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THE Superintendent of Documents, United States Government
Printing Office, Washington 25, D. C., has on hand for sale to the public,
at the cost of printing, the following publications of the Bureau of Land
Management:

Manual of Instructions for the Survey of the Public
Landssof the United States, edition of 1947.

Standard Field Tables (a supplement to the Manual
o of Surveying 1nstruqti9ns). : ‘ '

Ephemeris of the Sun, Polaris and Other Selected
Stars, with companion data and tables, published an-
~nually’ in advance :(a supplement to the Manual of
Surveying Instructions).

Restoration of Lost or Obliterated Corners and Sub-
division of Sections (a supplement to the Manual of
Surveying Instructions, for the guidance of county and
other local surveyors). -

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

Map of the United States showing the Principal
Meridians and Base Lines, and the areas governed by
each.

FIELD NOTES AND PLATS

Copies of the approved field notes and plats of the public-land
township surveys, and of the mineral-patent, and the private-land-
claim patent-surveys, may be procured from the Bureau of Land
Management, Washington 25, D. C., also from the regional and
public survey offices, or the appropriate State office, as noted in
Secs. 9 and 10 herein. A charge is usually made for making copies
of records furnished to the public. Opportunity is afforded for the
examination of the records as required by the public, and for making
copies or extracts therefrom.,
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UNITED STATES
DEPARTMENT OF THE INTERIOR
BUREAU OF LAND MANAGEMENT

WasminaToN, August §, 1947.
The Manual of Instructions for the Survey of the Public Lands of
the United States is issued for the guidance of all employees who
exercise a technical responsibility in the execution of cadastral surveys
OT resurveys, including the preparation of the field notes and plats
thereof, in any manner relating to the public domain. The Manual

of 1947 will supersede all previous instructions or regulsti
' : ations on th
technical subjects contained therein, & ’

, Frep W. Jornson,
- Director.
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PENALTY FOR THE DESTRUCTION OF MONUMENTS

Section 57 of the Criminal Code of 1909 (35 Stat. 1088, 1099;
18 U. S. C. sce. 111), provides a penalty for the unauthorized alter-
ation or removal of any Government survey-monument or marked
trees, as follows:

“Whoever shall willfully destroy, deface, change,
or remove to another place any section corner, quarter-
section corner, or meander post, on any Government
line of survey, or shall willfully cut down any witness
tree or any tree blazed {o mark the line of 8 Govern-
ment survey, or shall willfully deface, change, or re-
move any monument or bench mark of any Govern-
ment survey, shall be fined not meore than $250, or
imprisoned not more than six months, or both.”

TEXTUAL AND TYPOGRAPHICAL ERRORS

All readers of this Manual are requested to report
any errors which may be found herein, addressing the
Bureau of Land Management, Washington 25, D. C.
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THE MANUAL

1. The Manual of Surveying Instructions exemplifies the plan of
the cadastral survey of the public lands of the United States. There
have been six previous Manuals, each in turn demonstrating improve-
ments in methods, and the newer conditions to be dealt with.

Various regions of the United States have been surveyed under
amended or different instructions in periods ranging from 1785 to the
present time. ~The earliest rules were issued in manuscript, and in
printed circulars. TRegulations more in detail, improving the plan in
both accuracy and uniformity, were issued in the Manuals of 1855,
1881, 1890, 1894, 1902, and 1930. This volume will be known as the
Manual of 1947.

Surveying is the art of measuring and locating lines, angles, and
elevations on the surface of the earth, within underground workings,
and on the beds of bodies of water.

The term ‘“‘cadastral survey’” is applied to the establishment of
the land boundaries and subdivisions by the running and marking of
the lines that are required by the plan; this includes a field note record
of the observations, measurements, and monuments descriptive of the

1
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2 MANUAL OF SURVEYING INSTRUCTIONS

work performed, and a plat that represents th'e cadastral survey, all
subject to the approval of the directing authority.

