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The Superintendent of Documents, United States Government
Printing Office, Washington, D, C., has on hand for gale to the
publie, at current cost of printing, the following publications of
the General Land Office:

Manual of Instructions for the Survey of the Public Lands
of the United States, edition of 1930.

Standard Field Tables (a supplement to the Manual of Sur-
veying Instructions),

Ephemeris of the Sun and Polaris, and Tables of Azimuths
and Altitudes of Polaris, published annually in advance (a sup-
plement to the Manual of Surveying Instructions).

Wall map of the United States, scale 37 miles to 1 inch, and
separate maps of the several public-land States, seale 12 miles
to 1 inch, showing the developed rectangular surveys.

Coples of the approved field notes and plats of the publie-land
subdivisional surveys may be procured from the Commissioner
of the General Land Office, Washington, D. C,, at the current
rates for such official coples.

Copies of the approved field notes and plats of the publie-
land, mineral-patent, and private-land-claim-patent surveys may
be procured from the United States public survey offices or the
appropriate State office indicated in the Manual, seetion 1,
Chapter I, A charge is usually made for making copies of
records furnished to the publie, or provision is afforded to the
public to make extracts from or copies of such records.
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United States cadastral engineers and all others who may

have occasion to use this volume are requested to report to

the Commissioner of the General Land Office, Washington,
D. C., any errors which may be found herein.

v




UNITED STATES
DEPARTMENT OF THE INTERIOR
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WasnINGTON, June 14, 1930,

The UNITED STATES SUPERVISOR OF SURVEYS.

Sm: This Manual of Instructions for the Survey of the Publie
Lands of the United States, published as the Manual of 1930,
which Is issued for the guidance of the cadastral engineering
service of the General Land Office under the authority found in
sections 453 and 2478 of the Revised Statutes, will supersede all
previous manuals or eircular instructions on the technical sub-
jeets contained therein.

C, C. MoORE,
Commissioner.
Approved June 14, 1930.
Jorn H. Epwarps,
Asgsistant Secretary.
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CHAPTER L

REGULATIONS IMPOSED BY LAW,
THE PUBLIC DOMAIN,

1. The survey of the public Iands of the United States is insep-
arably associated with questions relating to the acquisition and
digposal of proprietary title to the lands which have been added
to the area included in the original thirteen States. The term
“ public domain " has been applied broadly to the entire afore-
mentioned area in 8o far as the lands have been subject to sur-
vey and disposal by the United States, and of interest herein
may be mentioned the 20 States and the District of Alaska sux-
veyed or in progress of survey under the United States rectan-
glilar system, as follows :

Alabama.—Included in the territory of the original thirteen
States and admitted into the Union December 14, 1819 (3 Stat.
0G08) ; surveys practically completed and original records trans-
ferred to the Secretary of State at Montgomery,

Arizone.—Included in the lands ceded by Mexico in 1848 and
the Gadsden purchase in 1853 and admitted into the Union Feb-
ruary 14, 1912 (36 Stat. 557, 37 Stat. 1728) ; surveys in
progress; United States Public Survey Office at Phoenis.

Arkansas—Acquired under the Louisiana Purchase in 1803
and admitted into the Union June 15, 1836 (5 Stat. 50) ; sur-
veys practiéally completed and original records transferred to
the Commissioner of State Lands at Little Rock.

Catifornia.—Ceded by Mexico in 1848 and admitted into the
Union September 9, 1850 (9 Stat. 452) ; surveys in progress;
United States Public Survey Office at Sﬂ-ﬂ—Fl‘m}dBee.C(L-_.,.f,,ft

Colorado,—Acquired largely under the Louisiana Purchase in
1808, but including additional land, title to which was gquieted
through treaty with Spain in 1819, with other lands annexed
with Texas in 1845, and lands ceded by Mexico in 1848, and
admitted into the Union August 1, 1876 (18 Stat. 474, 19
Stat. 665) ; surveys in progress; United States Superyvisor of
Surveys at Denver,
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Florida.—Ceded by Spain in 1819 and admitted into the Union
March 3, 1845 (5 Stat, 742) :
original records transferred ti
at Tallahassee,

SUrveys practically completed and
» the Commisgioner of Agriculture
Idaho—Acquired with the Oregon territory, title to which
was established in 1846, and admitted into the Unlon July 3,
1890 (26 Stat. 215) : surveys in progress; United States Publie

Survey Office at Boise.

Ilinois,—Included in the territory of the original thirteen
States and admitted into the Union December 3, 1818 (3 Stat.
536) ; surveys pract ically completed and original records trans-
ferred to the Auditor of State at Springfield,

Indiana.—Inecluded in the territory of the original thirteen
States and admitted into the Union December 11, 1816 (3 Stat.
309) ; surveys practieally completed and original records trans-
ferred to the Auditor of State at Indianapolis,

Towa~Acquired under the Louisiana Purchase in 1803 and
admitted into the Union December 28, 1846 (9 Stat. 117) ;
surveys practically completed and original records transferred
to the Secretary of State at Des Moines,

Kansas~—Acquired under the Lonisiana Purchase in 1803 and
with lands annexed with Texas In 1845 and admitted into the
Union January 20, 1861 (12 Stat. 126) ; surveys practically
completed and original records transferred to the Auditor of
State and Register of State Lands at Topeka,

Loutsiana—Included in the Louisiana Purchase in 1803 and
boundary extended to include additional lands, title to which
was quieted through treaty with Spain in 1819, and admitted
into the Union April 80, 1812 (2 Stat. 701) ; surveys practically
completed and original records transferred to the Register of
State Lands at Baton Rouge,

Michigan—~Included in the territory of the original thirteen
States and admitted into the Union January 26, 1837 (6 Stat.
144) ; surveys practically completed and original records trans-
ferred to the Director, Department of Conservation, at Lansing.

Minnegota.—Included in the territory of the original thip-
teen States, and with lands acquired under the Louisiana Pur-
chase in 1808, and admitted into the Union May 11, 1858 (11
Stat. 285) ; surveys practically completed and original records
transferred to the Secretary of State at St. Paul.
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Mississippl~Included in the territory of the original thir-
teen States and andmitted into the Union December 10, 1817 (3
Stat. 472) ; surveys practically completed and original records
transferred to the Commissioner of State Lands at Jackson.

Missouri—Acquired under the Louisiana Purchase in 1803
and admitted into the Union August 10, 1821 (3 Stat. 645, 8
Stat. Appendix II) ; surveys practically completed and original
records transferred to the Secretary of State at Jefferson City.

Montana—Acquired under the Louisiana Purchasge in 1803 and
with the Oregon territory, title to which was established in 1846,
and admitted into the Union November 8, 1889 (25 Stat. 676,
26 Stat. 1561) ; surveys in progress ; United States Public Survey
Office at Helena.

Nebraska—Acquired under the Louisiana Purchase in 1803
and admitted into the Union March 1, 1867 (14 Stat. 891,
820) ; surveys practically ecompleted and original records trans-
ferred to the Commissioner of Public Lands and Buildings
at Lincoln.

Nevada—Ceded by Mexico in 1848 and admitted into the
Union October 13, 1864 (13 Stat. 80, 749) ; surveys in progress;
United States Public Survey Office at Reno,

New Mewico.—Ineluded with lands anuexed with Texas in
1845, with lands ceded by Mexico in 1848, and the Gadsden Puar-
chase in 1853, and admitted into the Union January 6, 1912 (36
Stat. 557, 37 Stat. 1723) ; surveys in progress: United States
Public Survey Office at Santa Fe,

North Dalota~Included in the territory 'of the original thir-
teen States, and with lands acquired under the Louisiana Pur-
chase in 1803, and admitted into the Union November 2, 1889 (25
Stat. 676, 26 Stat. 1548) ; surveys practically completed and
original records transferred to the State Engineer at Bismarck.

Oklahoma—Acquired under the Louisiana Purchase in 1803
and with lands annexed with Texas in 1845, and admitted into
the Union November 16, 1907 (34 Stat. 267, 85 Stat. 2160) ;
surveys practically completed and original records filed with
the Commissioner of the General Land Office at ‘Washington,
D, C.

Ohio.~—Included in the territory of the original thirteen States
and admitted into the Union April 80, 1802 (2 Stat. 173) : sur-
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veys practically completed and original records transferred to
the Aunditor of State at Columbus,

Oregon.—Included in the Oregon territory, title to which was
established in 1846, and admitted into the Union February 14,
1859 (11 Stat, 883) ; surveys in progress; United States Public
Survey Office at Portland.

South Dakota.~Included in the terrvitory of the original thir-
teen Btates, and with lands acquired under the Loulsiana Pur
chasge in 1803, and admitted into the Union November 2, 1880
(256 Stat. 676, 26 Stat. 15649) ; surveys practically completed
and original records transferred to the Commissioner of School
and Publie Lands at Pierre.

Utah.—Ceded by Mexico in 1848 and admitted into the Union
January 4, 1806 (28 Stat. 107, 20 Stat. 876) ; surveys in
progress; United States Public Survey Office at Salt Lake City.

Washington.—Included in the Oregon territory, title to which
was established in 1846, and admitted into the Union November
11, 1880 (25 Stat. 676, 26 Stat. 1652) ; surveys in progress:
United States Public Survey Office at Olympia.

Wiseonsin—Included in the territory of the original thirteen
States and admitted into the Union May 29, 1848 (9 Stat, 233) ;
surveys practically completed and original records transferred
to the Commissioners of Publie Lands at Madison,

Wyoming.—Included with lands acquired under the Louisiana
Purchase in 1808, with lands annexed with Texas in 1845, with
lands included in the Oregon territory, title to which was estab-
lished in 1846, and with lands ceded by Mexico in 1848, and
admitted into the Union July 10, 1890 (26 Stat, 222) ; surveys
in, progress; United States Public Survey Office at Cheyenne.

Digtriet of Alaska.—Ceded by Russia in 1867 surveys in
progress; United States Public Survey Office at Juneau,

2. After the admission of the States into the Unlon the United
States continued to hold title to the unappropriated lands and
to administer its public-land laws with reference thereto, and
it is expressly provided, as one of the conditions set forth in the
various enabling acts, that the title to unappropriated lands
within the State shall remain in the United States. The lands
In the Territories not appropriated by eompetent authority
before they were acquired are in the first instance the exclusive
property of the United States, to be disposed of to such per-
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sons, at such times, in such modes, and by such titles as the
Government may deem most advantageous to the publie. Con-
gress alone has the power, derived from Article IV, section 8,
of. the Constitution, of disposing of the public domain and
making all needful rules and regulations in respect thereto.

3. Under the laws of the United States the navigable waters
have always been and shall forever remain common highways,
and below mean high water the same are not subject to survey
and disposal. This reservation includes all tidewater streams,
and other important permanent bodies of water whose natural
and normal condition at the date of the admission of a State
into the Union was such as to classify the same as navigable
water. (See sec. 2476, R. 8.)

4. The act of Congress approved March 2, 1849 (9 Stat. 352),
granted to the State of Louisiana all the swamp and overflowed
lapds within the limits of the State for the purpose of aiding in
the reclamation of said lands, and the act of Congress approved
September 28, 1850 (9 Stat. 519), extended the grant to the
other public-land States then in the Union, The grant was also
extended to the States of Minnesota and Oregon by the act of
Jongress approved March 12, 1860 (12 Stat. 8). The provisions
of the aforementioned grants apply to the zone situated below
the uplands wherein the lands are of such a character that with-
out the construction of suitable levees and artificial drainage
systems the same would be wet and unfit for agricultural pur-
poses. The swamp-land grants apply to all swamp and over-
flowed lands within the beneficlary States which were unappro-
priated at the dates of the acts of Congress and whose character
at that time would bring them within the provisions of said
grants, A notable exception to the swamp-land laws is found
in the Arkansas compromise nct approved April 29, 1808 (80
Stat. 367), by virtue of which all right, title, and interest to the
remalning unappropriated swamp and overflowed lands within
the BState of Arkansas reverted to the United States.

5. It comes within the province of the Department of the Inte-
rior to consider and determine what are publie lands, what lands
have been surveyed, what are to be surveyed, what have been
disposed of, what remain to be disposed of, and what are re-
served, and it is a well-settled principle of law that the United

1990°*—381—2
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States, through the Department of the Interior, has the right
to extend the surveys as may be necessary to ‘include lands
omitted from earlier surveys. It is an important duty of the
engineer in the fleld to disériminate between what are and
what are not public lands of the United States, and to sub-
divide the former in accordance with the regulations imposed
by law.
LAWS RELATING TO BURVEYS.

6., The rectangular surveying system is based upon existing
law and was devised with the object of marking upon the ground

19 20 2l 22 23 24

30 29 8 27 6 25

and fixing for all time legal subdivisions for purposes of degcrip-
tion and disposal of the public domain under the general land
laws of the United States.

7. The rectangular system of survey of the public lands was
inaugurated by a committee appointed by the Continental Con-
gress, On the Tth of May, 1774, this committee reported
“An ordinance for ascertaining the mode of locating and dis-
posing of lands in the western territory, and for other purposes
therein mentioned.” The ordinance as finally passed on the
20th of May, 1715, provided for townships 6 miles square, con-
taining 36 sections of 1 mile square. The first public suryveys
were made under this ordinance.  The townships 6 miles square,
were laid out in ranges extending northward frem the Qhio
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River, the townships being numbered from south to north, and
the ranges from east to west. The region embraced by the sur-
veys under this law forms a part of the State of Qhio. In these
initial surveys only the exterior lines of the townships were sur-
veyed, but the plats were marked by subdivisions into sections
of 1 mile square, and mile corners were established on the town-
ship lines. The sections were numbered from 1 to 86, and the
surveys were made under the direction of the geographer of the
United States.

The act of Congress approved May. 18, 1796, provided for the
appointment of a surveyor general and directed the survey of the
lands northwest of the Ohio River and above the mouth of the
Kentucky River, *in which the titles of the Indian tribes have
been extinguished.” Under this law it was provided that “ the
sections shall be numbered, respectively, beginning with the
number one in the northeast section and proceeding west and
east alternately through the township, with progressive numbers
till the thirty-sixth be completed.” This method of numbering
sections, #s shown by the accompanying diagram, is still in use,

The act of Congress approved May 10, 1800, reguired the
“townships west of the Muskingum, which * * % gaye di-
rected to be sold in quarter townships, to be subdivided into half
sections of three hundred and twenty acres each, as nearly as
may be, by running parallel lines through the same from east
to west and from south to north at the distance of one mile from
each other, and marking corners at the distance of each half
mile on the lineés running from east to west and at the distance
of each mile on those running from south to north. * *
And the interior lines of townships intersected by the Muskin-
gum, and of all the townships lying east of that river, which
have not been heretofore actually subdivided into sections shall
also be run and mdrked. * * * . And in all cases where the
exterior lines of the townships thus to be subdivided into sec-
tions ‘or half sections shall exceed, or shall not extend, six miles,
the excess or deficiency shall be specially noted and added to or
deducted from the western and northern ranges of sections or
half sections in such townships, according as the error may be
in running the lines from east to west or from south to morth.”

The act of Congress approved February 11, 1805, directs. the
subdivision of the public lands into quarter sections and pro-
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vides that all the ecorners marked in the publie surveys shall be
established as the proper corners of sections, or subdivisions of
gections, which they were intended to designate, and that corners
of half and quarter sections not marked shall be placed as
nearly as possible “equidistant from those two corners which
gtand on the same line.” This act further provides that * The
boundary lines actually ran and marked * * * ghall be
established as the proper boundary lines of the sections or sub-
divisions for which they were intended; and the length of such
lines as returned by * * * the surveyors * * .* ghall be
held and considered as the true length thereof, and the boun-
dary lines which shall not have been actually run and marked
as aforedald shall be asgcertained by running straight lines from
the established corners to the opposite corresponding corners;
but in those portions of the fractional townships where no such
opposite or corresponding corners have been or can be fixed, the
said boundary lines shall be ascertained by running from the
established corners due north and south or east and west lines,
a8 the case may be, to the * * * axternal boundary of
such fractional townsghip.”

The act of Congress approved April 25, 1812, provided “ That
there shall be established in the Department of the Treasury an
office to be denominated the General Land Office, the chief officer
of which shall be called the Commissioner of the General Land
Office, whose duty it shall be, under the direction of the head of
the department, to superintend, execute, and perform all sueh
acts and things touching or respecting the public lands of the
United States, and other lands patented or granted by the United
States, as have heretofore been directed by law to be done or
performed in the office of the Secretary of State, of the Secre-
tary and Register of the Treasury, and of the Secretary of War,
or which shall hereafter by law be assigned to the said office.”

The act of Congress approved April 24, 1820, provides for the
gale of publie lands in half-quarter sections, and requires that
“in every case of the division of a quarter section the line for
the division thereof shall run north and south * * * gnd
fractional sections, containing one hundred and sixty acres and
upward, shall, in lilke manner, as nearly as practicable, be sub-
divided into half-quarter sections, under such rules and regula-
tions as may be prescribed by the Secretary of the Treasury;
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but fractional sections containing less than one hundred and
sixty acres shall not be divided,”

The act of Congress approved May 29, 1830 (sees. 2412, 2413,
R. 8.), provides for the fine and imprisonment of any person
obstructing the survey of the public lands, and for the protec-
tion of surveyors, in the discharge of their official duties, by the
United States marshal, with sufficient force, whenever necessary.

The act of Congress approved April 5, 1832, directed the sub-
division of the public lands into quarter quarters: that in every
case of the division of a half-quarter section the dividing line
should run east and west; and that fractional sections should
be subdivided under rules and regulations preseribed by the
Secretary of the Treasury. Under the latter provision the Sec-
retary directed that fractional sections containing less than 160
acres, or the residuary portion of a fractional section, after the
subdivision into as many quarter-quarter sections as it is sus-
ceptible of, may be subdivided into lots, each containing the
quantity of a quarter-quarter section as nearly as practicable,
by so laying down the line of subdivision that they shall be
20 chains wide, which distances are to be marked on the plat of
subdivision, as are also the areas of the quarter quarters and
residuary fractions,

The last two acts above mentioned provided that the corners
and contents of half-quarter and quarter-quarter sections should
be ascertained, as nearly as possible, in the manner and on the
principles directed and preseribed in the act of Congress ap-
proved February 11, 18045,

The act of Congress approved July 4, 1836, provided for the
reorganization of the General Land Office, and that the execu-
tive duties of said office * shall be subject to the supervision and
control of the Commissioner of the General Land Office under
the direction of the President of the United States.” The repeal-
ing clause is, “ That such provisions of the act of the twenty-
fifth of April, in the year one thousand eight hundred and
twelve, entitled ‘An act for the establishment of a General Land
Office in the Department of the Treasury,” and of all acts amend-
atory thereof, as are inconsistent with the provisions of this
act, be, and the same are hereby, repealed.”
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From the wording of this act it would appear that the control
of the General Land Office wag removed from the Treasury
Department, and that the commissioner reported directly to 'the
President ; but, as a matter of fact, the Secretary of the Treas-
ury still had supervisory control, for the act of Congress ap-
proved March 3, 1849, by which the Department of the Tnterior
was established, provided, “That the Secretary of the Interior
shall perform all the duties in relation to the General Land
Office, of supervigion and appeal, now discharged by the Secre-
tary of the Treasury * * %' By this act the General Land
Office was transférred to the Department of the Interior, where
it still remains,

8. The following comprises o much of the general laws relat-
ing to the survey of the publi¢c domain as it is deemed necessary
to incorporate in this volume, reference being made by chapter
and section to the codifieation of the Publie Land Laws, prepared
pursuant to acts of Congress approved March 3, 1879, and June
16, 1880, and by section number to the Revised Statutes of the
United States,

Spc. 82, The Commisgioner of the General Land Office shall
perform, under the direction of the Secre-
tary of the Interior, all exeentive duties
appertaining to the surveying and sale of
the publie lands of the United States, or in any wise respecting
such publie lands; and, also, such as relate to private claims of
lands, and the issuing of patents for all grants of land under
the authority of the Government. (R. 8. 458.)

Spc. 61, The Commissioner, under the direction of the Secre-

tary of the Interior, is authorized to

Power of commis- ., e 06 and carry into execution every
sloner to make regu- 4
1itiona, part of the public land laws not other-

wise specially provided for. (R, 8. 2478.)

SEo. 99. First. The public lands shall be divided by north and

south lines run according to the true me-

Rules of survey. ridian, and by others crossing them at

right angles, so as to form townships of
six miles square, unless where the line of an Indian reservation,
or of tracts of land heretofore surveyed or patented, or the

Duties of commis-
sloder,
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course of navigable rivers, may render this impracticable; and
In that case this rule must be departed from no further than
such particular ecircumstances require.

Second. The corners of the townships must be marked with
progressive numbers from the beginning ; each distance of a mile
between such corners must be also distinetly marked with marks
different from those of the corners.

Third. The township shall be subdivided into sections, con-
taining as nearly as may be, six hundred and forty acres each,
by running through the same, éach way, parallel lines at the
end of every two miles?; and by making a corner on each of
such lines at the end of every mile. The sections shall be num-
bered, respectively, beginning with the number one in the
northeast section, and proceeding west and east alternately
through the township with progressive numbers till the thirty-
six be completed.

Fourth. The deputy surveyors, respectively, shall eause to be
marked on a tree near each corner established in the manner
desecribed, and within the section, the number of such section,
and over it the number of the township within which such
section may be; and the deputy surveyors shall carefully note,
in' their respective fleld books, the names of the corner trees
marked and the numbers so made,

Fifth. Where the exterior lines of the townships which may
be subdivided into sections or half sections exceed, or do not
extend six miles, the excess or deficiency shall be specially
noted, and added to or deducted from the western and northern
ranges of sections or half sections in such townships, according
us the error may be in running the lines from eéast to west, or
from south to north; the sections and half sections bounded on
the northern and western lines of such townships shall be sold
a8 containing only the quantity expressed in the returns and
plats, respectively, and all others as containing the complete
legal quantity,

Sixth. Al lines shall be plainly marked upon trees, and
measured with chains, containing two perches of sixteen and

*Authority for the establishment of sectlon lines at intervals of 1 mile
is found In the act of Congress approved May 10, 1800, previously
quoted.
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one-half feet each, subdivided into twenty-five equal links; and
the chain shall be adjusted to a standard to be kept for that
purpose,®

seventh, Every surveyor shall note in his field book the true
situations of all mines, salt licks, salt springs, and mill seats
which eome to hig knowledge; all water courses over which the
line he runs may pass; and also the quality of the lands,

Iighth. These fleld books shall be returned to the surveyor
general, who shall cause therefrom a deseription of the whole
lands surveyed to be made out and transmitted to the officers
who may superintend the sales, He shall also cause a fair plat
to be made of the townships and fractional parts of townships
contained in the lands, deseribing. the subdivisions thereof, and
the marks of the corners,  This plat shall be recorded in books
to be kept for that purpose; and a copy thereof shall he kept
open at the surveyor general's office for public information, and
other copies shall be sent to the places of the sale and to the
General Land Office. (Acts of May 18, 1796, and May 10, 1800,
and R. 8, 2305,)

S8Eo, 100, The boundaries and eontents of the several gections,

half sections, and quarter sections of the

Boundaries and con- publie lands shall be aseertained in. con-
tents of publie’' lands, » : 4 Y
Bote amcertatned; formity with the following principles:

First. All the corners marked in the
surveys returned by the surveyor general shall be established
as the proper corners of sections, or subdivisions of sections,
which they were intended to designate, and the corners of half
and guarter sections, not marked on the surveys, shall be placed
as nearly as possible equidistant from two corners which stand
on the same line,

Second, The boundary lines, actually run and marked in the
surveys returned by the surveyor general, shall be established
as the proper boundary lines of the sections or subdivisions for
which they were intended, and the length of such lines as re-
turned shall be held and considered as the true length thereof.

#The superior results obtained by the use of modern steel ribbon
tapes, in contrast with the obgolete link ehain, have led to the abandon-
ment of the latter, except that the * chain unit,” which s peculiarly
adapted to land sorveying, Has alwayas been employed,
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And the boundary lines which have not been actually run and
marked shall be ascertained by running straight lines from the
established corners to the opposite corresponding corners: but
in those portions of the fractional townships, where no such op-
posite corresponding corners have been or can he fixed, the
boundary lines shall be ascertained by running from the estab-
lished corners due north and south or east and west lines, as the
case may be, to the water course, Indian boundary line, or other
external boundary of such fractional township.

Third. Bach section or subdivision of section, the contents
whereof have been returned by the surveyor general, shall be
held and considered as containing the exact quantity expressed
in such return; and the half sections and quarter sections, the
contents whereof shall not have been thus returned, shall be
held and considered as eontaining the one-half or the one-fourth
part; respectively, of the returned contents of the section of
which they may make part.] (Act of Feb. 11, 1805, and R. §.
2398.)

Src. 101. In every case of the division of a quarter section the

line for the division thereof shall run
Mﬁ,‘:ﬁ:r‘t’:r dl";:::‘:;‘m‘: north and south, and the corners and con-
how run. tents of half-quarter sections which may

thereafter be sold shall be ascertained in
the manner and on the principles directed and preseribed by the
seetion preceding, and fractional seetions containing one hun-
dred and sixty aeres or upwards shall in like manner, as nearly
as practieable, be subdivided into half-quarter sections, under
such rules and regulations as may be preseribed by the Secre-
tary of the Interlor, and in every case of a division of a half-
quarter section, the line for the division thereof shall run east
and west, and the corners and contents of quarter-quarter sec-
tions, which may thereafter be sold, shall be ascertained, as
nearly as may be, in the manner and on_the prineiples directed
and prescribed by the section preceding; mnd fractional sections
containing fewer or more than one hundred and sixty acres shall
in like manner, as nearly as may be practicable, be subdivided
into quarter-quarter sections, under such rules and regplatlons
as may be prescribed by the Secretary of the Intel‘lor (R. 8.
2307.)
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Sec. 106. The public surveys shall extend over all mineral

lands, and all subdividing of surveyed

Fixtenslon of public ;00,34 into lots less than one hundred and
surveys over mineral
16iids, sixty acres may be done by county and

loeal surveyors at the expense of claim-

ants; but nothing in this section contained shall require the
survey of waste or useless lands. (R. 8. 2406.)

Sro. 118, Each surveyor general, when therennto duly author-

ized by law, shall cause all confirmed pri-

1 vate land claims within his district to be

ey w]']::ilv’::l';tﬂm::".:i accurately surveyed, and sghall transmit

ote. plats and field notes thereof to the Com-

missioner of the General Land Office for

his approval. When publication of such surveys is authorized

by law, the proof thereof, together with any objections properly

filed, and all evidence submitted either in support of or in oppo-

sition to the approval of any such survey, shall also be trans-

mitted to said commissioner. (R. 8. 2447.)

Sec. 120. Bvery person who in any manner, by threat or force,
interrupts, hinderg, or prevents the sur-
veying of the publie lands, or of any pri-
vate land claim which has been or may be
confirmed by the United States, by the persons authorized to
survey the game, in conformity with the instruetions of the Com-
misgioner of the General Land Office, shall be fined not less than
fifty dollars, nor more than three thousand dollars, and be im-
prigsoned not less than one nor more than three years.  (R: B.
2412.)

Smo. 121. Whenever the President is satisfled that foreible

opposition has been offered, or is likely to

Protection of sur- . offered, to any surveyor or deputy sur-
veyor by marshal of
district. veyor in the discharge of his duties in sur-

veying the public lands, it may be lawful
for the President to order the marshal of the State or distriet,
by himself or deputy, to attend such surveyor or deputy surveyer
with sufficient force to protect such officer in the execution of
his duty, and to remove force should any be offered, (R. 8,
2413.)

SBurveyors general to

Penalty for {inter-
rupting surveys.
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9. More recent legislation has brought about (@) authority
for the purchase of metal or other equally durable monuments,
to be employed in place of native material to mark public land
corners; (b) penalty for the destruction of monuments of the
public-land surveys; (o) authority for necessary resurveys; (d)
authority for the employment of a permanent corps of United
States cadastral engineers; (e) authority for the reorganization
of the public survey offices; and (f) authority for the discon-
tinuance of the public survey offices when no longer necessary,
and transfer of certain records to the States,

The act of Congress approved May 27, 1908, provided “{for the

purchase of metal monuments to be used
metal pop public land survey cornérs wherever

practicable.” (35 Stat. 847.) This author-
ity was amplified by the act of Congress approved June 25, 1910,
making appropriation for sundry eivil expenses for the fiseal
year ended June 30, 1911, and has been continued from year to
year to the present time.

The act of Congress approved March 4, 1909, entitled “An aet

Penalty for the de- to-codify, revise, and amend the penal
struction of survey laws of the United States,” provides a
monuments, penalty for the wunauthorized alteration
or removal of any Government survey-monument or marked
trées, as follows:

“* Whoever shall willfully destroy, deface, change, or remove to
another place any section ecorner, quarter-section corner, or
meander post, on any Government line of survey, or shall will-
fully cut down any witness tree or any tree blazed to mark the
line of a Government survey, or shall willfully deface, change,
or remove any monument or bench mark of any Government
survey, shall be fined not more than $250, or imprisoned mnot
more than six months, or both.,” (35 Stat, 1099, sec. 57.)

The act of Congress approved Mareh 3, 1909, entitled “An act
authorizing the necessary resurvey of
publie lands,” as amended by joint reso-
lution approved June 25, 1910, provides as

Porchase of
monuments,

Resurvey of public
lands,

follows :
“That the Secretary of the Interlor may, in his diseretion,
cause to be made, as he may deem wise under the rectangular
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Bystem now provided by law,

such resurveys or retracements of
the surveys of public |

ands as, after full investigation, he may
deem essential to properly mark the boundaries of the public
lands remaining undisposed of : Provided, That no such resurvey
or retracement shall be so executed as to ifipair the bona fide
rights or claims of auy claimant, entryman, or owner of lands
affected by such resurvey or retracement: Provided further,
That not to exceed 20 per centum of the total annual appropria-
tion for surveys and resurveys of the public lands shall be used
for the resurveys and retracements authorized hereby.” (385
Stat. 845, 36 Stat, 884,)

The aet of Congress approved September 21, 1918, entitled
“An act authorizing the resurvey or retracement of lands here-
tofore returned gs surveyed publie lands of the United States
under certain conditions brovides authority for the resurvey
by the Government of townships heretofore held to be ineligible
for resurvey under existing regulations of the Department of the
Interior by reason of disposals in excess of fifty per centum of
the total area thereof. The act provides:

“That upon the application of the owners of three-fourths of
the privately owned landg in any township covered by public-
land ‘surveys, more than fifty per centum of the area of which
township is: privately owned, accompanied by a deposit with
the United States surveyor general for the proper State, or if
there be no surveyor general-of such State, then with the Com-
missioner of the General Land Office, of the proportionate esti-
mated cost, inclusive of the necessary (office) work, of the re-
Survey or retracement of all the privately owned lands in said
township, the Commissioner of the General Land Office, sub-
Ject to the supervisory authority of the Secretary of the In-
terior, shall pe authorized. in his discretion to cause to be made
4 resurvey or retracement of the lines of said township and to
Set permanent corners and monuments in accordance with the
laws and regulations go0verning surveys and resurveys of public
lands ; that the Sum so deposited shall be held by the surveyor
general or commissioner
may be expended in pay
ing fleld and office w

when ex officio surveyor general and
ment of the cost of such survey, inelud-
ork, and any excess over the cost of such
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survey and the expenses incident thereto shall be repald pro
rata to the persons making said deposits or their legal repre:
sentatives: that the proportionate cost of the fleld and office
work for the resurvey or retracement of any public lands in such
township shall be paid from the current appropriation for the
survey and resurvey of public lands, in addition to the portion
of such appropriation otherwise allowed by law for resurveys
and retracements; that similar resurveys and retracements may
be made on the application, accompanied by the requisite de-
posit, of any court of competent jurisdiction, the returns of such
resurvey or retracement to be submitted to the court; that the
Secretary of the Interior is authorized to make all necessary
rules and regulations to carry this act into full force and effect.”
(40 Stat. 965.)
The act of Congress approved June 25, 1910 (36 Stat. 703,
Siitotion  ob " aun 740), making appropriation for sundry
veyors, civil expenses for the fiscal year ended
June 80, 1911, provided, under * Survey-
ing the Public Lands”: “The surveys and resurveys to be
made by such competent surveyors as the Secretary of the In-
terfor may select, * * *.” This provision of law brought
to a close the practice of letting contracts for the making of
the public-land surveys, which had been followed from the be-
ginning. The fleld work is now performed by a permanent
corps of engineers who are employed under civil service
regulations.
The act of Congress approved March 3, 1025, provided for the
reorganization of the public survey offices as follows:
“The office of surveyor general is hereby abolighed, effective
ey i July 1, 1925, and the administration of all
atlon, ete., : " $ ; E
transferred  to  Field activities theretofore in charge of sur
Surveying Service. veyors general, including the necessary
personnel, all records, furniture, and other

equipment, and all supplies in their respective offices, are hereby
transferred to and consolidated with the Field Surveying Serv-
ice, under the jurisdiction of the United States Supervisor of
Surveys, who shall hercafter administer same in association
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with the surveying operations in his charge and under such
regulations as the Secretary of the Interior may provide.” (43
Stat. 1144.)

The act of Congress approved May 28, 1926, entitled “An act
to provide for the transfer of c¢ertain records of the General
Land Office to States, and for other purposes,”’ provides as
follows :

“That whenever the last United States land office in any State

has been or hereafter may be abolished

On " abolishment of the Secretary of the Interior be, and he is
:_‘é:f(t‘r[!:’““;f;':_ 1““':5:_::'; hereby, authorized to transfer to the
may be transferreq State within which such United States
thereto. land office was or is situated such trans-

scripts, documents, and records of the of-

fice aforesald as may not be required for use of the United
States and which the State may desire to preserve,

“'8p0. 2, That when the public surveys in any State have heen

80 far completed that in the opinion of

Fleld notes, etc, of 1o Secretary of the Interior: it is mo
surveys, may be turned 2 5 A
over to the State, longer mecessary to maintain a publie

survey office in sald State, he may turn
over to the State the field notes, maps, plats, records, and all
other papers appertaining to land titles in such public ‘survey
office that may not be needed by the United States and which
the State may eleet to receive.

“8Spo, 8. The transcripts, documents, records, field notes,

Provision for safe- maps, plats, and other papers mentioned
keeping required, in sections 1 and 2 of this aet shall in
no case be turned over to the authorities in any State until such
State has provided by law for the reception and safekeeping of
same as public records, and for the allowance of free access to
the same by the authorities of the United States.” (44 Stat.
672.)

The laws. (1) in reference to the reorgamization of the publie
survey offices (43 Stat. 1144, March 8, 1925, effective July 1,
1925), and (2) in reference to the transfer to the States of
the fleld notes and plats on the completion of the surveys (44
Stat. 672, May 28, 1926), superseded certain long established
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and - important provisions of the Public Land Laws, of which
the following sections of the Revised Statutes are given here
for the information bearing upon former practices:

Sro. 77. There shall be appointed by the President, by and
with the advice and consent of the Sen-
ate, a surveyor general for the States and
Territories herein named, embracing, re-
Spectively, one surveying district, namely : Louisiana, Florida,
Minnesota, Kansas, California, Nevada, Oregon, Nebraska and
Iowa, Dakota, Colorado, New Mexico, Idaho, Washington,
Montana, Utah, Wyoming, Arizona. (R. 8. 2207.)

Sme. 87. Whenever the surveys and records of any surveying

Transfer of papers district are completed the surveyor gen-
and discontinnance of eral thereof shall be required to deliver
office in case of com- oyer to the secretary of state of the re-
pleted stirveys. spective States, including such surveys,
or to such other officer as may be authorized to receive them,
all theé field notes, maps, records, and other papers appertaining
to land titles within the same;: and the office of surveyor gen-
eral in every such district shall thereafter cease and be dis-
continued. (R. 8, 2218.)

EC. 88, In all cages of discontinuance, as provided in the

Devolation of pow- Preceding section, the authority, powers,
ers upon commissioner and duties of the surveyor general in re-
in case of discontinu- Jation to the survey,' resurvey, or subdi-
SRCH vision of the lands therein, and all mat-
ters and things connected therewith, shall be vested in and de-
volved upon the Commissioner of the General Land - Ofiice,
(R. 8. 2219.)

Sgc, 89, Under the authority and direction of the Commis-

Free nccess to pub- Sioner of the General Land Office any
lie records delivered deputy surveyor or other agent of the
to States, and condi- United States shall have free access fo
tion of such delivery. any such field notes, maps, records, and
other papers for the purpose of taking extracts therefrom or
making copies thereof without charge of any kind; but no
transfer of such public records shall be made to the authorities
of any State until such State has provided by law for the recep-

Surveyor general, how
and where appointed,
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tion and safekeeping of such public records, and for the allow-
ance of free access thereto by the authorities of the United
States. (R. 8. 2220, 2221.)

GENERAL RULES.

10. From the foregoing synopsis of congressional legislation it
is evident—

First. That the boundaries and subdivisions of the publie
lands as surveyed under approved instructions by the duly ap-
pointed engineers, the physieal evidence of which survey con-
gists of monuments established upon the ground, and the record
evidence of which consists of field notes and plats duly ap-
proved by the authorities constituted by law, are unchangeable
after the passing of the title by the United States,

Second. That the physical evidence of the original township,
gection, quarter-section, and other monuments must stand as
the true corners of the subdivisions which they were intended
to represent, and will be given controlling preference over the
recorded directions and lengths of lines.

Third, That quarter-quarter-section corners not established in
the process of the original survey ghall be placed on the line
connecting the section and quarter-section corners, and mid-
way between them, except on the last half mile of section lines
closing on the north and west boundaries of the township, or
on other lines between fractional or irregular sections.

Fourth. That the center lines of a regular section are to be
straight, running from the quarter-section corner on one boun-
dary of the section to the corresponding corner on the opposite
section line.

Fifth. That in a fractional section where no opposite corre-
gponding quarter-section corner has been or can be established,
the center line of such section must be run from the proper
quarter-section corner as nearly in a cardinal direction to the
meander line, reservation, or other boundary of such fractional
gection, as due parallelism with section lines will permit,

Sixth. That lost or obliterated corners of the approved surveys
must be restored to their original locations whenever it is possi-
ble to do so. Actions or decislons by surveyors, Federal, State,
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or local, which may involve the possibility of changes in the
established boundaries of patented lands, are subject to review
by the State courts mpon suit advaneing that issue.

THE MANUAL,

11. Various regions of the United States have been surveyed
under different sets of instructions issued at periods ranging
from 1785 to the present time. The earliest rules were given to
surveyors in manuseript or in printed circulars. Regulations
more in detail, improving the system for greater accuracy, per-
manency, and uniformity, were jgsued in book form in Manuals
of 1855, 1881, 1800, 1894, and 1902. The current Manual will
be known as the Manual of 1030. Advance sheets of the first
six chapters of the Manual of 1930 were promulgated June 16,
1919; a manuseript edition of Chapter IX was put into effect
March 1, 1928,

The Manual of Surveying Instructions has been- revised with
a view to harmonizing the printed instructions furnished to the
engineers with recent legislation and current surveying practice.
The use of iron-post corner monuments adds much to the per-
manency of the evidence of the surveys, but this has ealled for
little change in rules except to outline the standard practice.
A growing necessity for resurveys to identify and restore origi-
nal surveys actually made, but poorly monumented, or to super-
sede grossly erroneous or fraudulent original surveys—to
properly mark the boundaries of the public land remaining un-
disposed of "—hag demanded a full discussion of the subject in
this revision of the Manual

The change from the contract system, including the reorgani-
sation of the public-survey offices, has involved mnecessary
changes in the administrative practice, but without departure
from the established technieal procedure. In this connection it
will be noted throughout the Manual that references to the
administrative practice arve purposely stited in very general
terms; this is done in order to avoid diverting the attention
{from a strictly technical treatment of the surveying subjects.

Modern methods have been made an integral part of the pub-
lie-land surveying practice in so far as adaptable, for which
purpose it has been necessary to include a full instructive text

1990°—381——3
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on the subjects of measurements of lines, fleld observations for

the determination of time, latitude, and azimuth, and the run-

ning of the true latitudinal curve, an understanding of which

is essential to the making of large-scale rectangular surveys.
Owling to many changes in the character of the work, there is
! much need for Manual treatment of the subjects of gubdivigion
of sections, restoration of lost or obliterated corners, resurveys,
the many types of special surveys, and the detail of the produc-
. tion of plats, which have not been included in any previous
r' Manual.  These subjects, by their growing importance, reflect:
the change in the character of the work from that principally
of marking the original subdivisions to that which is largely
concerned in the identification and perpetuation of the boun-

: davies already created,

The instructions contained in this Manual are to be observed
| by every engineer engaged in the execution of the publie-land
; surveys. - All other surveyors, Including those who have at
! times been employed in the surveying service of the General

Land Office, should bear in mind that in their private capacities
they are acting under somewhat different rules of law from
], those governing original surveys, and surveyors should diserim-
inate between the provisions of the statute which control orig-
] inal surveys and those which apply to the retracement of lines
| that have been officially established and approved.
|

! STANDARD FIELD TABLES.

12. There has been published by the General Land Office, in
the shape of a pocket fleld book, a compendium of tables and
formulas .entitled “ Standard Field Tables.” The volume em-
braces the data peculiarly useful to engineers engaged in sub-
dividing the public lands. The Standard Field Tables are issued
as a4 supplement to the Manual, and as such the former are a
part of the latter, with contents as follows:

1., Units of linear measure, units of area, expansion of steel
tapes, and conversion tables, chains to feet and feet to
chains,

2. Reduction In Jatitude to south boundary of township, and
corrections for convergency within a township.

4, Traverse table, for the correction of random lines.

4, Traverse tables,

T —
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9. Correction of error in stadia wire interval.

6. Stadia coefficients, vertical rod.

7. Natural sines and cosines.

8. Natural tangents and cotangents,

9. Logarithmic sines, cosines, tangents, and cotangents.

10, Logarithms of numbers,

11, Convergency of meridians, and differences of latitude and
longitude,

12, Azimuths of the tangent to the parallel.

13, Offsets from the tangent to the parallel.

14, Azimuths of the secant.

15. Offsets from the secant to the parallel

16. Lengthg of ares of the earth's surface.

17. Apparent time of sunrise and sunset.

18. Conversion tables, degrees to time, and time to degrees,

19. Sidereal conversions, and reductions to the local mean time
of upper culmination of Polaris,

20. Mean refractions in zenith distance.

21. Coefficients to apply to mean refractions for variations in ba-
rometer and temperature,

22, Coefficients for computing errors in azimuth due to small errors
in declination or latitude.

23. Mean refractions in polar distance,

24, Trigonometric formulas for the solution of plane triangles.

25, Trigonometric formulas for the solution of stadia measirements,
observations for time, latitude and azimuth, and problems
in convergency.

EPHEMERIS OF THE SUN AND POLARIS, AND TABLES OF AZIMUTHS

AND ALTITUDES OF POLARIS.

18. The above title has been given to a second supplement to the
Manual which is published each year, a convenience which serves
1o supply the engineers with all necessary data relating to the daily
Positions of the sun and Polaris without requiring frequent revision
of the text of the Manual or the Standard Field Tables. Asa supple-
ment to the Manual the data contained in the Ephemeris will be
®mployed in preference to that contained in other publications over
which the General Land Office has no control either as to accuracy
Or fitness for use in the public-land surveys.







CHAPTER II,

INSTRUMENTS AND METHODS.
MEASUREMENTS,

14. The law prescribes the chain as the unit of linear measure for
the survey of the publie lands, and all returns of measurements are
to be made in true horizontal distances, in miles, chains and links.
The chain unit is known as the invention of Edmund Gunter, an
English astronomer of the seventeenth century, and is especially
tonvenignt in computing areas in the unit of acres, one acre being
€qual to 10 square chains.

