang®
lation by resecting or otherwise), an experienced topographic drafté
man can select all characteristic topographic features from suC
photographs, for mapping purpose s, with the same good result as b1
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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 4in the survey of certain regions and under certain conditions
toward a saving of time and money, compared with the instrumental
methods of topographic surveying as generally practiced. At present
phototopography can not replace instrumental topography; still, experi-
ence in Italy, France, 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 photographic¢ instruments and methods
is chiefly a condensed extract from the previously mentioned article
printed in the Rivista di Topogratia e Catasto, 1389, by L. . Paganini,
engineer of the Royal Italian Military Geographical Institute, followed
by a description of instruments as usced and methods as practiced in
Canada, with a short reference to German, French, and Austrian
instruments. '



CHarrER 1.

THE PHOTOGRAMMETRIC APPARATUS —PRINCIIAL COMPONENT PARTS
OI' THI PERSPECTIVES,

Figure A shows Paganini’s Itulian photogrammmetric apparatus. It
has a tripod which can be dismembered into three ¢ alpenstocks”
A, 4, and A, a theodolite, aud a camera C. All three parts can be
firmly united by means of spiral springs and screws.

The three screws 8, 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 heri-
zontal limb of the theodolite in such & manner that the camera can be
revolved about the vertical axis of the theodolite.

A spirit level L and telescope 7' are supported by an upright piece
U, placed at right angles to the horizontal limb of the theodolite and
at oune side of, but close to, the camer:.

" 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 hardeuned pastebourds, which arve stiffened by o mmetal skele-
ton casing B. The camera is provided with an aplanatic objective
(antiplanet), made by Steinheil, the focal length ot which is 244-53""
and the aperturein the diaphragm has a diameter of 5vm.

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 [ 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 wire8
is horizontal and the other p, vertical.

The optical axis of the camera can be adjusted in horizontal plane by
means of the three willed head serews 8/, 8/, and S,/ which support
the camera. The horizontal wire p, is adjusted (after the instrument
has been carefully leveled up) in horizontal plane by finding som®
easily 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, tbe
observed point will be secn to move along p, during the revolving
motion of the camera. Should the biseeted point appear above oF
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below the wire p; at any time during the revolution of the camera, the
8amo must be adjusted in lorizontal plane by aid of the two forward
8crews S/ and S, 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
enable the observer to place the optical axis of the camera parallel to
that of the telescope T, provided both are adjusted in horizontal
Dlane. 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 Disected 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 O, as well as

¢ two axes, p, and p,, intersecting each
Other in 0 at right angles. The line p, rep- M
re_Sents the horizon of the station whence the
Pleture was taken. d
Instead of the fixed platinum wires p; and =
» 80me recent instruments (among others
those uged in Canada) have a set of teeth
f‘ttached to the camera, close to the plate 7,
43 shown in figure1l. If solar prints arc used
. 9 the map construetion instead of the plates,

%H arrangement is more desirable than that of the fixed wires, as the

Pringg wip unavoidably be a little distorted. The lines p, and p, are
;'efﬁrably drawn in red ink on the prints after their positions in regard
a,:‘he teeth have been experimentally ascertained or checked. Great

.6 must be exercised in locating these lines properly, as they form

.siz(;tangulur system of coordinates to which every point in the picture

erred during the process of the subsequent map construction. They

‘:u(i aid in ascertaining the value of' the constant focal longth of the
org, .

ntl

Dhyr

ui
Fia. 1.

gure 2 ghows the longitudinal section of & camera withl the dia-
48m AB in position, the aperture of which is 5w in diameter.
R y Sl}ch rays ot light, emanating from a point, N, in nature, will reach
‘ \\I_)Omt n on plate I which form a cone around the central ray nON

» T L U s
t etg‘:r o ]"empoctivo has been taken and it apponrs desirable to obtain a view of
N w?}ne immediately below (or above) the same, tho construction of the instru-
by, U permt g deprossion (or au clevation) of the optical axis of 30° below for
he horizon.
8. Ex. 19, pt, 20—y
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with apex in » and base in O of pmw 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, 0, would be intercepted by the
plane of diaphragm AB in a circle of 5" diameter.) The camera lenses
are so focused that even for the largest diaphragm aperture used all

TG, 2.

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

a=distance of object from O (10 metres to intinite distance).

f=principal focal distance (240mm),

b=focal distance, variable for different lengths of a.

From the well-known relation:

1 t 1
I~ +
we find
«f
I)=” __j- (1)

By adopting 240™" as value for /, and substituting different value®
from 1 metre to 300 metres, for «, in formnla (1), we obtain the fol-
lowing values for b:

@ (inm) o1 10 20 30 40 50 ™ 10 200 R{TH
b (in mne) B16°8 D5 2420 241D vl 24301 24007 240°H 240°2 240-02
. . . e . . n

The error, therefore, in maintaming the focal distance constant is 6™
if the object is 10 distant from the image point; is 1w if the object !
50-100™ distant from the image point; is inappreciable if the object
300m or more distant from the image point.

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

. . . . . . 1
tance = 240m" in the photograph for points at different distances, et

be seen from the following: d
Assuming again that the plate T is held in a fixed position ““t
opomm distant from the “image point” (principal focus), it 18 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

1
[V
pry
c
Q- .
E Ho:diame= x
‘ 3
1]
: 13
: 0 £
+ o]
0 b
2, £
) 8 [
: a ;
L.. . [ - X eeceee e cedes ...f... cee .3
| ¥ T

di§tance of the object photographed. The length ot the diameter, 2, of
(gls circle (or ellipse) can be ascertained from the following relation
g. 3):
0=/«
Lo
J=

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

Clnm) — 10 20 30 4o 50 75 100 200 0w 0o A0 700 1000
Z (in man): 0012 006 0°04 0 0e025 0016 0012 0-00G -0 0-003  0-003 0-0u2 00Ul

The gj

th ameter, z, of the cirele (ov ellipse) is evidently quite small, and

&lle Waintaining ot u constant. focal distance can be well carried out for
\Dractical purposes without appreciable errov.*

o .
QXtef 1(;0 upI‘)a.mtus d'uscri.lm(l in this paper is pr‘nvidu(l \\'ith.u, motal graduation plate,
ocq llmg in the direction of the camera axis, aud lmurm.;: X.L fwrutf-.h to mnrl& the
is o ongth of the cumera wl.lc.n focused upon objects at u.lln‘nte distance, .l' rox'n
ongr, cratch, toward the scusitive plate u.l' the cmmera, i mﬂ]m}etwre graduation is
focay ]Ved upon the plate, by means of which the observer can (hrvct])f measure tho
. ‘ength of the enmera it the suma is changed at any time for any pictures. The
apg:gtlve eylinder can be moved in the (lil:ecti.on.of the camera axis by means of a
ong Lél'oove 'cut_iuto a rocond cylinder wln.ch is h'rmly fl.t.tnc.be.d to the camera, und-
foous nrn of this serew is equal to an axial m()tm.n of 1 nu]hmo.tro, the chango of
" can readily be ascertnined to one-tenth of a millimetre, as will be described in

ollowing
ghdisl‘evolvin{.; the external eylinder, the metal strip 'or plate attached to the same,
o lll)muud the outer surface of tho. inner eylinder (firmly attached to t]'lo camera),
i'lg th ears g cirenlar seratch lying in a plane vertical to the camera axis and. pass-
Plagg eo“gh the constﬁ,nt focns (or through i ]u'nnt whoso dlstn.nco from tho image
quals tho priucipal focal length). This circular seratch is divided into ten
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The distance of the point of view from the perspective plate, the
principal 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 3609,
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 giv’en 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
agcertained.

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 determine 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 tho metul scale, passing over this graduated ring when the objoctive
tube is moved toward tho sensitive plate, will indicate by its position on this eircu-
lar scale the number of tenths of millimotres it has moved beyond the number of
millimetres whicly nre read oft on the metal scale first inentioned.

The focal length is o very important factor in all phototopoegraphic work, and it
is advisablo to verify at the beginning of operations the reading of the metal scalé
and if the principal focal length is changed, the dillerenco must be entered into the
notehook, so that the proper correction can Lo applied later on,



Cuarrer IT1.
FUNDAMENTAIL PRINCIPLES OF PHOTOTOPOGRAPHY.

Tt was comparatively easy to obtain a close connection between the
pllOtotopographic stations and the uew triangulation of Italy, as the
Committee who had charge of this triangulation has provided 1taly
With o generous and harmonious disposition of triangulation points,
Which have been very carefully located, their exact positions computed
and permanently marked in the field, irrespective of the character of

¢ surronnding topography or of the order of triangulation to which
they Lelon g.

This great number of triangulation points not ouly facilitates the
Aplication of tho camera and assures the accurate determination of

€ Danorama statious, but it also simplifies the subsequent map con-
8tru(:tiou, as the greater part of the perspective contains one, two, or
Ill.ox-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 adjusied,
ﬁale' Dictures are gusi]y orientated for the map constructi‘on, and the

1ent topographical features, deduced from the perspectives, can be
I'e‘lll(mtaly checked.

he camera used for this work gave pictures of 185 x 14™ (the plates
v:;: 19 x 24-5°m); the lens controlled a field of 420 horizontally and 5320
lcally (26° above and 26° helow the horizon). Recently, however,
O:ullens of thfy camersy has been exchanged for one with a prin‘cipz.m]
Te .length of’ 240™™ in order to use plates of 18 x 24w, which size is
dily supplied by photographic dealers.

. OT an exact determination of the primary points of the perspectives

18 lecessary to measure the ¢ coordinates” of the points in question

'?sn the perspectives as accurately as possible. To insure good results

¢ lneasurements should be made upon the negatives with a pair
e;}xl{lel“s made espeoial!y f01: thi§ purpose, by means of which the
distances are obtained in millimetres and tenths.
€ondary and tertiary points need not Le obtained with the same
cipgarﬁe of accuracy as the primary points (needed for the (“,ontrol prin-
¥);and as the plates are not well adapted for the making of direct

ASurements thereon, nor for the murking of identical points with
o m;::'“‘-lﬂ or other chara.cters, if, will _be better tq take all measurements

&ngzonda.%-y and tert}ary points from the prints, as the permanent

8 which such prints undergo, compared with the negatives, are,
53
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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 some of which are also to be reproduced as illustrations
to accompany certain maps of the Alpine ranges, are obtained by ten
successive 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 u vertical strip of the horizon of 3°, 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? . . . . PW) atapanorama station. VP'=VPi= ., . . .
V P =/ = principal focal length of catera = 244:-5mm,

P

I, 4.

The common margins of two adjoining plates serve principally 0
ascertain whether the adjustments of the instrument have been dis®
" turbed during the occupancy of a station. Should, for instance, the
position of the hovizontal thread have becn disturbed by some causés
this would Le shown by different vesults when measuring the ordinate®
of identical poiuts of two adjoining margins. These margins als0
serve admirably for the correct trimming of the edges of adjoininf
pictures if they are to be fitted together for the panorama,

The horizontal projection of the ten plates exposed from one pano’
rama station is a regular decagon (fig. 4), with a radius of the inscribe
sirele equal to the principal foeal length of the camera.

After the position of one panoramic view has been found on the maP-
(. e., after the angle w, tigure 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 369, 72°,108° . . . . to
the angle w; thus the entire decagon can be plotted after the horizontal
projection of plate P! has been orieuted 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
easy matter to draw lines of direction from the platted camera station
to points photographed in the panorama.

The plate m m/ n’ %, figure 5, may represent a vertical and oriented
perspective and OO’ be the line of the horizon of said plate. V isthe
point of view; o’ represents the angle of orientation for this plate in

A

n'

IS TEN

Teference to the secondary point A (i.e., the horizontal angle between
tl}e 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
terrene in space and « is the representation of the same on the plate,
and if the vertical @ a’ has been drawn from ¢ upoun the line of horizon
0 ()", then P a’=2 will be the abscissa of the point a.

From the rectangular triangle V Pa’ we find:

z = ftan o'

/Flgure? 6 shows this triangle as ¥/ P’ @' in the plane of the drawing;
= horizontal projection of the principal point of view (P in fig. 5) of
e horizontal projection O O’ of the plate (m m' ' in fig. 5) which
ad been oriented in the plane of the map by the direction V-8 (or rather
¥ the horizontal augle w, fig. 6) to the trisngulation point 8.
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In order to draw the herizontal projection of the ray from V to the
point 4 (fig. 5) the distanece I” &/, (fig. 6) = I ' (fig. 5) = z is'laid oft
upon O O (fig. 6) 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 V’ through a’ (fig. 6), this line ¥ a/ will be the
horizontal direction of the ray V A (fig. d).

The position of 4’ (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 a 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
stations. '

Bvery perspective containing the .picture of a triangulation point
will give evidence of the grade ol aceuracy for the relative plotted posi-

™~ S

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 triangunlation point § and drawing the
line V/ &, which should bisect the plotted point S,

If the horizontal projection of a point, 4, has been determined by the
intersection of two rays from two statious, V' and V7% a 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 hypsometrie determinations of the terrene can readily be accom-
plished after the selected points have been determined and plotted in
horizontal plan in the foregoing manner, 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 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 ele-
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 O 0.
1f D) =horizontal distance of a point A from the station V;
= VA’ (to be measured on the map) (fig. 5);
I = difference of clevation between point A and station V7
= A A’(A’isthe projection of A uponthe horizontal plane through
optical axis of instrument at station V);
d = horizontal distance of the picture of A from V;
Then we have from the similar triangles Vo' a and VA’ the relation:

L:D=y:d 1)
h=?’ @)
From the rectangular triangle V7 /7« we find:
d= o : 'm/= S see @' (22)
Whenco: szigy (3)

Should the point A be bisected by the vertical thread then o'=0
and gee w'=1, or:
L="y (39)
J

. (Formula 3* would answer for all points of the perspective if' the
Mage plate were a c¢ylindrieal surface of radius =7 instead of being o

b ane, it the decagon were a circle.) ’
The differences of elevation, taken from the perspectives, are positive
or legative according to the relative positions of their points in respect
the line of horizon O (', whether above or below the same. 1In order
(?btain the apparent elevations of these points above mean sea level
®Ir ordinates must be added to or subtracted from the elevation of the
%Mmera station. Two graphical instruments have beeu constructed
-a8ed upon the formulas (1) and (2). The one serves to locate the points
U horizontal plan by intersections after their abscissie () have been
“asureq upon the perapectives. The other serves to ascertain the dif-
af;:“%s of their elevations compared with the height of instrument
N T the abscisse (x) and the ordinates (y) of the points have been

4sured upon the perspectives. _
enl;e ll.se of these auxil'iary instrumnents enables the .draft;sma,n .to dis-
'Pojee With the construction of the decagons (representing tl.xe horizontal
t esectlons of the panoramas about the plotted camera stations), and as
a} Dolygons must be very carefully drawn, the dispensing with them
8ether, especially if the area to be plotted is extensive and the sta-

fe
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tions numerous, will save much time and labor. Itis particularly desira-
ble to avoid the drawing of these polygons if the plotting is to be done
ou 1 to 25,000 or 1 to 50,000 scales, as the numerous decagons will inter-
mingle in such a maunner 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 las been
made to overcome this difficnlty by 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
clhiecked by comparing the elevations obtained in the preceding manner
with the results obtained in tne same way from other stations and on
other plates.

[furthermore, any perspective containing one or more triangulation
points (the clevations 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 trangulation points
be unknown, this check can still be made by using the vertical circle of
the instrument and measuring the vertical angles («, fig. 5) from the
panorama station to the surronnding triangulation points. By observ-
ing vertical angles from cvery camera station, a check on the measured
values of the ordinates on the perspectives is obtained, inasmuch as
then these ordinates can be computed and compared with those obtained
by direct measurements on the perspectives.

Trom the triangles V A/A and 17 a’ ¢ we find (fig. 5)

tan A VA = tun o= 113= (’;
According to formula (2") we had
= f
oS @'
therefore: tan o = ;Z 08 & (4)

where @' is the horizontal angle formed at 17 by the vertical plane con”
taining the line of dircction from the camera station V to the triangu”
lation point and the vertical plane containing the line drawn from V %0
the principal point I of the perspective, which horizontal angle can 2180
be measured directly on the horizontal limb of the camera theodolite in
the field before leaving the station. If these different values are not
in accord, the horizontal line on the perspective must be adjusted by
determmmg the value of the ordinate y by aid of the following formul®
(6) derived from (4): )

y=. 1 L tan a 9

o8 @
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From the preceding the necessity of the precise determination 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 1nstance, when surveying mountain ranges) that the differences 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 aud adjusted,
then it is turned in azimuth until the vertical thread bisects @ geodetic
Point, 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 difterence of elevation of bisected point and
banorama station = L; the horizontal distance between these two = 1),
and y = ordinate of bisected point; and from equation (3*) we find for
. Dy

I = 1.
a fairly accurate value, if the adjustments for securing the horizontal
Position of the 1nstrument were carefully made and if the ordinate y
Was measured upon the negative plate correct within 0.1,

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
dngles (by observing all the points, including the one bisected). The
Values for « and @ thus obtained, including the values of the absciss®
(%) 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 ¥, ¢gan be repeated until an agreement is
foung, :

Although the Italian pictures commanded an aungle of but 420, the
g‘;ﬁ?ltel‘ part of t?hem contain one or more triangulut.‘i(m points.  In all
Mlar cases, simultaneously with the determination of tho value f
f:::::gipa‘l focal length), it can 1)(? as‘certah}e(l w]gcth.m- 1 he pic.turc (.if fche
, orsection of the crosswires coincides with the principal point of view

pon the perspective (fig. 7):

8, . . . . .
and § represent the pictures of two triangulation points upou the

berspective m n;
s f 8tation point or point of view;
and § 0 = vertical lines from 8 and 8 upon the line of horizon
0 0" = ordinates y' and y of these two points 8 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 abscissae 2 and 2’ of
the two triangulation pomts §
and &,

L and I/ represent the differ-
ences of clevation betwoen the
camera station (V) or the hori-
zon (00" and the triangulation’
points 8 and §. D and J” are
the horizontal distances of § and
&’ from the camera station (17).

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

n izontal distances d and 4’ of the

Ifia. 5. pictured triangulation points §
and S8 from the point of view 17 c¢an be ¢omputed from the following
equations (see fig. 5):

Dy
Dy’
d' = ]l/;l/

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

y—1= — d — d 0’ 70

tan R cot,

By substituting

—
Nfor Z— " and
2

. -
Mfor 757 =900 — o ; o

we will have:
7y = M+ N
S=M-—N

From the two triangles O P 17 and O I’ 1" (both are rectangular at P)
we find (fig, 7):
J =dsiny = {’8in 5
z=/[fcoty; x=/cotq
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also the angles of orientation

@ =90° — 4
@'=90°—§

The sum x + 2’ must be equal to the value O 0’ found by careful
measurement upon the plate, and it must also be equal to the value of
0 0’ obtained from the following formula:

‘YO
(d + d&')sin 0-2- -
00 =~ ———
0 —y
cos -

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

§_ [(p—d)(p— 00",
tan 5= \/ PP — ) and
TN (5 T GO
tan ,, = \/(l’__,,.( )(p— 00)

Bp=d)
’
“’here P = M)—{-_O_O'

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

¢ L
an o = .D
LI
tall (XI == D/
%erve to obtain check values for the values of y and g/, measured upon
'¢ negative plate, by using the formulas:

ye Tt
Y= Gon e ta0 « and

Y,
W o= . ! /
. i €08 o' tan «
A
rhe value for f in above formulas being the same as found (page 60)
om the equation:

S=dsiny=d sin 4.

g ie"epeating t‘he computa't;ion with these new values for y and y’ the
ow }’aluetforlif can b‘e obtained very closely. For all practical purposes,
en ‘;Ker, it will suffice to take several pictures with a constant focal

theg » and to take the mean value of the ditferent J determined from
6 pictures.*

———

~

* A e
®¥ling
Dplig

Omparison of the valuo rend off on the graduated motal plate on tho objective
Or with the result obtainod by computation will give the correction to be
d to the reading on said graduntion.
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Ezxamples showing the application of the methods described in the foreyoing
pages.
I

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

The following values are given for the computation:

Taken from the

Elevation of Punta Rouletta: =3384-10™ .
! catalogue of tri-

Elevation of Gran Punta di Nomenon--:3488-42m ) . .
( angulationpoints.

Elevation of IPunta Percia: -3202:3:-.horizon of panoramna station.

( Measured.graphically upon
{ the projection on drawing
{ board, scale: 5y

Distance: Percia-Rouletta .= [) == 3250
Distance: Percia-Nomenon :=-: I = 9720

Lo RR?E’ftta“_; .
o8 338410 605 , B Normenon Lr 279.77
3202.3 3202.a
D+ 3250m. b’ 9720m.

P Percia

v
1. 8.

The angle V (fig. 8) at Pereia included by the horizontal direetion®
to Rouletta and Nomenon = 28° 02/ 30",

It is desired to find:

(1) Focal distance =-- /, the preliminary value, read off on the grad®”
ation on plate attached to objective cylinder, is found to be abott
24.45
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(2) The position of the principal point of view, which is fixed by the
determination of the abscisse x and z'.

(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, aceording to the
given data, is: -
3384-10 — 3202:30 — 181-80™
The difterence 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
L) as follows:

Difference of elevations: I’ercia-Rouletta, =181-80™
Correction for curvature and refraction, = —0-70™

L =181-09™

Difference of elevations: Percin-Nomenon, =286-12m
Correction for curvature and refraction, =—0-35"
L/ =279-77"

By measuring the ordinates (y and %’) and the absciss® (r and 2')
Upon the negative plate with a millimetre seale, provided with a vernier,
Which enables the computer to read &5™™ (the vernier being divided to
Tead & of the graduation), we find:

The coordinates of Punta~Rouletta: x =46-05mm y =13-75mm
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 60).
log D = log 3250 == 35118834
log y == log 0013756 = 81383027
colog 1. = co.log 181089 = 7-7421055

log d = 93922916
d = 0:2467T™ = 24(-77mm

iy similarly found:
log .D'=log 9720 = 39876663
log ¥’ = log 0-00730 = 7-8633229
co.log L'= colog 27977 = 7-55631989
log d' = 94041881
d’ = 0-25362" = 253-62mw

d+d' = (0-50039™
d'—d = 0-00685™
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The angles y and & (fig. 8) are computed by aid of the formula:

tan ¥—0 — ¥=d O’T 0

= A Z (page 60)

as follows:
V = 280 02/ 30" ; 1/; = 14° 01’ 15"

y+6=1802— V = 1510 57/ 30 ; ?Ljﬁ =750 58/ 45 = M

log (A’ —d) = log 000685 = 7-8356906
log.cot ‘I,f: log cot 14° 01/ 15" = 0-6025567
co.log (¢l+(17) = co.log 0-50039 = 0:3006914
log Z__—.6. = 87380387

Y ...‘.’._so 08/ 16/ 1=N

Hence M+ N=yp =79° 07/ 01”1 1 and
M—N=¢ =720 50" 289

The computation of /' based on the formulas (page G0)
S=d sin y and f=d’ sin 9,

gives the following two values:

log d =9-3922916 log d’ = 94041881

log sin y = 99921180 log sin & = 9-9802269
log /' = 9-3844006 log f= 93844150
J=0242331" JS=0-242334™

mean value for f = 242-332mm,

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

z=ftan @ a' = ftan &’
@ =900 — y =10° 52’ 58".9 @' =900 — §=170 09’ 31/".1
log /= 9-3844123 (mean log) log f' =9-3844123 (meaun log)
log tan @ = 9-2838945 log tan ' = 94896221
log x=286683068 log 2’ = 8-8740344
) x = 46-59mm x = 74-82mm
2 measured on plate = 46:05"" measured &’ = 75-40m

diff. = 54 diff, = 42w
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Computation of the ordinates y and y':

“——tan «

Y=Gos o Y= cos o’ ban « (pago 61).

(from station

a = angle of elevation of Punta Rouletta =3° 11’ 3()”{ Percia. See
' = angle of elevation of Punta Nomenon = 1° 38’ 30" | model in Sup-

\_plement.
log f= 9:3844123 log f = 9-3844123
log tan «w = 87463444 log tan o’ = 8.4572812
co.Jog cos @ = 0-0078820 endog cos @ = 00197731
log ¥y = 81386387 log y' = 7-8614666
:l/ = 13.761111111 yl — 7.269xnm
y measured on plate = 13-75mm measured y’ = 7-30mm
diff, = 0.01m0m diff, = 0-03mm

IL

Owing to the fact that the distances D and D’ in the example treated
in Subject I are 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 f by means of the abscissie and then to compute
the values for the ordinates (¥ and y’), based upon this value of f and
the observed angles of orientation w, and ,’ (see Supplement, remarks
to station Percia).

The direction to the main point of view P of the perspective con-
ta-illing the pictures ot Rouletta and Nomenon is = 3500 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 P =350° 00’ 00"

Hence, @, = 10° 44/ 30"

Direction to point P = 350° 00/ 00/
Direction to point Nomenon = 3320 42/ 00/

Hence, ' = 170 18’ 00"
Computation of f:
x
~ tau o
log x =log 4605 = 16632296
co.log tan @, =co.log tan 10° 44’ 30¢ = 0-7219207

log f=2-3851503

J= 2427450
8.Ex. 19, pt. 2——35
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() =
* tan e’
log o' = log 75-40 = 1-8773713
co.dog tan w,’ = co.log tan 17° 18’ 00" = (-5065903
log f=2-3839616
f= 2492-082mm

Mean value for /' = 24241
and from computation I we had f=242-33wm

diff, = 0-08»m

Computation of the ordinates y and y':

Y ='—-»]:.-_ tan «
COS @
log f=log 242+41 = 2-3845505
log tan @ =log tan 3° 11’/ 30" = 87463444
co.log ¢os &y =co.log cos 10° 44’ 30" = 0.0076774

log y = 11385723

Y= 13.758mm
and computation I gave y =13-761v

diff. = 0-003mm™

— tan a’
CcOS !

y =

log f = log 242-41 = 2:3845505
log tan o' = log tan 10 38’ 30" = 8:4372812
co.log cos @' = co.log cos 17° 18’ 00" = 00201054
log ¥’ = 0-8619371

y/ - 7.277!11!11

and computation 1 gave: 3’ = 7-269mm

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 thesc 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 Valsavaranche, there is one plate (%) which contains the pictures of
two triangulation points, ¢ Punta Ruja” and ¢ Gran Punta di Nome-
hon,” of the new geodetic triangulation.

_;,:_“P. Nomenon
L+ 979.4m. L+ 1294.9 m.
21918 m, 2191.8m
- am.
B¢« 5804.2m. g« 5029.6m.
v Hunting Lodge
Mg, 9.
EThe following data are given for the computation:
{evatlon of Punta Ruja (signal) = 3173:5m
e"atlon of Gran Punta di Nomenon (signal) = 3488-4m
“levation of the Lorizon of panorama station near the Royal
T Unting Lodge of Valsavaranche = 21918
¢ tI‘l.a,ngle side Hunting Lodge — Ruja =D = 5804-2m
8 triangle side Hunting Lodge — Nomenon = I = 50296

l&;e angle, V, between Ruja and Nomenon is = 13° 51’ 0450, (See

1{* i§ desired to find:

tig ) The foeal length, f, approximately found by reading tho gradua-
1 on objective tube, = 244-5om,



68 U. 8. COABT AND GEODETIC SURVEY.

(2) The position of the principal point of view (located by the abscissw®
x and x’).
(3) The true position ot the line of horizon (located by the ordinates
y and y').
By careful measurements (inade as in the preceding) we find:
The coordinates of Punta Ruja: r =24:80"m; y = 41-45mm
The coordinates of Punta Nomenon: 2/ =3405"7; y' = 63:500m

Elevation of Punta Ruja == 3173.6™
Elevation of point 1" = 2191-8m
Apparent difference of elevation = 981-7m
Correction for refraction and curvature = — 2-3m
True difference of elevation = 970d4n=1,
Elevation of Punta di Nomenon = 3488-4m
Elevation of point of view (V') = 2191-8m
Apparent difference of elevation = 1296-6™
Correction for curvature and refraction = — 1-m
True difference of elevation =1294-9m =T/
Computation of d = ey
log D=1log  5804-2 = 37637424
logy=log 004145 = 86175245
co.log I.=co.log 979-4 = 7-0090399

log d = 93903068
d = 0-2450644™ = 245-G44"™

Computation of d' = D[/g/l
log ) =log 50296 = 37015334
logy' = log 0:06350 = 8-8027727
codog L' = co.Jog 1294-9 = (8877438

log d’ = 9-3920709
d’ = 0:246644" = 246-044m
(l + d/ — 492.29mm
d — d = 1:0Qmm
Computations * the angles y and J:
—6_d—d 14

tan 7_/__‘_)..__ TTa cot
V = 130 51/ 04750
y= 605532725

y + 6 =180° — T = 166° 08’ 5550

%‘? = 83004’ 2775 = M
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log (&' —d)=log 000100 = 7-0000000
vV
log cot = log cot 60 55/ 323 = 0-9155406

codog (A4 d’) =colog 0-49229 =0-3077790

J/—

log tan = g = 82233196

V%00 57/ 2010 = N
M4+ N =840 01’ 569 =y
M — N=2820006'58"7T=6
Computation of f'=d sin y = d’ sin &
log d = log 0:24564 - =9-3903068
log sin y = log sin 84001/ 56//-9 = 9-9976401

log /'=9-3879469

J=0244313
log d'=  log 0-24664 = 9-3920709
log sin ¢ =log sin 820 06/ 58/"*7 == 9-9958757

log j'= 93879466
JS=0244313>
Mean value for f= 244-31ww
Computation of the abscissw:
x=ftan e

@ =900 — 3, =50 58’ 03/-1
log (mean value of /') = 3879463
log tan @ =log tan 5° 58’ 03/*1 = 9-0192462

log & =284071930
& == 0-025538" = 25+54mum
x = ftan o’
w = 90° — § = T7° 53’ 01//-3
log /= 9:3870468
log tan ' = log tan 70 53/ 01//-3 = 9-1413601

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

& = 25-54mm 2 = 33:83mm
measured x = 24-30"m measured 2’ = 34-05m™
diff, = 0-74mm diff, = (:22mm

viwefm difference = 0.48"" = correction for principal point of view
“tical thread) on the plate.
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IV.

The plate (I”%) treated of, nnder 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 camera 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 (I”') by directing the optlml
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.)

"

L* 619.20
bt

| TN ]
Y

.
] _ 58

D+ 3270.7m,

\//

We find, therefore, ou plate I (fig. 11) the picture of the signal
Punta (Jlmndellel (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
meauns of the following formula (fig. 10):

TDI_ VS’ x P'8
VP =f=_" =G

For this computation the following data are given:

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

(signal) = V& = 32707 ™
The elevation of Punta 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

Fia. 10.

on plate P’ = 46-25""
Computation of L = 88':
Elevation of Punta Chandellei = 2811-72m

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

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

True difference of elevation = 061920m= T,
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Computation of f = Dy _ YSx 'S

L S8
log D =log 3270-7 = 3:5146407
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

°

;.
¥e
=3
o.

Hunting Lodge

€00

|
|
I
|
AP Chandellet
Tie 11,

V.

ofllzel‘spective Ps (fig. 11) shows, as previously mentioned, the pictures
.y Wta Ruja and Punta Nomenon, while the vertical thread of plate

186cts the picture of the signal Punta Chandellei, and as the hori-
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zontal angles 'V P, P2V P*, PPV P+ ., , ., . . . are uniformly
=360, the orientation of plate P? for instance, will be:

P VP5=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-Chandellei)= '

(Ruja-Royal Lodge-Nomenon)— &' =&

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

The angle: (Chandellei-Lodge-P%)=P'VP? = 144° 00’ 00"
The angle: (Chandellei-Lodge Nomeuon)= PV No- =135 58’ 23":25
menon.

Therefore o' = 8° 01/ 36'"-75
w=(Ruja-Lodge-Nomenon)—a'=13° 51’ 04'"50 — 8° 01’ 36'"75
= 5° 49’ 27"*75

Computation of the abscissa:

x =f tan @
log f=1log 244.31 = 9-3879468 (see computation Subject I1I)
logtan w=logtan 5049’ 27"-75= 9-0086263
log x = 83905731
T = 24-92mm
by measurement: x= 24-80mm

dift, = 0-12mm
z' = ftan &’
log f= 9-3879468
log tan @’ = log tan 8% 01’ 3675 = 9-1492780

log #' = 8-5372248
' = 34-45mm
by measurement: 2’ = 34:05mm

diff., = 0-40mm

.’ ‘) L . . .
The mean difference: 012 -(})—_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:

_ JL
Y= osab
log f = log 0-24431 = 9-38794068
log L =1log 9794 = 2:0909601
co.log co8 @ == co.log cos 3° 49’ 27/°75 = 0-0022478
co.log D = co.log 5304-2 = 62362576

log y = 86174123

y = (0041439
Y= 41.44mm
by measurement: y = 41:45mm

R
V'= Goswr
log /' = 938794068
log I/ = log 12949 = 3:1122362
co.log cos @’ = co.log cos 8° 01/ 36775 = 0-0042759
co.log D' = co.Jog 5029-6 = 6-2984G66

log v’ = 8:8029255
¥ = 0:063522" = (3-52mm
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
°f the degree of accuracy of phototopography.

In practical work it would becowme too time consuming to malke 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 forf
0(;)1'_ any, or for all, panoramas which were obtained with the same

Jective and with the same constant focal length (that is to say,

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

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

PIVPe PrVIs, P3VPs
We all = 369, the angles
D'V, m VP2 P2V’

Wi
\111' Do = 180 each. The value of Pm =mP? = Pm/ = . . . . is
he‘x); tan 180 =g = the value of the greatest abscissa of the plates;
ce,
f—— \__xm N
" 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 Vg (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 P’ and m P*
distant from the vertical axis of plate P2 If we sclect such points w/,
% m% . . . . which can be identified upon two adjoining plates,
Pe—ps, PP P—1% . . . . we will obtain a mean value, 2", for
the entire panorama, by aid of which a good value for f can be obtained

from the formula:
; $1n
/= fan T80

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

mm
gmfor I’! —P? =7710
pm 1.)2 __l):l — “"".15
aw Py — Pt =7700
™ P4 — P> =7740
™ P35 —P6 =T7740 b pm = 77-194"" = mean value,
om 1)6 _I)'I — 77.20
m PT —P —
™ Pt P =
r™ PO P = 7740,
axm 1710 __I)/ — 76.90)

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

log f = 2-3758075
Jf =237-6™m
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

zm for P/ — I* = 76:25
zm P — P =T76-20

an PV — P4 =T7610
aw Py~ P"="17670
am ])1(1 — 1)/ — "'6.00
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TFrom this the mean value for z™ is found = 7 Ge25mm
log 76.25 = 1-8822398
co.log tan 18° = 04882240

log f = 2:3704628
j‘ = 234.6711:111 — 234.7 mm

The negatives gave ™= T7719
The positives gave " = 7625

di ﬂ" — 0-94 mm

5

This shortening of the greatest abscissa of half amillimetre at either

2

‘onstruction, this shrinkage must be taken into account.

Slde of the vertical thread on the prints is due to shrinkage of the
4x180em paper. The positive priuts being extensively used in the map



CaartEr II1.
THE 1XXECUTION O 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
sufficiently clear and well defined in the two or three views of the
panorama set 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 manner 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
an 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 formn 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 numerou$
panoramas obtained during former years and the selected perspectives
were copied with pen and ink by expert draftsmen, whose drawings
were reproduced by photozincography and published with the addition
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 sat-
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 needs 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 takon to the most inac-
cessible points. Three small-sized knapsacks, each weighing 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 statioms 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 cvening 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 weathef and light, precluding
Unforeseen accidents to the corrections and adjustments of the instru-
lient, an experienced observer will exceute the panorama and deter-
Mine the camera station within an hour.

To secure the position of a1 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 & notebook. After the terrene to be photographed has been
Ocused 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 Dby clamping the instrument, after the
Irection "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 360 for each suceessive exposure in order to obtain

:5 l(lil'ections of the optical axes of the following perspectives:

? 3- . . . .

In the notebook (Model No. 1, supplement) all data are recorded which
ay 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
8 ® 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
Tequired data havebeen gathered during theseveral traverses through
18 Country, from the camp to the stations, the camp is packed and the
party returns to the laboratory, where the recently obtained negatives
re developed and the occupied camera stations are plotted and marked
Pon the chart projection. All the finished punoramasleft 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. e., when the suow 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 fmportant, and should be
well considered and be made dependent upon the elevation and distance
of the points of the terrene 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 thesc 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 directions 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
609-900),

Regarding the most favorable hours for exposing the plates, one must
be guided by loeal 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 penctrate into the camera and the other in the usual man-
ner by the refracted rays through the lenses of the objective. Gener-
ally speakiung, 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, o

Trom every negative plate obtained at least two positive prints are

ade. One serves to determine the panorama necessary for the loca
tion of the secondary points, while the other is used to measure the
abseciss:e 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.



Crarrer TV.

THYE IIORIZONTAIL PROJECTION.

In order to obtain the map, based upon the panoramas, two drawing
l‘)Oards are covered wiilh paper (gummed down on the edges). One is
Used as a constructing board (to make all graphical determinations of
Doints) 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
toordinates.

_ With the aid of a specially constrncted graphical protractor and trac-
g paper the directions obtained
With tho theodohte in the field can
Yeadily be plotted upon both sheets.
Thig protractor is shownin figure 12,
t consists of two concentric circles
4 4 and B B. The former can be
loved ¢oncentric within the latter
Wout the axis C, secured in the
enter 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
Yovable circle.

The inner circle 4 A hasa gradua-
'on, divided into degrees and half
grees, while the outer circle B B
b_ea,l-s a vernier #, the zero of which
l_ef* in the prolongation of the fidu-
“al edge of an arm b b, which is
CCurely fastened to the outer circle
d_ in a radial position to the same.

18 vernier # reads to half minutes. ' Fie. 12.

€ clamp screw P serves to secure the two circles in any position.
4n alidade ruler, 1) D, the fiducial edgo of which lies also in the direc-
“0of g (iawmeter of the circles, is revolvable about the axis ¢ and slides
‘D"“ the upper surfaces of the circles which are in the same plane.
48 alidade bears a vernier 2’y 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 camera 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 absorb
much valuable time, especially when plotting a scries of panorama
stations,

Theprf)trzwtor shown in figure 12 can be 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
meauns of the ¢lamp screw P), but it can also be used to plot the direc-
tions upon the map in the same manner as they were obtaiued 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 suc-
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
of 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 is
to be fixed or located upon the tracing of the lines), while the center of
the instrument coincides with the point representing the station upon
the paper.