The Manual -presents the detail of the plan anc} methods from the
point where the subjects are ordinarily concluded in th'e text books on
surveying. The application to large scale areas requires 2 thorough
understanding of the stellar and solar methods for making the observa-
tions by which to determine the true meridian, the treatment Qf the
convergency of meridians, the running of the true parallels of lat.xtuc.le,
and the conversion in the direction of lines so that at any point 1ts
angular valuo will be referred to the true north at ’s.;ha’o pl.ace. ’Ijhe
latter subjects are therefore explained and ex.amples given with specific
relation to the approved surveying practice. The use, care, and
adjustments of the General Land Office solar transit are fully t:-eafcfad
because of the great value of this instrument .und the ncces‘smy for its
selection, outclassing as it does all otherdc.lesigns at all suited to the

1ine of the rectangular surveys on cardma courses.

mal?l‘{;? t;noa.fnyhresxsons ‘fhere is much need for gxtended treatmen.t of the
subjects of subdivision of sections, restorgmon' of lost or (?bhtemted
cOTTIETS, TESUrveys, surveys of many special kmf_is, anfl Ir.nneral sur};L
veys. By their growing importance these sub.]ects mdlcflte mucd
change in the present character of the worlk, wherein t.he need is stresse

for thoroughness in the identification and perpe‘?uamon of the surveys
already created, properly to mark the boundaries of the public land

ining undisposed of.

re%iful\l/lganual E)s for the guidance of the employges of th.e Bureau
of Land Management. To all others this surveying practice should
be regarded as advisory, with no attempt to interpret State law

respecting the survey of private property.

THE PUBLIC DOMAIN

9. The survey of the public lands has been insepari'xbly associated
with the many questions of title relating to the'lands which were t‘urr.md'
over to the Federal Government by the Coloma.l States, also in similar
relation to those larger areas that were acqux.red later bi}_’ purchase
from, or treaty with the native Indians, or with El‘le foreign ‘1‘30\&{)611?3
that had previously exercised the sovercignty. The term ‘‘pubiic
lands’ has been applied broadly to this area insofar as ’D}:'le lands have
becn subject to administration, survey, and t'mnsfell' of' tl‘tleiunﬂfer the
public-land laws of the United States, wherein the jurisdiction is now
vosted in the Director of the Bureau of Land Management, under

iroction of the Secretary of the Interior. ' ‘ _
th%i;uiﬁ?g with the territory northwest of the tho ngr, the pul})llg
land surveys have been extended, or are now being continued wit

1

- THE GENERAL PLAN 3

the 29 States and the Territory of Alaska that has constituted the
public domain, and does now constitute the public domain after
excluding all valid prior grants of title, and until the transfer of the
title by the United States. Supplemental to the establishment of
the surveys, the plan includes the necessary retracements for the
maintenance or restoration of the monuments where these are becom-
ing or have become obliterated, but this jurisdiction extends only
so far as the title is held by the United States.

The title to the vacant lands, and therefore the direction over the
surveys, within their own boundaries, was retained by the Colonial
States, the other New England and Atlantic Coast States (excepting
Florida), and later by the States of West Virginia, Kentucky, Ten-
nessee, and Texas, in which areas the United States public land laws
have not been applicable.

ADMINISTRATION, OR DISPOSAL OF THE TITLE

3, After the admission of the States into the Union the United
States continued to hold title to the unappropriated lands and to
administer its public-land laws with reference thereto. 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 appro-
priated by competent authority before they were acquired are in the
first instance the exclusive property of the United States, to be
administered, or for disposal to such persons, at such times, in such
modes, and by such titles as the Government may deem most advan-
tageous to the public. Congress alone has the power, derived from
article IV, section 3, of the Constitution, of disposing of the public
domain and making all needful rules and regulations in respect thereto.

It comes within the province of the Director to consider and
determine what are public lands, what lands have been surveyed,
what are to be surveyed, what have been disposed of, what remains
to be disposed of, and what are reserved; it is a well-settled principle
of law that the United States, through the Department of the Interior
has the authority and duty to extend the surveys as may be necessary
to include lands erroncously omitted from earlier surveys.