Units of linear measure.

1 chain=100 links.
=066 feet.

1 mile==80 chains.

=5,280 feet,

Uniits of area.

1 acre=10 square chains.
=43,560 square feet,
1 square mile=0640 acres.

16. Bach engineer 'will be provided with a standard and an
Assortment of 1, 2, b or 8-chain steel tapes. The standard tape will
_be employed for comparison with the field tapes, in order that errors
in the latter may be noted and corrected. Before chainmen ave
intrusted with their actual duties they should be instrueted by the
chief of party, and required to measure over one or more trial lines of
level and mountainous surface, to secure accuracy and uniformity
of regulta,

16. Tt is essential to the record of a survey to state briefly at the
bﬁﬂ'inniug of the field notes, with every set of returns, the general
anner of making measurements in the survey, and as topographical

P
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difficulties are encountered making it necessary to depart from the
stated general method, it is desirable to record the plan of special
measurement adopted. The field notes thus exhibit the manner of
making all measurements, and the record should be such that another
engineer retracing any line can substantially duplicate the exact
procedure adopted in the original survey.

The following paragraphs are illustrative of the record to be made
in the field notes:

“Unless otherwise specified all measurements are made with a
Chicago 1-chain steel tape compared with a Chesterman standard
steel tape and found correct.”

“Unless otherwise specified all Ineasurements are made with a
Lallie 2-chain steel tape found correct by comparison with a Lufkin
standard steel tape.”

“Unless otherwise specified all measurements are made with a
Lufkin steel tape 8 chains in length compared with a Chesterman
standard steel tape and found correct, The measurements are made
on the slope, the vertical angle determined, and the slope measure-
ments properly reduced to true horizontal distances,”

THE LONG STEEL TAPE,

17. The most approved method of measurement involves the
use of steel ribbon tapes from 2 to 8 chains in length; in its use in
the public-land surveys the tape is properly alined and stretched,
and the measurements are made on the slope at any convenient dis-
tance up to the length of the tape as limited by the topography. The
vertical angles of the lesser glopes are determined by the use of
clinometers in the hands of the chainmen, while the vertical angles
of the particularly sharp slopes are determined with the transit oper-
ated by the engineer. The slope distances are then reduced to true
horizontal distances and the entire operation suitably recorded. It
i8 not considered necessary to exhibit in the official field notes any
but the true horizontal distances, omitting details, except where
precise measurements are made of various bases for special use,

18. The following is an example of both field and final record
for the use of the long steel tape and clinometer, and reductions by
the use of the traverse tables (see Table 4, Standard Field Tables):
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Tield recor

1.

Inter-

gourse W.; ase, 2056

Mean Dis- True DifTer- Final field notes.
verti- | tance |horizon- m(:r!'llzge ence in
4 r.‘z\]I 1nn tal dis- “u';;“_ elova
ang | ’ |
glo. ope, | tance. ment, tion. |
Chains, | Chatns, | Chains. L‘J'mfm.:l Chiine, | North, bet, secs. 10 and 24,
Dese, 155 ft. over NW. slope,
through scattering timber
and dense undergrowth.
~12}2 4.0 4,308 -0, 05
~=17i* | 2.20 [ 2,008 — .68
6,70 6. 496 8.80 | — .75 || 10.30 | Dry gulch
1, over SW. slope.
X 4 ?T
+ 81 8.00 7.017 <+1.156
] 10| 1441
+103* | 620 | b5.885 +2.10
= 44
0.00 23.50 | Bpur, slopes W.; dese. 185 ft. to
1/4 see. cor., over N'W.slope.
1.20 24,70 | Wagon road, bears E, and W.
- 1.00 26,40 | Leave undergrowth,
63* 8.00 7.0d0 =0,01
32.20 | 81.467 1.15 32,00 | Enter heavy timbar, bears N'W,
aYnie and BE,
0} .70 | 3.641 — .08
14 0| 3090 | 85108
4 5,00 4, 851 =1.9
o | 40.90 | 30.080 |
0 04 W01 i
| 40.04| d0.00 r
4000 | 40.00 [ 40.00 | Bet an tron post, ete.

19. A simplification of the reduction of messurements on the
HIDP_C is obtained by the use of two disgrams constructed on cross-
8ection paper, a8 follows: The first with the vertical lines repre-
Senting intervals of 20 links measurement on the slope to 2, 5 or
8 ch‘m' ns to suit the length of tape used; the horizontal lines repre-
fenting the correction in links to be made from the measurement
on the slope to ohtain the true horizontal distance; slanting lines
are drawn to represent various degrees of slope scaled to the proper
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points for the correction for the full length of the tape. The second
diagram is constructed with the vertical lines representing similarly
the measurement on the slope in the chain unit; the horizontal
linesiin this diagram representing the difference in elevation in
Jeet, at intervals of 5 feet; slanting lines are drawn to represent variois
! degrees of slope scaled to the proper points for the differences of
eleyation for the full length of the tape. (See figs. 1 and 2.)
20. The following is an example of record for the use of the long
steel fape and clinometer, and reductions by the use of the reduction
diagrams:

Tield record. 1l

Inter-

b Meah 1_!15- Correc- | - aintel Plffer- Final fleld notes.
rtichl tance | tion to . {ONeo in
Veraia| on | ‘hor | eS| jove
| angle. . ure-
slope. | zontal. ment, | ton.

L
} Chaing. | Chains. | Chains,| Feet, | Chains. | North, bet. sees. 19 and 24,
i Desc, 1566 1t. over NW. slope,
through scattering timber and
{ dense undergrowth,
)| -124° 4. 50 0.10 — {0
= —174* | 2.20| - .10 45

[ 6,70 0,20‘ 3.80| — 50| 10.30 | Dry guleh, course W.; ase. 205

it. over S8W. slope.

! g 4 60 |
! + 81° 8. 00 .08 - 75
5 14.70 | 0.28 :
; +101° | 6.20 .37 + 140
'z.rr.'.ﬁ 0. 65
l t + 7° 8,30 .08 + 80
: 26,20 0.08| 0.00 | 23.50 | Bpur, slopes W.: dose. 185 ft. to
i | 1{ se¢. cor., over NW. slope.
1.20 | 24.70 | Wagon road, bears E. and W.
1. 00 | 25,40 | Leave undergrowth.
- 64° 8,00 05 - 60 |
[ 32,20 o073 1.15 | 82.60| Enter heavy timber, beacs N'W.,

and SE.

—10§* |~ 8.70 .08 = 48

-14 ° 5. 00 15 — 80 |

40. 00 0.9
0° .04 .

40.0 0. 94

1 40. 00 0.00 ‘ 40.00 | Bet an iron post, ete.
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21. By skillful use of the long steel tape on the slope, with eor-
réct determinations of the wertical angle, and proper reductions
from the slope to the true horizontal distance, the engineer obtains
one of the most rapid and reliable methods of measurement. - Ttis
essential to make all reductionsifor distance as the work progresses,
but the additional information regarding the amount of the ascents
and descents is readily obtainable from the record at the conven-
lence of the engineer.

ETADIA MEASUREMENTS.

22, Under proper safeguards the stadia method of measurement
affords.a nsefil and reliable means of overcoming the difficulties of
obtaining correct distances across water and over precipitous slopes
that can not be reached with thetape. - It is required that the wire
interval or ratio be determined in the field by frequent tests under
working conditions in comparison with steel tape measurement,
solving the formula given in the Standard Field Tables (p. 221) for
the value of the wire ratio with the horizontal distance known. The
record of the stadia tests ehould be given in the field notes. It is
essential to accurate stadia work that rods of approved construction
be used, together with two targets and a properly adjusted rod level
to secure true vertical readings; the readings at all times must be
restricted to suitable atmospheric conditions and to distances per-
mitting exact bisections of the targets. Possible criticism of the use
of the stadia method is found in the failure to observe proper details
and not in the reliability of the method if ekillfully followed.

93, Tt is desirable to state briefly at the beginning of the field
Notes, with, every set of returns, the general plan of making stadia
measurements. The following paragraphs are illustrative of the
character of such record:

“ A1l stadia measurements are made with fixed stadia wires with a
ratio of 1 : 132+, as exhibited by the tests shown in the field notes;
the focal constant of the instrument is 1.2 links; the rod used is a
standard Philadelphia level rod graduated to feet and equipped with
t:’(lﬂ targets and a rod level; all readings are made with a vertical
T "‘

“ A1 stadia measurements are made wit} fixed stadia wires with a
ratio of 1 : 100+, as exhibited by the tests shown in the field notes;
the focal constant of the instrument is 1.2 links; the rod used is a
standard Troy level rod graduated to feet and equipped with two
targets and a rod level; all readings are made with & vertical rod.”
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24. Notation used in stadia measurements;

Hor. dist.: ‘The true horizontal distance from the center of the in-
strument to the rod.

Diif. elev.: The true vertical distance from the height of the instru-
ment to the center point between the two targets of
the rod.

“r”:  Vertical rod reading.

“2": Observed vertical angle,

“K": The wire interval or ratio,

“c”: Distance from the center of the instrument to the object

glass,

f7’: Distance from the plane of the cross-ijres to the object glass,

Hor. dist.=K r cos? v-}(c-+f) cos 1.

Diff. elev.=K r } sin 204 (c-f) gin v.

e iP e b Diff. elev.
_fi;__ £
-ﬁ_w? g .. Tk

Fig3

25. In Table 6, Standard Field Tables, the natural functions
“eoe?v” and “} gin 20" are tabulated by intervals of 2’ for all
angles from 0° 0/ to 28° 0’; these values become natural coefficients
of the rod reading in the use of the vertical rod. In the same table
are tabulated the natural products ““(c-f) cos v and “(e+/) sin v, ”
for three values of “(¢+)” which may be considered as expressed
in either the link or foot unit as convenient,

26. In public-land suryeying it is convenient to have fixed stadia
wires with a ratio of 1:132, so that the gum of two rod readings in
feet will be equivalent to a ratio of 1:66, or a reduced distance in
chains; it is also convenient to reduce the error in the wire interval
to the error in 10 chains*and to eliminate the error by applying to
the reduced distance the proper correction taken from the table
of proportional parts (Table 5, Standard Field Tables).
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27. Example of test of stadia wire interval, the approximate
ratio being 1:132, and the focal constant 1.2 links:

Fleld record. |

—
et e —————— T

Measurement of base by steel [

tape and clinometer. | ”
- | Final field notes,
P e —rorrer ST ) Vertical rod | R
rae roading. I
vertical | Distance | - porizontal |
angle, |On-810Pe- | distance.
— S it | i ——— ___________————— _____
.| Chains. Chains. Feel. June 11, 1911, T make the follow-
=4 3.90 3.888 a.002 || ing test of the stadia wire inter-
=1 8.00 7.908 6.908 || val:
3 2.20 2.180 7.002 Horizontal length
T —_— 6. 906 of base = 14. 066 chs.
otal baso - 14,000 7.003 Mean of 10 rod
ocal constant -l 018 7.004 readings - 6. 0085{t.
Bt —— 6. 007 Vertical angle of
adiabose ¥ = 14,054 chs. 6.905 of test - —0% 40
% 7.001 K=132.551
B . =927, 564 I8, . 008 Reduced error in
M — 10 chs. =d.11ks.
o ean rod reading = 6. 0085
n%ﬂdenuur 0° 407 = 0.9009; All correctlons to be added to
L0001 3¢ 6.0085 - . 0007 the distances given b¥ the
—_ stadia.
r cos? ¢ - 6. 9978
027. 564
K== w132, 651
M 6. 0978
. t‘fl‘*u‘riml baso w14, 066 chs.
e_gg%}-monn rod reading.
13.007 =0 .
quivalent 1:66.
13.007 30, 9999==13. 906 14 008 o
(c+) = .012 b 8.
Error in 14.008 chs. by stadia = 0.058 chs.
irror in 10,00 chs. by stadia w0, 041 chs.

28, The error of the wire interval having been determined for &
distance of 10 chains, the proportional error for any distance from 1
to 20 chains may be taken from Table 5, Standard Field Tables,
thus eliminating all complex steps from the ordinary reductions
of field observations.

Emphasis is placed upon the necessity for the above tests for
accurate stadis work, and sttention is directed to the probability
that successive tests will show slightly increasing or decreasing
values of the wire interval. Tt isnot considered necessary to record
in t-lm official field notes any butthe basic elements of stadia obser-
vations, omitting the details of the reductions.

20, The following example of record, with reductions added, ie
adapted to the instrument ghowing the above test of the wire inter-
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val, ratio 1;132 with an errorof 4.1 links in 10 chaine, and foeal con-
stant 1.2 links,

ield record, [ Final fie'd notes.

Chaing, | N, 0% 02 Wi bet. secs, 15and 18,
Descend gradually over mountainons
| land.
12601 Rim of eanon, bears NW. and &R.;
precipitous deseent of 170 1t
Stadin to left bank of oreek: 3.104 and
212 ft., —26° 44,
3 to right bank of oreek: 3.448 and
3.432 t., —21° 10,
J Btadin to right I'fljl'l ofeanom: 4.014 ana

’ 4.995 ft., -1 4° 8
194 |
a.212 ]'

6. 4060, 7976=5. 100 {l
Error 4 0% |
(e4f) cos v 4 . om1 |
—— | |
12, 60 +06.14 nhs, |J =17, 74 l Laft bank of ereek, 62 1ks. wide, conrse
X | NW.
6. 4060, 4018=2, 574 chs. ,[

Diff. elev. =170 1, |
3. 448

3. 432 |

6. 880X0, 83245, 77 |

Error 4 024
(el ecs o 4+ 011

e |
12. 6 5. 76 chs, =18.30 | Right bank of ereck; precipitous fscant
6.14 chs, J of 226 1t. to rim of canon.
Width of ereek =0.62 chs, h
4,014 i
4. 895
!L_.‘i’)h)(fl. 9625= {
Krror J |
(e4-7) cos v II |
12, 60 v!-li._;!? chg, =22.30 | Rim of canon, bears NW. and BE.:
| ge, gradually,
0. 50030, 0863w, 847 chs, || |
Ll I | TR
+170 . ft, |f
Dift, elev. =200 ft. || /
Rob Rl sucacs poll 2ol fbaian  JS ! TN SR el
80. Attention is directed to the fact that in making the above

reductions in the chain quj t, wire ratio 1:132, the process is at once
resolved into taking the sum of the two rod readings in feet myl.
tiplied by the proper coefficient for vartical angle, to which product
are applied the corrections for the error in the wire interval and for
the horizontal: value of the. focal constant, As two rod readings
should always be taken. one.as a check upon the other, the entire
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Operation becomes very simple. It should also be noted that in
Computing the difference of elevation no correction has been made
or the height of the instrument above the ground, nor for the mean
1eight of the rod reading; these corrections are compensating and
{'Jl'lli.nﬂ-'ri]}' may be neglected, but in precise reductions must be
considered. Therefore, in ordinary work in computing differences
of elevation by the stadia method it is permissible to neglect the
height of the instrument above the ground, the mean height of the
l‘t_ui reading, the error in the wire interval, and the term “(e+f)
§in p,"*

31. Many engineers prefer the conventional stadia wire ratio 1:100
fenerally adopted in miscellaneous surveying practice, using a rod
Eraduated to feet. With an instrument so fitted for public-land
Surveys, in which the chain unit of horizontal distance is stipulated
by law, the reduction is simplified by ascertaining the logarithm of

ey

85 rod in feet’and horizontal distance in chains, accomplishing
the reduetion of “ K r cos® v" by logarithmic funetions.
82, Example of test of stadia wire interval, the approximate ratio

being 1:100, and the focal constant, 1.2 links:
——— — e P~ T4 of
Field record. :

Meastirement of base by steel s
tape and clinometer. Vertieal rod

|
|

Sl —|  reading. ‘ Final field notes,
|

Moan ] True
Vertiog)) Distance |y ona0ntal [

1
f
““”]0. va Rll\[ll‘- li'i.-'\'l!'lﬂ(‘[". l
l Chains. Feet. ‘
- 37° 6. 40 8 9. 515 July 7, 1015, T made the following
~ 4} 2.70 2,692 9. 518 | test of the stadia wire interval:
+121e 6. 20 5. 082 0. 22 | Horizontal
P 9. 5190 i length of base=14.160 chs,
Total base = 14.160 9. 527 .| Mean of ten rod
9, 513 il readings = 0, 5200 ft.
() - lol2 0. 521 i Vertiealangle of
——— 0, 524 I test =-1°54"
Stadia base = 14,148 chs. 0. 521 | K= 008,103
" “ w033, 708 .62 | Y
033, 768 1t. Fl :"ﬂ logg gﬂ‘rm] In foot
?fl"nn rod reading = 9.6200 || and horlzon-
Oeflicient for 1°54° = 0. 9080; I\ tal distanoe in
000119, 5200 = 0105 -| chains w 0. 172587
r 008t p= 9.6005 |
- 933, 708 H
K == S~ 98. 198 1
log K~ 1, 002081 |
* O0m1, 810544
WK —— 1.
(), 172537 |

66 I
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38. The following example of record, with reductions added, jg
adapted to the instrument showing the ahove test of the wire in-
terval, ratio 1:98.193 and foeal constant 1.2 links.

Figld record. | Final field notes,
|

' 7
[: Chadng, | North, bet, secs. 41 and 2,
: | | Over level Iand,

I 14.20 | Commence gradual aseent of 40 1t. to
| base of cliff.
I Btadia to top of elify:

[ If 18° 40y,

i {t 2150 B ard N, 65° W, and 8. 052
b |'| | E.; ascond 190 £t fo top.
| 1

l T“"’{i = 0.17ma7 ||

I TRATZ . w 0.927088 |III I

| “ o2 10° aor [9. 931361

L ' post 16° 40 “{u.um:ml ”
b Los2e5 | f
i _ i

| nat r'ffr 0052 pes |1, 5A8 '| |

(64f) cos v 012 |||i

.+ —_— |
}i 14.20 + 11.58 ohs. Il 25.78 | Top of clifr: thenee overlevel mesa,
b log & =1.002081 ||
i “ 84713 20 927088 [

i 02748 =0, 430017 |I|

§ 2.;5{-”_1'11_ Il

i |

i DIff. elov,=228 1t I

Tobluil, = 40 I
I Clifr —188 I

H Toeapemeain el ol L @be | T TS

84. Most of the General Land Office surveying instruments are
equipped with fixed stadia wires of the ratio 1:132, which has been
it found well adapted to all practical purposes for which used, and
i enables the use of standard double target level rods graduated to
feet. A fow instruments have been provided with fixed stadia wires
| of the ratio 1:100, at special request, but rods graduated to links
l can not be furnished except upon special order, and are not pur-
chased because they are useloss except for the one burpose. Engi-
here they
ar instrument, or Personal

neers can not expect to accomplish the best resulis w
i graduate their own rods to euit g particul
equation.
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In authorizing the use of the stadia method in the public-land
Burveys it is not contemplated that the same will be made a sub-
stitute for steel tape measurement where the latter is practicable,
but rather that the stadia method may be used asan expedient where
natural obstacles are encountered over which the distance may be
more accurately measured by the stadia than otherwise, provided
that every safeguard is duly observed.

TRIANGULATIONS,

85. In making all triangulations for the purpose of obtaining
meagurements across water or over precipitous slopes, the engineer
is expected to exercise his best judgment in the selection of the
Mmeasured base, and he is required to adopt the best possible geo-
metric proportions of the sides and angles of the triangle. A com-
Plete record of the measurement of the base, the determination of
the angles, the location and direction of the sides, and any other
essential ‘details of the problem will be required in the field notes,
together with a small diagram to graphically represent the triangu-
lation, but it is not considered necessary to include in the official
field notes the process of the solution. The method of triangulation
at all timed must be sufficiently refined to produce reliable results,
and when néeceseary to determine the value of an angle of a triangle
with a precision of leas than the least reading of the instrament, the
method of repetitions will be employed.

86. Inits simplest form the method of repeating an angle consists
in sighting wpon a station, A, with the vernier of the horizontal cir-
cle sot at zero; the angle is then turned to thesecond station, B; the
lower elamp is now loosened and the telescope again set upon station
A with the lower tangent motion withowt disturbing the angle first
turned, after which the upper clamp is loosened and the angle turned
a second time to station B. The angle is thus ‘‘repeated” two,
three, or more times, and finally the multiple angle is read, which,
Wwhen divided by the repeating factor, gives a value for the angle
much closer than the least reading of the instrument. TFor example,
fssume an instrument reading to single minutes of are, and that a
certain angle has been repeated five times with a resulting reading
of 124° 327; this gives a value of 24° 54/ 247 for the angle, which if
skillfully done is unquestionably closer than a single reading. In
Surveys which may require even greater precision both verniers are
read and the angle is repeated as nearly as practicable to one com-
plete turn of 360°, when both verniers are again read. The observer
then reverses the telescope, and duplicates the process by turning

1900°—81——4
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the angle in the opposite direction, to eliminate instrumental errors,
and finally takes a mean of the resulting four readings, which is di-
vided by the proper factor. It is occasionally necessary in public-
land surveying to repeat angles by the latter method, but the for-
mer method is of more general use and will be found dependable
and quickly executed.

3%. The base lines for triangulations are to be carefully measured,
even to tenths of links if necessary, and the sum of the angles should
be balanced to 180°, or redetermined if the disagreement is found to
exceed 1/ of are.

88. The following examples, with the reductions added, are de-
gigned to illustrate the form of record of triangulations best suited
for the official field notes:

(@) Field record. | Final fleld notes,

]
| Chains. | 8. 89° 56 W., on random lne bet. sees.
| 19 and 30.
| 40.00 | Bet temp. § sec, cor.

Angles. | 72.20.| Top of precipitous blufl} vertical nugfo
B0* 35" ! to flag on rendom llne=——32°
93 20 | auxiliary flag bears 8. 39° 217 \1.
36 - 06 | from flag on random line the auxiliary
i flag bears 8. 8° 16° W, 12.80 chs, dist’:
180° 00° || all bearings checked by direct read-
| ing of the solar, and all angles chacked
Hor. mons. of base by ono ehain || by deflection:
tape=12.80 chs.
S5.8956W, 876 chs

sin ‘36° 05'

Dist.=12.80 a el
sin 50° 35"

log 12.80 w1.107210 ||

" sin #6° 05 =0, 770087 ||
0. 877207 ||

¢ sin 50" 35 = {), BRT020

7]

70
Dist. by tri.

Dist. on random line =72.20 chs.
.'ruf: hor. dist, 0371 Dist. by triangulation = 9. 70
L w1, B10544 ;‘1‘;;
0 06 (70 01a 81, ¢
tan 32° 47 =0, 808916 Dist. by return meas. -2 84

£ 415 w2, 017831 70.12

Diff. eley, =415 1t, 79.12 | Intersect W. bdy. of Tp., 14 lks. 8. of

| tha cor. of secs. 19, 24, 25'and 30,

Thence

I 8. 80° 68 L., on a true line bet, sees.
19and 30.

Ascend gradually in valley.

I 1.75 | Baseof bad-land bluff, bears N, and 8.;

| pree !?\Imn i ascent of about 400 ft,

TUP ol bad-land bluff, bears N. and 8.;

i thence over level prairie.

Iy 0, 92
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Field record.

39

Final fleld notes.

Nome,—8tadla wire Tatio, 1:132.551;
(e4-f)m=1.2 lks.

0, 827
9. 539

19. 606
Errors 4,082
(c+f)=-+.012
PBase=19, 76

Angles.

?9'011'

33 03

67 46

150° 00

gin 67° 46°

Dist.=10.70 c————

log 10,76
- sin 07° 48’

' gin 33° 08"

L2 8.7

Dist. by tri.

- 1. 205787
w D, 60447

1. 262224
- 0, 736602

= 1, 525642
w1354 chs,

At the meander cor. at 57.30 ehs, bet. secs.
10 and 17, & flag on Indian Island bears
N. 18° 41/ W.; a point on a rock in the

.1ake bears 8. 82° 08' W., stadia base to
this point: 9.827 and 9, 830 ft., leve.,
measured base impracticable; from poini
on l::ln.nrl’, flag on rock in lake 3
8. 14° 22/ W.; all bearings checked by
direct reading of the solar, and all angles
checked by deflection:

Length of base =10.78 chs.
From meander cor. to island=33.54 chs.

At the above point on Indlan Island from
which the meander cor, at 57.80 chs. bet.
socs. 16 and 17, bears 8, 18° 41" E., 33.54
chs, dist.; 1

Sot n limestone, 28x10x6 ins., 21 ins.in the
gmund,l‘ornuxiljnrymmdorwr.insw.
&, mkd, 88on N, and A M C on S.face;
from which

A spruce, 14 Ins. diam., bears N. 42‘; E,
o s alst., mkd. T67 N R 48 W 88

AMCBT.

A fir-balsam, 9 ins. dism., bears N. 1 *W.
e k. T 67 N R 48 W8
AMCBT.

Field rocard.

Final field notes.

Chaing. | 5th Guide Meridian West, through T.

14 N., between Rs. 20 and 21 W.
North, bet. secs, 13 and 18.
Descend 225ft. over N W.slope, through
hath timber and dense under
owil.
Dﬁnmnce behvfon measurement - of
27.80 chs. utg wo sets of chainmen,
{& 4 1ks.; Dosition of middle point
iy 15t sele= 27,78 chs.,
24 =782 U

mean of which is’
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()

Field record, con.

|
v }_ w189 00401 (<0231

- BT 447200 ' { = 00"")

3- " |
" (‘-gﬂ_l_‘.l"_ ?il.'!“_llll"zﬂ”l’-—lﬂ['_:_}||
i 1807 00207 (=20") I!
i
i |
|
|
| sln 80° 06" 11" I
Dist.  ~16.427 S Tsv oy 58
log 16.427 ==1. 215658
‘4 gin 50° 06' 117 =='. 003488
1, 200046
#. o 18%00" 387 ==, 403710
L 51.92 ==1. 715838
+27. 80

.72 ‘
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Final field notes, con.

27. 80

The south shore of Grand Lake, bears
N. 62° E, and 8. 48° W,

Bet an iron post, 3 {t. long, 1 in, diam.,
28 ins, in the ground, for meander
cor. of frac, sees. 13 and 18, with brass
cap mkd.

“TIGN
1215

from which

A pine, 8 ins. diam., bears N, 843° |,
106 1ks. dist., mkd. T I N R 20 W &
ISMCBT.

A pine, 10 ins. diam., bears 8. 26]°W.
40 1k, dist., mkd. P4 N R 2L W &
IBMCBT.

To make a triangulation scross the lake
I designate the above meander cor.
point 4 and set a ﬂmf R at peint for
meander eor. on north shore of lake,
alsoaflag € on the north shore which
from point A bears N, 18° 09" 38" F.;
the buse B € bears 8. 81° 44’ 11" E,,
16.427 chas, dist., the mean by two
sets of chainmen,

by 15t set=16.425 cha,,
by 2d * w16.420 *
longer base impracticable: {he angle
subtended at point C=80° 06* 11';
oll angles by three repetitions with
error of 0" 20" balanced to 180°,
Distance across lake=51.92 chs.

B & g
& 345,
k-
Lll'
o AY
9 Ay
! A&
= £
E /o
b ¥
A

70.72 | The north §11-:{£c of lake, bears 8, 82° ¥,
5* W,

wnd N, 7.
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89. In practical field work triangulations are made only to over-
come physical difficulties of measurement, and under the conditions
generally presented a right-angled triangle is likely to be less desir-
able than an oblique triangle as the latter may be selected to fit the
best topography for the base line. A stadia base may likewise be
superior to & measured base as, for example, in extremely rough
mountainous regions where possibly no obstruction would interfere
with a good stadia determination even though a steel tape measure-
ment of the same base might be almost impossible, or involve
great delay and expense, Under some conditions a double triangu-
lation by independent bases may be highly desirable, one result
asa check upon the other, whereby the mean ‘of the two would be
abotter value than either result alone. True efficiency demands a
choice of the best methods to suit the peculiar conditions éncoun-
tered in each circumstance, and this must be left to the judgment

, of the enginecer.

The subject of measurements is incomplete without a suggestion
fhat each engineer should devise a system of signals by means of
which numbers and directions may be readily communicated from
one member of a party to another; such signals will be found espe-
cially useful in long steel tape and stadia measurements and
triangulations.

INSTRUMENTS AND REQUIREMENTS AS TO THEIR ADJUSTMENT.

40. The direction of all lines of the publie-land surveys will be
dotermined with reference to the true meridian as defined by the
axis of the earth’s rotation; No departure from this rule isauthorized.
Beginning with the Manual of 1890 the use of the magnetic needle
was prohibited except in subdividing and meandering, and then
only in localities free from local attraction and with the use of
enitably constructed needle instruments, The Manual of 1804
required that all surveys of the public lands of the United States,
embracing all classes of lines, be made with reference to the true
meridian, independently of the magnetic needle, and this pro-
hibition against the use of the magnetic needle was even more
pronounced in the Manual of 1902, In the modern instruments the
length of the needle and other details relating to its construction are
saerificed in favor of the vastly more important details of design of
the transit and solar attachment, and it is not presumed that the
needle of the modern solar transit will give results even as reliable
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as those of a° well-constructed needle compass.  Many years’ ‘use
of the solar transit and of the solar compass have proven that com-
paratively few localities are free from soma local magnetic attraction,
The needle has some value as 1 check and for approximate reference
purposes under certain conditions, which need not be discussed in
the Manual, but the use of the néedle as a means of determining the
direction of lines of the public-land surveys is now unqualifiedly
prohibited.

41. Each engineer will be supplied with one or more instruments
of approved construction suited to the conditions to he encountered
in his field work. - It is considered desirable to include in the record
of every survey, at the beginning of the first hook of field notes of
every set of returns, a description of the instrument used and the
general method by which the azimuth determinations were accom-
plished.  The following paragraphs suggest the form of record to
be made:

“Burvey commenced August 1, 1915, and executed with a Buff
‘Rocky Mountain Favorite’ solar trangit. No. 9936, 1916 model,
with ' U-shaped standards, 44-inch ‘horizontal circle, 4-inch wer-
tical circle, and improved Smith golar attachment; all azimuth
determinations are accomplished with the solar attachment exeept
the special observations upon Polaris and the sun for meridian upon
which to test the solar apparatus as stated in the field notes.”

“Survey commenced July 28, 1909, and executed with a Young &
Sons mountain transit, No. 8070, 1907 model; the instrument is

equipped with a full vertical circle and the'Smith solar attachment;
unless otherwise specified all azimuth determinations are accom-
plished with the solar attachment.”

“Survey commenced May 7, 1906, and executed with a Burt solar
compass made by W. & 1. B. Gurley, 1905 model; tinless otherwise
specified all azimuth determinations are accomplished with the
solar compass, “The Polaris observations in camp are made with a
Keuffel & Esser mountain transit No. 9699, 1903 model.””

42. The proper supervising officer will carefully examine all
instruments to see that they are in first-class condition for field
work, but the burden of the final test is placed upon the enginear
who uses the instrument, agin every case the approval of an instru-
ment will be made eonditional upon satisfactory field test, the
record of which will be stated in the field notes.

43."The record of the field test of the instrument should embrace
® comprehensive statement of fact as to date, locality, and condi-
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tion of the instrumental adjustments. The data relative to the

independent observations for meridian should be included in the

record, and the functions of apparent time, latitude and sun's
declination will always be given in connection with the meridional
tests of solar instruments. Various forms of record will be found
in connection with the examples of observations and reductions
given on the following pages.

44. When a transit without solar af tachment is employed, Polaris
observations, or direct altitude observations upon the sun, necessary
to execute the work in accordance with existing law and the requires
ments of these instructions will: be insisted upon., |Observations
upon Polaris, or direct altitude observations upon the sun, at fre-
quent intervals, will be. necessary to secure accuracy in the pro-
jection of transit reference lines, when solar apparatus js not used.
The method of transferring the azimuth determined by the meri=
\diona.l observations to the surveyed lines will distinetly appear in the
field notes.

+ 45. Engineers using instruments with solar apparatus will be re-
quired to make azimuth observations on Polaris, or direct altitude
obseryations upon the sun, at the beginning of every survey, to test
the accuracy of the solar apparatus, and subsequent tests will be
required at least at the beginning of the subdivision of every town-
ship.

46. A test at the conclusion of & survey is necessary in order to
prove the continued proper projection of transit lines or the con-
tinued satisfactory adjustment of the #olar, apparatus: during the
survey, A book of field notes of the survey of standard lines, or
of township exteriors, will therefore show preliminary and final azi-
muth observations for the projection of transit lines, or preliminary
and final observations and tests for the adjustment, of the solar appa-
ratus, and intermediate tests to comply with the requirements of
the. preceding paragraphs. The satisfactory. condition of the solar
apparatus at the conclusion of the subdivision of a township exe-
cuted with the solar apparatus may, if so desired, be shown by spe-
cific reference to the next succeeding test preliminary to commenc-
ing the subdivision of another township included in the same series
of books of subdivisional notes. A careful engineer will make &
sufficient number of tests to gatisfy himself at all times of the accu-
racy of his alinement, but it.is not intended to burden the engineer
or the field notes with superfluous evidence in this particular matter.
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GENERAL STATEMENT, TIME, LATITUDE, AND AZIMUTH.

47. When considering the following treatment of field methods of
determination of time, latitude and azimuth, the engineer should
bear in mind that a small error, either in assumed latitude or azi-
muth, produces only a slight effect in time, and when all are un-
known the order of sequence in their determination should be that
of time, latitude, and azimuth, Time may be readily determined
by the engineer with an error not to exceed 10 seconds, while lati-
tude and azimuth are readily determined with an error not to exceed
17 007; the stated limits of error are not unreasonable where any of
the methods herein described and authorized are employed; small
errors in assumed longitude may be neglected in the determination
of time, latitude, and azimuth,

The following methods are limited to observations upon the sun
and the north star, Polaris, and are arranged to facilitate.the engi-
neer's work under all conditions encountered in the field without
involving more than a practical understanding of astronomiecal
technology. The tables and formulas published in the Standard
Field Tables, and the complete daily ephemeris of the sun and
Polaris and the tables of azimuths of Polaris, published in the
“Ephemeris, " are designed primarily for the convenience of the
public-land engineers in the field, thus encouraging a general use
of approved modern methods, consistent at all times with the engi-
neer's clear understanding of underlying principles involved.

All reference fo tables and formulas, or to the daily functions of
the sun or Polaris, that follow herein, relate to the above supple-
ments to the Manual, and when necessary to use conventional nota+
tion in the demonstrations that follow, the same agrees with that
shown in detail in the Standard Field Tables.

With relation fo the subject of records of observations as the same
should appear in the official field notes of a survey, it must be
granted that it is absolutely necessary to state all of the special basic
functions of an observation, but it is quite unnecessary to include
the process of reduction, except in unusual cases; thus the field
notes should be complete in every respect, and it is the purpose to
ingist upon thie requirement without involving that which is unes-
sential to the record. In general also, no attempt is warranted by
which the engineer may endeavor to make his results by analytical
reduction appear to be more accurate than justified by the refine-
ments of the observation upon which a determination is based; but
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it i8 good practice not to discard the various small elements, fractions
or decimal parts of the record value of & function until the result is
ascertained, whereupon the insignificant figures may be disposed of.

ANALYTICAL NOTATION, DECLINATION AND REFRACTION.

48. #: The symbol for approximation; this gymbol signifies in-
equality, but it i¢ used in a relation representing an inequality
which approaches equality.

Fig.4.
The “pole-genith-sun’’ triangle as viewed from outside of the celestial sphere.

49, v: Observed vertical angle; in altitude observations on the sun,
the reductions to the sun’s center both vertically and horizontally,
as well as instrumental errors, are eliminated by taking direct and
reversed observations on the opposite limbs of the sun, and the mean
obsarved vertical angle to the sun’s center will be designated v in the
notation. Tn single observations the vertical reduction to the sun’s
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cenfer=16/; a refinement is had by referring to the “Ephemeris’
for the value of the sun’s semi-diameter for the date of observation:

50. A: True vertical angle to the sun’s center, or to Polarie, in alti-
tude observations, after correction for refraction: h=p—rof raction in
zenith distance; a refinement is had in altitude observations on the
sun by adding the value of the sun’s parallax=8".9 cos 7, opposite
in effect to refraction, which results from the observer's position
above the center of the earth.

61. {: Zeta: true zenith distance of the sun’s center:

F=00°—h,
Examples of the relative use of v, refraction, parallax, A and ¢,
' Fiald record. I
Tele- Watch | Horfzontal |  Vertical Btn’s Final fleld notes.
scope. time. angle. | angle. limbs. ||
- ! -  —
T R s | Mar. 18, 1010, T make
Dir. 8h56m58e | 65° (¥ 0 2° 200 0 | G- B T ﬁﬂmr‘
g . Py ax 8 I vation upon the sun
Rov. 358 48 |64 45 0 [ 28 0 47 Mol u‘iim imd i
ahETmEds | 845 [2* a0 £O. ORF B mi making two
Mean 3u5Tm53s | 64° 52 90 | 25° 28 30 b o gy b
each with the tele-
scope in direct and
Ve  25°25 807 reversed positions,
Rofractione— - 20 0 observing -~ opposite
Parallax= 40" 8 limbs of the sun,
— Mean watch time of
b=  25° 2% 38 observation, 3h 657m
Ew  B4° 300 227 535 p. m.
Mean horizontal an-
00* o 0 gle from flag 8. to
sun8SW.,64° 50/ 3077,
Mean observed verti-
cal angle 25° 25 30,

Example of vertical reduction to the sun’s center,

Fiold record. || Final field notes.
e |
Bumn’s lower limb -25° 200 0 ’-}-‘- i M.::I l:ful,i:}g;,lff{:ﬂ.‘(ﬁ?
Reduction to sun’s center :__-{—li'n' 2"’_ | F'ntitm |1por= the sun
y oEs apr  aee or time, observin
Bun’s center, V) wae. oy tho sun’s lower limi
only; failing to ob-
serve the sun's up-
per limb in the re-
v =25°30' @ versal of the transit
Refraction == — 2/ 07 onaccount of clouds,
Parallax = 4 (7 87 Watch time of obser-
— vation, 8h 56m 58s
h =25° 84 147 « M.
¢ =04° 25 46~ Observed vertical an-
le to sun's lower
[ g imb, 25° 20’ 0/, cor-
rected to the sun’s
center=25° 36 6.
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b2. ¢: Phi: Latitude of the station of observation.

53. A: Lambda: Longitude of the stationof observation.

54. 6: Delta: Declination of the sun or Polaris; to be taken from
the Ephemeris for the date of observation; the declination of the
sunt is to be corrected in hourly difference to the longitude of the
station and tothe time of observation; north declinations are treated
as positive and gouth declinations as negative; & northerly hourly
motion is treated as positive and a goutherly hourly motion is treated
as negative; in the use of the solar attachment the declination of
the sun is to be corrected for vefraction in polar distance, always
north. '

Examples of computation of the sun’s declination.

(a) Tt is desired to compute the value of the sun’s declination for
the above altitude obseryation upon the sun for time and azimuth.
Longitude of the dtation of observation, 5" 8% W.; apparent time of

bservation, 3 42™ p. m.:

eclination of the sunat Greenwich apparent noon

Mar, 18, 1910 =1°1V 8”8,
Difference in time from Greenwich apparent noon

to apparent time of observation:

Tor longitude = 5" -l
For time, p. m.=-+43 42

8.830= 8" 50™
Hourly difference in declination=--59"/.28
Difference in declination from Greenwich apparent
noon to apparent time of observation:
8,85 )¢59.28 =528/ - o0 81482 NL

A PO
True declination of the sun 1°. 222078,

#

(b) It is desired to prepare, by computation, & table of hourly

declinations of the sun, corrected for refraction in polar distance,

for use with the solar attachment, for a date March 14, 1912, and for
a station in latitude 33° 10/ N., and longitude 7" 477 Ww.
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2° 3% 9%/.6 8. =Declination of the sun at Greenwich apparent
noon, Mar, 14, 1912.
Difference in time from Greenwich apparent noon
to 7 a. m., local app. time:
For longitude = 7h 47
For time, a. m., 128 —71 o= =(=) b6 0
2.78b= 2b 47m
Hourly difference in declinations=--59/ 2,
2’ 4475 N.=Difierence in declination from Greenwich apparent
noon to 7 a. m., local apparent time: 2.78 59,2~
16477.5.
2° 80/ 4471 8. =True declination of the sun, 7 a, m., local apparent
—_— time.

Local apparent time. ] Tm"“ﬁ;t:“"“' Iliufrncliuu.! D:::f:;]ilfl:;!?“
¥ a' N 2° 28" .3" B.
1 48 2 28 2
1 22 288
0 58 22T 8
0 47 .27 0
0 43 2 28 5
0 41 2 25 8
0 43 3 M7
0 47 2 8 4
0 58 2 21 B4
1 2 2 20 3
1 48 2 19 3
2 4 2 18 13

(c) It is desired to prepare, by computation, a table of hourly
declinations of the sun, corrected for refraction in polar distance, for
use with the solar attachment, for a date August 12, 1912, and for a
station in latitude 47° 10/ N ., and longitude 7b 24m W,
15° 17 6” N.=Declination of the sun at Greenwich apparent noon,

Aug. 12, 1912,
Difference in time from Greenwich apparent noon to
6 a. m., local app. time:
For longitude= ~ 7h 94m
For timea.m.,
128 —6h Om=(—)g 0
14b= b g4m
Hourly difference in declination == —457 1.
17 8” 8.=Difference in declination from Greenwich apparent
noon to 6 a. m., local apparent time: 1.4 45.1 =63/,

15° ¢/ 87 N.=True declination of the sun, 6 a. m., local apparent

time.
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Local apparent time. \ mi&ﬁ“’” \ Rﬁw““_' \ D“:g{“m‘.m
et e
6 a, 15 o0 8'N,| & 29" N, | 15° ¥ 32" N
6. 14 50 40 4] 15 2
T, 14 59 18 1 46 15 1 4
8. 14 58 33 14 50 42
D oIt GuLE, D SUTEEUIIMIECRLTUL & 14 57 48 0 52 14 58 40
7 P # 1/ e LU 14 57 3 0 42 14 57 45
B eeennes- 14 56 18 0 39 14 56 57
Noo 14 56 83 0 37 14 5610
1p. 14 b4 48 0 39 14 55 27
g SRRV, SR TR DALl A 14 548 0 42 14 b4 45
R iy ey pu st 4y b 0 @auih € 14 53 18 0 53 14 64 10
| gty oy SR 4 52 33 Ty 14 ‘53 42
By vl 14 51 48 1 48 14 53 34
BRss vt aopime 14 51 20 2,122 14 53
BRE Mlhesot-ncbsuppasasanstotalonsinzy 14 61 30 14 54 32

(d) A graphic method for ascertaining the changing declinations

of the sun, corrected for refraction in polar distance, for use with the
solar attachment, is obtained by the use of a diagram constructed on

y cross-section paper for each date, as follows:
~ The horizontal lines may be used to represent each hour of the day,
and the vertical lines may represent intervalsof 17in declination. It
is convenient to use the right-hand side of the sheet to represent N.,
and the leit-hand side of the sheet to represent S., OF to have N.
declinations increase numerically to the right-hand side of the sheet,
and §. declinations increase numerically to the left-hand side of
the sheet. The vertical lines are numbered to guit the range of
declination of the sun for the date. Two points are marked on the
diagram to agree with the true declination of the sun; the first point
ia marked with the argument of declination agreeing with the
declination of the sun taken from the Ephemeris for Greenwich
apparent noon and with the argument of time agreeing with the local
apparent time corresponding to Greenwich noon; the gecond point is
marked agreeing with the proper declination and time 10 hours later;
the straight line determined by the two points agrees with thesun's
true declination for the date for the local apparent time. The proper
refractions in polar distance are then scaled from the straight line
to the N. for each tabulated refraction, a. m. and p. m., taken from
Table 23, Standard Field Tables, appropriate to the latitude of
observation and declination of the sun; the locus of the latter
points is a smooth curve representing graphically the declinations
of the sun, corrected for refraction in polar distance, for use with the
golar attachment. The scale of the refractions must equal the scale
of the intervals of 17 in declination, and the refractions are laid off
along or parallel to the horizontal lines and not normal to the line of
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true declination. At any time throughout the day tlie proper
declination for use with the solar attachment is obtained by reference
to the curve at the point corresponding to the time of observation,
To obtain any true value of the sun's declination for use in the
reduction of altitude abservations reference may be made to the straight
line of true declination at the peint corresponding to the time of
observation.