The zero of the vernier #/ of the alidade I D is then successively
brought, upon the inner circle graduation, to the readings of the other
directions radiating from the station point under the center of the pro-
tractor; each successive direction is plotted by drawing a pencil 1ine
along the edge of the alidade D D. Care must be taken not to chang®
the primary position of the instrument as defined by the first liné
during these motious 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 graplv
ical eonstruction will admit of.

This protractor serves also to locate: points on the constructio?
board which on account of importance or for reasons of control ha
been bisected from numerous stations with the theodolite, and also, a8
will be shown, to orient a perspective view upon the board, if such -
Jperspective contains no trigonometrical point, or 1f the image of sucl
i8 blurred aund not sufficiently clear to be identified with precision.
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After all stations, including such secondary points as have been deter-
Iined by theodolite directions from these camera statious, have been
blotted upon the two boards, the work of determinin g upon the construc-
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 corrected and adjusted in the manner previously indicated, and all
Secondary points are seleécted and marked by searching for well-defined
boints which are common to two or more plates, carefully selecting
therefrom only such as seem
to be tho most useful either XS
for drawing the contours or A B
for tracing the general trend
of mountain ranges, torrents
and streams, boundary lines
of glaciers, etc. The pum-
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-
S8ented in figure 14, With
this instrument we can draw directly upon the construction board the

orizontal 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 0 0,

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

P = principal point of view of the perspective,

Pgupon O 0'is the measure of orientation (= o) of the perspective.

We now prolong V P through Vby V P=V P/=/ and erect a per-
Dendicular to VP’ =0"" (" in I, Likewise, prolong VB, VA4,V 8 to

eir intersections with 0’ 0", whick intersections are marked V', «, ¢,
I’espectively. VP'=V Pand O O parallel to 0" 0/ hence the rectan-’

8, Ex. 19, pt. 2—6

T1a. 13.
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gular triangles V P’ a/, V P’ I/, and V P’ &' are congruent with V' P a,
V P by,and V P s, respectively; therefore:

P =Pa=zx

Pl =Pb=2x"and,

Pig' = 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' 8§, 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, 7,
secured in ¥, and through a similar
slot in the metal plate V.8 & at V.
The metal ruler K R’ is revolvable
about V, gliding with the end K’ over
the are 8 8 of the sector, and the
A fiducial edge of the ruler passing
v through the center of 1,

This ruler is secured to the revolv-
able button » Ly means of a cylinder,
\ the bottom of which also bears a slot

[¢]
A

similar to those in the button and see-
tor plate.

Wien the ruler and button are in
a certain position the three slots it
sector plate, button, and ring of ruler
will coincide, and the needle can beé
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 iB-
closed in a square, of which the needle circumference forms the inscribed
circle. The entire instrument can now be revolved about the needle
ceuter in V., :

The lever screw m serves to move the prolongation arms a #/ in @
suitable slide in the direction of the middle line of the sector. Tho
axis of this instrument coincides with that radius of the sector which
falls together with the middle line, passing through the center of V-
The steel ruler T'is perpendicular to this axis, and is secured to the pro
longation arms n n'; it can be moved up or down, while maintaining 8
position perpendicular to the axis of the instrument, by meaus of the

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

. If the edge O O’ of the steel ruler T'is brought to a distance = f from
the camera station in center of V' (by means of the screw =) 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 frqm thé center of
Yotation V. Two thumbsecrews W and W’ (into which fine needles can
be inserted and held in place by clamp screws) serve to secure the metal
Bector in any desired position upon the drawing board. The arc § 8 of
the sector is graduated to ten minates aud the zero of this graduation
Coincides with the axis VP of the instrument, giving readings from
00 to 250 on either side of ¥ P> upon this arc.

The ruler or alidade X R’ bears a vernier to read fractions of the arc
Braduation. It is graduated to read half minutes. The thumbscrew
gelamp screw) Z of the alidade has a counterplate at its lower end and
1t serves to seeure the end R’ of the alidade upon the arc of the sector
8nd 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
Warked upon the perspective, the instrument is placed with its center
of Yotation, V, over the needle, marking the camera station on the board
a‘_"d giving the button » a quarter turn (care must be taken that the
Side bearings of the button # of the instrument have no loose play
f‘bol.m the needle), then O 0’ is moved by turning the serew a until 0 O
I8 distant from center of V= J, whereupon the orientation of the instru-
Nent ig nccomplished as follows:

W 1.71’ is directed to bisect a plotted triangulation point, the image of
¥hicl, appears ou the perspective with sufficient distinctness; its abscissa
Staken from the print by means of a pair of dividers and plotted in
2 ® inverse direction, upon the line O 0, from the puncture in .P; the
N fldade R B’ is row gently brought into contact with the other point
the dividers and secured in this position by clamping the screw Z,
ofoglthe.ontire instrument is revolved about V until tlie other end R
o ¢ alidade bisects the plotted point. The instrumentisheld in this
Sition by pressing the small needles Waud 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 O’ 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 sccured in such a position that the
alidade R R’ forms the angle @ with the axis V.P of the instruinent,
which angle is read off (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 through the trigo-
nometrical point in question. 'T'he 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 E, 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 coincide with the zero of the ar¢
graduation, § &, clamping R I’ in this position and directing the end k.
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 t0
coincide with the zero of the arc graduation and the instrument i8
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
previeusly described protractor) which forms an angle in the station-
point ¥ with the direction to a triangulation point, which is equal t0
the angle of orientation (= ») of the plate and which is taken from the
field notebook (Model No. 1, Supplement).

After the lorizontal directions have been drawn to the different
points of the panorama, they are provided with numerals or symbol8
corresponding with the characters affixed to tho points upon the
panoramic views, in order to facilitate their identification when seek-
ing for the subsequent iutersections with lines to the same 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 pencil 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. g



CHAPTER V.
THE HYPSOMETRICAIL WORK.

After the position of the most important points of tho 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 contours between these points.

By means of the graphical hypsometer, figure 15, the elevations of the
DPlotted camera stations can bo 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 field notebook
(Model No. 1, Supplement). The elevations of
all secondary points are determined with the
Sameinstrumentby meansof their graphically
Ineasured 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 L
Dosition to the same, for which purpose their .
ends are secured to two sleighs, M’ 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
Own the raler A B. )
M is provided with a ratchet and screw P.
¥ turning the latter in one direction or the
Other the ruler M M’ is gradually moved up or
Own A B, the latter being provided with a
oW of fine teeth into which the ratehet wheel
Of M’ Dites while P is Leing revolved. The alidade ruler d'd is secured
With one end, 4, in V, in such a'manner that @’d can be revolved about
Caxis of ¥ as acenter, 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-
85
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ment the piug, the revolvable button, and the alidade have cach a slot,
which intersect each 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 raler 4 B and alidade d'd.

The alidade is provided with a vernier, n, graduated to read half
minutes, on the graduation of the limb G ¢ g’. This vernier serves to
lay off angles from V between the fiducial edges 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 thut edge of A B (lying toward d’d) which
passes through the center of rotation 1), and which passes through the
zero of the graduated arc ¢ gg¢’; it also passes through the point p of
the line p q, which is marked upon the ruler A M'. This line p ¢ corre-
sponds with the zero of a vernier, #/, which is attached to the ruler L M’
and which glides along the groove ¢ when M 3’ is moved up or down
AB. A Bhas a millimetre graduation, and by means of the vernier #’
the distance of the line » ¢ from center of 1 can be read to 0.1,

‘When this line p ¢ is brought to the distance = f from V, by means of
the fine ratchet movement at I/, the line p ¢ can be regarded as the
axis of absecissic 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 VP 0.

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 q has been secured at a distance =/ from the center V and
the abscissa 2 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 a. If we now
move the alidade, d'd, until its fiducial edge touches the second point of
the dividers, the triangle formed by the edge of the alidade d'd, the
edge of the ruler A B, and line &' p will represent the triangle V Pa’ of
figure 5. ' )

The end d&’ of the alidade is provided with a steel index mark,?
which can be moved along d’ d by meaus of a revolvable button, E, 8
ratchet movement, and teeth in a groove along d’ d. If this inde*
mark is moved to a (the intersection of fiducial edge of the alidade
and line p ¢ ou M M), the distance V ¢ cutoff on d’ d will represent the
horizontal distance of the point a’ of the perspective from V (i. e., the
value d in figure 3). '
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Maintaining this index mark ¢ (fig. 15) in this position on &’ d and
revolving d’ d about 7 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.
Af M’ away from V (by turning the ratchet button P) until the line p ¢
coincides with the index mark 4, we will have transferred the distance d
(fig. 5) upou the hypsometer axis; we will have brought the line p ¢
{engraved upon M M) to a distance from the center of rotation (of the
needle) in 17 equal to d, and by transferring the ordinate y (fig. 5),
measured on the perspective m« with a pair of dividers, upon the line
D g (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
edge of the alidade @’ 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, I/, which will always remain perpendicular to
the hypsometer 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 I I/ is slotted like the handle
of a penknife, and the edges I I and L L/ are beveled and provided
With a millimetre graduation, the numerals of whicli eorrespond with a
8cale of 1:50000 /50 m =1 mm). A ratchet screw, ¢, serves to move &
Plate (£ 0 K') with two index marks K and K, which can be made
Yo coincide with the intersections of the fiducial edge of the alidadé
4’ d and the two sharp graduated edges L L and L L'. The index
Plate K& 0 K’ also has a double vernier, ', on the opposite side of
the ratchet screw ¢, graduated to read A" (1. e., to read metres for
the sohey scale) in connection with the millimetre scales I I and L L',

‘When the zeros of this double vernier n’/ coincide with the zeros of
‘the graduated edges L L and L I/, the marks of the doubleindex X and
‘K' will coincide with the edge V p of A B (i. e., with the axis of the
lnS'GI‘umen‘o) and also with the fiducial edge of alidade d’ d, the zero of

he vernier n of the alidade also coinciding with the zero of the arc
8raduation @ g ¢’ (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 A’ is the projection of A
l‘} the horizontal plane passing through V,then A A’ will represent the
_lﬁ'erenee of elevation = L between the poiuts 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—130_0 for a seale of map of 1:50000.

u 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 M M’ had previously been

seellt‘ed'in such a position that the distance of p from V =d and if dd’
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had been set to lay off the ordinate ¥ upon p q from p, and if we now
bring the index mark I in & position to mark the intersection of the
fiducial edge of the alidade with the edge 1 L, then the triangle V. A A’
(fig. 15) will also represent (in the scale of 1:50000) the triangle V4’ 4
of figure 5, The index mark I indicating on the edge L L the length
E(Y{)ﬁi’ we will find the difference of c¢levation between the point A and
camera station V by reading the corresponding vernier n'/

The triangles ¥ p « and 174’ A (fig. 15) being similar ones, we will
have:

AA Pa ¥y
VA= Vy=a
we found (page 58).
y_ L
d— D
AAdA L
hence =D

D
and as 7 A’ = s550" We have

L
4 A= 55000

L =50000 x 4 A’

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

It has been previously shown (page 58) that

L _y
tan a = .D = -d
A A’
and therefore tan a = 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 =, from ¢, 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 A4’), and then
read off on L and corresponding vernier #’/ the ditference of elevation
between camera station and point A.

This case becomes very much simplified when the image A’ of A i8
bisected by the vertical thread of perspective (ax1s of y), as then:

z=o0and d=/.

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 ab
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a distance — f from V; then the index mark X 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 A’), and the differcnce of elovation between 4 and 1 is read off

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

applied to these difterences 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 latter 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 means 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 triangulation 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 aud everything

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

‘'CONCLUSION.

b As the work at a phototopographic station can be finished within an
Our or an hour and a balf, and as two or three well-selected stations
W control the horizoutal and vertical representation of an extended
gfa, the fieldwork will take no more .time t:or a detailed stlr\"ey than

Theal.g.“eneml survey, as the persl‘)ectlves‘w‘l]l be the same for b9t11.
01)0('1.?&‘9"% in the time needed for ob‘tzunmg a more or less dotailed

'givilﬁtdphw map depends upon the oﬂlce'wm‘k 0111y, every panorama
Ol‘i'lh the means to. construct therefmfn an unlnmteq mm%ber of

“ontal directions fromn the camera station to surrounding points, as

ill(?r:ulnbe}' of fsefzondm‘y pbintg §clected from 'the persx)eeti'\ies can be

rafti‘lsed indefinitely to the limit of the patience and ability of the
Sman,

be pangramic perspectives, however, are not only important aids

© construction of the map, but they can also serve as subsequent

®cks 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, ete.

From the foregoing it is evident that phototopography is especially
well adapted for topographical surveys of mountainous regions, as the
ordinary topographical methods for such regious can be carried on
only during a few summer months each 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, ctc., so that the camera can obtain in a short bright interval
more topographical data than could bLe 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
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 oné
station. In order to secure the details, however, he will have to trav-
erse 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 horizontal and vertical angles can bé
obtained in a single day either with the plane table, the theodolite, the
tachemeter,or other instruments, as the topographer will have to spend
a good deal of his time, at the station, in making sketches in order to
identify thie points of the lines of direction for subsequent lines to the
same objects 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
gible to work more than a few lours at one station with the plan®
table, theodolite, ete., to get directions and make sketches, It appears
certaiu, at best, that, under the conditions which always prevail in
mountains of an alpine character, the positions and elevations 0
prominent points only will be determined (and often only such ad
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, and 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, aud where snow, ice, and bad weather pre-
vail the entire year. The photographic perspectives will not ouly 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 character where, it the ordinary
topographic methods are followed, the lack of control will give but
liediocre 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. TFor 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
Of 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
°_f hostile or barren coasts. (I'wo or more shore stations are selected
from 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
Surv@y.) ,

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

aganini. It furnishes a vertical photographic perspective of a known
°C5}1 length and at the same time gives the magnetic azimuth of the
btical axis of the camera for each perspective. The azimuths of all

'® points along the coast shown on the perspective can be taken

rectly from the perspective.

- Pio Paganini, engineer geographer and director of the phototopo-
Sraphical work in 1taly, in a report recently made to the First Geo-

@phical Congress in Italy, says the following, relating to theimprove-

0ts of his camera theodolite (a German translation, by Fenner, of

I8 report has been published in the Zeitschrift fiir Vermessungs-

t8en, 1892):

the principal improvement to the camera theodolite consists in drop-

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

Paganini accomplished this by replacing the ground-glass plate of the
camera by an opaque plate which has a Ramsden ocular lens in the
center. This new apparatus has all the details of a trausit, 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 (Fig. A), and they are now com-
pleted and have been published. A comparison between a recent edi-
tion (scale sydgg, 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 moro true to nature, and although the Swiss map ranks
higher from au 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 he doubtless would not have succeeded without
the aid of photogrammetry.’

Coneluding his report, Paganini made some very interesting remarks
coneerning a recent)y invented instrument, which, however, is not yet
consiructively finished. It 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 portious by sailors whe?
approaching the coast from the sea, were published with and upon the
charts or in the coast-pilot books. They were obtained in the follo™*
ing manner:

From the deck of o vessel at anchor a free-hand perspective drawin®
would be made of the desired part of the coast, including all prominent

Y

* Paganini proposes to publish u detailed description of this now apparatus ghortl¥"
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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 v-ith
4 sextant, and the local magnetic azimuth of one of these lines would
also be determined (giving the local magnetic azimuth ot all other lines
of direction to points on the perspective).

These magnetic bearings were inseribed in the drawing above the
points to which theyreferred. The place of anchorage had to be deter-
mmed 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 o 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, parti('-.ula.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 direetion. This instrument can he called a transit, the
telescope of which is replaced by a photographic camera, which can be
“tonverted into a telescope by replacing the ground.-glass plate by an
Opaque plate with an ocular lens in the center  This instrnmentdifiers
from Paganini’s latest improved camera theodolite by its mounting and
by the additional attachment of a dial compass,

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 azimuth compass and
8 placed centrally above the horizontal plate and within the ring-
Shaped alidade. .The magnetic bearing of the optical axis for every
D_el‘Spective is secured by photographing directly upon the image plate
slHmItJa,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 photographed.

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

e{‘idjan, the compass reading designated by that graduation mark
w.hlch we find bisected Ly the prolonged vertical thread under the
Dleture will represent the magnetic azimuth of the optical axis of the

Strument at the moment of the exposure, or it will indicate the

gle of orientation for the picture.
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This picture of the compass graduation, caught simultaneously 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
witl each other. The image of the compass graduation in the second-
ary camera is reflected 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 be permanently secured to the
captain’s bridge, forming a, part of tho instrumental outfit of every
naval vessel. By replacing the gimbul 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 sed
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. Ho also believes that the same can be employed
with advantage for the topographie 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 canreadily 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 aceurate for practical use and whether sextant
observations will be supplanted by these, time and experience can 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.

Mopxer No. 1.

Station on Punta Bivula (irig. pt.),; on the ridge between the valleys of the f’alaavm anoke
and Rémes.

[SeptemDber 18, 1884.]

o Per spectives| .
Orlentam::nc;; the pano- betlg '; ;ng lt)hl;e\'():gggls etx(l’ Focal distance, Remarks.
‘ ' panorama. points of view.
[
JPunta Gran Paradlso: ‘ o/ Time of exposure:
78° 27/ 0o?/ P ' 78 27 244 50m 108, with smallest
i diaphragm,
) : No.7.
p2 114 27 . 108
ps Iso 27 4 95
P4 186 27 B 128
: ps 222 27 &8 9%,
1 Punta Della Grivola: S g ‘
123° 47/ 00’/ pe . | 258 27 28, 10%
p7 294 27 B ¢*. Fine weather,
P8 330 27 e 108,
P 6 27 Ch 10°
Pro 42 27 v 108

Dlrectmns and vertical angles of the tngonomet- Computation of elevation of station and clev atlon
rical points. . of line of horizon.

R

'

Station upon the half- desnoyed sxgnal Elev, of instr, = 2:30™,
eodetic point, elevation =3413°69™.
* Elev. of instr. == 2:30™. -
Elevation of lines of horizon of panorama ==3415'99™ = 3416 om,

'1 he adjoining page is utilized for topographic sketch from station, detailed remarks, names
of roads, etc.
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MoprL No. 1.

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

[September 19, 1884.)

I {Perspectives 1y, . :
: Orientation of the pano- | be Directions to

I rama. o«
|
|
!

Punta dell’ Erbetet:
282° o4’/ 0o’/

longing

to the

P!

Ps
s
1)4
s
p6
P?
ps
P9

Po

| the principal i FFocal distance.
panorama points of view. .
o -

o

170

206
242
278
314
350
26
62
98

184

o I Time of exposurc:
[ols} 244°5mm 0s. Shorter exposure
B] :
2= . glacier.
00 o2 ) s,
0o =g ! 8s,
% g | .
00 wE i 9"
00 o= orom
L E '
[o]e] = 4 : 8a.
00 g3 : 9°.
00 R i g®. Fine weather.
00 | 108, Diaphragm Nbo.
7.
00 78

Rewmarks.

than before on
account of the |
great reflection !
of surrounding

 Cima di Breuil,
Llevation,

Punta dell’ Erbetet,
Elevation,

Cima di Nomenon,
Elevation,

Cima di Rouletta,
Elevation,

Punta dell’ Invergnan,
Elevation,

Cima di Toss,
Elevation,

220

282

‘222

w 0

8o

w

’ 144
54 00
33 oo
o4 10!
36 30
42 00
38 30
44 30
11 30
o7 00
42 00
11 30
3o 30

Directions and vertical angles of the trigonomet- , Computation of
rical points. R :

clevation of station and elevation
of line of horizon,

Elevation 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. 4 corr.

LElevatjon Rouletta
Diff. of elev. -+ corr.

Elev. of line of horizon

I

i

i

il

m.
360772
406°15

3201°57

348842
28494
s et

320248

330224
99'84

3202°40

345402
25264
g

320198

3384°12
18228
———-/

3201°82 |

3202°3
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MopeL No. 2.

Elevations of secondary poinis of the panorama.
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PHOTOGRAPHIC INSTRUMENTS AND METHODS EMPLOYED FOR TOPO-
GRAPHIC SURVEYS IN THE DOMINION OF CANADA.

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, etc.), 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.

B
A B 00T

Fia. 16.

Under the direction of Dr. W. F. King, Alaskan boundary commi&
sioner to Her Majesty, phototopography has been successfully employ®
for the topographic survey of southeastern Alaska, as far as this
topographic reconnaissance has been executed under the Governmel
of the Dominion of Canada.

The views taken from the camera stations of the Dominion sux‘Veys~
are not-complete or full sets of panoramic views, and when the station®
are close. together, even those few plates which are exposed from on®
station do not always comprise adjoining pictures. According to tbo
desired greater vertical or horizontal exteusion of the view, the camer
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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 rectangunlar 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
“amera has neither telescope, horizontal nor vertical circles, as it is
Wed in comjunction with a transit, the same tripod serving for both
Istruments.  All angles are observed with this transit, either before

Fis. 17.

Eirsa‘ftGr the exposure of the plates has been made. Care must be exer-
®d not to disturb the tripod when changing the instruments. The
Wery js secured to the tripod by means of a separate triangular sup-

Q:I‘t (fig. 17); the three screws marked a serve to level up the

) Wery before 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 tlus pair of levels is used for the
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leveling up. The central clam) serew, b, serves also as vertical axis
when revolving the camera in azimuth,

The camera box A 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 2
small side and the other in the center of an adjoining long side. These
nuts receive the central clamp scerew, b (fig, 17), of the triangular camnera
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,
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 inserted 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
1 ) 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 H
(fig. 16), bearing &
number on each side
(from 1to12)to enable
the operator to lkeep
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 on®
emulsion and made as uniformly in every respect as possible.

Four sets of teeth (fig. 18), cach set about onc-eighth of an inch wideé
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 prin
cipal lines) joining the middles of two opposite scts are parallel to the
faces of the camera box. These metal teeth ¢ ¢ ¢, ¢, (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 aré
vertical, the line ¢, ¢ is horizontal, t; ¢, is vertical, and the ¢“princip®
point” (the mtersection of ¢, t;, and %, t,) is in the optical axis of the
capera. Capt. Ii, Deville has changed these teeth, as they were t00
long, and inasmuch as the lens, levels, sunshade, ete., 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 vend;

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

Some of the Canadian cameras have a revolvable plate, with lens
eccentrical]y located, so that the width of the picture remains the same
t3111‘0l1ghout, 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-
mfmt i8 a source of uncer- A B
tain errors, Capt. E. De- [ o
Ville's experience teaches :
that the Lest results arve

'Obtained with a camera R R
that is perfeetly rigid in :

Al its parts, of a constant
foca) length, immovable
Cus, situated in one-third
¢ length of one short
Slde from either long side
and midway between two | — J
Short gjdes of the camera C ) D
as Indicated in figure 18a. e ase.
1§ arrangement will enable the surveyor to elevate or depress the
Orizon by resting the camera on the face A I3 or C D (fig. 18a). '
adA Square diaphragm, a b ¢ d (fig. 18), placed within the camera box
exmlts- ouly the licht needed for the development of the negative,
o chldmg 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 camera lens in

=T ' case it becomes necessary to
T g 4[] exclude the direct sunlight

— = "4“ = ==/ and shade the lens (fig. 1'9).

W« \\\11,_{_: 1= s THIE I/ The camera ‘fn,ces, which

\\ NN \_\: ) Al = //, are provided with the level

\& = | attachment(Band C,1ig. 16),

also show two converging
fg. 1 lines, & B and y & (side C,
- 16), whieh indicate the range of the lens in horizontal and vertical
OfTﬁe' One set of these lines will appear on the upper face (B, fig, 16)
ap 8 camera when in use, while the other set (¢ £ and y d, side () will
Pear on one vertical*side. This arrangement enables the surveyor
by See W.hat part of the panorama he is taking during the exposure
. Sighting along the two lines of the horizoutal face, and also up and
Wi the two lines a £ and y & marked on one of the vertical Taces 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 serew 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 diapbragm 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 actinic 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., are sccurely packed into
a sole-leather case, which has straps
5"*, attached to it in such a way that the

SoM.. whole can casily be carried on the
back like a knapsack.

The triangular support of the cam-
era is packed with the transit, and
the case of the Jatter is also inclosed

"‘ in a sole-leather kuapsack, with
straps for the extension tripod, both
being carried together on the back.

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

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

Every evening the surveyor replaces the exposed plates in his dark
tent by new oues, using @ ruby-colored light. He marks the e\posed
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., III 5 means plate No. 5 of the third dozen. (The plates
are packed in scts of a dozen each.)

The exposed and marked plates are placed into a double tin bo¥
(fig. 20) which can be closed hermetically and whieh will float when
filled with two dozen plates, if by accident it should be thrown int0
water. These boxes are shipped to the head office, in Ottawa, where
the plates are developed by a specialist (Mr. Topley).

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

Fia. 20.
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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 usual 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 conditions, with a light of equal inten-
sity, the plates being all of one emulsion.

So-called photometers are used to measure the intensity of 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, and by way of test developed one plate out of
every set 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
bermit a greater precision in making direct linecar measurements and
the drawing of construection lines, which wonld 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 glass.  (ilass transparencies
(enlarged from the small negatives) show minute details in the shadows
as 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 ouly objection against enlarge-
Inents on glass lies in 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 detaill 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 altogether, 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 terrcne marked on the outline sketch which accom-
Danies each negative serve not ouly 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
phiotographs.

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

Insert a piece of plate glass or a plano parallel mirror of 4j 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

6

16, 21.

bisected by the horizontal wire of the level the plate in the camera will
be vertical. (Seec fig. 21.) 4

If A is the position of the level and ¥ 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 4 £ will be hori-
zontal, and if the plate B C is vertical ¥ will be refiected in BCatD
and D A and E will be in the same horizontal plane.

Should the top of B € be inclined toward A (as in fig. 21), then the
ray I! D will be reflected in the direction of D F, and tho reflected 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, a$
shown in B’ ¢V, the reflection 1) of E would appear above the hori-
sontal thread of the level telescope, 2 D being now reflected in the
direction D @,

Should the plate be thus found not to be vertical after the camera
has been leveled up, the mclination must be changed by means of the
levelng screws of the camera until 12 falls upon tho horizontal thread
of the level telescope, and the level, which 1s at right angles to the
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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 conditions are fulfilled by every one of them,
and that the distance ot’ the sensitive plate from the lens be the same;
1. ¢., the sensitive surface of every plate should fall into the focal 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 econstruction of the map, this
determination should 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
landseape on a vertical plane (paraliel 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 horizontal plan (i. e., the focal length, the horizontal
and principal lines) are obtained from such a print.

This is done by taking a pictare 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 c¢an be ascertained by direct measurements in
the field. I'rom 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 which is made perfectly strmght the
points marked on the photograph are laid off, and this strip is moved
over the plotted radials until the lines biscet: 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 distanco line, and P will repre-
sent the horizontal projection of the prineipal point.

The paper is now again laid on H JI/in such a manner 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 off 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 snch 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' ¥’ 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 an 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 Cavadian surveys in "Alaska are plotted on
a scale of 1:80000, with a countour interval of 250 feet, indicating the
1,000-foot contours by heavier lines.

From 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 al its parts in order to obtain uniform results.

The horizon line, obtained by means of the comb marks, is checked
and corrected, it necessary, by means ot pictured points of known ele-
vation, each print containing two or more c
points which have been determined trigo-
nometrically and which have previously been
plotted on the working sheet and the cleva-
tions of which arcinseribed in red ink.

The picture traces are plotted on the worl-
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 select a point, € (fig..23a), to
which angles have been read, and take the
abscissa of C= C, I’, between the points of '
a pair of dividers. Insert a fine needle into !
the plotted station (b, fig. 23) whence 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 « e¢is equal to C, I’, (the tri-
angle must be moved likewise until this takes place), The triangle is
securely held in this position and lines are drawn ou the working sheet
along « b and « ¢; prolong a ¢ beyond a, and now check the distance
@ ¢ again with the dividers (to be = €, P,). Then b « = horizontal
projection of principal 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
Dicture was taken, and the point ¢ is murked the same as the print to

Fra. 23,
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which it refers; e. g., III 5 (fig. 22). The prints are marked with the
name of the ca,mera, station whence they 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, III 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 cominon 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

------ f‘ in the shore line of lakes and
«\< rivers, buildings, etc.
: After enough pictures have
‘
C

been sclected to develop a
wf 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 I 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
pa,lier, holding this thread under slight tension in this position. The
second thread connected with the necdle 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.
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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 been plotted in this manner
by intersections, and after they have beou supplied with the letters or
numerals (in red ink) as given on the prints, their elevations are deter-

1
T

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 oun the plan, The
latter can be plotted or drawn in with the same precision as is attain-



110 U. S. COAST AND GEODETIC SURVEY.

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, inasmuch 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 heignts of the pomnts fixed
by intersections are found by meauns of a so-called ¢ scale of heights?”
(fig. 24).

Sz P = straight line divided into equal parts.

S P = foeal length of prints.

P P’ perpendicular to S 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 P 7”7 from P. Suppose it corresponds to Pr =11
parts of 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 off on § P 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 z to a point vertically above & on the
ray § 7 (=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 pencil
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 are too few and too far apart for defining the surface, when it
will become necessary to resort to so-called “{ricks 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.

THY PHOTOGRAPH 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 “plotograph 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 prineipal 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 turning the principal plane about
the line V/ V into the picture plane we obtain the left and right dis-
tance points / 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 TUR S (a
little larger than the photograph which falls within 7' U R §), 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 liues drawn from
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the left-hand distance point H. This graduation, I L, serves for meas-
uring the horizontal angles or the altitudes of points selected on the
photographs, as will be explained in the following: :

Trom V as a center describe a cireular arc, P, C, with V' P, = focal
length as radius, and divide this arc into any number of equal parts.
Through the points of division, between P, C and 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 cylinder with radius = focal length, then these dif"
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 tho
various horizontal projections of pictured points, which must be added
to the focal length V' P, =7V C to give the horizontal distance of th®
station to the projected point on the photograph.

The equidistant lines A B, drawn parallel to the principal line, aré
also drawn sufficiently close together and cover a space in width equ®
to the largest radial difference 0J. All these lines (ABand 4 0
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are used in connection with the scale of degrees and minutes I K; e.1i.,
on a print, T'U 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. From H (fig. 25) we draw a line through
that division mark on K L which corresponds to the vertical angle of
¢ say 104°. Now the abscissa P, ¢’ = &, is laid off (on the photograph
board) along P, H' from P,; the second point of the dividers may fall
upon the twentieth radial difference (counting from P, toward ¢). The
length of the difference between tho radius of the are P, ¢ and the dis-
tance V O (from the plotted camera station V" to the plotted point c) is
now laid off along ., H' from I, which may fall midway between the
fourth and fifth line (counting from P, as zero) of theset 4 B. Then the
distance from the line P, H’, taken midway between the fourth and fifth
4 B line to the line H 1040 (on degree scale /i L) and measured on the
Plotting scale, will be the difference of elevation ¢ ¢/, which, added to
the clovation of the camera horizon, will give the elevation of the point
¢ above the datumm plane. T U

Sometimes the angle be-
tween a point, a, on the
Printand the principal and
horizon lines (altitude and
Azimuthal angles) may be
Wanted,

The azimuthal angle P,
Pgq, (fig. 27) ¢an Lo found
directly by joining the
Plotted station I to the

Orizontal projection a, of . :

the point «¢/. To find the S - R
Same in degrees and min- Hia. 26.
Utes we transfer the abscissa P, q, of the point (fig. 27) a’ to P, V' (on
the Photograph board) from P, and draw a line from H through this
Point on P, V. Where this line intersects the scale K L will be the
Teading indicating the value of the azimuthal angloe in degrees and
Minutes, '

The altitude of the point a’ on the photograph (fig. 27) is represented

Y the angle o/ I’ ¢, and to find its value we transfer P, a, the abscissa
of ar (fig. 27) to P, H' from P, on the photograph board; say, equal to
P, v. With the same pair of dividers wo take the radial difference at

(distance of Y to the arc I, 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 wo transfer the ordinite of a/= a’ a, from
1ir: H’i sa:y, equal to A Z, If we draw a line through Z from H, this
o ;Wﬂl Indicate on the divisions of scale K I the value of the angle

a, (fig. 27) in degrees and minutes.

c] foregoing is a general deseription of the plotting methods em- '
§. 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 upon 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. Both 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

\

Fia. 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 tendency has been toward con
bining the transit and camera into one 1nstrument, while in Canad?
these instruments have been kept separate. The reason, probably, i
that in the European countrics mentioned, photographic surveys wero
made on a large scale and the means for safe transportation were cox’
paratively within easy reach, while in the Canadian surveys the WOT
was done on a small scale and the instruments had to be carried over
rough country, frequently on the human back, thus making it essenti®
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 o
adjustment.
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Fle.28

FRENCH PHOTO-THEODOLITE.

Fic.29

THE SAME WITH CAMERA DETACHED.
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Figures 28 and 29 show the latest model, in its general form, of the
Freuch “phototheodolite,” which was on exhibition at the World’s
Columbian Fair, in Chicago. Tigure 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 time. 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 circle is under the
camera proper and carries a box level. The optical axis can be ele-
vated or depressed (maintaining a horizontal position) by meaus 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
6xposures, revolving the camera 60° in azimuth after each exposure by
means of the horizoutal circle, which is graduated to read to-single
inutes.

The lens is a pantoscopic one, made by BE. Busch, in Rathenow, Prus-
Bia, 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 swrrounding one station, form a regular hexagon, and after
%ne picture trace has been plotted and oriented on tho 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-
Surveyed 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 21e» 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, principﬁl
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 whichk
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. FLEMXR,
Vel Assistant.

Since Dr. F. Stolze’s treatise on photographical determination of geo-
graphical 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-
graphical longitude and latitude of a place, as Well as the local time by
means of photography.

Photographic determinations of the latitude and the local time of
a place, however, do not offer great advantages, compared with the
general methods heretofore in use for obtaining these values, as nearly
every exploru‘ 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
method for determining the geographical longitude photographically. -

‘The desirability of developing a method for finding the longitude
Wwithout 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 convinced that if the method should find
favor with explorers, the necessity of making astronomical observa-
tions—such as would be necessary, for instance, for. longitude deter-
~ Winations 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, £, Verm., Heft 15, 1893, of which the followmg is a free trans-
lation,

17
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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 108, 100 2m, 10® 4™, 10" 8, 104 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 becen photographed. At 10t 51™ (by
the same watch) the objective of the camera was uncovered and the
plate remained exposed, short interruptions excepted, until 12" 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 occurrence were carefully noted by the same watch and
recorded. Between 10" 51" and 11" 00" two such interruptions took
place. Trom 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 By v, 6, & &, m, and 9 Leonis, besides some other faint star traces, weré
plainly distinguishable upon the developed plate. The trace made by
6 Leonis was the most distinet 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 5 and & Leonis, scrutinized under a microscope, dis-
tinctly showed the gaps, corresponding with the recorded interrup-
tions, made during the exposure. These breaks were less clearly showd
in the other star traces, partly because they appeared less brights
having been nearer the lorizon, 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 11» 54™) among
the regular series, formed characteristic pointers toward identifying the
breaks 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 vuildings
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 different methods of mensuration. The mensuration
was 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 horizontally by meauns of a horizontal serew having a very
fine thread.

The plate is placed npon the movable holder (sleigh) and illuminated
from below by means of an inclined mirror. A microscope with cross
Wwires is secured to the stationary frame in such a manner that the plate
can be studied through the same while the plate is passed nnderneath in
a horizontal plane by turning the serew passing through the plate holder
(sleigh). The horizontal linear change in position of the plate when
thus moved is measured by the number of turns of the screw. This
8crew has two threads per 1=™ length, and is supplied with a micrometer
at one end, divided into 100 parts, and a vernier. Thus, 3™ can be
read with the index marl, and by using the vernier 4y%7™™ can be
measured. A registering apparatus marks the full turns of the screw.

‘With the aid of this micrometer the following measurements on the
blate were taken: '

1. To determine the right ascensions of the pictured crescents, wo find
and mark on the trace of ¢ Linonis that point which corresponds with the
meridian of one of the crescents—for instance, the first one of the eight
8hown on the plate—and by means of the 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 5 Iieonis had reached the point in
Question on its tiace gives in watch time the difference of the hour
Angles of the moon and & Leonis.

This ¢ivil time interval converted into sidereal time will represent
the difference of the moon’s and & Leonis’s right ascensions; and after

1}6 value for the right ascension of ¢ Leonis has been taken from the
Ii_XGd star catalogue of the Ephemeris, we will thus have found the
Yght ascension of the moon at the time of tho first exposure.

As 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 g8
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 scratch, 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 ot the
scratch 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 /S 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 be 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 ascension 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.—Ior this pur-
pose the plate was placed upon 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, s
/3, and « Leonis were bisected, and also the edge of the crescént falling
between y and S,

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 funetion 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 i I
Micrometer . N Declination .

reuding.L 1 mll(Ic;:th‘x)lr;it;?e J co';npulc(ll. Diff.
\ ° ’ V72 o ’ ’7 77
a Leonis. 2490 ;. 12 29 26 | 12 29 1§ “+11
g 25151 ' 15 10 12 | 15 10 31 —-19

Edge of moon. 6441°1 19 49 §3
6 Leonis. 75159 | 21 6 38 21 6 23 +15
¢ = 99167 1 23 §7 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 207, and if the star curves are
all close to the lunar picture even a more close value may be obtained.-

The semidiawneter of the moon having been determined as mentioned
above, we can now compute the declination of the moow’s center. The
declinations having yet to be reduced to the center of the earth, we will
beed for this purpose, besides the right ascensions, 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-
Romically, especially if he intends to determine tho longitude of the
DPlace 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 contaius 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

€ utilized in the same manner as a star. As mentioned before, the
€Xposed plate contained a picture of a conspicuous lightning rod. The
Circle of declination and hour circle of this puint were determined in

8 same manner as shown for the lunar pictures (by means of civil time
38 indicated by the watch). The following day (June 18) the elevation
01_' this point (of the lightning rod) was determined from the place occu-
Pled by the camera in the preceding night. From this elevation and
the declination we can determine the hour angle, if the geographical
latil‘:ude be known, and we are thus enabled to compute the ditference

Ctween 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
euter of the earth, the altitude of the lunar pictures being kunown if

e local time and the declination are given.