NAVIGABLE WATERS

* 4. The beds of navigable bodies of water are not public domain and
are not subject to survey and disposal by the United States. The
sovereignty is in the individual States. Under the laws of the United

States the navigable waters have always been and shall forever remain

4




4 MANTAL OF SURVEYING INSTRUCTIONS

common highways. This 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 (R. S. sec. 2476).

Tide lands which are covered by the normal daily overflow are not
subject to survey as public land. Sections 530, 531, 532,

The question of navigability in law, where there may be contro-
versy, is a matter to be decided by the courts, based upon the facts
and conditions in each case as these prevailed at the dates of statehood.
The opinion of the Supreme Court of the United States establishes
the guiding principle, as follows:

The rule long since approved by this court in applying the Constitution and
laws of the United States is that streams or lakes which are navigable in fact must
be regarded a3 navigable in law; that they are navigable in fact when they are
used, or are sugceptible of being used, in their natural and ordinary condition, as
highways for commerce, over which trade and travel are or may be conducted
in the customary modes of trade and travel on water; and further that navigability
does not depend on the particular mode in which such use is or may be had—
whether by steamboats, sailing vessels or flathoats—nor on an absence of oceca-
sional difficulties in navigation, but on the fact, if it be & fact, that the stream in
its natural and ordinary condition affords a channel for useful commerce. Unated
States v. Holt State Bank, 270 U. S. 49, 56 (1926).

SWAMP AND OVERFLOWED LANDS

5. In 17 of the 29 States (exceptions—Arkansas, Tdaho, Montanas,
Nebraska, Nevada, New Mexico, North Dakota, Oklahoma, South
Dakota, Utah, Washington, and Wyoming), the swamp and over-
fowed lands, though public domain, pass to the States upon identifi-
cation by public land survey, and approved sclection, the title being
subject to the disposal by the States. Section 534.

The Act of March 2, 1849 (9 Stat. 352), granted to the State of
Lousiana all the swamp and overflowed lands within the limits
of the State for the purpose of aiding in the reclamation of said
lands: the Act of 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 March 12, 1860 (12 Stat. 3). These various swamp-land grants
were carried over into R. S. sec. 2479 (43 U. 8. C. sec. 982). A
notable exception to the swamp-land laws is found in the Arkansas
Compromise Act of April 20, 1898 (30 Stat. 367; 43 U. S. C. sec.
991), by which all right, title, and intcrest to the remaining unappro-
priated swamp and overflowed lands reverted to the United States.

The provisions of the grants apply to the elevations situated below:
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the uplands, }V’herein the lande are of such a character that without
thie construction of levees or drainage canals the areas wm;ld be wet
and unfit for agriculture. The grants apply to all swamp and over
flowed 1&11d§ within the States which were unappropriated at the date;
of‘ thfa granting acts, and whose character at that time would bring th

within the provisions of the grant. Section 535, s e

LAWS RELATING TO SURVEYS

6. The principal early laws are found (1) in ¢ —y :
ascgrtaining the mode of locating and dispos(in)g of larﬁls i(;lr 31111;&»32; o
terntpry, and for other purposes therein mentioned”, passed b z;n
Continental Congress on the 20th of May 1785; and ’(2) in theyAct:
of May 18, 1796 (1 Stat. 464); May 10, 1800 (2 Sta’t. 73); February
11, 1805 (2 Stat. 313); April 25, 1812 (2 Stat. 716): Ap;ﬁ 24 18‘?%
(3 Stat. 566); April 5, 1832 (4 Stas. 503); July 4, 1836 (5 Stat, 107):
and March 3, 1849 (0 Stat. 395). Manual Appendix I,

'.?hat part of the Northwest Territory which became t‘he State of
Ohio was the experimental area for the development of the rectangular
system; her.e the plans and methods were tested in a practical ?V&( 1'
notable revisions of the rules were then made applicable as the surv Jj)
progressed wgs’cward until the general plan became perfected h