The advantage of the diagram method is found in the practical
elimination of errors of computation, and the ease with which it is
checked, together with the fact that in the use of the diagram actual
values are obtained at any fime without any process of interpolation.

The following diagrams have been prepared to illustrate the
method:

DIAGRAM OF THE BUN'S DECLINATIONS.
Date, Mar, 20, 1912,
Station: Lat.=37° 30" N.
Long,=T7" 30m WV,
Declination.
Greenwich noon=0° 11/ 14//*§,=4" 30m g m.
Diff, 10, 4-598”=" 09 .53 N. |
| 0° 017 21 B.=21 30m p, m. |

0
= 0 o 0o~V B M N -

AM4 <y
HTG

12's,
I
e}

— 000°

0 O w;
1
|
|
|
|
¥
|

Thas e . utd —_— ]

Noon L

tnh

PM.6
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DIAGRAM OF THE SUN'S DECLINATICNS.

Date, Sept. 23, 1013,
Station: Lat.=47° 30" N.
Tong. =6 18= W.
Greenwich noon=0° 03’ 557 N.=b"42™ a, m.
Diff, 10, —585”=__ 9 45 8.
0° 0% 5077 §.==3" 42@ p. m.
e

= z

"] ¢
- qutln\nr-m

. ] E
P ] R
Fig.G.

5. A: Azimuth angle from the true meridian to Polaris, or to the
sun’s center; in the following analytical examples A is referred to
the north point unless otherwise noted, and the reductions are sym-
metrical either east or west of the meridian; all determinations for
azimuth imply the recording of horizontal angles from a fixed refer-
ence point to Polaris or to the sun, or that a point has been marked
on the ground to define the direction of observation; the mean
horizontal angle in the first case, or the mean point in direction in
the second instance, being used.
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In the first of the foregoing examples of the relative use of v, h
and {, is shown the record of certain observed horizontal angles
from a fixed reference point to the sun’s limbs, and now for the pur-
pose of clearly stating the use of the notation A, the final reduction
of that observation is here anticipated, in which the following result

is obtained:
Sun’s azimuth.

Referred to the N, point, A=N. 114° 07/ 28" W.
Referred to the 8. point, A==8. 65° 52/ 32" W,
Recorded mean horizontal

angle from flag 8. to the

MR BW o laialaai..l. =8. 64° 52/ 30" 'W.
True bearing of flag......... =8. 1°00/02” W.

In general in altitude observations upon the sun it is convenient
to record horizontal angles from a fixed reference point to the sun’s
limbs; this method is preferable in view of the rapid motion of the
sun and the advantage of minimizing the period of the observation.
In observations upon Polaris the same method is often convenient,
and at other times it may be more convenient to mark points upon
the ground to define the direction of observation, taking a proper
mean of the several pointas to define the true line of sight to Polaris,

Underadverse conditions an altitude observation upon the sun
for azimuth may fail in the reversal of the fransit on account of
clouds or error in reading one of the angles of a series of observa-
tions, in which case it may be desirable to reduce the single observa-
tion upon the san’s limbs to equivalent corrected readings to the

sun’s center. In single observations on the sun, the reduction to
¥/

; : 16 - :
the sun’s center in azimuth N g1 refinement in the value of the

sun’s semi-diameter is had by referring to the Ephemeris for the date
of observation.

An example of reduction to the sun’s center in both vertical and
horizontal angles follows:
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e ————

Tield record, Tinal field notes.

q— Vertical angle tosun’s Mar, 18, 1910, T make an altitude observae:
_”B ml’ wtl’

,. lower lim! tion npon the sun for agimuth, observ-
Bun’s sami-diameter for re- the sun’s lower and right limbs only;
duction to center - 160067 || 1 to observe the sun’s upper and
: —r left limbs in the reversal of the ton
Bun’s center, 0 w=25° 36' 06" account of clouds:

e || Apparent time of observation, 3h 4

.m.
1o from fl Observed. vertical angle 10 sun's R:wu

2m
Hor, ?‘P to ¥
nmn‘n ght Iim‘b.” i «=85° 00" 00 Iimb, 25° 20° 00", corrected to the sun’s

eduction to sun conter=25° 36/ 06",

tat,l : Observed horizontal angle to sun’s rwt
6.1 179 17 54" limb from nﬁ: to sun SW., 85° 00" 00,

c0825° 30 o corrected to the sun’s center=04° 42’ 00'".

—

Hor. angle from flag 8, to
w04 42’ 06"

sun’s center, 8W.
L o b

B6. Tables of mean refractions both in genith and polar distance
#ppear in the Standard Field Tables, arranged to meet the require-
ments of field use; see Tables 20 and 28. A table of coefficients to
apply to mean refractions in zenith or polar distance for variations
in atmospheric pressure and temperature to obtain true values of
refractions is given to meet 'oceasional necessity for its use, 866
Table 21. In the absence of a barometric instrument to determine
the atmospheric pressure, the argument ¢“approximate elevation
above sea level” may usually be safely gubstituted. The differ-
ences between the true and the tabulated refractions are generally
small and negligible excepting for the combined effect of low appar-
ent altitude of observation with great elevation above sea level or
extremes of temperature. The following example of reduction
illustrates the method to be employed in all reductions from the
tabulated refractions:

Tabulated refraction =@’ 457/="0.75; elevation above sea level
=10,000 feet, for which elevation the coefficient is 0.70; tempera-
ture at the time of observation =82° F., for which temperature the
coefficient is 0.94; true refraction —0.70X0.94X67.75=4" A4=4726"".

TIME.

57. The element of time enters into all azimuth determinations
to such an extent that the engineer should be able to arrive at the
exact apparent time of all observations upon the sun and the exact
local mean time of all observations upon Polaris. The sun's declina-
tion varies with the apparent time and the longitude west from

1990°—81——F
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Greenwich, and enters directly into all observations upon the sun
for azimuth; thus the apparent time and longitude should be known
to a degree of accuracy commensurate with the refi nement necessary
in computing the sun’s declination. The azimuth of Polaris varies
with the local mean time of observation, which must be known to a
degree of accuracy consistent with the result wanted in the deter-
mination: of the true meridian. In observations upon Polaris at
elongation precigion in local mean time is unnecessary, but in hour
angle observations upon Polaris it will be noted that at upper or
lower culmination, in latitude 40° for exam ple, Polaris varies 1/ in
azimuth in about 2.5 minutes of time; this interval of time slowly
increases toward elongation and in the latter position more than
30 minutes of time are required for a change of 1/ in azimuth,

68. Conversion of standard time into local mean time: watch read-
ing, 4= watch error in standard time by comparison =+ correction for
longitude; the correction for longitude is additive east and  sub-
tractive west of the standard meridian of the time belt; the con-
version table “‘degrees to time " (Table 18, Standard Field Tables)
is convenient in this reduetion,

Example, of conversion of standard time into local mean time;
longitude 77° 01/ 37726 W.:

Watch time of observation =@ 26™ 40* pi m.
Watch slow of 75th meridian standard time by

comparison with a standard clock == e ]m 220
Correction for longitude of station

(77° 017 877756 W.=ph 08m 06.5%) = S Bm G
Local mean time of observation =6" 19™ 56° p. m,

59, Conversion of apparent time into local mean time: apparent
time of observation + the equation of time; the equation of time is
to be taken from the Ephemeris for the date of observation and cor-
rected for the longitude and time of observation, conveniently
interpolated as the interval from Greenwich noon to the time of
observation; the watch error in local mean time is then found by
taking the difference hetween the watch reading at the epoch of the
obsgervation and the reduced local mean time of observation,

Example of conversion of apparent time into local mean time;
longitude 77° 017 877 5 W.:



ln

o8

INSTRUMENTS AND METHODS. 55

Mar. 18, 1010, apparent time of altitude observa-
tion upon sun =gt 42% 11* p.Dn

Equation of time, Greenwich. ap-

parent noon +-8= 23.4°
Interpolation for longitude of station
5b 8= W., and time of observation
gh 42m, p. m,, 8" O™ after Green-
wich noon, or 8.83/24 of change
(17.64%) in 24 hours = — 6.5
Equation of time 48= 16.9° 48" 17
Local mean time of observation =3h O™ 28*
Watch time of observation =3t 7™ 53*
gl abe
Watch fast of local mean time - T 254

—e
_—

Y

TIME IN ITS RELATION TO POLARIS OBSERVATIONS.

60. Polaris, a star of the second magnitude, occupies & position
in the northern heavens g little more than 1° from a line defined by
the axis of the earth’s rotation, and on account of its brightness and
proximity to the polar axis it ranks to the engineer as the most useful
circumpolar star. It will be assumed that the engineer has learned
how to identify the north star among its pasociates in the clear starlit
heavens, especially with reference to the “pointers” in the con-
stellation of the ‘“Great Bear,” which is'popularly called the ““Dip-
per,” Polaris (& Ursse Minoris) is nearly on a line (or great circle)
determined by the pole'and the star «t5 Cassiopeim,” and both stars
are located in the same direction from the pole. The same line (or
great circle) passes near the tar & Ursse Majoris” (another star of
the “Dipper ™), but the latter star is located on the opposite side of
the pole. The engineer may note the relative position of the three
stars aforementioned, if it is & clear night, and this will give an im-

mediate indication of the approximate position of Polaris in its di-
urnal circle at such time of observation. The novice ghould secure
field demonstration in thege details from an expetienced observer.
The three stars named are all of about the same brightness. In-
structions will follow (sec. 99) regarding the positive identification
of Polaris by instrumental methods during the twilight period, be-
fore the star is visible to the naked eye, and the same process may
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NAKED-EYE IDENTIFICATION OF POLARIS,

About noon March 23rd.

About 6 a, m, June 22nd.

About midoight September 22nd,
About 6 p. m, December 2Ind,
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be employed for verification of night observations, if there should
be any doubt as'in case the neighboring constellations are obscured
by clouds.

A skillful engineer can readily observe Polaris at sunset or sunrise
without artificial illumination, and with a very clear atmosphere
can perform the observation when the sun is ag much a8 20 or 30
minutes above the horizon. At any time that Polaris is visible any
one of the various methods of Polaris obgervation for meridian,
properly followed, is superior to any form of observation upon the
sun for the same purpose. In general, in public-land surveying,
the best of all practices is found in the proper use of a golar instru-
ment adjusted to the true meridian as established by Polaris obser-
vation.

Polaris has a diurnal circle about the earth’s polar axis similar to
the diurnal circle of other stars, though Polaris has the smallest ¢circle

*of any naked-eye star. The daily circuit of Polaris is covered in one
sidereal day of 24 sidereal hours, or an equivalent of 23 hours 50
minutes 4.09 seconds of mean solar time. In its diurnal circle Polaris
crosses the meridian twice, once al upper culmination, or above the
polar axis, and once at lower culmination, or below the polar axis.

The direction of the apparent motion of Polaris is suggested by the

following diagram:

L.C.

Fig. 7.

The pointings of the arrows on the above circle indicate the direc-
tion of the apparent motion of Polaris in its diurnal path, while the
pointings of the arrows on the lines tangent to the circle show the
direction of travel at the epochs of culmination and elongation. If
the engineer has any doubt in regard to the quadrant occupied by
Polaris in its diurnal circle at the time of an observation, he may set
the intersection of the telescope cross-wires exactly upon the star,
then, without moving the instrument, note the direction of the star’s
motion and compare with the diagram.




60 MANUAL OF BSURVEYING INSTRUCTIONS.

plify the text., By this means one confusing step in the problem
relating to hour angles for positions of Polaris east of the meridian is
avoided. Polaris crosses the meridian at lower culmination at an
hour angle of 11" 58™ 02°, and in the arrangement of the various
examples, the observations west of the meridian have been referred
to the last preceding upper culmination, and those east of the merid-
ian have been referred to the next succeeding upper culmination,
thue avoiding the introduction of any hour angles exceeding 11k 58m
02s,

Examples of computing hour angles of Polaris; all taken out for
longitude 117° 15/ W.:

West of the meridian, p. m. obsn., U. €. in p. m.

L. M. T. of OIJF!I'I., Feb. 13, 1911 =hh 20), 1m p. m.
Gr. U. C, same date =3" 36.5™ p. m,

Red. to long. 117° 15 W.= - 1.3 =3 35.2. p. m.
Hour angle of Polaris, west =1h 44 gm

West of the meridian, p. m. obsn., U, C, in a. m.

_ . : _[+12

L. M. T. of obsn., May 14, 1011 o i s
Gr. U. C. same date =104 02. 1™ g, in,

Red. to long. 117° 15" W.= —1.3 =10 ' 0.8 ‘a. m
Hour angle of Polaris, west 1 gn 11, gm
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West of the meridian, a. m. obsn., U. 0. in p.m.

L +12

M. T. of obsn., Nov. 3, 1911 e

Gr. U..C., Nov. 2 =10" 43.9™ p. m.

Red. to long. 117° 1/ W. -13 =10 42.6 p.m.
= ug9.Om

Hour angle of Polaris, west

West of the meridian, a. m. obsn., U. C. in a. m.

—

L. M. T, of obsn., Aug. 11, 1911 = Hb05.9™ a, m,

Gr, U. O., same date =4h 13.6™ a. m,

Red. to long, 117° 15/ W. -1.8 =4 128 o m,

Hour angle of Polaris, west = 0" 53.6m
o

FEast of the meridian, p. m. obsn., U. C. in p. m.
e,

Gr. U. C., Dec. 20, 1911 = 7Th 34 8= p. m.
= =13

Red. to long. 117° 15" W, =

L. M. T. of U. C., Dec, 20

= 7 33.b p.m.
T. M. T. of obsn., same date = 4 851 p.m.

== S0 58.4™

Hour angle of Polaris, east
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East of the meridian, p. m. obsn., U. C. in a. m.

Gr. U. C,, Sept. 2, 1911
Red. to long, 117° 15/ W.

L. M. T.of U. C., Sept. 2
L. M. T. of oben., Sept. 1

Hour angle of Polaris, east

Fast of the meridian, a, m. obsn., U, C.

Gr. U, C., Mar. 19, 1911
Red. to long. 117° 15/ W.

L. M. T. of U. C., Mar. 19
I. M. T. of obsn,, same date

Hour angle of Polaris, east

-, i},h ,1';I.1n\ a. m.

=" =13

{..—. 2 46,1 a. m.
12
= 6 84.0 p.m.

gh12.1m

in p. m.

= ]h 42,1® p. m.
= =13

{2 1 40.8 p.m.
+12
= 6 06.6 a. m.

= 7 34.2m
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East of the meridian, a. m. obsn., U. C.in a.m.

2,

e

Gr, U. 0., May 18, 1011
Red. to long. 117° 15" W.

L. M. T. of U. C., May 18
L. M. T. of obsn.

Hour angle of Polaris, east

= Ot 46.4™ a. m.
= -13

o

= § 4561 a.m.
= 4'_42_9‘_9. m.
= b 02,2™

bt

67. By reference to the preceding diagram ghowing the direction

of motion of Polaris in its diurnal circle,
the motion at western elongation is shown
tobe vertically downward, and at eastern
elongation the motion ig shown to be ver-
tically upward. At the epoch of either
Western or eastern elongation the motion
of Polaris in azimuth is zero.

At the equator, if Polaris could be ob-
served, the hour angle of Polaris at elon-
gation would  be 90° 0/ 0 =6" 0™ 0
sidereal hour angles=b" 59™ 1.02% mean
time hour angle, but as stations of ob-
servation are occupied in the higher
latitudes the hour angle of Polaris at
* elongation decreases progressively. The
réason for this is found in the fact that
all vertical planes intersect at the ze-
nith, and the point of tangency of a
vertical plane with the diurnal circle of
Polaris occurs at points corresponding
to decreasing hour angles with the higher
latitudes. The “‘spread” of the two
vertical planes intersecting Polaris at
eastern and western elongation increases
with the higher latitudes, giving in-

N
MNorizen

Fia. 8.— The meridian and

vertical planes tangent to

the diurnal cirele of Polaris

as viewed from inside of the
colestial sphere.

creasing azimuths at elongation with the more northern latitudes.
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68. Mean time hour angle of Polaris at elongation: f==the sidereal
hour angle in angular measure; this converted into time measure,
and this in turn converted from a sidereal time interval into a mean
time interval gives the mean time hour angle of Polaris at elongation:

Cos t=cotan 5 tan ¢

Example of computing the mean time hour angle of Polaris at
elongation, April 3, 1915, in latitude 65° 0/ N., on which date the
declination of Polaris=88° 51/ 20"/ N.:

¢=65° 0/; log tan ¢ = 0. 331327
8=88° b1’ 20""; ' cotan § = 8, 300630

‘“ cost == 8, 631857

Sidereal hour angle =877 32/ 417
70— :‘)"- _45:-——
§0/ == 2m (O8e

41" = b

=ph"" 5om 110
Reduetion to mean time hour angle = —(Qmp7e
Mean time hour angle at elongation =ph  49m 14

ALTITUDE OBEERVATION OF THE S8UN FOR APPARENT TIME,

69. Altitude obeervation of the sun for apparent time: {=hour
angle from apparent noon in angular measure; reverse the signa of
8 for south declinations:

Tan } ,z‘/ffi_n_i_‘_s‘%_d —d)8in § (¥ —¢+3)
F cos § ({+eo-+d) cos § (F—p—5)

70. An altitude observation of the sun for time is made by deter-
mining the correct altitude of the sun’s center and recording the
watch time at the epoch of observation, The following order of
procedure is recommended for the elimination of instrumental errors,
reduction to the sun’s center, and practical elimination of differen-
tial refraction:

A, M, OBSERVATION,

Thoroughly level the transit.

Observe the sun’s upper limb, recording the watch time of observa-
tion and vertical angle.

Reverse the transit.
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Obgserve the sun's lower limb, recording the watch time of observa-

tion and vertical angle.
The mean vertical anglé is equi
sun’s center corresponding to the mean
P. M. OBSERVATION.

valent to the vertical angle to the
epoch of the watch readings.

Thoroughly level the transit.
Obeerve the sun’s lower limb, recording the watch time of observa-
tion and vertical angle.
Reverse the transit.
Observe the sun’s upper limb, recording the watch time of observa-
tion and vertical angle. '
to the vertical angle to the

The mean vertical angle is equivalent
the mean epoch of the watch readings.

sun’s center corresponding to
for apparent time:

Example of altitude observation of the sun
: Final field notes.
August 24, 1900, in latitude 87° 16’ 50/ N., and longitude 102° 12/
W., T make an altitude observation upon the sun for time, making
two observations, one each with the telescope in direct and re
positions, observing opposite limbs of the #un:
Mean observed vertical angle =19°8Y 307
Mean watch time of obgervation= 4" 56™ 04° p. m.
Watch slow of local mean time = o™ 56

Field record.

Vertical angle.

Bun's
Telescope. limbs. \Wnteh time.

10° 83 00"

o e 4h55m2e
10 46 00
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True vertical angle=h==19°37”

Zenith distance  ={=70°2%
Sun’s declination =&=11°05"N.
§= 70°2% R ¢ =70°28
¢= 87 17 ¢=37 17
(§4¢)=107°40/ (r—¢)=33°06"
5= 1105 (+) 3=11°05" (4)
¥ values==
(+48)=118°45  50°22/30” 22°05/30” (fwmgpoud)=dd11/
(t+)=107°40 (¢ —¢)=33°06/
8= 11 05 (+) 5=11 05 (+)
(4=0)= 96°35  48°17/30” 11°00/30 (F—=¢—8)=22°01/
= =
log sin §(¢ ¢ —8)= 9. 873054
“ gin (F—¢+8)= 9. 575201
““ cos §(r+¢-+-8)=0. 707073 9. 448345
* cog J(F—¢—8)=0. 991934
9. 699007 . 9, 699007
EEmm— — 732 =4h50m
“ tan? §¢ - 9. 749338 41/ = 9m44s
“ tan — 9. 874660 24/ = 2s
J=36°5042" =73°41/247 t=dn5amage

Apparent time of observation =—4b54m4ge p. m,
Equation of time 42 14

Local mean time of observation=4h57mpge p. m.
Watch time of observation =4 56 04 p. m.

Waltch slow of local mean time = 0msgs

MERIDIAN OBSERVATION OF THE SUN FOR APPARENT NOON,

71. Meridian observation of the sun Jor apparent noon.—With the
telescope in the meridian elevated to the sun’s al titude, the watch
times of transit of the sun’s west and east limbs are noted, the mean
of which is the watch time of apparent noon; if the observation fails
for either limb the reduction to the sun’s center is accomplished by
adding or subtracting 68 seconds; a refinement in the amount of this
time is had by referring to the Ephemeris for the time of the sun’s

A R SRR e
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semi-diameter passing the meridian for the date of observation; the
setting for the approximate altitude of the sun's center is:
wph00° — kb
OBSERVING PROGRAM.
Determine the meridian by the best means at hand and compute
the altitude setting for the sun.
Level the transit, place the instrament ii the meridian, and ele-
vate the telescope to the altitude of the gun’s center.
Note the watch time of the sun’s welit limb tangent to the vertical
wire,
Note the watch time of the sun's east Timb tangent to the vertical
Wire,
Take the tean of the readings for the watch time of apparent
Ygon from Which to compute the watch error local mean time.
BExample of meridiin dbservation of the sun for appurent noon:
: Final field notes.
August 14, 1909, in latitude 37° 16/ N., and longitude 102° 16 W
with the telescope in the meridian and elevated to thesun’salt itude,
I observe the sun’s transit for time, noting the watch time of transit
of each limb:
Mean watch time of apparent noon=121 00™ 27°

Watch slow of local mean time = 4m (6
Iield record.
Setting: 90° 00

& (—)37° 16 N.
3 = (+)14° 26/ N.

R 67° 09"

- Watch time of transit, W. limb =11» 59= 22
- Watch time of transit, B: limb =12 01 32

Waich time of apparent noon =128 0™ 27*
Apparent noon =128 00™ 00°
Fquation of time== + 4 33

Local mean time of apparent noon=12 104 33

Watch slow of local mean time = 4m (O6*

\——-

The above form of meridian observation of the sun for apparent
noonis by far the most convenient reliable method of time observation.
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TIME FROM THE SOLAR ATTACHMENT,

72. Several of the ‘approved forms of solar apparatus, including
principally the Smith solar attachment and the Burt solar compass,
have a graduated arc or circle mounted normal to the polar axis to ea

indicate the apparent time of observation, The reading of the time

| arc is most conveniently checked by comparison with the above
! ' form of meridian observation. of the sun for apparent noon. An

' error in the reading, of the time arc or hour circle may be corrected
by adjusting the circle, or allowed for asanindex error. . The reading n

of the hour circle may then be safely accepted as giving correct
apparent time for use in computing or taking out required declina- 1]
tions of the sun for the various forms of solar observations. A proper
reading of the hour circle may be safely accepted to indicate apparent
time at which moment the watch reading may be noted, and the
; watch error local mean time determined as shown in the preceding
example of conversion of apparent time into local mean time; this
result derived for the watch error local mean time may then be safely
used in observations on Polaris at elongation, but for observations
upon Polaris by the hour angle method the time should be determined

by 6ne of the more refined methods already given.
LATITUDE,

78. It is absolutely necessary in the operation of any solar attach-
ment to employ the correct latitude of the station, and in general in
altitude observations upon the sun for azimuth or time the latitude
must be well determined. In the public-land surveying practice
all determinations of either time or latitude are an important part
of the program of operations only so far as these functions finally
enter into the establishment of the true meridian; all classes of
observations given in the Manual have been arranged to facilitate
the performance of solar instrumen ts, and for this purpose a definite
knowledge of the true latitude is highly important.  No lack of
reasonable precision should be allowed in the accepted latitude.
The various forms of observations for latitude are very simple and a
considerable series should be taken in every group of surveys, all
reduced to the township boundaries for comparison, until a satis-
factory mean has been obtained.

MERIDIAN ALTITUDE OBSERVATION OF THE SUN FOR LATITUDE.

74. Meridian altitude observation of the sun Jor latitude.—Reverse
the sign of 5 for south declinations:

¢=00°4-5~h

Be &

o e e e
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The following observing program is recommended:

Thoroughly level the transit and place the telescope in the merid-
an elevated to the sun’s approximate altitude at noon.

Observe the altitude of the sun’s lower limb with the sun slightly
st of the meridian.

Reverse the transit.

Observe the altitude of the sun’s upper limb with the sun slightly
west of the meridian.

Take the mean observed vertical angle for the altitude of the
BUn’s center at apparent noon.

The following is an example of meridian altitude observation of
the sun for latitude:

Final field notes.

October 5, 1909, in approximate latitude 37° 20/ N., and longitude
102° 04/ W., I'make a meridian altitude observation of the sun for
latitude, observing the altitude of the sun’s lower limb with the
telescope in direct position, reversing the transit and observing the
8un’s upper limb:

Apparent time of observation, noon=12" 00™ 00°

Mean observed altitude =47° 59/ 45"/
Reduced latitude =37°19/.8 N.
Field record.

Setting: 00° 00/
& ¥ (—) 87%.20" N.
b # (—) 4242’8,
v 47° 58/
Lower limb 47° 42/
Upper limb 48° 14/

O} Observed alt., lower limb, tel. dir,=47° 43/ 00"
=y Observed alt., upper limb, tel. rev.=48° 16" 30"

Mean observed altitude, v =47° 59’ 45"
TRefraction =0 b2
Parallax -+ 0 06

h=47° 58’ B9
5= 4 41 42 8.
¢=37°19".3 N.=90°~8—h=37 19 19

" 90° 00 007

1990°—31——=86
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75. The above-deseribed observation is conveniently combinel
with the meridian observation of the sun for time, by observini
simultaneously the sun’s lower and west limbs, recording the watel
time and the vertical angle and reversing the transit in the intervd
of about 2 minutes, and then observing simultaneously the sun'
upper and east limbs. The settings for the approximate altitude
of the sun’s lower and upper limbs, respectively, are:

p5490° — L 5F 16 T

Example of meridian observation of the sun for time and latitude! ot
. : alw

Final field notes. det

June 8, 1910, in approximate latitude 38° 54/ N., and longitud® p,
77° 017.6 W., I make a meridian observation of the sun for {ime and the
latitude, observing simultaneously the altitude of the sun's lower ]
limb and the transit of the sun’s west limb, reversing the telescope! g,
and observing simultaneously the altitude of the sun’s upper limb {4
and the transit of the sun’s east limb:

Mean observed altitude =73° 5580
Reduced latitude ==38°.63%.7 N.
Mean watch time of observation==12" 06m 40%
Watch fast of local mean time, = = 7m 53
Field record.
Setting: 90 00/

@ (—)838° 54 N,
8= () 22° 49’ N.

LR 73° b5
Lower limb 73° 894
Upper limb 74° 117 T
) h
> .- - Watch time | Observed ver-
Position of telescope, Position of sun, Aeduaity tical anglo,
by PR R AL e H- 128 06m 37| ' 73° 420 307 | )
|
Bavorsed. cocuvevinsinsnivs D1 13 07 42 74 08 30
Mean....... ety LaondrTies, IR [ 120 o6= d0n | 73° 6y 807
Refraction.... e —16
g H et L L RS S budae s sundanesas - +02 L

78° 55 16"
.=112 49 00

.= 38° 53" 44"

h
S 22° 49" 00" BO° 43

A



y Watch time of apparent noon...... =120 - 06™ '40°

j Apparent noon..... =120 00™ 00

J BEquation of time..= "= 1ulo18

'l Local mean time of apparent noon.=11; b8 _ 42

¥ LN .
Watch fast of local mean time..... = qm 58

The known latitude of the above station is 88° 537 407, but it can
ot ho assumed that any one altitude observation of the sun will
always give a result so close to the true latitude. Tn general a better
determination of the latitude by this method is possible only by
Making g series of observations on successive days, or by combining
the result with Polaris observations for latitude.
For the purppse of a test as to the accuracy of the above time
: observation, the same watch was compared with a Western Union
telegraph clock as follows:
75th meridian time of comparison.=12" "00™ 00*

Correction for longitude 77° 1.6/v..= —08 06
T.ocal mean time of comparison. . (=110 b1m™ - B4*
Watch time of comparison. ....... =11 60 - b6
Watch fast of local mean time.....= gm (02°

ALTITUDE OBSERVATION OF POLARIS FOR LATITUDE.

76. Altitude observation of Polaris at upper culmination for latitude:
b==h-4-5-90°
Altitude observation of Polaris at lower culmination for. latitude:
The mean time hour angle of Polaris at lower culmination is 11
hours 58 minutes 2 seconds:
d=h+90°—3
The settings for the approximate altitude of Polaris at upper and
lower culminations, respectively, are:
v b (90°—9)
The following progtam is recommended in altitude observations
of Polaris at culmination for latitude.
Compute the local mean time and watch time of culmination.
Thoroughly level the transit.

About four minutes before culmination observe the altitude of

Polaris with the telescope in direct position.
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Reverse the transit and observe the altitude of Polaris.
Again level the transit.
Observe the altitude of Polaris with the telescope in the reversed
position.
teverse the transit to the direct position of the telescope and again
observe the altitude of Polaris,
Take the mean observed altitude to use in the reduction.

Example of altitude observation of Polaris at lower culmination
for latitude:

Final field notes,

June 19, 1910, in approximate latitude 38° 54/ N., and longitude
777 0176 'W., T make an altitude observation on Polaris at Tower
culmination for latitude, making four observations, two each with
the telescope in direct and reversed positions:

Watch fast of 75th meridian

standard time by comparison — Om 244
Mean watch time of observation = Thqqm 378 . m,
Mean observed vertical angle ' = 37° 447 007
Reduced latitude = 38° 53”4 N.

Field record,

Setting: 90° 00/
64 88° 49/

90°=5 5 1° 11/
¢#38° b4’

V9£37° 48/ =g —(90°—=3)

Gr. U. C. of Polaris, June 19, 1910 ™8™ a'm

Reduction to longitude 77° 1.6’ W, e -0.8
Reduction to lower culmination =--11 58.0
™36.9™ p.m.
==
L.M.T.ofL. C. of Polaris, June 19 = 7h36™ 54" p.m.
Watch fast of 75th meridian standard time by
comparison with a Western Union telegraph
clock = 0 24
Correction for longitude 77° 017.6 W. =4 8 06

Computed watch time of lower culmination =~ = 7h 45m oge p.m.
. ——
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Telescope. ‘fﬁﬂ' v&?t;?l

37° 42’ 30"
37 4 30
37 45 30
37 43 30

37° 44 00
-1 15

e SRuaks
1 h-a?. 42} “’l
BIBE® 407 20/1: 0% v crssnrsemesngnsensiasessanssghssasnssaznene = 10 10
$o=38° 53" .4 N, B (07=8) aqomuccssonerssssbnnsssnassnsansstinsnaggs =38° 53’ 25"

76=A. To find the latitude by an altitude observation of Polaris
at any hour angle, see section 133-A, page 131.

AZIMUTH.
THE SOLAR ATTACHMENT.

7. The solar attachment to the engineer’s transit has been
designed for instrumentally setting off the sides of the “pole-zenith-
sun” triangle in agreement with their angular values at the station
and time of observation. The sun’s image may be brought into the
line of collimation of an suxiliary telescope by orientation of the
transit to the position where the instrumental parts are made parallel
to the respective sides of the celestial triangle, whereupon the verti-
cal plane of the ““pole-zenith” arc of the solar attachment will
coincide with the true meridian, Skillfully handled, the solar at-
tachment will give at once close approximations to the true meridian
comparing favorably for accuracy with direct observations. The
advantage in the proper use of the solar attachment is found in its
rapid and close determinations of the meridian in heavy timber,
dense undergrowth, and strong wind, in low swamp or on high
mountain ascents, and under nearly all other difficult physical
situations encountered in the field, avoiding in its proper use accumu-
lative errors incident to the prolongation and deflection of transit
lines, and deviations in the azimuth of Jatitudinal lines. On the
public-land surveys, the Smith solar attachment, designed in 1880
by Benjamin H. Smith, a United States surveyor of Colorado, has
given the most general satisfaction. The later models, as perfected,
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have been adopted as the standard instrument of the General Land
Office cadastral surveying service,

A description of the standard model of the Smith solar attachment
is here given in-order to preface a discussion of the theory, adjust-
ment, test, and use of the instrument. A description of only one
other solar instrument is included owing to the wide differences of
design, and the impossibility of a general treatment of the adjust-
ments, test, and use; without an elaboration of the subject boyond
the purpose of the Manual. If nonstandard instruments are sup-
plied to the engineers, the proper supervising officer will furnish
suitable insttictions regarding their adjustment and use.

-4
DESCRIFTION,

78. The working parts of the Smith solar.attachment consist of
five fundamental features, each performing its own distinctive
function, The principles involvéd have been adapted to various
types of construction, and the efficiency of the different designs is
related directly to the perfection which may be attained in making
& proper adjustment in the field, the stability of the adjustments
when made, and the compactness of the design, considering protec-
tion to the working parts and proper distribution of weight. The
five fundamental working parta consist of:

1. An auxiliary telescope whose line of collimation is the polar
axis of the solar attachment: the telescope may be revolved in col-
lar bearings which are securely mounted on a vertical limb,

2. The vertical limb is mounted on a horizontal axis and has a
graduated Tatitude are in'its vertical plane.

3. A plane mirror at the objective end of the auxiliary telescope
with an axis normal to the line of collimation, and an arm leading
to a graduated declination are,

4. An hour eirele on the auxiliary telescope mournted normal to
the line of collimation :

5. A set of equatorial wires parallel to the axis of the reflector.

In all the forms of construction of the Smith solar attachment the
auxiliary telescope is mounted in & vertical plane parallel to the
transit teldscope. Thus, if the instrumerit is in proper adjustment
and oriented to the true meridian, the polaraxis of the solar attach-
ment may be made parallel to the earth's polar axis by setting off
the true latitude of the station. The sun’s rays are brought into the
auxiliary telescope by means of the mirror, due allowance being
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Fig. 0.—The solat tranait a8 it appears in use.
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made for the sun's declination north or south of the equator, but to
bring the sun’s image into the auxiliary telescope the latter must be
revolved in its collar bearings until the reading of the hour circle
agrees with the sun’s apparent time. When the auxiliary telescope
is thus revolved the sun’s image will traverse the field of the eye-
piece parallel to the equatorial wires with the limbs of the disk tan-
gent to thesame. 1If the transit is turned in azimuth the sun’s image
will immediately depart from the equatorial wires, except at noon
when the image will follow the equatorial wires whether the transit
be turned slightly in azimuth or the auxiliary telescope be revolved
in hour angle. At apparent noon the declination arc is in a ver-
tical plane and at this time an absolute determination may be made
of the correctness of the reading of this arc,

In the modern construction the solar attachment is mounted
upon the east standard of a regular light mountain model full engi-
neer’s transit, the horizontal circle of which has a diameter of 4%
inches, with a vertical circle of 4 inches diameter. The horizontal
distance between the vertical planes of the transit and auxiliary tele-
scopes is a trifle less than 4 inches, The auxiliary telescope has a
focal length of 4 inches and a magnifying power of about 10 diam-
eters. The latitude arc has a radius of 3 inches, and the declination
arc has a radius of 3} inches. Upon the latter arc the graduations
read the true declination and, as the mirror needs to be turned only
5 to correspond to a change of 102 in the sun’s declination, the gradu-
ations are made in one-half space, i. e,, aninterval of 10° on the arc
as graduated occupies a segment of only 5°. At zero declination
the plane of the mirror is at 45° to the line of sight of the auxiliary
telescope. Both telescopes are fitted with the necessary colored
glass ehades for observing the sun. The base plate of the solar is
mounted upon three foot posts, adjustable by means of opposing
capstan nuts. This three-point base forms a right-angled triangle,
with one side horizontal and one side vertical , thereby permitting
adjustment in either of two directions: (a) One about a horizontal
axis, and (b) one about a vertical axis. - Suitable capstan nuts are
also placed at one end of the auxiliary telescope to provide for its
proper adjustment with respect to the axis of the latitude arc.

Good solar work must depend first of all upon the proper adjust-
ment of the transit upon which it is mounted, with great care in keep-
ing every working part cleaned, suitably oiled to work smoothly, and
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Protected from adverse weather and injury. The same precautions
are due the solar attachment. 1t will give very efficient meridional
performance if properly adjusted and operated; nothing less can be
conceded.

Boforoe starting in with the adjustments it should be determined
that the auxilisry telescope revolves smoothly in its collar bearings,
neither too tight nor too loose; that there is free and smooth motion
0 the latitude and declination arcs; that the clamps are positive and
the tangent motions smooth and free in either direction; that the
eye-piece is carefully focused upon the cross wires; and that the
objective is ‘carefully focused upon any quite distant object, then
secured in this position. The eye-piece turns freely and has a pin-
which travels in a guide slot; this pin is not a clamp. The objective
may be moved by first loosening, then pushing the screw, which will
bo found to travel in a guide slot near the lower (or left hand) collar

ADJUSTMENT.

79. The field adjustments of the solar attachment should be con-
sidered in the following order:

1. The equatorial wires must bo made parallel to the axis of the
reflector.

9. The line of sight of the auxiliary telescope must lie in its true
turning axis.

8. The polar axis, or line of sight of the auxiliary telescope, must
be normal to the axis of the latitude arc, describe a truo vertical
plane when turning on said axis, and said vertical plane must be
parallel to the vertical plane of the transit telescope.

4. The latitude arc should read zero when the auxiliary telescope

5. The declination arc should at all times read the true declina-
tion of the sun plus the refraction in polar distance.

6. The hour circle should read the sun’s apparent time.

There are two ot mote methods of testing each and every adjust-
ment, but those stated below are without doubt the gimplest, and
most rapid and reliable of all fiold methods. The true meridian
should be established by Polaris or other independent observation,
upon which to test the solar, but otherwise it plays only a small part
in the adjustments of the solar attachment. The true latitude of the
station must be definitely known. There ghould be a clear view to 8
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distant object in the horizon, but. if an object less than a mile away
must be utilized due allowance may be made for the horizontal dis-
tance between the vertical Planes of the transit and auxiliary tele-
BCOped,

L. The equatorial wires.—Set, up the instrument as in a regular
solar obseryation, setting off the known latitude. declination and
apparent time, and bring the sun's image accurately between the
equatorial wires by orienting the trangit approximately to the meri-
dian, in which position the instrument should be clamped, (See
fig. 9.)  Turn the a ixiliary telescope in honr angle, causing the sun’s
image to travel across the ficld from gide to gide.  If the image follows
the equatorial wires accurately the latter are parallel to the axis of
the reflector as required.  If the sun’s image departs materially from
the equatorial wires, the capstan screws which hold: the diaphragm
should be loosened and the reticle may be rotated until the equa-
torial wires are made to agree with the path of the sun’s image across
the field, then return each capstan screw o a proper seat,

2. Collimation of the auziliary tr-h-ar-nptf.——Swiug the mirror to give
a direct view through the auxiliary telescope, (See fig. 10.) Set
the line of sight on g distant point and clamp the instrument.
Revolve the auxiliary telescope 12 hours in hour angle. If the line
of sight remains fixed on the distant, point it agrees with the turning
axis as required. If after revolution, the line of sight appears to be
above or below, or to the right or left, of the distant point, one-half
of the differences should be taken up with the capstan screws which
control the diaphragm. The test should be repeated until the auxili,
ary telescope is in perfect collimation,

3. The polar azis.—Carefully level the transit and then sight the
main telescope to the distant point and clamp the instrument; sight
toward, the same point with the guxiliary telescope, and place the
striding lovel on the latitude axis, (See fig. 10.) The striding level
should be reversed to see if there is any error in the level itsell, and
if 80 take the mean position for the true indication of the level. It
the latitude axis is not horizontal it may be made so by adjusting the
lower pair of capstan nuts on the base frame of the solar attachment,
II the line of sight of the auxiliary telescope is not parallel to that
of the main telescope it ma ¥ be made parallel by means of the left-
hand upper pair of capstan nuts on the hase frame of the solar. After
fulfilling the foregoing conditions turn the transit 180° in azimuth and
reverse both telescopes so as to sight again 16 the same distant object,



Fia. 10.~Direct sighting through the auxiliary telescope, with the mirror swung to
a central position, and showing the striding level on the latitude ax is.
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setting the main telescope upon the object. (See fig. 11.) If the
auxiliary telescope does not again sight upon the distant object, one-
half the error is due to its line of sight not being at right angles to the
axis of the latitude arc. Take up half of the amount of the error
by means of the pair of capstan nuts at one end of the auxiliary
telescope, and take up half of the error by again correcting the
left-hand upper pair of capstan nuts on the base frame of the solat.
The line of sight of the auxiliary telescope should now be normal
to the axis of the latitude arc, should describe a vertical plane when
turning on said axis, and said vertical plane should be parallel to the
vertical plane of the transit telescope. The tests should be carefully
repeated until the adjustments are perfected.

4. The latitude vernier—Carefully level the transit, clamp the
latitude arc at zero, and place the striding level in position on
the auxiliary telescope. (See fig. 12.) The striding level should be
reversed to see if there is any error in the level itself, and if so take
the mean position for the true indication of the level. If the aux-
iliary telescope is not horizontal it may be made so by means of the
tangent motion of the latitude arc. When the auxiliary telescope
has been made truly horizontal the reading will indicate the index
error of the vernier of the latitude arc. The vernier is held in posi-
tion by two screws passing through elongated holes, and by loosening
the screws the vernier may be shifted to read zero, or the difference
from zero may be carried as an index error.

b. The declination vernier.—~A few minutes before apparent noon
set the instrument in the established meridian. Set off the known
true latitude, allowing for any index error in the vernier of the lati-
tude arc. Carefully level the transit and clamp the instrument
with the main telescope in the meridian. Bring the sun’s image
into the field of the auxiliary telescope by turning this telescope in
hour angle. At apparent noon bring the sun’s image accurately
between the equatorial wires by means of the tangent motion of the
declination arc. The difference between the reading of the declina-
tion arc and the calculated declination (corrected for refraction)
will indicate the index error of the vernier of the declination arc.
This vernier is also held in position by two screws passing through
elongated holes, and by loosening the screws the vernier may be
ehifted to read the calculated declination for apparent noon of that
date, or the difference may be carried as an index error, This test
should be made every day the instrument is used. If by some

|
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Fia. 11.~The suxiliary telescope in reversed position.
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failure in the adjustments of the solar attachment a difference of #
much as 30” from previous tests should be discovered in the not
observation, the new error will generally be found.in one of thr®
places: (a) The auxiliary telescope may be out of collimation; () ﬂl‘
vernier of the latitude are may have become loose and shifted; or (¢
the vernier of the declination arc may have become loose and shiftet
Any slight error in the other adjustments, or in the determination 0
the established meridian, will not appear in the noon test of thi
declination arc.