4. Measuring a lunar distance—We measured the distance between

© first lunar picture and that break in the stellar curve belonging to

Leonis which was nearest the crescent without being intersected by
the Same hour 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 platerepresents 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 23°. 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 6 Leonis had reached the
saine 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 lunar 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'l ul’fthc Rl A's ,
of the first three .
lunar piﬁturc]ccn- i Mengrtlme Local time Difffercncc
ters reduced to " < . of time.
the center of Greenwich.
the earth.
J— S I
I
he w5 kom0 k. .
9 23 407 | 8 563 ‘ 9 354 391
Il)ecli_m?li(l)n of |
the cight lunar Mecan i
sicture centers ) . : Differcnce
]reduced to the ch.cn\‘\ ich Local time, of time.
center of the time.
carth, :
° 7/ B om. f. . .
20 19 33 & 541 9 334 39°3
18 58 8 571 354 383
18 28 8 596 3774 378
18 1 9 18 414 396
17 27 9 47 434 387
17 22 9 51 454 40°3
16 50 9 78 47°4 39°6
I5 9 9 172 56°4 392
Mean 39:1(3z0°2)
. Interpolated
Lunar distances Lunar Mean ~ .
measured and distances Greenwich S m_""'- Local time. Diff. of
reduced. computed. ! time. (Jrel;}:::v.lch time.
° 7/ e 7 k. . b me ho om. ! .
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 3893
The true difference of titne for the “market tower” in Hanover City

18, according to Gauss:
m,

38'943

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 coincidence.
Sti]], we believe that an error of more ‘than 0-2" is precluded if the
Measurements on the plate are made as cavefully as the one just
described. In order to obtain an eqnally gbod result by the ordinary
astronomical methods, the observations would have to be made within
6 seconds. We 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. ¥or instance, if we photograph
‘the moon at the moment when she has the same apparent declination
a3 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
81‘101‘1: interruptions of the exposure) over the plate until this moon
Pleture is bisected by the star trace, it will be possible to obtain the
Yght ascension with the same degree of precision with which the breaks
N the star trace can be measured (bisected with the cross wires in the
-InICroscope). If we assume that the tenth part of such a gap or break
Can 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
Squally as-close ; consequently the Greenwich time can be ascertained
0 this case within 15 seconds.

If we wonder how it is possible to reach such close results with the
Crude means employed, we find that this crudeness 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 observations are gained and recorded. Photography simply
Tecordg instantanecously the relative positions of the stars and moon at
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fixed-time intervals, which positions can afterwards e studied and
measured at leisure.

The described measuring apparatus takes the place of the theodolite
or sextant, with its graduated limb, arc, 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"m 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 civil 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. Howarp Gore, 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
forbandlingar, No. 9, 1879, only the first attempts at such measuring
were described. Since these experiments were not sufficiently general
to give an acenrate 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-
Pheric conditions—conditions which mayalways be expected during auny
extensive measurement—with any hope of materially diminishing the
error, I found it necessary within the past years to coutinue my experi-
ments on a larger scale.

In the roport which here follows 1 have, for the sake of continuity,
deemed it advisable to repeat in outline the prineiples 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 ageordanco with the method hereinafter described, are about 13'"m
broad and 20m or more long. They are divided into centimetres, with
the first decimetre further divided into millimetres.

_ If it should be desired to make use of a steel tape in the field, where
1t i3 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
ends can be mathematically determined. Tor this a tension is needed
at both ends, exerted either by means of a spring balance or by weights.
This use of the tape requires two corrections—a negative correction,
lncreasing the length of the tape, which arises from the stretching of
the tape due to the applied tension, and a positive correction, shorten-

Ing the straight-line distance between the euds, which amouuts to the
126
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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 nccessary that the sum of the
two corrections named be equal to zero or that a tension be found suffi-
cient to give to the hanging tape its normal length. Ifrom 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 fect to secure a firm hold, the requisite stability can
bo obtained by placing a stone in a sling attacbed 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
gome 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 considering, 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 elevatiou of the tripod
heads for each tape length, and the correction for temperature, that of
the tape being taken as the temnperature of the air. -

When the measurement is prosecuted in this manner the weather
occasionally interferes. The steel tapes, which are usually 13w in
breadth, offer in a length of 20", when turned flat side to the wind, 3
surface of one-fourth square metre, approximately. A strong wind,
therefore, 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 sunshine the temperature of the air is not the
same as that of the tape or eveun that of the thermometer, which
makes the thermometric reading very unreliable. For this reason the
application of this method of obtaining the temperature of the tape
should be made use of only when the sky is clouded and the a,ir'
perfectly still or in a gentle wind.

To obviate these difficulties was the purpose of the following experi-
ments: '

The effect of the wind is diminished partly by selecting a tape a8
small in cross section as possible and partly by increasing the tensioD:
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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 is necessary to know the length correction for this increased
tension; to find this the comparator is measured with that tension..
Whenevel 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
manner, there is no apparent reason why, on the average, they should not
have for the entire measurement the same temperature; and this tem-
perature can be determined from the differences 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 descrip-
tion of the instruments 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 1.

9 = gravity, force of.

™ = mass of a unit’s length of the tape.
W = weight of a unit’s length of the tape.
8 = the oxtension 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
1ts two end points has, according to Sturm’s Cours do Mcécanique, vol. 2,
P. 48, the following equations:

& X

%. - Lk-_-_}-_zc k (a)
(E _ xz

L _ek—c F (b)
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p_ (VY
= (k) (©)
=8+ (a)
T=wnwy (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; | 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 samne height the ordinates will be
equal, while the abscissas will be cqual but with opposite signs. If L
be the length of the tape and a the straight-line distance between the
end points, then

a - ¢
L=2k 6‘37”—2”_21"
or expressed in a series
L=2k (g4 + 13 <2(£7;~>3+ coics (5%) )
and L—a= 24('?7:2' + 1‘0%:)._753' SEREEREE ()

In the experiments it was found that all the terms after the first
would fall between 0:0001m and 0-001™; hence it can be assumed that
a,tl
24 K
_ T
T wy
= 1
wy

L —a=
From (e)

or
From a series of tabulated values it was found that % changed value
with k&, but only to the extent of ¢y of the whole, 01: that the factor

=1. This gives:

Yy
=T
w
. a/ﬂ w2
and L—a= o1
alw?
or o=a,—_l}._—_—.2.4:...:.’.',_2
or placing Li=a

and w=mg
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L 3m? g®
we h S
ave 4 24 lu
Likewise ¢, =sL,T
from which we have
: L3 m? (/ C7om
L= L, — _’_‘)4 i +sL,T...... Q)

For the force 7, (the normnal tension), which makes I equal to L, it
Would give

2 2 402 4 2
LZm? g vV (2)

248 24s

in which v (or 2 L,) is the weight of tho entire tape.

If it should be necessary to employ a fractional part—say, the ath
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
Iy obtained by substituting in (2) » L, for L,, from which we obtain

o o [ LFm gt g ;\/__
T \/ o woo (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= L, (1+7)

Ot the factor =1 —zi"
From (1) we obtain ’
. Tt mt g? m L,, w? ,
JS=— 524—1,2’ + 8§17 = — L + s
or "2
' S=—agqetslo.... (%)

When only a part of the tape is utilized, the corresponding or nth
Part of J is obtained by first finding from T’ the value 1. From (1)

W6 have
3 1,3 m2 (/

I, (1 r =nl, — ns i, 1%,
; nly (14 7)=mn gy 77 T
Tom which
'7‘«2 V2 .
. J==ype T
Which combined with (4) gives
., - 1f2 2 V2
T+ (g a7~ T) T" = g™
o R I I
' T'= 1= g ga + 5™ g oo ®)

Where the value of 7" is given by approximation.
8. Bx.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
Lhw I,
p= =l
For three steel tapes ==A4 and B (both 20™ long, the latter nickel
plated) and C, nearly 30™ in length, but used as a 20" tape, I found,
uging the metre as & unit of length and a kilogramme as the unit of
weight:
A, w=0- ()1‘)77“, s = 0-0000214 4- 6, 520 = 0-000000424 4-11
B, 0-01898 0-0000226 4- (;, 0:000000429 4- 12
C, 0-01653, 0-0000234 4 5, 030000()0387&- 8

The determination ot s and s were made while snbjecting the tapes
when horizontal to a tension by means of a dynamometer; also when
vertical by suspending them from a high tower and attaching weights
to the lower ends. The mean temperature was 6° (C.).

From these values, by means of (2,, we obtain

for A, T, =072
B, 643
C, 5-80. .

For the elncidation of the formulas given above, the following table
is given for A, which was used in the experimental determinations of
length:

| . i r
Io |
” , ul Tu=692% !
i JS=0 ' =10 I'=15*
| I /=o0'000149 | /=o0'000293
m. A f. l ~.
o000 | o 000 696 | 13°65
I ow§ I 091 698 13°65
o0 i 2 1°45 702 13°67
o1 |3 1-88 7°'10 1369
o020 | 4 230 7°20 13°71
| 025 15 267 7732 13°75
030 | 0 3-or 7°45 1379
035 7 334 | 760 13-84
040 8 365 777 13°90
045 i 9 395 7'94 13-96
050 = 10 424 811 14-03
055 | 11 4°51 8:30 I4°11
o060 , Iz 4°78 848, 14°'19
o065 ' 13 5°05 8:67 1428
ojo 14 5°30 - 886 14°37
075 . 1§ 555 90§ 14°47
8o P16 579 9-24 14°57
085 | 17 6-03 943 14°67
090 18 627 9:62 14°78
1 09§ 19 650 9-81 14-89
i oo ' 20 672 10°00 15°00
. |

If the longth I, is known when the tension T, was used, it is l)OSSIble
by means of the formula already given to determine the length under
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& teusion, 7, introducing for that purpose the factor J. However, it is
Preferable 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 the scale on -the tape. If
this interference of the wind is regarded as manifesting itself in a con-
Stant thrust sidewise, or a lateral curving of the tape, it is possible by
means of equation (1) to determine the length, introducin g in the place
of g a factor representing the strength of the wind. From this it will
be scen that the distortion in question is proportional 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 differeut latitude or at
& greater elevation than that of the comparator, it is necessary, in
order to be able to compute the effect of gravity upon 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 tension is effected by 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 DLetween the zero marks. 1!, can be obtained from the
Squation L o2 »

- LpmE gt o'
B d= 0 ()
In which ¢ and ¢’ represont the gravity at the comparator and the base
ine, respectively. This equation can also be written

L= LV ”-+-"/<r/—y’>

24 T i
or with sufticient approximation
LV: rg—yg _
= L= () - ®

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.
}f M represent the mass of the objoct used to produce the tension, then
8 weight (taking the place of T’ in formula (1)) at the two places
Would be M g and M ¢'; this would give

I'—L=—sL,My ( 1_Qf>
.9,
or

L'oL=—sL,T -9%-”—- ...... (1)

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 thaf there are no longitudinal cracks in it, a fault whick
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 oceur, it will be necessary to redetermine its length
before continuing the measurement. It may be remarked 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. To 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, Fr. J. Berg, of Stockholm,
eight have been repeatedly investigated on the comparator, which will
be described later on. All these wires have u length of 25, This
length was made necessary by the desire to employ each wire as often
as possible on the 100" comparator. Otherwise, wires of 30™ or mor®
would have been used.

The pair A B was utilized since March, 1882, ¢ D) since April, EF
since September, and M N since April, 1883. The reason why I em-
ployed 8o many wires was to determine from experience what diameter
is the best, and also to confirm or disprove the oft-expressed feur of 8
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
A e = 0:01459%

B 0-01624
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After plating
A w = 0:01469%
B 0-01629 *

Likewise it was found that under teusion, with a temperature of +1°
(Celsius), the following wires gave:

A...., 8=000002799, s1 = 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 it is supposed that for the same metal w is proportional to the surface
of a transverse section or to the square of the diameter (a @2, in which
@ represents a coustant 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 A,d=153"~_and for B, d=1:57=w, If a be expressed in milli-
metres, we would have:

for steel, a=0000275%; w=ad?. ....... {log., 7-7976]
b=10-0000655"; s = 3—, ........ [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
Steel, 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 i . .
Wire. i L4 v : K sLa IS M o 4
mm., £, ' L. £. £. ",
Steel. | 4 | 1°53 |0'01469 | 000002799 | 0000700 | 0367 | 585 10 | oK1
Brass. | & | 157 |0'c1629 | 000005769 | 0'001442 | 0°407 | 4°g2| 10| 013
Brass. | C ! 1'52 |0'0153 | 0°0000616 000154 |0°38 46 | 10| o012
Steel. | D | 1°51 {00143 | 0:0000287 000072 |0°36 | 57 |[10] 011
Steel. | £ | 2'04 | 00270 | 0'0000157 000039 | 065 |10¢ | 10| 020
Brass. | F | 2°02 |0'0270 | 00000349 000087 | 067 82 | 10| o'21
Steel. |47} 2'66 | 0'0444 | 0-0000OQI 000023 |t11 [17°7 | 15| 023
Brass. | &/ | 2:66 , 00468 | 0-0000201 000050 | I'17- |I4'2° | 1§ | 0'24
|

*If for any reason w, and likewise ¥, suffered any change—for example, through the
Wear of the plating or removal of the plating—o took ou a new value, which was
determined from

LT
ar
127*

== —

4Also g would change, givin
’ 8 do=1L,Tds.

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)

. 3L 2a?
m — 2 ot .
T,=d 210 (8)
and
3 L Z ¢
=0, [ 9
To= s gty ()

With a wire it is easy to obtain d by measuring, and in a tape w can
be found by weighing; therefore the formulas just given can serve in
determining- an approximate value for 7. The values given in the
eighth column of the above table were obtained in this way. The knowl-
edge of T, is of no direct value, yet for the sake of comparing values
of it with tbe 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 kilogrammes, and  in

millimetres.
Steel, L =20", T, = 2416 d* = 344

Brass, T, = 172 ? = 261 1w
Steel, L= 25"', T, = 250 d* =399 w
Brass, T, = 2:00 & = 303 7

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. Zension with spring balance.

A B C D B r M N
F28 435 430 427 4£88 494 4114 127

2, Tension from weights.

A B ¢ D ¥ v M N
70 —144 —1534 —T2 —39 —87 —35 -7

Y
These values have not been multiplied by the factor” - (/!/ ; but as

this factor never exceeds 0:0032, it would give a correction of only
0066 for N and 0-080 for C.

The wires A B and ¢ D were found to be easily handled, while moré
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 subject to change than the lighter
wires. :

“Tor the corrections to reduce a 25" wire to the. horizontal prqjecbiolb
the following table was computed trom the formula

h? It I
b=gp+smt e 10
in which % is the correction, always po'swive; L the length of the wire
.and & the difterence in elevation of the two tripod-heads:
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[
Correction for reduction to a horizontal projection.

P2 &

m. mm. m. mmn.
0°00 00 066 87
0-04 o0 067 9'0
00§ o1 068 92
008 o'1 069 95

. 0'09 o2 070 9'8
011 o2 071 10°1
o012 03 072 104
o°13 03 073 107
o'14 03 0'74 11'0
o'1§ o4 075 11°3
o016 o5 076 116
017 o5 077 1149
o018 06 078 12°2
o'19 07 0'79 1275
0°20 o8 o'8o 128
021 o'g 081 13°1
022 10 082 13°5
023 1’1 | 083 138
024 1.2 | 08 141
025 1'3 ' 08 14°5
0°26 14 086 14°8
0°27 1°5 o-87 15°1
028 16 0-88 15°5
0°29 17 -89 158
030 18 0'g0 16°2
031 19 091 166
032 20 0'g2 169
0°33 22 0°93 173
0°34 2:3 0°94 17°7
0°35 25 095 181
036 26 0'g6 184
037 27 097 188
038 2'9 098 19°2
039 30 | 099 19:6
040 32 1'00 20°0
041 34 1ol 20°4
Q42 3'5 102 208
0'43 37 103 21°2
044 39" 104 216
0'45 41 1'0§ 22°%1
046 42 106 225
047 44 1-07 229
048 46 108 233
0'49 48 1-09 238
0°'50 5°0 110 242
o051 52 111 24°7
0'52 54 112 25°t1
0°53 56 i3 25°S
0°'54 . 58 1'14 260
055 01 1'1§ 26°5
0'56 63 116 26.9
0’57 6°5 1'17 274
o058 67 118 279
059 70 1'19 28°3
o-6o 72 1°20 288
061 74 121 293
062 7°7 1°22 298
063 79 | 123 303
0°64 82 124 308
065 85 1°25 313

man..

318
323
328
333
338
343
349
354
360
365
370
3776
381
387
39-2
39°8
40°4
40°9
41°§
42°1
427
43'3
438
44°4
450
456
463
46°9
47°5
481
487
49°3
§50°0
506
513
519

2+5
5§32
538
54°5
552
55-8
565
572
57°9
586
592
599
606
613
620
627
634
64°2
64°9
656
66°3
671
678
685

]

m,

2:26
2:27
2-28
229
2:30
2°31
232
2°33
2°34

230
2:37

239
2-40
2°4%
2942

243

2°44
2'45

mm.
693
70°0
708
71°5
72°3
731
738
746
754
76°2
76°9
777
78°5
79°3
8o°1
809
81°7
826
834
842
85-0
867
875
88+4
892
900
90°9
01°8
926
935
94°4
952
96°1
97°0
979
988
997
1006
101°5
1024
1033
103’3
1042
1051
106°0

1069 -

107°9
1088
1098
110°7
1116
1126
113§
114°5
115°5
1104
117°4
1184
119°4
120°3

135
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Correction for reduction to a horizontal projection—Continued.

P2 * 3 k -k I3 LA *

|
”. mn. ”. mm. ”. mn. I ”. mni.
2°46 1213 2°54 129°4 262 1377 ' 270" 1462
2°47 1223 25§ 130°4 263 1386 ., 271 147°3
2:48 123°3 256 1314 264 1398 272 1484
249 124°3 2°57 13274 2-65 1408 273 149°5
2°50 1253 258 1335 | 266 1419 274 1506
251 1265 2'59 1344 2:67 1430 § 275 1517
2'52 1273 2:60 1356 2:68 1441 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 tripeds, because a greater inclination than this—I 1n 9—should be
avoided. In such extreme cases an error in elevation of 1™ would
produce an error of 0-1™™ in the length.

" From equation (10) we obtain by differentiating

Q= —gpo AL . ... (11)

from which it appears that when I 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. 1f A=3" an
d L=+50"m", 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

2
le= 2L +a,
then

h=~//8aL?—2aL...... 12)

If % and I are expressed in metres and % in millimetres, then

N 2a)
k='p X B00WE 4. ... 1
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from which it is easy to compute k by taking e from the following .
table:

a
L(m.) . : !
i O-osﬂllll O~15H"|I | 0'25"“!) | 0'35111") o-45mm
! !
' 4
", m. Coom. m. m.
1 o014 o'Ig
2 o2 031
3 032 042
4 0°40 53
5 0°47 0-62
6 0'54 071 o081
7 001 o-8o 091
8 067 088 100
9 0°73 0°97 110 1'19
10 0'79 105 1'19 129
It [oR-13 1'12 128 1°39
12 09I 1'20 1:36 148
13 o097 127 1°45 57 167
14 1°02 135 153 166 177
15 1-08 1°42 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 1°34 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 1°95 2:22 2°41 2°§7
24 153 2'02 2'29 . 2°49 265
-2§ 158 2-08 236 287 2'73
20 163 2°14 2:43 2:65 2:82
27 167 2°20 2'50 2°72 2:g0 .
28 172 2:26 2'57 2-8o 2:98
29 177 2°32 2°04 287 306
30 1.81 238 271 295 314

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

1? N 5 o
7;/=2L(] +7 )2+8L:«(1+f)4+ ------

or with sufficient approximation

'=k(142/))
or Skl =(14+23k...... (13)

Both ends of the wires are provided with balances. The one at the
ond where the scale on the wire is read is to bring about the desired
t‘»fﬁnsion, while the otheris to hold the counter action at the same ten-
Slon and to avoid as far as possible any drag on the tripod which car-
Ties 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. Therefore 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
just mentioned, x the correction to the horizontal reading for 0 I, ¢ 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
=t "
N S (14)
p—a'+a

and y="""g—

By way of illustration, the following quantities are added:

Old New
balance, balance.
— N [———
!
The difiference 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)

wlere k= 00073 for steel.

The scales on both balances were divided into tenths of a kilogramnine,
making it possible to read to hundredths by approximation.

If the same balances are used in measuring that were employed ot
the comparator, it is not necessary to determine these corrections; bu?
if different balances are made use of, it will be absolutely necessary 0
investigate each balance that is employed. For 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.=-+26°
Weight, Corr. Weight. Corr. Weight. Corr. Weight. Corr,
ok —o°144 ol —o'13k ok —O'1I54 ol -—0°'1354
10 -—0'I4 9 —o018 2 —o0'14 2 —0'19§
§ —0°20 10 —o-I1 4 —017 4 —0°'245
10 --0'10 6 —o-21 6 -—0'30
9 -—0'19 9 —o'17 9 —027
5 —o'Ig 11 —o0°I0 11 —o-21

The new balance.

(1883, Apr. 24.] (1884, Jan. 30.] 1884, Keb. 3.]
Temp.=+13° Temp,=+6° Temp,=-+42° Tewnp.=+26°
Weight, Corr. Weight. Corr, Weight. Corr. Weight. Corr.
ok —o°18% ot —o'18% ok —o0°194 ok —o0°2054
o —o18 o —o18 2 —o0'19 2 —o0'20
5 ,—c-18 10 —o0'14 4 —o'17 4 —o0°21
10 —o0°18 13 -—-0°13 7 —O'1§ 6 —0°20%
14 --0'14 14 —o°'11 9 —o'I2 9 —o0-21§
14 —o'Ig 14 —O°'I1 ‘1 —-0'13 11 —o0°20
13 —o'17 14 —oO'I1 13 —o0°12 13 —0°19
13 —o0'16 13 —0'14 15 —0-09 15 —o0°18
14 —0°'13 o —o18
g —o18 9 —o°'16
10 —o'17 10 —0°'17
o —o18 5 —o17
o —o°'Ig

TFor both instruments the two last determinations are the mean of
two series of observations. _
Since the correction % can be expressed by the equation

k=x+my,

in which m is the weight suspended and x and y are counstants, we
have, after applyiug the corrections just given for reduction to horizon-
tal readings, according to the method of least squares, the following

€quations:
Ior the old bulance,

1884, Jan. 30, Temp.=4 20, k=—0034—0-0003m.
1883, Apr. 24, « =4 GO, k=—0-031+0-0005m.

“ “ ¢ =41309, k= —0'036—0-0005m.
1884, Feh, 3, «  =4260, = —0064~0:0085m;

Lor the new balance.
1884, Jan. 30, Temp.=+ 2°, k= —0:01140-0063m.
1883, Apr. 24, « =+ 60, k= —~—0-0004-0:0045m.
¢ ¢ “ = 4130, k== —0-001+40-0025m,
1884, Feb., 3, ¢ =426, k=—0-025+0-0013m.

If  changes with the temperature, it is evident that the variatiqn 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

y=u-vt,

in which ¢ is the temperature and » and v are constants. In this man-
ner it is found that for the old balance

y=~40-0021—0-000365¢,
and Je= —0-041 4 (00021 — 0-000365¢)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, |- —_— B

1ok, Tension 104, : Tension 154.

—I0° -{,o~02'{' +o'o7'(. +0'll‘,’
— §° 0°00 4006 4010
o —oroz —+o-05 +0-08
5 —0'04 ~+0°04 ~+-o-07
100 —o0-06 -*_0'03 +°‘°5
15e -—0°07 002 +0-04
208 —0'09 --o0-ot 4002
25° —orI1 000 Toor1
30° —o13 —o-o1 —_o'o1

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 it
tension can be found by differentiating (1), which gives

aL Lgmgt , ., _LV:
aT="1575 + =15 pe+ sLe-moon. a9)
or if T=T,
dL : )
i Y 15a)
T 38 . o v -n- (

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 E F M N
the correction 10 18 1-8 10 13 18 ' 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 thé 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 0:5™ 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. Tor 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 commparison; at least no change of suffi-
cient importance to affect my results. However, it can be seen from
what follows that this hypothesis was unjustifinble. 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 16°:25 Celsius. The quan-
tities are expressed in millimetres:

. ' 1883, in Stockholm I’
| x8§8‘Ocl. 10,in | 188z inautumn, o o
I tockholin, at Jaederen. i |
| Nov. g. ¢ Nov.1s. )
! } i
A -N —0-0020 —0°0294 —0'0992 | —O0°'0¥32
B8—N —+o0-0305 +0°1374 —0.2492 —0°2338
C—N —o°1272 —0°2574 —0-2888 —0'27I1
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 tlakes 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
Increaged considerably 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 comparisous between the base bars and the standard were
made immediately before and after the measurement 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 uscd 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
oo 999989
¢ ‘¢ 999995

Mean 99'9994
m,

1883, Nov. 12, 100°0003

m . . 1000000
Mgan 1000001

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 circumstances. 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, a 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 aund the change in the length of the line uppeared
gradual. '

Inasmuch as a greater increase in length took place than is shown
in the earlier determinations, and since the value which was obtained
m 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 0-5853"
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 bhad 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 inaccuracies 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 2y, &y, T . - - - Xy while g1, Y2, Y3 - - - s
stand for the expansion in 100" for 100 Celsius. The thermometer read-
ings have been corrected and 4 15° taken as the temperaturo 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 x, which of course is regarded as an unknown quantity.

WWire 1.

1882, Mar. 27. A= 99'9693 ~-xy — 153 Ji, No. of determ. =3

Apr. 19. 99:9688 - x1— 122 31, ¢ “ =2

‘e 26. 99:9617 L xy— §°95, o= 2

June 15, 999606 4-m— 40y, ¢ =2

Sept. 7. 99.9585 -+ 11— 04 ¥, “oo=2
1883,]an. 0. 999878+r|_—264 F7PRL I —

T 999839 -4-x1 —22'5 yi,  ** “oo=2

3L 999753 4- 11— 134 - ¢ =2

Apr. 20. 99'9717 & xy —11°7 3, ** “ =2

Sept. 25. 99'0640 4 .1 — 4°9 1, “ =2

Oct. 16. 999630+ 11— 34 ¥, TR

Nov. 17. 99'9764 41 —159 1, “ =z

Wire I3,

1882, Mar. 22. A:= 99-9215 4 x:— 97 y:; No. of determ. =2

27 99°9281 4 x;— 136 g5, ¢ =g

Apr. 19. 99'9270 - X2 —12°2 3y, ! “ =2

lune J3. 99:91564- 02— 4°F gy M “ o =2

Sept. 7. 99'9105 4-x:— 07 39 “ =2

1883, Jan. O. 99°9508 - x; —26°5 ¥y ¢ « -2

A 99°9522 -+ ¥%;-—22°6 3y, “ =2

o3 99'9377 +- x:—13'4 yu “ =2

Apr. 20. 99'9327 + 2, —X1°6 33, ¢ 2

Sept.25. 999197 fx— 49 ¢ =2

- Nov. 17. 99°9405 +x; —15°9 ¥u ‘s ‘¢ =3
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Wire C.

1882, Apr. 19. A = 1000224 — x3 — 11°45y3, No. of determ. == 2
June 15. 100°0110-}-x3— 4°3 ¥3, ** =2
Sept. 7. 100°0070 45— 1'2 y3, ** o=

1883, Jan. 6. 100°0530 + &3 —26°0 33, w .o

‘ 7 100°0471 +x3 — 219 y3, ‘' ‘e =2
o3 100'0330 - #1— 134 yu, v =2
Apr. 26. 100°0224 -i- X3 — 9°2 3, ** T
Sept. 25. 100°0124 4 x3-— 4°5 ¥, ** [E—
Nov.17.  10000342-bxa— 1575 o=
Wire D.

1882, Apr. 19. A :=1000566 -} x¢ - 110 g, No. of determ.==3
.Tunc 15. 100°0509 -} oy — 4715y, *° o =3
Sept. 7. 100°0498 + x4 -— 1°75y4, Y

1883, Jan. 6. 100°0792 4- x4 —26°95ys,  ** w2

‘T 100°0752 + x4 —21°8 34, wo=2

31 100°0670 L xy— 134 p¢,  * TR
Apr. 26. 1000582 - xy— 82 v, TR
Sept.25. 1000556+ — 52y, “ =2
Nov. 17. 1000687 -} x4~ 167 4, b =2

Wire E.

1882, Sept. 4. A=100'0107 4~ X4 1'9 yu, No. of determ. =2

¢ 7. 1000120+ xp-1- 0°45¥5, ‘¢ ‘ =

1883, Jan. 6. 100°0412 4 x5 —26°0 3p,  ** “oo=2

T 100°0384 - xp— 22728y, ¢ o =2
¢ 31 100°0307 +xs— 13°4 35 o=
Apr. z0. 1000262 ++ x5 — 1273 J5  ** o=
Sept. 25. 1000198 + x3— §5°5 6 “o=2
Nov. 17. 100°0278 -~ x5 — 131 gy, ** ¢ =2
Wire F.

1882, Sept. 4. A ==100°0139 - 4s 4 0'9 Jyu, No. of determ. =2

¢ 7. 100°018§7 -{-Xs-F O°2 i ** s =2

1883, Jan. 6. 100°0660 4 x5 — 266 3, ** “ =3

“oo 100°05§84 -i- X5 — 22°5 i, ‘¢ o =2
3L 1000448 -t ¥5—-13'4 yor ** vo=2
Apr. 20, 100°0409 + xg ~~ 12°553%,  *¢ “ =2
Sept. 25. 100°0284 -+ x4y — 5°Q pg,  ** “o =2
Nov. 17. 100°0431 4 X6 —13°¢ puy ** [ =
Wire M.

1883, Apr. 23. A==100'0567 + x; —13°8 y;, No. of determ. =3
Sept. 25. 100°0514 +4-x7— 6°4 y1, ¢ =
Nov. 17. 1000871 f 47 — 132 yq, ¢ o =

Wire N.

1883, Apr. 23. A =100'0407 + xs—13'75ys, No. of determ. =2
Sept. 25. 100°0308 4-x5— 6°7 yu, ¢ 6 =2
Nov. 17. 100°0430 4 x5 — I3'T ¥u. ** e =2

The total number of simple observations made in determining the -
length ot the comparator was 136.
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Although only approximate values for the lengths of the wires and
the expansion of the same were emiployed 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 function 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 excep-
tional case, caused by the grading and building operations already
referred to. The errors also must be affected with o larger probable
error 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 concerned, there was positive evi-
dence of it during the early experiments, or until the beginning of the
year 1883, bnt 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 8
function of time, it may be obtained if we take terms up to the third
involving time, as

A=2A,+rt4ycost + 2sint,

in which ¢ is the time and z, y, and 2 are constants. 1t seems necessary
to asswme one expression for the period prior to the epoch 1883-0 and
another for the time subsequent to it. I therefore place for the former

A= Ag+myt4my 2.0 ... (@)

and for the latter
A=A, t+n ... »

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 base apparatus already referred to took place November
12, 1883, or 1883:8G. Therefore the equation

10040001 = A, 4 086 2, + 0-Td my . ... .. (.

© must be satisfied.
Without introducing into the computation complications that are

without .any gain, 1 compute first of all, with the aid of the meand
lengths of the line as obtained in the above approximations, the con-
stants in the expressions for A. Weights are aseribed to these xneﬂlfs
in proportion {o the number of wires employed each day in finding this
mean. IFor the period after 1883+0 we have from equations () and ()

A — 100-0001 = ({ — 0-8G) n; + (&2 — 0-74) 1
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and

+0'3= —0'851 — 0747, weight:=6
+08=:—084 —oy =6
+1:9=—078 —o0'73 ¢ =6
—o0'3==—0'§6 —o0-65 “o=g
-~1'5=—0'65 —o0'64 vo=2
—1'9g=—0°'55 —o064 =2
—1'0=—0'13 —o0°'2f =8

0'0-=—0'07] —O0'12 “o=1
-o2=-L002 +4o0°'03 ¢ =8

From these oue finds the following most probable values:

Ny = — 9 6Tmm

Ny = 4 9-59mm
and from equation (c¢)

Ao = 100:0001 4 8:31mm — 7:09mm
= 100-0013m
The equation («) now takes the form
A = 1000013 = nyt + myt?,

trom which we have

—8.8mm =—0'78m;+0'61m;, weight=1
—70 =—077 4059 o=z
— 68 =—070 4049 ¢ =4
—352 =—069 048 ¢ =1
—35'5 =—055 +o030 =4
—43 =—033 o1 e =2
—4°2 =—0°'32 —o0'10 v =6

which gives
my = + 14-55mm

My = + 6:98mm
Hence we have
before 18830, A=100+0013m 4- 14-55mm x t + 6:98mm X t?
after 18830, A=100:0013m — 9-67mm x ¢t 4 356mm 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

113 3[ 0006

Apr. 20 99'9993
¢ ‘9993

“ 26 ‘9993

Sept. 25 ‘9993

Oct. 16 ‘9996

Nov. 17 1000002

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 4.

mm.
— 7= () —14(n)
—2 1= (x)—12(n)
—4=(n)— 6(n)
—1'6-_—(4‘1)—‘. 4(»)
— 3= (x)— 0o(»)
+o2—(x)—26(»)

00==(x;) —23(3)
—I'4=(n)-—13(n)
—08=(xm)—12(sm)
—~02=(x)~ 5(»)
—o5={(xn)-- 3(m)
—o0'3—(x1) —16(»)

Wire C.

mm.

0:0=(xs) — 11(3a)
—o02=(x3)— 4(rs)
+ 04 = (a5} — 1(33)
+0°3==(a3) —26( )

0-0==(x3) —22( ¥3)
— 2= (x3) — 13(3)
+ 0 8= (xa) —_— 9()’;;)
+2:6=(xa) — 4(y)
+ 1°3=(x3) — 16(35)

Wire I5.

mm.
—0°3=(x3) + 2(1s)

00=(x5) + O(ys)
+ 1°3 == (xs) —26(ps)
- 0°25= (x3) — 22( 1)
— 6= (x5) — 13( )
+0°5 = (x5) — 12( )
+0 1 ==(xs) — 6(y)
+ 0°6:=: (x5) — 13( 1)

Wire M.

mm.
+03=(a1) —14(y1)
—20=(x1)— 6(y)
+02=(x;) —13(»)

Wire .
mm.,
+ 17 = (%) —10(3)
+1°6=(25) — 14( )
+08=(x0)—12{3)
—o5=(x)— 4(s)
FoB=(m)— 1(3)
—=0°3=(x2) —27(y:)
— 04~ (x2) —23(32)
—1'9= () —13(3)
— 1'0=(x)—12()
Fo5={(xa) — 5(s2)
— 09 == (xz) — 16(33)

Wire D.

mm,
F 1.8=(x)—12(5)
+07=(x) — 4(4)
+1ra=(x)— 2(y)
F 15— () = 27(34)
+ 01 = () —22( )
—07=(x)—13(s)
+ 15 =(x)-— 8(y)
+ro=(x)— 5()
+05=(x) —17(r)

Wire I,

mm,
+08=(x5) -+ 1(r0)
+04= () + 0(xe)
+0°8=(x4) —27(ys)
41 1=(xg) —22(y6)
—1-8=(x5) — 13(¥s)
=~ 06 == (45) ~ 13( ¥8)
+0°2=(x5) -~ 6(6)
—0'5 == (xg) — 13(0)

Wire N, -
mm.
+ 1= (x5) — 14(ys)
—1'0==(xs) — 7(7s)
— 14 ==(xg) —13(s)
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From these we can obtain the following equations, involving the
unknown quantities, the first member being in millimetres.

—rr=12(n)— 134(m), 4 o= 11(x)— 137(),
937 = —134(x} +-2200(31),  —181 = —137(x2) -+ 2309{3n),
t 50 9(m)— 106(ys), 4 78B=  g(w)— 110(y),
—56°2==—106(3) |- 1820(y), =863 ==— 110(x) 4- 1924( 3},
+ 08= 8(xs) —  90(ys), - 0= 8(xs) —  93(m),
—32¢5 - 90(xn) 4 1682(ys),  — 8.5 - 93(xw) 4 1757( ),
= Us= 3w — 33(m), - r3= 3 —  34(m),
1 5r2=— 33(x:) - 401(p), 4 9B=— 34(ax)+ 414(m),
From which we obtain

(m)=—1-41, x,=3919, (x) =-o0'51, x;=-8781,
(m)=—o0043, y1= 0997, () =+40038, = 1718,
(x3) =4-061, ay= —7-29, (xi)=+106, . =--5094,
(3)=+0005, ya= 1745, ro16, yy=  1-036,
(x5)=—029, wx=-—15-29, (#s) ==—002, = —19-02,
(rn)=—0035, yo= 0955, (1)=—0'006, yazz 1744,

x1=—44°38, Aw==—19'15,

Ay 0°996, == 1°736.

TFor the wires M and N the coefficient of expansion is taken as the
nean of the preceding wires of the same metal, inasmuech as the number
of determinations was too few to admit of an independent determina-
tion for each.

The wires, therefore, when hanging free and under the tension already
mentioned, have the following lengths in metres from the middle of the
8cale at one end to the middle of the scale at the other, and also the coeffi-
cient of expansion for 1° Celsius:

Wire, A B C D
Length, 25-00g&0 2502195 2499818 2499727
Coef. of ex., (0-0000)0997 1718 1745 1036
Wire, £ Va V4 N
Length, 24'99618 24°99524 24-988g0 24'99521
Coef. of ex., (0-0000)0g55 1744 0996 1736.

Since these experiments gave a mnoticeably smaller coefficient of
expansion for steel, as well as brass, than has usually been found for
these metals, I have deemed it wise to determine 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 chan ges
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
Scale placed at a suitable distance from it. The result of these inves-
tigations gave for the brass wire from which F was taken

Coefficient of expansion = 000001751,
and for steel wire 1-3™™ jn diameter
Coefficient 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 tho tape A at 15° Celsius = 20.00303".,
The length of the tape B at 15° Celsius = 20.00493",
The coefiicient of expansion for A == 0.00001046.
The coefficient of expansion for B = 0.00001030.

The length given above is for the tapes when lying on a flat surface
and without tension. In addition, the errors of graduation were deter-
mined for A4, it alone being used in the final measurements. They are
given in the table below, combined with the errors of length for the
normal teunsion and also the errors if 10% or 15 tension were employed.

Errors of graduation+-crror of length.