Thfa‘adopmon of the rectangular system marked the hﬁportant
transition from the surveying practice that prevailed in the greater
P&rt of the Colonial States, where the land grants were doﬁ;ed by
uTe?gu.lar metes-and-bounds, each depending more or less on the de}—
scription of the adjoining tract, known by name or survey number
and mostly without common geographic location other than b y

refr(l)‘rlelanceftc;1 somc}z) well-known natural object. Y
ere follows elow a reference to porvtions of the i v
ax_)?hUmted SFattQ_s Codci? devoted especially to the suiee\;frfg s:sz&zis
with appropriate modificatio refle rent organizati ’
Fith appropria M&nagemen;;} to reflect current organization of the

The Director, Bureau of Land Management, shall perform, under the direction
9f the Secretary of the Interior, all executive duties appertain-
Dutics of director  \D§ t0 the surveying and sale of the public lands of the United
f such a5 relats to private slaims of lands, and the feesiog of

s, an issui
zgge;n;c; f(})r Sz:'llcg"r:‘:::s 2o)t: land under thev authority of the Gozremrnetmg3 (llsis.ug.liezf
The Director, under the diréction of the Secretary of the Interior, is authorized
Power of disestor to enforce and carry into execution every part,of the pxzi;lic

to make regulations. land laws not otherwise specially provided for (B. S. se .
43U. 8. C. sec. 1201). ‘ (R. 8. seo. 2478;



8 MANUAL OF SURVEYING INSTRUCTIONS

Tirst. The public lands shall be divided by north and south lines run ac-

cording to the truc meridian, and by others crossing them at

Rules of survey. 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 course of navigable rivers, may render this

impracticable; and in that case this rule must be departed from no further than
such particular circumstances require, .

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

Third. The township shall be subdivided into sections, containing as nearly as
may be, six hundred and forty acres each, by running through the same, each
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 numbered,
respectively, beginning with the number one in the northeast section, and pro-
ceeding west and east alternately through the township with progressive numbers
till the thirty-six be completed. o

Tourth. The cadastral engineers, respectively, shall cause to be marked on &
tree near each corner established in the manner described, and within the sec-
tion, the number of such section, and over it the pumber of the township within
which such scetion may be; and the cadastral engineers shall carefully note, in
their respective field books, the names of the corner trees marked and the num-
bers 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 speeially noted, and added to or deducted from the western and northern
ranges of sections or balf sections in such townships, according as the error may
be in running the lines from east 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 as containing only the quantity expressed in the returns and plats, respec~
tively, and all others as containing the complete legal quantity.

Sixth. All lines shall be plainly marked upon trees, and measured with chains,
containing two perches of sixteen and one-hsalf feet each, subdivided into twenty-
five equal links; and the chain shall be adjusted to & standard to be kept for
that purpose.? '

Seventh, Every cadastral engineer shall note in his field book the true situations
of all mines, salt licks, salt springs, and mill seats which come to his knowledge;
all water courses over which the line he runs may pass; and also the quality of the
lands.

Eighth. These field books shall be returned to the regional office and from
them a description of the whole lands surveyed shall be made out and frans-
mitted to the officers who may supcrintend the sales. There shall also be made
g fair plat of the townships and fractional parts of townships contained in the
lands, describing the subdivisions thereof, and the marks of the corners. This
JR U —

1 Authority for the establishment of section lines at intervals of 1 mile was contained in the Act of May
10, 1800 {2 Stat. 78), cited in the text. The “‘one mile line" provision, which was not carried into the Revised
Statutes, apparently inadvertently, nevertheless has been included in ail printed Manuals {ssued by the

Genersl Land Office before and after the adoption of the Revised Statutes.
3 The superlor results obtained by the use of modern steel ribbon tapes, in contrast with the obsolete link

chain, have led to the abandonmment of the latter, except that the “chaln unit,” which is peeuliarly adapted

to land surveying, has always been employed.
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plat shall be recorded in books to be kept for that purpose; and a copy thereof
shall be kept open at the public survey office for public information, and other
copies shall be sent to the places of the sale and to the Bureau of Land Manage-
ment. (R. S. sec. 2395; Mar. 3, 1925, 43 Stat. 1144; 43 U. 8. C. sec. 751).