6. The hour circle.—A few minutes before apparent noon set tht
instrument in the established meridian,  Lovel the transit and clamf
the instrument with the main telescope in the meridian and elevatel
to the sun’s altitude. Set your watch to read 12 o’clock as tht
sun’s center crosses the vertical wire of the main telescope. At anf
convenient time thereafter st off the proper readings on the latitude
and declination ares, and with the instrument in the meridian, bring
the sun’s image to the center of the field of the auxiliary telescop?
and observe the watch time. If the reading of the hour circle agreef
with the watch it is in adj ustment; if not, it may be made to read
apparent time by loosening the set screw which holds the hour circld
in position and shifting the circle until the reading agrees with the
watch, care being taken not to move the auxiliary telescope in hout
angle until after the set screw is again seated. The test may then
be repeated as often as desirable,

USE,

80. Before using the eolar attachment the latitude of the station
and the sun’s declination (properly corrected for refraction in polat
distance) must be known and accurately set off on the respective
arcs. The instrument is carefully leveled and the apparent time
set off on the hour circle. The transit is then oriented to the meri-
dian. The plates are generally first set at zero and the sun’s image
brought into the field of the solar telescope before setting the lower
clamp; thereupon the sun’s image is brought accurately between
the equatorial wires with the lower tangent motion; this gives the
golar meridian, The transit may then be used for any normal func-
tion. The solar meridian may be tested as many times as may be
desirable by simply setting the plates back to zero and turning the
auxiliary telescope in hour angle to the apparent time; this brings
the sun’s image again to the center of the field." 'Thesun’s declina-
tion is constantly changing at a very slow rate, so that it is necessary

—
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Fia. 12.—The striding level on the auxiliary telescope.
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to correct the reading on the declination arc with its tangent mm‘,iﬂ’ﬁ‘e
to agree with the declination of the sun for the apparent time 0 u,
observation,

The great advantage of the Smith solar over all other forms ¢™
solar attachment is found in the fact that the latitude and declind "
tion arcs remain clamped while the transit is being used in any not °
mal function. Upon setting up at a second station it is necessar [l
merely to correct the latitude and declination arcs with their tangen' .
motions to agree with any change from the previous station, ol ®
this reason it may be operated more rapidly than any other form '°
of solar attachment. Infact, the solar meridian is so quickly deter
mined that the observation is usually repeated at every station.

The same restrictions which must be recognized in making dired
observations on the sun operate in the same way as a prohibition i1 g
the use of any solar instrument. There are only two such limite
tions: (1) When the sun is within two hours, or possibly an hour and
one-half of the meridian; and (2) when the sun is low in the horizon.
In the first instance, the sun’s relative rate of change in azimuth i
much greater than the rate of change in altitude, and a small errof
in adjustment or in setting the arcs is greatly multiplied. In the &
second case the refractions are great, more or less uncertain, and
changing rapidly.

The latitude of the station should always be determined with

great care. Altogether too many maps are unreliable in this respect.
If the latitude has been determined by competent observers, well
and good, it may be free from error, but the direct altitude observa
tion upon the sun for latitude is so simple and the reduction so easy
that every operator of a solar transit should make it a practice to
accomplish direct observations on the sun for latitude on as many
successive days a8 may be necessary to give areliable determination
of the true latitude of any unknown station.

TEST,

81. When the solar attachment has been put in good adjustment
it is proper to test it frequently on a true meridian established by
Polaris observation or other approved method. The test consists
merely in determining & meridian with the solar and comparing
this indication with the true meridian established by other reliable
method. The test should be repeated in a, m. and p, m. hours at
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uﬁ"’quﬂnt intervals, and the noon observation should most certainly
» (P° taken every day that the solar is used.

Tllm. gelection of the method of observation to establish the true
] dMeridian will be made by the engineer, the facts relative to which
Lnl“.zl: fo appear in the final field notes, and the solar attachment may
uoli d considered in satisfactory adjustment when all meridional tests
arj during the usual hours of solar work are found to come within 17 807
enl °f the true meridian, whereupon the certificate of the engineer’s
F ®Xamination of the adjustments of his instrument will take. the

o ‘Olowing form:

Lar —
Flold rocord. || Final fleld notes.
s’ \ | et biph

B Solar Transit No. 8028, || Nov. 16, 1911, at my station in_ Bee.
ol <plggooolination el Greenwich noon 35, T. 11 N., R. 8 ., 5th Prin, Mer.,
lt:z Digt g0 s Tocalapp.t. -:svsn;oﬁ"g. értlm%lmédinhlatziudn 35° szin:ﬂ 'Ni.t, a8

{ ” - - . jptermin @ mean o titude
5 Iagm ‘ e observations gn the sun on Sept. 26
. p.m, ~18°38 26" 8. and 29, 1911, heretofore described,

i Jongitude 90° 25 1., 1 examine the ad-

: jnsEmTlm of thﬁll!bstrmnt;;t &:’d c?r-
° rect all errors. en solar

ml'. 3.8 o apparatus by comparing itsindieations
po AR B H'® 8 38 N & | hourly with the (L0 meridian_estab-
nd ¢ 1};{1} h}a}y tl’?.;m’ observation Sept, 26,

atofore |

9 i MmE At b 20m 8. m,.upP.L,i sot off 35°353'N.,

: tf on the lat.arc; 4°32.5 8., on the docl,
th Bl /! arc; and determine o meridian th the
ot 3 m - rglm' Jh'}ﬁhml find to agree with the

1 o 1o mer 1.

1 At app. noon, with the lat. are un:
o B y LoD observe the sun on the
a 1 / meridian; the resul mdi% of the

i T decl. arc is 18° 34,5 5. whicl rees
8Y ' Naon : e ¢ i with the computed declination of the
to sun.

U § | AL 3h0m p. m., app.t., with the lIat. are
1y 2 }ay J# \mchanged, 1 So ot 18° 3678, on the
)n | decl, arc; and determine 8 meridian

3 / with the solar which T find to agree

" . with the true meridian.
& hXdd b As all of the solar obseryations during
RS 4 | ¢ e the usunl hours of solar work coms
- within. 1’ 80" of the true 1
sonclude that the ndjustments of the

0t | *Adjugt ausxilisrytelescope for collimation. | instrument are satls

'y & e bl

g THE SOLAR COMPASS.

o 82. The first solax instrument was designed in 1830 by William A.
it Burt, o United States surveyor, of Michigan, Since its intro-

1900°—81-—T
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duction the instrument has been extensively used in puhlie-.—lmld
surveying; the solar compass has given general satisfaction and jt
still used to some extent in the public-land surveys, but in recen!
years it has been largely superseded by the more complete instri®
ment already described. The Burt solar apparatus is designed fof
mounting upon an open-sight compass,~commonly used in the
early public-land surveys. A polar axis is fitted in line with the
terrestrial sights when the plate verniers are set at zero. The i
clination of the polar axis is controlled by a latitude arc mounted i
the same vertical plane. Normal to the polar axis there is a revolv*
ing arm upon which is mounted a declination arc and two solar linef
of collimation, one for north declination of the sun, and one for south
declination. TEach line of collimation consists of a lens and silver
plate or disk mounted upon opposite ends of the revolving armj
parallel equatorial lines are drawn upon each disk symmetrical with
the axis of the opposite lens. I'wo adjustments are peculiar to the
Burt solar compass, which are here given for the engineer’s referenct
in the field; these adjustments should be made when the sun is within
an hour of the meridian.

(1) To make the solar lines of collimation parallel—The declination
arm will be detached and replaced by an auxiliary frame upon which
the arm will be laid. Set the latitude and declination arcs approx-
imately correct for the hour, date and station, and bring the sun’s
image upon either disk as in an orientation to the meridian. Now
turn the arm over, without reversing from end to end, and see if the
sun’s image again comes between the equatorial lines; if not, adjust
the disk for half the difference and repeat the test until satisfactory-
When this has been accomplished, reverse the arm from end to end
for the purpose of adjusting the second disk with respect to the
opposite lens. Remove the auxiliary frame and attach the declina-
tion arm in place.

(2) To set the vernier of the declination arc.—Set the declination
vernier {o read approximately zero, and bring the sun’s image upon
either digk as in an orientation to the meridian, changing the eleva-
tion of the polar axis as may be necessary to bring the solar line of
collimation upon the sun. With the sun’s image accurately between
the equatorial lines, clamp all other motions and reverse the declina-
tion arm on the polar axis, thus bringing into use the second line
of collimation. Noteif the image of the sun is now squarely between
the second pair of equatorial lines; if not, correct half the differ-




INSTRUMENTS AND METHODS. 87

ence by movement of the tangent screw of the declination arc.
Again orient in azimuth to bring the sun’s image accurately between
the equatorial lines, clamp and reverse as before, repeating the test
until satisfactory. When the lines of collimation have thus been
made truly at right angles to the polar axis, the vernier may be shifted
to read zero in this position.

The general test of the Burt solar compass, by comparing its indica-
tions, resulting from solar observations made during a. m. and p. m.
]_10um, with the true meridian determined by independent method,
i8 similar to the test of the Smith solar attachment except in respect
to the test of the latitude arc. No provision is made for independent
adjustment of the latitude arc, and in the operation of the Burt
solar compass the latitude is used as given by the instrument resulting
ftom @ meridian observation on the sun. In this respect therefore
the noon observation with the Burt solar compass differs from the
Noon observation with the Smith solar attachment.

Example of noon observation with the Burt solar compass, in lati-
tude 38° 53’ 40”” N., and longtitude 77° 01. 6" W..:

“May 6, 1910: At this station I set off 16° 2¢/ N., on the decl. arc;
and, at apparent noon, observe the sun on the meridian; the result-
ing latitude is 38° 54’ N."”

ERRORS IN AZIMUTH, DUE TO SMALL ERRORS IN DECLINATION OR
LATITUDE.

83. It may frequently happen with a golar transit, especially at
the beginning of a new survey or with an instrument insufficiently
F‘Bted, that the first meridional trials are made with slight errors
in the settings of the latitude and declination arcs, resulting in small
errors in azimuth. This may be particularly true with a solar
Compass prior to a determination of the instrumental latitude. The
correction of such errors has been provided for in Table 22, Standard
Ficld Tables, which may be applied to results of gingle observations
with considerable certainty, but not so well to & geries of observations
as in ordinary line work owing to the changing values (for hours from
noon) of the correction coefficients. The explanation with the table
gives a key to the direction of the azimuth errors on account of small
errors in setting the latitude and declination arcs.

For example, at 9140™a. m., app. t., ata station in latitude assumed
to be 46° 20 N., a test was made with a solar transit whereby the trial
indication was found to fall 0° 05’ west of the true meridian, Sub-
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sequent determinations of the true latitude of the station and of the
correctness of the vernier of the declination are showed that the
actual latitude of the station was 46° 2175 N., and that the vernier
of the declingtion are had an index error which gave reading®
0° 00/.5 8. of the calculated declination (i. e. reading 15° 19".56 N.
for a calculated declination of 15° 20/ N.). Thus in the test the
latitude arc was set 17.5 8. of the correct latitude of the station, and
the declination arc was actually set 0.5 N. of the value that would
have been set had the index error been known.
Table 22 is entered to obtain the correction coefficients:

! Honrs from noon.
Latitude, |

|7 Eagm, | O 20m, ah (e,

1 el t | - LT ! L

e o0 | 2,83 | 2.55 2.00 |
80 81 B b sl st shenip | 2.08; lceapsionesene Declination coodll-
50 00 | 311 | B 2.%0 cient,.

| | 0 i s 1
45 00 | 2.45 ‘ 2.10 | 141
48 3105 i b iwndvs cushh Bl @ il canmvnias Latitude coeflicient.
50 00 | 2,060 | 2.31 1. 56

The corrections are then applied as follows:

Indication of solar in test =8.0° 05°.0 W,
Correction for declination = 0 01 .3 I.==(2.62X0.5)
Jorrection for latitude =0 103 .2 E.=(2:16X1.5)

Corrected indication of solar=8. 0° 00".56 W.

The above corrections will often serve to explain the apparent
errors of the solar, but these are not intended for use in line work,
and ean not be accepted in lieu of satisfactory subsequent tests
based on correct values.

In the above connection it should be explained that it is not
deemed desirable to burden the official record with evidence of
correction for index errors found in the verniers of the latitude and
declination arcs, other than to state, when such are determined, that
the same are forthwith removed or are allowed for in subsequent

observations.
POLARIS AT ELONGATION,

84. The engineer having thoroughly considered the theory and
use of the solar instrument in its relation to the public-land surveys,

|
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and presumably mastered its operation, his attention is now directed
to the approved methods of observation to establish the true meridian
With which to make comparisons of the indications of the: solar
apparatus as & necessary test of such an instrument, or without a
solar instrument, the establishment of the true meridian from which
to project transit lines and to test the calculated course thereof.

Of the various independent methods of observation to establish
the true meridian, the simplest and most reliable is found in the
observation upon Polaris at eastern or western elongation.

Azimuth of Polaris at elongation:
Y
.t cos &
Sin Aﬂms rd
Zenith

The meridian and vertical planes’ tangent to the diurnal circle of Polaris as viewec
from outside of the celostial sphere.
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Example of computing the azimuth of Polaris at elongation, Octo-
ber 20, 1910, in latitude 46° 20/ N., on which date the declination of
Polaris==88° 49/ 487 N.:

log cos 4=8.310033
‘4 com $==9.830140

¢4 gin A=8.470803

A=Azimuth of Polaris at elongation=1° 417 417,

85. A table of azimuths of Polaris at elongation for latitudes from
25° to 70° N., appears in the Ephemeris, arguments: declination of
Polaris, and latitude of station.

Example in the use of the table of azimuths of Polaris at elongation,
same date and station as above, showing the method of interpolation:

Declination.
Latitude. 88° 40’ 40" 887 40’ 48" 88° 49’ 50",
Azimuths at elongation.
46° 00 17 41" 15" 17 41’ 4" 1* 41" 1"
46 20 1 41 42
47 00 1 43 08 1 42 &7 1 42 6

By interpolation in the table the required azimuth of Polaris
at elongation is therefore found to be 1° 417 427,

86. An observation upon Polaris at elongation for azimuth con-
gists in marking upon the ground a point to define the true line of
gight to Polaris at the epoch of elongation, from which to lay off the
true meridian. An equivalent process is to determine the true
horizontal angle by deflection from a fixed reference point to Polaris
at the epoch of elongation, by which to determine the true bearing
of the reference point.

POLARIS AT ELONGATION, OBSERVING PROGRAM “‘a.”

87. Select the observing station ana make suitable provision to
mark the line defining the direction of Polaris at elongation; the
flag point should be from 5 to 10 chains N. of the transit point, and
ghould be cleared of all obstruction before dark. Determine the
local mean and watch time of elongation of Polaris, provide suitable
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illumination for both the transit and flag point, and have every-
tt{:ning in readiness as much as 15 minutes before the time of elonga-

n.

Thoroughly level the transit.

About six minutes before elongation, with the telescope in direct
Position, bisect Polaris, note the watch time, and mark the direction
of sight. i

Reverse the transit, bisect Polaris, note the watch time, and mark
the direction of sight.

Again level the transit.

With the telestope in the reverse position bisect Polaris, note the
Wwatch time, and mark the direction of sight.

Reverse the transit to the direct position of the telescope, bisect
Polaris, note the watch time, and mark the direction of sight.

By daylight determine the mean (a) of the first and fourth sights,
and (b) the mean of the socond and third sights; then take the mean
of points ““a” and “d” to define the true direction of Polaris
at elongation.

The mean of the four watch readings may be taken as the watch

time of observation, which if within four or five minutes of correct
watch time of elongation, the mean position of Polaris during the
observation will be within 1/ or 2/ of true elongation. The proper
value of the azimuth of Polaris at elongation having been taken from
the table is then used to lay off the true meridian to the east for west-
ern elongation or to the west for eastern elongation.
_ The above program practically eliminates jnstrumental errors
in observation. In laying off the azimuth of Polaris, the angle may
be laid off directly, if desired, checked by the method of repetitions,
and corrected if necessary; ot the azimuth angle may be laid off by
the natural tangent method; this should then be checked by reading
the angle on the plates.

Example of observation of Polaris at elongation, observing pro-
m “G:”
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|
Yield record. Final fleld notes,
)

Sept. 10, 1911, Gr. E. E, || Sept. 10, 1011, in camp at the

of Polaris, 1at, 40° =88 17.0m P, MU standard cor. of Tps. 1 N.,
Red. to long. 111° 45 W, -l Rs, 39 and 40 E., Boise Mer,
Red. tolat. 43° 22 30" N. - 40,5 in latitude 43° 22 30" N., anc

longitude (111° 45 “'W., at

& logn p. m., I m, firal
L. M. T, of E, E. of Polaris. .... = b 16, 3o p. m, observe Polaris at ' eastern
Watch slow of 1. m, t. -l elongation, making four ob-

—_—i servations, two each with
Watch time of E. E. =814, 6= p. m, the telescope in direct and
reversed pogitions, and mark
the mean point in the line

Telescope. I Watch Time. thus determined, on a peg
driven firmly in the ground,
T E— | 5 B g | R ] L
Direck.i. .ccicins laa- andd- 30 <4 |Hh0‘¥n211' P L I atedvidhi (o Polede 6t santhrn
{mg:ﬂ ................ 811 20 [ elongationm1° 307 277"
Direet.. . cnpesdsionna apcme e 2 . Sopt. 112 T lng ff thé azimuth of
Mean olaris, 1° 36’ 30", to the west,
and mark the meridian thus
|| determined, hyia tack in a peg
Declination of Polaris=88° 40 54" N. | tﬁirl}l\l;:‘nNt.lrmly Hr e g

Declination, |

7 |
Latitude. | 88° 40" 507 ’w 49" 54’ I 88" 49/ 60" |

Azimuth. I

43° 00’ 00 | 1° 35’ 57’4 1°3H 61 1°35' 43" ‘
43 22 30 1 3627 |
44 00 00 1 .37 33 1 37 27 137 19

The above program of observation of Polaris at elongation is the
most convenient method where there is an opportunity to mark the
direction of the line of gight. Occasionally conditions obtain where
it ig impossible to define or mark the direction of the observation;
the program may then be altered to the reading of deflection angles
as shown in the next method.

POLARIS AT ELONGATION, OBSERVING PROGRAM “‘b."

88. Select the observing station and mark a point by driving
a tack in a peg driven firmly in the ground approximately in the
true meridian as determined by the solar before sunset, or choose
other suitable reference mark in any direction. The reference
pointshould not be nearer to the transit than 5 chainsdistant. Deter-

e g e, Gl
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mine the local mean and watch time ot elongation of Polaris, pro-
vide suitable illumination for both the transit and flag point, and
have everything in readiness as much as 10 minutes before the time
of elongation.

Thoroughly level the transit.

About 6 minutes before elongation with the transit in: direct
DPosition, read and note the deflection angle from the reference point
1o Polaris, noting also the watch time of observation.

Reverse the transit and read and note the deflection angle from
Ele reference point to Polaris, noting also the watch time of observa-

ion,

Again level the transit.

With the transit in the reverse position again read and note the
deflection angle from the reference point to Polaris and note the
watch time of observation.

Reverse the transit to the direet position and again read and note
the deflection angle from the reference point to Polaris, and note
the watch time of observation,

As the position of Polaris remains within about 0° 00/ 01”/ of true
elongation for a period of about five or gix minutes either side of the
time of exact elongation, the observation may be considered satis-
factory if all of the watch readings fall within, the stated period.

The mean of the four horizontal deflection angles may be taken
to which must be applied the value of the azimuth of Polaris at
elongation taken from the table, to obtain the true bearing of the
reference flag, from which the true meridian may be laid off, or the
flag may be used as a reference point.

A reference point in any direction may be used in the above
method; the direction of the deflection from the reference point to
Polaris should always be clearly stated. The insignificant figures
of the final result may be discarded if the value of the bearing angle
does not enter into another determination that demands great pre-
cision. Tn the example below the true meridian may be laid off by
accurately measuring a distance from the reference point, at right
angles to the line of sight, found by multiplying the distance from
the instrument to the reference point (660 ft.) by the tangent of the
bearing angle (nat tan 0° 00/ 4477=0.00021) which gives 0.14 ft.
Alfter laying off the true meridian the angle from the reference point
may be checked by the method of repetitions.
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Example of observation of Polaris at elongation, observing pro-

grmlib!!:

Field record.

Apr. 1, 1011, Gr. W. E.
of Polaris, lat. 40°

Red. to long. 104° 30" W,
i i Iﬂt- “B ]3! N.

L. M. T. of W. E, of Polaris.
Watch slow of L. M. T,

Watch time of W. E

==l 46, 1m p, m,
11 |

- =~ 1.0

w=fib 44, 0m p, m,

- — 3.0

== b 41, 1™ p. m.

Telescopo.

Direot’......

Mean. .

6h 37m 22e
6 89 40
6 43
6 45 30

Watch
time.

14

|
1

Deflection
angle,

1° 41" 00"
1 .40 30
1 40 00
1 40 30

gh 41m 260 ‘ 1° 40’ 30"

Declination of Polaris=88° 49’ 58" N,

Declination.
Latitude, | 88° 49 B0'' | 88° 407 58" | 88° 40 60"
Azimuth.
48° 00" 1°4170177 | 1°40° 50" | 1° 40" 47"
46 13 1 41 14
47 00 1 42 54 1 42 42 142 30

Final field notes.

Aprl 1, 1011, in eamp at the cor.
ol 'I‘Fa. 5 and 6 N., Rs. 66 and
57 E., Prin. Mer., Montansa,

in latitude 46° 13’ N., and lonﬁ;

tude 104® 39" W., at 6h 44,

P. m.; 1o ¢ X ohserve Polar-

3 at western elongation, mak-
inﬁ four obsarvations, two each
with the telescope in direct
and roversed positions, rmdinf

the deflection angle from a tac
in a peg driven firmly in the
und, 10 ehs. N., west to
Polaris:
Azimuth of Po-
laris at west-
ern  elonga-
tion - 1741 140
Mean deflec-
tion angle - 1 40 30

True bearing of

mark - NO® 00 44"'W.

89. Bothof the above observing programs require the engineer to
compute in advance the correct watch time of elongation, and in so
conducting the observation the minimum period is consumed in the
obgerving program; every opportunity is also thus afforded for re-
versals to eliminate instrumental errors and otherwise to introduce
creditable refinement. However, should the watch error be unknown,
the observation may be conducted by following the motion of Polaris
in azimuth during an ample period preceding elongation to insure
that the epoch of the vertical motion of Polaris in its diurnal circle,
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oF zero motion in azimuth, is taking place, when the engineer marks
the direction of sight thus defined.

The rate of horizontal motion for the hour preceding elongation
rapidly diminishes, the change in azimuth being to the west for
western elongation, or tothe east for castern elongation, when Polaris
will follow the vertical cross-wire, after which the motion is reversed
at an accelerating rate. This suggests a third, but less refined, ob=
Serving program.

POLARIS AT ELONGATION, OBSERVING PROGRAM “c.”

90. Select the observing station and make guitable provision to
mark the line defining the direction of Polaris at elongation; provide
Suitable illumination for both the transit and flag point, and have
:_\’El‘ything in readiness as much as an hour before the time of elonga-

ion,

Thoroughly level the transit.

Bisect Polaris and note that the motion of the star carries it away
fl'om the vertical wire in the proper direction. As long as this motion
is discernible continue the bisection of Polaris by the tangent move:
ment. When it can not be discerned in a period of several minutes
that the least lateral motion is taking place mark the direction of
sight upon the ground.

Reverse and level the transit.

Again bisect Polaris and mark the direction of sight upon the
ground.

_ Verify the position of Polaris in its diurnal circle by again bisect-
ing the star and without changing the tangent motion note the move-
ment of Polarig; the motion should gtill be nearly vertical, with &
scarcely discernible movement in the opposite horizontal direction.

By daylight determine the mean of the sights, and establish the
meridian by properly laying off the correct azimuth as described
in observing program ‘‘a.”’

AZIMUTH OF POLARIS AT ANY HOUR ANGLE.

91. While no more reliable method is at the command of the engi-
neer for the establishment of the true meridian than the observa-
tion upon Polaris ab elongation, yet the epoch of elongation may
oceur at a very' inconvenient time and should Polaris be obscured
by clouds at the time of elongation the observation must fail. The
“hour angle” method admits of observation upon Polaris for azi-
muth at any time that the star i8 visible; the precise watch error
local mean time must be known, but if this has been determined,
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the hour angle method becomes at once the most convenient. - The
possible accuracy of the result compares favorably in évery way
with the refinement to be obfained in an observation at elongation.

The determination of the watch error local mean time and the cal-
culation of hour angles having been fully treated on previous pages;
it remains only to state that the record of the time observation should
appear in the field notes with the record of all observations upon
Polaris for azimuth by the hour angle method, as the azimuth
observation is incomplete without the time determination. With
the meridian observation of the sun for apparent noon, and the use
of the azimuth tables contained in the Ephemeris, the entire process
becomed go simple and yet so highly refined that the engineer should
early become thoroughly familiar with the hour angle method.

92. Azimuth of Polaris at any hour angle.—*'t” =sidereal hour
angle in angular measure; in hour angles exceeding 90° the function
“‘—gin ¢ cos L” becomes positiye by virtue of the cosine of an angle
between 90° and 270° being treated as negative in analytical reduc-

tions: :
sin ¢
COH ¢ tall 6—gin ¢ COB ¢
Example of computing the azimuth of Polaris, February 23,1911,
at a mean time hour angle of 2" 37.4™, in latitude 33° 20/ N, on
which date the declination of Polaris=88° 50/ 08/ N.:

Tan A=

Mean time hour angle =2h37 4m
=2h37mods  2b ==30°
3™ = 9915’

Red. to sidereal hour angle=  -}-26 50° = 12 80/
Sidereal hour angle =23 7m0 =39°277.80"
log cos ¢ = 9.921940 log &in ¢ =9, 739975
“ tan s = 1,601944 * cost =), 887666
“ cos ¢ tan = 1.613884 ** gin ¢ cos ¢=9. 627641

b — em———enn

nat cos ¢ tan §=41, 104 nat gin ¢ cos {=0. 424
L —====3
nat sin ¢ cos (= 0.424 (—)
log &in & =0, 808127
Algebraic sum==40. 680 ¢ 40.680 =1. 609381
‘“ tan A4 =8, 193746

Azimuth of Polaris-at above hour angle, 4==0° 53’ 42/

E————r
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93. A table of azimuths of Polaris at all hour angles, for Jatitudes
from 30° to 50° N., appears in the Ephemeris, arguments: declina-
tion of Polaris, mean time hour angle, and latitude of station. For
other than the latitudes given in the table the engineer will be
required to solve the above equation,

Example in the use of the table of azimuths of Polaris at any
hour angle, same date, hour angle and station as above, showing
the method of interpolation:

i - Azimuth of Polaris.
" el
Mean declination. Correction
Mean time +-88° b0’ 08" S“P tn:lcllva
HOUE ANGI e 11(1‘1‘,;;11?{;
Latitude. et 488° 50’ 107
i o 33° 20/ e
ah 20.6m .7 51,6 51'.9 0.1
a7.4 53 .8 0.1
30.6 53 .5 54 .4 5B 0.1

By interpolation in the table the required azimuth of, Polaris i8
therefora found to be 0° 53.8—0/.1=0° 53’ 427,

94. Example of computing the azimuth of Polaris, Sept. 11, 1011,
at a mean time hour angle of 7" 25.1™, in latitude 42° 54 N, on which
date the declination of Polaris=88° 49" 54” N.:

Mean time hour angle. .......ceeees =Th 25.1™ 70 =105°
=7h 95m 06* 26m= 6°30/
Reduction to sidereal hourangle....= -+1% 13¢ 19" = 47 457
Silbseal hoti anglevivag. Vasust AL w7h ggm 190 | =111° 34745/
log cos ¢ =0.864833 log sin ¢ =9, 832069
“ tan 8 =1.600406 = ‘* cost =0, 565506
“ cos ¢ tan 8 =1.555320 ¢ sin ¢ cos i =0, 308565
—— _—
nat cos ¢ tan & =35.919 nat sin ¢ cos ¢ ==, 260
“ gin ¢ cos b = .250(+) logsin t =9, 968441
Algebraic sum =36, 169 36,160 =1, 558337
 tan A =8, 410104
Azimuth of Polaris at above hour angle, A =1°28/22"

—_———
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95. Example in the use of the table of azimuths of Polaris af any
hour angle, same date, hour angle and station as above:

Azimuth of Polaris.
Correction additive
Mean declination. .
Maean time +-88° 50’ 05! for ioéignf&iun
hour angle,
Latitude,
42° 42° 54/ 4° 60" 50"
7b 18, 8m 87'.9 80'.2 0.7 0.1 0.3
25.1 88 .2 0.1 0.3
288 86.3 87 .6 89 .1 0.1 0.3

By interpolation in the table the required azimuth of Polaris is
therefore found to be 1° 28/ 24-(/,2=1° 28/ 24/,

96. An observation upon Polaris for azimuth by the hour angle
method congists in marking upon the ground a point to define the
true line of sight to Polaris at any convenient epoch, the watch error
local mean time being known, from which line to lay off the true
meridian. An equivalent process is to determine the {rue hori-
zontal angle by deflection from a fixed reference point to Polaris at
any convenient epoch, the watch error local mean time being known,
by which to determine the true bearing of the reference point,

HOUR ANGLE OBSERVATION OF POLARIS, OBSERVING PROGRAM ‘g."

97. Select the observing station and make suitable provision to
mark the line defining the direction of Polaris; the flag point should
be from 5 to 10 chains north of the transit point; provide suitable
illumination for both the transit and flag point,

Thoroughly level the transit,

With the telescope in the direct position, bisect Polaris, note the
watch time, and mark the direction of sight.

Reverse the transit, bisect Polaris, note the watch time, and
mark the direction of sight.

Again level the transit,

With the telescope in the reverse position bisect Polaris, note the
watch time, and mark the direction of sight.

Reverse the transit to the direct position of the telescope, bisect
Polaris, note the watch time, and mark the direction of gight.

By daylight determine the mean (a) of the first and fourth sights,
and (b) of the second and third sights; then take the mean of

P
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Points ““a’” and “b"’ to define the true direction of Polaris at the
epoch of the average of the watch times of observation.

Treat the reduction as one observation, applying the watch error
to the average watch time of observation to obtain the correct local
Mean time of observation,

Enter the table in the Ephemeris or make the computation to
determine the value of the azimuth of Polaris at the epoch of the
observation with the stated arguments: declination of Polaris,
Tean time hour angle and latitude; this value is then used to lay off
the true meridian to the east if Polaris is observed west of the meri-
dian or to the west if Polaris is observed east of the meridian.

i Example of hour angle observation of Polaris, observing program
ia ",

Field record. ” Final field notes,

|
Meridian observation of the sun for apparent noomn: ' Oct, 5,1910, in camp at the cor.
1

$=37° 19’ N. w0000 [ LS S e D Wy
priid 5 Sl A . Bomet
‘| o » nde o +y BN jongl-
=il bA v=d8°00° | gude 102° 117 W., T e
8 Watch time. || meridian observation of the
un's W, imb < =12b 00m 18« || sun for apparent noon:
il b 12 02 26 W;}e.h timo of obsn,=124 01w
Vateh time of app. noon =120 01m 220 || Watch fast of L m; t.=12m 475,
Abp. noon =124 00m 00
“quation of time = —11 25
L. M, 7. of apparent noon w1l 48 33
Watch tast of 1. m. t. 12m 470
Hour angle observation of Polaris:
Talescape. Watch time.
— e | - 1 - — ._rl
|
Bl | o PO LYo
.m.,l.m.t.,
n.,::"r:g 9 angle observation on Polaris
Dirgot east of the meridian, maki

0 ra;:tli‘oamr:aitlmls' ti‘;odmc
W 10 telescope t

3% 5: il;' :{rp-m- and reversed positions, and
; mark the mean point in the
line thus determined, ona pﬂ;
i

5 37m 58 p.m.
h, 28, Om 1]‘ e gré:sa.nhflrmly in the groun
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i . - SR —— e

Field record, con, I Final fleld notes, con,
. - -

Gr, U, C. of Polaris, Oct. 6, 1010 =0b 32,7 a, m., fl
1

Red. to long, 102° 11’ W, -]
L. M. T., U, C. of Polaris, Oct. f,u lll- 31.6m g, m.
L, M. T. of obsn., Oct. & - b 88.0 p. m.

|
Hour angle of Polaris east of the |
meridian = {h 53.0m || Watch time of oben., mean of
| four repdings==5b 50m 45 p.m-
Declination of Polaris-88° 49’ 42" N, |
|
|

Azimuth l;l Polaris.
..... Oct. 6, T1ay off the azimuth n:l
an doc Correction | Polaris, 1* 25" 30", to the wesh
J}fm" a “,f:‘:ar";:lpp-gl.".l'{{ul' additive and mark the meridian thus
} me ) O | fordec- | determined, by atackinapef
mr:r Latitud lination driven firmly in the ground,
angle. atitude, 84° 40’ 40|| 8 chs. N.
an® are s 35°
Oh 48.0m 84’5 BY.0 807 0.1
53,6 85 .4 0.1
58.9 83 .5 84 .0 85.7 0.1

Azimuth of l'olaris-—l" 25 -l-i (J’ I=I° 25° 30" i

HOUR ANGLE OBSERVATION OF POLARIS, OBSERVING PROGRAM “D."

98. Select the observing station and choose a suitable reference
mark in any direction. The reference point should be at least b
chains distant.

Thoroughly level the transit.

With the telescope in the direct position, read and note the hori-
zontal angle from the reference point to Polaris, noting the watch
time at the moment Polaris is properly bisected.

Reverse the transit and read and note the horizontal angle from
the reference point to Polaris, noting the watch time at the moment
Polaris is properly bisected.

Again level the transit.

With the telescope in the reverse position again read and note the
horizontal angle from the reference point to Polaris, noting the
watch time at the moment Polaris is properly bisected.

Reverse the transit to the direct position of the telescope and again
read and note the horizontal angle from the reference point to Polaris,
noting the watch time at the moment Polaris is properly bisected.

Treat the reduction as one observation, applying the watch error
to the average watch time of observation to obtain the correct local
mean time of observation.

— Y e
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The mean of the four horizontal deflection angles may be taken,

t0 which must be applied the proper
at the mean epoch of

Example of hour angle ohservation of Polaris, observing program

L1 b" s

Tipld record.

S8 b 801 cmatinde Of DOITI T

Hour angle observation on Polaris:

the observation,
roforence flag, from which the true meridian may be laid off, or
the flag may be used for a reference point.

e —————

101

value of the azimuth of Polaris
to give the true bearing of the

l Final fleld notes.

March 21,1910, at a transit point

o jesg o
Horizontal angle L0, .
Telescope, from flag to | Watch time. mdggﬁv% qul}r‘R,dét} s
Polaris, tude 77° 16 W., 1 find by
- S s e
" ) - on [
Do e | @ mm | il 22 o
Revemea 1110|1170 3¢ 00 | 850 107 A e iation at O 10,95
TB0L. cu . b o 177 34__013__ 6 80 17 B m., L. m ‘i:'écl u:;:ke an
Mean. . . 177° 34 15" | Ob 26m 40¢ p.an. our angla observation on
Watch slow of 76th mer. stand- - twe sk With the ol ooops
TR B
Correction for longitude...... ..« — 8.6 | thas, reading e Rorisantal
L. M. T, of obsn. Mar. 21, 1910+ . 05 10= b0 defioction. angle from o fag
TP 10,0 p. m. le about 20 chs, 8., in the
Gr. U, C, of Polarls, rection 8-W=N to Polaris.
game date..... =19 33.0m p. m. Watch time of obsn.=6% 20m
. to long. 40" p. M.
TT°1.6' Woeeuoem= = 0.0 = 1 82.1 p.m. Mean horizontal ang:a
i o L ronn, B0 SRR piv
Hm anglo of Polaris west of . Azlmuth-ln 34" 15" N-W-8
Mo T | O Politim ] 0 S W.
Declination of Polaris =88° 40’ 41" N. Truo bear-
| ing o{q (] W
Azimuth of Polarls. flag : 8, “g. %‘?ﬁu W,
IR T
Mean JNination. Correction
time Mean doc e additive
hour for dec-
angle. lination
Latitade, 4-88° 407 40"
88° 88° 64’ 40°
4h 30.2m 842 85'.3 86°.7 0.1
478 86 .9 0.1
40,2 85.4 86 .5 87 .9 0:1

Azimuth of Polaris=1° 207, 340" 1=1° 20" 24"

1090°—31——38
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POLARIS AT SUNSET OR SBUNRISE.

99, Polaris is conveniently observed for azimuth by the hour
angle method at sunset or sunrise without artificial illumination.
The preparation for the observation consists in computing in ad vance
the approximate settings in azimuth and altitude in order to find
Polaris, and the plan contemplates an approximate reference
meridian: With the time of sunset or sunrise assumed as the time of
observation, the hour angle “¢” and azimuth “A” are ascertained
in order to find the position of Polaris in azimuth; the position in
altitude is found by the method indicated in section 133-A, the
vertical angle being equal to the latitude of the station plus the
primary adjustment when Polaris is above the pole, or subtractive
when below, taking this value from the tabulation given in the
Ephemeris,

Eixample of computation of the position of Polaris at sunset, May
6, 1911, at a station in latitude 47° 20~ N., and longitude 102° 40 W.:

From the Ephemeris the declination of the sun is found to be
16° 18 N., and by entering Table 17, of the Standard Field Tables,
the apparent time of sunset is found to be 7b 157 p, m,

Assumed time of obsn,, May 6, 1911 = ™ 15™  p.m,
Gr. U. C. of Polaris, May 6 = 10" 33, 5% g. m. +12
Red. to long. 102° 40/ W, -11 = 10 32.4 a, m,

Assumed hour angle of Po-

laris west of the meridian = gh 49 gm
Azimuth of Polaris, W, # iy v
Latitude of station =47° 20/ ——
Primary adjustment to the

vertical angle elevation

of Polaris, from the table = 16(—)

v#£46° 34/

Example of computation of the position of Polaris at sunset, No-
vember 6, 1911, at a station in latitude 47° 2/ N., and longitude
102° 40/ W.:

From the Ephemeris the declination of the sun is found to be

5° 44’ 8,, and by entering Table 17, of the Standard Meld Tables,

e el o
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the apparent time of sunrise is found to be 70 12™ a, m., ot of sunset
hagm . m.

Gr. U, . of Polaris, Nov. 6, 1911 10" 28.2% p. m.
.to long. 102° 40/ W. T

L. M. 1, of U. C. of Polaris =10b 27.1™ p. m.

Assumed time of observation L 4, 48 p. m.

A”fumed hourangle of Polaris east of the meridian= Bh 89, 1m

Azimuth of Polaris, B. o 1° 4%

Latitude of station =47° 20/ RS

'_ ary adjustment to the ver-
tical angle elevation of Polaris,
from the table = 06(+)

v447° 26/

Example of computation of the position of Polaris at sunrise,
November 7, 1911, and same station as above:

Assumed time of obsn., Nov. 7, 1911

+12
L. M. 7. of U. C. of Polaris, Nov. 6 w107 2050 Peins
‘hﬁumcd hourangleof Polariswestof the meridian= 8b 44, 9™
Azimuth of Polaris, W. T L ( 4
Latitude of station =470 207

adjustment to the
vertical angle elevation
of Polaris, from the table = 46 (-)

—_—

v9£46° 34

—

Thus at the above station in latitude 47° 20’ N., and longitude
102° 40/ W., to observe Polaris by the daylight method an approxi-
Mate meridian should be established with the golar before sunset,
then to find Polaris the following angles are set off:

Horlzontal | Vertieal

angle. angle.
Bt LAY 6, 100Lecn o esnmmbsanensspmassimsn nemysazzzeschde AT B 46° 34/
gunnemov.u'.wu ............................... e B, 47° 26"
RNTI80 MOV 75 10110 omenmame il ononmyybbanddesane -Endunrnss 1° 16" W. 46° 34’
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The above ‘“‘settings” are merely. approximations, but sufliciently
close, however, to bring Polaris reasonably near the center of the
field of the telescope where the star will be found in plain view;
the telescope should be focused upon a distant: object, otherwise,
though Polaris may be practically at the center of the field, it might
be out of focus and therefore not observable during daylight. When
Polaris has been found the above settings have answered theif
purpose and the observation may proceed in accordance with either
observing program “‘a’ or “b" of the hour angle method, the final
reductions to be based upon the precise details of the observation.
During the reversals of the transit the settings should be made each
time. The daylight hour angle method is particularly desirable be-
cause the observation, including all instrumental work, marking of
points upon the ground, ete., is accomplished without artificial illu-
mination, and sunset is usually a convenient time to devote to this
field duty.

To recapitulate, the following general program will be found best
adapted to the requirements of public-land surveying practice, and
will beused most extensively:

Time: By meridian observation of the sun for apparent noon.

Latitude: By meridian altitude observation of the sun.

Azimuth, true meridian upon which fo test the solar apparatus:
By hour angle observation on Polaris at sunset,

Azimuth, on line: By the solar transit properly adjusted to the
true meridian,

ALTITUDE OBSERVATION OF THE SUN FOR AZIMUTH.

100. While the methods of observation upon Polaris for azimuth
are unquestionably the most desirable in their relation to the theory
and practice of public-land surveying, yet a very efficient alternative
is found in direct altitude obgervations upon the sun for azimuth,
with a number of equations at the disposal of the engineer to suit his
convenience. ' During the shorter days of the year and even quite
often at any season the engineer finds himself at a loss for time and
suitable daylight hours in which to make the required tests of his
solar attachment; 'conditions obtain making the required tests
impossible if limited to a Polaris meridian in camp, without involy-
ing unreasonable delay. It isin such cases that a direct altitude
observation upon the sun for azimuth, on the actual line of the
survey, finds its most useful application. Presuming the engineer
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3 work with a standard instrument with solar attachment, the
8ccuracy of it adjustments can, by this method; be readily tested
at work on line at any suitable morning or afternoon hour, without -
ppreciable loss of time, Under working conditions any line deter-
lined with the solar attachment may be used for reference pur-
Poses, while vertical and horizontal angles are recorded to the sun
10 obtain the necessary data for computing the true bearing of the
established solar line., A series of three altitude observations upon
the sun, each with the telescope in direct and reversed positions,
are required to guard against error; these are readily made in 10
or 12 minutes, while the reductions may be made in the evening
Without loss of time from the line work.

Other difficulties in the nature of temporary disability of the solar
attachment, and cloudy nights preventing Polaris observations,
of other adverse conditions may sometimes ‘obtain, during which
Periods, even for a few days, if the engineer is familiar with the
Method of direct altitude observation upon the sun for meridian,

@ can thus establish his lines and possibly realize a saving of the
entire time of his party until the trouble is removed. To the engi-
lieers who have used this method little more needs to be said in its
fayor, but to those unfamiliar with it the suggestion is made to
Practice the observationsand reductions until proficiency is attained,
and in its application the reward will come many times during an
average season's work.

Referring to the description of the gtandard instrument adopted
by the General Land Office it will be noted that it is equipped with
a full vertical cirele, & colored’ glass ghade in the dust shutter of
the eye-piece, and aprismatic ye-pi6ce; these are essential to rapid
and accurate altitude observitions upon the sun.