! l To=6'72% , 7'=10k I=1sk
S ol
_— ! A. mm. £. mm. 3 mm.
| o0 oo 696 00 13°65 00
1 ' o9l i-0°3 698 -tog 1365 -}-0'6
2 1 145 0§ 702 o8 1307 I'1
3 1-88 o7 7°10 11 13:69 15
4 , 230 09 7°20 15 13°71 20
5 . 267 12 732 19 1375 26
6 301 10 745 19 13°79 28
7 334 13 7°60 2°3 1384 33
8 3768 1°1 777 2'3 | 1390 35
9 1 395 14, 7:94 27 1396 4-0
10 | 424 18 811 32 ' 1403 4°7
11 0 451 21 830 38 | 14°11 53
1z 1 478 20 848 38 14°19 55
13 , 50§ 22 8:67 4°1 1428 60
14 ' 5§30 21 8-86 41 1437 62
15 555 2-2 9-05 44 14°47 66
16 5°79 2°2 924 46 14°57 69
17 603 26 9°43 51 1467 76
18 6-27 26 962 53 1478 79
19 650 31 981 59 14-89 87
0 672 30 10°00 60 15°00 88 |
|
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THE LONG LINE.

This liné also is situated on “ Ladugardsgardet,” near Stockholm, but
it is not the line measured in 1864 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 Deen erected at ditfer-
ent points along it. In figsure 3 A B is the old line and A’ B’ the new
one, The terminal points, as well as the two intermediate points Land
II, are fixed by small holes drilled into a rod of iron firmly tastened
in the upper surface of stone blocks. '

The measurement in 1864 gave for 4 B reduced to sea level 2320-1878™,

In order to compare this result with the length of A’ 3 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

measurement, 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.

LENGYIIS.
m.
1880, Apr. 26, line B b, measured with stecl tape 4, 161-6456
May 2, « BB, € ¢ ¢ «o 6 204-4511
1882, May 17, ¢ B'b, ¢ «  wires, 135-4757
May 19, « A4 47, “oowu 64-3883

When reduced to sea level the lines have the following values :

m.
A B = 2320-1878
Bb = 161-6453
BB = 2044500
By = 1354757
AA'= 0643882

ANGLE READINGS.
1880, May 3, B B'A, usiug a theodolite of Ertel reading o 7
to 10’ by means of verniers, 154 1 266

1882, May 20, 40 B, using a universal instrument of
Wanschaff reading to 1/ by means of

microscoyes, 163 4 386

AbAY, 51 389

A'b B, 31 29 166

By B, 164 34 2549

1882, June 12, B’ A’ b, with the same instrument, 2 1 577
bA' A, 149 35 422
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In the triangle B B’ the sides B b and b B’ being known from direct
measurement and the angle 56 3, one obtained from computation
B B'=294-453
By giving the measured value weight 2 and this computed result
weigiht 1, the mean gives
B B/ =294-4517
And after making the correetions for triangle errors it was fonud
that
B1=1061-6442
B b =1354747
In the triangle A Bb, Bb, A Band A b B ave known, from which one
can find that

o 1 u
VAB= 1 94315
and ABb=1545 38.25

using the known equation
Ab=ABcosbA B+ Bhcos AVB=AB—-2ABsin>3bA B+ Bb
cos AV B
or
A b:-=23201878" = 04771 — 1546148 = 21650639,
In the same manner, from A B’ b 1 tound

A B = 2051-8967Tm

and from 40 A
A’ = 21092877

And, finally, from the ttiangle A A’/ B

A’ B = 19930148
and from A’ B’}
A’ B’ = 19950168
the mean of which was aceepted as a sufficient approximation, or

A" B =1995-0158m
DETERMINATION OF 4’ 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.

1f the two wires at the normal temperature (4150 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 readimgs would be
Zecand X ¢. Again, if the excess of temperature above the normal
temperature be indicated by ¢ and the coeflicients of expansion by &



REPORT FOR 1893—PART II. 153

and £, then the length of the measured line A is for one wire ascertained

from the equation
A=nL4Zet+tnLat

and for the other wire
A=a L/ 42 +nl/ gt

therefore
y ?;_L_—n L4+ Ze—-2¢ ,

n (L =T ay
By substituting this expression for ¢ in one of the equations above,
we have
1 L'gn L+ Ze —La(nl 4+ 2¢)
R 2 7 /e

or, if the length of the line according to the two wires he represented
Ly s and s'—that is, without reference to the temperature—then

ﬁi,}(s—s’)=s'+ﬁ.___/_f_(l

A=s+4 (s —&8)...... (16)
or
a
A=t F—a®

From 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

p= ae.ﬁ._f__d Vi{FEd)...... (17)
flfOrmu]a which is true only when the temperature, as is here regarded,
Is determined by the differcuces 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 such 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 be taken
f"Om a table already prepared in which the argument is the difference
!0 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
& check on the work. For the wires A and B, at 4 15° Celsius, the
difference in lengths,

| B— A =4 1215mm
and the relative expansion for 1©

25" (f — a) = 0:1802um
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from which the following table was prepared:

+ Differences of expansion.

b B r | B-a t | B-d
e —1 - ; —

| ° mm. ° . ° | mm.

P -15 675 7 10°71 29 | 1468
14 6-93 8 1089 30 | 1486
13 1 71 9 11-07 31 | 15704

S £ 7-29 10 11°25 32 15°22

o n 7°47 It 11°43 33 15°40

i 10 765 12 11°61

P9 783 | 13 1179

\ 8 8-01 14 1197 Differences.

i 7 819 15 12°15 | o

i 6 837 | 16 1234

| s 855 17 1252 ° mm.

! 4 | 873 18 1270 oo 0°00

3 891 19 1288 ‘1 ‘02

L2 909 20 1306 ‘2 ‘04

. 927 : 2I 13°24 3 -0§

| o 945 22 1342 | 4 ‘07

TR | 9'63 23 1360 ‘5 ‘09
2 9-81 24 1378 6 ‘KX
3 999 25 1396 7 13
4 10°17 26 14°14 -8 ‘14
5§ : 1035 27 14°32 ‘9 16
6 1053 28 14°'50 10 ‘18

|

The necessary persounel for measuring is as follows: One person
for the spring balance. one at each end to place the scales side by side
and to make the readings, one for leveling, and one for marking—or five
trusty persous. For handwork there are necded one person for the
small steel balance, 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 bave 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, tho
continuous progress of the work was often hindered by passing wagons
and the drilling of soldiers. This latter interruption is the reason why
the line A’ B was seldom measured as a whole, but in the sections AL
111, and IT B independently and irregularly.

During the first few days a leveling rod was used which was pro:
vided with two targets, the second one being on the reverse side a9
read downward, the zcero being at the top. The advantage thus
afforded was that the two readings should always have a constant sumnl
thereby furnishing a check.

But after some days one of the targets was injured, and thereaftc?
the ordinary method was pursued with confidence, inasmuch as up
that time no erroneous readings had been made.
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The following gives the measurements of 4’ B’:

1882,
May 8.

“« 9.

10.

€

12.
¢ 15

Line Began

Al 10:50 a. m.

II1 7:45
us ..
T 7:00 p. m.
1B 0:20
111 06:45
14/ 8:40 a. m.
A1 0:30 p. m.
1157 3:28

A1 8:40 2. m.
118 3:10 p. m.

Finished

4:00 p. m

10:10 a.1n,

3:15 p.m,

8:10
2:50
7:25

10:50 a. m,

2:25 p.m.
5:50

10:55 a. m.

6:40 p. m.

Remarks.

Sunshine, scattering clouds.

“ wind =3 to 4. %
Thin clouds.
Still.
Sunshine, wind ==1.

(X3

155

“ still.
o scattering clouds, wind =1 to 2.
“ wind =2,

Rain, wind = 2.

Sunshine, wind at right angles to the wires.

In these measurements ounly wires 4 and B were employed and the

tape A,

fn the autumn of the same year the line was measured twice by a
barty of students, using the wires ¥ 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

be done,
1885, Line Began
Sept. 8, /1 9:15 a.m,

The three lines A/, I II, and II B
Tnetres, respectively. The rapidity of

111 2:30 p.m.

115 3:40
AB/11  8:30a.m.
111 0:40 p. m.
14/ 1:40

a8 follows;

Finished

0:00

3:40 p.m.
6:05

10:50 a.1m.

1:40 p. m.
3:50

10

Sept. 8

Line.

740
367
888
367
367
§88 .
367
| 740
i 740
. 888
l 740 |
| 888 !
| 740

367
888
888
367
740

Remarks.

Sunshine, scattering clouds,

“ wind =2.

QT el el
]

hooom. ) |
5§ 10 | - 143 740
2 2 152 |
_____ ___} 1622 |
1 10 315 i
0 50 : 440 :
2 30 ! 385 1622 |
o 20 | 330 ?
2 10 342 i
1oss 386} 2368 |
2 25 367

2 15 329 740 ‘
3 30 | 254 | 888 |
2 45 269} i
1 10 315§ 1995 }
2 25 367 :
2 20 381) |- i
Y oo | 367%| 1905 ‘
2 10 342 ;

* Estimated 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 $:40 a. m. and continued until 5:50
p-wm. 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 T/,

For the wires A and B, = 1-383 and P = 2.383 which

— A—a
values are to be employed Wheu the computation is made according to
equation (16).

[1882 May 10. 1

| Wire. Leveling. Horizon-
Pomnt - — ———— tal re- | Remarks.
A 5 | Dif. Readings. Diff. Heigne.s |ductiont
P — ! - e i i f—————
mm. mm. i mne. dm. dm. am. | am. mn.
I | 038 000’
i 72°1 | 602 | 11°9 — 16§ o'g ' 10:30a. M-
30 203 — 165 |
907 | 787 | 120 — 7°30 11'0 .
31 9'43 — 908 Sunshine.
869 | 754 ] s —10°97 241
32 | 20°40 —20'02
! 305 ; 183 ‘ 12°2 — 391 30
33 24°31 | 2°30 —23'93
852 | 734 11:8 I/ -— 0°42 00
34 I | 272 —24'35
586 | 468 1181 — 1'41 o4
35 ‘ 4713 —25°76
31°7 | 19°3 | 1274 + 154 0.5
36 ' 2:59 —24°22
91°3 1 79°1 ; 12°2 -~ 0°70 o'l
37 ! 1683 © 329 ~—24°92
: 548 f 4279 119 . o + 424 36
38 ! 12°59 ! ‘ —20°68
380 | 263 . 11y 4+ 316 | 20
39 i 9'43 —17°52
| 585 | 464 1271 -+ 822 136
40 121 | 2000 — 9°30
i 568 { 450 ' 118 T S-11017 250
41 ; L1255 889 | 4 187
17°1 52 ILg T -i14063 | 430
42 i 100 | 1839 +16°52 ;
088 | 579, 1179 |77 +18:41 | 670
43 : —0-02 -+3493 -
17°0— 660 ; -~ 524 i 81t
I | — 522 --29'69 ————i 11:208. 1"
842 = Sum = | 2028 |
674-9=2Z=¢" I
|
The mean of the diff. = 11-g4mm,
The corresponding temperature § = - 13°+85.
* The check is in the diffcrences between the first and last number in each row of readings. ted:

1 This is taken from the table on pp. 135, 136. Inthe record the readings on the reverse scale Is om
1 Based on equation (12a) and the table following.
§ Taken from table on p. 154.

! The coefficients of expansion, which werc determined geodeticrlly, have been applied here.
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45
46
47
48
49
5o
51

53
54
55
56
57
58
59
6o
61
62

64
65
66
67
68
69
70

63

Point, |- - -

Al
i
i

mmut.,
653
77°2
56°4
360
336
987
956
826

632

Wire.
B
mm.

5311
654

.441

237
21§
864
837
708
516
300

81°2

Diff.

mm.
12°2

11-8

-
3]
(%)

1I°
II-
120
12°1

12-0

121
123

117

S & O

[1882, May 10.]

Leveling.
Readings. |  Diff
dm | dm. dm.
522
I + 354
168
‘ — 6°52
820
— 9'58
17-78 028
| — 543
- B 2 '
| — 267
| ~ 331
11+69
I — 313
14°82
- 318
18:00
— 2+60
1-83 | 2060
T — 1116
2:99
— 663
9-62
— 243
12°0§
—11'24
2329
+ 397
19°32
— 680
26°12
— 300
2912 297
- 374
671
’ — 168
839
i T 3749
11°88 °
|+ e
746
| 7717
I o029
-- 031
14°37 |—0-02
| + 570
8:67 |
i + 358
509
+ 356
1'53 ¢
+ 070
083 |
| - 379
462 ¢
! — 061

1L 157
Horizon-
tal re- Remarks.
Height. duction.
dm. mm.
0'00
25
+ 354 0:20 p. m.
85
— 268
183
—12°56
59
—17°99
15
-—20'66
—23'97 i
s 19 I
—27°10 i
20
—30°28
14
~--32'88
03
—34°04
88
-~40°67
12
—43°10
253
—54°34
31
—50°37
9°2
--57°17
18
-—60°17
28
—6391
o6
—65°59 Wind=1.:
2°5
—69-08
3-9
—64°66 Sunshine,
103
—57°49
00
—57°18
65
—51°48
: 20
—47°'90
26
—44°34
o1
—-43°64 |
20
—47°43
B3

———t



158

U. S. COAST AND GEODETIC SURVEY.

(1882, Muy 10— Continued].

| Wire ! Leveling.
o . Horizon-
Point. -—— . | - tal re- Remarks.
A Readings. | Difl | Height, |duction.
e : : |__-___._ . _.|.
. ‘ mm. | mm. dm. dm dm ' dme., wim.,
71 : 5.23 —48-04
. 7100 ‘ 593 i It} — 248 2'0
72 7.71 —50°52
61°5 i 49°5 | 120 -+ 3°20 86
73 4°5% 1 2399 —47°32
g1:8 | 800 118 " + 657 233
74 17°42 —40°75
§1°2 | 30°1 ! I2°1 +10'79 129
75 663 -—29°96
262 | 140 ¢ 12°2 ' 4- 803 o1
76 i 12:38 ‘ —1°40 —21'93
79°1 | 667 | 12°4 . P — o053 230
77 “ 1291 | —22°46
681 56°0 | 1271 | ! 1072 S
78 12°4—5°9 ©o2019 : fo—1174
V-2 | 0'§2 -~10°07 —10°07
2455°8 = ‘ ‘ Sum = | 201°1
! 20353 ==/ | ;
i | i o
The mean of the diff. —=12-01mm,
The temperature ==-14°2.
[May 11.]
i Wire. Leveling. Hoi
orizon-
Point, j- - —— e s et s e e oo e - | ] Tee Remarks.
A | B Dift. Readings. . Difl. Helght, |duction.
(SRS A - . . _ ——
mnt. . mm | mm. i, dm. | dwm. dmn. o,
1 1'55§ | 0°00
626 | 505 | 12°1 I — 4°2§ 36
29 580 1 — 4°2§ 8:40 a. M-
550 | 428 | 1272 - 1°61 0.5 .
28 7°41 : — 586 Sunshineé:
226 | 11°0 | 1I'6 | | — 0'52 o1
27 793 | = — 638 No wind.
582 | 463 | 119 , 4 o016 00
26 : 777 ! — 622
958 i 841 | 117 — 272 15
25 10°49 — 894
59°2 | 47°3 | 119 + 318 20
24 bo7°31 — 576
3581 242 | 116, + 481 | - 46
23 | 2°50 2148 | — o095
752 | 631 [ 12°1 ¢ + 2-30 1
22 : 19°18 | + 1385
799 | 683 | 116 + 480 ; 46
21 i 1438 + 6715
5801 45'9 | 12°1 | 4- 994 16°4
20 | 5'24 {-15°19
D77 | 59 | 1202 | , 173 06"
19 | : 301 +16°09
49°1 1 3770 | 1271 ‘ i+ 273 | 15
I i 1
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[May 11—Continued.]

|
H Wirc. Leveling.
. H -
Point, | - - e s R I {3,1‘;2!‘ Remarks,
A ‘ B | Diff. Readings. Diff. Height. | duction.
mm. | mm. | mm. dm. ne. dnt, dm, wnt,
18 ! 088 -L19°6§
44°2 | 32°0 12-2,| 4- 088 ;o2
17 . ' 000 -+20°53 |
I 486 | 368 11-8 -— 4°17 '3
164 417 +16-36
674 | 552 | 12°2 — 4°55 41
15 872 +-11-81
51°3 | 388 | 125 -} 338 : 23
4 L 19°47 534 +15°19 ;
553 | 432 | 121 | T - 048 o'l
13 ; 1 18:99 --15°67
87:41 697 | 1177 + 7°10 10-2 | Cloudy.
12 : 1189 +-22'77 :
| 423 306 | 1177 + 2-61 14 |
18 B i 928 4-25°38 .
i 7821 667 | 11°§ -}~ 821 13°§
Io ; 1-07 19-28 +33°'59
735 618 | 11y T -+ 748 11°2
9 1180 --41-07
839 | 7179 | 120 : + 6-86 9'4
8 i 494 -+47-95
662 | 547 | 11°§ — 075 o1
7 569 <-47°18
6§27 1 41°1 | 11'0 +4- o060 o1
6 ) 509 +-47'78
700 | §7-8 | 122 , + 5°09 52
5 i . I 0°00 -4-52-87
997 | 877 | 12°0 ‘ — 051 o1
4 1208 o051 -+-52°36
542 | 423 | 119 4 7731 107
3 f1177 | 2859 +59°97
442 323 | 119 ‘ 458
2 1346 47480 | 47480
641 | 5200 | 1271 | 41513 12°7
1 | 549 | - "l 48277 | +82:77
.+ 797 12°9
° 76 —63°9 1-09 +-87.17 | +87-17
: + 440 260
A 69 —85°2 i 704 +-81.22 81-22 10:50
; |
i 18803 =2 | — 595 .
: 1454° 6 =Ze! l 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
given refer in each case to the middle mark of the scale, the scale
Covering 5w, except on M, where it begins with 5 and stops at 15.
For this reason, since these §em enter into cach reading, it is necessary
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t6 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 g}z of its length; therefore each
reading must be corrected by + %z.

1882, MAY 10, LINE I II.

Approximate temperature — + 14°, The correction for the old bal-
ance at 10 and + 14° 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

e .o 842-0mm 3¢ =z 6T4:9mm
CITor == _—1-0 error = —7_1-_§
corrected 3 ¢ — 8410 corrected = ¢ == G731

The difference between these values, 167-9n, divided by 14 gives the

argument for finding the temperature.
1679
The corrected mean of differences == —1—;— ==11:99wm; therefore (p.164)

temp. = 14°.1,

Wire 4. Wire B.
m. m.
14 X 2495980 == 349°4372 14 X 24°97195 . = 34976073
e (corrected) = 8410 Z¢/ (corrected) = 6731
350-2782 350°-2804
(14°°1—15°) X 35 X 0997 == —"003!L (14°1—15°) X 3°5 X 1718 == —'0054
35072751 3502750
m.

The tape 4 169340 169364
Errors of division - errors of length = '0026} ——
Temp. corr. (—0°'9 X 017 X 1'046) = —'0002 3672114

.,

Reduction to the horizon 202°8
. 2 } "2035

Corr. for error in leveling rod 4 202'8 X 555 = -0y
Line I 1 += 367°0079

The results are as follows:
Line A’ 1.
[+]

mne.
1882, May 8. 4’1 7397708 7' =+4133 Sunshine, scattering clouds.

18 T 244 7723 14°1 Sunshine, still.
11, 4’1 7695 13°7 Wind =1 to 2.
12. A7 1 7725 80 Heavy rain, wind .=z,

Mean =1739'7713405
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‘Probable crror of & measurement = - 0-9™m,

Line 111,

i, °

1882, May 9. 111 3670127 7= + 10°7 Sunshine, wind==3 to 4.

9. III ‘0120 81 Still.
10. I1I ‘0079 141 Sunshine.
ro. 111 0100 85 Sunshine.

Mean =—:367-0106)0'7
Probable error of a measurement=4-14mm,

Line I1 I¥'.

mmn. °

1882, May g. 11 B/ 888-2372 7= 115  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/ = 19050171 o ¥ 2 3
= 19950171 4. 1-7mm,

Probable error of a measurement = - 3-4™", or 1: 600 000.
If the measurement of May 11 of IL B’ were excluded, for which
unfortunately there is no good reason, we would have

A’ B’ = 19950193 4 0-gmm,

Probable error of a measurement = 4 1-7m, or 1: 1 200 000.
The height of the three sections above sea level is

.,
A'l 11-6
I1I 78
II B 7-8

Which gives the following corrections for the reduction to sea level:
for A’T — 1-3um for I IT — 0-5mm, for IT B/ — 1-1mm,

This makes the lines at sea level to have the following lengths:

.
Al 739 <7700
III 367 0101
II.B’  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", or 1:1 250 000.

By omitting the one result for IT B already referred to, or taking for
A’ B 1995-0164, the difference would be only 0-6™™, or 1: 3 300 000.

The probable error committed in making a scale reading can be
¢btained from the record by supposing that the temperature was con-
stant during an entire measurement. Since the temperature was
changing, the variation of differences is effected Ly these temperaturé
changes, and the crror obtained in this manner will be somewhat too

large. The record gives
mim.

for I11 + 0156

II B 4 0159

L4 L 0164

qQr the mean 4- 0-164

The probable error for the difference of the two readings must
therefore be less than £ 0164w and each individual reading mast
be affected by an error which is smaller than

4 0164 o)y p16me
Vo

From equation (17) the probable error in a line 2000™ in length, when

n = 80, is
mm,

@ < £ 286
or @ < 1: 1700000

The greatest accidental error is evidently that which arises in read-
ing the scales. Jor in the alignment, although made with the unaided
eye, the averagoe error cin not exceed 2em, an inaccuracy which, if uni-
formly committed, could cause an error for cach wire length of only
0-008™, or for 2000™, 0-G"™; and this error would always have the
same sign. The error in leveling from which result errors in detcrmin-
ing the difference in the heights of the two ends of the wire could not
well malke this difference erroneous by more than 3", which, if cach
inclination 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 = 0-27mw. 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 occasioned 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 eircum-
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 coeflicient 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 the actual length of the wire has for the same line the
same value, and the nearer the temperature remains coustant 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 soureces 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 interagrecment 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
Acadenmy of Sciences, the following is observed:

1. In the connection of A’ B/ with A B errors wmay exist which could
affeet, our knowledge of the length of the former.

2. Mhe point B was covered with dirt, and the stone in which it was
marked might have been diswrranged in the dumping.

3. The point A is in a somewhat small stone on the surface of the
ground, and has for that reason an insecure position. It has been
observed that this stone was raised from its position by a heavy wagon
Passing 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 distinctly the drill holes which mark
4 and B.

The close agreement between the measured aud 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
equally 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, a decrease of 0-1mm,
The wires 4, B, C, D, E, and I' 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« + 017
F (brass) + 001

On the average, without and with regard to the signs, the changes-
in the lengths were 0:07" and + 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-inade comparisons.

TRANSBLATOR’S NOTE.—For later experienco in the use of steel tapes see an ex-
haustive report by Assistant R. S. Woodward, 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 House of Representatives,
in which he proposed (July, 1790) “to reduce every branch to the
decimal ratio already established for coins, and thus bring the cal-
culation of the principal 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 Jetterson’s plan, 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 scale was obtained for the Coast and Geodetic Survey in
1814, a, platinum kilogramme and metre, by Gallatin, in 1821, and a
troy pound from 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, and excises shall be uniform throughout the United
States, adopted the Troughton scale as the standard of length; the
avoirdupois pound, to be derived from the troy pound of the Mint, as
the unit of mass. At the same time the Department adopted the wine

* This paper was first published as Bulletin No. 26, and is republished 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 Weights and Measures,
166
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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 Cougress 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 Jnly 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 wus effected by lot, and
the United States received metres Nos. 21 and 27 and kilogramines
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 Burean 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 bad 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 of 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 beeu
practically ignored.

The recent receipt of the very accurate copies of the International
Metric Standards, which are constructed in accord with thoe 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 doue when the
international metric convention was entered into in 1875; otherwise
there would Lo nothing gained from the annual contributions to its
support which the Goverument has constantly made. Such action will
also have the great advantage of putting us in direct relation in our
weights and measures with all civilized 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 and the metre has failed thus
far to show that the relation as defined by Congress in the act of 1866
ig in error. The pound as there defined, 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 themost refined scientific research will demand
a closer approximation, and in scientific work the kilogramnme itself is
now universally used, both in this country and in Iingland.*

In view of these facts, 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 Sccretary 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 therefrom in accordance with the Act of July 28,

* Notk.—Reference to the act of 1866 results in the establishmont of the following:

Equations.

ard = 3600
1 yard= 3037 etre.
1 pound avoirdupois = 22046 kg.

1_.
0462
tho above by about oue part in one huudred thousand, but the equation established
by law is sulhciently accurate for all ordinary conversions.

As alrendy statod, in work of high proeision the kilegrammoe is now all but uni-
versally used and 1o conversion is required.

A more progise value of the Iinglish pound avoirdupois is o kg., differing from
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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.
7. C. MENDENHALL,
Superintendent of Standard Weights and Measures.
Approved:
J. G. CARLISLE,
Secretary of the Treasury.
APRIL 5, 1893.

[United States Coast and (Gieodetic Survey.—Oflice of Standard Weights and Measires—T. C.
Meondenhall, Superintendent.]

TABLES FOR CONVERTING CUSTOMARY AND METRIC WEIGHTS AND
MEASURES.

OFFICE OF STANDARD WEIGHTS AND MEASURES,
‘ Washington, D. C., March 21, 1894.
The yard in use in the United States is equal to {33 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 same as the grain avoirdupois, and the
pound avoirdupois in use in the United States is equal to the British
pound.
220462234 pounds avoirdupois = 1 kilogramme.

In Great Britain the legal metric equivalent of the imperial gallon is
4-54346 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 are of a great circle of a sphere whose surface is equal
to the surface of the earth (the Clarke spheroid of 1866).

1 foot = 0304801 metre, 9:4840158 log.
1 fathom == 1829 metres.

1 Gunter’s chain = 20°1168 metres.

I'square statute mile == 259°000 hectares.

I nautical mile — 185325 metres.

1 avoirdupois pound = 453°5924277 grammes.

15432'35639 grains — 1 kilogramme.



REPOxT FOR 1893 -PART IL

Tables for converting United States weights and measures.

[Customary to metric.]

LINEAR.

Inches. Millimetres. | FFeet. Metres. ! Yards. Metres, Miles. Kilometres,

- I»
1 254001 1 0°304801 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 2133604 | 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 ¢ iSquare  Squs .

);]z;lhgf ccng::gfres.g ;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 Cubic Cubic Cubic Cubic RBush- 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 2294 | 3 1-05718
4 65°549 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 HHECS 1 Fluid : \ .
drams. cc:::s;‘:lcbtlrc; . ounces, Millilitres. {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 1829 | 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
. \]

169
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Tables for converling Uniled States weights and measures—Continued.

[Customary to metric.]

WEIGHT.
. Avoir- Avoir- .

Lo Milli- Fpe . e Kiloa Troy N .
Grains. grar:lltlles. g:xgg: Grammes. Ii;]\i:?‘;; gmnlnilcs. ou:éi‘:s. Grammes.
1 647989 1 283495 | 1 045359 | 1 31'10348
2 129°5978 = 2 566991 @ 2 0'90719g 2 62-20696 |
3 194-3968 3 85-0486 3 1:36078 3 9331044 |
4 259'1957 | 4 113°3981 4 181437 | 4 124741392
5  323'9946 5 1417476 S 226796 § 155°51740
6 3887935 6 170°0972 6 272156 6  186-62088
7 453'5924 7 1984467 | 7 317515 ¢ 7 217772437
8 518:3914 8 226:7962 8 362874 | 8 24882785 -
9 5831903 9 2551457 | 9 408233 | 9 279'93133 |

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-iridium in the proportion of 9
parts of the former to 1 of the latter metal. From onc 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 preference, 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 system 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
0° centigrade on a platinum-iridium bar deposited at the International
Bureau of Weights and Measures.

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 vacuumn, the volume of such a
quantity of water beiug, 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.]

|
|
'
i
!
|

|
|
ﬁ

LINEATR.
— i
Metres.  Inches. Metres.  Feet. ‘ Metres.  Yards. ! "11:_':;:},; Milcs.
\ S
RV ) U P
- 393700 1 328083 | 1 1-093611 1 062137
L2 787400 2 656167 | 2z 2187222 2 1-24274
3 1r8-1100 3 984250 3 3280833 3 1:86411
4  157°4800 4 1312333 ( 4 47374444 4 248548
5 196°8500 5 16°40417 5 5'468056 5 310685
6 2362200 6  19°68500 ] 6 6561607 6 372822
7 2755900 | 7 2296583 . 7 7655278 . 7 4'34959
8 314°9600 \ 8 2624667 | 8 8:748889 8 4°97096
.9 354°3300 | 9 29°52750 ; 9 9'842500 9 559233
i ! I
SQUARE.
Square g ISquare  Square  Square  Square | Hec
S e D e s Sher M aew
U R
I
) 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 & 3 7°413
4 06200 | 4 23055 | 24 478 | 4 9-884
| 3 07750 5 53819 | § 5980 ) 5 12-355
6 0'9300 6 64583 . 6 7176 6 14-826
| 7 1-0850 | 7 75347 | 7 8372 | 7 17°297
| 8 12400 8 86111 | 8 9568 ' 8 197768
| 9 1°3950 | 9 96875 . 9 10764 | 9 22:239
[ - e !
CUBIC
Lo P B o
Cubic S ;. Cubic S s S
Cubic ¢ UM Cubic | Cubic v 1 fo Cubic C
:ﬁl:t‘r"le-s ingh)cl;. , n()l&l‘rlgs, inﬁh)(l::. l m:lrlgs. Cubic feet. ‘ uu‘.lu"::s yx;]r?llsc.
| 1 00610 | 1. 61-023 1 35314 1 1-308
L2 0'1220 2 122047 2 70629 |- 2 2516
| 3 ou8n | 3 18300 | 3 105943 | 3 3'924
4 0°2441 4 244094 4 141°258 4 5232
| s o305t | s 30517 | 5 176572 | s 6540
) 03661 | 6 366140 6 211-887 6 7848
, 7 04272 | 7 427164 | 7 247201 7 9156
] 8 04882 , 8 488187 8 282516 8 10°464
l 9 05492 | 9 549:210 | 9 317830 | 9 1771
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Tables for converting United States weights and measures—Continued.

[Metric to customary.]

CAPACITY.

ditti-

1tres or PP s ¥lud A N _

cobie” it | Qent G | Lives. guars, | R Gatons. | HED" Bushet.

metres.
1 o027 1 0338 1 105607 I 2:6417 r 2:8377
2 054 2 o0'676 2 21134 2 52834 2 56755
3 o8I 3 1°0I4 3 31700 3 79251 3 35132
4 1-08 4 I1°383 4 422067 ‘4 10°5668 4 11°3510
5 135 | 5 16or | 5 52834 | 5 132085 | 5 1471887
6 162 6 2029 6 63901 |° 6 1583502 6 170265
7 18 | 7 2367 | 7 73968 | 7 184919 | 7 19'8642
8 216 8 2705 8  8:453% 8 211336 8 22-7019
9 . 243 9 3943 9 95101 9 237753 9 25'5397

WEIGHT.
15 . Ounces : Pounds

grlz:l{r’llzrlxes. Grains. gr;{l:r}?nes. Grains. gsuexfrtxges. dal:’];);;—; grgx?x?les. gl‘l’gg;'s
1 0'01543 1 1543236 I 35274 1 220462
2 0°03086 2 3086471 2 70548 2 4°40924
3 0°04630 3 46297-07 3 10°5822 3 661387
4 006173 4 6172943 4 14°1096 4 8-81849
5 0’07716 5 7716178 5 176370 5 1702311
6 0°09259 6 9250414 6 21°1644 6 13°22773
7 0°10803 7 10802649 ' 246918 7 15°43236
8 0°12346 8 12345885 8 28-2192 8 1763698
9 0°13889 9 138801-21 9 317466 9 19-84160

Quintals. avc];igz‘;xr:‘()lgis. o?lég)lxlxerf:s. avéi(:gsgcs;is. gr:{fxlllxges. O:;lr‘z)c)is
1 22046 1 2204:6 1 32°1507
2 440°92 2 4409°2 2 643015
3 66130 | 3 66139 | 3 (964522
4 88185 4 88185 4 128:6030
5 1102731 5 11023°1 5 160°7537
6 132277 6 132277 6 192'9044
7 1543724 7 15432°4 7 2250552
8 176370 8 176370 8 2572059
9 198416 | 9 198416 { 9 2893567




APPENDIX No. 7—1893.

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 millious 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 a question of the highest importance both
to the producer and consumer. Both the 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 essentinl clement of fixed and
invariable units of measure authoritatively adopted. Such 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 beginuing of the recent enormous development
of the applications of electricity.

To meet this universally recognized waut, conferences -and con-
gresses of the leading electriciaus of the world have been held at
occasional intervals, the first being the Paris Congress of 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.
1t was convenient to make them so, and it was important to thus facil-
itate international interchange of machinery, instruments, ete. The
United States was represented by ofticial delegates in the Cougress of
1881, and also in subsequent Congresses in 1884.

The difficulty of the material representation of some of the units of
measure was 8o great at the time of holding these Congresses that no
satisfactory agreement as to all of them could be arrived at. Some
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 6, 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 nnits of electrical measure the following:

As a unit of resistance, the international ohm, which is bLased upon the ohm equal to
107 units of resistance of the centimetre-gramme-second system of electro-magnetic
units, and is represented by the resistance offered to an unvarying electric current .
by a column of mercury at the temperature of melting ice 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 ampcére, which is one-tenth of the unit of cur-
rent of the C. (. S. system of electro-magnetic units, and which is repyesented
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 at 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 has 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 depositoed should take the form of a plati-
num bowl not less than 10°» in diamoter and from 4¢* to 5¢m in depth.

The anode should be a plate of pure silver some 30 square 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 lholes in the plate at opposite corners. To prevent
the disintegrated silver which is formed on the anode from falling onto the kathode
the anode shonld be wrapped round with pure filter paper, secured at the back with

sealing wax. '

The liquid should consist of a noutral 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 somewhat 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 circnit. The total metallio

resistance of the circuit shiould not be less than 10 ohwms,
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As g unit of electro-motive force, the infernational volt, which is the electro-motive
force that, steadily applied to a conductor whose resistance is one international
ohm, will produce a current of ono international ampire, and which is represented
sufficiently well for practical use by 1949 of tho electro-motive force between the
poles or electrodes of the voltaic coll known as Clark’s cell, at o temperature of 16°
C., and prepared in the manner described in the accompanying specification.”

As o umt of quantity, tho international coulomb, which is the quantity of elec-
tricity transferred by  current of one international ampore in one second.

As 1 unit of capacity, the infernational farad, which is the capacity of & condenser
charged to a potential of one international volt by one international coulomb of
electricity.

As u unit of work, the jowle, which is equal to 107 nnits of work in the C. G. 8. sys-
tom, aud which is represented sufficioutly well for practical nse by the energy
expended in one second by an international ampere 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 of ono joule per second. '

As the unit of induction, tho henry, which is the induection in a circuit when
the eloctro-motive force induced in this circuit is one international volt, while the
inducing current varies at the rate of ono mmpdre per second.

Besides the fact 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
nomeneclature 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. Ior 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 of 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,
is 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

*A committeo, consisting 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. 8. Coast and Geodetic Survey
and of Standard Weights and Measures,

Approved :
J. G. CARLISLE,
Secretary of the Treasury.



APPENDIX No. 8—1898.

[IN TWO PARTS.]

PART I.—A HISTORICAL ACCOUNT OF THE BOUNDARY LINE BETWEEN
THE STATES OF PENNSYLVANIA AND DELAWARE.

By W. C. HopaxKins, 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 antiquarian, the his-
torian, and the engineer; 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
buteven the existence and very name of the great State of Pennsylvania
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 uninteresting 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 circular boundary has at last becn 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 from 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 County, and the Hoornkill was, no doubt, the present Lewes
Creek.

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 tragic event, according to the best information attainable, seems
to have been due to the killing by a white man of an Indian who had
torn down a piece of 1netal 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 Indiaus, though
he parleyed with them and induced one of them to visit his ship aud
to give an account of the massacre.

This unfortunate aftair, however, discouraged him and his party, and
after a briet trip up the river they sailed to Virginia and then to New
Amsterdam (New York), preferring to relinquish their dreams ot wealth
from a new colony on the Delaware rather thai 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 miglht, therefore, appear that the incident thus abruptly closed
could have no bearing upon 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 Cwcilius Calvert, second Baron Baltimore,a great tract of
country on the Atlantic coast between the parallels of 38° and 400 of
north latitude. This grant, which the King named Terra Mariw, or
Maryland, in honor of the Queen, Henrietta Maria, embraced not only
the present area of Maryland, but the whole of Delaware aund a con-
siderable portion of the present State of Penunsylvania.

The whole of this grant, however, was included within the tract
already grauted by King James I 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 :

« » * Situate, lying, or beiug 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 latitnde, and im the main land botween the same four and thirty and five
and forty degrees and the islands theroeunto adjacout, or within one hundred miles 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, Precincts and' Limitts in America lying and being in Breadth from Fourty
Degroees of Northerly Latitude from the Equinoctial Line, to Fourty eight Degrees
of the said Northerly Latitude and in length by all the Breadth aforesaid throughout
the Maine Land from Sea to Sea—with all the Seas, Rivers, Islunds, Creckes, Iunletts,
Ports and Havens within the Degrees, Precinets and Limitts of thosaid Latitude and
Longitude shall be the Limitts, and Bounds, and Precincts of the second collony—
aud to the 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 against it and the charter was forfeited.