The boundaries and contents of the several sections, half sections, and quarter

Boundaries and con- sefztions of the public lands shall be ascertained in conformity
heonygs gée%?rllfdfandx. with the following principles:

Tirst. All the corners marked in the surveys.returned by
the Dircctor 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
quarter sections, not marked on the surveys, shall be placed as nearly as possible
equidistant from two corners which gtand on the same line. v

Second. The boundary lines, actually run and marked in the surveys returned
by the Director, 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
returned shall be held and considered as the true length thercof. And the
boundary lines which have not been actusally run and marked shall be ascertained
by running straight lines from the established corners to the opposite correspond-
ing corners; but in those portions of the fractional townships, where no such
opposite eorresponding ecorners have been or can be fixed, the boundary lines
shall bo mscertained by running from the established 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. Each section or subdivision of section, the contents whereof have been
returned by the Director, 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 coni
sidered as containing the one-half or the one-fourth part, respectively, of the
returned contents of the section of which they may make part. (R. 8. sec. 2396;
Mar. 3, 1025, 43 Stat. 1144; 43 U. 8. C. see. 752). . ,

In every case of the division of & quarter section the line for the division thereof

Lines of division of shall run north and south, and the corners and contents of
gglgt}gim sections, hali—qugrter sections which may thereafter be sold shall be

ascertained in the manner and on the principles directed and
prescribed by the section preceding, and fractional sections contsining one
hundred and sixty acres or upwards shall in like manner, as nearly as practicable
be subdivided into half-quarter sections, under such rules and regulations aa;
may be prescribed by the Seeretary of the Interior, and in every oase 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 sections, which may therecafter

be sold, shall be ascertained, as nearly as may be, in the manner and on the
principles directed and prescribed by the section preceding; and fractional sections
containing fewer or more than one hundred and sixty scres shall in like manner,
as nearly as may be practicable, be subdivided into quarter-quarter sections,
under such rules and regulations as may be prescribed by the Sccretary of the
Interior (R. S. sec. 2397; 43 U. 8. C. sec. 753). ) '
All navigsble rivers, within the territory occupied by the public lands, shall

) remain and be deemed public highways; and, in all cases where
Rivers and streams. the opposite banks of any stream not navigable belong to-
different persons, the stream and the bed thereof shall be

common to both. (R. S. sec. 2476; 43 U. 8. C. sec. 931).
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The public ...rveys shall extend over all mineral lands, and all subdfvid'mg of
surveyed lands into lots less than one hundred and sixty acres
Extension of publioc may be dene by county and local 'surveyorg at the expen.se
L‘;‘;S” over mineral of claimants; but nothing in this scetion contamed‘shall require
o the survey of waste or uscless lands (R. 8. sce. 2406; 43 U, 8. C.
SCc'l.‘IZeG?J'irector shall eause to be surveyed all private land claims after they have
been confirmed by authority of Congress, S0 far as may be
Survey of private poonssary to complete the survey of the public lands. (R. 8.
lond clabms, scc. 2223; Mar. 8, 1025, 43 Stat. 1144; 43 U, 8. C. sec. 52).
Whoever in any manner, by threats or force, shall interrupt, hx'nder, or prevc‘nt
the surveying of the public lands, or of any prvxv.ate land cla;n
Penalty for inter- Which has been or may be confirmed by the. United ‘St'ates, ‘t.;/
rupting surveys. the persons authorized to survey the same, in conformity with
the instructions of the Director, Bureau of Land Management,
shall be fined npot more than $3,000, and be imprisoned not moreﬁl;mx' three
years. (Act of Mar, 4, 1909, scc. 58, 35 Stat. 1(?99; 18 US C.‘ sec.b ) ).‘ﬂ? ot
Whenever the President is satisfied that foreible opposition has boen offe 1 )
or is likely to be offered, to any cadastral engincer in the
Protection of engl- giccharge of his duties in surveying the public lands, it may
mecr by marshel of be lawful for the President to order the marshal of.the Stz'xte
dstrict or distriet, by himself or deputy, to attend such engineer with

sufficient force to protect such officer in the execution of his duty, and to remove .

force should any be offered (R. S. sec. 2413; Mar. 3, 1925, 43 Stat. 1144;43 U.8.C.
sec. 774). .