101. An altitude observation of the sun for azimuth consists in
the simultaneous determination of the true vertical and horizontal
angles to the sun’s center, the horizontal angle being referred to &
fixed point. With the true vertical angle to the sun’s center, the
declination of the sun, and the latitude of the station all known, one
of the following equations is entered and a calculation made of the
aziniuth of the sun’s center at the epoch of observation, as referred
to the true meridian; the relation between the sun’s calculated
azimuth ‘and: the recorded ‘angle to the sun’s center gives the true
bearing of the fixed reference point.
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102, Altitude observation of the sun for azimuth.—Reverse the sign#
of ““8” for south declinations:

Tan § Aey (<083 (-£oF0) 6in § E+—5)
cos § ({—¢—3) 8in § ({—¢+4)

The spherical angles “ "', “¢", and ““8”’ appear in this equation
combined as in the formula for the reduction of an altitude observa-
tion of the sun for apparent time, and when it is desired to reduce
for both time and azimuth, the above equation for azimuth is to be
preferred to any that follow.

103. Altitude observation of the sun for azimuth.—For south declin
ations the function “‘sin '’ becomes negative by virtue of the sine
of a negative angle being treated as negative in analytical reduc-
tions: If the algebraic sign of the result is positive the azimuth ¢ A"
is referred to the north point, but if negative, the azimuth 4" is
referred to the south point:

Cos A== siuid

Cos ¢ cos ,—tan ¢ tan

The above equation is very convenient in reducing for azimuth
only.

104. Altitude observation of the sun for azimuth.—To many sur-
veyors the following equation is familiarly expressed directly in
terms of the spherical triangle ‘‘ pole-zenith-sun:"" Reverse the sign
of ““5" for south declinations:

Pole to zenith =90°—g¢= colat.;

Pole to sun = =90°~j= codecl.;
Zenith to sun =80°—h = coalt.;

S=4} sum of the three sides:

Cos } A= Hﬂ &8 gin (8 =codecl.)
Y “Ein colat. sin coalt.

OBSERVING PROGRAM, MORNING.

105. Thoroughly level the transit,

With the telescope in direct position observe and record the hori-
zontal deflection angle from a fixed reference point to the sun’s right
limb, and the vertical angle to the sun’s upper limb; these observa~
tions must be simultaneous, at the epoch of which the sun will appear
asindicated; note the watch time at the epoch of the observation: o

Reverse the transit.
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Observe and record the horizontal deflection angle from the fixed
Teference point to the sun’s left 1imb, and the vertical angle to the
Sun’s Jower limb; these observations must be simultaneous, at the
epoch of which the sun will appear as indicated; note the watch
time at the epoch of the observation: -2

The mean observed vertical and horizontal angles, and the mean
Watch time are to be used in the reduction; this program constitutes
one complete altitude observation, which is repeated until & series
of three complete direct and reversed observations are made,

OBSERVING PROGRAM, AFTERNOON.

106, In the afternoon the program is modified only as to the order
in which the sun’s limbs are observed, which is as follows:

First observation, telescope direct, observe the gun’s right and
lower limbs: -

Second observation, telescope reversed, observe the sun's left and
Upper limbs: ~b

107. By the above obserying programs the horizontal and ver-
tical angles in the direct positions of the telescope will be found of
shout the same numerical values as in the reversed position of the
telescope, by reason of the sun passing in a direction that will carry
it across the field of the telescope during the time taken in the re-
versal and second setting. Differential refraction is therefore prac-
tically eliminated, and it is d i rable that the corresponding angles
in the direct and reversed positions of the telescope be about the
same rather than as far apart as would result in any other observing
Program.

The most suitable hour for this observation is when the sun is
moving rapidly in altitude as compared with a relatively small
change in azimuth, When the sun has been brought into about the
Proper position in the field of the telescope the observer by lateral
Motion of the horizontal tangent screw on the plates keeps the vertical
Wire tangent to the sun’s right or left limb while the upper or lower
limb of the sun by the direction of its motion gradually approaches
the horizontal wire; at the epoch of proper tangency of the two limbs
to the two wires the observation is completed by calling time'” and
stopping all motion until the angles are recorded. It is very helpful
for an assistant to read the time and to enter all records.
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108. Example of direct altitude observation of the sun for az*
muth, sun north declination, and both north and south of an east
and west line:

Final field notes.

Aug. 2, 1909, at the cor, of Tps. 31 and 32'S., Rs. 43 and 44 W,
Bth Prm. Mnr., ‘olo., in latitude 37° 1775 N., and longitude 102°
187.6 W., at Th 80m. a. m., app. 1., T set off 37° 17/ 30/ N., on the lat.
arc; 17° 627 N., on the decl. are; and determine a meridian with the
solar, whence T turn 90° to the east and set a flag, about 20 ¢he
dist.; then to test this indication of the solar I make a series of three
altitude observations of the sun for azimuth, each with the telescope
in direct and reversed positions, observing opposite limbs of the sun,
and reading the horizontal deflection angles from the flag to the sun:

oo | meoseops, | Sun. | wateh tme, | Vortieal | Horisital il
1st | Direct...... D‘I' 7h 86m Gde | 30° 05 0° 08" 30" to N-

“ | Reversed... -P 7 88 15 20 48 D83 00 !

» O T DR Pap _.—..._.:.__‘.... 20° 66’ 30! 0° 20°, 45’ I{J 1\-

20d | Directs.uwes| oo 7 41090 | 30° 58’ 00| 0° 32’ 00 to
“ | Reversed... - 743 00 | 30 4630 | 0 1280 ¢ ‘
Mean.. ..- _";!l‘_"Z'_I—"- ._;'l;_' 2 l'-”_fn.: .

8ed | Direet......| of- 7 82m 00 | 33° 06’ 00 | 2° 11’ 00" to B

“_ | Rovorsed ... Pl 788 48| 32 63 30 | 1 50 00 « ¢
Mean..|ooioeveiiuioss| 78 62m 540 | 32° 69 157 | 2° 00 807 to S

By 1st oben. flag bears * N. 80° 58/ 577 1.
By 2nd oben. flag bears N, 89 58 26 'E.
By 3rd oben. flag bears N.89 58 88 E.

Mean true bearing of flag N. 80° 558/ 407/ 1.
Indicated error of solar
attachment Y 20/

Field record.

The declination of the sun for the mean period of the three obser-
vations=17° 51’ 04"/ N,
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The following reductions are made to obtain the true vertical

angles of the above observations:

1st obsn. 2nd oban. 3rd obsn.

v =20° b6’ 307 a0° 527 15" 39° 59’ 15
Refraction= —1 40 -1 3886 =128
Parallax = + 8 4 8 4+ 8

et
=29° 54/ 58

h

30° 507 47

109

82° 577 b5/

The following exgmples of reduction are all by the equation:

Gog Apte-B2 0
€08 ¢ CO8

log coa =9, 900674 log

“ooa h=0. 937807 < tan h=9. 750970
9, 838571 0,838571 1 log 9, 641678
log 9.647922 ..« nat(+) . 43821

nat (+) . 44455

(=) 43821

cos A=(+) . 00634

A=True bearing of sun
Angle from gun to flag

True bearing of flag

log cos ¢==9. 900674 log 'sin 3=9.486493(+) log tan $=9. 881708

** cos h="9. 933763
9. 834437 0. 834437 log  9.657840
log 9. 6562056 nat(—) 45482
nat(-) . 44880 (4) .44880

A=True bearing of sun
Angle from sun to flag

True bearing of flag

sin 8=9. 486493(-) log tan ¢="9. 881708

—tan ¢ tan h |

=N, '89° 8%’ 127 E.
=(4)0 20 45

AT R I
=N. 89° 6% 577 E.

e

————

¢Htan h=9. 776132

cos A=(=) .00602
=8, 80° 89 197 E.
=(+)0 22,15

= RN N R
=8, 00° 01/ 347 E.
=N, 89° 58 26" E.
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log cos ¢=9. 900674 log sin 5=9, 486493(}) log tan ¢=9. 881708

“““ cos h=9. 923762 0 tan h==9. 811941
9. 824436 9. 824436 log 9. 693649

log 9. 6620567 nat (=) .49391

nat () .456926 (-+) .45926

cos A=(—) . 03‘1‘-65
A=True bearing of sun =8, 83° 00/ 52/ E.
Angle from sun to flag,.  =(-4)2 00 30

True bearing of flag =8, 90° 01’ 22/ E.
=N. 89° 58’ 38/ E.
e
The particular convenience of the above equation is noted in the
fact that the functions “cos ¢, ““tan ¢”, and “‘sin 8" are constant
throughout the entire reduction, the function “A” being the only
variable.
109. The third of the above eeries is selected for an example of
reduction by the equation:
Cos § A= sin &' gin (8 —codecl.)
sin colat. sin coalt,

90° —¢==00°—387° 17/ 80"/ = =52° 42 30"’ =colat. |
90°—= 5=00°—17° 51’ 04//(4-)=72 08 56 =codecl.
90°—h=00°—32° b7/ 55" =b7 02 06 =coalt.

2 §=181° 3’ 31”7

S=90° b6’/ 45”7
codecl.=90°—§= 72 08 56

S—codecl.= 18° 47/ 497

log sin & = 9. 999941
 gin (S—codecl.)= 9. 508146
‘* gin colat. =90. 900674 9. 508087
‘“ gin coalt. =9. 923762

9. 824436 9. 824436

“ cos? 34 SO 9. 683651

“ cos $A - 9. 841825
3A = 45° 5% 35

A="True bearing of sun =N. 91° 59/ 10" E.
Angle from sun to flag =(—)2 00 30

True bearing of flag =N. 89° 58/ 40/’ E.
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T}lﬂ above equation is as good as any for the reduction of one obger-
Vation, but the reduction becomes laborious for @ series of three

Obseryations.

110. The third of the above series is also selected for an example

of reduction by the equation:

Ton § Ay Ot SO &in § (£+6—2)
cos § (5 —¢—0) e § (F—é+3)

he= 82° 57/ 55"
t= 57°02 05"
o= 37 17 30

{ o= 94° 1% 35”7
5= 17 51 04 (+)

¢=57° 02’ 05"

¢=37 17 30
r—¢=19° 44’ 35"/

3=17 51 04 (+)

t+¢4-0=112° 10/ 39" t—p+8=87° 35’ 39"
3t 4-¢4-8)=56° 05’ 20” 3}t —¢+8)=18° 477 50”
# gﬁ

tfp= 94° 19 35"
3= 17 51 04 (+)

t+op—8=T6° 28/ 81”7

_t--gb-——19° 44/ 367
3=17 b1 04 (+)

p—¢=b=1° 69/ 817

}(¢+o—8)=38°14"15" Yi—¢—8)= 0° 56’ 457
log cos (¢ +o+3)= 9, 746561
“ gin }(o+op—8)= 9.791636
9, 538197

“ cos '}{f—-cﬁ-—ﬁ)ﬂﬂ. 000941
“ gin J(r—¢4-5)=9. 508152

9. 508093

log tan 2 § A
“ tan A=

jA=

9. 508093

0. 030104
0. 015062

45° 59’ 847

A=Trie bearing of sun =N. 91° 5% 08” E.
Angle from sun to flag= ()2 0080

- abusislependidoes
True bearing of flag =N. 89° 58/ 88 E.
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111. 'The above equation is as good as any for the reduction of one
obdervation, but the reduction becomes laborious fora eeties of thre
observations. However, the advantage in using the above equation
is found when it becomes desirable to reduce theé obgervitions for
both time and azimuth.

Let it be required to reduce the third observation of the ahove
series for time, making the reduction by the following équation:

[ 8= ST
Tan } 'L""Jvns i+ p46) cos (& —p—5)

log ein §(i+4¢—s)= 9. 701636
“ gin J({—p48)= 9. 508152
9. 200788

cos (T +¢o4-8)=0. 746561
“ o8 H(p—p—5)=0. 999941

9. 746502 9. 746502

¥ tanid ¢ = 9. 663286
“ tan §t = 9. 776643
3 =30°52/ 34/ | o

i

=61° 457 087 ==4h O7m ()] *

Apparent time of observation =71 52m 594 g, m,

Equation of time = 6 05
Local mean time of observation="7" 50m 04° a. m.
Watch time of observation =752 b4
Watch slow of 1. m., t. = @m]0
=

112. Example of direct altitude observation of the sun for azimuth,
aun south declination:

Final field notes.

March 18, 1910, at a transit point in Washington, D, G., in latitude
38°53” 40 N., and longitude 77° 01’.6 W., at3"42m p.m,, app. t., I
make a series of three altitude observations upon the sun for azimuth,
each with the telescope in direct and reversed positions, observing
opposite limbs of the sun, and reading the horizontal deflection
angle from a flag pole about 20 chs. to the 8., 8W. to the sun:
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T

e R Varoa, | HorsogtaL snge S
- ITESETOS TN 2 ll e il
Ist..... Direct. .sss-| 1 3b 5om 59 | 25° 20 05°00'  toSW.
“ .| Reversed.... <513 68 48 | 25 31 64 45 ek
Mean )eeeesnsnnnss b §7m Gie | 26° 26°80"" e
2nd....| Direct....... q- __:h_nﬁu'_z}qw——" T
« .| Reversed.... 45| 403 10| 24 44 L
e ilivdbmiae ...| 24%36' 00" | 65° 40’ o “
8rd. .. .| Direoty.....| G- YT kT
“ .| Reversed....| i 4 07 30 | B 57 66 20 144
Mt-:.m.!..‘.........ii.j.il-._'lii'BD’ROT 00° 35" 00" # 4

By 18t obsn. flag bears 8.1° 007 027 W.
dopd ¢ ¢ ¢ §1002 W.
i i « - §,0 5960 W,

Mean true bearing of flag=S.1° 00" 04”7 W.
LRSSl goos

Field record.

The declination of the sun for the mean period of the three obser-
vations=1° 02/ 16”7 8.

The following reductions are made to obtain the true vertical
angles of the above observations:

1st obsn. 2nd obsn, 3rd obsn.
p=26° 25’ 3077 24° a6’ 00/ 23° 50/ 30
Refraction=_—2 00 -2 06 -2 10
Parallax= 4= 08 4 08 4+ 08

h=25¢ 237 887 '24° 34 02”7 23° 48/ 28"

= ==
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reduction by the equation:
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@ series is selected for an example of

- . [cos §(EF$+3) sin in }(FF $—0)
Tan 5-"—\/“,,, H(—¢—0) sin §({ -+ 5)

h= 25° 23/ 387

= 64° 30 227
¢= 38 53 40

=103 30/ 027

b= 1 02 16 (=)

t+o+5 =102° 277 467
Y(&+o+d)= 51° 137 b3

t+p=103° 30/ 027

b= 1 02 16 (=)

£4+¢—8 =104° 32/ 18~
We+o—8)= 52° 16’ 09”

log cos §(i+¢+8)=
* osin (¢4 —8)=

" eos J(f—p—8)=

]ug tan? ] A
porih e

1A

317?82

§==064° 36~ 227

¢=38 53 40

——

£—¢=25° 42/ 427
d=1 02 16 (-)

§—¢+8=24° 40’ 26"

§(E—p+8)=12° 20/ 137

F—$=25° 42/ 427
b=1 02 16 (-)

t——3=26° 44’ b3/
—p—8)=13° 22 o9

9. 796697
9. 898118

9. 694815

9. D88058
gin §(F—¢--5)=9, 329724

9.317782

=" 0.377088
- 0. 188516

= 57° 03/ 447

A=True bearing of sun=N, 114° 07 28/ W.
Angle from sun to flag= (4-)64 52 30

True bearing of flag=N, ]?8" 597 51 58 W,

=8, 1° 00/ 02”7 W.
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114. Let it also be required to reduce the first observation of the
above series for time, making the reduction by the following equa-
tion:

_ [0 §(Fe—0) sin T —6+)
Tan § t=/ o5 (£ o-+3) cos H(E——d)

log sin §({4-¢—8)= 9. 898118
“ gin (¢ —¢-+8)= 9. 320724
9.227842

“ cos §(t+e+d)= 9.796697
“ oo Y(f—p—8)= 9.988058

\ OTRATSS 0. 784755
log tan ? § t= 9. 443087
“ tan §t= 9.721544

} 1=27° 46/ 297
t=55° 32/ 58//=3" 42m 12¢
Apparent time of obsn, =3" 422 12* p. m.
Equation of time = 48 17
Tocal mean time of obsn.=3" 50™ 29* p. m.
Watch time of obsn. =3 57 b3
Watch fast of 1. m. t. = 7™ 24°

75th meridian time of comparison with a Western
Union telegraph clock ~ =4" 30™ 00* p. m.
Correction for longitude = —08 06
L.M.T.of comparison =4 21 b4
Watch time of comparison=4 29 20

Watch fast of 1. m. ¢ a7 208

115. The second observation of the above series is selected for an
example of reduction by the equation:

gin &

Cos A=W—mn ¢ tan h
log cos p==0.801149 log sin 5=8. 257958 (=) log tan ¢=0.006733
¢ cos h==9.958790 “ tan h =9, 660053
9.849939 9. 849939 log 9.566786
log 8. 408019 nat (=) .36880
nat (—) .025659 (=)  .02559

cos A=(—)  .39439
A=True bearing of sun =S, 66° 46/ 207 W.
Angle from sun to flag=(~)65 . b
True bearing of flag’ =8. 1° 00” 207 W.
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116. The third observation of the above series is selected for a1
example of reduction by the equation:

Cos § A= ,rf""llil S gin (8 —codecl.)
~ #7777 Y Tkin colat. sin coalt.

00° = ¢=00° ~38° 53’ 40"/ = 51° 06/, 20//=colat.

90°—56=00°~ 1 02 16 (=)=_91 02 16 =codecl.
90°-h=90°-23 48 28 = (6 11 32 =coalt.
2 B=208° 20" 08"/
8=104° 10 04/
codecl, =00°—35 91 02,16
S~codecl.== 13° 07/ 48"
log sin S : 0. 086585
“ gin (8§ —codecl.) 9.356334
9.342919
“ gin colat. =90, 801149
“ gin coalt., =90. 961376
9, 802525
logicos® § A == 9. 490394
‘4 cos §/ A= 0. 745197
y ol = 66° 127 35/
A=True bearing of sun = /N. 112° 25’ 107 W.

Angle from sun, to flag= (+4) 66 35 00
True bearing of flag = N. 179° 00/ 10/ W.
: S 0° 692 60 Wi

EQUAL ALTITUDE OBRERVATIONS OF THE SUN FOR MERIDIAN.

117. The true meridian may be established by 'the method of
equal altitude observations of the sun. The observation is not well
adapted to line work, but it possesses a certain usefulness in camp,
in that the engineer may thus determine the true meridian by the
sun with mere approximations as to time and latitude.

The fixation of the true meridian by this method depends upon
the theory that the sun's center at equal altitudes occupies sym-
metrical positions in azimuth east and west of the meridian in
the morning and in the afternoon except for the correction neces-
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sary to be applied due to the change in the sun’s declination in
the interval between the a. m. and p..m. observatiohs:

“dAs": Correction in azimuth in minutes of angular measure to be
applied to the mean position in azimuth'to obtain thié true south
point; thé correction is to be applied o the east with & riortherly
hourly change in declination, or to the west with a southerlky hourly
change. _

¢ds”: Chaige in declinition of the sun from the a. . to the p. m.
oblervation, expressed in minutes of angular Mmeasure.

“(t,41,)": The sum of the hour angles from apparent noon, or the
fotal wapch time from the a. m. to the p. m. observation, expressed
in angular measure.

o acokif oo
A= o o sind (b T &)

The symmetry of the equal altitnde observation is maintained
by observing opposite limbs in azimuth in the a, m. and p. m.
observations, in-connection with the same limb in vertical angle
in both observations.

With “4ds” and “‘3(t;+t) " calovlated, the computation can be
concluded by applying to ‘‘4ds” the declination coefficient obtained
by entering Table 22 of the Standard: Field Tables, which gives
coofficients for computing errors in azimuth due to small errors in
declination, arguments: “‘¢" and SRt At

118. An equal altitude observation of the sun for azimuth consists
in reading the horizontal deflection angles from a fixed reference
point to opposite right or left limbs of the sun in a, m; and p, m;
observations simultaneously with the same upper or lower limb
at. the epoch of equal vertical angle in both observations, from the
racord of which a calculation is made of the bearing of the reference
point as referred to the true meridian. To guard against error the
engineer is required to make a series of three equal altitude obser-
vations, taking the resulting mean. The most suitable a. m. and
p. m, hours for this obgervation obtain when the sun is moving
rapidly in altitude as compared with a relatively gmall change in
azimuth.

EQUAL ALTITUDE OBSERVATIONS OF Tk UK, ORSERVING PROGRAM,

119. Select the observing station, or transit point, and a reférence
point preferably to the south, and not nedter than 5 or 10 chaing
distant,

1990°—31——9
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Thoroughly level the transit for the a. m. observation.

Ohserve and record the horizontal deflection angle from the fixed
reference point to the sun’s right limb, and the vertical angle o the
sun’s lower limb; these observations must be simultaneous, at the
epoch of which the sun will appear as indicated; note the watch

time at the epoch of the observation: G-

Thoroughly level the transit for the p. m. observation.
With the same vertical angle set off for the p. m. observation follow \
the sun’s left limb until the sun’s lower limb becomes tangent, as
indicated, recording the watch time and horizontal deflection angle

from the reference point: —

The above program constitutes one ohservation. A series of three |
observations are taken by three guccessive a. m, settings at intervals
of about four or five minutes of time. Tn the p. m. the settings are
of course made in the inverse order. \

Consider each equal altitude observation separately and subtract
the lesser horizontal angle from the greater and divide by two. |

The mean of the three hali-differences is then taken to determine |
the horizontal angle from the reference point to an uncorrected south ‘
point, this angle to be applied in a direction to equalize the south
point between the two observed pocitions of the sun.

Compute the differential azimuth correction due to the change in
the sun’s declination from the mean period of the a. m. to the mean
petiod of the p. m. observations, and apply this angle to the mean
of the half-differences as stated above; the differential azimuth eor-
rection is to be applied to the east when the hourly change in the
sun’s declination is northerly or to the west when the hourly change
in the sun’s declination is southerly; the computed resultant angle
indicates the bearing of the reference point referred to the true
meridian.

The correct apparent times of the observations do not need to be
known, as the function ““§(¢,4t,) " equals one-half the time in hours
and minutes, by the engineer's watch, from the a. m. to the p. m,
observation.

The equal altitude observation may be modified by taking a p. m.
observation one day followed by an a. m. observation the next, in
which case the functions ‘“‘4d 6" and *‘§(f141() " are to be computed
for the period from the p, m. to the a. m. observation; and the differ-
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ential azimuth correction, “d Aa”; ig then applied in the opposile
direction. )
120. Example of equal altitude observation of the sun for azimuth:

Final field notes.

May 3, 1913, at a transit point in Washington, D. C.,in latitude 38°
5% 40’/ N., and longitude 77° 17.6 W., at 9"27™ a. m. and 2033™ p.m.,
app. t., I make a series of three equal altitude observations upon the
sun for azimuth, reading the horizontal deflection angle from a flag-
pole about 20 chs. to the 8., 8E. in the a. m. to the sun’s right limb,
and SW2in the p. m. to the su n's left limb; equal vertical angles
being taken to the sun's lower limb.

Observation. Sun. \'&:::P vﬁ}?‘ um‘“{‘(ﬂlg‘ﬂ“ flag
ETT 0 R g- ghggmops | 48°28'007" | 67°20'00” to SE.
TG g R e Pl 2410 65 28 30 to 8W.
1°51'50" (Difl.)
————
24 B Mevneernsennees| G- ohgampos | 40°05°00"" | 86°20'30"" to 8E*
24 PoMisaieneaasivess | 28815 04 3800 to 8W.
Bum of hour angles. ..|.«-ssseneess BhOGm25"
Mean hour ANELE. ... ..|-=ssssssares 2h3gmide 1°51'80" (Dif1.)
|
B it chonstadimive 9 oha0maoe | - 49°43'00" | 86°34'30" to SE.
186 Pe M eransbisanss _P 234 45 63 4530 to SW.
124000 (DIfT.)

One-half differences, or bearing angles from uncorrected south
point to flag:
By 1st obsn.=8. 0° 55 45" W.
@od @ B.0 56456 W.
g ¢ =B8.0 54 80 Wi

e
Mean =8, 0° 65’ 20/ W,

Differential azimuth correction= (4) & 537
b e
Mean true bearing of flag =§, 0° 697 18" W.

———
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Field record,

The hourly change in the gun’s declination=44".3 N.

N
_lransit point
/’/ ’I Pl
~ / e
/( /‘“‘--.
>
-
K K
‘S".u e /"X--r " /
<, 2 a ‘
o et 0
”"\l\ and
Flag pote— e Ho"
5

Hor. ang. 8. m.=4 a. m.+g=A+z
Hor. ang. p. m,=A p. m,—z=A-+2d4s—z
Hor. ang. a. m. —Hor. ang. p. m.=2z—2d4;
Hor. ang. a. m,—hor. ang. p. m,
I =) R —-dAs
The following computation is made to obtain the differential
azimuth correction for the above series:
} do=1%5.08% 44:3=112"; log }da=2.049218
$=38° 53/ 40’/ N.; log cos ¢ =0.801149
§ (ty41,)=2b 32% 422
=88° 10/ 30~
log sin 4(t;4t.) =9.791034

0.682183 9.682183

log d As=2.367035
d As=Differential azimuth correction= 233"
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121, The following reduction to obtain the value of the differ-
ential azimuth correction for the above series i3 made with the use
of Table 22 of the gtandard Field Tables:

e

H{t+La), Or hours from noon.

T atitndss. I r—Tsie imls o Lo e -y
ah \ gh ggm 1 3h
N i R, Lh b st e 72
85°.00" l 2,44 2.06 L 73
a8 bi 2.16 :
40 00 2.61 19 1.85
Y ,_L___——-._.'_ —
Degclination coefficient =2.16
d As=2.16X% ds=2:16X112" =242

d As=differential azimuth corrections=4’ 024

The small difference (09”) in the computation of ‘d As” in the
two processes of reduction is due to the error in adopting & coefficient
obtained by linear interpolation in Table 22 of the Standard Field
Tables, the tabular interval of which is large. Orginarily the equal
altitude method would be used when the latitude of the station is
uncertain, and the slight error in using the declination coeflicient
taken by linear interpolation from Table 22 is small enough to be
negligible.

122, The second a. m. and p. m. observations of the above series
are selected for an example of reduction to the sun’s center and
direct computation of the sun's azimuth, and true bearing of the
flag, by the equation:

= gin &
Cos A=Fdl;¢?0$—h

Vertical angle to sun’s lower linih=49° 05’ 00"

—tan & tan b

Reduction to sun’s center L. Tanrpt
Refraction - 49/
Parallax == 06"
Sun's center, i =359°50711"

PR
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Declination of the sun at Greenwich apparent noon =157 84/ 377 N.
Diff, in time to a. m. obsn.:

Tor longitude = 5"08™

For time, a. m. =-—2 33

2.58 = gngsm
Diff. in declination to app. t. of a. m. obsn.:

2.68 %44 3=114" = 1 54”7 N.
Sun’s decl. a. m. obsn. =15° 86/ 317/ N.
Diff.to p.m.obgn.,already computed(2X 1127 =224")== 3/ 44/ N.
Sun’s decl. p. m. obsn. =15° 40/ 15"/ N.

a. m. oban. p. m. obsn,

log cos ¢="9. 801149 log &in 3=9. 420856(+) log ¢in §=9. 431641(-)
1 con h==9.813092

9. 706141 9, 705141 9. 705141
“tan ¢ =0.006733 log 9. 724716 log  9.726400
“tan b =0.066901 nat(4) 53064 nat (4) . 53260
log 9. 972724
nat (—) .93913 (=) .93913 (—) .03013
cos A = (=) .40859 (=) 40653
Asmtyue bearing of sun. =8, 652 68/.02//. E. 8. 66° 00/ 47 W.

Horizontal angle from
flag to sun’s right and

left limbs = 66° 20’ 30” to SE. 04° 38’ 00” to SW.
Reduction to sun’s cen-
15.9
ter= — (+) 247 2477 (+) 247 2477
cos 49° 20 R e

Hor. ang. tosun’s center =  66° 53/ 54/ to SE. 65° 027 247 to BW.
Sun’s azimuth as com-

puted above =8, 65° 53’ 02/ E. 8. 66° 00/ 47/ W.
True bearing of flag ~ =S. 1°00/62” W. 8. 0°68 23” W.

Mean true bearing of flag =8. 0° 59’ 87 W.

The discrepancy between the a. m. and p. m. results suggests a
systematic instrumental error ordinarily eliminated by taking direct

——eee
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and reversed observations, which in this instance is of opposite effect:
in a. m. and p. m. hours and apparently eliminated in the mean
result.
128. One additional fact should be noted relative to the several
reductions of the above equal altitude observations:
By above direct computation, A p. m. =66° 00/ 477
v A

This value for ddé (3’ 53”) agrees with same function as first
eomputed.

124, Upon concluding the subject, of azimuth determinations it
will be of interest to note {hat the weighted mean of a large number
of obseryations gives & value.of 8. 0° 5% 26 W. for the azimuth of
the line from the Washington, D. C., {ransit point to the flag pole here-
tofore described. A comparison of the methods and results of the va-
rous observations as given on the preceding pages suggests that the
engineer should goldom be without means by which accurately to
determine time, latitude, and azimuth at any place in the field,
however remote, and should doubt arise as 1o his results & “check”
by independent mothod is nearly always available and a certain
guide ‘as to the accuracy of the determinations. Tt might be added
that a careful engineer will not fail to surround his methods with
adequate verification toinsure the accuracy requiredin the execution
of the public-land surveys.

THE TRUE PARALLEL OF LATITUDE.

125. The base lines and standard parallels of the rectangular
system are established on the true parallel of latitude; the random
latitudinal township boundary lines are also projected on the same
curve; this curve is defined by a plane at right angles to the earth’s
polar axis cutting the earth's surface on & small ¢ircle. At every
point on the true parallel the curve bears due east and west, the
direction of the line being at right angles to the meridian at every
point along the line. Two points at & distance of 20 chains apart on
the same parallel of latitude may be said to define the direction of
the curve at either point, without appreciable error, bub the projec-
tion of & line so defined in either direction, easterly or westerly,
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world déscribe a great circle of the carth gradually departing south-
erly from the trie parallel. The great circle tangent to the parallel
at any origin or reference point along the parallel is known a& the
“tangent to the paraliel,’ and it ik coincident with the trué latitide
curve only at the peint of origin. 'The rate of ‘the change of the
azimuth of the tangent is 2 function of the Aatitude on: thé earth’s
surface. Theé azithath of the tangent varies directly as the distance
from the origin, and the offset distance from the tangent to the
parallel virieg as the Equare of the distance from the point of tan-
gency. A gréat circle connecting two distant points on the same
latitude curve has the same angle with the meridian at both points
and the azimuth of 8uch 4 line at the two points of intersection s a
function of one-half the distance between the points.

There are thiée general methods of establishing a true pardllel of
latitude which may be émployed independently to arrive at the
game result: (1) Theé solar methad; (2) the tangent method; and,
(3) the gecant method.

BOLAR METHOD.

126. The solar instruments are capable of following the true
parallel of latitude without substantial offsets, If such an instru-
ment, in good adjustment, is employed, the true meridian may be
determined by observation with the solar at each transit point.. A
turn of 90° in either direction then defines the true parallel, and if
gights are taken net longer than from 20 to 40 chains distant, the line
g0 established ‘does not appreciably differ from  the theoretical
parallel of latitude. The locus of the resulting line is & succession
of points each one at right, angles to the true meridian at the pre-
vious station. However, during a period each day the solar is not
aviilable. and during this timé, also’whenever the sun may be
obscured by clouds, or onl account of o disturbance of the adjust-
ments of the solar atiachment, and whenéyeran instrument without
golar attachment is employed, reference must be made to & transit
line from which toestablish the true Jatitude curve by one of the
following methods.

TANOENT METHOD.

12%. The tangent method of determination of the true latitude
clirve consists in establishing the true meridian at the point of
beginning, from which a horizotital deflection ‘angle of 90° is turned
to the east & west, a8 miy be requited, and the projéction of the line
thus determined is called the tangent. The tangent is projected 6




A & g
Jayyo40d S44 0f 40Suos 54,
T pe o e - e o g

3 : VR T s : -
h \ \ . = i g %) e £
! | ; #s,
= Lisy3

INETRU MENTES AND METHODS.




126 MANUAL OF SURVEYING INSTRUCTIONS.

miles in a straight line, and as the measurements are completed for
each corner point, proper offsets are measured north frors the tangent
to the parallel, upon which line the corners are established.

In Table 12, Standard Field Tables, are given the bearing angles
or azimuths of the tangent to the parallel, referved to the true 8.
point, tabulated for any degree of latitude from 25° to 70° N., for the
end of each mile from 1 to 6 miles. At the point of beginning the
tangent bears east or west, but as the projection of the tangent is
continued the deviation to the south increases in accordance with
rules already stated.

In Table 13, Standard Field Tables, are shown the various ofisets
from the tangent north to the parallel, tabulated for any degree of
latitude from 25° to 70° N., for each half mile from } to 6 miles.

The accompanying diagram illustrates the establishment of a
standard parallel in latitude 45° 34,5 N., by the tangent method.
(SeeFig.14.) Theformofrecordisshownin the specimen field notes.

Objection to the use of the tangent method in a timbered country
is found owing to the requirement that all blazing is to be made on
the true surveyed lines, Also, all measurements to items of topog-
raphy entered in the field notes are to be referred to the true estab-
lished lines. These objections fo the tangent method, on account of
the increasing distance from the tangent to the parallel, are largely
removed in the secant method.

BECANT METHOD.

128. The designated secant is a great circle which cuts any true
parallel of latitude at the first and fifth mile corners, and is tangent to
an imaginary latitude curve at the third mile point. From the
point of beginning to the third mile corner the secant has a north-
easterly or northwesterly bearing; at the third mile corner the secant
bears east or west; and from the third to the sixth mile corners the
gecant has a southeasterly or southwesterly bearing, respectively,
depending upon the direction of projection, east or west. From the
point of beginning to the first mile corner and from the fifth to the
gixth mile corners the secant lies south of the true parallel, and from
the first to the fifth mile corners the secant lies north of the true
parallel. It will thus be seen that the secant method is a mere
modification of the tangent method, so arranged that the minimum
offsets can be made from the projected transit line to the established
true parallel of latitude.
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The secant method of determination of the true latitude curve con-
gists in establishing the true meridian at a point south of the begin-
ning corner a measuréd distance taken from the table, from which
meridian the proper Norizontal deflection angle, as taken from the
table, is turned to the northedst or nortliwest to define the secant.
The secant is projeeted 6 fiileé in a straight line, and as the measure-
ments are completed for each corner point, proper ofisets are meas-
ured, north or south, ffom the secant to the parallel, upon which
parallel the corners are éstdblished.

In Table 14, Standard Field Tables, are given the bearing angles or
azimuths of the secant, téferred to the true N. point for the first 3
miles, and the same synimetrical bearing angles or azimuths referred
to the true 8. point for the last 8 miles, tabulated for any degree of
latitude from 25° to 70° N., for the end of each mile from 0 to 6
miles.

In Table 15, Standard Field Tables, are shown the various offsets
from the secant to the pardllél, tabulated for any degree of latitude
from 25° 1o 70° N., for each half mile from 0 to 6 miles.

The accompanying diagram illustrates the establishment of a
standard parallel in latitude 45° 84'.5 N. by the secant method.
(SeeFig.15.) Tha formof recofd isshown in the specimen field notes.

The secant method id recommended for its simplicity of execution
and proximity to the true latitude curve,as all measurements and
cutting by this method are substantially on the true parallel,

CONVERGENCY OF MERIDIANS.

129. The linear amount of the convergency of two meridians is a
function of their distance apart, of the length of the meridian between
two reference parallels, of the latitude, and of the spheroidal form
of the earth’s surface.

The following equation is convenient for the analytical compu-
tation of the linear amotnt 6f the convergency on the parallel, of
two meridians any distance apart, and any length. The correction
for convergency in sy closed figurais proportional to the area, and
may be computed ffom an equivalent rectanguiat area:

“my”: Measurement along the parallel.

“me”: Measurement along the meridian.

“als Equatorial radius. of the earth=3963.3 miles,
“g”:  Factor of eccahtricity, log e=8.915 2515.
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v dmy”: Linear amount of the cohvergenty ofi tho pirillel, of two
meridiank distance apart “my;"’ and length “mg” along
the metridian: odmy ™, i) Hme” and “a’ tobe

exprégsed in the same lineat unit:

"

i T 3 T8
dmy, =- *“ 2 tan /1 —¢ sin’ ¢

Exatoplo of computation of thie convergency 6f two iierldinis 24
nsiles long and 24 niiles apart in 4 tean latitude of 43¢ 20”:
\ 13

nat 1 = (000000
Yog ¢ =8, 015 2515
Ll —8. 915 2615
s gin 480 200 =0 836 477
S Tantiy st =0, 836 477
REvitarhf e
g pm® ¢ =T, 5603 4d7
i Ty e = 0. 0031875
€ (1Pt e) = D. 90681256
gagiy @ = 0. 008 614

e =

=
@ J1ied sin® ¢ =9 999 807
w1 tahi43° 207 =9 or4 720

€24 4=1, 380 211
gty 145 =1;380 211
. 80" =1.903 090
L L i
3 prunlul:t, =4, 637 539
3663, 3 =3, b8 067
UL
iy ==1. 030 482
nat @ 10, 9517 che.

The convergency, nieasited on the parallel, of two meridians 24
miles apart and 24 miles long; in ainean latitude of 48° 20 is there-
fore found to be 10.95 chiins. Thé convergency of the edst and west
boundaries of & regular township in the samo latitude would be
equal to one-ixtoenth of the convergency of the east and west
boundaries of the quadrangle 48 cotiputed above, or ¢844 Hitks,
Wwhich derees with the value taken from Table 11 of the Stindard
Fisld Tables. ' .

¥Tns factor 18 ihiroduced here for the purpose of conversion from the nnlt_h_:‘e_-
prbssed in milds t6 the {iritt axpresdad in ehains. X
P O ik s Tinkilely

e #l pn P
.’(.nr!"_," e
o




T R o TR

130 MANUAL OF SURVEYING INSTRUCTIONE.

180. In Table 11, Standard Field Tables, are tabulated the linear
amounts of the convergency of meridians, 6 miles long and 6 miles
apart, for each degree of latitude from 25° to 70° N., together with
the angle of convergency of the same meridians. These amounts of
linear convergency are at once the proper corrections to apply to
the north boundary of a regular township in the computation of the
closing error around a township, or other computation by which a
theoretical length of a north or gouth hounda ry of a township is com-~
pared with the length of the opposite boundary; the tabulated linear
amounts of convergency are equal to double the amounts of the offsets
from a tangent to the parallel at 6 miles for the same latitudes,
Simple interpolation may he made for any intermediate latitude,
and the amount of the convergeney for a fractional township or other
figure may be taken in proportion to the tabulated convergency as
the fractional area is to 36 square miles,

The tabulated angle of convergency represents at once the devia-
tion in azimuth of the tangent from the parallel at 6 miles; and 14,

§, ¥4, 24, and %/, of the tabulated angles of convergency represent
at once the amounts of the correction in the bearing of meridional
section lines to compensate for convergency within a township,

In the same table are given the differences of longitude for 6 miles
in both angular and time measure, also the differences of latitude,
for 1 or 6 miles, in angular measure, in the various tabulated latitudes,

181. In the plan of subdivision of townships the meridional section
lines are established parallel to the east boundary or other governing
line; this necessitates a slight correction on account of the angular
convergency of meridians. Meridional section lines west of the
governing line are deflected to the left of the bearing of the governing
line the amount shown in the second part of Table 2, Standard Field
Tables, which is entered under two arguments: (1) Latitude, and (2)
distance from the governing line. Meridional section lines east of a
governing boundary are given the same amount of correction for
bearing, but the deflection is made %o the right.

LENGTHS OF ARCS OF THE EARTH'S BURFACE.

182. All computations involving a difference of latitude for a
given measurement along a meridian or the converse calculation, or
other computations involving a difference of longitude for a given
measurement along a parallel or a similar converse calculation, are
readily accomplished by the use of the values given in Table 16,
Standard Field Tables; this table gives the lengths in miles and
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decimal part of a mile of one degree of longitude measured on the
parallel, and the lengths in miles of one degree of latitude measured
on the meridian; for any latitude from 26° to 70° N

The above tabulated values may be reduced to miles and chains,
or to chains or feet, as convenient: In taking out lengths of degrees
of longitude measured on the parallel an exact linear interpolation
may be made, and in taking out lengths of degrees of latitude meas-
ured on the meridian the value should be taken out for the mean
position in Jatitude of that portion of the meridian whose length it
is desired to compute.

133. The first part of Table 2, Standard Field Tables, has been
arranged for the reference of the latitude of any point within a town-
ship to the south boundary, the only argument being the miles and
chains distant from the south boundary. Thus with the use of this
table all observations for latitude within a township may be reduced
to the south boundary; and conversely, given the latitude of the
south boundary of a township, the latitude of any station within the
township may readily be obtained by applying the difference given
in the table for the known distance north.

HOUR ANGLE OBSERY ATION OF POLARIS FOR LATITUDE.

133-A. Continuing subjects included in sections 73 to 76, inclu-
give, and sections 91 10 98, inclusive. The latitude may be deter-
mined by an altitude observation of Polaris at any hour angle, By
this method the vertical angles are read in pairs, or double pairs,
with reversals of the position of the telescope, and watch time noted
at each setting. The watch correction is required, which will be
applied to the mean (or average) of the watch readings to obtain the
correct local mean time of observation for the pair or double pairs of
gottings. The mean time hour angle of Polaris at the epoch of obser-
vation is then taken out as in observations for azimuth, and the dec-
lination of Polaris for the date will be ascertained in the Ephemeris.

With the two values, mean time hour angle and declination,
the latitude may be computed or there may be derived from the
table in the Ephemeris the vertical angle equivalent for the position
of Polarie above or below the earth’s polar axis at the epoch of obser-
vation, The latter value is applied to the obgorved vertical angle,
corrected for refraction, to secure the true elevation of the pole, or
the latitude of the station. The method may be combined with the
observation for azimuth, or it may be used independently.
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The vertical angle reduction is tabulated in the Ephemeris in a
gimplified form in which the two principal atguments are enaployed
fo secure a primary adjustment to the elevation of the pole, sub-
tractive when Polaris is above the pole and additive when below;
a small supplemental correction is then secured from the table, with
the arguments of mean time hour angle and observed altitude,

Example of hour angle observation of Polaris for latitude, making
use of the table given in the Ephemeris:

Final field notes,

May 23, 1929, at station No, 1, in longitude 100° 00/ W., T miake an
hour angle observation of Polaris for latitude, reading two vertical
angles, one each with the telescope in direct and reversed positions:

Mean observed vertical angle 35° 39/ 307
Mean watch time of ohservation, p. m, 7" 4]m ] 9e
Watch fast of 1. m, t., determined by sot-

ting with a Western Union clock reading

central standard time 40™ 0=
Reduced latitude 36° 297 487

Fr‘#:v’rf record,

Hour, angle observation of Polaris for latitude:

Telescape. Vertical angle, Wateh time.
Dirpet, et et aas it 35° 307 00”7 7" 40™ 447 p, n,
Revewsed....................... 35 40 00 7 41 40
Mean... .00 HU0T U DRI g0 80 h41m 120 p, m,
Watch fast of local mean time. ... .. ..... 40 00
L M. T of observation, May 23, 1929 = 0™ 12 p, m
T8 0L .
s +12
Gr. U. C. of Polaris, same
date =g 33, 2m 4, 'm,
Red. to longitude 100°00” = 1.1 =" 3% 1 a. m,
Hour angle of Polaris west of the meridian - gh 29, jm

Declination of Polaris --88° 55/ 15
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] M £ t |
Primary adjustment, additive, Polaris | Mean obsd, ».

below the pole. Ang., v «35° 30’ 30"
Mean | Corr. for refrac-
time | e R e e 4 tion & -1 2
hour yeclination. -
angle. | ety \ h=35° 38’ 10"
| imary adjust-
| +88° 55’ un"\ F88° 5 "']wu" 55 20 | R .
4 . Bl pole. + 0° 51" 42"
| SBupplemental
Oh 22, 5m 0° 50" 46" 0° 50" 30" corr. -0 0 M
20,1 Lat itude of stas —————
364 | 0 52 48 | o 5232 | tion. =30° 20’ 48"

In order to proceed with the analytical reduction, it is convenient

to begin with an angle a, computed from the equation:
tan &

Tan a== in which equation the factor “opg 1" becomes nega-
tive for hour angles exceeding 90°, whereupon a will exceed 90°.