So Virginia became 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 climate 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 ave, in part, described as
follows:

* * * Allthat part of the Peninsula or Chersonese, lying in parts of America,
between tho ocoan on the east and the Buy of Chesapeakeon the west; divided from
the residue thereof by a right line drawn from tho promontory or headlaud called
Watkins Point, situate upon the bay auforesaid, neur the river Wighco on the west
unto the main ocean on the east, aml between that boundary on the south unto that
bart of the Bay of Delaware on the north, which lieth underthe fortieth degree of
Horth latitude from the equinoctial, wheto New Lngland is torminated; and all the
tract of thut land within the metes underwritten (that is to say), passing from the
8aid bay, called Delaware Bay, in o right line, by the degree aforesaid, unto the true
Meridian of the first fountain of the River Pattowmuack; * ¥ *

In all of these successive grants we notice a gradual reduction of the
areas originally so lavishly distributed by English royalcy. ,
) By the Plymouth charter of 1620 Virgiuia lost a vast territory, which

"Included the present New England States, New York, New Jersey, and
the_ greater part of Pennsylvania, not to mention Canada and the great
West. Next, by the charter of 1632, Ceecilius Calvert obtained another
Considerable portion of the imperial domaiu 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 Williain Penn may have infringed upon
the letter of the Malyland 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 wonld.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 Duteh had made an abortive
attempt at'colonizing the Lower Delaware and were firmly seated on
the Hudson or North River. They had 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 ag:min taken up by the celebrated Chancellor Oxen-
stiern, and in the year 1638 o Swedish expedition sailed into Delaware
Bay. The commander was Peter Minuit (or Menewe), a Hollander,
who had 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 Falls. 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 grants to the London 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 dlscovery Even if this be 8o, 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 faithful servant, Lord
Baltimore. This claim on the part of the Swedes affords another
proof that neitber they nor the English then recognizeéd any right of
the Dutch to the western bank of Delaware River and Bay.
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The newcomers 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 retaived 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 Dutech West India Company. The Dutch were too weak, however,
to offer forcible resistance, and for nearly twenty years the Swedish
settlements grew and prospered. But as their numbers and trade
incrensed 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-
iation for the Swedigh pretensions, the Dutch, in 1651, repurchased (rom
some of the Indians part of the Swedish territory below Wilmington
and built a post, which they called Fort Casimir, where Newcastle now
stands. The Swedes, in their turn, crossed the Jersey shore, then part
of New Netherlands, and built TFort Elfsborg, about 7 miles below Fort
Casimir. The Swedes were driven out of this place, however, by the
Swarms of mosquitoes which made life alinost unendurable. '

In 1654 a new Swedish governor, John Claudius 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 Duteh made no immediate reprisals,
but baving made thorough preparations they appeared in the Dela-
Wware at the end of August, 1635, under the redoubtable Governor Peter
Stuyvesant.

Their force 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 Jort Christina they blocked communication Letween 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 claimed that the old purchase of the Hoornkill tract
£ave 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 the subsequent increase of the

utch 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 casy 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 they were unlawfully seated within the province
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of his lordship. The Duteh officials paid little heed to the complaints
of Lord Baltimore's envoys, unbacked as they were by miJitary force,
.though the spokesman of the party, Col. Nathaniel Utie, is said to
have delivered his message ““in :L‘prer.ty 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 thereupon sent Augustine IHermen 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 ouce
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 Indiauns, and that the Dutch settlements on
the Delaware antedated the charter.

Iiere 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 connecetion with the grants to
William Penn.

The negotiations having come to nothing, Lord Baltimore complained
to the Dutch West India Company, in Europe, of the invasion of his
dominions by the servants of the company. But this wealthy and
powerful society, feeling secure in the armed forees with which it occu-
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. Matters thus remained for several
years, neither side acknowledging the justice of the other’s claims,

But in 1664, as if in commentary on the theory that England recog-
nized a trifling Dutch settlemeunt 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-
cessful 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 virtwe of the conquest of the Dutch provinces 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 governcd by motives of pru-
dence and policy. 1le was no longer a favorite at court, and he may
easily have surmised that he would fare ill, no matter how just his
cause, in a controversy with a royal duke, the heir presumptive to the
throne. At all events, he seems to have held amicable intercourse for
8everal 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 Baltiwmore.

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
western 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
demarcation which was first formulated in the latter part of the seven-
teenth century, and whicl, after two hundred ycars of uncertainty and
Inisconeeption, 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-
Wware and to the northward of Maryland. This grant wasin partial pay-
ment, of claims against the Crown which Penn had inberited from his
father, Admiral Penn. The negotiations preliminary to the issue of this
charter were very protracted, extending over several months, for the
English Government had begnn 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 P’enn
asked a charter was likely to interfere to some extent with the territorial
rights 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 Penws territory was more bitter and more pro-
tracted than any other similar trouble in the Inglish colonles.

So it was ordered that the Duke and the Lord Proprietor should be
Consulted.

Lord Baltimore had no objections to a grant of land to Penn so long
48 his northern boundary of the fortieth parallel was respected, and
the Duke of York expressed his willingness to yield his claims to the
almost unsettled shore of the upper Delaware provided le 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 ot longitude. This description, which was
soon found to be an impossible one, is thus expressed in the charter:

*» * * and the said Lands to bee bounded onthe ¥ * * South by a Circle
drawne at twelve miles distance from New Castle Northward and Westward nnto 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 circle of 12 miles
radius from Newcastle court-house is almost exactly on the parallel of
390 50’ north latitude, and it could, therefore, never intersect the par-
allel of 400°. ) .

‘We here find the first mention of this singular boundary lIine, 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 wonld soon strike the fortieth parallel and hence would be of
small extent, and it 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 grauting 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 Upland, in September, 1681, when it was found by & precise
observation that the fortieth parallel was several miles north of Upland,
instéad of being somewhat to the south of it, as- formerly supposed.
No doubt both parties were somewhat surprised, but Lord Baltimnore at
once 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 dissatisfied with his province as being too dificult 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 had never been granted
to the Duke, and his possession was only a sort of “squatter sov-
ereignty.”

As a historical writer has recently expressed it, ¢ Penn asked for that
which he knew to be within the boundaries 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 I’enn, under the Duke himself, in the naval wars with
the Dutch. Lord Baltimore therefore had heavy odds against him,

Probably with the idea of strengthening his own claims by bolster:
ing the Duke’s shadowy title, Penn obtained from York a quitclaim
deed, dated August 21, 1682, relinquishing to Penn any claim which
the Duke might have to the province of Pennsylvania.

It is worthy of note that Penn had been contented 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 feoffment 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
Wwere never confirmed by King Charles, who died soon afterwards, nor
by King James himself during his short and troubled reign, Much
difficulty was therefore experienced by Penn’s agents in the collection
of rents.

After arranging these matters Penn sailed from England to visit his
Province. He arrived at the Capes on October 24, 1682 (0. 8.), and
first landed at Newcastle, afterwards going to Upland, now Chester.

Tor nearly twenty years after the organization of the new govern-
ent 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 enn was obliged.to yield to their wishes.

In this same year, 1701, and perhaps in consequence of this legisla-
tive division of the provinces, the circular boundary line between
Chester and Newcastle counties was run out upon the ground under a
Warrant from Penn. The work was done by Isaae Tailer, of Chester
County, and Thomas P’ierson, 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 ran out by them had, as

nearly as can be ascertained, a radius of nhout 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 ma,gnetic 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 uniformn detlection to the right
of 1 degree by compass at the eud of each chord. Torty-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
near 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 cast of the Brandywine the patentdines 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 certain
course a specified number of perches “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 slunbered 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 of one hand.

Meanwhile a far more troublesome .question of boundary lines was
arising from the conflicting claims of William Penn 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, ’enn had the greater influence at court, and moreover beld pos-
session of a large tract claimed by Baltimore.

Several efforts were made by the proprietors to come to some agree-
ment jn this matter, but for one reason. or another the negotiations
repeatedly miscarried.

As early as 1685 Penn had succeeded in obtaining from the commil tee
of trade and plantations, to which the matter had been referred by the
King in couneil, 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

shrewdly 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
tonquest of the Duteh settlements.
_ In Lord Baltimore’s charter of 1632 the descriptive phrase ‘hactenus
incalta” (heretofore uncultivated) is applied to the territory so granted.
This expression, found only in the preamble, was ng doubt inserted
merely 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
not intended to impose a condition, for it was not repeated in the body
of the charter, and it was not held to substantiate the seemingly valid
¢laims of William Claiborne, who was actually settled on Kent Island.
at the time of the grant. '
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It is certainly hardly supposable that King Charles I intended to
to recognize any prior claim of a feeble Dutch settlement located on
territory claimed by ¥£ngland by right of discovery 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
thie 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 him.

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, I’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 beirs of Penn and the
Lord Baltimore of that day joined in a deed to settle their boundaries.
This ealled 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. IFrom the tangent point a due
north line was to be drawn, reaching to within 15 miles from 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 traot 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. TFor 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 feet 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 24} 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 Marylanders 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 rendered 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, hie 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 of 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 cach 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 threo years of labor no solution
had been reached, though it afterwards appeared that they had located
the radius with considerable precision, considering 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 princi-
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 Dixon.

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 necessary arrangements with the latter
for thie 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
a certain house occupied at the timo 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 wonld 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 pomty of
Philadelphia to be 390 56/ 291,

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
again observed for latitude and located a point which they supposed
to be ju the same latitude as their first obser vatory. Itissaid that a
White stone, locally known as ¢ the stargazers’ stone,” still marks this
Second station. From this point they opened u line running 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. Accepting as settled the ¢ base line”
which had already bLeen 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. I'rom 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 infer-
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 are. 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 which 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. Llvidently, however, one of these angular
measures was considerably in ervor. They computed their chord and
offsets with a deflection angle of 3° 28/, while the actual angle between
the tangent and the due-north liné was found by Colonel Graham to be
3936’ 06'". "As the arc cut off by the due-north line would be twice
the deflection angle, this made an errvor 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 and 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 feet greater than the value given
by them. Their chain measurements, probably intrusted to careless
employees, seem in general to have been irregular and inaccurate. Dis-
tauces 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 843 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,
éxcept for the trifiing error in the area of the circular segment. On
the base line the distances seem to have underrun, coutrary to the gen-
eral rule; but if this error was cumulative it was probably distributed
“fith 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
It about 5 ¢hains 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 trom Newcastla court-house, which
Placed the tangent poiut 108 feet too far from the center, took a strip of
that width from the eastern border of Maryland to the northward 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
the 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

be commissioners. These stones were made in England from oélitic
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 . As Delaware was then a part of Pennsylvania the
whole length of the line was marked in the same way.. Every fifth
milestone, however, was more elaborately marked, haviug the arms of
the respective proprictors 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 line I was
approached by a farmer who lived in @ 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 he had thought it a farm boundary
mark placed there in recent years.

Ome of these stones carved with the arms of the proprietors has found
its way by some strange chance iuto the town of N ewark, where it
supports one of the pillars of the porch in front of a very old house.
It is probably one that was intended to mark the cighty-fifth mile of
the tangent line; but this being ouly 82 miles long, as measured, it was
not used, though it might well have been placed at the intersection of
the are with the due-north line instead of the rough, unmarked stone
which stood there till 1849, .

The monuments placed at the middle point 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
thereof. Upon their north and east sides were carved the arms of the
Penns and upon their sonth 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 ecirele 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 iutended to replace these stones with more.
durable monuments marked with the arms of the proprietors. For
some reason this never was done, and most of the old stones still remain.
The top of cach is rounded to indicate 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 beritage. The storm of
the Revolution, which even then was gathering, soon swept away the
proprietary governments and severed the connection between Penﬁsyl-
vania and the “three lower counties,” thus disaffected portion of the
province becoming the State of Delaware, or, as its lugal title first read,
“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 coutended, the controversy
over which had so embittered neighboring communities and which had
at last been settled at so great labor and expense, becawme the dividing
line between the States of Maryland and Delaware. Being well marked
by durable monuments, no further dispute has arisen in that con-
hection. _

The boundary between I’enusylvania and the new State of Dela-
ware, however, reverted to the old circular line between the couunties
of Chester and Newcastle: The survey of this line by Tailer and Pier-
son, 1701, has already been described. As previously noted, there was
Do conuection whatever between Mason and Dixon’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 suflicient for their sim-
Ple needs. As years passed Ly memorics of the line of 1701 became
dim, especially near its western end, and local tradition assumed that
the stone at the northeast corner of Maryland marked also the western
eud 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 northeast 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
Darties 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 Grabham and others, a resident of this wedge shaped strip
between the ecircle 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
circumstance that one result of the last interstate commission on this
Subject will be to legully establish that condition.

Penn’s charter of 1681 provided that the southern boundary of ’enn-
8ylvania should follow ¢the 12-mile circle” northward and westward
until it intersected the fortieth parallel of north latitude. This was
found to be impossible, but by subsequent proceedings, already de-
Scribed, the parailel of latitude 15 miles south of Philadelphia was sib-
Stituted for the fortieth parallel. Now, the 12-mile circle had already

een surveyed when Mason and Dixon marked their parallel of lati-
tude, and it seems clear that the southern boundary of Pennsylvania
I'eliulting 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 Peunsylvania. 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 cirele 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 junction of the three States,” was then considered of
no more importance than auy other point of the Maryland line, and was
perbaps the worst warked of them all. The idea of making the end of
this fragineutary are, 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 Topograpliical Engineers, who in 1849 and 1850 super-
intended a revision of a portion of Mason and Dixon’s work.

This resurvey was due to the following circumstances: 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 unauihorized moving of some of the monumernts,
produced a general 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—Pennsylvania, 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 the L elaware
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legislature a-utﬁorizing’ the appointment of a commissioner from that
State describes it as “the original boundary stone established at the
hoint where the States of Pennsylvania, Maryland, aud Delaware join
each other.” This resolution was adopted on the 10th of February,
1847, : o .

The legislature of Penusylvania did not act on the matter till 1849,
when, on April 10, a bill was passed authorizing 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 advauced 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
tan 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 llecessary surveys.

At is unnecessary to enter into much detail in regard to his operations,
Wwlhich are quite fiflly deseribed in his interesting report subsequently
Published by each of the three States. He rcestablished the corner of
Maryland by producing to an intersection thé 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,
Whieh 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

Ue-north line so often referred to.

.This last stoue was made in the shape of a triangular prism, inscribed
With the initials of the three States on the appropriate sides. The
lames of the commissioners and the date 1849 were also cut on the
North sidc, under the initial 1.

The peculiar features of this stone were in accordance with the
theol-y adopted by this commission of 1849, at the prompting of Colonel

raham, that this point was “the junction of the three States.” Itis
8pecially surprising that the .commissioner from Delaware, George

€ad Riddle, esq., should have assented to this encroachment upon

.© area and jurisdiction of his State. And the legislature had given

1 no authority for such surrender. The joint resolution of February
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10, 1847, under which he was appointed, has already been mentioned,
It is entitled a * 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 wished to restore the
stone which had been removed fromn the northeast corner of Maryland,
and not that ofher stone which was then standing at the point now
occupied by the triangular prism, more than 34 miles farther south.
There was no furthér 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
Pennsylvania.

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
a4 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 circular boundary from
its actual intersection with Mason and Dixon’s line to the theoretical
12-mile circle, regardless of the well-known rule that an actual line
upon the ground is to be preferred to the written description of the
same line in a deed. :

It will be noticed that, although Delaware!s c¢laim to the “flatiron”
seems to have been just, the common impression that the circular arc
began at the corner of Maryland was erroneous.

Tailer and Pierson's line ot 1701 crossed Mason and Dixon’s line
gome 2000 feet 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 calculations to obtain the distance
between the tangent stoiie and the court house at Newcastle, He also
computed the distances from the northeast corner of Maryland to the
true 12-mile cirele in two directions—first, on a right line, or radius, to
the spire of the court-house, and, second, on Mascon and Dixon’s line
produced. These digtances, shown on the map furnished the commis-
sioners by Colonel Graham, are, from one cause or another, considerably
in error, even on the assumption that the boundary must follow the true
12-mile circle, an assumption already shown to be untenable.

As mentioned above, these apparently erroncous conclusions as to
the true point of junction of the three States and as to the proper loca-
tion of the circular boundary were embodied in a map which, on Mareh
1, 1850, received the signatures of the three commissioners, H. G. 8.
Key, of Maryland, Joshua P. Eyre, of Penusylvauia, and George Read
Riddle, of Delaware.



REPORT FOR 1893—PART Il 199

No subsequent acts of ratification seem to have been passed by the
State legislatures, but the result was generally accepted on paper while
ignored in fact. The maps showed I’ennsylvania 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 tlie above arrangement has been
somewhat modified and the ¢ flatiron ” has been restored to Delaware,
it appears that the most important effect of the map of 1850 was to
comunit the State of Delaware to the definite acceptance of the intersec-
tion of Mason aud Dixon’s line 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 nntter, and in

8everal sections of a sort of omnibus bill, approved April 22, 1850, pro-
vided for the appointment of a commissioner, ete. "Theact is somewhat -
of a curiosity in its very matter-of-fact provisious 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 ol 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 rencwed agitation of the
question.
. On April 25,1889, the legislature of Delaware passed & bill appoint-
Ing Hon. Thomas F. Bayard, Hon. B. L. Lewis, and Ion. John I
Hoffecker commissioners on the part of Delaware to act in conjunction
Wwith g similar commission from Pennsylvania to agree upon and mark
the boundary.

On May 4,1889, the legislature of Pennsylvania passed a similar act,
8uthorizing the governor to appoint three commissioners to act for the
Commonwealth of Pennsylvania, in coujnnetion with the Delaware com-
Wissioners, in “examining, surveying, and reestablishing” the bound-
ary line between the two States. These commissioners were directed
to join in marking by enduring monuments the line so reestablished.

The governor appointed 1lon. Wayne MacVeagh, Hou. W. 1. Miller,
and Hop, R. E. Monaghan as the l’ennsylvania, commissioners under
thls act,

The proceedings of these two boards of commissioners have not yet

een published, and not many details of their deliberations can be
8iven. From the limited information at hand it appears that the com-
Wissioners from both States met in joint session at Philadelphia and
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selected Hon. Thomas F. Bayard as their chairman. Bach 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 bave been expected that they would survey and mark
the boundary.

Mr. Benjamin . Smith, of Philadelphia, was the ¢“surveyor for Penn-
sylvania,” and Mr. Daniel IFarra, of Wilmington, was. the “surveyor
for Delaware.”

These gentlemen appear to have examined with considerable care the
available documents, county records, etes, which might throw light upon
the question.

Starting from the Delaware River and going westward, they seem to
have been mutually satistied that they had identified with reasonable
certainty, as parts of the Mne of 1701, the following mnarks: 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 Iands called for the circular
line as their southern boundary; third. a peculiar bend of Brandywine
Creek, west of the rocky promontory called Point Lookout, where the
stream, flowing nearly south, touches tlic boundary of Delaware, but
retreats again to Pennsylvania, curving back to the northeast and
sweeping in a long bend around I’oint Lookout, when it once moro
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 Pennsbury, in Chester
County, strikes the ecircular line of 1701. This last point is a par-
ticularly notable one. The old tree, which was standing a fow years
ago, was no doubt in existence in the timoof William Penn. It is men-
tioned as a ‘“small hickory” in a deed given in 1713 by George Harlan
to his son, James Farlan, 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 crossing the estate, and these marks are still in place. Each
court then took jurisdiction on its own side of the line, and the estate
Wwas thus administered. There is no documentary connection between
the work of this surveyor and the line of 1701, and this work of 1830
Wwas most likely run between the nearest two traditional marks, possi-
bly some of the old trees, which  may still have been standing at that
time. The narks so established had certainly been accepted as authen-
tic by the people and the local authorities on both sides for sixty
Years, and might well have been considered of some value, especially
as their position indicates a strong probability that they are at least
very near the line of 1701. These circumstances were not, however,
discovered until the joint commission had agreed to accept as the west-
ern end of the are the intersection of Mason and Dixon’s line of 1764
With the true 12-mile circle as indicated on the map of 1850. The
“State surveyors,” therefore, made no use of these points, which were’
- brought to light in the course of the survey of 1892,

Although, as just mentioned, the commissioners followed the prece-
dent furnished by the official plag of Colonel Grabam’s work in decid-
ing that the circular boundary should meet Mason and Dixon’s line
at a point just 12 miles from the spire of Newecastle court-house, they
agreed to correct so much of his work as threw into Pennsylvania the
triangular area commonly called the ¢ flatiron,” The western bound-
ary of Delaware would theretore coincide with the eastern boundary of
Mal‘yland, and the northern boundary of Delaware would run due east
from the northeast corner of Maryland to a point just 12 miles from
<ewcastle court-house and thence would follow a curved line passing
10-as regular a manner as possible through the successive boundary
Marks accepted as authentic relies of the line of 1701,

But the commissioners and the surveyors had no reliable information
a8 to the absolute or relative positions of these marks, and could there-
fore form no conclusions with regard to the curve to be passed through
then, Nothing seeiwns to bave been done in the way of field work, and
the matter remained in this condition until 1592,

. Early in that year the joint commission, through the Hon. Thomas
“..Bayard and Mr. Benjamin H. Smith, applied to the Superintendent
of the United States Coast and Geodetic Survey for assistance in the
Matter and for the detail of an officer to exccute the field work.

he consideration of this work formns the subject of the second part
°f this report, but to bring this historical sketch down to the present
time the work of 1892 may be summarized as follows: '
t was found that no single circle could be made to satisfy the con-

ditions inposed by the commissioners. A compound curve was there-
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fore laid out.. This is formed by two circular arcs which have a comamon

. tangent at the Kennett-Pennsbury stump, which point is very nearly
midway on the whole curve. The radius of the western part of the
curve is about 11-58 miles and that of the eastern part is about 12-81
miles.

Although the radius of curvature of the western part of the arc is
less than 12 miles,no part of it lics within the 12-mile circle. The
western end ov initial point of the curve is just 12 miles from New-
castle court-house, but every other point of the line is outside of the
theoretical circle. This difference increases rapidly as far as the Ken-
pett-Pennsbury stump, where it is 1877 feet, and after that more
gradually, amounting to 3137 feet at the eastern end or terminus of
the line.

This line is now marked by 46 substantial monuments, as follows:
An initial monument, made of dark Brandywine granite, at the west-
ern end or origin of the curve; 22 milestones marked with the initials
of the names of the States and the date. 1892; 22 smaller stones
marked simply 3, placed half way between the milestones, and a termi-
nal monument near the:Delaware River, at the castern end of the line.

With the exception of the initial monument, all of these stones are
of a light grayish white gneiss, from.a quarry near Chester.

Thus ends for the present the history of this boundary, and although

.a few residents of the debatable ground uear the initial monument felt
aggrieved that the official location of the line placed them in Pennsyl-
vania instead of Delaware, and although there are rumors of a contem-
plated appeal to the Supreme Court of the United States, it appears
reasonable to suppose that the line thus marked will remain the boun-
dary and that this will be the last chapter of the long story of border
troubles outlined in the foregoing sketch.

PART IL—DETAILED ACCOUNT OF THIX WORK ON THE PENNSYLVANIA-
DELAWARE BOUNDARY LINE EXECUTED BY W.C. HODGKINS, ASSIST-
ANT.

In compliance with the Superintendent’s letter of instructions, dated
March 8, 1892, 1 communicated with Messrs. Benjamin H. Smith, of
Philadelphia, aud Daniel Farra, of Wilmington, who had been employed
by the two boards of commissioners to represent the interests of their
respective States.

At the request of these gentlemen I went from Washington to Phila-
delphia on March 16, 1892, and met them at the office of Mr. Smith.
At this conference the nature of the problem was outlined and a gen-
eral plan of work was adopted.

Briefly summarized, in advance of more detailed discussion, the
following were the principal features ot the work to be done:

1. The accurate determination of the geographical positions of the
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following poiuts, viz: Newcastle court-house, the stone marking the
northeastern corner of Maryland, and such points of the line of 1701
as could be satisfactorily identified.

2. The preparation of a drawing to show these points in their true
relative positions and to.indicate the various liues which might be
made to satisfy more or less completely the conditions imposed by the
cominiksioners. _

3. The decision by the commissioners, after consideration of the above
map, as to the character of the curve which should be adopted for the
boundary. _

4. The preliminary location upon the ground of the line so adopted.

5. The examination of this preliminary line by the commissioners
with a view to any moditications which might become necessary.

6. The permanent marking of the line as approved by the commis- .
sioners of the two States.

1t was suggested to Messrs. Smith and Farra that the most ready
means of obtaining the required information would be by using the
plane table, which would likewise afford a very fair degree of pleclsmn
in_the location of the line.

'l‘hey preferred, however, to have the work done by trigonometric
methods, but it was decided to make a plane table reconnaissance on
a small scale (1:40000) in order to obtain an approximate idea of the
positions of the guiding points with reference to each other. This
would also serve for laying out the scheme of triangulation for the
subsequent work.

With this understanding I returned to Washington, where I was
engaged in completing my office work of .the topographical survey of
the Distriet of Columbia., I at once began, however, to gather mate-
rials and to make preparations for taking the field early in April, and
on the 14th and 15th of that inonth I seut two members of the party to
Newark, Del., to begin the ficld work by putting up flags and search-
ing for the station marks of the Coast Survey in that vicinity.

I expected to follow them in a few days, but before I had been able
to leave Wushington it appeared from my correspondence with the
State surveyors that there existed a certain amount of misunder-
Standing or lack of definition as to the exact scope of the work which
the Coast and Geodetic Survey was asked to undertake, and also as to
the position which I, as the representative of the Survey, was to occupy
In relation to the State surveyors.

It being decmed advisable by you that these matters should be defi-
mt'e]y settled before I went to the field, my departure was delayed for a
Ime. " After further correspondence and a personal conference at the
office of the Survey, on April 27, between the State saurveyors and
Yourself, at which I was also present, they expressed a wish to submit

Ehe Question anew to their respective commissioners for further action
0¥ them,
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In pursuance of this arrangement, Messrs. Smith and Farra addressed
to you a letter, dated May 5, 1892, in which they informed you that the
matter had that day been submitted by them to the boundary commis-
sions of the two States in joint session in Philadelphia, and that the
joint commission had adopted a resolution, as follows:

Resolved, That Messrs. Smith and Farra be instructed to secnro the survey of the
line as soon as possible in accordance with the suggestions of the United States
Coast and Geodetic Survey, so as to enable them to report the line approved by them
to the Commission’ as soon as possible.

As in your opinion this resolution satisfactorily terminated the uncer-
tainties above referred to, you verbally directed me to proceed to carry
out your instructions of March 8.

I accordingly left Washington on May 11,1892, and reached Newark,
Del.,on the same day. I first examined the work which had been done
by the two men whom I had sent to the field in April, and who had been
employed during my enforced delay in putting up flags and searching
for triangulation points. They had succeeded in recovering the stations
“Londonderry,” “ Meetinghouse Hill,” and “Grandview,” the last two
so close together as to amount practically to one station. A large
number of flags had also been put up in the vicinity of the boundary
between the Maryland line and Brandywine Creek, and these were of
considerable service in the reconnaissance.

I also made a personal examination of the ground in the vieinity of
the northeast corner of Maryland, and,on May 18,1 accompanied Messrs.
Smith and Farra on a visit to the portion of the old line in the vicinity -
of Brandywine Creek, where some traces of the former work are still
to be identified. '

I was shown the old hickory stump at the southeast corner of Ken-
nett township, the peculiar bend of the Brandywine throngh which
Tailer and Pierson dragged their chain in 1701, and the other supposed
marks referred to in the first part of this report. A tall hickory tree
standing on the supposed old line at the corner commoun to the town-
ships of Concord and Bethel, Delaware County, Pa., was selected by the
surveyors as the reference point for that part of the line.

At a later period I also accompanied Messrs. Smith and Farra to the
supposed remains of the old house on the Delaware which marked the
eastern end of the line.

Inow endeavored to recover some of the Coast Survey stations, which
would better answer my purpose than those already found. The natu-
ral and artificial changes of the half century since that work was done
had so completely changed the surroundings of the points that our
search was unsuccessful for the time.

"The line ¢ Londonderry ”-¢ Meetinghouse Hill,” a side of one of the
primary triangles, was adopted as the base for the triangulation, after
gsome bLesitation due to the length of the line (nearly 14 miles) and to
the fact that intervening obstacles would compel me to. elevate the
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instrument at each station. Jrom this base line was developed a scheme
of triangulation which reaches directly, each of the points required to
be determined except the one upon the bank of the Delaware. That
also is reached indirectly, having boeen connected with the neighboring
Stations of the river triangulation, which is also connected with my
work at Newcastle.

In reducing the size of the triangles from the 14:mile base line to the
length required for following the circular boundary with a small scheme
new points were first established at ¢Centerville,” Del., in the village
of that name, and at ¢ White,” Pa., near the village of Kemblesville,
This latter station was very near the old point ¢“Missimer,” for which
-‘8ome ineffectual search was made in the hope of making the stations
coincide. 4

From the line ¢ White”-¢Meetinghouse Hill” thus determined I was
able to locate a station on ¢ Grays Hill,” near Iilkton, Md. From this
point and from “Meetinghouse Hill” observations could be made upon
the spires of the Masouic Hall and Immanuel Church at Newcastle.

The court-house, being low and inconspicuous, could not be seen over
the surrounding trees, but was determined by smaller triangles based
upon uneighboring points which had first been established from the
Inain stations. I was theun able to compute for the first time the posi-
tion of this important point in terms of the standard data of the Coast
and Geodetic Survey.

A great deal of trouble was experienced in making the reconnaissance
for the triangulation on account of the rolling character of the coun-
try, the hills in any locality having nearly the same elevation. These
hills are also generally covered with heavy timber, and as there are no
tommanding heights it was very difficult to secure intervisible points
Suitably located. .

The atmospheric conditions were likewise unfavorable, the air being
Témarkably thick throughout the season.

All of these obstacles were overcome at last, but to accomplish it
Tequired much time and a great deal of hard work. In several cases
Stations had to be moved time after time to meet the conditions imposed

Y new ones selected further on, and this process bad to Le repeated
until all the necessary lines of sight were arranged, In the scheme
ﬁnal]y worked out there was scarcely any cutting and comparatively

few scatrold signals. '

. The stone at the northeast corner of Maryland was a station pecul-
larly ditficult to bring into the scheme of triangulation, situated as it is
I the bottom of a wooded ravine. I was able, however, to obtain a
S.atisfklcQOry determination of this important point. A portion of the
h}’e between “Londonderry” and “Meetinghouse Hill” was leavily
t"llllbared, and it was necessary to remove some of the larger trees from

© line of sight to avoid an extremely high signal at “Meetinghouse
Hijy» To assist\in opening this line and to servein the recounaissance
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for the new stations afterwards located at “Centerville” and “ White,”
it was found necessary to put up tall poles provided with cleats for
climbing high enough to make preliminary observations. By means of
these the line was opened, the new points were selected, and the neces-
sary heights of the signals were determined. Poles from G0 to 85 feet
bigh were raised by a tackle and horse power. They were steadied by
rope or wire guys, carried flags at the top, aud were cleated to a height
of about 60 feet. A light whip rove through a single block at the top
enabled the reconnoitering telescope to be hoisted to the eye of the
observer. Such a pole was also erected near the old station  Bethel,”
in hopes of connecting that portion of the line with the triangulation,
but the heavy timber upon the dividing ridge to the westward pre-
vented it from being seen from ¢Centerville.” It was therefore found
necessary to omit any triangulation over the 6 miles of the line between
the Concord and I’hiladelphia turnpikes. '

By the end of June the reconnaissance was so far advanced that I
felt able to proceed to build the main signals, where scaffolds of some
height were necessary. To expedite matters by getting these signals
up while I was completing the reconnaissance, I engaged Mr. Joseph
‘Willis, a carpenter and builder of Newark, to build these for me as
rapidly as possible; and I expected to begin the angular measurements
a8 soon as they were done.

Mr. Willis took the work at a reasonable price and put up the signal
at Grays Hill as planned. Just at this stage of the work Mr. Farra,
who, with Mr. Smith, had been kept informed of the progress of events,
paid me a visit and notified me that the commissioners were not agreed
upon the desirability of the triangulation, and that they particularly
objected to the expense of building signals. He therefore requested
me to go to no further expense of the kind until the matter could be
carefully considered by the joint commission.

After the particular desire which had been manifested in the begin-
ning of the work to have everything done by triangulation, I was much
surprised at Mr. Farra’s communication. As the survey was being
made for the commissioners, however, I felt obliged to yield to their
request. As matters turned out, this action was particularly unfortu-
nate in its results.

I therefore continued my reconnaissance until the scheme was:
completed and the points to be determined were all shown on the plane-
table sheet. I thenfurnished tracings of the sheet to the commission-
ers from each State. These tracings showed the projected scheme of
triangulation, the locations of the standard points desired, the true
«12-mile circle,” and the curves which most nearly fitted all the actu-
ally existing points.

Along with these I also furnished revised estimates for the expenses.
of the survey, the estimated total being $3100. It may be well to dis-
cuss this point a little further in this connection. Before I left Wash-
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ington I had prepared estimates calling for a much smaller sum.
These were based upon what I was told in the office of the probable
extent of the work and were made before I had been on the ground. 1
had been in the field but a short time when I perceived that the ideas

of the work that I had received from others were quite inadequate and

that supplemental estimates would be necessary. At the request of

Messrs. Smith and Farra I deferred them until the reconnaissance was

finished, when they were promptly submitted. 1t is true that the final

expense amounted to about 17 per cent more than the amount named,

but T am confident that this moderate increase would have been unnec-

essary but for a remarkable combination of untoward circumstances.

With regard to the total aunount expended, Mr. Smith told me that his

own estimate of the cost had been considerably above my highest esti-

mate. I think the total very reasounable for the amount of work which

was done. '

By your authority I next visited Washington and explained to you
the condition of the work, estimates, etc,

Upon my return to the field, as there appeared no prospect of &
meeting of the commission, I took up the work at the eastern end of
the line and connected the ¢Ruins” of the old house with the triangu-
lation of Pelaware River. This point could not be seen from the
neighboring stations on account of several good-sized trees which stood
close to the edge of theriver. The owner of the land objected so strongly
to the destruction of these trees that another station was interpolated
at the windmill, o short distance to the northeast of the *Ruins,” and
the latter point was determined by an azimuth and measured distance
from the mill.

After visiting Newcastle, where observations were prevented by the
dense haze, which rendered the nearest signals invisible, I returped to
Newark and began putting up signals and marking stations. Owing

to the large number of stations, the hilly nature of the country, and
the extreme heat of the weather, which was most exhausting both for
men and horses, this work was somewhat retarded, but in the last three
weeks of the month sixteen tripod signals and four 15-foot scaffolds
were built. More time was lost in building the 46-foot tripod and scaf-
fold at «Meetinghouse Hill,” owing to the inexperience of my party in
hea-\’y'carpenter work, and [ found it necessary to again employ Mr. .
Willis to build the signals at “ White” and “Centerville.” Owing to
other conflicting engagements, he was unable to finish them as prowmptly
a8 desired, and some trouble was thus occasioned. I wus obliged to
81ve up building the signal at ¢“Londonderry” on account of the unex-
Pected opposition of the owner of the land. This person had offered
10 objections when consulted on the subject, but when the lumber
dealers were ready to deliver the material he forbade them to do so, and
Wl}eu asked for an explanation demanded an exgravagant bonus for the
Privilege of entry. In view of the delays already experienced, it was
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decided to do without that station and to ¢“conclude” the triangles on
the reconnoitering pole which was standing there, a correction béing
applied to each angle for eccentricity of the pole.

Though less satisfactory than it the station had been occupxed this
method gave very good results:

The dense haze which prevailed throughout September was most
unfavorable for observations of angles, and but little such work could
be done. ]

The same trouble continued throughout October, and on the rare
occasions when +4he air was somewhat clearer the wind was so violent
as to prevent work. Though.every possible opportunity was utilized
to advance the work, it was often impossible to see stations only 1 or
2 miles away, and many of the lines were 6 or 8 miles long. Under
these adverse conditions observations were made as rapidly as pos-
sible, work being continued till after sunset whenever any signals’
could be seen.

Early in November, having made a preliminary computation of the
elements of the curve froin the partially completed observations, I began
to lay out the line upon the ground. This line, which Messrs. Smith
and Farra had agreed to recommend to the commission, was composed
of parts of two circles, the eastern part of such a radius that it would
pass through the three guiding points—the ¢Ruins,” the ¢“Councord-
Bethel” tree, and the ¢ Kennett-Pennsbury” stump—and the western
part of such a radius that, baving a common tangent with the other
at, ¢ Kennett-Pennsbury,” it should pass through the point at which
" the eastern prolongation of the northern boundary of Maryland, consid-

ered as a parallel of latitude through the corner stone, would cut the
true 12-mile cirele around Neweastle court-house.

The weather now turned cold, with much rain and some snow, it
the work was pushed as fast as possible. One great trouble in this
work, as in the triangulation, was the obstruction caused by woods. In
the surveys of Mason and Dixon and of Colonel Graham clear lines of
sight were opened through the woods and no compensation was made;
but in this survey the commission objected to cutting trees if it could
possibly be avoided, and when it sometimes became necessary to clear
a little, some of the lJandowners demanded exorbitant damages.

The work of running the line was thus continued, with observations
.of horizontal angles at intervals, as the weather permitted, until the
20th day of January, when the preliminary marking of the line was
completed. On account of the almost arctic severity of the weather
_prevailing at that time and for several weeks before, work was then
suspended until such time as the commission might select for their
inspection of the line.

In the meantime the initial and terminal monuments had been erected
early in December, their positions having been carefully determined.
Each stone was secur(,ly planted in a pit filled in around it with a con-



REPORT FOR 1893—PART II. 209

crete base of broken stone and cement. The stones tor marking the
lirst: 13 miles of the line were put on the ground ready for setting
before the worst weather set in aud prevented the delivery of the
remainder for some time,

The winter weather during the last month of the work was of almost
unprecedented severity for that latitude, the temperature for many
days at no time rising above the treezing point and falling to 350 or
40° I, below freezing at night.

The decp snow, remaining a fine, dry powder in this intense cold,
was continnally blown through the air in blinding clouds by the high
winds which prevailed, and many of the roads were completely blocked
to travel by the drifts thus formed.

I'ield work under such conditions was attended by many hardships,
but was continued until cach of the monument stations had been
arked.

After the suspension of field work above referred to, I returned to
Washington and was occupied with oflice work while waiting for the
Joint commission to inspect the line and to listen to any objections
which might be advanced against approving it.

- 1t seemed to be the opinion of the State surveyors that the com-
Inission would perhaps make local modifications of the line in order to
Meet the views of the inhabitants,

Unfortunately, the weather during February continued too severo

for this inspection to be made by the commission, and early in March I
received new instructions directing me to prepare for duty on the sur-
vey of the boundary of southeastern Alaska.
_After commumeating with Messrs. Smith and Farra and finding that
1% would be impossible to secure the inspection by the commission
betore the date on which it would become necessary tor me to start for
the western coast, I returned to Delaware and went over the line with
Flle State surveyors, pointing out the position of the stubs and putting
m additional reference marks, ete.

Owing to the hmited time at my disposal, 1 was not able to fully
Apply a system of refined checks to test the exact positions of the
Monuments, which I had intended to employ it the commission decided
ot to move the line laid out. All of these positions, however, are
Udoubtedly quite near themr true values, especially where the work
Was controlled by triangulation for 16 iles from the initial point.

Between the 16-mile point and the 22-mile point there was no trian-
Bulation, and the preliminary line bad been run out with a transit by
talf-mile chords measured by telemeter.

This method, while rapid and close enough for preliminary work, was
Somewhyt lacking in precision, and T had intended to c¢heck 1t in case
the Commission wished to adhere to the circle by running out the long
illox'(l between the ends of this 6-mle arc and then luying oft rectan-
8ular ordinates from the chord to the monument stations.