LEGISLATION SUBSEQUENT. TO THE REVISED STATUTES

7. Legislation subsequent to the Revised Statutes has Erou{ght
about (a) authority for the purchase of metal or other equally (uli;
able monuments, to be employed in place of native material to mar‘
public-land corners; (b) penalty for thg destruection of monumen’ts‘
of the public-land surveys; (¢) authority for necessary r%isutl}xrc?ysd,
(d) authority for the employment of 2 permanent corps o .mtef
States cadastral engineers; (e) authorxty. for the reorganlza‘dmon 0
the public survey offices; and (f) authority for the d1scont1num}ce
of the public survey offices when no longer necessary, and transfer

of certain records to the States.

The Act of May 27, 1908 (35 Stat. 347), provi‘dcd “for the purchas? O}fler?;zl-
Purchase of metal monuments”to be used for public-land survey corners w.
monuments, racticable .
Section 57 of thg Criminal Code of 1909 (35 Stat. 1088, 109?; 18 U. S. C sec.
111), provides a penalty for the unautherized alteramonkog
stfgréﬂl]%griogi ts%iv%e:; removal of any Government survey-monument or marke
monuIments. trees, as follows:
“YWhoever shall willfully destroy, deface, change, or remove
to another place any scction corner, quarte?—section corner, or meajfxtd(;llspg:zé (21;
any Government line of survey, or shall willfully cut down any witnes
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any tree hlazed to mark the line of & Government survey, or shall willlully deface,
change, or remove any monument or bench mark of any Government survey,
shall be fined not more than $250, or imprisoned* not more than six months, or
botl.” ' .

The Act of March 3, 1909 (35 Stat. 845) as amended June 25, 1910 (36 Stat.

Resurvey of public 884; 43 U. 8. C. sce. 772), provides as follows:
lands. “That the Secretary of the Interior may, in his discretion,

cause to be made, as he may deem wise under the rectangular
system now provided by law, such resurveys or retracements of the surveys of
public lands 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 execcuted as to impair the bona fide
rights or elaims of any claimant, entryman, or owner of lands affceted by such
resurvey or retracement.”’

The Interior Department appropriation Act of 1911 (June 25, 1910, 36 Stat,

Sclection of sur- 703, 740), provided, under “Surveying the Public Lands”:
veyors. “The surveys and resurveys to be made by such competent
surveyors as the Sceretary of the Interior may seleet, * * %7  This provision
of law brought to a clese the practice of letting contracts for the making of the
public-land surveys.

The Act of September 21, 1918 (40 Stat,. 965; 43 U. 8. C. see. 773), provides
suthority for the resurvey, by the Government, of townships in which the dis-
posals exceed 50 percent of the total area. Such resurveys will be undertaken
only upon application of the owners of at least three-fourths of the privately
owned land in the township, and upon deposit of the estimated cost of the resur-
vey. The regulations under that act are contained in 43 C. T, R., seces. 281,10
to 281.16.

The Act of May 28, 1926 (44 Stat. 672; 43 U. 8. C. secs. 25, 25a, 25D), provides
as follows:

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

on sbolishment-of hereafter may be abolished the Secretary of the Interior be,
land offices in State, and he is hereby, authorized to transfer to the State within
{fecgr’ggsrgg%?‘;gegfg which such United States land office was or is situated such
Y transeripts, documents, and records of the office aforesaid
as may not be required for use of the United States and which the State may desire
to preserve.