The latitude may then be derived from the equation:
gin a gin A

gin &
The above example of a field observation is reduced as follows:

Cos (p—a)=

Mean time h. a, gh 29, 1w log tan =L 7240827 log sin a=9, 9908513
“ gos (=9 unum‘a (=) " h=9.705 ?LW!

Ted, to sidereal h, a. +1.6

“ tan a=1. 8245014 (=) 0. T053481
Bidereal b, a. gh 30, Tm a0 e, 9HDOZ30

a= D0° 51" 30"
Same, red. to ang. log ces (p—a) =0 7654251
Mens., L =142° 40" 30" Em——
By inspection it will be  ¢—a=—54" 21’ 40”
goon that ¢—a is n neg- a=-00° 51* 307
ative nngle.
Latitude of station....ccceee--9™= 3{1" 2“’ 'II”

1900°—21=—10







CHAPTER IIL

SYSTEM OF RECTANGULAR SURVEYS.
GENERAL SCHEME.

184. In the preceding chapters there has been outlined the sys-
tem of nomenclature and procedure relating, in general terms, to the
survey of the public domain. It is confidently assumed that the
United States surveyor has become impressed with the purpose of
his task and the stability and dignity which should be attached to a
work o great and important, commensurate with its broad founda-
tion in law and science.

For the purpose of disposal of the public domain the law provides,
in general terms, for its description, subdivision and identification
in conformity with the following general scheme:

1st. The township, 6 miles square, containing 36 sections, each 1
mile square.

9d. The numbering of the townships meridionally into a range and
latitudinally into a tier, from which the necessity at once appears
for the selection of independent initial points, each to serve as an
origin for the extension of surveys gynchronously needed in somewhat
widely separated localities, to provide for which, principal or gov-
erning meridians and base lines have been established, to which
might be related the surveys executed in each of such localities,

3d. The establishment of guide meridians and correction lines or
standard parallels at intervals sufficiently near each other to main-
tain & practical workable adherence to the legal definition of the
primary unit, the township 6 miles square, and at the same time to
reduce to & minimum the number of corners required.

4th. The placing of fractional sections on the north and west bound-
aries of the township.

5th. The subdivision of the townships into 36 sections by running
parallel lines through the township from south to north and from
east to west at distances of 1 mile.

6th. Theinflexible declaration of theintegrity of the corners marked
in the public surveys as the proper legal corners of the sections
ot of the subdivisions of the sections which they were intended to

135
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designate, together with the equally important provisions (a) that
the boundary lines actually run and marked shall be and remain
the proper boundary lines of the sections or subdivisions for which
they were intended: (b) thot the Tebgth of such lines as returned
by the surveyors ghall be held as the true length thereof: and (¢)
that the sections shall ‘be ' Bibdivided Uy tutthifig Etraight lines
from the established quarter-section corners to the opposite estab-
lished guarter-section corners.

188, The towtsHips will B& numbered to the nofth or south com-
tiéncing with number 1 at the base lini, and Wwith ratips fitimbers to
the éast of Wst beginmihg with tuthbef 1 &t thé printipal metidian.

THé 86 Sections into which & towhilip 18 eubdivided dré humbered
cortiiencing With tiltmber 1 ifi the rortheédst séetion of the towtiship,
proceeditie thefice wekt to edction 6, tHentt soutH to dection 7, thence
east to section 12, and so on, alternately, to niitiber 36 ih the south-
east séction. ' In tHE cdsb of friictical towidhifh, the dections Will
bear the sdme numbers tHéy would have Had if the townships were
full, that is to say theé section numberd ghould be employed which
aré the proper bectioh niiibers relating o the sides which aré the
governing houndaries, leaving any deficiency to fall on theé oppotite
gides,

136. The specimen field Hotes will #érve 16 illustrate the method
of rinning lines to form quadrangles 24 miles squite; the méthod
of rinhing the exterior lines of towndhips; and the method of &ib:
dividing regulat townships. The methods here presenited are
designed to itiire a full compliance Wwith every practicable rétjiire-
ment, meating and intent of the sufveying laws.

187. By the termd 6f the originil law hfid by general practice
séction lines dre stirveyéd from south to nofth and from édét to west;
ifi ordet uniformly to plict excess or deficiéncy of medsurement on
the north and weet gides of the toWwnsHips, For convéiiencs the
exterior lines ofi which subdivisions aré based aré ealied the govern-
ing bounddries. In ufitistid]l cdsel thé north and west Botinddries
may be employed to govern the subdivision of & townahip, &rd in
extremé cados an irreglilat township may Beé withbil even a snjle
govertiitig boundary.

INITIAL POINTS.

188. Initial points froth which the lines of the public gurveys dre
to be extended will be estiblished whetiever necedsiiry, tififer such
special instructiond as may be prescribed in each thse by theé Com:
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fhissiotiet of the General Land Offics. . The initial points are to be
selected with a view to their comtrol bf extensive agricultural areas
within reasonable geographical limitations. Upon the establish-
merit of Al iriitisl point, the position of the pointin latitude and longi-
tude is to be determined by acciurate field astronomical methods.

Duritig the period since the organization of the gystem of rectan-
gular surveys numbered and locally named principal meridians and
base lines have been established as shown by the accompanying
tabiilar exhibit. These bases and mieridighs may be found by
examining the large wall map of the United States published by the
Heneral Land Office; they are also whowr upon the various bfficial
State mapg, and upon a special map entitled ¢ United States, Showing
Principal Meridians, Pase Lines and Areas Governed Thereby.”

139. The latitudes dnd longitudes given in the following table are
baséd upor the best obtainable itiformation; but in some cases the
values shown are only approximately correct owing to thé fact that
many of the initial points were fixed ifi position ahd the sufveys
thetefrom largely completed before the satme importance was ate
tached to the matier of accurate latitudes and longitiides ag &t the
present titne. It may also be noted, by wity of explanation; that
present-day facilities for accurate field astronomical determinations
were not available to the early Slivveyors. It is not expécted that
the valties of the latitudes given in the table will be used as thé
basis of the caléulation of the \atitudé of an inknown station, in lHea
of a field determination thereof, excdph 48 an approxiniath value
may satisfy all requirénients. The codrditiates of the earliest sur-
Vey# in Ohio can fi0t be conveniently tabulated, but they are shown
upon the maps a3 stated above.

PRINCIPAL MERIDIAN.

140. This line ghall conform to ihe true meridian and will be
extended from the initial monumert, either north or gonth, of in
both directions, as the conditions may require; regular quarter-
geiction fnd #ection corfiers will be established alternately at ifiter-
vals of 40 chains, and regular fownship corners ab intervals of 480
chaine; meander corners will be established at the intersection of
the line with all meanderable bodies of water.

141. Tn the survey of the principal mieridian and the other
standard lines (base lines, standard parallels and guide meridians),
hereinafter described, two independent sets of measurements will

A——d
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MERIDIANS AND BASE LINES OF THE UNITED STATES RECTANGULAR

Maridlans.

Black Hills

SURVEYS.

Longitude
of principal
meridians
west from
i Greenwich.

Latitnde
of base
lines
north from
Equator.

Governing s
in part) in

ya (wholly or
ates of-

| yvoal bawil sam

Boise, ..

Chickasav
Choctaw
Cimarron.
Copper River
Fairbanks. ...
Fifth Principal .

First Principal. .

Fourth Prineipal....
), Sk -
Chila and Salt River.

Idaho.
Mi

Ohio and
Hlinois 1

Arizona

Bouth Dakota

Missouri,
and South Dakota,

Minnesota and “'ispnm:in '

Humboldt.

California

- | 116

3 89
R, [, 78 | 90
Oklahor | 105
Alnska.. | 145
Alaskan N el 5
Ar Iowa, Minnesota, | 01

North Dakotn,
| 84
| W
W
112

Indiana.____

Huntsville. .. _. :
Indian. ..

Loulsiana. . .
Michigan.
Mount Diahl
Nava gZaia i
New Mexico Principe
Principal

Salt Lake, A
Ban Bernardino. .
Becond Principal
Seward

Bt. Helena. .
8t. Stephen
Tallahassee
Third Prineipal.
Ulntah........

Uts........
Washington
Willamette, .

Colorado, ,

Alabama and Mississippi
Oklahoma ki
Louisiana ? s
Michigan and Ohio_.
California and Nevada.. . . .. %
Arizona and New Mexio d.
Colorado and New Mexico. . ..
Montana.... BB IF
kb . v st
California, .......
Ilinois and Indiax
Alaska.,.. i3 ‘e
Colorado, Kansas, Nobi kil
Bouth Dakots, and Wyo-
ming.
Louisians . . ‘ 01 00 15| 31 00 00
Alabama ar .| 88 02 00/ 31 00 00
Florida....... ..l 8416 42| 30 28 00
Tllinois. .. i Tl | B0 10 15| 38 28 20
Uthhi.l.J. 108 57 30| 40 26 20
| 108 33 20| a¢
[ 0100 15 31 00 00

M. .

Mississippi .. ..

Wind River,

| The numbers are carriec

peated In Wisconsin, beginning with
numbers are In regular order.

* Latitude doubtful; is to

Meso.: The east boundary of the State of Qhig, known pg *

Oregon and \\"n'.\a'lijru:tn
Wyoming.......

n......| 122, 44 20| 43 31 00
o108 48 0| 4s 0120

nal township 20 north in Ilinois, and are re-
the south boundary of the State; the range

1 to fractio

be verifled,

Ellicott's Line,"

in longitude 80° 32° 20", was employed s the first reference meridian, with township

numbers counting from the Ohio River and range numbers in rogular order,

township and range numbe
counted from the south and

The
rs within the United St military land in Ohfo are

east houndaries of the traoct,
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be employed, unless subdivisional closings thereon are provided in
the same assignment with the standard line, in which case the clos-
ings will furnish a satisfactory verification of the length of the lines

Where such closings are not to be made during the
same survey, the proper supervising officer will, pro-
econd set of

thus surveyed.
progress of the
vide suitable instructions for the employment of a 8
or for the duplication of the measurement by the one set
In either case, where two independent sets of measure-
to the mean poini,and the differ-
o each corner established, will be
en in the specimen

chainmen,
of chainmen.
ments are employed, the distance
ence between the measurements t
shown in the field notes; a form of record is giv
field notes.

142. Should the difference between the two sets of measurements
of any standard line, asabove provided, exceed 20 links per 80 chains,
it is required that the line be remeasured to reduce the difference,
she final measurement of the line only to be shown in the field notes.
Should the successive independent tests of the alinement of any
standard line, or the average tests of the solar attachment employed
in the projection thereof, indicate that the line has deflected from
the true cardinal course to exceed 8’ 007, the necessary corrections
will be made to reduce the deviation in azimuth, the field notes of
the true line only being shown. Kvery reasonable effort will be
@xercised to insure the accuracy of both the alinement and the meas-
urement of the standard lines, aud the stated discrepancies are the
maximum that will be allowed in new surveys; corrective steps will
be required where the differences are beyond the maximum.

BASE LINF.

148, From the initial monument the base line will be extended
east and west on a true parallel of latitude; upon the true line stand-
ard quarter-section and gection corners will be established alter-
nately at intervals of 40 chains, and standard township corners at
intervals of 480 chains; meander corners will be established at the
intersection of the line with all meanderable bodies of water.

The manner of making the measurement of the base line and the
accuracy of both the alinement and measurement will be the same
as required in the survey of the prineipal meridian. Any one of the
methods heretofore set forth for the determination of the alinement
of the true latitude curve may be used as existing conditions may
require and the detailed process will be fully stated in the field notes
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STANDARD  PARALLELS.

144, Standard parallels, which are also called correclion lines
are extended east and west from the principal meridian, at interval
of 24 miles north and south of the base line. in the manner prescribec
for the survey of the base line.

| Fig.16,
; o
—1_ ) I | | | }
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i | o] T.3s. L
| |——— R w S R— i — - T
i Tas
| |
l First" 'Standard “Parallel  South i
| Hlustrating the survey of quadrangles each embracing 18 townships bounded by
| standard lines, and showing the cotfdingte system ol numbering the tow oships.
E 145. Where standard parallels have been placed at intervals
i of 30 or 36 miles, under prac tice then perinissible, and present cone

ditions require additional standard lines from which to initinte new,
i or upon which to close the extension of old surveys, an intermediate
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correction line ghould be established to which & local name say he
given, e. g., ¢ Fifth Auxiliary Standard Parallel North,” or *‘Cedar
Cyaak Correction Line,ete. and the same will be run, in all résplects,
like & regular standard paral lel.

CUIDE MERIDIANS.

146. Guide meridians are extended north from the base line,
or standard parallels, at intervals of 24 miles east and west from
the principal meridian, $h the mannét preseribed for running the
principal meridian. Under all conditions the guide meridians
will be terminated at the points of tholt intersections with the stand-
ard parallels; the guide merididh 1816 bé projected on the true nyeri-
dian and the fractional measurement is to be placed in the Yast half
mile. At the true point of intersection of the guide meridian with
the standard parallel a closing township corner is to Do established;
the parallel will be refrac ‘od hetween the first st andard ¢corners east
and west of the point for the ¢losing cornet, in order to determine
the exact alinement of the line closed upon, and the distance will
be measured and recorded to the nehrest corner on kaid standard
parallel.

14%. Wheén existing conditions require that such guide meridians
ghall b tin south from the base or correction lines, théy will be ini-
fiated at thé theoretical point for the closing ¢orner of the guide
meridian, which will be calculat od o the basis of the girvey of the
line from south to north initiated at the proper gtandard township
corner. At the {heoretical point of {htersection a closing township
corner will be established.

148, Where guide meridians have boen placed at intervals ex-
coeding the distance of 94 miles, and new governing lines are re-
quired in ordet to 1imit the errors of the old or to control new sur-
veys, a new guide moridian will be established, and & Tocal name
may be assigned to the eame, o, g, iyolfth Auxitiary Guide Merid-
jan West," or “Grass Valley Giide Meridian," ete. Theso aukiliary
guide meridians will be garveyed in all respects like fopular guide
meridians,

149. ‘T'he above scheme coyers the controlling lines contemplated
under the rectangular system, and results regularly in the survey of
quadrangles bounded on the north and south by trié parallels of
latitude, and on the east and west by trie meridians, 24 miles apart.
Ono vxception may now be soted which will be found to depart
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from former practice, that is,
forward at a time when uncert
subdivisional surveys to the e

where a guide meridian is ‘carrie
ainty exists a8 to how the exterior A
ast may close upon it, the corners upor
the same will be marked only for the surveys to the west,

TOWNSHIP EXT ERIORS.
REGULAR ORDER.

150. The controlling factors to be recognized in the establishment
of new township boundary lines are found in the relation of these
lines to the new subdivisional surveys which are to be executed
The south and east hound

the subdivisional surveys

aries are normally the governing lines of
.. Defective conditions which may be
found in previously established exteriors

‘an not be eliminated
where subdivisional lines have 1

veéen initiated from or closed upon
an old boundary, but the errors of the former surveys are not to be
incorporated into the new, and where the previously established
south and east boundaries can not on tha
the subdivision of the adjoining township, other controlling lines
known as the sectional correction line and the gectional guide
meridian, hereinafter described, will be employed as expedient, A
new meridional township exterior is normall

t account be used to govern

¥ the governing bound-
ary of the township to the west, and a new lati

tudinal township
exterior is normally

the governing boundary of the township to the
north; any new boundary should therefore be established with full
consideration for its control upon the subdivisional surveys there-
after to be executed.

151. Whenever practicable the

township exteriors will be sur-
veyed successively

through a quadrangle in ranges of townships,
beginning with the townships on the south, The meridional bound-
aries of the townships will have precedence in the order of survey
and will be run from south to morth on true meridians; quarter-
section and section corners will be established alternately at intervals
of 40 chains, and meander corners at the intersection of the
all meanderable bodiea of water; a temporary
be set at a distance of 480 chains,
controlling factor upon which its

line with
township corner will
pending a determination of the
final position will he governed,
whereupon the temporary point will be replaced by
corner in proper latitudinal position, . The latituc
boundary will be run first s a random line, setting temporary
CoTners, on a cardinal course, from the old toward the new meridional
boundary, and corrected back on a true line if ideal conditions are

& permanent
linal township
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found to obtain, Where both meridional boundaries are new lines
or where both have been previously established, the random lati-
tudinal boundary will he run from east to west. In either case, if
defective conditions are not encountered, the random line will be
corrected back on a true line, upon which will be established regu-
lar quarter-section and section corners at intervals of 40 chains,
alternately, counting from the east, and meander corners at the
intersection of the true line with all meanderable bodies of water.
The bearing of the true line will be calculated on the basis of the
falling of the random, and the fractional measurement will be placed
in the west half mile, A meridional township exterior will be
terminated at the point of its intersection with a standard parallel,
placing the excess or deficiency in measurement in the northern-
most half mile, At the point of intersection of the meridional
boundary with a standard parallel a closing township corner will be
established; the parallal will be retraced between the first standard
corners east and west of the point for the closing corner, in order to
determine the exact alinement of the line closed upon, and the
distance will be measured and recorded to the nearest ¢

‘orner on said
standard parallel,

152. In order to complete the exteriors of a township it will often
remain to establish a meridional boundary between previously estab-
lished township corners: such boundaries will be run from south to
north on random lines, with temporary corners set at intervals of
40 chains, and, if defective conditions are not encountered, the
random will be corrected to a true line; by this plan the excess or
deficiency of measurement will be placed in the north half mile, as
required by law, and double sots of corners will be av
unnecessary,

158. The temporary points on any random exterior will be re-
placed by permanent, corners, in proper position, when the final true
line adjustments for the latter have been fully determined; the
true line will be properly blazed through timber, and distances to

important items of topography will be adjusted to correct true
line measurements,

oided where

164, The field notes will embrace a full and complete record of
the manner in which the township exteriors are run and established.
The notes will show how the alinement of the random latitudinal
curve was determined, the direction of the projection, the amount
of the falling north or south of the objective township corner, and the
calculated return course or true line,
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IRREGULAR ORDER AND PARTIAL BURVEYS,

155. As the remaining unsurveyed public lands are found to con-
tain less and less extensive areas surveyable underthelaw, it becomes
necessary| to depart from the ideal procedure in order more directly
to reach the areas authorized for survey. The many possible com-
binations are entirely too numerous to state in detail, but where an
irregular order appears {o be necessary such departure from the
ideal order of survey will be specifically outlined in the written
special instructions. Such departure should always be based on the
principle of accomplishing, by whatever plan, the same relat ion of
one township boundary to another as would have resulted from
regular establishment under ideal conditions.

In authorizing surveys to be executed it will not usually be pro-
vided that exteriors are to be carried forward until the township is
to be subdivided; thus where causes operate to prevent the establigh-
ment of the boundariesin full it is not imperative that the survey of
the exterior lines be completed; under guch conditions it may be

found necessary to run section lines as ofisets to township exteriors
and such section lines will be run either on cardinal courses or
parallel to the governing boundaries of such townships, or even
established when subdividing, as existing conditions may require.

GENERAL EXCEPTIONS.

156. The above rules accord with former practice, except that in
cortain instances the random latitudinal boundaries will be run
from west to east, instead of invariably from east to west, as here-
tofore required. It is also deemed advisable to incorporate other
exceptions which will lessen the difficulties of subdivisional surveys
frequently experienced in the past.

Tt is especially desirable that the aline
boundary (which becomes the governing south boundary of the
township to the north) shall not depart more than 14" from the true
cardinal course; therefore the random line, run upon the cardinal
course, may be made the true line where the falling would require
a correction exceeding 14/ of arc. Where the random latitudinal
boundary: thus closes on.a new meridional exterior the temporary
township corner may be adjusted to the latitude of the opposite

ment of a new latitudinal

here both meridional boundaries have been
losing township corner will be established
the random latitudinal line with the

township corner; but w

previouely surveyed a c
at the point of intersection of
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SYSTEM OF RECTANGULAR SURVEYS. 151

meridional boundary, or its projection to the north or south as the
case may be. Likewise, where a meridional boundary is run as &
random, the random will be made the true line if the adjustment for
falling plus the usual correction to secure parallelism of the meridi-

Fig.29.
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Tlustrating the adjusiment in the direction of the meridional lines of & subdivie
slonal survey on account of convergency of meridians, also the 14' limit of the

rectangular “safety gone.”

onal subdivisional lines (on account of convergency of meridians)
would result in calculated bearings (in the northernmost miles of
the latter lines) in excess of 14/ from cardinal. This margin for the
alinement of the random and true meridional lines of the subdivi-
gional survey calls for a governing east boundary whose bearing will
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fall within certain extremes suited to the latitude of the township,

as for example (see second part of Table 2, Standard Field Tables):
Latitude 25° N.

1st Mi. Mer. Subdv. N. 0° 14 E. 5th Mi, Mer. Subdv. N, 0° 14/ W.

Corr. for Conv. 400 Corr. for Conv. -02
E. bdy. may be N. 014’ E. E. bdy. may be NI0°120W.

Latitude 70° N,

1st Mi. Mer. Subdv. N, 0° 14/'E. 5th Mi. Mer. Subdv. N, 0° 14’ W.
Corzx. for Conv. +02 Corr. for Conv. -10

E. bdy. may be N. 0° 16’ E. E. bdy. may be N. 0° 04/ W.

It will be noted that the above taxtin reference to the 147 limif for
exteriors applies only to the establishment of new boundaries.
A previously established boundary every part of which is within 21/
of cardinal will not be considered defective in alinement. « Even in
the case of new exteriors, where the engineer who establishes such
line is also to subdivide the township of which such exterior is a
governing boundary, the margin of 14’ may be exceeded to a limited
extent if the engineer is satisfied that existing conditions favor keep-
ing within the 21/ limit in the subdivisional survey. Thus it will be
seen that the purpose of the 14/ limit is merely to facilitate the estab-
lishment of all subdivisional lines within the prescribed definite
limit of 217 from cardinal.

157. Another general exception may be noted where uncertainty
exists as to how unsurveyed exteriors and subdivisional lines will
close upon the newly established boundaries, in which ease the cor-
nierd thereon may be matked only for thé townships of which the
new exteriors control the subdivisions,

COMPLETION OF PARTIALLY SURVEYED EXTERIORS,

158. Where the end portions of a township exterior have been
previously surveyed and closed upon, the fractional unsurveyed
middle part will be completed by random and true line, without
offset regardless of the deviation from cardinal; the fractional meas-
urements will be placed ag a general rule in the north and west
half miles, thereby permitting the subdivisional lines to be extended
as nsual from the south to the north and from the east to the west.
In the case of a fractional part of an exterior remaining unsurveyed
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RETRACEMENTS BEFORE BUBDIVIDING.

159. 1f any part or all of the boundaries of a township which
is to be subdivided have been previously surveyed, and the proper
supervising officer has reason to question the accuracy of any portion
of puch exteriors, or the condition of the corner monuments thereon,
the fact will be stated in the written special instructions, and the
engineer will be authorized and required; as a condition precedent
to beginning the subdivisional survey of such township, to retrace
such boundaries in order to determine the true alinement and lengths
of the lines, to rebuild any corners found to be in a poor condition,
and otherwise to accomplish the following purposes:

(@) To locate all material errors, (b) to test every line as to what
alterations may De required, and (¢) to determine all data necessary
for the computation of the areas of all fractional lots.

160. All data obtained in the retracements will be embodied in
the field notes and shown upon the plat of the survey, unless the
retracement results are in substantial agreement with the record of
the original survey, in which case a general gtatement to that effect
may be made in the field notes, and the original record may be per-
mitted to govern the data to be placed upon the plat.

RECTANGULAR LIMITS.

161. Beforeapproaching the subject of ““subdivision of townships”
it is necessary to consider the requirement of law relative to rectan-
gular surveys, wherein the square mile, or section, is the unit of
gubdivision. The normal township will include 36 sections in all,
25 of which' are returned as containing 640 acres each; 10 sections (on
the north and west boundaries) each contain regular aliquot parts
totaling 480 acres with 4 additional fractional lots in each section,
each lot containing 40 acres plue or minus definite differences to be
determined in the survey; and, section 6 containing regular aliquot
parts totaling 360 acres with 7 additional fractional lots each con-
taining 40 acres plus or minus certain definite differences to be
determined in the survey, all as contemplated by law. The afore-
mentioned aliquot yarts of 640 acres may be termed ‘““regular or legal
subdivisions of a section,” as & quarter section, a half-quarter section,
ora quarter-quarter section, the legal minimum of which, for purposes
of disposal under the general land laws, is 40 acres.

162. In the administration of the surveying laws it has been
necessary to establish a definite relation between rectangularity
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156 MANUAL OF SURVEYING INSTRUCTIONS,

(square miles of 640 acres, or aliquot, parts thereof), ag contemplated
by law, and the resulting unit of subdivision consequent upon the
practical application of surveying theory to the marking out of
the lines on the earth’s surfacé, wherein the ideal section is
allowed to give way to one which may be termed “regular.’” Such
relation, as applied to the boundaries of o section, has been placed
at the following limits:

(a) For alinement, not to excead 217 from cardinal in any part;
(b) for measurement, the distance between regular corners to be
normal according to the plan of survey, with certain allowable
adjustments not to exceed 25 links in 40 chains; and (e) for closure,
not to exceed 50 links in either latitude or departure.

Township exteriors, or portions thereof, will be considered de-
fective when they do not qualify within the above limits. Tt is also
necessary, in order to subdivide a township regularly, to consider a
fourth limit, as follows:

(d) TFor position, the corresponding section corners upon the op=
posite boundaries of the township to be #o located that they may be
connected by true lines which will not deviate more than 217 from
cardinal.

A previously established exterior will not be considered de-
fective if the above limits are satisfied, and a subdivisional survey
may proceed in safety if the rectangular limits (in such subdivisional
survey) are not exceeded. On the other hand, if the conditions
relating to the previously established governing boundaries are such
that the rectangular limits have already been exceeded or that the
danger point is likely to he reached at an early stage in the subdi-
visional survey, the necessary corrective steps will be taken before
subdividing, as hereinafter described.

RECTIFICATION OF DEFECTIVE EXTERIORS BEFORE SUBDIVIDING AND
METHOD OF ESTABLISHING NEW GOVERNING BOUNDARIES WHERE
THE PREVIOUSLY BURVEYED EXTERIORS ARE FOUND Td BE DE-
FECTIVE,

163. Where subdivisional lines have been initizted from or closed
upon an exterior prior to the subdivision of one of the adjoining
townships, its alinement can not legally be changed. A defective
boundary not so closed upon may be obliterated, after connecting
the old with the new monumen ts, whereupon a new boundary will
be projected in accordance with regular methods. If a legal claim
of any character such as mineral, forest-homestead, small-holding,
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158 MANUAL OF SURVEYING INSTRUCIIONS,

railroad or canal right-of-way, reservoir site, ete., has been connected
with any corner on an exterior which may be subject to rectification,
the fact will be epecifically stated in the written special instructions,
and in case such exterior is found to be defective the engineer will
accurately connect the old corner by course and distance with the
new monument. Such old corners will not be destroyed, but the
letters “W P (signifying “witness point ™) will be distinctly added
to the original markings. A complete record of the connection from
the new to the old monument, a description of the latter and its
accessories, and the new markings, will be included in the field
notes, and the position of the old monument will be shown on the
plat of the survey.

164. If a boundary is defective in measurement or position and is
not subject to rectification, the location of the original corners will
not be changed, but the marks thereon, and the marks upon or
position of the accessories, may be appropriately altered to stand
only for the sections of the previously established surveys. New
corners to control the surveys of the adjoining township may then
be established on the old line, but at regular distances of 40 and 80
chains. - Where new corners are placed on an oblique exterior (one
whose bearing departs more than 1° from cardinal) the same will be
80 located for measurement that the oblique distance multiplied
by the cosine or sine of the bearing angle, as the case may be, will
result in cardindl equivalents of 40 and 80 chains.

165. Whete subdivisional lines have been initiated from or
closed upon one side of a portion of a township boundary prior to
the subdivision of the township on the opposite side, while upon
the remaining portion of the same such conditions do not interfere,
said remaining portion may be obliterated, if found defective,
whereupon a new line will be projected in accordance with regular
methods.

166.. The position of the new exteriors, or of new corners on
defective township boundaries must be established by an actual
rerunning of such lines; the data acquired in surveying subdivisional
lines cloeing upon defective exteriors can not be accepted in lien
of such retracement or regurvey.

167. Instances will occur both in closing subdivisional surveys
upon regular exteriors and in the retracement of defective bound-
aries not subject to rectification where it will be developed that the
original monuments have become lost or obliterated, or where such
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corners may be identified in an advanced state of deterioration. All
such exterior corners will be reestablished and remonumented in
their correct original positions in strict accordance with the pro-
visions of Chapters IV and V, and a complete record thereof will be
embodied in the field notes.

168. The south boundary of a township is regularly the govern-
ing latitudinal boundary and will be used as such unless defective
in alinement; if defective in measurement, and not subject to rec-
tification, the position of the original corners will not be changed,
but the marks thereon and the accessories will be appropriately
altered to stand only for the sections of the township to the south;
new corners of two sections and quarter-section corners common to
the sections of the township to the north will be established at reg-
ular intervals of 40 chains, counting from the east, and the excess
or deficiency in measurement placed in the west half mile. If the
south boundary is defective in alinement, a sectional correction
line will be required.

169. The east boundary of 4 township is regularly the governing
meridional boundary and will be used as such unless defective in
alinement; if defective in measurement, and not subject to rectifi-
cation, the position of the original corners will not be changed, but
the marks thereon and the accessories will be appropriatel y altered
to stand only for the sections of the township to the east; new cor-
ners of two sections and quarter-section corners common to the sec-
tions of the township to the west will he established atregular inter-
vals of 40 chains, counting from the south. If the east boundary is
defective in alinement a sectional guide meridian will be required.

170. New west and north boundaries of a township become the
governing meridional and latitudinal boundaries of the townships
to the west and north, respectively, and are required to be properly
established as such,

171. New east and south boundaries of a township become the
closing meridional and latitudinal boundaries of the townships to
the east and south, respectively, and where by peculiar necessity
the ideal plan must be modified and doubt exists as to how unsur-
veyed lines may close upon same, the corners thereon may be estab-
lished common only to the sections of the township of which the
new lines are the governing boundaries. The corners appropriate
to the sections upon the opposite side will be duly established as
closing corners at the time of the survey of the subdivisional lines
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of the adjoining townships if the original corners are then found to
be defective in position, and where regular connections can be
made the marks upon the original corners will be appropriately
altered to corners of maximum control,
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172. Where the previously established north or west bounda-
ries are found to be defective in measurement or position and sub-
divisional surveys in the adjoining townships have been initiated
_ upon the same, thereby preventing rectification, the marks upon
{ the original corners will be appropriately altered to corners of two
: vections and quarter-section corners common only to the sections of
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the townships to the north or west, respectively. Closing section
corners will be establislied when subdividing and the distance meas- I
ured to an original corner; new quarter-section corners, common to 1
the sections of the township which is being subdivided, will be
placed on the old line at the mean distances between the closing
section corners, or at 40 chains from one direction, depending upon
the plan of the subdivision of the section, Where such previously
established north and west boundaries are defective in alinement,
but not in measurement or position, no changes are required, and
the section lines of the township which is being subdivided will be
connected regularly to the original corners; the resulting fractional .
measurements will be placed uniformly in the north and west half |
miles,

178. The diagrams which accompany the text illustrate the guid-
ing principles involved in the method of establishing new govern-
ing boundaries where the previously surveyed exteriors are found
to be defective. Bach diagram illustrates a simple condition affect-
ing one boundary only, and the examples are taken only from the
regular order of procedure. Combinations of two or more of the
gimple defective conditions are best solved by an analysis of the
complex problem into its several parts of gimple defective condi-
tions. The same statement is applicable to the solution of complex
defective conditions encountered in the establishment, of township
exteriors under an irregular order of procedure, The engineer will
be expected to exercise skill and judgment in dealing with similar
field problems, but where extraordinary conditions are encountered
which will not admit of analysis and solution in harmony with the
principles herein set forth he will report the facts to the proper
supervising officer for his counsel.

TABLES OF LATITUDES AND DEPARTURES AND CLOBING ERRORS.

174. Upon the completion of the survey of one or more township
exteriors closing the figure of either a full or fractional township, &
table of latitudes and departures and closing errors will be prepared,
wherein due allowance for convergency of meridians will be intro-
duced. The closing errors will furnish an immediate guide to the
accuracy of the lines included in the table and, in case the limit of
closure (ghy of the perimeter, in either latitude or departure) is ex-
ceeded, will serve to show what additional retracements or other
corrective steps may be necessary in order to perfect the purvey
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before leaving the field. The table of latitudes and departures and
cloging errors, including every part of any closed figure embracing
township exteriors, based upon final field determination after all
necessary. retracements and final true lines have been completed,
will be filed with the field tablets and computationgheets, The gen-
eral subject of “limits of closure” will be amplified hereinafter.

SUBDIVISION OF TOWNSHIPS.,

REGULAR BOUNDARIES.

175. The boundaries of a township will be considered within
satisfactory governing limits from which to control the subdivisional
survey when the calculated position of the latter lines may be theo-
retically projected from said boundaries without invading the danger
zone in réspéct to rectangular limits ag previously described. The
danger zone has already been placed at theoretical bearings excead-
ing 14/ from cardinal, and the corresponding zone in respect to
lengths of linés may be placed at theoretical adjustments exceeding
33 linka per mile,

176. The direction of the east boundaty may qualify anywhere
within the governing limitsset forth under the subject of “township
exteriom,” and where this boundary is broken in alinement, but
otherwise within' the governing limits, its mean course will be
adopted when considering the control upon the direction of the
metidional subdivisional lines,

177. The subdivision of a township may proceed in the normal
order, where the above conditions are satisfied, ag follows:

The meridional section lines will be initiated at the regularly
established section corrers on the south boundary of the township
and will be run from south to north parallel to the governing east
boundary, or, in case the east boundary is within limits, but has
been found by retracement to be imperfect in alinement, the merid-
onal section lines will be run parallel to the mean course of such east
boundary.  Regular quarfer-section and section corners will be
established alternately at intervals of 40 chains, as far as the northern-
mostinterior section corner. ' The last milés of the meridional section
lnes will be continued as random linee, ench successive line being
run parallel to the true east boundary of the séction 1o which it
belongs; & temporary quarter-section corner will be set at 40 chains,
the distances will be measured to the points of infersection of the
random lines with the north boundary of the township, and the
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fallings of the random lines east or west, of the objective section
corners will be noted. The randoms will then be corrected to true
lines by returning to accomplish the required markings between the
gection corners, including the permanent establishment. of the
quarter-section corners on the true lines at distances of 40 chains
from the south, thus placing the fractional measurements in the north
balf miles. The bearings of the true lines will be calculated on the
basis of the fallings of the randoms (see Table 3, Standard Field
Tables). Where the north boundary of the township is a base line or
standard parallel, the last miles of the meridional section lines will
be continued as true lines parallel to the east boundary of the town-
ghip, sotting permanent quarter-section corners ab 40 chains from
the south and closing section corners at the points of intersection
of the several lines with the base or standard or correction line, where
the distances will be measured to the nearest corners on said line,
The adjustment of the bearing of all meridional section lines on
account of convergency of meridians has already been explained in
Chapter 11. \

178. The latitudinal section lines, except in the west range of
gections, will normally be run from west to east on random lines
parallel to the south boundaries of the respective sections, setting
temporary quarter-section corners at 40 chaing; the distances will be
measured to the points of intersection of the random lines with the
north and south lines passing through the objective section corners,
and the fallings of the random lines north or south of said corners will
benoted, Bach random will be corrected to a true line by returning
to accomplish the required markings between the section corners,
including the permanent establishment of quarter-section corners
at the mid-points on the true lines. The bearings of the true lines
will be calculated on the basis of the fallings of the randoms (see
Table 3, Standard Field Tables). In the west range of sections the
random latitudinal section lines will be run from east to west, parallel
to the gouth boundaries of the respective sections, and on the true
lines the permanent quarter-section corncrs will be established at
40 chains from the east, thus placing the fractional measurements in
the west half miles.

179. Meander corners will be established at the points of inter-
goction of the several true lines with all meanderable bodies of water.

180. The meridional section lines will have precedence in the
order of execution, and these will be surveyed successively, begin-

1900°—81——12
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ning with the first meridional section line counting from the east.
A meridional section line will not be continued beyond a section
corner until after the connecting latitudinal section line has been
surveyed, and in the case of the fifth meridional section line, both
latitudinal section lines connecting east and west will be surveyed
before continuing with the meridional line beyond a section
corner. The successive meridional lines may be taken up at the
convenience of the engineer at any time in order as previously
stated, but none will be carried beyond uncompleted gections to the
east. The field notes will be compiled in ranges of sections begin-
ning with the easternmost, and the west two ranges will be compiled
by alternating with the adjoining east and west sections. The
specimen field notes exemplify the usual order of survey and the
prescribed method of arranging the ficld notes.

181, Thus, to recapitulate, the subdivisional survey will be com-
menced at the corner of sections 35 and 36, on the gouth boundary of
the township, and the line between sections 35 and 36 will be run
parallel to the east boundary of the township, or to the mean course
thereof, if it is imperfect in alinement, but within limits, establish-
ing the quarter-section corner at 40 chains, and at 80 chaine, the corner
of sections 25, 26, 35 and 36. T'rom the last-named corner, a random
line will be run eastward, without blazing, parallel to the south
boundary of section 36, to its intersection with the east boundary of
the township, placing at 40 ¢hains from the point of beginning, a post
for temporary quarter-section corner. 1f the random line intersecis
eaid township boundary exactl y at the corner of sections 25 and 36,
it will be blazed back and established as the true line, the permanent,
quarter-section corner being cstablished thereon, midway between
the initial and terminal section corners. If the random intersects
#aid township boundary to the north or south of eaid corner, the
falling will be carefully measured, and from the data thus obtained,
the true return course will be calculated. and the true line blazed
and established, and the position of the quarter-section corner
determined, as directed above. The meridional section line will
be continued on the game plan, likewise the successive latitudinal
section lines except that each random will be run parallel to the true
south boundary of the section to which it belongs. After having
established the west and north boundaries of section 12, the line
between sections 1 and 2 will be projected northward, on a random
line, parallel to the east boundarmy of the township, or to its mean
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course, as the case may be, setting & post for temporary quarter-sec-
tion corner at 40 chains, to its intersection with the north boundary
of the township. If the random intersecis said north boundary
exactly at the corner of sections 1 and 2, it will be blazed back and
established as the true line, the quarter-section corner being estab-
lished permanently in its original temporary position, and the frac-
tional measurement thrown into that portion of the line between the
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F16. 40,—The numbers on the section lines indicate the normal order of sub-
division and arrangement of the field notes.
permanent quarter-section corner and the north boundary of the
township. If, however, said random intersects the north bourdary
of the township, to the east or west of the corner of sections 1 and 2,
the falling will be carefully measured, and from the data thus
obtained the true return course will be calculated and the true line
established, the permanent quarter-section corner being placed upon
the same at 40 chains from the initial corner of the random line,
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thereby throwing the fractional measiroment in that portion lying
between the quarter-section corfier and the north boundary of the
township. * When the north boundary of a township is a base line
or standard parallel, the line between sections 1 and 2 will be run
a8 a true line parallel to the east boundary of the township, or to it
mean course, as the case may be; the quartér-section ‘corner will be
placed af 40 chains, and a cloging corner will be established at the
point of intersection with such base or standard line; and in such case,
the distance from said closing corner, to the nearest standard corner
on such base or standard line, will be carefully measured and noted.
The successive ranges of sections proceeding from east to west will
be surveyed in the same manner; then after having established the
west and north boundaries of section 32, a random line will be
initiated at the corner of sections 29, 30, 31 and 32, which will be
projected westward parallel to the south boundary of the township,
sefting a temporary quarter-section corner at 40 ehaing, to an inter-
section with the west boundary of the township, where the falling
will be measured and the bearing of the true line calculated, where-
upon the line between sections 30 and 31 will be permanently
marked between the section corners, and the quarter-section corner
thereon will be established at 40 chains from the east, thereby placing
the fractional measurement in the west half mile as required by law,
The survey of the west two ranges of gections will be continued on
the same plan, and the random line between sections 6 and 7 will be
run westward parallel to the true line between gections 7 and 18:
the random will be corrected to a true line and the fractional measiire-
ment placed in the west half mile; finally the random line between
sections 5 and 6 will be run northward parallel to the true line
between sections 4 and 5; the random will be corrected to a true line
and the fractional measurement placed in the north half mile,

It may well be noted again that the meridional section lines are
surveyed as true lines for 5 mileg, i, e., the lines are surveyed
and permanently monumented in the first instance without later
adjustment. Every means is placed at the disposal of the engineer
by which he is expected to accomplish accurate results, and the
system of survey provides amply for the adjustment of all reasonablo
closingerrors.. Thus, a slight error in the alinement of the meridional
section lines is taken up in the measurement of the latitudinal lines
which, in order to come within the rectangular limif, must be
within 50 links of 80 chains in length, except in the west range of
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gections where the convergency of the meridional lines is regularly
provided for; the accumulated error in alinement for the 5 miles of
true meridional line is taken up in the sixth mile, which is run
random and true; here the true line must be within 217 of cardinal
in order to come within the rectangular limit. The slight, ordinary
errors in the measurement of the meridional section lines are taken
up by the adjustment of the bearings of the latitudinal section lines
which, in order fo come within the rectangular limit, must be within
917 of cardinal; the accumulated error in measurement in running
north is placed in the last f ractional half mile; here the meridional
distance will be checked by a caleulated closing around the last
section, and the latitudinal error must not exceed 50 links (or ziv)
in order to come within the usual limits of closure. The accuracy of
the subdivisional gurvey will everywhere be tested by the usual
rules for limits of closure, hereinafter described. The engineer
ghould discriminate carefully between the limits for subdivision
and limits of closure and note with due respect that whereas the
latter may admit of differences as greatas 50 links in any one section,
the former are controlled by the limit of rectangularity and will be
exceeded if the accumulative error is greater than 3}’ in alinement,
or 8% links per mile in measurement. The accumulative error must
ever be guarded against and avoided, and the order of survey is
arranged with a view to furnishing continuous checks upon: the
accuracy of all lines,

182. Any random subdivisional line may be run for distance only
where the objective section corner is in sight, but the bearing will
be recorded, and the usual rules for running random and true lines
will be duly observed in every other respect. The random latitudinal
gection lines, except in the west range of sections, will normally
be run from west to east, thus always closing upon a previously
established section corner; but when under the exigencies of the field
work, in order to economize the time of his party, the engineer may
elect to project the random from east to west (always parallel to the
south boundary of the section), a temporary section corner (if the
permanent corner has not already been established) will be set at
80 chains, and the true point for the section corner will be determined
ag usual at the 80-chain point on the meridional section line, where-
upon the connection of the random latitudinal line and the perma-
nent marking of the true line will be completed as regularly provided.
Examples of the authorized rules for running subdivisional lines will
be found in the specimen field notes.
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IRREGULAR BOUNDARIES.