8. kx. 19, pt. 2——14
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Finding now-that I should not have time to do this myself, 1 submit-
ted the question to Messrs. Smith and TFarra for their decision as to
whether this work should Dbe left to them after the inspection by the
commission or whether some person should be employed to do it at
once under my direction.

They preferred the latter course, and 1 engaged for the purpose Mr.
W. B. Carswell, of Wilmington, the only surveyor whom I could obtain
at ouce. Ile had not finished his work when I had to start for Alaska,
and I was therefore compelled to turn him over to the supervision of
Messrs. Smith and Tarra. 1 was later informed by Mr. Swith that
after becoming involved in some serious errors Mr. Carswell had cor-
rected his work and it had been aceepted.

I left the boundary on the 1st of April, and immediately afterwards
the remainder of the monuments were delivered on the ground under
the supervision of a member of my party.

A few days later the joint commission went over the line, and after
hearing the protests of some of the dissatisfied inhabitants of the
border strip decided to accept the bound ary as staked out. The monu-
ments at the mile and half-mile points were planted immediately
afterwards.

The work thus completed was one that gave me much labor and
anxiety. It would have perhaps been more satisfactorily arranged in
two seasons, the first for the reconnaissance and the triangulation, and
then, after the complete reduction of the observations and the compa-
tation of the results, a sccond shorter season for laying out and mark-
ing the line, :

As it was, I was compelled, while engrossed and exhausted with the
field work, to reduce iny work and go through the voluminous compu-
tations necessary to compute the curves and to provide for their loca-
tion. This work was, for the most part, done at night, so as not to
interfere with the field worlk.

These computations moreover had to be revised from time to time
as additional observations were obtained, since in order to meet the
callsof the commission for immediate results preliminary computations
had to be made trom reconuoitering angles.

Throughout the season neither Inor the members of my party spared
our best endeavors to advance the progress of the work, and while it
took much longer than was oviginally expected, the increased time was
due in part to the fact that the large amount of real work to be done
was not understood or appreciated in the beginning and in part to 2
series of unfortunate cirenmstances quite beyond my control.

Having thus reviewed the prineipal features of my survey, 1 will pro-
ceed to explain with some detall the methods of observation. of com-
putation, and of location of monuments.

As already stated, the reconnaissance was made with the plane table,
supplemented by other instruments. The angular measures were made
with Repeating Theodolite No. 153, an excellent instrument, having ai
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8.inch horizontal circle divided to five minutes of arc and provided
with three equidistant, verniers which read to five secouds of are. The
telescope, which is lifted from the Y’s in reversal, has an objeet glass
of 2 inches diameter, a focal length of 16 inches, and a magnifying
power of about 22 diameters. Aunother eyepiece of higher power was
provided, but was rarely used. Al of the principal angles were meas-
ured in sets of six repetitions, direct and reverse, the telescope being
reversed in the middle of each set. The explement (or the difference
between the angle and 360°) was always measured immediately after
the angle itself, and the two results were combined to one by applying
the correction necessary to make thesum of the two equal 3600, In
general all the possible angles at each station were measured and the
results were combined fo give an approximate station adjustment.
The excellence of the instrument is shown by the small corrections
required in this adjustment as well as by the small errors in closing
the triangles.

The signals were carefully centered, and gas-pipe poles of 2 inches
diameter were used on the shorter lines, as combining economy and
clearness of definition. After measuring the angles the sides of the
triangles were successively computed, starting from the line ¢ London-
derry” to “Meetinghouse 1Iill,” used as a base. The length of this
line is 22194-9", equal to 728177 feet, or about 13+8 miles. It is the
liugest line observed in the work, except that between “Grays Hill»
and “Centerville,” which is over 3 miles longer, being 277536, or
91054+6 feet.

The shortest line of the regular seheme, “Smith to Northeast Corner
of Maryland,” is only 1681, o1 551-5 feet. The whole number of trian-
8les in the scheme is 104, of' which 22 belong to the river triangulation
of Assistant R. Meade Bache, executed about twelve years before.

In 36 of the principal triangles of my work the largest error of
Closure is 574, the smallest error zero, and the mean error was 166,

The triangle sides are computed by the usual formula:

b= g sin B cosec A; ¢ =a sin C cosec oA;
after applying the corrections for spherical excess and for crror of
Closure,

The lepgths of the triangle sides having been computed, the latitude
and longitude of cach station were obtained by the geodetic formuliv
—dL=Kcos ZB+ s ZC+ (§ L)* D — 1 K*?sin* Z.E
O —d L =K cos ZB + K?sin® Z.C + 1D, for short lines;

Ksin Z.A7

cos 1/

sin A

d M =

Wd ~qz—qNn
cCON ;) 41 I/

or . . .
V' —dZ =d M sin A, for short lines;

the derivations of which formnle, together with the factors 4, B, C, D, E,
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are given in the Appendix No. 7 of the Report of the Superintendent of
the Coast and Geodetic Survey for the year 1884,

These position computations depend ou the standard data for ¢« Meet-
inghouse Hill” and “Londonderry” furnished by the computing division
of the Coast and Geodetic Survey. Each station was twice computed
by independent determinations from different points already known in
order to obtain a comparison and avoid errors.

The number of stations so computed was 54. Next, from these geo-
graphical positions I computed by the “inverse solution” of the geodetic
formule the position of the point which, having the same latitude as
the northeast corner of Maryland, should be exactly 12 miles from the
spire of Newcastle court-house. In a precisely similar way I found the
distance and azimuth of this initial point of the curve from the neigh-
boring triangulation point “Whitemman,” established for this special
purpose, and with these values known, the initial point was marked on
the ground.

By the same inverse solution were obtained the distances and direc-
tions of the lines joining the standard points of the curve, as follows:
«Initial point to Kennett-Pennsbury,” ¢ Kennett-T’ennsbury to Con-
cord-Bethel,” «*Concord-Bethel to Ruins,” “Ruins to Kennett-Penns-
bury.” The triangle formed by the last three lines may be considered
a plaue triangle, its spherical excess being less than one-tenth of a
second of are. _

The radius of the circumscribing circle may then be computed by the
formula

, N
Rt s SIS o

1 cos , 4 cos 2]? cos ¢

in which & is the half sum of the three sides and A, B, ¢ are the three

angles of the triangle.

The radius thus found for the eastern part of the curve is 20620-44™,
equal to 67652:3 feet, or 12:81 miles. The angle at the center of the
curvature between ¢ XKennett-Pennsbury ” and “ Ruins” was found by
- the formula
Sin ]_’ o= 3 chord

2 7y
As will be seen by the accompanying figure, the equal angles at ¢ Ken-
C nett-Pennsbury” and ¢ Ruins,”
between the chord and the radii,
are then known, each being equal

to 900 —% @. These three angles

must cach be increased by one-
third of the computed spherical
excess to obtain the true spher-

Q ical angles, This correction,
however, is only 03 for each angle. The azimuth of the center of
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curvature from each extremity of the arc may next be obtained, and
the latitude and longitude of that point may be computed.

We next wish to find the radius of the western part of the curve,
which, starting from ¢Kennett-Pennsbury,” with a tangent common
to the eastern arc, must gradually approach the true 12-mile circle until
it cuts it at the initial point. Obviously, as the two arcs have » com-
mon tangent at ¢ Kennett-Penusbury,” their centers of curvature will
lie in the same line perpendicular to that tangent. Referring once more
to the figure, it will be seen that the angle at ¢ Keunectt-Pennsbury”
between the chord of the arc and the center of curvature is equal to
the difference of azimuth of these two directions, the azimuths of
which are already known. The corresponding angle at the initial point
has the same value and the angle at the center will be equal to the dif-
ference between 150° plus the spherical excess (seven-tenths of a second)
and the sum of the above angles. The chord and the three angles
being thus kuown, the radius is readily computed by the formula

ry = 2 ehord
© sin 3 6
It is equal to 18640-3™, 61155+6 feet, or about 11-38 miles.

The latitude and longitude of this second center of curvature are
computed in the same way as for the first.

The length of each part of the curve was computed separately by the

formula
Qo
are N =2 N 3‘(;()~

The western part is 10-8977 miles long and the eastern part 116749
miles, Thus the total length of the curveis 22:5726 mijles, and if to
this we add the distance trom the initial point to the northeast corner
of Maryland, which is 0-7893 mile, the whole length (on dry land) of
the boundary between Dennsylvania and Delaware is found to be
23:3619 miles.

After reaching the Delaware tho circular boundary is supposed to
continue to the New Jersey shore, as Delaware claims all of the water
Within tho circle.

The angular value in each part of the curve of an arc one mile long
may be found by dividing the number of degrees in that part by the
length of the sawme in miles. For half-mile ares the value will be oue-
half a5 great. As the boundary mouuments are oune-half mile apart,
this last angle is equal to the angle ot deflection from ¢ach chord to the
bext one, Inthe western arc it equals 20 28/ 24/ and in the eastern arce
2014/ 09, :

The chord of the half-mile arc is equal to twice the product of the
radius and the sive of one-half the angle subtended by the arc; i. e.,

ch=2rsinjd
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The cbord is less than the half mile by 0:20 foot in the western arc
and by 0-17 foot in the eastern are.

Kractional ehords are computed by similar methods. The geograph-
ical positions of each of the points one-half mile apart throughout the
curve, counting from the initial point, ean now be computed by the aid
of the data obtained as above. Then by the ¢“inverse solution” the
distances and directions of thesc monument stations from the triangu-
‘lation points nearest to them can be computed.

All of the computations above described will be found in full in Part
IV of this Report.

For applying the results of these computations to the location upon
the ground of the positions for the monuments five methods were

_employed at difterent times, according to circumstances.

The first method was to put up a tlag as near as possible to' the prob-
able point and so as to be visible from two stations of the triangula-
tion. Theflag being determined from these known points, the.correction
to the desired point of the curve was computed and applied.

The second method consisted in running out with the transit two
computed azimuth lines from neighboring triangulation points to the
desired point, which is fixed by their intersection.

The third method was to run out a single azimuth line as above, and
to lay off on that line by direct measurement or by resection on signals
the computed distance to the desired point.

The fourth method was to run out the curve by half-mile chords,
making the constant deflection at the end of each chord.

In the fifth method longer chords (of 1 and 6 miles) were run out, and
the intermediate points were determined by rectangular offsets.

The engineer’s transit with which this work was done was unfortu-
nately not avery good one, the transverse plate level being particularly
unreliable; but it was sufficiently good for the preliminary purposes
intended at the time.

The monuments, except the initial and terminal, the setting of which
has been described, were put into the ground by contractors after 1
left the work.

In addition to the above work, necessary for the location of the bound-
.ary line, an opportunity was taken during hours unsuitable for other
work todetermine the position of the monument at the ¢ tangent point.”

This determination was desirable in itself, as that of a point of the
greatest importance; but my prineipal reason for wishing it made was
the desire to explain, if possible, the discrepancy between the value
given by Colouel Graham for the distance from the corner of Maryland
to the 12-mile circle and that which 1 found to exist. :

The longitude of the tangent point was found to be almost identical
with the longitude of the northeast corner ot Maryland, showing that
the line between those points is practically a meridian, ag it was
intended to be. The distance from the tangent point to Newcastle
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court-house proved to Le cousiderably longer than it had Leen consid-
ered, being about 108 feet more than 12 miles and 110 feet more than
the value obtained by Colonel Graham. His results were apparently
deduced from insufficient data, and as he does not give his method it is
difficult to see how he obtained such figures for this line and for the
other distances relating to the cirele which he furnished.

The above correction in the distance from the court-house to the tan-
gent poiut, however, will no doubt account for a large part of the dis-
crepancy. .

From this it will be seen that the whole of the Maryland boundary
is outside of the true 12.mile cirele and that the Pennsylvania boundary
touches that circle only at the initial point of the curve.
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GEODETIC CONFERENCE.

GENERAL REPORT.

UNITED STATES COAST AND GEODETIC SURVEY,
Washington, D. C., February 28, 1894.

SIR: The Geodetic Conference called by you convened at Washing-
ton on January 9, 1894, The details of its organization are appended
a8 a preface to the reports of the committees to which the duty was
assigned of collating necessary facts and formulating them for the con-
Sideration of the Conference.

An invitation was extended to members of the office and field force
Dot members of the Conference, as well as to others interested in the
Subjects under consideration, to give expression to their views on mat-
ters relating to the geodetic operations of the'Survey.

The Conference desires here to make grateful acknowledgment to
those who responded in writing, as well as to those who, by personal
attendance and verbal communications, gave their valuable time.

Professor Harkness, U. S. N., addressed the Conference on the various
Methods of determining the earth’s figure. Professor Woodward, of

‘(_)lumbia Oollege, New York, gave an account of base measurement
With steel tapes, and discussed, in response to questions, various sub-
Jeets relating to the work of the Survey. Professor Gore, of Columbian

niversity, Washington, D. C., evinced his interest by being present
3 several meetin g8, in which he took part, while Professors Buchanan,
of Tennessee, and Hoag, of Minnesota, Acting Assistants, United States
9ast and Geodetic Survey, shared the labors of the Conference for
Part of te time during which it was in session. :
he'task assigned to the members of the Conference was the consid-
“Tation of, the geodetic methods as now practiced, the discussion of the
Application of these methods to the duties assigned by law to the Coast
and.GGOdetic Survey, and the comparison of the means employed in
].:)nrelgn countries®for similar purposes, with the object of suggesting

Provements in regard to accuracy and economy.
is tlile general plan of the geodetic operations followed by. the Survey
%0 2t outlined by Mr. F. R. Hassler and approved by President Jeffer-
- OR angd My, Madison, Secretary of State, and subsequently prescribed

Y law in the « Basis for the reorganization of the Survey” (approved

resident Tyler, March, 1845).
229
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The wise prevision of those who promoted and approved these plans
bas been shown in this, that the latter proved themselves sufficient,
without material modification, to meet the changed conditions caused
by the acquisition of new coast line by the United States, the exten-
sion of the triangulation inland, and for the determination of geograph-
ical positions in the interior.

In the early days of our Republic the great migration of peoples in
and to the United States, and the settling of vast areas hardly known
previously to geography, rendered a sole reliance on geodetic methods
inapplicable to surveys, the main purpose of which was the demarca-
tion of Government lands for settlement. To meet the necessities of
the case the excellent system of rectangular land surveys was applied,
which is well adapted to the large areas of level land in this country.
For certain purposes it is, however, insufficient, as shown by the impor-
tant trigonometric surveys of the Mississippi and Missouri rivers, where
systematic improvements ordered by Congress could only be based on
extensive and accurately correlated and detailed surveys, and where,
therefore, trigonometriec methods were found necessary in order to sup-
plement the system and adapt it to the ordinary use for which surveys
are made. Tho older Statgs neither received nor required the rectan-
gular subdivision, and, therefore, such States, using the work done by
the Survey as a basis, have adopted the trigonometric method, which,
moreover, is also being applied in States subdivided on the rectmngular
plan.

In view of these facts, and of the experience of all LEuropean coun-
tries, not to mention India, the French possessions in northern Africa,
the English in southern Africa, and the Dutch Iast Indies, that trig-
onometric surveys are necessary, it seems safe to assume’ that the
inland geodetic operations of this Survey will, in addition to meeting
an existing demand, benefit future generations in this country as much
as those along the coasts have already benefited the present.

The practical bearing of these views on the subjects submitted to
the cousideration of the Conference has been taken into account in the
discussion of all the questions as to the location of the trigonometric
schemes already called for in the work of the Survey, as well as those
likely to be required for the purpose of velating the local surveys to
the gencral map of the country.

The need of association of bodies pursuing the higher branches of
culture in the various countries wuas early felt in the case of geodesy,
and it must be considered fortunate and beneficial for Doth parties that
the United States, by the liberality of Congress in 1889, was able to
join the Intcrnmtxonn,l (Geodetic Association for the determmatlon of
the eartl’s figure and size, and thus add its influence and contribute
its share toward the realization of this object. It must not be sup-
posed that the labors of this organization were rather theoretical than
practical. On the contrary, their eminently practical character throws -
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light on all branches of geodesy and surveying; and it was made the
duty of the Conference convened by you, and one of its objects, to com-
pare the various methods pursued by other nations with those used at
home. :

The Conference has applied itsclf to this labor with a view of point-
ing out the means by which, or directions in which, the system pursued
by the Survey would in any way be improved in accuracy and rapidity
of work as well as in economy, so as to produce results at once available
as well as enduring.

The subject-matter submitted to the Conference comprises a wide
range of applied science, dealing with the geodetic (inclusive of hyp-
sometry), the astronomic, the magnetic, and the gravitation work of
the Survey. The suggestions made as the outcome of the delibera-
tions cover not only the present conditions of the work, but prepare
the way for. such future work as the legitimate development of the
Survey would seem to demand.

To expedite business and to secure its best consideration the Con-
ference distributed the work among a number of committees, as already
8tated, particularly selected to include those members who had more
8pecial knowledge or experience of the subject assigned to them. The
members of each committes contributed to the preparation of the
teport, which, after full discussion, was submitted by its chairman to
the conference at large, where it received its final consideration before
adoption by a majority vote.

The committee reports thus prepared will be submitted in full. The
deductions drawn from them by the Conference and the conclusions
reached are herewith briefly stated for your convenience. The reasons
for them can, in general, be gathered from the reports themselves,
though many facts and details which were considered have not found
a place in them.

ABSTRACOT OF REPORT OF THE COMMITTEE ON RECONNAISSANCE.

_ The committee uses the term ‘“reconnaissance” to-embrace all those
lnvestigations of a region to be trinugulated which precede the field
Work, hase measurement, and the mecasurement of angles, and to com-
Drise the selection of the most feasible chain or network of geometi'ic
ﬁ_gllres, the location of base lines, the character of the necessary prepara-
tloﬂs, and the collection of information concerning the facilities avail-
able for carrying out the proposed scheme.

All reconnaissance should be thorough and exhaustive, and develop
all possible schemes of triangulation. It should afford information by
Which economy and rapidity of execution can be obtained. When
e‘Xhaustive, it will lead to the simplification of the geometric figures.

110 cage should geometric elegance of a scheme be sought at the
®Xpense of reasonable economy. In the interior of the country the
1ghest peaks are frequently covered with clonds and should not be
used as triangulation points if it can be avoided.
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A simple chain of trianglesis recommended as the most easily adapted
to the most complex orography. Pentagons or guadrilaterals, with
central points, also readily conform to the configuration of the country,
however complex or difficult it may seem.

Itis recommended that sites for the location of bases should be looked
for at every eighth to tenth figure of the scheme of triangulation, accord-
ing to its character and scope.

Before taking the field the officer should study all available maps of
the region and familiarize himself with the lines of travel, locations
of towns and villages. .

Notes in the field can not be too full. Horizontal and vertical meas-
ures should be taken on all prominent objects. Approximate latitudes
and azimuths should be observed, as well as the magnetic bearings of
every notable objeet. The entire horizon should be sketched, and rough
topographical sketches made to show main ridges, water courses, etc.

The atmospherie conditions should be noted and the facilities for
obtaining water and forage.

The committee concludes with some suggestions in regard to instru-
mental outfit.

ABSTRACT OF REPORT O THE COMMITTEE ON BASE LINES.

The committee classifies the base apparatus in use under three general
heads:

Contact apparatus, comprising compensating, bimetallic, and mono
metallic bars.

Optical apparatus, comprising bimetallic, nonometallic, and bars in
melting ice.

Steel tape and wire apparatus.

They then give a condensed statement of recent measures in Europe
and India. .

Brief descriptions, instances of their application and possibilities,
are given for the Colby, Bessel, Brunner, Struve, Austrian, and United
States Lake Survey Repsold apparatus. The various forms of apparatus
used on or devised for the Coast and Geodetic Survey are mentioned,
such as the Hassler bar, the Bachke-Wurdemann, the Schott, the second-
ary contact, the Woodward steel bar in melting ice, the Eimbeck
duplex, and the steel tape. As detailed descriptions of all these forms
appear in the Coast Survey reports, they are not repeated here, but
their principles are stated, results of their use, and, when possible,
instances of their comparative uses are quoted and recommendations
made concerning the particular classes of bases they are adapted for.

Foreign reports do not contain sufficient data upon which to base
statement of cost, and only in two instances do we find any record of
the number of officers and men required for a measurement abroad.

Of the more recent forms of apparatus tried at the Coast and Geo-
detic Survey, particular mention is made of the Woodward steel bar
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in melting ice, used in four measures of one kilometre of the Holton Base,
with this expression of opinion: ¢ The salient facts resulting from the
experiments made, then, appear to be that with the 5™ steel bar in
melting ice, whereby the temperature error is eliminated, a base line
can be measured with a degree of accuracy hitherto unapproached. In
economy of operation it is little, if any, inferior to the Brunner appa-
ratus now used abroad.”

An aoccount is given of the details and results of the measurement
of the Holton Base with the secondary contact slide apparatus and the
steel tape. The committee considers that with the contact slide appa-
ratus a degreo of precision is obtained beyond the needs of the triangu-
lation, and the contact slide is commended. The cost of* measuring
with the secondary contact slide apparatus is about the same as that
with the tape.

In the description of the steel tapes used on the Holton Base the
opinion is expressed that, ¢ carefully and judiciously handled, the steel
tape apparatus will doubtless attain good standing throughout the
United States, where so many extensive and independent surveys are
being carried on, and especially in all newly undertaken projects.”

Comparisons of the carlier and later base measurements of the Coast
and Geodetic Survey are given, and notcs on the site of the base lines
and the procedure of field organization and measurements. :

The accuracy attainable in base measurements is based upon practice
in the field, comparison with the standard, and the accuracy of the
new metric prototypes. After enumeratin g the conditions under which
comparisons of standards are made, the committee says:

We may conclude that no geodetic standard can be known with a higher degree
of accuracy than 1 part in 5 000 000 of its length, in terms of the internutional unit.

That it is possible to measure a Laso line repeatedly with the same apparatus with
a surprising accordance hetween measures indicates that the elimination of accidental
orrors has been successfully met by the different apparatus in use, and it is also
believed that the various metlhods of observing successive lengths of the same bar
or gystoms of bars are sufficiently precise.

On the other hand, that constant eorrors oxist which are in the main due to a
defectivo knowledge of the temperature of the bars is a fact commonly assumed, or
Droven by the lag of mercurial or bimetallic thermometers used on various apparatus,
These constant orrors are not easily determined, but are now the principal sources
of errors.

Examples of recent measurements and discrepancies are given. No

definite limit is assigned to the degree of accuracy, because the measure -
of a base line depends largely on the object it has to subserve and on
the apparatus, time, and money available,
. The performance of the contact slide in its various adaptations now
H} use on this Survey, as well as that of the tape, warrant the conclu-
Ston that oup present. methods of measuring bases are unexcelled in
Point of ecdnomy, rapidity, and accuracy.
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“« With the perfection of means now available a line may be readily
measured with a probable error of 1:1 000 000, so far as mere measure-
ment is concerned.” But this accuracy is rapidly dissipated by the
known and unknown errors, and especially through the three or more
steps in the triangulation required to reach the first line of average
length. Great accuracy in the angular measurements is needed if an
error of 1:150 000 is to be maintained throughout the network of
triangulation,

For secondary triangulation the fraction of the length 1:100 000 to
1:50 000 may be suitable, and the degree of accuracy in the base may be
graduated accordingly.

For tertiary triangulation an average uncertainty or limit of 1:10 000,
“or even 1:5000 may be allowable for the special purpose of the work.

The subject of frequeney of base lines is referred to by this and
another committee.

It is recommended that whenever the steel tape is used in primary
work at least four measurements be made and each section be meas-
ured under rising and falling temperatures. It is particularly recom-
mended that all base lines be.measured at least twice.

In conclusion, the committee recommends—

That further experiments with the steel tape be made, especially
with a view to a better determination of its temperature. This recom-
mendation seems to be warranted by the results of the measurements
of the Holton Base.

2. That the new duplex apparatus just completed by the Survey be
given a thorough and careful trial as soon as practicable.

3. That the iced bar be used to lay off a 100™ distance as a compara
tor at the bases where the above recommendations are followed.

4. That in all measurement due regard be paid to rising and falling
temperatures, so as to eliminate as much as possible the errors due to
lack of knowledge of temperature of the measuring apparatus.

5. That the tripods for supporting bars be made of metal, and embrace
the details which experience has shown to be conducive to accuracy and
rapidity of measurement.

6. That ordinarily the base line be dnnded into scctions ome-half
kilometre in length.

7. That a 100™ comparator be established in Washington for the pur-
pose of testing steel tapes and contact slide apparatus.

8. That in future use of the iced steel bar the water in the Y trough
be not drained off below the surface of the bar, in order to remove any
possibility of doubt as to the actual temperature of the bar.

ABSTRACT OF THE' REPORT OF THE COMMITTEE ON TRIANGULATION.

The committee has classified the various subject-matteré discussed
by it under eighteen heads, with a map to exhibit the area of triangu-
lations already executed, that under progress, and projected lines.
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The principal subjects are: the object of triangulation; classification;
main and primary, secondary and tertiary triangulations; adaptation to
the surface of the ground; general form of main triangunlation; geomet-
rical composition of a triangulation; frequency aud length of base lines
and their connection with the triangulation; accuracy of a triangula-
tion, and comparisons with foreign work; international and interstate
boundaries. Then follow instrumental outfit, method of observation,
marking stations, signals, etec. -

In the execution of a scheme of triangulation the character of the
work will range from what is purely geodetic to plane surveying.

The main triangulation comprises the principal series of geometrical
- figures which compass along the shortest line the whole extent of ter-
ritory under consideration. The subordinate divisions, with primary,
secondary, and tertiary, are more technical. The primary is character-
ized by the greatest development of length of sides and by the greatest
accuracy of measureinent, wherein the geodetic positions depend on the
mean of numerous astronomical latitudes, longitudes, and azimuths, and
the initial, intermediate and terminal base lines are directly measured.
The committee recommends that observations for latitude and azimuth
be made according to the character of the project. In the primary
triangulation these have been in some localities made at cvery station,
but frequently every other station has been so occupied. TFurther
particulars are enumerated, and then follow descriptions of the other
schemes. :

The frequency and length of base lines and their connection with the
triangulation depend not only upon the orographical features of the
country, but upon the required accuracy of tho triangnlation. Decause
base lines can be measured with much greater accuracy than the trian-
gulation can maintain, it is recommended to increase the number of
base lines rather than to increase their length. '

In arriving at thoe desirable aceuracy of a triangulation tho object
of the work must be considered. From an economical standpoint the
degrecs of accuracy in the measurement of a baseline for different proj-
ects are given, ranging from 1:200 000 to 1:1 000 000 or a still smaller
fraction. But to maintain an accuracy of 1:150 000, or even 1:100 000
part of the length, is a matter of difficulty in an extended triangulation.

The accuracy of the base is rapidly dissipated in the adjacent base
figure, and hence it is not expedient to strain after excessive retinement
n base measurement. ) :

The committee then examines 73 triangles of the main and primary
triangulation, and shows that the work of the United States Coast and
f}eodetic Survey stands well in the front rank. In the triangulation
Just referred to, the Survéy inaugurated a scheme on a scale so large
that there was no previous experience to guide 1t or suggest the attain-
able accuracy of the work. A critical consideration of the angle meas-
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ures shows that the number of observations might have been reduced
by one-half and still give results which will ranlk with the best foreign
work. The period of observation at a station must be somewhat short-
ened, but a high authority is quoted to warn against hurrying observa-
tions lest the atmospheric conditions introduce larger errors than may
be attributable te the instrument. This is a very important subject
and should be carefully considered by the observers.

The number of series of observations recommended at a prmupal
triangulation station is about 31, while the number of positions of the
circle should be, in general, much smaller. '

In the eastern part of the franscontinental triangulation, where the
sides average 26 kilometres (16 miles) in length, a discussion of several
hundred triangles suggests the reduction of the number of observations
to about one-half or two-thirds the number recommended for the pri-
mary triangulation.

In comparison with thousands of triangles of this class of work in '
Europe, that of the Coast and Geodetic Survey must be rated as among
the best.

In tertiary triangulation the demands of acenracy may vary from
1:20 000 even to'1:5 000 part of the length.

The committee tréats of the determination of international and inter-
state boundaries under the principal heads: Boundary along a meridian,
along a parallel, along oblique lines. The methods of tracing each are
presented in some detail, .with illustrations.

Under instrumental outlit are considered the merits and demerits of
direction and repeating instruments for the main and primary triangu-
lations.

‘Whenever practicable, the large theodolites should be mounted upon
concrete or masonry piers.

In order to secure uniform size of heliotrope images at all distances a
formula is given for determining the size of the heliotrope for a given
distance. All heliotropes should be centered with the saime accuracy as
the theodolite. Their superiority on long lines is pointed out.

The method of measurement of angles with the repeating instrument
is drawn up from the experience of the observers, and directions are
given for mnaking the records, ete.

The committee has also discussed the different forms of mguals and
elevated structures for observing, the marking of stations below and at
the surface of the ground, ete.

Vertical angles should be measured at all main and primary triangu-
lation stations, and the direction of all prominent, natural, and artificial
objects in the lLiorizon should be observed.

Tt isrecommended that magnetic observations be made at all triangu-

lation stations.



REPORT FOR 1893—PART 1L 237 .

ABSTRACT OF REPORT OF ASTRONOMICAL COMMITTEE.

The committee has called attention to the various methods of deter-
mining longitude as required for different purposes and suited to differ-
ent conditions. The most important of these is the telegraphic method,
which was introduced by the Coast Survey. The mode of operation
was much simplified in 1878, and a brief method of field computation
adopted. The number of nights of observations required is stated to
be from six to ten, the observers exchanging places. Comparisons with
the results obtained in foreign countries show that the Survey main-
tains an equally high standard, even when the number of nights has
been but one-half of that used abroad.

The expense of operating a longitude party with the present outfit
has been reduced to a minimum, and without the extension of time at
a station observations are algo made for latitude and the magnetic ele-
. ments. With the addition of another observer to the party it 1s pro-

posed to observe for gravity.

The committee suggests that the longitudes of the Aleutian Islands
may be determined by the use of terrestrial si gnals and the local time at
different stations, and that the chain be subdivided and certain stations
connected chronometrically with Sitka as the base station. This method
is recommended.

For latitude observations the committee has shown that the number
of pairs of stars and the number of nights of observations have beeu
gradually decreased on the Survey. This has arisen in a large measure
from the better determinations of the star places as given in the later
catalogues. It is believed that ten or twelve pairs of stars, observed:
upon three or four nights with the zenith telescope or meridian instru-

-ment, will give the latitude of a station with a probable error not
exceeding a tenth of a second. This is so far below the average local
deflections of the vertical that greater accuracy is not deemed neces-
sary, except in such special cases as the measurement of ares and thg
determination of international boundaries.

For latitude observations the committee recommends the continued
use of the Talcott method by the zenith telescope or meridian instru-
Inent as affording greater accuracy than by other methods. It recalls
the competitive observations instituted by Superintendeht Bache with
the zenith sector, zenith telescope, prime vertical transit, and vertical
circle. It is suggested that an enlarged catalogue of latitude stars is
greatly needed.

The committee suggests that the four principal nations publishing
Ephemerides should combine in the expense of preparing and issuing
a special star list of greater extent than is now issued, so that the
Number of time stars may be increased to an average of one for each
two minutes of time; and also that the American Jphemer1s should
extend the additional star places so as to cover the period now falling
In daylight; also that more azimuth stars should be added, and when-
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ever practicable grouped by differences of nearly twelve hours in
right ascension. The subpolar places should be given in order of right
ascension. With close circumpolars this would be useful in determin-
ing the value of a micrometer screw.

ABSTRACT OF REPORT OF TIE COMMITTEE ON IIYPSOMETRY.

The comimittee states thedegree of accuracy demanded in topography,
physical hydrography, base-line reduction to sea level, gravity observa-
tions, tidal planes, meteorological investigations,and engineering opera-
tions, and gives an account of the Y-level of civil engineers and the
geodetic level of the Coast and Geodetic Survey.

About 9800 kilometres (6 100 miles) of precise levels have already
been run by different corps of the United States to mect, the demands
of special investigations and in the regular work of the Coast and
Geodetic Survey. The desirability of a consistent scheme of lines of
control of the whole country, to which all future work may lend itself, -
has made itself apparent. The committec presents considerations for
such a scheme, as follows:

To provide a means, the most direct and economical, for connecting thie many tidal
stations of the Atlantic, Gulf, and Tacific seaboards.

To connect thiese tidal planes by rontes which will best overcomo the uncertaintios
arising from crossing monntain chains, etc. .

To form closed figures that will best determine the degroe of accuracy of the work.

To make the lines of level conform as nearly as possible to existing or proposed
schemes of triangulation, and especially of arc measures.

To take advantage of all work of a like nature heretoforoe exccuted, and to distrib-
ute judiciously over the country bench marks which may serve as pointsof departure
for hypsometric work of all kinds. '

Work of this class has been executed by almost all European nations,
and the committee gives an extended report of the operations and the
methods. Descriptions of the instruments are given. Throughout
France operations of the most exhaustive character have been or are

‘being carried out. In fact, the whole of Europe is covered with lines
of precise leveling. According to the report of the International Geo-
detic Association, the total length is 102 800 kilometres (64 250 miles).
This does not include Great Britain. It is shown how carefully meth-
ods and means have been studied and applied so as to attain the highest
degree of accuracy possible. Then follows an account of precise levels’
in the United States by the Corps of Engineers in the survey of the
Great Lakes, by the Mississippi and Missouri River Commissions, and
by the Coast and Geodetic Survey. The methods of procedure are
stated and the conclusions reached to account for the cumulative errors
which are found in all series of levelings.

In 1892 an elaborate serics of experiments were undertaken by the
Survey to investigate the system of Ieveling and the character of the
instruments. These have not beeu fully discussed, but have resulted
in valuable suggestions of a practical nature.
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Results of long lines of leveling by the eugineer’s Y-level in the United
States are presented, and the conclusions deduced from work done in
Prussia with similar-instruments are quoted.

Experiments with the geodetic level and with the Y-level are in
progress by the Survey.

The subject of trigonometrical leveling is discussed and a few of the
results in the United States and India are presented.

The determination of differences of elevation by observations of
atmospheric pressure is at times the only means available, and the
method of observing the boiling point of water is recommended as
-8uitable for exploration surveys.

The committee concludes that the measure of trigonometrical heights
should formn part of the work of all triangulation stations. Tor this
work they suggest that a new form of instrument be devised to provide
for the measurement of larger arcs by micrometer differences’;

That the standard bench marks throughout the country should be
determined with the greatest degree of accuracy attainable;

That subsidiary lines may be leveled by less precise methods;

Thatif, upon investigation, it shall appear that less elaborate methods
or instruments thau those now employed on the Survey will, by the use
of small circuits, produce satisfactory results with an increase of
economy, purely theoretical considerations should not prevent their
adoption;

That the present geodetic level ot the Survey is as perfect as any yet
devised.

Recommendations are made for comparisons of rods with the stand-
ard, and for various details of the rod and supports.

ABSTRACT OF REPORT OF THE COMMITTEE ON ALASKA.

The committee presents an account of the extraordinary growth of
this but partially explored country, with its valuable resources on land
and the limitless wealth in its adjacent waters. Statements are made
of the extent and wealth of the forests, the fisheries, the wining, the
furs, with statistics of the commerce and population. The surveys
already made are considered, and due credit given for the hydrography,
triangulation, and astronomical work that has been done. The astro-
Domical work covers the chronometric determinations of several seasons;
but the systematic trips of the last two years and the latitude work
€xecuted at the longitude stations occupied have added materially to
our astronomical control of the work in southeastern Alaska.

The traffic through the great inland water passages of sontheastern
f‘llaska. made their immediate survey a matter of the most pressing
Importance. This work is now nearly accomplished ; but the committee
-considers that the present standard of worth should e made uniform
throughout. It advises that the topographic features should receive



240 U. S. COAST AND GEODETIC SURVEY.

more attention, and recommends that a topographic reconnaissance be
made to supply what is needful in this respect.

The question of the order of sequence in which the Alaskan work
should be taken up was considered, and the conclusious reached are
herein briefly recounted:

First. The great chain of the Aleutian Islands is known to be very
imperfectly laid down on existing maps, and the demands of the whaling
fleet, the naval vessels of the United States and Great Britain, the
cod-fishing fleet, and the shipping aud trading vessels require that the
passes through this fog-covered line of 1slands should be better deter-
mined.

It is proposed by the committee to establish certain base-longitude
stations for chronometric determinations from Sitka, and to conuect all
the islands by means of terrestrial signals and local time. The beights
of the islands combine to render this feasible, and the method is second
in accuracy only to the telegraphic method. These longitude determi-
nations with latitude measures will give certain positions on some of
the islands. Small triangulation, and perhaps topographic reconnais-
sance, will then give their outline with the necessary precision for the
present.

Second. The great industries that are centered about Kadiak and the
western end of the Aleutian peninsula make a survey of this section
only second in importance to the one just mentioned.

Third., The welfare and safety of the great fleet of American vessels
engaged in the Arctic whaling industry malke it necessary and a duty
of the Government to estabhsh a good longitude station at their rendez-
vous, Port Clarence.

Fourth. The necessity for opening a ready means of entrance into the
heart of Alaska, that its great possibilities may be thoroughly explored
and tested, and the returns that will reward our citizens when the great
wealth of salmon that abounds in its waters can be reached, make it
important that a survey should be made of the mouth of the Yukon
River—the Mississippi of this vast tervitory—and which is now practi-
cally useless to us on account of our almost complete ignorance of the
channels and waterways through its delta.

The committee submits plans for the longitude work which would
control the independent surveys to be made between Kadiak and Attu.
It also suggests arrangements which are possible in connection with
the work at Port Clarence and about the mouth of the Yukon, and
which might materially reduce the cost of both enterprises.

Its final proposition is a scheme for a triangulation through Clarence
and Chatham straits, the great channels of the Archipelago Alexander,
which wonld reenforce and control-all the work in southeastern Alaska.
In this scheme the character and main features of the work are con-
sidered with relation to the meteorological conditions which must be
expected and the economy that should be borne in mind in suggesting
a plan of operations. ’ ‘
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ABSTRACT OF REPORT OF THE COMMITTEL ON INSTRUMENTS.

The committee has confined its attention to the consideration of
instruments for astronomical work and the measurement of liorizontal
angles, because other committees will necessarily consider instruments
special to their work. '

A list of 52 astronomical instruments and 62 theodolites (namely, 21
direction and 41 repeating instruments) are given. The character and
condition of the instruments are deseribed in general terms. Com-
parison is made between the instruments used in the Coast and Geo-
detic Survey and in Europe for the determination of latitudes and of
telegraphic longitudes; -and the committee recommends a lighter.form
of chronograph.