“SEc. 2. That when the public surveys in any State have been so far completed

that in the opinion of the Secretary of the Interior it is no longer
vel;éclcriuggt%sé g&r;\éﬁ necessary to maintain a public survey office in said State, he
over'to the State. .. Inay 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 elect to receive, ‘

“Sec. 8. The transcripts, documents, records, ficld notes, maps, plats, and

. other papers mentioned In scetions 1 and 2 of this act shall in

Provision for sofe- ™ . .

keeplng required, no case be turned over to the authorities in any State until

sueh State has provided by law for the reception and safekeep-

ing of same as public records, and for the sllowanee of free access to the same by
the suthorities of the United States.”

On July 16, 1946, the Bureau of Land Management was established
in the Department of the Interior in accordance with the President’s
Reorganization Plan No. 3 of 1946. Under that plan, the General

7
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10 TANTUAL OF SURVEYING INSTRUCTIONS

Land Office was abolished and its functions transferred to the new
Bureau; the office of the United States Supervisor of Surveys, to-
gether with the field surveying service (known as the cadastral engi-
neering service), was abolished and the functions transferred to the
Secretary of the Interior.

Order No. 2225, July 15, 1946, by the Secretary of the Interior,
provided that the functions and powers of the General Land Office,
and the United States Supervisor of Surveys, together with the field
surveying service, be exercised by the Director of the Bureau of Land
Management, subject to the direction and control of the Secretary,
through such officers or units of the bureau as might be designated.

Tn the organization of the new Bureau of Land Management, the
Branch of Engineering and Construction has been created in the
headquarters office. In so far as the work of surveying the public
lands is concerned, that branch develops programs of required sur-
veys and resurveys and has technical supervision, through the regional
administrators, over the administration of such programs by the field
organization, The chief of the branch acts as consultant to the
Director in the formulation of policies, programs, standards, and
procedures of cadastral engineering.

The ficld activities of the bureau have been grouped in seven regions

as outlined in section 8.

GENERAL RULES

8. From the foregoing synopsis of congressional legislation it is

evident—

First. That the boundaries and subdivisions of the public Jands as surveyed-
under approved. instructions by the duly appointed engineers, the physical evi-
dence of which survey consists of monuments established upon the ground, and
the record evidence of which consists of ficld notes and plats duly approved 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, section, 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. i

Third. That guarter-quarter-scction corners not established in the process of
the original survey shall be placed on the line connecting the section and quarter-
section corners, and midway between them, except on the last half mile of section
lines closing on the north and west boundaries of the townsghip, or on other lines
between fractional or irregular sections. )

Tourth. That the center lines of & regular section are to be straight, running
from the quarter-section corner on one boundary of the section to the correspond-
ing corner on the opposite section line.

Tifth. That in s fractional section where no opposite corresponding quarter-
section corner has been or can be established, the center line of such seotion must

7

THE GENERAL PLAN 11

be run from the proper quarter-section

to the meander line, reservation
dug‘pagallclism with section Iine; :ﬂ(l)t;l::ngzundmy ef sch fmctionﬂl Feetion, as
ixth, i '

o :ir oz;}gl?s;{)?t or (_:)bh‘cem‘oed corners of the approved surveys must be r t

i Fedz::;ncgns whenever it is possible to do so. Actions or d:(fis(')red

oy esmbn,'s o s dta?e, or loeal, which may involve the possibility of cha oo

courts o oned b undarics of'p‘atented lands, are subject to review b tote
vancing that issue. By the State

These basic provisions 1 ‘ |

ons require that the public lands ivi
by north &n'd south lines run according to the true ms}lf(’il oo dirided
others crossing them at rig A ehips il

ht angles, so as to f LT
square;” that “the townships shall be subdiv(i)érer:i tiOWns}ups six miles

taining as necarly as ma : nto sections, con-
p ¥ be, six hundred and fo ;
that “the excess or deficiency shall be specially ncf;y acres each;” and

deducted from the west ed, and added to or
Lot ern and northern ran i
) ges of sect
iicmlgns: u:f ‘such townships, according as the error may Z;Oirrlzsror I%alf
Me‘x%ms xo_m cast to west, or from south to north” (R Sunmng
Mar. 3, 1925, 43 Stat. 1144; 43 U. 8. C. sec, 751) . S. 2395;

65432k!