188. Where either of the governing ‘boundaries of a township is
disqualified asa controlling line upon which to initiate a subdivi-
sional survey, the necessary retracements and resurveys or altera-
tions will be accomplished  before subdividing as préeviously
explained under the subject of township exteriors; thus may be
assured every possible provision for a correct subdivisional survey
except as either the eouth or the east boundary may be defective in
alinement and not gubject to rectification,

BECTIONAL GUIDE MERI DIAN.

184. If the east boundary of the township is defective in aline-
ment, and can not be rectified, and the north boundary is thus made
defective in pogition, the first meridional section line will he pro-
jected on a true meridian to an intersection with the north boundary
of the township where a closing section corner will be established
and the distance measured to the nearest regular corner, ‘The inter-
mediate quarter-section and section corners will be established
alternately at regnlar intervals of 40 chaing, counting from the south,
unless the south boundary of the township is itself defective in
alinement. Where the north boundary is not defective in position
(nor within the danger zone) with reference to the section corners
on the south boundary (by reason of the errors in the alinement of
the east boundary being compensating), the first meridional section
line will be projected 5 miles as a true line on a bearing caleulated to
intersect the objective section corner on the north boundary, and the
last mile will be run as a random line on the same course and cor-
rected to a true line after the falling has been measured. The
temaining meridional section lines will be run parallel to the one
first established, in the usual manner, to cloging section corners on
the last mile or random and true a8 the case may be,

The fractional measurements of the latitudinal section lines in
the firat range of sections will be placed in the east half mile; elee-
where, unlegs the south boundary is defective in alinement, the
latitudinal section lines will be run in the usual manner,

BECTIONAL CORRECTION LINE.

185. If the south boundary of the townehip is defective in aline.
ment, and can not be rectified, and the west boundary is thus made
defective in position, & sectional correction line will he surveyed
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as & permanent line on a true latitudinal curve initiated at the first
regular section corner on the eaet boundary and projected to an
intersection with the west boundary of the township where a closi ng
section corner will be established and the distance measured to the
nearest regular corner, The intermediate quarter-section and sec-
tion corners will be marked as temporary points ot regular intervals
of 40 chains, alternately, counting from the east. Where the west
boundary is not defective in position (nor within the danger zone)
with reference to the séction corners on the east boundary (by reason
of the errors in alinement of the south boundary being compensating),
the first latitudinal section line will be projected 5 miles as a per-
manent line on a bearing calculated to intersect the objective section
corner on the west boundary; temporary quarter-section and section
corners will be marked at regular intervals of 40 chai ns, alternately,
counting from the east.

The section corners on the sestional correction line will be estab-
lished at the several points of intersection of the meridional gection
lines alined in the normal manner, Thereaftor the quartersection
corners on the sectional correction line will be established at the
ugual mid-point positions except in the east and west ranges of
sections. The quarter-section corner between sections 25 and 36
will be established at 40 chains from the west if the east boundary is
defective in alinement; otherwise it will be fixed at the usual mid-
point position. = The quarter-section corner between sections 30 and
31 will be placed at 40 chains from the east, and if the sectional cor-
rection line has not been terminated at a closing section corner on the
west boundary of the township (as previously provided), the line
between sections 30 and 31 will be run random and truein the normal
manner, The quarter-section corners on the meridional section
lines in the south tier of sections will be permanently established at
40 chains south from the corners on the sectional correction line,
The balance of the subdivisional lines will be continued from the
sectional correction line in the usual manner,

186. Where the south part of the east bou ndary, or the east part
of the south boundary, is regular, and the balance of the exterior is
found to be defectivein alinement and not subject to rectification,
the subdivisional survey will be made regular as far as possible,
The initial point for the sectional guide meridian, or for the sectional
carrection line, will be determined by existing conditions, and the
subdivisional survey continued in harmony with the principles
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already outlined. Thus the first meridional section line would be
continved as a sectional guide meridian if the north part, of the east
boundary is defective in alinement and the north boundary is
thereby made defective in poeition, but if the north boundary is not
defectivein position (nor within the danger zone) the firat meridional
section line should be continued on a course calculated to intersect
the objective section corner on the north boundary. The same prin-
ciple would be observed if the west part of the south boundary is
defective in alinement and the west boundary is not defective in
position (nor within the danger zone), but if the west boundary is
thus made defective in position the sectional correction line should
be established on the true latitudinal curve,

Under the provisions of the above paragraph it will be geen that
the maximum number of normal sections are to be secured where the
condition of the governing boundaries warrants a combination of the
several general plans of subdivisional surveys. The sections adjoin-
ing the east boundary may he considered regular to the full extent
of their conformity with the usual rectangular limits, and where
such agreement obtains the quarter-section corners on the latitudinal
section lines will be placed at the normal mid-point position. The
sections adjoining the south houndary of the township can not be
considered regular unless the meridional lines are established at 80
chaing in length, and the sections are otherwise in conformity with
the usual rectangular limits: certain exceptions to this rigid require-
ment will be noted under the subject of fragmentary subdivision.”

187. The field notes of subdivisional surveys embracing either a
sectional guide meridian, a sectional correction line, or other gov-
erning gection line, will be compiled in the same regular order
heretofore described, hut appropriate explanatory remarks will be
added indicative of the method and order of procedure,

CLOSING BECTION LINES.

188. In the event of defective north or west boundaries, not sub-
ject to rectification, where the subdivisional lines can not be con-
nected with the previously established exterior section corners,
regularly by random and true lines not exceeding 217 from cardinal
and at the same time not deviating more than 217 from a line parallel
to the opposite (regular) boundary of the section, the normal posi-
tions of the randoms will be made the true lines ; & closing section
corner will then be established at the point of intersection of the
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section line with the original boundary, and the distance will be
measured to the nearest original corner. The quarter-section cor-
ners on the closing section lines will be placed uniformly at 40 chains
from the south or east as the case may be. If not already accom-
plished, the defective boundaries of the township will be retraced
as may be necessary, and the marks upon the original corners appro-
priately altered as previously provided under the subject of rectifi-
cation of defective exteriors, whereupon new quarter-section cor-
ners, common 1o the sections of the township which is being subdi-
vided, will be established on the original defective boundaries at
the mean distance between the closing section corners, or at 40
chains from one direction, depending upon the plan of the subdi-
vision of the section to which a particular quarter-section corner
belongs.

189. Corners of two sections on the governing south or east houn-
daries of a township will not be established as closing section
corners, but at regular distances by measurement on said boundaries
a8 already provided under the subject of rectification of defective
exteriors before subdividing: thereafter the position of gaid corners
will control the subdivisional survey.

190. Where a section is invaded by a State or reservation or grant
boundary, or by a private claim of any description, such as mineral
claims, forest-homestead claims, small-holding claims, etc., whose
boundaries are at variance with the lines of legal subdivision, the
distance on the township boundary or section line to the point of
intersection with the irregular boundary will be carefully measured,
likewise the exact bearing of the irregular boundary will be deter-
mined and the distance will be measured to the nearest corner on
such irregular boundary, Where a private claim is located entirely
within the limits of a section, a connection will be made from a
regular corner on one of the boundaries of the section to a corner of
the claim, and the bearing and length of the connecting line will be
carefully determined. In the latter case a connecting traverse line
will be recorded, if one is run, but it will also be reduced to the
equivalent direct course and distance, all of which will be stated in
the field notes, and the course and length of the direct connecting
line will be shown upon the plat of the gurv Y.

191. If a survey is to be concluded tipon an irregular boundary
at variance with the lines of legal subdivision, or if the survey is to
be continued on a blank line to acquire a definite location upon the
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opposite irregular boundary, but without monumenting the recs
tangular survey between guch irregular boundaries, a closing town-
ship or gection corner, as the case may be; will be required at the
point of intersection of the regular with the irregular line. On the
other hand, if the survey is not to be =0 concluded, but is to be con-
tinued for the purpose of establishing a full complement of section
and quarter-section corpers for the control of the subdivision of a
sectiont o invaded by a private claim, no cloging corner will be
required.

192. In every case where a closing township or gection corner is
to be established upon a standard parallel, State, reservation, grant,
or claim boundary, or upon an irregular section line or exterior, the
line closed upon (if the latter was not established by the engineer
who runs the closing line, or if not already retraced by him), will be
retraced between the first corners o the right and let of the point
for the closing corner, in order to determine the exact alinement of
the line closed upon, to the end that the closing corner may be
established at the precise point of intersection of the two lines, The
distance from the closing corner to the nearest corner on the line
closed upon will always be measured and recorded.

SUBDIVISION OF SECTIONS.

193, The acts of Congress approved February 11, 1805, and April
b, 1832, contain the fundamental provisions for the gubdivision of
sections into quarter sections and quarter-quarter sections; the prin-
ciples recognized by law have already been stated in Chapter 1.
The sections are not gsubdivided in the field by the United States
surveyors unless provision therefor is specifically mentioned in the
written special instructions, but certain subdivision-of-section lines
are always protracted upon the official plats, and the local surveyor
who may be employed by entrymen to run enid lines in the field is
compelled to correlate the conditions as found upon the ground
with those shown upon the approved plat. The United States sur-
veyor is required to &0 establish the official monuments that a
proper foundation is laid for the subdivision of the section, whereby
the officially surveyed lines may be identified and the subdivision
of the section controlled as contemplated by law. s

194. The rectangular system provides for the unit of disposal
under the general land laws, broadly, the guarter-quarter gection of

40 acres, upon a plan in which the square mile, or section of 640
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acres, is the unit of subdivision, while the unit of survey is the town-
ship of 36 sections. All agricultural entries are based upon descrip-
tions in accordance with legal subdivisions shown upon the offi-
cial plat, The plats are constructed in harmony with the official
field notes returned by the engineer. The land included in an
entry is identified on the ground by fixed monuments established
by the engineer. A United States land patent grants to the entry-
man a title of ownership to a tract defined by certain fixed monu-
ments on the ground and related by description and outline to the
official plat. The function of the United States surveyor has been
fulfilled when he has properly executed and monumented his survey
and returned an official record thereof in the shape of complete
detailed field notes and a plat. The function of the local surveyor
begins when he is employed as an expert to identify the lands which
have passed into private ownership; this may be a gimple or a most
complex problem, depending largely upon the condition of the
original monuments as affected principally by the lapse of time eince
the execution of the official survey. The work of the local surveyor
usually includes the subdivision of the section, already mentioned
as the official unit of subdivision, into the fractional parts ghown
upon the approved plat. In this capacity the local gurveyor is per-
forming a function contemplated by law, and he can not properly
serve his client or the public unless he is familiar with the legal
requirements concerning the subdivision of sections. In the event
that the original monuments have become lost the surveyor can
not hope effectively to recover said corners without a full under-
standing of the record concerning their original establishment, nor
can the surveyor hope legally to restore the same iuntil he has
mastered not only the principles observed in the execution of the
original survey, but the principles upon which the courts having
jurisdiction over such matters have based their rulings.

195. The General Land Office assumes no control or direction
over the acts of local and county surveyors in the matters of sub-
division of eections and reestablishment of lost corners of original
surveys where the lands have passed into private ownership,
nor will it issue instructions in such eases. It follows the
general rule that disputes, arising from uncertain or erroneous loca-
tion of corners, originally established by the United States, are to
be settled by the proper local authorities or by amicable adjustment,
and the office desires that the rules controlling the acts of its own
surveying service be considered by all other surveyors as merely
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advisory and explanatory of the prineiples which should prevail in
performing such duties.

The subject of restoration of lost corners will be treated in'a
later chapter, as the purpose here is to outline the principles con-
cerning the subdivision of sections, which will be recognized alike
by the General Land Office surveying service and by all local sur-
veyors.

SUBDIVISION BY PROTRACTION.

196. Upon the plat of all regular sections the boundaries of the
quarter sections are shown by broken straight lines connecting the
opposite quarter-section corners, The sections bordering the north
and west boundaries of a normal township, excepting section 6,
are further subdivided by protraction into parts containing two regu-
lar hali-quarter sections and four lots, the latter containing the frac-
tional areas resulting from the plan of subdivision of normal town-
ghipe; the lines of the hali-quarter sections are protracted from three
points 20 chains distant from the line connecting the opposite
quarter section corners, two of said distances counting on the oppo-
gite section lines and one counting on the line between the fractional
quarter sections; the lines subdividing the fractional half-quarter
sactions into the fractional lots are protracted from mid-points on
the opposite boundaries of the fractional quarter section. The two
interior sixteenth-section corners on the boundaries of the fractional
northwest quarter of section 6 are similarly fixed at points 20 chains
distant north and west from the center of the section, from which
points lines are protracted to corresponding points on the west and
north boundaries of the section, resulting in subdivisions containing
one regular quarter-quarter section and three fractional lots. The
fractional lote herein described will be numbered in a regular series
progressively from east to west or from north to south, in each sec-
tion. As section 6 borders on both the north and west boundaries
of the township, the fractional lots in the same will be numbered
commencing with No. 1 in the northeast, thence progressively west
to No. 4 in the northwest, and sauth to No. 7 in the sonthwest frac-
tional quarter-quarter section,

Entrymen are allowed, under the law, to acquire title to any
regular quarter-quarter section, but as such subdivisions are aliquot
parts of quarter sections based upon mid-point protraction, it is not
deemed necessary to indicate these lines upon the official plat.
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197. Sections which are invaded by meanderable bodies of water,
or by approved claims at variance with the regular legal subdivisions,
are subdivided by protraction into regular and fractional parts as
may be necessary to form a suitable basis for the entry of the public
lands remaining undisposed of, and to describe the latter separately
and apart from the segregatod aveas,

The meanderline of a body of water and the boundary lines of
private claims are platted in accordance with lines run or connec-
tions made in the field; thereupon the sections so invaded are sub-
divided as nearly as possible in conformity with the uniform plan
already outlined. The subdivision-of-section lines are terminated
at the meander line or claim boundary, as the case may be, but the
position of the subdivision-of-tection lines is controlled precisely
as though the section had been completed regularly. In the case
of a section whose boundary lines are in part within the limits of a
meéanderable body of water, or within the boundaries of a private
claim, the said fractional section lines are, for the purpose of
uniformity, completed in theory, and the protracted position of
the subdivision-of-section lines is controlled by the theoretical
points so determined,

198. In the subdivision of fractional sections s many regular
parts should be secured as possible, except to avoid thus creating
poorly shaped fractional lots. Skill and judgment must be exercised
to accomplish a subdivision which embraces simplicity of platting
as well as a form to each and every lot that will prove to be equitable
to the entryman. In the case of fractional lots along® the north and
west boundaries of a township, and in other similar cases whete g
lot has a full normal width of 20 chains in one direction, it is gen-
erally advisable to avoid areas of less than 10 or more than 50 acres,
but in the instance of fractional lots along a meander line or other
irregular broken boundary, where the width of the lot in both direc-
tions may be considerably less than 20 chains, resulting in tracts of
more compact form, it is generally better to avoid an area of less
than 5 or more than 45 acres. The purpose of the aforestated limits
is to create fractional lots of dimensions that will facilitate all entries
being made in a form that is optional with the entryman; an ad-
herence to this practice will greatl y reduce the necessity for the con-
struction of supplemental plats now frequently demanded for no
otherpurpose. Extreme lengths or narrow widths should be avoided;
the longer direction should extend back from a meander line or
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claim boundary rather than along the same. It is inconsistent that
a fractional lot lie partly in two sections, and it is generally better,
when consistent with other rules, to avoid fractional lots extending
from one into another fractional quarter section,

199. To secure a uniform system for numbering lots of fractional
sections, including those above specified, imagine the section
divided by parallel latitudinal lines into tiers, numbered from
north to south; then, beginning with the eastern lot of the north
tier, call it No. 1, and continue the numbering west through the
tier, then east in the second, west in the third, east in the fourth
tier, etc., until all fractional lots have been numbered. A lot ex-
tending north and south through two, or part of two tiers, will be
numbered in the tier containing its greater area. In case any tieris
without numbered lots, the numbering will be continued in the
next tier to the south. This method of numbering will apply to
any part of a section. A section that has been partly surveyed at
different times should have no duplication of lot numbers.

200. When, by reason of irregular surveys or from other causes,
the length of a township from south to north exceeds the regular
length of 480 chains, or the width from east to west exceeds 480
chains, tosuch an extent as to require two or more tiers of lots along
the north boundary, or two or more ranges of lots along the west
boundary, as the case may be, the entire north or west portions of
said sections beyond the regular legal subdivisions usually provided
in these sections, will be suitably lotted, and to each lot will be
assigned a proper number. Certain exceptions to this rule will be
found in Chapter VII, in the instance of townships which possess
abnormal dimensions in one or both directions.

201. If the first meridional section line of a township has been
established as a sectional guide meridian, or the first latitudinal
section line has been established as a sectional correction line,
fractional lots will result along the east or south boundary of the
township, as existing conditions may necessitate. Thus, where
either the east or south boundaries of a township are defective in
alinement (and not subject to rectification before subdividing) the
sections bordering such defective boundaries will be subdivided by
protraction in accordance with rules similar to those which operate
in regard to sections bordering the north and west boundaries of a
normal township. Other examples of subdivision of sections will be
found under the general subject of ‘' fragmentary subdivision.”
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SUBDIVISION BY SURVEY.

202. The rules for suhdivision of sections by actual survey in the
field are based upon the laws governing the survey of the public lands
When cases arise which are not covered by these rules, and the
advice of the General Land Office in the matter is desired, the letter
of inquiry should, in every instance, contain a description of the
particular tract or corner, with reference to township, range and
section of the public surveys, to enable the office to consult the
record; also a diagram showing conditions found, giving distances
in chains and links and not in feet,

203, Preliminary to subdivision it is essential to know the actual
boundaries of the section, as it can not be subdivided legally until
the section corners and quarter-section corners have either bBeen
found or restored by proper methods, and the resulting courses and
distances determined by survey. The practice of entering a section
to survey a tract from only one or two corners, and those perhaps
unreliable, is unlawful.

204. The order of procedure is: Firet, identify or reestablish the
boundary corners; next, fix the lines of quarter sections; then, form
smaller tracts by equitable and proportionate division, according
to the following rules:

205. Subdivision of sections into quarter sections.—Under the
provisions of the act of Congress approved February 11, 1805, the
course fo be pursued in the subdivision of sections into quarter sec-
tions is fo run straight lines from the established official quarter-
section corners to the opposite corresponding corners. ‘The point of
intersection of the lines thus run will be the corner common to the
several quarter sections, or, in other words, the legal center of the
gection, :

Upon the lines closing on the north and west boundaries of a
tegular township the quarter-section corners are established by the
United Btates surveyors at 40 chains to the north or west of the last
interior section corners, and the exceéss or deficiency in the measure:
ment is thrown into the half mile next to the township or range line,
a8 the case may be,

Where there are double sets of section corners on township and
range lines the quarter-section corners for the sections south of the
township lines and east of the range lines have not always been
established in the field by the United States surveyors, but in sub-
dividing such sections said quarter-section corners should be so
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placed as to suit the calculations of the areas of the quarter sections
adjoining the township boundaries as expressed upon the official
plat, adopting proportionate measurements where the new measure-
ments of the north or west boundaries of the section differ from the
original measurements.

206. Subdivision of fractional seciions.—The law provides that
where opposite corresponding quarter-section corners have not been
or ean not be fixed, the subdivision-of-section lines should be ascer-
tained by running from the established corners north, south, east
or west lines, as the case may be, to the water course, reservation
line, or other boundary of such fractional section, as represented
upon the official plat. In this the law presumes the section lines
surveyed and marked in the field by the United States surveyors to
be due north and south or east and west lines, but this is not usually
the case. Hence, in order to carry out the spirit of the law, it will
be necessary in running the subdivisional lines through fractional
sections to adopt mean courses, where the section lines are not due
lines, or to run the subdivision-of-section lines parallel to the east,
south, west or north boundary of the section, as conditions may
require, where there is no opposite section line. (See sec. 197.)

207. Subdivision of quarier sections into quarter-quarter sections,—
Preliminary to the subdivision of quarter sections, the quarter-
quarter- or sixteenth-section corners will be established at points
midway between the section and quarter-section corners, and
batween the quarter-section corners and the center of the sec-
tion, except on the last half mile of the lines closing on irregular
boundaries, where they should be placed at 20 chains, proportionate
measurement, counting from the regular quarter-section corner.

The quarter-quarter- or sixteenth-section corners having been
established as directed above, the center lines of the quarter sectidn
will be run straight between opposite corresponding quarter-quarter-
or gixteenth-section corners on the quarter-section boundaries. The
infersection of the lines thus run will determine the legal center of a
quarter section.

208. Subdivision of fractional guarter sections.—The subdivisional
lines of fractional quarter sections will be run from properly estab-
lished quarter-quarter- or sixteenth-section corners, with courses gov-
erned by the conditions represented upon the official plat, to the
lake, water-course or reservation which renders such tracts frac-
tional. (Seesec. 107,) - it
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209. By “proportionate measurement’’ is meant a measurement
having the same ratio to that recorded in the original field notes as
the length of the line by re-measurement bears to its length as given
in the record. Reasonable discrepancies between former and new
measurements may generally be expected. Errors may occurthrough
many causes and should be as carefully avoided in re-measurements
as in original surveys. Instead of the old practice of “adjusting
the 'chain* to suit the former measure, the distance obtained by
a precise method is compared with that of the record, and’ the
shortage or surplus is computed by proportion, producing the same
result in a more relinble manner. For example: The length of tha
line from the quarter-section comner on the west boundary of section
2 to the north line of the township, by the United States surveyor’s
measurement was reported as 43.40 chaing, and by the county sur-
veyor's measurement was found to be 42.90 chains; then the distance
which the quarter-quarter- or sixteenth-section corner should be
located north of the quarter-section corner would be determined by
proportion as follows: As 43.40 chains, the official measurement of
the whole distance, is to 42.90 chains, the cotinty surveyor’s measure-
ment of the same distance, so is 20 chains, original measurement, to
19.77 chains by the county surveyor’s measurement, showing that
by proportionate measurement in this case the quarter-quarter- or
sixteenth-section corner should be set at 19.77 chains north of the
quarter-section corner, instead of 20 chains north of said eorner, as
represented on the official plat. Tn this manner the discrepancies
between original and new measurements are equitably distributed.

210. By way of recapitulation it should be emphasized that when
entrymen have acquired title to certain legal subdivisions they have
become the owners of the identical ground area represented by the
same subdivisions upon the official plat. It is a matter of expert or
technical procedure to mark out the legal subdivisions called for in
a'patent, and entrymen are advised that a competent surveyor
should be employed. The surveyor must necessarily identify the
section boundaries and locate the legal center of the section in order to
determine the boundaries of a quarter section. Then, if the boun-
daries of quarter-quarter sections, or fractional lots, are to be deter-
mined on the ground, the boundaries of the quarter section must be
measured, and the sixteenth-section corners thereon should be fixed
in accordance with the proportional distances represented upon the
approved plat, thereupon the legal center of the quartersection
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may be duly located. Thus will be produced in the field the figure
represented upon the plat, every part of the former in true propor:
tion to the latter, where the elements of absolute distance and area
have given away to corresponding proportional units as defined by
fixed monuments established in the originial survey.

FRAGMENTARY SUBDIVISION OF TOWNSHIPS.

211. In the preceding articles covering the subject of subdivision
of townships every assumption was based upon initiating the sub-
divisional survey upon regularly established exteriors, or, when
necessary, a sectional guide meridian. or a sectional correetion line,
or both, were to be established, upon which rested the control of
the subdivision of the township, The subdivision of every full
township may always be governed by the aforestated rules, but many
other factors operate in determining the method and order of pro-
cedure to be adopted in the instance of fractional townships which
have no linear south or east boundar » or in the ease of continuing
with the survey of partially subdivided townships, where one or more
of the previously established section lines may be found to be de-
fective in respect to the rectangular limit, or where partially, sur-
veyed sections, or sections containing outlying areas protracted as
surveyed; are to be completed. The engineer can not hope to
master the subject of fragmentary subdivision of townships until
he has become thoroughly familiar with every question relating to
the subdivision of sections, nor is it possible to give in the Manual
an example of every intricate problem which may be encountered
in the field; thus the following discussion deals primarily with the
principles, which must be considered in the field, operating to
control the engineer’s method and order of procedure. It is possible;
however, that cases may arise so complex in their character as to
produce a feeling of doubt relative to the proper solution of the proh-
lem; in which case the engineer will at once comm unicate with the
proper supervising officer, submitting information, by letter and
diagram, of the exact condition as found by him, and the necessary
instructions will be forwarded as soon as practicable.

FRACTIONAL TOWNSHIPS.

212. Where by reason of the presence of a large meanderable
body of water, impassable objects, a State or reservation or grant,
boundary, or for other gimilar reasons a township is made fractional
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and is without a full linear south or east boundary, and it has been
found advisable to run section lines as offsets to the township ex-
teriors, the frictional section lines south and east of said controlling
lines will be projected opposite to the usual direction; the fractional
measurements on said lines and the resulting fractional lots will be
placed against the irregular boundary. If similar conditions obtain
throughout the north or west part of a fractional township no depart-
ure from the regular order of subdivision becomes necessary; in all
such cases the fractional measurements on the exterior and subdi-
vigional lines, and the resulting fractional lots, will be placed to the
north and west against the irregular boundary.

218. Where on account, of impassable objects or for other reasons
no part of the south boundary of a township can be regularly
established, the subdivision thereof may proceed from north to
south and from east to west, thereby throwing all fractional meas-
urements and areas against the west boundary and the meanderable
stream or other boundary limiting the township on the south; if the
east boundary is without regular section corners and the north
boundary has been run eastwardly as a true line, with section
corners at regular intervals of 80 chains, the subdivision of the
township may be made from west to east, in which case the frac-
tional measurements and areas will be thrown against the irregular
east boundary; on the other hand, if the north boundary of section 6
is fractional, a sectional guide meridian will be initiated at the
easternmost regular section corner on the north boundary of the
township, which will be projected to the south to take the place of
a governing east boundary, thus the subdivisional survey would be
projected from north to south and from east to west, with fractional
measurements, and resulting fractional lots, on the east, south and
west boundaries of the township, The accompanying diagrams are
illustrative of the principles which operate to control the subdivi-
sion of partial townships,

214. A very considerable class of surveys now coming before the
General Land Office embraces the continuation of the subdivisional
survey of townships previously subdivided in part only, frequently
including the completion of partially surveyed sections or of sec-
tions containing outlying areas protracted as surveyed. If defective
conditions are encountered in the previously established surveys,
the problems concerning the procedure to be adopted multiply
rapidly and require the greatest skill on the part of the engineer,
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In the construction of new township plats the former practice of
showing certain outlying aress of sections protracted as surveyed
has been abandoned as ungatisfactory and inconsistent with the
surveying laws,

RETRACEMENTS.

215. Practically all fragmentary surveys require more or less re-
tracement of the original surveys in order to identify the initial and
closing lines; such retracements will al ways be accompanied by the
restoration of all lost corners adjacent to the sections embracing, in
whole orin part, the areas to be included in the extension survey,
in-go-far as the section or subdivision-of-section lines controlling the
new areas may depend upon the position of the previously estab-
lished corners. The engineer will often be required, in order to de-
termine properly the position of a lost corner, to retrace additional
lines which are not the boundaries of sections containing the new
areas to be surveyed, but no reestablishments on such lines are ro-
quired. The theoretical position of a lost corner may be at variance
with an unofficial corner established by local survey, accepted and
recognized by the owners of the private lands affected ; thus much
trouble between Iandowners is avoided if the reestablishments are
confined strictly to those corners which control the position of the
section boundaries or the subdivision-of-section lines affecting the
public lands to be surveyed. A general exception to the foregoing
rule will be made in the case of identified original corners which
are adopted as a basis from which to control the reestablishments
bordering the public land sections: such original corners, if not in a
good etate of preservation, will be reconstructed in first-class order,
a complete record of which will be embodied in the field notes, Al
restorations of lost corners will be made in strict accordance with
the provisions of Chapter V of the Manual., In the instance of de-
fective conditions contained in the previously established lines, ex-
ceeding the rectangular limit, even though all original corners may
be fully identified and in a good state of preservation, the necessary
retracements of the section boundaries will be made in order to de-
termine the factors entering into the closing error and to furnish
suitable data for the calculation of the areas of the resulting fractional
lots embraced in the extension survey.
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COMPLETION OF PaA RTIALLY, SURVEYED 8 ECTIONS.

Many assignments for fragmentary surveys require the com-
of the survey of portions of boundaries of sectipns heretofore

unsurveyed, in which sections are contained areas fixed in position
by less than the Yegular complement of corners usually established
for the identification of the legal subdivisions of the section. In
the completion of such partially surveyed sections, the engineer
will be expected to give full consideration to the manner of pro-
tecting acquired rights based upon the former approved plats,

The following ten principles are distinet ¥ applicable to the sub-
ject:

lst. The legal procedure governing the subdivision of any
normal section into quarter sections is based broadly on the
Frinciple that the partition lines may be definitely fixed b
our opposite quarter-section corners established on ‘its bound-
aries; the intersection of the true center lines thus controlled
is the legal point for the interior quarter-section corner of a
section,

2d. The legal procedure governing the subdivision of regular
quarter sections into quarter-quarter sections is based broadly
on the sam principle of controlling lines projected between
opposite sixteenth-section corners 0? the quarter section, the
latter corners established at mid-points on the true lines bound-
ing the quarter section: the intersection of the true center
lines of t.%e Quarter section is the legal point for the interior
sixteenth-gection corner of such regular quarter gection,

3d. The legal Pprocedure governing the subdivision of sections
containing fractional lots into their component regular quarter-
quarter sections and fractional lots js based on the same principle
with the simple modification that the sixteen th-section corners
on the boundaries of gych quarter sections are themselves
established at distances conformable to the proportions shown
on the official plat.

4th. The fact that the full complement of four gection corners
of the section and all of the four opposite quarter-section corners
has not, been established in an accepted survey does not impair
the validity of any areas shown upon the approved plat, and
the legal procedure to he adopted in the extansion of the bound-
aries of such sections must be such as to fix, ‘within reasonable
limits, the remaining quarter-section corners in a position
which will protect, the integrity of the original areas by con-
trolling center lines connecting the old and new quarter-section
corners,

6th. In the rectangular system the gection is recognized as
the unit of subdivision, anﬂn proceeding with the extension

of fragmentary surveys first consideration must necessarily be
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iven to the completion 6f the survey of fractional sections,
ifo invasion of the original unit is tolerable if any portion of
such unit has heen surveyed, or if outlying areas have been
shown protracted as surveyed,

6th. *Reasonable limits” for the fixation of the remainin
quarter-section corners of a section in a position which wi

25 links from 40 chains where the opposite portion of the section
boundary is shown as 40 chains, or in proportion as a limiting
difference when the op ite portion 0} the section is more or
less than 40 chains, ]I his concession as to limits is made in
the interest of simplicity, where by such concession rec ‘tangu-
larity of both the old and new surveys may be maintained if
80 harmonized.

7th. The position of the new quarter-section corner which is
to be established on the new opposite boundary of a fractional
section will be controlled from one direction only if the old
opposite distance has been made to count from one direction
only, and the controlling measurement will be made to harmo-
nize with the length of the opposite portion of the section, but
if the old opposite distance has been made to count from two
directions the glﬂﬂititln of the new quarter-section corner will
be controlled from the two directions and the roportional
lengths of the two portions of the new line will be made to
harmonize with the proportional lengths of the two parts of
the old opposite boundary, all gs indicated by the distances
and areas shown on the original approved plat,

8th. The underlying principles governing the rectangular
surveying system are equally applicable to the completion of
the survey of fractional sections, and given a condition in an
original | suirvey which in gll its various elements is “within
limits” within the meaning of the rectangular surveys, the
simple plan of continuing in the same manner and order as
would have been adop in the original survey, if the same
had not been diﬂvtmtim_u-d, will accomplish usnally in its

this becomes the first duty of the engineer before proceeding
with the survey of additional sections, so that should irregularity
be developed, no invasion of partially surveyed sections can
result from the irregularities of other sections. It follows in
principle, when irregularity is developed, that the engineer
will be best prepared to determine the proper method of survey
adapted to procure simplicity of correction of existin irregu.-
larities and an early resumption of regularity, when he is in

ossession of full data concerning the conditions of all the old
Enea limiting the fragmentary surveys and upon which the

. Dew lines are to be initiated’ or closed, his knowledge beix

based upon the results of actual retracement of such irregular
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old lines. It must be granted that a skilliul exercise of judg-
ment by the engineer based upon his knowledge of the facts
far more desirable than to restrict him to the application of
empirical rules devised to cover possible, but innumerable
combinations of irregularity. 1

9th. The completion of the survey of the partially surveyed
sections will be made as nearly as possible in accordance with
the regular rules for subdividing when the original lines are
found to be within limits, otherwise, such sections will be
completed by surveying all lines in such a manner that each
and every section (excepting in cases of unavoidable hiatus or
overlap) shall have four regular boundaries without offsets,
with four governing section corners and four controlling quarter-
section corners in such positions as to maintain the integrity of
the fractional areas already shown upon the original plat. The
subdivision thereof may then be made by connecting the oppo-
site quarter-section corners in the reﬁ'ular manner with resulting
locations agreeable to the legal subdivisions shown upon the
original plat. 1fanhiatusoroverlap isunavoidable, the position
of the new ?uartermection corner or cornérs will be carefully
determined for latitude on a meridional line or for departure
on a latitudinal line on the same plan as would have resulted
in the regular survey of a new boundary extending in full from
the one or two directions which control the position of the new
quarter-section corner or corners. 2

10th. Adjoining sections must be considered separately
when placing the new quarter-section corners, and the new
corner need not be common to the four quarters of the two
adjoining sections unless the theoretical position for each section
falls within 25 links of a common point in which case the differ-
ence may be adjusted in such a manner as to secure maximum
regularity.

217. Let it be assumed that adjacent to two established section
lines, the meridional line of which is out of limits in measurement,
an outlying regular quarter section has been protracted as surveyed;
then to complete the section the new section lines will be extended
from the previously established section corners, parallel to the
opposite established boundaries, or meéan course thereof, to a mutual
intersection. The quarter-section corner on the new latitudinal
section line would be established regularly at the mean point, and
would ordinarily be marked to control the subdivision of two sections.
On the new meridional boundary one or two quarter-section corners
may be required ; one marked to control the subdivision of the section
under consideration will be established at 40 chains from the original
section corner; the same quarter-section corner would be marked to

control the subdivision of the adjoining section if the fractional




MANUAL OF SURVEYING INSTRUCTIONS.

Fig. 59,
- e wase
% M.r'.)'—;l:n:nf
I
§ 80 I 80
& i g
[ S
______ A e e e
§‘ T ! ' 1 g
519 I I 7 | ]
.3 $ p : 3 II 4
o SN L1
sh : &\\v\\\\\\m\m&w\\\\\\\\\\\\\\q
K
Bls e ey \
5% | N
* | §
——————— = i _& Shawn o5
%\ | % regufar:
| | 8
L } %
M—‘b"-,r!-omr %
Wesr
ha M.‘H-éo;hr
g 80 : 80
Trimani? B M R | .y _' _____ N Bt -&
e : ] |r &
>y | 1 ¥
b | 2 | 3 : 4
B~ ! ! |
8 : !
of £==~ A Nmm\m\\\\\\ix\\mmﬂ
|
e |
SIS 6 g s %
SIS 1 Q
= -
(\“ | o % Shown oS
'''''' ‘1" T -\ reguler
Ay
S:od i@ s vl §
5 I
b ¢
Mid-goint

South boundary of section out of limits in alinement; southeast quarter protracted
as surveyed; and section to be completed,




SYSTEM OF RECTANGULAR SURVEYS: 201

measurement is to be thrown in the game direction in the two sec-
tions, otherwise an additional quarter-section corner marked to
control the subdivision of the adjoining section would ordinarily
be placed at 40 chains from the new section corner. Again, let the
same condition be assumed with the exception that the latitudinal
section line instead of the meridional line is found to be defective in
measprement. Then, to complete the section, the new meridional
line would be surveyed as in regular subdivision, parallel to the
opposite meridional line, or mean course thereof, ordinarily with
quarter-section and section corners of maximum control at 40 and
80 chains, regpectively. The new latitudinal section line would then
be established on & true line between the section corners, and one or
two quarter-section corners will be established as required; one
marked to control the subdivision of the gection under consideration
will be established at 40 chains from the original section corner; the
same quarter-section corner would be marked to control the sub-
division of the adjoining section if the fractional measurement is
to be thrown in the same direction in both sections, otherwise an
additional quarter-section corner marked to control the subdivision
of the adjoining section would ordinarily be placed at 40 chains from
the new section corner.

218. Let another assumption be made that adjacent to two estab-
lished section lines, the meridional line of which is out of limits in
alinement, an ontlying regular quarter section has been protracted
as surveyed; then to.complete the section, the new meridional line
will be projected as a sectional guide meridian, in accordance with
the usual rules, ordinarily with quarter-section and section corners
of maximum control at 40 and 80 chains, respectively. The new
latitudinal gection line would then be established on a true line
between the section corners, with one or two quarter-section corners
as required; one marked to control the subdivision of the section
under consideration will be required at 40 chains from the original
section corner; the same quarter-section corner would be marked
to control the subdivision of the adjoining section if the fractional
measurement is to be thrown in the same direction in both sections;
otherwise an additional quarter-section corner marked to control
the subdivigion of the adjoining section will ordinarily be established
at 40 chains from the new section corner. On the other hand, if
the same conditions be assumed with the exception that the original

latitudinal section line instead of the meridional line is found to be
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defective in alinement, then the new latitudinal section line will
have to be established as a sectional correction line, exactly in
accordance with the rules already given for running such lines,
ordinarily with section corner of maximum control at its inter-
section with the new meridional section line, and quarter-section
corner of maximum control at mid-point. On the new meridional
gection line one or two quarter-section corners may . be required;
one marked to control the subdivision of the section under congid-
eration will be established at 40 chaings from the eriginal section
corner; the same quarter-section corner may be marked to control
the subdivigion of the adjoining section if the fractional measure-
ment is to be placed in the same direction in the two sections, but
if the fractional measurement is to be thrown in the opposite direction
in the adjoining section an additional quarter-section corner marked
to control the subdivision of that section would ordinarily be re-
quired at 40 chains from the new section corner,

219. Many cases will arise in the field involving combinations
of two or more of the above simple examples, in which instance
the engineer is advised to prepare a diagram illustrating the con-
ditions found in the original survey, whereupon the new section
lines may be shown with alinement in accordance with the usual
rules for subdividing townships, noting that the new section lines
are to be initiated at the previousl y established original section
corners, and that, the length of the meridional boundary will depend
both upon the regularity of the length of the opposite original merid-
ional section line and upon the alinement of the previously estab-
lished latitudinal section line ; thereupon the engineer may at once
show upon his diagram the position of the necessary quarter-section
corners on the new section lines, all in conformity with the simple
rules already stated,

220. Other instances will be found where half sections are shown
upon the original approved plat protracted \as surveyed, in some
cases where only the opposite section line has not been established
and in other eases where parts of the ad jacent as well as the opposite
section lines have not'been established. Tn ease only one section
line remaing to be established, it will be located upon the true line
connecting the original section corners, regardless of bearing; the
new opposite quarter-section corner marked 'to control the subdi-
vision of the stated section will be placed at mid-point, regardless
of the length of the new section -line; the position of the quarter-
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section corner marked to control the subdivision of the adjoining
section will depend upon the plan of subdividing the remaining
public land. Partially surveyed section lines will he completed
by extension, the alinement of the same being governed by the
usual rules for regular aubdivision; the latitudinal or meridional
position of the remaining section line (opposite to the half section
protracted as surveyed) will usually be controlled by the position
of the nearest original section corner, and the alinement of the same
will depend upon the usual rules for regular subdivision; the new
opposite quarter-section corner marked to control the subdivision
of the section eontaining such half section protracted as surveyed
will be placed at mid-point in every case; the position of the quarter-
section corner marked to control the subdivigion of the adjoining
section will depend upon the manner of su bdividing the remaining
public land,

221. Various other examples will be found where fractional areas,
a3 elong the north or west, boundary of a township, are shown upon
the original approved plat protracted as surveyed. In all such
instances the same rules, heretofore stated, may be applied, with the
gingle exception that a calculation must be made, based upon the
areas shown upon the original plat, of the theoretical lengths of all
lines not established in the originalsurvey. Such caleulated distances
will then control instead of the usual regular lengths of section lines
as heretofore assumed; also, if such calculated distances count from
two directions, and irregularities are developed, the calculations
must again be resolved into proportional distances to agree with
actual measurements between the controlling points.

222. On the accompanying diagrams are shown various exagger-
ated examples of the manner of completing the survey of irregular
sections containing outlying areas protracted as surveyed, showing
the application of the means necessary for the protection of the
integrity of such areas. | It is recognized that the general princi ples
above set forth will not always permit: the complete establishment
and appropriate marking of all corners at the first defermination of
their locations, by reason of the fact that only the bringing up of the
new surveys to be closed upon the completed units will develop
the appropridte markings of the finished corner, buf this need not
impair the engineer’s confidence in his knowledge of necessary pro-
cedure in the initiatory work, to be recognized and applied appro-
priately when the new surveys are brought up to theéir closings.
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298. A distinctly different class of partially surveyed sections is
found along erroneous meander lines shown upon approved plats of
fractional townships, Such sections are never subject to completion
except as definitely authorized in the written special instructions
furnished to the engineer, as the approved plat must be held to
represent correctly a true meanderable body of water until proven
otherwise to the satisfaction of the Department of the Interior, as
intimated in Chapter T. Numerous instances are on record, how-
ever, where the evidence submitted to the Department is con-
clusive that surveyors have erroneously classified overflowed lands
as meanderable, or where the recorded meander line does not and
never did conform to the mean high-water elevation of an actual
meanderable body of water, thus erroneously omitting considerable
areas of land, The questions of title to such. areas are extremely
intricate, and it is the practice of the General Land Office not to
allow any extension of such original surveys until the procedure has
been definitely authorized by the Secretary of the Interior. The
surveying problems arise only when the extension of the original
survey beyond the meander line shown upon the approved plat has
been duly authorized.

The reestablishment of the original meander line with a suitable
monument at each angle point is a usual accompaniment of the
above class of surveys, the purpose being to segregate definitely the
previously surveyed areas from the unsurveyed public lands; it is
more appropriate to consider the surveying questions thus involved
along with other problems relating to the reestablishment of broken
boundaries,where the subject will be found in sec. 380,Chapter V. The
next step in the field is to complete the partially surveyed sections
and the procedure in practically every instance will be controlled
by the rules already outlined in respect to the completion of the
survey of sections containing outlying areas protracted as surveyed;
it scems unnecessary to repeat the governing principles in such
closely related cases.

SUBDIVISION OF FRACTIONAL SECTIONS RESULTING FROM
FRAGMENTARY SURVEYS.