The 30em (12-inch) direction theodolites, No, 145 and No. 146, lately
constructed at the office, have been tested and are believed to be of
superior character. '

The committee recommends that all instruments whose graduation
is defective should, be sent to the office for regraduation, the purchase
of 10e and 18 (4 and 7 inch) instruments for the work in Alaska, aud
that erratic motions of the level bubble be studied.

It makes suggestions in regard to protecting instruments in the field
against sudden changes of temperature.

In conclusion, the cominittee states that the iustruments for astro-
nomical work and horizontal measures are in general very good.

ABSTRACT OF REPORT OF THI: COMMITTEE ON OFFICE AND FIELD
’ RELATIONS.

The committee States the necessity for the effective cooperation
between the field force and the offico; and, in order to still further pro-
mote this.objeet, recommends that the regulations of 1887 , with amend-
ments, and the cirenlars’ since issued, should be carefully studied and
their provisions minutely followed.

The preparation, duplication, and transmission of records should be
thoroughly systematic. They, together with a summary report of the
Season’s work, accompanied by a sketch and statistics, should be
Promptly turned into the office at the close of the season. The field
Computations should follow as soon as practicable. The condition and
Character of all instruments should be clearly stated when sent to or
ﬁ'_oﬂl the office. Stations in the vicinity of any field party should be
Visited when practicable, aud their condition reported. 1f reported as
Iretrievably lost, the names should be stricken from the oftice list
f geographic positions available for field work.

_As the field parties are cut off from easy access to current publica:
tiong bearing upon their worlk, the committee recommends that some
berson pe appointed in the office to prepare brief extracts or headlines
of matter germane to the Survey and its operations, and that copies of

hege be transmitted to the parties in the field and at distant stations.
8. Ex.19, pt. 2—16
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The Superintendent referred to the Conference a paper prepared at
his request by the disbursing agent, upon the correlation of the oper-
ating department and accounting system of the Coast and Geodetic
Survey. This very interesting paper, referred by the Conference to the

committee, is appended in full to its report, and should be carefully
studied.

The committee recommends the preparation of a manual of observa-
tions, records, and computations, embodying the conclusions of the
Conference, and & manual of accounts, in accordance with the valuable
suggestions containéd in the paper of the disbursing agent.

ABSTRACT OF REPORT OF THE COMMITTEE ON THE MEASUREMENT
OF ARCS.

The committee shows that the measurements of arcs of the meridian,
of the parallel and oblique to these, has been incidental to the extended
operations of the trigonometrical survey of the United States. They
are moreover of grecat importance in order to furnish the shape and
dimensions of that geometric figure which best represents the particular
area to be surveyed and to secure exact measures of geographic position
on the earth’s surface. Beyond this, the combination of the arcs meas-
ured by different countries is indispensable for the determination of the
geometric figure which shall, in size and shape, most closely approxi-
mate to the figure of the earth as a whole.

For this latter purpose the Government of the United States became
a member of the International Geodetic Association for the measure
mernt of arcs, and thereby incurred certain scientific obligations which
have in part been fulfilled by the triangulation schemes already exe-
cuted. The further and necessary extension of these projects of triangu-
lation in the prosecution of tho Survey will furnish additional material
for utilization in our country and for the International Association.

The arcs in process of execution are mentioned, and a map has been
prepared to exhibit the prospective triangulations which may be devel-
oped, and which will be, in great measure, available for the location of
boundaries, for bases of State surveys, and for geographical positions.

ABSTRACT OF REPORT OF THE COMMITTEE ON MAGNETICS.

The committee states the necessity for a knowledgo of' the laws gov-
erning thie magnetic force, in order that the charts of the Survey shall
be furnished with the magnetic variation at the dates of issue and the
prospective annual change.

The distribution of magnetism is dependent mainly upon geograph-
ical position and time, but is influenced by so many local disturbing
causes that in order to produce the lines defining the direction and
intensity seaward for a certain epoch it is necessary to extend the
observations a sufficient distance inland.

Moreover, there is such a constant demand made upon the Survey by
surveyors, engineers, and ¢ourts of law 1n every part of the country
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for information looking to the recovery of old lines or landmarks that
a more complete series of observations and study of the distribution of
the deelination is necessary over the whole area of the United States.

A demand for au accurate knowledge of the magnetic dip and inten-
sity has been made by mariners and electricians. )

By observation in the regular progress of the work, the collection of
observations from the earliest to those of the present time, and by other
means, the Survey has given all necessary information for the charts,
and in addition very much material which has been published m print
and graphically for the use of surveyors, engineers, ete.

The committee preseuts general deseriptions of the magnetic instru-
ments used in other countries and the recent ones for use in the Survey

While much of the work of magnetic observation 1s executed inci.
dentally by the different parties in triangulation and longitude, the
committee calls attention to the neceSsity for a special series of obser-
vations, particularly through California, Oregon, Washington, Idabo,
Montana, and the Dakotas; also to the necessity of more observations
in Alaskan waters. :

It recommends the use of compass declinometers by every triangu-
lation party, and that the main and primary triangulation and tele-
graphic longitade partics determine all the magnetic elements. Italso
recommends.that a second edition of the isoclini¢, isodynamie, and iso-
gonicgeurves be published for an epoch close at hand—say, 1895 or
1900—together with the data, method of discussion, and explanation
of the results and their uses.

ABSTRACT OF REPORT OF THE COMMITTEE ON GRAVITY.

The committee states that recent developments in the instruments
and methods will cnable the Survey to enter successfully upon extended
gravimetric research at less cost than was possible with the older proc-
esses, and this without lowering the standard of accuracy. Tho com-
mittee refers to the development of the earlier pendulum research on
the Survey with respect to character of instruments, their shape, size,
and material, as well as the methods of observing.

All natious engaged in geodetic work have copsidered this subject
an important and necessary branch of a geodetic survey, as affording a
means of determining the figure of the earth. Our relation with the
International Geodetic Association renders it desirable that the Survey
8hould conform, as far as practicable, with the general plan of work of
that body., K

TFive hundred stations have been occupied by foreign observers,
While by the Coast and Geodetic Survey 27 have been occupied in
th.is country and 29 abroad. In many of the leading European coun-
tries pendulum investigations have been vigorously prosecuted in recent
yoars. In India the English have carried on a very systematic scheme
of gravity workin connection with their great trigonometrical survey.
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Maps are presented showing the stations occupied in the United
States, including Alaska, and in Europe.

The improved pendulwmn apparatus of the Survey is described. The
method of observing permits a ready applicatiou of the telegraphic
method of determining the difference in the force of gravity at two
stations which are conuccted by wire.

A still more portable apparatus is now being constructed, in which
the pendulum has a period of but one-fourth second.

_ The proposed outline of investigations contemplates the determi-

nation of the geographical distribution of gravity within the United
‘States with respect to latitude, elevation, and geological structure,
including, for instance, a geries of gravity measures along the valley
of the Mississippi, and another at right angles to it along the thirty-
ninth parallel from the Atlantic to the Pacific. .

It is proposed to establish, in the course of a few years, a number of
base stations for gravimetric aud hypsometric operations of the Survey.
These will be determined with the greatest precision. The absolute
force of gravity is such an important physical constant and of such
great scientific interest as to justify its measurement at a few base
stations.

In observations intended for the determination of the figure of the
earth it is proposed to restrict the stations to the sea border of the con-
tinents and islands of the United States, so as to obviate a reduction
to the sea level. The extended range.of latitude in the limits of the
United States is favorable to this measure.

It is not yet deemed practicable to state what degree of precision
may or should be reached in cither absolute or relative work, but
observations at a station should be continued only long enough to rea-
sonably eliminate the known errors of observation. Multiplication of
stations is to be preferred to a high degree of accuracy.

In 1882 a conference on gravity determinations was held at the office
of the Coast and Geodetic Survey, and the conclusions which were
then reached are given at the close of the committee’s report.

ABSTRACT OF REPORT OF THE COMMITTEE ON EQUII’MENT.-

The committee has considered this subject under two principal heads,
operations conducted by land and operations conducted by water.
Each is then considered under several subheads. ‘

The committee recommends the lightest practicable outfits of men,
animals, and material, but in conclusion states that owing to the great
variety of orographic, climati¢, and economic conditions, covering so
large an area as this country does, it is impracticable to recommend
and specify the details. The results of the experience of officers of
the Survey, who have conducted work under nearly all these condi-
tions, are condensed in this report.

‘While attention to economy calls for simplicity in equipage, the
operators ought not to be deprived of such conveniences as tend to
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prolong their working ability, by securing shelter against the clements,
needful rest, and good food. Equipment which may suffice in emergen-
cies will be insufficient for work requiring long sustained efforts, which
may be protracted through successive years.

Having thus referred to the reports of the commlttees in brief terms,
the Conference begs to state that several committees have given atten-
tion to cognate subjects which may well be incorporated in future edi-
tions of the manuals of instructions and the publications of nethods,
and have made recommendations therefor in their reports,

During the sessions of the Conference facilities have been cheerfully
extended by the office in furnishing data and copies of its proceedings,
and its investigations have been aided by ready access to the well-
arranged library of the Survey.

Asex-officio member of each committee, you have been invited to the
meetings of the Conference, and the members of the committees beg
leave to acknowledge the advice you were pleased to extend to them.

We thank you for this special opportunity of our meeting each other
and personally comparing our experiences.

We feel that the interests of the Survey have been greatly advanced
and that the esprit de corps of the Survey has been intensified by this
lnstructive contact.

Very respectfully, GEORGE DAVIDSON,
Chairman.
O. II. TITTMANN,
Sceretary.

T. C. MENDENHALL, LL. D.,

Superintendent United States Coast and Geodetic Survey,
Washington, D. C.

PROCEEDINGS OF THE CONFERENCE.

The Conference met at the office of the United States Coast and
Geodetic Survey, Washington, D. C., on January 9, 1894, and after
Completing its labors it adjourned on February 28.

The following ofticers of the Survey were members of the Conference:

Prof. George Davidson, Mr. J. . McGrath,
Mr, Charles A. Schott, - Mr. Isaac Winston,
Mr. George A. Fairficld, Mr. P. A. Welker,
Mr. William Eimbeck, - Mr. C. H. van Orden,
Mr. 0. 1, Tittmann, Mr. Fremont Morse,
Mr. J. J. Gilbert, Mr. W. B. Fairfield,
Mr. F. W, Perkins, Mr. F. A. Young,
Mr, Edwin Smith, Mr. G. R. Putnam,
Mr. J. 7, Pratt, Mr. A. L. Baldwin,
Mr. 0. &, Smclalr, Mr. O. B. French,
Mr. . F. Dicking, - Mr. R. L. Faris,

Mr. Stehman Forney, Mr. 8. B. Tiusley.
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Prof. A. H. Buchanan, of Tennessee, and Prof. W. R. Hoag, of the
University of Minnesota, Acting Assistants United States Coast and
Geodetic Survey, joined the Conference on February 3, and participated
in its deliberations until IFebruary 14.

In opening the Conference, Superintendent Mendenhall, while dis-
tinetly diselaiming any desire to restrict its deliberations, suggested
the following subjects for its consideration, in the treatment of which
advantage should be taken of the experience of the several corps
engaged upon kindred work in the United States and foreigu countries,
bearing in mind the advisability of reporting its conclusions in a form
which can be utilized in revising and bringing up to date the various
handbooks on field methods and results issued by the Survey:

Base-line measurement.—Consider appliances, recent investigations
of line measures and methods, and their adaptability to the varying
conditions encountered in trigonometrical work. Compare the relative
values in o scheme of triangulation of a few bases, measured with a
high degree of accuracy, with frequent bases determined with less
refinement.

Triangulation.—Define with greater exactness the various classes of
trigonometrical work. Discuss the instruments, methods, and precision
desirable for each class. Consider the relation of the number of obser-
vations to the degree of accuracy demanded by the character of the
work, with the object of deciding if any material reduction can be
made in the number of observations now taken, especially at primary
stations. Consider reconnaissance aud signal building, forms of day
signals, and the use of night signals. Cousider methods of observing
and instruments. What besides the necessary measurement of angles
should be done at a triangulation station. Submit schemes of trian-
gulation necessary and desirable for a complete survey of the whole
country, bearing in mind their utility in fixing boundary lines (State
and national) and as furnishing bases for more detailed State surveys.
Consider especially the character and scale of work desirable for the
survey of Alaska.

Astronomical work.—Methods and instruments, giving consideration
to the different classes of work and standards of accuracy. What work,
other than astronomical, may be done profitably in connection with the
latter. ' '

Hypsometry.—Instruments to be used, and accuracy to be aimed at.
Vertical angles; barometric work. Submit a scheme of lines of precise
leveling controlling the whole area of the country.

Magnetic work.

Gravitation work.

General.

Party organization.—Camps and outfits—possibility of reduction in
their size and cost. “Records—their preparation, duplication, and
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transmission to the office. Field computations—degree of accuracy
required. Accounts—relation of field officers to the disbursing agent.

At the close of his address he appointed Prof. George Davidson
permanent chairman and Mr. O. H. Tittmann secretary of the Con-
ference.

Mr. G. A. Fairfield was appointed chairman of the committee of the
whole. Owing to his inability to act, on account of sickness, he was
succeeded by Mr. Gilbert, who acted during the Conference.

A committee on rules, consisting of Messrs. Schott, Sinclair, and
Winston, was formed, and their recommendations of an order of busi-
ness and rules were adopted

A committee to assist the chairman in the formation of commlttees,
consisting of Messrs. Schott, Sinclair, Pratt, Siith, Eimbeck, and
Morse, was appmnt}ed and, in accordance with their recommendation,
(,ounmttees, to which was assigned the task of preparing reports on the
various topics under consideration, were organized as follows:

(A) Reconnaissance.—Limbeck (chajrman), Dickins, Forney, French,
Perkins, Welker.

(B) Base lines.—Davidson (chairman), Eimbeck, French, Pratt,
Schott, Smith, Tittmann.

(C) Tmangulatwn and schemes of triangulation for whole country.—
Schott (chairman), Davidson, Dickins, Eimbeck, G. A. Fairfield, W. B.
Fairfield, Faris, Gilbert, Perkins, Sinclair, Van Orden, Welker, Young.

(D) Astronomy.—Sinclair (chairman), Davidson, Gilbert, Morse, Put-
ham, Smith,

(B) Hypsometry and scheme of leveling for whole country.—Perkius
(chairman), G. A. Fairfield, McGrath, Pratt, Van Orden, Winston,
Young,

(F) Alaska.—McGrath (chairman), Baldwin, Pratt, Tittmann, Morse.

(G) Imstruments.—Smith (chairman), Davidson, Dlmbeck Gilbert,
Pratt Tittmann, Van Orden, Winston.

(H) Office and field relations.—G. A. Fairfield (chairman), Forney,
Sinclair, Schott, Winston.

(1) Measurement of arcs.—Schott (chairman), Davidson, Eimbeck, -
MecGrath, Putnam, Sinclair.

(J) Magneties.—Gilbert (chairman), Faris, McGrath, Putnam, Schott,
Tinsley.

(K) Gravity measures.—Superintendent (chairman), Eimbeck (acting
chairman), Putnain, Tinsley.

(L) Equipment.—Pratt (chairman), Baldwin, Dickins, W. B. Fairfield,
Forney, Sinclair, Van Orden, Welker.

Special committee on arrangements.—Tittmann (chairman), Sinclair,
Smith, Winston.

To these were added, near the close of the Conference, a committee
Composed of the Chalrman, Professor Davidson, Messrs. Schott and

lttmann, to formulate, for the consideration of the Conference, the
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general results of its deliberations, in a report to the Superintendent,
and an editing committee; composed of Messrs. Tittmann (chairman),
Schott, G. A. Fairfield, McGrath, and Putnam. :

During the proceedings temporary committees were appointed from
time to time for some special purposes, but these need not be niore
particularly specified.

Under the general distribution of subjects above given, each com-
mittee prepared a list of topics to be discussed in their reports. These
lists were submitted to the Conference, and after they had been consid-
ered and approved the committees proceeded to discuss the subjects
assigned to them on the lines thus indicated. The reports prepared in
pursuance of this plan by the several committees were discussed in
committee of the whole, and were finally adopted by a majority vote of
the Conference.

At the beginning of the sessions invitations were extended to the
officers of the Survey who were not members of the Conference and to
others interested in its labors to submit their views on matters relating
to the purpose for which it was convened.

The Conference was also favored by the personal attendance, on vari-
ous occasions, of Prof. J. H. Gore, of Columbian University, ‘Washing-
ton, D.C. Prof. R. S. Woodward, of Columbia College, New York, came
to Washington, at the sacrifice of his time and convenience, to reply
verbally to questions proposed to him by the Conference. Prof. William
Harkness, U. S. N., addressed the Conference on February 7. The fol-
lowing outlines of their remarks are appended:

SYNOPSIS OF PROF. R. 8. WOODWARD'S REMARKS.

Addressing himself to a reply of the first question proposed to him
by the Conference, namely, the number of measures of an angle neces-
sary in triangulation of the highest order of precision with given instru-
mental means, Professor Woodward discussed the following heads:

‘Relation between the magnifying power of telescopes and the reading
power of the micrometers; Errors of pointing; Graduation; Instru-
ments; Atmosphere; Centering. o

He advocated the use of a magnifying power of about GO for tele-
scopes, 80 as to preserve the proper relation between their pointing
power and the reading power of the microscopes.’” Ie spoke of high
power as diminishing the personal eqnation due to phase of signals
and as serving as a test for the steadiness of the atmosphere. He advo-
cated the use of flat signals to diminish phase. He spoke of the insta-
bility of the mounting of the theodolites, and advised the return to
the measurement of angles (Gauss) rather than the measurement of
directions (Bessel), and thought that in general nothing would be
gained by ocular micrometer pointings in addition to the simple point-
ings. He stated that owing to the perfection of modern instruments a
large nnmber of positions is no longer necessary, and discussed this
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matter at some length. In reply to a question, ke said that steadiness
of atmosphere might be taken as an indication of the.absence of lateral
refraction. He spoke of the necessity for the careful centering of instru-
ments, especially at base stations, and gave a detailed account of base
measurement with steel tapes.

SYNOPSIS OF PROFESSOR HARKNESS'S REMARKS.

Professor Harkness addressed the Conference on the methods of
determining the carth’s cllipticity and the values deduced from them.
He considered successively the following five methods:

Geodetic methods; Pendulum measures; Precession and nutation;
Perturbations of the moon; The moon’s parallax.

He called attention to the fact that an arc whose middle latitude is
in 54° 45’ gives the value for the equatorial radius, while a more equa-
torial arc—that is, one in latitude 35° 15’—gives the polar radius, and
gave two equatious in which the numerical coefiicients showed the
relative effeet of known arcs on the determination of the two radii.
He stated that American arcs had not been introduced in the equations
for deriving the figure of the earth, although the data for two, resulting
from the operations of the Lake Survey, had been published.!

After discussing the pendulum methods, lie presented a tabulation
of values derived from pendulum experiments at various times. He
explained that the values derived from precession aud nutation are
vitiated by want of knowledge of the internal constitution of the earth,
and that the theeretically exact value fromn lunar perturbations is ren-
dered questionable by the uncertainty attaching to the observed values
of the perturbations themselves, and in illustration gave the observed
Yalues of certain perturbations of the moon on which the figure of the
carth derived from them depends. In regard to the method by the
Mmoon’s parallax, he expressed the hope that the cooperation of observa-
tories would lead to a satistactory determination of the ellipticity by
this method.

In his opinion pendulum and astronomical methods will give the most
reliable value of the ratio of the eartl’s semidiameters, and geodetic arc
Measures will give the linear values with great exactness. He stated
that in order to determine the reciprocal of = with a probable error
Not exceeding one unit, the probable error of each of the semidiameters
Must be reduced to 4 164+4 teet (50-11),

! The United States Coast Survey published the results of two arcs and deduced a
Tesuls for the size and figure of the earth. (Appendix G, Report for 1877.)
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Flattening of the earth as found from pendulum experiments.

[A-table prepared by Prof. Wliliam Harkness, U. 5. N

Date. Author. l/z.
1799 .| La Place 33578
1816 | Matthieu 3174
1818 | Bessel 310°11
1821 Biot 30675
1825 | Sabine 2891
1827 | Saigey 28162
1829 | Pontecoulant 340°'16
1829 | Schmidt: Lehrbuch, T.1,p.372,47 E. 28820
1830 | Airy 28282
1833 | Poisson 28731
1834 | Baily 28526
1841 Peters,C. A. F., 290'G9
1842 | Borenius | 289
1853 | Paucker 28838
1869 | Unferdinger 28915
1872 | Nyrén 28773
1876 Fischer, A., 284°4
1880 ! Clarke 292°2
1884  Helmert 29926
1884 . Hill, G. W,, 28773

FEBRUARY 5, 1804.

The Conference, having completed its labors, met for the last time on
February 28. The general report to the Superintendent having been
read and adopted, a committee, consisting of Messrs. ‘Welker, Morse,
and Faris, was appointed to notify the Superintendent of the readiness
of the Conference to submit its final report. Upon the arrival of the
Superintendent the chair ordered the reading of the report, upon the
conclusion of which the Superintendent produced the minutes of $he
Board of Organization of 1843, on which -he commented, saying that
they contained evidence of independence of opinion which he thought
had also been manifested in the present Conference, in which perfect
freedom of discussion was accompanied by the utmost good fellowship.
He regretted that other duties had prevented his more frequent attend-
ance at the meetings, and expressed his gratification at the outcome of
the Conference, which had already caused a feeling of regret in him that
he had not summoned it at an earlier period of his superintendency.

After the departure of the Superintendent, Mr. Sinclair offered the
following resolutions, which were unanimously adopted:

Resolved, That this Conference herein oxprosses its high appreciation of the action.
of the SBuperintendent in calling it togoether, realizing that great benefit has accrued
to its members by the interchange of idens, which can not but result in the increasod
efficiency of the entire corps;

That the thanks of the Conference he extended to its chairmun and to the chair-
man of tho committee of the whole for the courtesy with which they have presided
over its deliberations;

That tho thanks of the Conference be extended to the socretary for the very satis-
factory manuer in which he has performed the arduous labors imposed upon him.
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Resolutions referring to the loss sustained by the Survey by the recent
death of Assistant James S. Lawson were adopted by arising vote. It
was ordered that they be spread upon the minutes and that a copy be
sent to his family. The Conference then adjourned.

REPORT OF COMMITTEE A, ON RECONNAISSANCE.

The term “reconnaissance” as here used embraces all those investi-
gations of a region to be triangulated which precede the fieldwork of
construction, base measurement, and the measurement of angles, and
comprises the selection of the most feasible chain or net of geometric
figures, the location of the base lines, the determination of the prepa-
rations and appliances necessary, aud the collection of information as
to the facilities available for carrying out the proposed scheme. '

An exhaustive report upon such a subject appeared to your comittee
to be neither practicable nor advisable; and after a careful review of
the articles already published,' and their comparison with the experi-
ence of those who have been most extensively engaged upon this class .
of work, it concluded to restrict its labors to the formulation of a few
practical suggestions, which it is hoped will be useful in promoting
economy and dispatch in the execution of triangulation work in the
future, viz:

(1) Reconnaissance, forming as it does the basis of triangulation,
should always be thorough and exhaustive, developing all possible
schemes and comprising all classes of information affecting the economy
and facility of the operations to follow.

(2) Simplification of the geometric configuration of schemes by the
more frequent introduction of well-conditioned simple triangles in all
cases where the substitution of complex figures, as quadrilaterals with
open diagonals or polygons, would necessitate either the yndue con-
traction or expadnsion of the scheme or the erection of high and costly
8caffoldings.

(3) Avoidance, as far as compatible with the requirements of geo-
detic triangulation, of elevated structures for any purpose except that
of overcoming obstacles or lifting the triangulation above the level of
highly heated and disturbed atmosphere. In exceptional cases struc-
tures of moderate elovation may also prove necessary to preserve sym-
metry or to attain proper figure conditions, but in no case should mere
geometrical elegance of a scheme of triangulation be sought at the
¢xpensge of reasonable economy.

(4) Avoidance, as far as expedient, of the longest lines or the highest
peaks in the mountains of the interior. On account of the clouds
which frequently enVelop these peaks and the uncertainties in the

'Appendix No. 20, Coast and Goodetic Survey Report, 1876; Appondix No. 9, Coast
and Geodetio Survey Report,.1882; Appendix No. 10, Const and Geodetic Survey
Report, 1885,
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seeing, lines of a greater length than 200 kilometres (124 miles) invari-
ably tend to interrupt and delay the progress of the work. In addition
to this, the occupation of the highest mountains is always expensive by
reason of the preparations required to make them accessible and of the
difticulties of transportation. Lines that pass closely along the slopes
of mountains or hills or near the vertical surface of any object, as large
buildings, or that pass through narrow avenues cut through timber
should be avoided if possible, as they are particularly liable to lateral
refraction.

(5) Attention is also called to the degree of adaptability possessed
by several typical figures commonly used in triangulation of the first
order. These simple triangles, or chains of triangles, edsily adapt
themselves to topography of the most complex character, whereas quad-
rilaterals, with observable diagonals, possess,this quality in the least
degree, and on that account will frequently be found impracticable fig-
ures. Difficult stretches of country may, therefore, always be most
easily crossed by simple triangles. Pentagons, or quadrilaterals with
central points, also readily conform to the configuration, however com
plex or difficult it may seem. The hexagon, however, on account of the
disposition of the stations, tends to retard rapid progress,and should
not, therefore, be included in a chain of triangulation. This figure finds
its most advantageous application when large areas are to be covered,
ag in the survey of a whole State.

(6) It is recommended that in all extensive chains of triangulation
sites for base lines be considered and selected at intervals of from 250 to
320 kilometres (155 to 200 miles), or at every eighth, ninth, or tenth fig-
ure, according to the length of the bases, the character and scope of
the scheme, and that their connection with the main chain bo carefully
developed in order that these connections may be simultancously exe-
cuted with the main work.

(7) Whenever the purpose of a chain of triangulation requires the
traversing of flat or rolling country its trend should, when practicable,
rather follow than cross the drainage. KExpericnce hag shown that
when the drainage of a country has to be crossed by the triangulation
it can usually be done only by contracting the scheme or by elevating:
the stations by means of scaffoldings. Similar conditions are met with
in crossing high table-lands or flat-topped or double-crested ranges of
mountains, as, for example, the Sierra Nevada, in the region about
Lake Tahoe.

(8) Before taking the field the reconnoitering officer should, by a
careful study of all available maps, make himself as thoroughly
acouainted as possible with the character of the country to be treated,
the lines of travel, the location and relative importance of towns and
villages, and, (Lbove all, the drainage, as the latter will in a great
measure determine the size of the scheme,.
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(9) The field notes of the reconnoiterer should be exhaustive. They
can never be too full for himself or his successors.

Horizontal and vertical angles should be taken on all prominent
peaks and objects, even though they are not directly included in the
scheme, for they are often invaluable for purposes of orientation.
Approximate latitude and azimuth observations should also be made,
and the magnetic bearing of prominent points be noted. Specify the
difficulties of the country, describe and carefally sketch the entire
horizon, particularly every opening or notch through which more dis-
tant mountains can be scen. Ivery high point or possible station
should be especially noted.

The plotting should be kept up from day to day, and a rough topo-
graphical sketch made, showing the main ridges, water courses, roads,
trails, and habitations, * Comprehensive notes with regard to means of
transportation, subsistence for man and animals, help, materials, and
accessibility are invaluable. Remarks with reference to weather and
climatic conditions are important and desirable.

(10) On completion of tho reconraissance, or of the season’s work,
a report, together with sketelies or diagrams illustrating the schemes
developed, should be prepared. This report, containing full and explicit
Statements setting forth the cconomical and other advantages and dis-
advantages, is to be promptly transmitted to the Superintendent for his
consideration and action.

OUTFIT AND INSTRUMENTS REQUIRED,

The camp outfit will necessarily vary with the character of country
to be traversed, and should be as light and>portable as possible for
reconnaissance work in a mountainous or unsettled country.

The outfit of instruments is simple, but must be adequate for the
burpose, viz:

Two aneroid barometers,.

One 4-inch theodolite with vertical circle and tripod.

One reconnoitering telescope of 3-inch aperture.

Azimuth compass, hand level, good binocular.

Pocket box of drawing instr uments, protractor and scale,

Steel tape.

Two heliotropes for testing the doubtful intervisibility of statious.

Best maps of the country available.

Projection with river courses and known roads drawn thereon,

Small photographic apparatus, with films,

Note and sketch books.

A gradienter will be found a valuable instrument for reconnaissance.

WM. EIMBECK,
Chairman of Committee,
OWEN B. FRENCH,
Secretary.
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REPORT OF COMMITTEE B, ON BASE LINES.

The Committeo on Base Lines makes the following report to the
Couference:

It is not necessary to enter into any historical account of the differ-
entapparatus that have been used at various periods.

A short statement of the mstruments in use, or lately in use, in
foreign countries and in the United States, and the results obtained
from them, will be given, but in the time at our disposal it can not be
complete nor will the material in print offer means for an exhaustive
comparison.

The following classification of base apparatus covers all appliancesin
general use:

(1) Contact apparatus, comprising compensating, bimetallic, and
monometallic.

(2) Optical apparatus, comprising bimetallic, monometallic, and bars
in ice.

(3) Steel tape aud wire apparatus.

The following is a brief description of the more prominent appliances
recently in use, but it must be distinctly remembered that all the rela-
tive errors given, excepting those of the Great Trigonometrical Survey
of India, Luke Survey, and Coast and Geodetic Survey, are merely the
errors of measurement, and do not include the error of reduction to sea
level, nor the error of the unit of length of the apparatus, the latter
being undoubtedly one of tho largest sources of error iu the determi-
nation of the length of a base line.

Basc apparatus now in use—bimetallic and monometallic (optical).
SPAIN.

The Spanish bases have been measured with two appliances. The
earlier, designed by Brunner, is £ long and consists of two bars, one of
platinum, whose cross section is 5™ by 21*™, and the other is of brass, of
the same dimensions. These bars are fastened together in the middle,
and at each end Borda scales are attached to obtain the difference of
length due to changes of the temperature. They are mounted onrollers
in the carryipg caseto allow longitudinal movement. The microscopes
are mounted on independent tripods. One base has been measured with
this apparatus with an averagerelative error of measurementof g-z5t 550
(See  Memorias del Instituto Geographico,” Vol. V, 1884, p. 99.)

Subsequent to the year 1865 an apparatus was devised by Colonel
Ibaiiez, which consists of a 4™ iron bar in the form of an inverted ¢ T,”
of two bars of iron 7™ thick, the one in the vertical position bemng
120m= high and the one in the horizontal 96™" wide. They are fastened
together throughout their entire length with angle irons bolted through
the two bars. TFour mercurial thermometers arc placed m metallio
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contact with the bars. The graduation trace for the micrometer point-
ing is made on the top surface of the vertical member of the bar. In
the field measurement the apparatus is uncovered,

from ;4555 10 Trvtwos.  (See Memorias del
Instituto Geographico, Vol. III, 1881.)

Three bases have been measured in Switzerland
with this apparatus. Their lengths are 24, 2-5,
and 3-2 kilometres, and the relative errors of measurement are, respect-

but the operations are conducted under a wooden '"—'"-"—-»:
shelter. % !
Eight bases have been measured with this appa- .J// S:
ratus with relative errors of measurement ranging Eé B
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Basc apparatus—bimetallic compensating (optical)
INDIA.

The bases of the Great Trigonometrical Survey of India have all been
measured with the Colby apparatus, which is compensating and opti-
cal, the unit of measurement being the yard. The bars of' brass and
iron are 10-1 feet {(3-08") long, 0-55 by 1:5 inches (14-0m= by 38:1™") in
cross section, and 1+3 inches (33-0™™) apart, rigidly connected at their
centers by a pair of small steel cylinders. These bars are free to
expand from or contract, toward their centers independently of each
other. Across each extremity is pivoted a short compensating lever
projecting beyond the iron bar. The compensation point is marked on
a silver pin near the extremity of each lever. The distance of this
point from the axes of the pivots of attachment to the brass and iron
bars is intended to be exactly in the same proportion as the coefficient
of expansion of the two metals are to cach other.

The compound bar is inclosed in a wooden case, and each component
rests at one-fourth and three-fourths of its length on brass rollers which
are fixed to the bottom of the box and have raised flanges to prevent
lateral motion. Longitudinal motion is prevented by means of a stay
fixed firmly to the bottom of the box- at its center and projecting
upward between the two steel cylinders. Here a spirit level is attached
parallel to the direction of the bars, and is read through a glass cover
in the top of the box. The compensation levers project about 2 inches
beyond the sides of the box nearest the iron bar. There are six of
these compound bars, designated 4, B, C, D, E, and H, supported on
strong brass tripods which are capable of communicating motion in a
lateral, longitudinal, and vertical direction. The points of compensation
of these bars are placed about 6 inches apart, and the distance between
is read by a pair of microscopes attached to two parallel bars of brass
and iron, both being free to expand or contract toward their centers.

The adjustments are so made that the outer foci of tlie object glasses
are compensation points exactly 6 inches apart.
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As the measures are invariably made in the horizontal position of
the bars, the ground has to be prepared very carefully and vertical
offsets are made from time to time as the inclination of the ground
demands. The apparatus requires 8 ofticers, The number of men is
not stated.

~ Tenbases average between 6 and 7miles in length, and were measured

with an average speed of about 1,000 fect (305") per day. Exclud-
ing all constant errors, the probable error of & single measurement is
+ syitoeo. Including all kmown and estimmated ervors, the probable
error of a single measurement of a base is taken at 4 yzlyyy. (See
Report, Great Trigonometrical Survey of India, Vol. L)

Buse apparatus,
BAVARIA,

In Bavaria the Reichenbach apparatus was used in the early part of
the century. Tt consisted of five iron bars each 4™ long and 22w
square. The ends of these iron rods terminated in blunt kuife edges,
that at one end being in the vertical and the other in tlie horizontal
plane. During the process of measurement a vertical and horizontal
knife edge are brought within about 4" of each other, the distance
between them being measured with a carefully constructed, graduated,
long tapering wedge of hardened steel. The temperature was obtained
with mercurial thermometers brought into contact with the metal of
the bar.

The second longest base on record, nearly 20 kilometres long, was
measured with this apparatus.

SWEDEN.

Prof. Edward Jiiderin, of Stockholn, has experimented quite exten-
sively with metallic wires and tapes, using two different metals, such
as brass and iron, for the purpose of obtaining the temperature cor-
rection from them. No base lines of note have, however, thus far been
measured in Europe with such apparatus. Ilis results are published
under the following titles:

¢ Geoditische Liingenmessungen mit Stahlbiindern und Metalldriih-
ten, von Edw. Jiiderin, Stoclkholm, 1885; 7 also ¢ Iixposé élémentaire de
la nouvelle méthode de M. Edounard Jiiderin pour la mesure des droites
géodesiques au moyen de Bandes d’acier et de fils mdétalliques, par
P. . Bergstrand, ingénieur au burcau central d’arpentage, & Stock-
holin, 1885; 7 and ¢ Marklig Liingdforiindring hos geodetiska basmiit-
ningsstrangar at Bdv. Jidriu, 1893, Stockholm.”

Buse apparatus—Dbimetallic, noncompensating, contact.
THY BESSEL BASE APPARATUS.

As this appliance has been used in several countries, a general descrip-
tion will answer. In the usual form of the apparatus the measuring bar
is of iron, of rectangular cross section, on the upper side of which reste
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a similar bar of zinc, but somewhat shorter. One end of this zinc bar
ig securely fastened to the iron bar near one of its extremities, the other
end being free to expand. At each end of the iron measuring bar and
on its upper surface are permanently fixed blocks of metal, the outer
ends of which terminate in hardened knife edges, situated in the verti-
cal plane. The fixed block on the eud at which the free end of the zine
element rests has another vertical knife edge pointing toward the free
end of the zinc bar, which also terminates with a vertical knife edge, leav-
ing a small space between these two edges. The difference of expansion
between the iron and zinc for temperature correction to the iron bar is
bere measured by inserting a carefully consttucted graduated glass
wedge. The customary method is to use four of these bars, placing their
ends near each other and measuring the small intervening space with
the glass wedge previously mentioned.

This apparatus has been used in the following countries:

In Belgium two bases have been measured, being, respectively,? 3 to
25 kilometres in length, with relative errors of mea.';urement of v 5t vov
and yyyso0

In Prussia eight bases have been measured, ranging in length from
900 toises (1-7 kilometres) to 7-0 kilometres, with relative errors of meas-
urement ranging from gz:ls55 10 T5vdvvs-

In Denmark one base 1383 toises (2:7 lulometles) long has been
measured with relative error of measurement of zgitsis-

In Italy nine bases have been measured with it, ranging in length
from 340 (0-66 kilometres) to 5,150 toises (10-0 kilometres), with relative
errors of measurement ranging from gyyisy t0 3-wgd-5oo-

Base apparatus—bimetallic, noncompensating (optical).
THE BRUNNER APPARATUS.

As this apparatus has also been used in scveml countries, only a gen-
oral description is attempted.

It is a single bar 4" long. As used by the French and Germans the
Ineasuring bar is of platinum-iridium, attached to which is a brass one.
The two form a Borda scale for deter mining the difference of the lengths
of the bars due to changes of temperature. The microscopes mounted
on independeut supports have an arrangement for making optical cut-
offs and also an attachment for aligning the bars. The measurements
are now made under canvas-covered frames, which are brought forward
in sections.

At present this apparatus is the ono that is in general favor on the
Continent.

It bas been used in the following countries:

In Prussia three bases of 1198 tojses (23 kilometres), 1417 toises
(2-8 kilometres), and 2:5 kilometres have been measured, with respective
Telative errors of measurement of —s¥5yps vv0% vouvy and ml——ﬁu.

8. Ex. 19, pt. 2—17
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In France three bases have been measured with it, for only one of
which the relative error is given. This is the Paris Base, which is 7-2
kilometreslong, with a relative error of measurement of 5154555 This
base was measured by two details of officers and men, each detachment
consisting of 4 officers and 25 men. The operations were conducted
with a rapidity of about 300" per day.

Base apparatus—Mono metallic contact.

RUSSIA.

The principal apparatus used is that of Struve, which consists of an
iron bar 12 French feet (nearly 4) in length and 15 by 15 lines (about
34mm hy 34mm) in cross section. One end of the bar terminates in a
steel plane and the other has a lever pivoted to it. This lever is so
arranged that the bar coming in contact with it acts as a fulerum and
its longest free end moves over a divided scale.