224. The one best test of the fitness of a proposed method incident
to the completion of partially surveyed sections will be found in
platting the section for subdivision by protraction; thereupon the
regular rules for subdivision of sections should be applicable. Thus
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the position of the new quarter-section corners, established to con-
trol the subdivision of a particular section in question, must be such
as to permit the center lines from said points to the opposite original
quarter-section corners to be connected in strict harmony with the
conditions represented upon the original approved plat, disregard-
ing the effect upon the subdivision of the newly surveyed public
land. Likewise the lines connecting the gixteenth-section corners
on the opposite boundaries of a quarter section must conform to the
conditions represented upon the original plat. When the subdi-
vigion-of:section lines are thus platted the section may be considered
satisfactory if the integrity of the original areas is in no way violated.
When the subdivision-of-section lines are platted as suggested, the
permanent conditions affecting the new areas may be considered, and
should be harmonized with the following additional rules:

1st. The new areas should be complementary to the original areas
by the extension of the subdivision-of-section lines a8 already pro-
tracted upon the original plat, except as poorly shaped lots, or lots
of too great or too little area, would result in violation of the regular
rules for pubdivision of sections.

2d. The same meridional limit may be permitted, in the interest
of regularity and simplicity of platting, as is ordinarily allowed in
latitudinal section lines; i. e., a section may be considered regular
whose boundary lines are all for alinement when not to exceed 21/
from a cardinal course, and for measurement when not to exceed 25
links from 40 chains between the section and quarter-section corners,
Such regular sections may be subdivided into regular quarter sec-
tions and quarter-quarter sections as far as possible, A section
having three regular boundary lines may be subdivided in accord-
ance with.the usual rules for subdividing sections along the north
and west boundaries of a normal township. A section having two
adjacent, regular boundary lines may he subdivided similarly to the
manner in which section 6 of a normal township is treated. All
other sections should be treated as irregular, with subdivision-of-
section lines protracted to mid-points on the boundaries of the
quarter sections, except as a calculated proportional position for
a sixteenth-section corner is made necessary by reason of conditions
relating to the complementary area shown upon the original plat.,

8d. All new fractional lots will be numbered beginning with the
next highér number in the series of the same section already begun
upon the previously approved plat, and proceeding in the usual
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order in which fractional lots are normally numbered. The new
geries may begin with No. 1in case the fractional parts of the original
area are not designated by lot number.

COMPLETING THE SBUBDIVISION OF A PARTIAL TOWNSHIP RESULTING
FROM FRAGMENTARY BURVEYS,

225. After the partially surveyed sections have been fully
completed the engineer may proceed with the subdivision of the
remaining portions of the township. Every condition represents
a separate problem, and few specific ruleg would serve any purpose
in guiding the engineer to a definite procedure. If no irregularities
are to be found in the previously established lines the new survey
may proceed normally, but if defective conditions are encountered
the irregularities are not to he extended into unsurveyed sections
any farther than necessary to incorporate the resulting fractional
measurements into suitable fractional lots adjoining the former
surveys, Preference should be given to extending all surveys from
gouth to north and from east to west, but if a better control is
available by reversing the procedure in one or both directions,
thus resulting in a simpler and better survey in respect to mini-
mizing the number of extra corners as well as fractional lots, such
reversal of procedure is fully warranted. The principle relating to
controlling cobrdinate measurements in two directions at right
angles, as along the south and east boundaries of a township, may
be applied to the subdivisional lines best suited to control the new
surveys to be executed; and, if the selected bases are defective in
alinement, in whole or in part, the new section lines may serve
the function of a sectional guide meridian or a sectional correction
line as required, The corners from which the new surveys are to
be initiated and controlled in latitude and departure will be termed
corners of four sections, or of two sections ps appropriate, and where
the terminal lines can not be connected regularly with the pre-
viously established section corners by random and true line not
exceeding 21/ from cardinal, a closing section corner will be
established in full accord with the principle relating to the estab-
lishment of closing section corners on the north or west boundaries
of a township where the latter lines are found to be defective in
measurement. The fractional measurements of the closing section
lines will be placed adjacent to the old surveys, and the distance
from the closing section corner to the nearest original corner will
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be measured; the original lines forming tlie boundary of the lands
to be surveyed will be retraced, as already provided, and the marks
upon the original cornérs will be appropriately modified s neces-
Bary; new quarter-section corners marked to control the subdivision
of the new sections will be established on the original lines at mid-
points between the closing section corn erg, or at 40 chains from one
direction, according to the manner in which a new section is to be
subdivided.

There are generally two or more ways in which a fragmentary
subdivision may be executed, but a careful study of a sketch plat
representing existing conditions will generally reveal the superi-
ority of one method over another, and objectionable results should
be avoided as far as existing conditions relating to the original
surveys will permit.

MEANDERING.

{l 226. All navigable bodies of water and other important rivers
and lakes (as hereinafter described) are to be segregated from the
public lands at mean high-water elevation. The traverse of the
margin of a permanént natural body of water is termed a meander
line,

The running of meander lines has always been authorized in the
survey of public lands fronting on large streams and other bodies of
water, but the mere fact that an irregular or sinuous line must be
run, as in case of a reservation bou ndary, does not entitle it to be
called a meander line except where it closely follows the bank of a
stream or lake. The legal riparian rights connected with meander
lines do not apply:in case of other irregular lines, as the latter are
strict boundaries,

Mean high-water mark has been defined in a State decision (47
Towa, 870) in substance as follows: High-water mark in the Missis-
sippi River is to be determined from the river bed; and that only
is river bed which the river occupies long enough to wrest it from
vegetation. In another case (14 Penn. 8t., 59) a bank is defined as
the continuous margin where vegetation ceases, and the shore is the
sandy space between it and low-watér mark,

Numérous decisions in the United States Supreme Court and
many of the State courts assert the principle that meander lines
are not boundaries defining the area of ownership of tracts adjacent
to waters. The general rule is well set forth (10 lowa, 549) by
saying that in a navigable stream, as the Des Moines River in Towa.
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high-water mark is the boundary line. When by action of the
water the river bed changes; high-water mark changes and owner-
ship of adjoining land progresses with it.

Meander lines will not be established at the segregation line
between upland and swamp or overflowed land, but at the ordinary
high-water mark of the actual margin of the river or lake on which
such swamp or overflowed lands border,

227. Practically all inland bodies of water pass through an
annual eycle of changes from mean low water to flood stages,
between the extremes of which will be found mean high water.
In regions of broken topography, especially where hodies of waiter
are bounded by sharply sloping lands, the horizontal distance
between the margins of the various water elevations is compara-
tively slight, and the engineer will not experience much difficulty
in determining the horizontal position of mean high-water level
with approximate accuracy; but in level regions, or in any locality
where the meanderable bodies of water are bordered by relatively
flat lands, the horizontal distance between the successive levels is
relatively great. The engineer will find the most reliable indica-
tion of mean high-water elevation in the evidence made by the
water's action at its various stages, which will generally be found
well marked in the soil, and in timbered localities a very certain
indication of the locus of the various important water levels will be
found in the belting of the native forest species.

Mean high-water elevation will be found at the margin of the
area occupied by the water for the greater portion of each average
year; at this level a definite escarpment in the soil will generally
be traceable, at the top of which is the true position for the engineer
to'run the meander line. ‘A pronounced escarpment, the result of
the action of storm and flood waters, will often be found above the
principal water level, and separated from the latter by the storm
or flood beach; another less evident escarpment will often be found
at the average low-water level, especially of lakes, the lower escarp-
ment being separated from the principal escarpment by the normal
beach or shore.  While these questions properly belong to the realm
of geology, they should not be overlooked in the survey of a meander
line.

Where native forest trees are found in abundance bordering
bodies of water, those trees showing evidence of having grown under
favorable site conditions will be found accurately belted along
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cantour lines; thus a certain class of mixed varieties common to a
particular region will be found only on the lands seldom if ever
overflowed; another group of forest species will be found on the
lands which are inundated only & small portion of the growing season
each year, and indicate the aréa which should be included in the
classification of the uplands; other varieties of native forest trees
will be found only within the zone of swamp and overflowed landa,
All timber growth normally ceases at the margin of permanent water.

228. At every point where either standard, township or section
lines interséct the bank of a navigable stream, or any meanderable
body of water, corners at such intersections will be established at
the time of running these lines. Such monuments are called mean-
der corners. In the survey of lands bordering on tide waters, mean-
der corners may be temporarily set at the interséction of the sur-
veyed lines with the margin of mean high tide, but no monument
should be placed in a position exposed to the beating of waves and
the action of ice in severe weather, In all such cases a witness
corner on the line surveyed, at a secure point near the true point
for the meander corner, will be established. The crossing distance
between meander corners on the same line will be ascertained by
triangulation or direct measurement, and the full particulars will be
given in the field nates,

229. Inasmuch as it is not practicable in public-land surveys to
meander in such a way as to follow and reproduce all the minute
windings of the high-water line, the United States Supreme Court
has given the principles governing the use and purpose of meandering
shores in its decision in a noted case (R. R. Co. Schurmeir, 7
Wallace, 286-287) as follows:

“Meander lines are run in surveying fractional portions of the
public lands bordering on navigable rivers, not as boundaries of
the tract, but for the purpose of defining the sinuosities of the banks
of the stream, and as the means of ascertaining the quantity of land
in the fraction subject to sale, which is to be paid for by the pur-
chaser, In preparing the official plat from the field notes, the mean-
der line is represented as the border line of the stream, and shows to
& demonstration that the water-course, and not the meander line as
actually run on the land, is the boundary,”

280. The engineer will ‘commence the meander line at one of
the meander corners, follow the bank or shore line, and determine
the true bearing and measure the exact length of each course, from
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the béginning to the next meander corner, All meander courses
are to be taken or counted from the true meridian and will be de-
termined with precision; *‘transit anglés” showing only the amount
of the deviation from the preceding course are mot acceptable in
field notes of meanders. = For convenience the courses of meander
lines should be adjusted to the exact quarter degree; meander
lines are not strict boundaries and this method will give approxi-
mate agreement with the minute sinuosities of mean high-water
elevation. Again, for convenience of platting and computation,
the engineer is required to adopt turning points at distances of whole
chains, or multiples of 10 links, with odd links only in the final
course.

In cases where the engineer findsit impossible to carry his meander
line along mean high<water mark; his notes should state the distarice
therefrom and the obstacles which justify the deviation. A table
of latitudes and departures of the meander courses should be com-
puted before leaving the vicinity, and if misclosure is found, indi-
cating error in measirement or in reading courses, the lines should
be rerun.

All streams flowing into a river, lake or meanderable bayou
will be noted, and the width at their mouths stated ; also, the posi-
tion, gize and depth of springs, whether the water be pure or min-
eral; also, the heads and mouths of all bayous, all rapids and bars,
will be noted, with intersections to the upper and lower ends of the
latter, to establish their exact situation. The elevation of the
banks of lakes and streams, the height of falls and cascades, and
the length and fall of rapids, will be recorded in the field notes,

The field notes of meanders will show the corners from which the
meanders commenced and upon which ‘they closed, and will
exhibit the meanders of each fractional section separately; following,
and composing a part of such notes, will be given a description of the
adjoining land, soil and timber, and the depth of inundation to
which the bottom land is subject. 'The utmost care will be taken
to pass no object of topography, or change therein, without givinga
particular description thereof in its proper place in the notes of the
meanders.

Py RIVERS,

281. Proceeding downstream, the bank on the left hand is termed

the left bank and that on the right hand the right bank. These
“terms will be universally used to distinguish the two banks of a
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river or stream. Navigable rivers and bayous; as well as all rivers
not embraced in the class denominated “navigable,” the right-
angle width of which i 8 chains and upwards, will be mean-
dered on both banks, at the ordinary mean high-water mark, by
taking the general courses and distances of their sinuosities. Rivers
not classed as navigable will not be meandéred above the point
where the average right-angle width is less than 8 chains, except
that streams which are less than 3 chaing wide and which are so
deep, swift and - dangerous as to be im passable may be meandered,
where good agricultural lands along the banks require their separa-
tion into fractional lots for the benefit of settlers.

Shallow fresh-water streams, without any well-defined channel or
permanent banks, will not be meandered. Tidewater streams,
whethér more or less than 3 chains wide, should be meandered at
ordinary high-water mark, as far as tidewater extends.

LAKES,

282. The meanders of all lakes of the area of 25 acres and up-
wards, will be commenced at a meander corner and continued, as
above directed for navigable streams; from said corner, the courses
and distances of the entire margin of the same, and the intersections
with all meander corners established thereon, will be noted.

In the case of lakes which are found to be located entirely within
the boundaries of a section, a quarter-section line, if one crosses
the lake, will be run from one of the quarter-section corners, on a
itheoretical , course to: connect with the opposite quarter-section
corner, to the margin of the lake, and the distance will be measured ;
then at the point thus determined g “‘special meander corner” will
be established. = If a meanderable lake is found to be located en-
tirely within a quarter section, an “auxiliary meander corner” will
be established at some suitable point on its margin, and a connect-
ing line will be run from said monument to a regular corner on the
section boundary. A connecting traverse line will be recorded, if
oneis run, but it will also be reduced to the equivalent direct con-
necting course and distance, all of which will be stated in the field
notes, and the course and length of the direct connecting line will be
shown on the plat of the survey.

The meander line of a lake lying within the interior of a section
will be initiated at the established gspecial or auxiliary meander
corner, as the case may be, and continued around the margin of the
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normal lake at its mean high-water level, to a closing at the point
of beginning. All proceedings are to be fully entered in the field
notes. {

Artificial lakes and reservoirs are not to be segregated from the
publie lands, unless specially provided in the instructions, but the
true position and extent of such bodies of water will be determined
in ‘the field and shown on the plat.

IBLANDS,

288. In the progress of the regular surveys every island above the
mean high-water elevation of any meanderable body of water, ex-
cepting only those islands which may have formed in navigable bodies
of water after the dateof theadmission of a State into the Union, will,
be definitely located by triangulation or direct measurement or
other suitable process, and will be meandered and shown upon the
official plat.

In the survey of the mainland fronting on any non-navigable
body of water, any island opposite thereto, above mean high-water
elevation, is subject to survey. Also, even though the United
States may have parted with its title to the adjoining mainland, an
island in any meandered body of water, navigable or non-navigable,
known or proven to have been in existence at the date of the admis-
sion of a State into the Union, and at the date of the survey of the
mainland, if omitted from said original survey, remains public land
of the United States, and as such the island is subject to survey.

The survey of islands not shown upon the original approved plats
of subdivided townships is authorized by the Department only upon
thereceipt of formal application, and subject to the approval thereof.
The proof of the time of the formation of such islands is often more or
less difficult, and it is the practice of the Department to make a
careful examination of the history of an island in relation to the
question of its legal ownership hefore approving the application for
its survey.

Any townehip boundary or section line which will intersect an
island will be extended as nearly in accordance with the plan of
regular surveys as condifions will permit, and the usual township,
section, quarter-section and meander corners will be established
on the island, If an island falls in two sections only, the line be-
tween those particular seetions should be established in its proper
theoretical position based wpon suitable sights and calculations.
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If an dsland falls entirely in one section, and is large enough to be
subdivided (over 50 acres in area), a suitable sight or ealeulation
will be made to locate on the margin of the island an intersection
with the theoretical position of any suitable subdivision-of-section
line, and at the point thus determined a “special meander corner”
will 'be established. In the case of an island falling entirely in one
section and found to be too small to be gubdivided, an “auxiliary
meander corner” will be established at any suitable point on its
margin, which will be accurately connected with any regular cor-
ner on the mainland. ‘The direct course and length of the connect-
ing line will be given in the field notes, together with all sights,
measurements, triangulations and traverse lines upon which the
calculation may be based. - The course and length of the direct con-
necting line will be shown on the plat.

The meander line of an island will be surveyed in harmony with
principles and rules heretofore stated; all township and section lines
croasing the island will be ehown on the plat; and, if the island is
large enough to be eu bdivided, the subdivision will he accomplished
by the protraction of suitable subdivision-of-section linies in their
correct theoretical position,

Agricultural upland within the limits of swamp and overflowed
lands should be so classified and shown upon the plat accordingly,
but such land will not be meandered as an island.

LIMITS OF CLOSURE.

234. Under the general subjects of “township exteriors’ and
“subdivision of townships” certain definite limits were prescribed
beyond which previously established surveys are classed as “de-
fective,” or in the case of new surveys corrective steps are required,
Such limits eonstitute the standard of accuracy of the United States
rectangular surveys, and, for convenience, have been variously re-
ferred to as the “rectangular limit,” “limit for the control of new
surveys,” “limit relating to defective exteriors and section lines,”
“limits for subdivision,” ete., each expression having been formed
to suit the descriptive exigency of the text. A more general re-
quirement known as the “limit of closure” will be applied as a test
of the accuracy of the alinement and measurement of all classes of
lines embraced in any closed figure incident to the public-land sur-
veys, and corrective steps will be required wherever this test dis-
closes an error heyond the allowable limit,
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The “error of closure” of a survey may be defined, in general
terms, as the ratio of the length of the line representing the equiva-
lent of the errors in latitude and departure (as found by a table of
latitudes and departures) to the length of the perimeter of the figure
constituting the survey; but, with due regard for the controlling
codrdinate governing lines of a rectangular survey, pronounced
accuracy in latitude will not be permitted to offset gross error in
departure, or vice versa, and, in order to be consistent with this
fundamental theory, a double test must be applied in place of the
one expressed in general terms. The “limit of eclosure” fixed for
the United States rectangular surveys may be expressed by the
fraction 4}y provided that the limit of closure in meither latitude
nor departure exceeds 415, and where a survey qualifies under the
latter limit the former is bound to be satisfied; thus an accumulative
error of 12} links per mile of perimeter, in either latitude or departure,
will not be exceeded in an acceptable survey. = The limit of closure
as thus expressed may be applied to various specific conditions as
heretofore stated.

The latitudes and departures of a normal section shall each close
within 50 links; of a normal range or tier of sections, within 175
links; and of a normal township, within 300 links. The boundaries
of each fractional section including irregular claim lines or meanders,
or the meanders of an island or lake in the interior of a section, should
close within a limit to be determined by the fraction 3}y when the
error in either latitude or departure is considered separately; the
same rule will be applied to all broken or irregular boundaries.

Engineers are required to compute all doubtful closings while in
the field in the immediate vicinity of a particular line, or series of
lines, in question, and to accomplish all necessary corrective work
before concluding a survey.

MARKING LINES BETWEEN CORNERS.

285. The marking of a survey upon the ground in such a manner
a8 to fix forever the position of the legal lines in relation to the
earth’s surface is the final step in the field work, and is accomplished
in three ways, which, if well executed, will individually or collec-
tively furnish the means of the identification of the survey af even
remote future dates. Careful attention to these details is one of the
most important phases of the engineer’s field work. (a) The regular
corners of the public-land surveys are marked. by fixed monuments
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of specified character as described in Chapter IV; (b) the relation of
the officially surveyed lines to natural topographical features is
recorded in much detail as hereinaftor outlined, and again exem-
plified in the specimen field notes; and, (¢) the locus of the legal
lines, wherever living timber is encountered, is plainly marked
upon the forest trees, which is accomplished by the process of
“blazing” and by ““hack” marks.

A “blaze” is an ax mark which is made upon a tree trunk at about
breast height, in which a flat scar is left upon the tree surface. The
bark and a very small amount of the live wood tissue are removed,
leaving a smooth surface which forever brands the tree, The size
of the blaze depends semewhat upon the size of the tree, but is
never made larger than the surface of an ax blade; a blaze 5 or 6
inches in height and from 2 to 4 inches in width is ample to mark
any tree,

A “hack” i8 also an ax mark which is made upon a trea trunk at
about breast height, in which a*horizontal notch is cut into the
surface of the tree. The notch is made “V-shaped,’”” and is cut
through the bark and well into the wood, Two hacks are cut in
order to distinguish those made in the survey from accidental marks
resulting from other causes; a vertical section of the completed
official hack mark resembles g “double-v (:) extending across a
tree from 2 to 6 inches in length, depending upon the diameter of
the tree. The “hack” and “blaze” marks are equally permanent,
but so different in character that one mark should never be mistaken
for the other,

The marking of trees along the surveyed lines was required by
law as positively as the erection of monuments, by the act of 1796,
which is still in force.  All lines on which are to be established the
legal corners will be marked after this method, viz: Those ‘trees
which may be intersected by the line will have two hacks or notches
cut on each of the sides facing the line, without any other marks
whatever, These aré called sight trees or line trees, A sufficient
niumber of other trees standing within 50 links of the line, on either
gide of it, will be blazed on two sides quartering toward the line, in
order to render the line conspicuous, and readily to be traced in
either direction, the blazes to be opposite each other coinciding
in direction with the line where the trees stand very near it, and to
approach nearer each other toward the line the farther the line passes
from the blazed trees. ' M-oila »
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Due carewill ever betalen to have the lines so well'marked as to
be readily followed, and to cut the blazes plainly enough to leave
recognizable scars as long-as the trees stand. This-can be faceom-
plished by blazing just throngh the bark into thie live wood tissue.
Where trees 2 inches or more in ‘diameter écour along a line, the
required ‘blazes will not be omitted. Where trees have branclies
growing to the:ground, the biazes will be-omitted unless it is neces:
gary to remove!'therbranches to permit sighting.

Iiines are also to be marked by eutting away enough of the under-
growth to facilitate correct sighting of instruments. Where  lines
eross ‘deep wooded willeys, by sighting over the tops, the usual
blazing of treesin the low ground when accessible will be performed;
thatsettlers may find their proper liniits of land and timber without
special survey.  The undergrowth wili be especially well cut along
all lines within distances of 5 chains of corner monuments and within
2.chains of arteries of travel, to enable other sutveyors and settlers
to locate the survey readily, but the cutting of ‘the undergrowth
may be amitted in-deep untraveled ravines unless necessaty for
accurate sighting or measurement.

Line treesand blazing will be marked only with refetence to the
established true line, and where lines are run by the “‘random and
true”’ line method, the marking of line trees and the blazing will be
accemplished by returning over the line after all cortections or ad-
justments to the final lineare definitely known. Asuffi¢cient number
of temporary stakes should be set along a random line to rentler it
generally unnecessary to rerun the true line instrumentall y merely
for the purpose of blazing the line through timber, as this can usually
be  accomplished by properly estimating the distance from the
temporary stakes, but intersections with line trees will be made with
precision, and distances thereto accurately measured.

SUMMARY OF OBJECTS TO BE NOTED, AND SKETCHES.

236. The field notes and plat of a survey are designed to furnish
not only @ techmical record of the procedure, but also of equal im-
bortance a report upon the character of the land, soil and timber
traversed by the survey, and a.detailed schedule of the topographical
features along every line, with accurate connections showing -the
relation of ithe rectangular surveys to other surveys, to natural
objects and to improvements, A triple purpose is thus served: (a)
the technical procedure is made & maiter of official record; (b}
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general information relating to a region is gathered; and, (¢) the
“calls” of the field notes and the representations of the plat in
respect to objects along the surveyed lines furnish important evi-
dence by which the locus of the survey becomes practically un-
changeable as contemplated by law.

The specimen field notes and plats are intended to standardize
the form of record, and many special matters relating to these sub-
jects are brought together in Chapters VIIT and 1X, but before
concluding the special questions concerning rectangular surveys
it is deemed expedient to outline the technical and fopographical
features which are to be carefully observed and recorded in the
field during the progress of the public-land surveys:—

L. The precise course and length of every line run, nating all
necessary offsets therefrom, with the reason for making them, and
method employed.

2. The kind and diameter of all bearing trees, with the course
and distance of the same from their respective corners, and the
markings; all bearing objects and marke thereon, if any; and the
precise relative position of witness corners to the true corners,

3. The kind of material of which corners are constructed, their
dimensions and markings, depth set in the ground, and their
accessories,

4. Trees on line. The name, diameter and distance on line to all
trees which it intersects, and their markings,

b. Intersections by line of land objects. The distance at which
the line intersects the boundary lines of every reservation, town-
gite, or private claim, noting the exact bearing of such boundary
lines; and the precise distance to the nearest boundary corner; the
center line of every railroad, canal, ditch. electric transmission line,
or other right-of-way across public lands, noting the width of the
right-of-way and the precise bearing of the center line; the change
from one character of land to another, with the approximate bearing
of the line of demarcation, and the estimatod height in feet of the
ascents and descents over the principal slopes typifying the topog-
raphy of the country traversed, with the direction of said slopes;
the distance to and the direction of the principal ridges, spurs,
divides, rim rock, precipitous cliffs, ete.; the distance to where the
line enters or leaves heavy or scattering timber, with the approxi-
mate bearing of the margin of all heavy timber, and the distance
to where the line enters or leaves dense undergrowth.
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6. Intersections by line of water objects. All unmeandered
rivers, creeks and smaller water-courses which the line erosses; the
distance measured on the true line to the center of the same in the
case of the smaller streams, and to both banks in the case ofthe
larger streams, the course downstream at points of intersection, and
their widths on line, if only the center is noted. All intermittent
waler-courses, such as ravines, gulches, arroyos, draws, dry-drains, ete.

7. The land's surface; whether level, rolling, broken, hilly or
mountainous.

8. The soil; whether rocky, stony, gravelly, sandy, loam, clay,
ete., and also whether first, second, third or fourth rate.

9. Timber; the several kinds of timber and undergrowth, in the
order in which they predominate.

10. Bottom lands to be described as upland or swamp and over-
flowed, as contradistingnished under the law, noti ng the extent and
approximate position of the latter, and depth of overflow at sea-
sonal periods. The segregation of lands fit for cultivation without
artificial drainage, from the swamp and overflowed lands. where the
latter are subject to selection by the States, is always accomplished
by legal subdivision, and any smallest legal subdivision is classified
as all upland or all swamp and overflowed land accordingly as more
than half of the same may be of the character of the one or of the
other class of lands; bottom lands will be classified with special
consideration to these matters,

11. Springs of water, whether fresh, saline, or mineral, with the
course of the stream flowing therefrom. The location of all streams,
springs, or water-holes, which because of their environment may

be deemed to be of value in connection with the utilization of publie -

grazing lands, and which may be designated as public watering
places, will be specially noted.

12, Lakes and ponds, deseribing their ban ks, tributaries and out-
let, and whether the water is pure or stagnant, deep or shallow.

13. Tmprovements; towns and villages; post offices: Indian occu-
pancy; houses or cabins, fields, or other improvements, with owner’s
name; mineral claims; mill-sites; United States mineral monuments,
and all other official monuments not belonging to the system of
rectangular surveys; will be located by bearing and distance or by
intersecting bearings from given points.

14. Coal banks or beds, all ore bodies, with particular description
of the same as to quality and extent; all mining surface improve-
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ments: and undeérground workings; and salt licks. All veliable in-
formation that can: be obtained. respecting these objects, whether
thiey: be on the line or not, will appear in the general description.

15: Roads and trails, with their directions, whence and whither.

16. Rapids, cataracts, caseades, or{alls of water, in_their. approxi-
mate position and estimated height of their fallin feet,

17. Stone quarries and ledges of rocks, with the kind of stone they
afford.

18. Natural curiosities, petrifactions, fossils, organic remaing, ete.;
aleo, all: archacological remains, such as clifit dwellings, moungls,
fortifications, or objecta of like nature,

19:. The general average of the magnetic declination in the town-
ship, with maximum known range. of loeal attraction and other
variations, will be stated in the general description, and. the general
average for the township, subject: to local attraction; will be shown
upon the plat.

20, General. deseviption.—~—The ahove information will be summar-
ized by townships in a general deseription which, will be. made the
concluding part of the field notes of every survey. The.general
description will be made to embrace many more comprehensive de-
tails in regard. to the characteristics of the region than is feagible to
coven as an intimate part of the technical record. of the survey, ag
follows — f

Land.—A general outline of the drainage-and topegraphical. foa-
tures of the township and approximate range of elevation above sea
level.

Soil~~The prevailing and characteristic soil types. (See special
* reference to soil classification, Chap. VII.)

Timber —The predominant forest #pecios, age, size, condition, ate,

Evidence of mineral.—All known bodies. of mineral, and. lands
whose formation suggests mingral-hearing characteristics, especially
with reference. to lands of voleanic or igneous origin, will. he listed
by appropriate legal subdivision, with. brief description of the min-
eral indications, On the other hand, if the engineer finda no, ap-
parent indication of mineral deposits, a report, to that effect will be
embodied in the general description,

Watering places.—The areas embracing  all streams, springs, or
water holes as may be of special value as public watering places,
in  connection with the utilization of public grazing lands, will be
listed: by appropriate legal subdivision, with brief deseription of the

nature of such water supply,
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Settlement.—The extent of the settloement at the time of the survey.

Industry.—The industrial possibilities of the township, especially
as to the adaptability of the region to agricultural pursuits, stock
raising, lumbering, mining, or other profitable enterprise.

Special.—All exceptional steps in the technical process of the
survey, and other special matters required in paragraphs Nos. 1 to
19, inclusive, of the above summary, not otherwise suitably recorded
will be reported in the general descri ption.,

In addition to the field notes the engineers are required to prepare,
as the work progresses, an outline diagram showing the course and
length of all established lines with connections, and a topographical
sketch embracing all features usually shown upon the completed
official township plat. These maps will be made to scale, drawn in
pencil only, if desired, and will be kept up with the progress of the
field work. The interiors of the sections will be fully completed;
the topographical features will be sketched with care while in the
view of the engineer, and the position within the section of the
various details which are to be shown on the completed plat will be
located with an accuracy commensurate with their relative impor-
tance. The design of the specimen township plat will be followed
closely in the preparation of the outline diagram and topographical
sketch plat, except that it will generally bhe desirable to employ
a separate sheet for each of the two purposes. These maps will
then form the basis of the official plat, the nltimate purpose of
which is a true and complete graphic representation of the public
lands surveved,

1990*—231——10







CHAPTER 1V.
CORNER MONUMENTS.
THE LEGAL SIGNIFICANCE OF A CORNER MONUMENT.

237. It is one of the fundamental principles of the surveying laws
that absolute permanency be attached to the public-land surveys
when the lines have been officially established. The ‘“‘survey” em-
braces certain definite technical procedure, heretofore described,
also the marking of certain fixed points, as will be described in this
chapter, though the establishment of a survey may not be termed
“completed” until the field notes and plat and every detail of the
technical operation constituting the survey have been finally ac-
cepted by the Commissioner of the General Land Office, all as con-
templated by law. The law provides that the original corners
established during the process of the survey shall forever remain
fixed in position, even to disregarding technical errors in the execu-
tion of the survey—where discrepancies may have passed undetected
prior to the acceptance of the survey and the opening of the lands
to entry-—and, as an aid to the matter of permanency, the Congress
provides for the purchase of durable material for the corner monu-
ments, also a penalty for the defacing of any marks relating to the
locus of the survey. 1f it were possible to carry out the full intent
of the surveying laws in regard to the aforementioned particulars,
the most intricate of all technical and legal problems relating to sur-
veys—the questions pertaining to the reestablishment of lost cor-
ners—would be avoided.

The courts attach major importance to authentic evidence relating
to the original position of an official corner monument, such evidence
being given far greater weight than the technical record relating to
bearings and lengths of lines, and it is assumed in the first instance
that the original corners shall serve every necessary purpose for the
identification of the survey delineated upon the official approved
plat, and of the lands which have passed into private ownership,
The legal significance of the original monuments, as thus briefly
outlined, makes it mandatory upon the engineer to exercise con-

231
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stant diligence in the workmanlike construction of lasting corners,
and alertness in skillfully connecting the same with natural objects
or improvements, to the end that the greatest possible permanency
may be secured for the public-land surveys,

288. Accordingly, if an’angineer i called upon to alter the con-
dition of a previously established point; the uimost regard should
be shown for the evidence of the original Tocation of the monument,
and the corner will be carefully reconstructed: by such additional
means as may be appropriate, without destroying the evidence which
served to-identify itslegal position. A complete record will be kept
of the description of the old monument as identified, and all altera-
tions and additions thereto,

239. Regulation monuments are employed to mark permanently
the position of the quarter-section, section, township and méander
corners, appropriate to the subdivision of the public lands, as'de-
seribed in Chapter TTT: aleo af such gixteenth-section corners as the
requirements of the written special instructions or the exigencies of
the survey of fractional sections may demand; also atall angle points
along an irregular houndary line, and at intermediate intervals of
40 and 80 chains along such limiting boundary. A mare extended
discussion of the subject of “‘angle points” and other monuments to
be established upon irregutar boundarics will be found in‘Chapter VIT,

240. The position of every cornar monument will be “evidenced "
by the best of such accessories as may be available, and where the
corner point itself can not be marked in the ‘usial manner an
appropriate “‘witness corner” 'will be' established. “A “withess
meander corner” will be established upon secure ground wherever
the intersection of a surveyed line with the mean high-water ele-
vation of a meanderable body of water falls at a point where the
monument would be liable to destruction.

241, The field notes relating to the establshment of & corner
monument will be introduced into the teéchnical record of the survey
at the logical place in the record where the truoe position for the
corner is indicated as having been attained. The record of the
monument itself will embrace a description of:

(2) The corner material, including its dimensions, in the order
of length and diameter of an iron post; or length, width and breadth
of a stone; or the breast height diameter of a tree; (b) the depth
set in the ground, with mention of additional support if any;
(e) the significance of its position; () the markings upon the monu-
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ment; and (¢) the nature of the accessories; including character,
gize, position, and markings,

CORNER MATERIAL.

242. The General Land Office has adopted a model iron post for
monumenting the public-land surveys, which will be generally
used unless exceptional circumstances warrant a departure from
this rule. This practice is deemed go important that the engineer
is not authorized to exercise an option in the matter, but he may
refer the question to the proper supervising officer, who may grant
authority for the use of other suitable material, provided the reasons
for departing from the general rule are sufficient, in which case a
brief statement. of the facts will be given in the field notes, in the
form of an explanation as to why the model iron posts were not
employed, 3

The model iron post is made from commercial iron pipe, from 1 to
3 inches in diameter, which is cut into lengths of about 36 inches;
one end. of the pipe is split for a distance of about 4 or 5 inches, and
the two halves are spread (when heated) to form flanges or foot plates,
at right angles to the axis of the pipe; a brass cap is securely riveted
to the opposite end of the pipe; and finally the pipe is filled with
concrete. Unless otherwise provided in the written special instruc-
tions, the iron posts will be employed as follows: 3-inch, for standard
and closing township corners, corners of one, two or four townships,
and as required for mile corners and angle points of special bound-
ary surveys; 2-inch, for standard and closing section corners, and
corners of one, two or four sections; and, 1-inch, for quarter-sec-
tion and ‘meander corners, and as required for miscellaneous angle
points, sixteenth-gection corners and corners of special tract surveys.
All witness corners are to be of the same size as would be used for
the true corner.

243. ‘The caps of the iron posts are to be suitably and plainly
marked with steel dies at the time when used; the posts will be
set in the ground about three-fourths of their length; and earth and
stone; if the latter is at hand, will be tamped into the excavation
to give the post a solid anchorage.

244. Durable native stone may be substituted for the model iron
post, if the procedure has been duly authorized, but no stone will
be used which measutes leds than 20 inches in length, or less than
6 inches in either of its minor dimensions, or less than 1,000 cubic
inches in volume. A stone should always be selected with regard
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to its durability when exposed to the usual weathering influences,
Stone will not be used as a corner monument where its position falls
among large quantities of loose surface stone or slide rock.,

245. A stone will be suitably and legibly marked with a steel
chisel or punch with such letters, figures, grooves or notches, as
may be required, and will be set firmly in the ground about three-
fourths of its length.

246. Both iron post and stone monuments will always be set
the usual depth in the ground unless it is impossible to complete
the excavation, in which case the monument will be planted as
deep as conditions will permit, and the necessary support will be
secured by a stone mound.

247. Where the corner point falls upon solid surface rock, pre-
venting excavation, a cross (%) will be cut at the exact corner point,
and, if feasible, the monument will be erected in the game position,
supported by a large stone mound of broad base, so well constructed
that it will possess thorough stability.

248. Where the corner point falls exactly at the position océtipied
by a sound living tree, which is too large to be removed, the tree
will be appropriately marked for the corner.

WITNESS CORNERS.

249, Where the true point for a corner falls within a roadway in
such a place as to interfere with travel, a marked () stone will be
deposited in the ground at the true corner point and a witness corner
will be established at some suitable point, preferably on a surveyed
line, outside of the road way.

250. Where the true point for a corner falls upon insecure ground,
or in an inaccessible place, such as within an unmeandered stream,
lake or pond, or in a marsh, or upon a precipitous slope or cliff, a
witness corner will be established at some suitable point, preferably
on a eurveyed line, where the monument may be permanently
constructed.

251. The engineer will be expected to exercise his best judgment
in selecting the position for a witness corner, with a view to afford-
ing a definite and convenient connection from the witness corner to
the true point for the monument, for use in subsequent surveys to
recover the legal position of the true corner. Extra effort will be
exerted to accomplish the permanent establishment of & monument
at/its true corner point, wherever this ig feasible, in order to avoid
a8 much as possible the confusion to settlers and others caused’ by
witness corners,
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252. Only one witness corner will be established in each instance,
and the same will be placed upon any one of the surveyed lines lead-
ing to a corner, if a suitable place, within a distance of 10 chains, is
available, but if there is no secure place to be found on a surveyed
line within the stated limiting distance, the witness corner may be
located in any direction within a distance of 5 chains. On the other
hand, if there is no suitable place within the latter radius, one or
morelegal subdivisions will be eliminated from the survey as pro-
vided in Chapter VII.

258. All of the lines of a survey will be completed in the regular
manner, if the true point for a corner is accessible, but where the
true point can not be attained, a line connecting therewith may be
returned as surveyed if the same has been completed by the pro-
jection and measurement of a suitable offset or traverse, resulting
in a closed figure which approaches the true point for a monument
within the limit prescribed for the establishment of witness corners,

264. The field notes will show every detail of the relation of a
witness corner to the true point for a monument, and the direct con-
necting course and distance will be shown upon the plat of the survey,

MARKING CORNERS.

256, All classes of corner monuments are to be marked in accord-
ance with a system hereinafter described which has been devised to
furnish a ready identification of the character and position of the
monument which bears the marks, Capital letters and Arabic figures
are employed to mark iron post and tree corners, while upon stone
corners certain additional marks termed “notches” and “‘grooves”
are employed to convey the same information, but to lessen the labor
incident to the marking process. The letters and figures upon a
monument are designed to relate to the township, range and sec-
tion to which the corner belongs; the notches and grooves upon a
stone monument relate—in the case of an exterior corner—to the
normal number of miles from the monument to the adjoining town-
ship corners, and—in the case of a subdivisional corner—to the nor-
mal number of miles from the monument fo the township boundary
lines, as hereinafter described, thus furnishing the means of ascer-
taining the appropriate section numbers,

2566, All markings should be accomplished neatly, distinctly and
durably; and the marks are to be carefully arranged. An assort-
ment of steel dies, chisels, punches and timber scribes, in perfect
condition for use, ghould always be at hand.
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257. A witness corner and its accessories will be eonstructed and
marked similarly to a regular corner for which it stands; with the
additional letters “ W 0’ to signif ¥ “‘witness corner.’’

£58. The following schedule is an index of the ordinary markings
common to all classes of corners and accessories;—

Marks, To indicate. Marks, To indicate,
AMC  Auxiliary meander cor- R Range.
ner. 8 Section.
AP Angle point. 8 South.
BO Bearing ohject. 80 Standard corner,
BT Bearing tree. SE Southeast.
0] Center. SMC  Special meander corner,
ceC Closing corner. swW Southwest,.
E East. T Township.
M Mile, TR Tract.
MO Meander corner. w West,
N North. WC  Witness corner.
NE Northeast. WP Witness point.
NW Northweat. 1 Quarter section,
PL Public land  (unsur- . Sixteenth section.
veyed),

MARKS ON IRON POST MONUMENTS.

259, The markings upon the brass cap of an iron post should always
be made to read from the south gide of the monu ment, and all iron
posts will be marked with the year number at the date when estab-
lished.

260. Standard tounship corners are to be marked ‘8 O and the
township on the north half, and the ranges and sections in the proper
quadrante; as for example:

sSC
T2Z5N

RITE I RIBE
536|531
1916
261, Closing township corners are to be marked “C (" on the half
from which the closing line approaches the monument, with the
township (or range) on the same half, and the ranges (or township:)

and sections in the proper quadrants; also (as far as known at the
time) the township, range and section, or the initials or abbrevia-
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tion of the State, reservation, grant or private claim, upon which
the township exterior closes; as for example:

T25N RITE T24N, T20N
S 36 T24N| RITE
S5 3l

RizOwW
3 32

Si|se cc UTAH cc
RITE| RIBE
T24 N RIGE| T23N
cC 1916
, 1916 Ine X

262. Corners common to four townships are to be marked with the
townships on the north and south halves, the ranges on the east and
west halves, and the sections in the four quadrants; as for example;

T23N
RITE| RIBE
536| s3I

si|seé
T2ZN
1916

268. Corners common to two townships only are to be marked with
the township (or range) common to both on the proper half, and the
ranges (or townships) and sections in the proper quadrants; also (as
far as known at the time) the township, range and section upon the
opposite half; as for example:

T3N

TlS
st:s\: ¥ R7W|Rew
REW 536 |50
Y
56 TI55 RTWS)
TZNIQJS e

264. Corners referring to one township only are to be marked with
the township, range and section in the particular quadrant which is
concerned; also (as far as known at the time) the township, range
and section upon the opposite part; as for example:

T20N REW T23N TasN
RISW R44E
T
4 TZZ N RI9W TS4N R43E
1916 St

51
1916 1916
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266. Standard section corners are to be marked “8 ¢ and the
township and range on the north half, and the sectionsin the proper
quadrants; as for example:

sC

T25N |RITE
535|536
19216

268. Closing section corners are to be marked “C C” and the
township and range on the half from which the cloging line approaches
the monument, and the sections in the proper quadrants; also (as
far as known at the time) the township, range and section, or the
initials or abbreviation of the State, reservation, grant or private
claim, upon which the section line closes, with the exception that
in the case of an interior closing section corner, the township and
range numbers will not be repeated’ as for example:

T25N RITE TR48
S 3¢ S526[s25 sie
Sz/51 TIZN |[R5wW S156
T24N|RITE cc RIGE
5] i :
1916 e 1916

267. Corners common to Jour sections are to be marked: (a) On
an exterior, with the township (or range) common to the adjoining
fownships, the ranges (or townships) upon the opposite gides of the
exterior, and the sections; and (b) a subdivisional corner, with the
township, range and sections: all appropriately set forth as follows:

T25N T26N RITE T25N RITE
RITE|RIBE 535|536 523|524
§2][s1 526|525
T25N 1916
1916

1916

268, Section corners common to two sections only are to be marked
with the township and range on the half facing the sections to which
the corner belongs, and the sections in the proper quadrants; also
(as far as known at the time) the township, range and section upon
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the opposite half, except that in the case of an interior corner, the
township and range numbers will not be repeated; as for example:

Ti4s | Tias T2ZIN|RITW Tias | R20wW
Nbe 531|832 sio|sn

Siz

T26N RITW 514
RITE |57 56 1916
1916 1916

269. Section corners referring to one section only are to be marked
with the township, range and section in the particular quadrant
which is concerned; also (if known at the time) the section upon
the opposite part; as for example:

5100 T27N 528
TB4N RIEW TS5IN
R73W si7 R63W

516 520 s34
1916 1916 1916
270. Standard quarter-section corners are to be marked “S C }7
and the section, all on the north half; as for example:
sSC
is 36
1916

271. Quarter-section corners of mazimum control are to be marked
(a) on a meridional line, ““}” on the north, and the sections on the
east and west halves; and, (b) on a latitudinal line, “3” on the
west, and the sections on the north and south halves; as for example:

i

!

si3|sie o
S 28

1916 1916

272. Quarter-section corners of minimum control are to be marked
“1” and the section, all on the half toward the particular section
which is concerned; as for example:

4516

5S4 1916
1916 1916

L
4s7
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