Mercurial thermometers, whose bulbs are placed in cavities in the
iron bars, are used.

Seven bases have been measured with this apparatus, ranging in
length from 1-15 to 2-9 kilometres. The same relative error of meas-
urement is given for all of them, viz, 13550

For the measurement of secondary bases the Jiiderin apparatus has
been used, and is considered sufficiently accurate for the purpose—
namely, cartographic operations.

Oontact scale—Mono-Metallic,

AUSTRIA.

In Austria-Hungary an apparatus is used consisting of an iron bar
of rectangular cross section, which rests on 12 brass plates fastened to
the top surface of a wooden beam which has a wooden cover. The
ends of these iron measuring bars, of which 4 are used in regular suc-
cession, have plane end surfaces. During the operation of measure-
ment the bars are so placed that their ends are a short distance apart,
and the distance between is measured with a short scale made in two
parts, which slide on each other, the respective ends of which come in
contact with the bars.

Two mercurial thermometers are used for determining the tempera-
ture of each bar. Five observers and 16 men are required to use this
apparatus. Nineteen bases have been measured with this appliance;
all of them twice in opposite directions. They range from 24 kilo-
metres to 9-5 kilometres in length. . The relative error of measurement
is only given for one, that of the d’Ilidze base, which is 5ryd—573.

Base apparatus—Dbimetallic, contact, compensating.

THE LAKE SURVEYsOF THE UNITED STATES.
The first refined appliance used by this organization was a copy of
the Bache-Wurdemann contact compensating apparatus, as used by
the Coast Survey at that time. -These bars are 15 feet (4:57™) long, and
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were used, between the years 1867 and 1875, in the measurement of five
bases, whose lengths ranged from 49 to 8-8 kilometres, with relative
errors ranging from s3i5us 10 s1itous:

OPTICAL BIMETALLIC, NONCOMPENSATING,

Subsequently the Lake Survey Repsold optical bimetallic apparatus
was devised and used. This consists of a steel neasuring bar 4™ long,
by the side of which is a similar one of zine. The two are firmly fast-
ened together in the middle. Their unequal expansion is observed
upon scales at both ends for determining the temperature of the steel
bar. This combination of the two metals is supported by a system of
rollers adjusted inside the carrying tube so as to keep them in their
proper relation to each other and to ‘allow free oxpansion, There were
also two mercurial thermometers at cach end, with their bulbs inside
the tube cylinder. The bar is provided with a telescope for alignment
and a sector for measuring the inclinations. In measuring, the bar is
supported at the extreme ends of the carrying tube on trestles whose
heads are provided with movements in three directions, by which the
tube is placed in position under microscopes which are mounted on
independent stands.

Tive officers and recorders and 12 laborers were required to make
the measurements, an average day’s work being about 300™.

Three bases were measured with this apparatus between the.years
1877 and 1879, ranging in length from 6:2 to 7-6 kilometres, with

‘relative errors of from (—sdvyss t0 Terivve. (See Comstock’s report
“Triangulation of the Great Lakes,” professional papers, Corps of
Engineers, U. 8. A., 1892.)

COAST AND GEODETIC SURVEY.

The Coast and Geodetic Survey has used various appliances. As
early as 1817 a single bar 8" long, made up of four iron bars 2= each in
length, clamped ond to end, was devised and constructed by Mr.
Hassler. The relative errors with this apparatus were about syuys.
This was the first optical monometallic apparatus used in this country.
It also had the aligning sector attached to the top of the carrying case
and the terminal micrometer microscopes identical in principle with
those now in use. (American Philosophical Transactions, Vol. II, New
Series, pp. 273-286.)

In 1845-46 tho Bache-Wurdemann lever contact compensating appa-
ratus was devised, and was in use up to 1873. The best results that
have been obtained with it have a relative error of about gxstswo.
Since then the Schott compensating apparatus with contact slide has
been used on two different bases, only one of which has been finally
reduced, viz, the Yolo, 174 kilometres in length, with a relative error of

¥t
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In 1891 a steel bar in ice, with optical apparatus, was used in meas-
uring a kilometre of the Holton Base, with a relative error of about
THTOUOT

For secondary bases the contact slide monometallic apparatus with
mercurial thermometers has been used since 1855. It has demonstrated
its possibilities up to a degree of accuracy of one part in 600000,

Since 1890 two bases of 55 and 3-8 kilometres have been measured
with the standard tape with relative errors not exceeding one part in
500000.

Wire measurements have been in use since the year 1848, varying
in degree of accuracy as required by the conditions to be fulfilled.

The Eimbeck duplex apparatus, although suggested in February, 1885,
has been only recently constructed by the Coast and Geodetic Survey.
Its principle is to make the bars themselves determine the correction
due to changes of temperature without having recourse to the uncer-
tain use of thermometers in the field, excepting it be to furnish addi-
tional data.

The later forms of apparatus in the United States are more fully
referred to and discussed individually.

WOODWARD STEEL BAR IN MELTING ICE.

For a test of the performance of different kinds of apparatus we
turn to the experiences gained in this country by the measurement of
the HMolton base in Indiana, on a section of which, for the first time,
the temperature effect was eliminated by the measurement of 1 kilo-
metre of the base with a steel bar in ice. The section was then meas-
ured with a 100™ steel tape apparatus, and, thirdly, with the secondary
contact slide apparatus, forms of apparatus so radically different that
an agreement between the results obtained by them increases very
greatly the probability of correctness of the several results.

The detailed report of the experiments, measurement, and reduction
of the Holton Base will be found in the United States Coast and Geo-
detic Survey Report for 1892, Part’II, Appendix No. 8.

The salient facts resulting from the experiments made there, appear
to be that with the 5™ steel bar in melting ice, whereby the temperaturs
error is eliminated, a base line can be measured with a degree of accu-
racy hitherto undpproachad

One kilometre of the Holton Base was measured four times with this
bar in eight working days. After proper preparation 800 bars were laid
in forty-two and one-half hours, at an ‘average rate of 19 bars, or 95,
per hour, and a maximum rate of 30 bars, or 150™, per hour. This rate
of measnurement is satisfactory. In cost of operation this apparatus is
little, if any, inferior to the Brunner apparatus now used abroad.

THE SECONDARY CONTACT SLIDE APPARATUS.

In the measurement of the Holton Base with this apparatus, after
comparisons with the 100™ comparator there established, a degree of
precision was obtained far beyond the needs of the triangulation
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dependent thereon. The length of the base line is 55 kilometres, and
it was measured twice in fourteen days. Two thousand six hundred
bars were laid in éighty-three and one-half hours, with an average rate
of 31 bars, 155™, per hour, and a maximum of 41 bars, or 205, in one
hour.

No grading, and very little preparation of the ground, is necessary for
this apparatus. The cost of measuring a base with it is about the same
as with the steel tape.

It is believed that if the bar be made to rest upon rollers and the
thermometers be placed in better metallic contact with the bar the
apparatus will be improved, with very trifling addition to the weight.

This apparatus should be compared, before and after any base meas-
urement, with the 100™ comparator, or dircctly with the 5 steel bar
in ice.

" In the measurements of bases by bars the contact slide has been used
with sufficient frequency to establish its efficiency for rapid and accu-
rate measurement. The range of error in making a coincidence does
ot exceed one-twentieth millimetre, and in the large number of con-
tacts made in one measurement of a base the probability is that the
Plus and minus errors will balance each other.

STEEL TAPE.

The steel tapes, graduated to 100, at present in use on the Coast
and Geodetic Survey are 101-01™ long, 6:34"™ by 0-47um in cross sec-
tion, and weigh 22-3 grammes per metre of length. They are subdi-
vided into 20™ spaces by graduations ruled on the tape itself. The
end graduations fall about 0-5™ from the tape ends, which terminate
In loops formed by annealing and riveting the tape back on itself, The
Surface of the tape, where it is not polished to receive the graduation,
is of a dull black color. 'When not in use the tapes are rolled up on reels
1ot less than 0-3™ in diameter, and may thus be trausported with ease
and safety. The stretchers used with these tapes are fully described in
Professor Woodward’s report of the Holton Base, as also the method
of preparing the line, making the measurement, protecting the ther-
Mometers, etc. The determination of the temperature is, as in all other
forms of base apparatus, the most uncertain clement in the operation,
and needs further study and investigation.

The experiments and measures at the Holton and St Alban’s bases,
Which were measured six and five times, respectively, have shown rela-
tive errors of 1:1300 000, which are very satisfactory, and may be dimin-
1shed when the temperature is more accurately determined. J udging
from these experiences, the steel tape commends itself for aceuracy,
and over many varieties of surface and classes of ground illy adapted
to an apparatus supported on trestles, great economy may be expected
from its uge,
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Carefully and judiciously handled, the steel-tape apparatus will doubt-
léss attain a good standing throughout the United States, where so
many extensive and independent surveys are being carried on, and
especially in all newly undertaken projects. :

The published accounts of foreign base measurements do not give
sufficient data to judge of the cost of the measurement nor of the num-
ber of officers and men necessary, save in two instances; neither are the
rates of measurement always specified, althougl it may be assumed to
be very close to 300" per diem,

The officers and men belong to the military arm of the Government
sérvice, and even if we knew their numbers the cost of measurement
would not be readily comparable with civilian work. It is very hkely
that more soldiers are detailed for the work of measurement than are
absolutely necessary.

For example, we find for the measurement of the Boun Base the fol-
lowing detail: One civilian chief, 6 ofticers, § officials, 2 subalterns, 11
pioneers, and 42 infantry soldiers, a total of 70 persons. And in the-
measurement of the ’aris Base 58 officers and soldiers served in two
detachments at different times.

The following tables have been appended to give an idea of the
number, length, etc., of the bases measured in foreign countries and
in the United States.

Table I shows the number of geodetic bases measured in the various
countries doing geodetic work.

Table 1T shows the approximate length of thesc bases.

Table 1II gives the principal bases of the United States, together
with approximate length, relative error, and apparatus used.

Tables IV and V give more completely, statistics of a few of the most
important bases ot the United States.

TABLE 1.-—Table showing the number of geodctic hascs measured by the various countrics
doing geodctic work.

Name of country. I Number. ;l Name of country. | Number. \
|
Austria-Hungary ... 19 it Norway ... ..__.. 4
Belgiom_____ ... .. _.. 2 | Peru__._ ... ... I
Denmark_ .. _____.__._.. 2 Portugal . _._____._. 1
¥France and Alglers__ ... 13 Russia ..o oo 20
Germany __.__ ... -- 15 Spain____. . .___...-- 9
Great Britain__ . _____... 7 Sweden __ ... _. 6
India and Cape Colony _ .. 13 Switzerland . ..o __. ... 5
(Greece _ _ . .- 1 “United States . ....___. _ 29
Holland .. ..___._____. 1 —_—
Italy . oo 9 Total oo . 157
1
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TABLE II.—Table showing lengths of geodetic bases compiled from 157 bases of the world.

Lengths. Number. ! Lengths.
o- 1 kilometres _____ 1 11-12 kilometres ___._
1- 2 :: _____ 5 12-13 o
2-3 ¢ . 28 13-14 L
3~ 4 o 15 14—15 6
4- 5 L, 13 15-16 o L.
5- 6 L, 16 16~17 ¢ o
6~ 7 e 10 17-18 e
7- 8 <. 10 18-19 “ s
8-9 “ . 14 19-20 L
9-10 “ . s 20-21 R,
10-11 . 10 21-22 -

Number.

12
6

3
3

3

2

I
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TABLE IV.—United States Coast and Geodetic Survey—2Measurements of primary base
lines. !
[Prepared by Assistant Edward Goodfellow.]
THE BACHE-WURDEMANN COMPENSATING BASE APPARATUS.

Probable | Propor-
Leggstg of error of. [tional part,
. length. |of length.

Average |Mean tem-
length per(perature of|
ay. measure.

Days oc-
cupied.

Year of

measure. Locality, etc.

m. m. m. Feo,

1847 | Dauphin, Island, | 106618376 | 400260 | qggrr | 17 627:17| 845
Ala. Sand, low
grass, rushes, etc.
1848 | Bodies Island, N. C. | 10841-7524 | 1.0°0255 | zpobvrgy | 10 |1084'17| 320
Sea beach, sandy
and marshy.
1850 | Edisto Island, S. C. | 10721°4231 | 400286 | yriggs | 13 824'72| 59°5

Cultivated ficlds, -
clay and loam.
1855 | Key Biscayne, Fla.| §789:2262 | Lo0127 ! 1xiyaz 9 664-32| 8279
Calcareous soil,
coarse grass, pal-
mettoes, etc.
1855 | Cape Sable, Fla. | 6431°5913 | :0'0157 | zmba | S | 803'95( 8779
Calcareous soil, :
grass, samphire
weed, etc.
1857 | Epping Plains, Me.| 8715-9422 | 400158 | siiyyr 8 | 108949 | 700
Rolling, sandy
plain, many irregu-
lar ridges.

NoOTE.—1894, January 27—The data given here and on the following page for the seven
primary bases measured with the Bache-Wurdemann apparatus have been taken from the
annual reports, except for Epping Base, which wzs furnished by Assistant Schott.
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From the six earlier bases measured with the heavy Bache- Wurde-
mann apparatus given in Table IV we condense the following statistics:
Each base was measured but once, and the total of the lengths meas-
ured was 53 kilometres, at the rate of 849 per diem, and the highest
daily average was 1089, No hours are given, and the number of
officers and men is not mentioned. The relative error varied between
1:410 000 and 1:553 000; but these included the error of unit of standard
and reduction to sea leve]

From the later bases of the Coast and (xeodetlc Survey, given in
Table V, the following statistics are obtained:

Tive bases each employed 17 men, who measured 150™ per hour, and
reached 2000™ in seven and one-half hours (in third measurement).
The reduced measures give relative errors from 1:563 000 to 1:1 822 000.
Two bases measured with steel tapes employed 12 men, who measured
the bases six and five times, respectively, at the rate of 1280™ per hour.
These gave relative errors of 1:1 375 000 and 1:1 290 000. The relative
errors of all these measurements include the unit of standard, ete.

In the measurement of Yolo and Los Angeles bases with the Schott
apparatus the following officers and men were employed: Six officers,
6 men at bars, tripod, and plates, 5 men pushing movable cover, ete.
Besides these necessary people, there were 1 man for bridges, extra
driver, etc., 1 watchman, 1 driver, 3 cooks and waiters.

THE SITE OF THE BASE LINE.

In a mountainous region the selection of a site is froquently a very
difficult matter. It should be located by the reconnaissance party, and,
-if practicable, more than one should be selected.

One of the factors in the rapidity of measurement of the base line,
whether primary or secondary, is the character of the site. In any.
case it should be prepared with only sufficient care to permit effective
measurement by the apparatus used. If bars and trestles are used,
the surface should be no more disturbed than to permit the prompt
placing of the tripod supports.

FIELD PROCEDURE.

The method of procedure in the field must necessarily vary accord-
ing to the apparatus used and the local conditions of the country. An
example of the method used with the slide contact bars can be found
in reports on the Yolo and Los Angeles bases in the United States
Coast and Geodetic Survey Report for 1882, Appendix 8, and Report
for 1889, Appendix 10. TFor the method used with the iced steel bar
and 100m steel tapes sce Professor Woodward’s reports on the Holton
and St, Albans bases.

In the work of measurement the first measure requires time for drill-
ing all persons in precision and rapidity of action, and a, repetition of
the measure can be made in much less time than the first and very
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probably with more accuracy. The rapidity of measurement conduces
to accuracy when movable tripod supports are used, because it lessens
the liability of change in the position of the bar.

For transferring the end of the bar to the ground when measure-
ment is suspended various forms of apparatus have been used. For
end contact bars some form of transit sector is generally used. It is
set up at right angles to the base, opposite to the end of the bar, the
terminal of which is transferred by means of it to a scale placed on
the ground mark. When the optical measuring apparatus is used,
the Repsold cut-off is preferred, a description of which can be found
in the Report of the Lake Survey.

THE ACCURACY ATTAINABLE IN BASE MEASUREMENTS.

The great importance to geodesy of the adoption of the metre as the
international unit of length need not be pointed out, but the establish-
ment of an International Bureau of Weights and Measures for the com-
parison of stundards is here adverted to, not enly in recognition of its
eminent services to geodesy, but because its work must now be taken
as the standard of attainable accuracy in metrological work.

Attention may also be called to the results of a study made recently
at the International Bureau of Weights and Measures of nickel and
certain alloys in regard to their suitability for line standards. Nickel
bronze and aluminium bronze showed a decided chauge in length after
repeated heating to 100° and cooling to 0°, PPhosphor bronze showed
no such change. A short nickel bar was found to answer all the
requirements considered, namely, price, hardness, susceptibility to a
high polish, high modulus of elasticity, and resistance to deteriorating
effects of moisture and of such chemical agencies as are commonly
used in laboratories, Nickel bars of suitable lengths for geodetic
standards have, however, as yet not been made.

From the report of the International Conference on the Construc-
tion and Comparison of the New Metric Prototypes, of which the United
States has two, it appears that the probable error of the result of the
comparison of two prototypes was only +004 micron at the tempera-
ture at which the comparisons were made. Takin g into account, how-
ever, the coefficient of expansion of X, the final estimate of the accuracy
reached is stated in the following words:

It may be concluded, therefore, that the equations of the prototypes lead toa knowl-
edge of their absolute lengths with an average probable uncertainty which, under
the temperature conditions usual in metrological operations—that is, between 20° and
25° C.—lies between 0°1 micron and 0-2 micron, and at a higher temperature it may
slightly exceed the last-mentioned limit.

The belief is also recorded that if the comparisons between all the
prototypes were gone over again the mean differences found would be
of that order of magnitude.
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When it is considered that the comparisons above referred to were
made under the most favorable conditions, such as uniformity of tem-
perature, identity of' material, perfect illumination, and that slight
imperfections in the latter alone introduce very material discrepan-
cies, we may conclude that no geodetic standard can be known with
a higher degree of accuracy than 1 part in 5 000 000 of its length in
terms of the international unit. _

Since all the operations involved in base measurement tend to de-
crease this degree of accuracy, we may assume that 1 part in 5 000 000
of its length is a higher degree of accuracy than can ever be attained
in practice by known methods. 1If, in contradistinction to this estimate,
the probable errors of certain famous base measures, like that of the
Madridjos Base, are cited (5-yLg55), it must be remembered that they
do not refer to the absolute length of the base.

That it is possible to measure a base line repeatedly with the same
apparatus with a surprising accordance between measures, indicates
that the elimination of the accidental errors has been successfully met
by the different forms of apparatus in use; and it is also believed that
the various methods of observing successive len gths of the same bar or
systems of bars are sufficiently precise. On the other band, that con-
stant errors exist which are in the main due to a defective knowledge
of the temperature of the bars is a fact commonly assumed or proven
by the lag of mercurial or bimetallic thermometers used on various
apparatus. These constant, errors are not easily determined, but are
now the principal sources of error.

Recently experiments to elucidate this point have been made abroad,
ag well as in this country, by measuring the same base with different
forms of apparatus. Thus, a base at Bonn has been measured with the
Bessel apparatus and again with the Brunner.

The results of the measurement with the Bessel apparatus, mado
twice with rising and twice with falling temperatures, indicate a relative
orror of ;;gd-555. The same base, which is 2-5 kilometres long, was
then measured with the Brunner apparatus, and it is stated that the
agreement with the former measures is excellent, if we regard a
discrepancy of 1¢m, or 356 ovoy @8 & constant error, the cause of which is
hot, however, known and is being investigated.

We also have the results of the measurements of the Undine Base, as
obtained by the Austrians with their apparatus and by the Italians
With the Bessel apparatus. Hero the difference is only 4uu in a total
length of 3-248 kilometres, or gqotygs.

The Brunner apparatus, elsewhere described, is the one used most
Tecently in France and by General Derrecagaix. It is considered a
model form of a modern base apparatus, and his opinion was apparently
8hared by other geodesists, for the Spanish, French, and Germans have
adopted it, notwithstanding its great cost and the slowness of its
manipulation, '
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The relative error of measurement for the Brunner apparatus, as
used by the French, is about 334y, but the experience gained at Bonn
indicates that the measure of its real accuracy is still open to question,
as above mentioned.

The measurement of the Holton Base with the 100™ steel tape and 5=
secondary bars in the United States also shows a marked difference.
Each considered alone gives a rvelative error of less than 4553, yet
ditter by 1 part in 350 000.

NUMBER OF MEASUREMENIS OF A BASE LINE.

As a test of the accuracy of the work. and to afford an opportunity
~ for eliminating errors of temperature each base should be measured at
least twice. It has already been stated that, owing to the experience
gained in a first measurement, the second can be made much more
rapidly than the first. On this account, and because a large part of the
cost of such operations is the expense of preparing the line, putting
the party and equipment into the field and taking them out, the second
Imeasure increases the cost of the work but slightly, while the advantage
derived from it is very great.

‘Whenever the steel tape is used for primary work it is recommmended
that at least four measures be made, using two different tapes, and in
such a manner as to eliminate the effect of thermometer lag as nearly
as possible; i. e., by measuring each section with each tape under both
rising and falling temperatures.

FREQUENCY OF BASE LINES.

In many cases the length of the triangle sides and the nature of the
country constrain the economical introduction of bases. Areas like the
great plains, however, afford many opportunities for introducing bases
economically, and where that can be done it is advisable to obtain
accuracy by a multiplication of bases rather than by refinements in the
triangulation.

RELATION OF THE ACOURACY OF BASE MEASUREMENT TO
TRIANGULATION.

It stands to reason that the degree of accuracy to be aimed at in the
measure of a base line depends largely on the object the base has to sub-
serve, on the apparatusand the time available,and on the money allotted.
Hence, no definite limit can be assigned. With the perfection of the
means available a line may readily be measured with a probable error
of ;w3005 Of it8 length so far as mere measurement is concerned. On
the other haud, when all the errors which may enter have contributed
their share, the actual uncertainty may be considerably greater. 1t may
be, say, twice or three times the above; but as no additional expense i8
involved by carefully attending to detail, the observer will in all cases
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do his best with the means on hand. The high degree of accuracy
ordinarily within his reach at present is, however, rapidly dissipated
through the angular measure of the two, three, or more steps required
to refer the length of the base to the first line of average length of the
triangulation. It may be further remarked that high .u,cma,cy in the
angular measures of the latter is needed if an error, say ;ztosv, 18 to be
maintained or not to be exceeded throughout the chain of triangles,

In tertxary triangulation an average uncertainty or limit of 144y,
or even ;-3yy, may be satisfactory for the special purpose. For inter-
mediate secondary triangulation the fraction of the length 155tsqs to
svsos Iay be suitable, and the degree of accuracy for the base sup-
porting such work should be graduated accordingly, yet with the pre-
Caution above adverted to.

The observer should pay especial attention to the minute and careful
centering of the stations which constitute the base figure.

RECOMMENDATIONS.

In conclusion, the committee recommend that further experiments
with the steel tape be made especially with a view to & better deter-
mination of its temperature. This recommendation seems to be war-
ranted by the results of the measurements of the Holton Base.

2. That the new duplex apparatus just completed by the Survey be
given a thorough and careful trial as soou as practicable.

3. That theiced bar be used to lay off @ 100™ comparator at the bases
where the above recommendations are followed.

4. That in all measurement due regard be paid to rising and falling
temperatures, so as to elimninate as much as possible the errors due to
lack of knowledge of temperature of the measuring appatatus.

b. That the tripods for supporting bars be made of metal, and
embrace the details which experience hus shown to be conducive to
accuracy and rapidity of measurement.

6. That ordinarily the base line be divided into sectious one half
kilometre in length.

7. That a 100™ comparator be established in Washington for the pur-
pose of testing steel tapes and contact slide apparatus.

8. That in future use of the steel bar in ice the water in the Y trough
be not drained off below the surface of the bar, in order to remove any
possibility of doubt as to the actual temperature of the bar.

GEORGE DAVIDSON, Chairman,
OweN B. FRENCH, Secretary.



272 U. 8. COAST AND GEODETIC SURVEY.

REPORT OF COMMITTEE C, ON TRIANGULATION.

CONTENTS.
. Object of triangulation.
. Classification.
. Primary triangulation.
. Tertiary triangulation.
Secondary triangulation.
Adaptation to the surface of the ground.
. Gemneral form of main triangulation.
. Geometrical composition of a triangulation.
. Frequency and length of base lines and their connection with the trian gul'l.tlon
10. Accuracy of triangulation.
11. International and interstate boundaries.
12. Instrumental outfit.
13. Adjustment of instruments.
14, Method of observation.
15. Signals and scaffolds.
16. Marking of stations.
17. Note on incidental observations.
18. Explanatory note to the accompanying map showing the state of triangulation
in the United States in January, 1894,

© O ;O W

REPORT.

(1) Object of triangulation.—The general object of triangulation is
well understood. It is primarily to furnish absolute or relative geo-
graphic positions of a series of prominent points spread over extended
areas, and, secondarily, to provide the necessary data for topographic
and hydrographic surveys. It furnishes the three coordinates of each
place, viz, the latitude, the longitude, and the altitude.

(2) Classification.—In its execution great diversity exists, depending
upon the special object of the work, as, for instance, whether designed
a8 a contribution to the measure of the figure of the earth or simply to
give the relative positions necessary for the traverse work of a county
or for the production of a city map. The larger operation is purely
geodetic in character; the smaller one refers to plane surveying. The
methods of observing, the instruments, the method of computation,
the accuracy, ete., are different for different classes of work; hence, for
convenience certain more or less well-defined subdivisions have been
made, such as main and subordinate triangulations, primary, secondary
and tertiary triangulations.

By the term main triangulation we understand the principal series
of triangles which compass along the shortest line the whole extent
of the surface or country under consideration, and by subordinate tri-
angulation any series of triangles which depend for their support on
the main series and which may, if small enough, be contained within
it or branch off from it in any direction. The other class1ﬁcatnou, intog
primary, secondary, and tertiary, is more technical.
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(3) Primary triangulation is characterized by the greatest develop-
ment of length of sides practicable (depending on the heights of moun-
taing) and by the greatest accuracy of measure. - The geodetic positions
will depend on direct observation of astronomical latitudes, longitudes,
and azimuths, Refined base lines furnish the linear measures. The
length of sides may ordinarily vary between 50 kilometres (say, 31
statute miles) and 150 kilometres (say, 93 statute miles), but may reach
250 kilometres (or 155 statute miles), and objects distant 300 kilometres
(or 186 statute miles) and over have been sighted. In computing tri-
angulations developed on such large scales (as in California, Nevada,
and Utah) we have to consider the spheroidal excess; the reduction to
sea level of the horizontal directions on account of height of station
sighted; the reduction ot the astronomical latitude for height of station
occupied, the vertical being a curved line; the employment of formul®
for the computation of position of greater accuracy than IPuissant’s
modified formulw, ordinarily used on the Survey; the use of logarith-
mic tables of eight places of decimals, etc. '

(4) Tertiary triangulation is designed to furnish positions of a suffi-
cient number of points as a basis for developing topographic or hydro-
graphic surveys, and its extent is so limited that the area covered may
be taken as that of a plane surface; hence the length of its sides is
usually between 1 and 15 or 20 kilometres (say, 4 to 9 or 12 statute
miles). Five places of decimals suflice for the computation of its
sides.

(6) Secondary triangulation bears an intermediate character between
the other two classes and simply effects the connection between them;
L. e, the descent from the long sides of a primary triangulation to the
short ones of the tertiary, constitutes its character. Its sides may there-
fore vary considerably; that is, between the lower limit of the former
and the upper limit of the latter class, The spherical excess and Legen-
dre’s theorem are introduced and seven places of decimals are gener-
ally employed in the computation of its sides.

It may be remarked here that in our middle latitudes (about 37°) an
area of 196-8 square kilometres (or 76 square statute miles) corresponds
to a spherical excess of 1/,

(6) Adaptation to the surface of the ground.—In general, the most ele.
Vated peaks and mountain ranges, up to the limit of accessibility, are
the most favorable positious for stations. Two parallel ranges inclosing
a valley offer great facilities, as the latter can generally be straddled
by well-proportioned figures; so also do high bwildings in the case of
Small triangulations. On the other hand, flat regions, especially when
Wwooded, are to be avoided if possible; also ridges when wooded and of
€qual height. These and related considerations, however, belong to the
Subject of reconnaissance (which see). Whether it will be better to
build high structures to overcome obstructions or to cut lanes or

8. Ex. 18, pt. 2—18
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avenues through forests is largely a matter of economy of money and
time, but high structures do not affect the accuracy of the survey.

(7) General form of main triangulation.—Two systems have been
employed in the triangulation of countries, the so-called gridiron and
central systems. The former starts out with a series of parallel chains
of triangles at certain intervals, intersected by other chains at right
angles to them. The rectangularly shaped open spaces are then to be
filled up by subordinate triangles. The latter system starts from the
center of the country and extends radially in all directions, thus grow-
ing by concentric rings of triangles whick eventually will cover the
whole area. The first system is far preferable, as it lends itself better
to computation (adjustment) and admits of preference being given to
the advancement or completion of the survey at certain places. Prac-
tically the two systems may alternate or merge into one aunother.

(8) Geometrical composition of a triangulation.—Triangulation chains
may be made up of a series of single connected triangles, a series of
hexagons (or other polygons) hinged together on one side, or a series
of quadrilaterals placed together. Their relative advantages are: For
the triangle series, least number of stations and rapidity of measure—
hence economy; for the polygon series, great extent of surface covered,
and for the quadrilaterals, great accuracy.* In practice the geomet-
rical figures will be found distorted and generally lengthened out in the
direction of the axis of the triangulation; likewise interlaced and com-
bined in a variety of ways so as to take advantage of favorable points
presented.* In the case of single triangles the angle opposite to the
base side should not be too small for favorable intersection, and in com-
plex cases the observer should have a well-defined and uniformly strong
scheme, avoiding complications of lines.

(9) Frequency and length of base lines and their commection with the
triangulation.—The number of base lines to be introduced into & trian-
gulation, as well as the length of the bases, depends on the average
length of the sides of the triangulation and upon the degree of accu-
racy desired for the latter. Owing to the fact that base lines can be
measured, and are rightly measured, with much greater accuracy than
can be sustained through a triangulation, it is plain that in order to
increase its accuracy we must introduce more base lines, or increase
the number rather than their length. The transfer of the compara-
tively short length of a base to the greater length of a slde of the
triangulation is generally effected by several steps so as to avoid too
acute angles, and consequently loss of accuracy. The figure of the
base net connecting the base with the triangulation is therefore one of
importance, and, ideally, may be described as a series of quadrilaterals
with diagonals intersecting at right angles, the length of these diag-
onals increasing ordinarily in a ratio of 1 to 2 or 3, thus requiring

»*Seo Annual Report United States Coast and Geodetic Survey for 1876, Appendix
No. 20.
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several steps to ascend to the length of a main line, Ordinarily two or
three may suffice.

No precise rule for deciding a priori on the length of a base can be
given. Any of the fractions one-tenth to one-sixth of the length of an
a\;erage side of the triangulation may be useful for an estimate, since the -
actual length of base lines varies between wide limits. TFor a triangula-
tion of the first order of magnitude the length may be 15 kilometres (9-3
statute miles) or slightly more; for a third order triangulation it may be
1 kilometre (0-6 statute miles) or even less. Base lines between 5 aud 8
kilometres (say 4 to 5 statute miles) in length are the most common.
They should be measured at least twice, once with rising and once with
falling temperature—a very important condition, only to be omitted
when a ‘“bar in ice” apparatus is used. For subdivisions of a base dis-
tances of 05 to 1 kilometre are suitable. These are needed for furnish-
ing the data for that part of the probable error of a base which depends
on the measurement alone. The more accurate the an gular measures in

- achain of triangulation the greater may be the distauce apart of its base
lines. - This distance varies accordingly between wide limits, but ordi-
narily may be from Z0 to 40 times (or more) the combined length of the
bases.

Nevertheless there may be conditions in the orography of the country
which constrain the location of baselines, as, for example, on the Pacific
.Coast and through the region of the Sierra Nevada and the Rocky Moun-
taing. Thus, to avoid the unfavorable country between the Sacramento
Valley and the Salt Lake region, a distance of about 550 miles, the
triangulation has been expanded to a great size and is supported by a
long base in the former section. This is an instance where the Survey
inaugura,ted a scheme of triangulation on a scale larger than had
ever been attempted elsewhere, and consequently there was no expe-
rience to guide or suggest the attainable accuracy in the triangulation
and length and frequency of bases, Similar conditions constrained the
location of a base in the Los Angeles plains, and other like examples
light be given. In a region where base-line sites can be more readily
obtained the number of bases will depend mainly on the degree of
accuracy desired for the triangulation and to a less extent upon their
length. :

(10) Accuracy of a triangulation.—From an economical standpoint
We may counfine our inquiry to answering the question. What may be.
considered sufficient aceuracy in the measures of the separate opera-
tions and in the results of a triangulation as a whole$

A base line can readily be measured with a probable error of
1/250 000 part of its length, and by application of superior apparatus,
of several measures, and greater care—hence, at anincreased cost—the

*Cf. Die Geodiitischen Hauptpunkte, etc., Von G. Zachariae. Translution by Dr.
E. Lamp, Berlin, 1878, Art.37. Also Jordan’s Handbuch der V erinessungskunde, Vol.
I Thirq edition, Stuttgardt, 1890,
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probable uncertainty may be reduced to 1/500 000 or less. Although
this last fraction may be taken as a practical limit worth aiming at,
extreme values of accuracy are recorded as having been reached, such
as probablo errors of measure of 1/1000 000 or of a still smaller fraction.
‘Now, to maintain an accuracy of, say, 1 /150 000 or even 1/100 000 part of
the length, on the average, in an extended triangulation, is a matter of
difficulty, as is manifested whenever we compare the length of a june-
tion line derived from two independent chains of triangles. The excess
of accuracy of a base is lost partly in the base figure, and is further
rapidly dissipated in the adjacent triangles; hence the inexpediency of
straining at an extravagant degree of accuracy in the measure of a base
becomes evident.* What is really important is a knowledge of the
true length of the measuring apparatus in terms of the unit of length
(on this survey, the international metre).

Respecting primary triangulation employing superior theodolites (40
to 50 centimetres diameter) the probable error of a single measure of a
direction—i. e., the mean of two pointings on the heliotrope, telescope
direct and reversed, with readings of three nicroscopes on two gradu-
ation marks each—has been found to be 4 0:64’/ (with variations between
0-45'" and 0-90''), derived from 22 stations in California and Nevada.
At these same stations the average number of series or measures of a
direction was 63 and the resulting probable error of a direction as shown
by the station adjustments is - 0-08'/ (with variations between 0-06" and

3 -
0-10”’). HHeunce, mean error of an observed an g](&(g) 008 2 =4 0"17,

and we may expect the triangles to close within 0-17+/3 or £0'/+29 on
the average; but we find the mean closing error (73 cases), as demanded
by the triangles composing the figure, to be 4+ 0/-61, which shows the
presence of other adverse influences than those arising from the grad-
nation and pointing errors. The most potent of these is the lateral
refraction, composed of a constant and a variable part. Large local
deflections of the vertical at a station also have their influence. Taking
our figures as typical, we conclude that a less number of series would
suffice, provided the same variety of weather is experienced, without
detriment to the work.t Suppose the number reduced to 31 (a prime
number), the resulting probable errorof a direction would rise to £+ 012,
the mean error of an angle to 0253, and the expectation for closing of
triangles would rise to - 0-43. This would probably leave the large
geale work of the Survey still in the front rank for accuracy.

*See Appendix No. 9, United States Coast and Geodetic Survey Report for 1885.

t Respeetiyg the time devoted to the observations, General Walker, of the Great
Trigonometricul Survey of India, remarks (Vol. II, p. 70): “ Any neglect of these
precautions, sny hurrying over the proscrihed tule of observations with the utmost
possible rapidity, even at the time when the signnls are apparently very steady and
favorable, is linbleto introduce largor errors than those which are partly attributable
to any defect in the instruments of this survey.” It.is also remarked that it is con-
sidered a great misfortune to use instruments of inferior order.
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The mean error of an angle as derived from adjusted triangulation
is frequently used as a convenient measure of theé relative accuracy of
different triangulations. For the above case we have

_ 6l
= 5=

Taking as a second type of triangulation part of the transcontinental
triangulation east of the Rocky Mountains, with sides averaging 25
kilometres (about 154 miles) in length west of the Mississippi and 29
kilometres (about 18 miles) east of it, we can form the following table:

44

m 4- 07735

Central Kansas 200 km. (about 124 miles), from 43 triangles, =4 0-76
St. Louis to eastern Kansas 595 “ 370 ¢ “o137 “ “ Jo8
St. Louis to Indiana 177 . “ 110 ¢ <33 o “ 4066
Indiana 235 ¢ “146 0 ¢ .24 ¢ “ Joyo
‘Western Ohio to Chesapeake Bay 864 ‘¢ g3y« ‘451 angles, ¢ {o0°'97

The following table is added for comparison with foreign triangula-
tions.

In work of this character instrument circles of 25 to 35°» (diameter)
are suitable. The number of positions should not exceed 17, and the
number of series may be about one-half to two-thirds the number recom-,
mended for primary work, according to its importance. Special atten-
tion should be paid to the centering of the instrument and of the helio-
tropes and to phases of signals.
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280 U. 8. COAST AND GEODETIC SURVEY.

Any triangulation in which m does not exceed 17 may generally be
classed as being of a high order of accuracy, and, according to circum-
stances, double that amount may still be taken as of sufficient accuracy
for the purpose for which the triangulation was made. In linear meas-
ure an accuracy of 1/50 000 or 1/75 000 part of the length is ordinarily
considered a satisfactory one,* and 1 /30 000 may be sufficient in many
cases., If by reason of great distance from the base the accuracy in a
triangulation should have been reduced below the standard originally
set, the introduction of a new base at the weakest point, or near it,
would be the proper remedy.

Tertiary triangulation demands no high degree of aceuraey, and
may vary from 1/20 000 to 1/5000 part of the length, according to
requirements,

When dealing with mean or probable errors the following rough-and-
ready rule to judge of the admissibility of apparently large individual
deviations from the mean value may often be found of service, viz:
‘With the usual very limited number of observations, any that may be
outside the total range of 5 times the mean error or 7 tiines the prob-
able error should be looked upon with suspicion, and, conversely, the
mean and probable errors may be guessed at to be about one-fifth and
one-seventh of the observed range, respectively.

(11) Interstate and international boundarie