(9 20 2l | 22 23 24

30 29 | 28| 27| 2 | 25

3l | 32| 33 | 34 | 35 | 38

noﬁlhzlllllz ssszﬁngucliar plan the township boundaries are to be due
' L or due east and west; these are the cardi i

nd s ast and v ) inall .
four principal geographic directions. The boundaries rum;il;e:'gigéﬁ

a’nd south are termed “range lines’:

pnd sou : ; with few exceptions the rance
run on cardinal; and have been, or were intended to be fn

cardinal.  The cast and west boundaries are called merely ““township

N ,
hnzst ’s theg;e were intended to be on true parallels.
certan intervals, in the normal order, the township lines are run

8
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12 MANTUAL OF SURVEYING INSTRUCTIONS

as standard parallels; the remainder by “random and true line’’ be-
tween established township corners, departing not over 91’ of angle
from the cardinal; the locations are controlled primarily by the
measurements along the range lines. The early methods differed
considerably, and frequently resulted in there being established two
gets of corners along the township boundaries.

The range lines converge; this becomes manifest in the measurement
of the township lines. The convergency is taken up at intervals by
the running of standard parallels, on which the measurements are
again made full. On the latter “correction lines”, as these were first
named, there are offsets in the range lines and two sets of corners;
tgtandard corners” for the lines to the north; ““closing corners” for
the lines to the south. The fractional measurement along a range
line when intersecting & standard parallel is placed in the north half-
mile, with a lotting in the sections according to that measured length.
The usual interval between the standard parallels has been 24 miles,
but there were many exceptions in the older surveys.

The range lines are great circles of the earth and, if extended, would
intersect at the north pole. The standard parallels and township
lines are small circles of the carth, always cquidistant, or intended to
be, and are parallel to the equator. These features are best llustrated
by the cardinal lines on & globe. The solar transit gives the orienta-
tion instrumentally, for running these lines. Other methods must be
employed for running the parallels of latitude if an instrument without
the solar unit is employed. ,

In order to make the sections “square miles”, as nearly as may be,
in the usual plan, the meridional lines are Tun, and for a long time
have been Tun, from south to north and parallel to the east boundary
of the township, or intended to be parallel, for & distance of 5 miles
counting from the south boundary. These are run and monumented
as true lines; the remainder of the section lines are all run by “random
and true” between the established section corners, and within the
91-minute limit. :

This produces the rectangular sections; of these 25 contain 640 acres
cach, within the allowable limit. The sections along the north and
west boundaries are subdivided on a plan for certain lottings to
absorb the excess or deficiency in the measurements, and the con-
vergency. Thisis illustrated in the diagram of the normal township.
These sections provide 2 maximum number of aliquot parts, 1. e.—
160-, 80, and 40-acre units, or regular subdivisions of a section; the
remainder by lottings as shown, whose contents are computed. accord-
ing to the field measurements.

The above completes an outline of the rectangular system. 1t
should be emphasized that errors of the approved surveys cannot be

8
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correcte@ after the title has passed. The technique of making th
observations, apd the running and measurement of the lines hgas (;
course greatly improved with the modern instruments &nd'p’r&c’tico
Metho'ds are provided, as will be explained in detail in chapter H%
by which the discrepancies or inaccuracies of the older surp' o
not extended into the new surveys. e

THE REGIONAL AND PUBLIC SURVEY‘OFF!CES

9. Th_e direction of the public land surveys is conducted through
the‘ regional offices of the Bureau of Land Management, b t%
%’CglOI}fll Branch of Engincering and Construction uEder th:a m}if .
istrative supervision of the regional administrator. The auth;n‘}?—
over ﬁe}d operations exercised by regional Branch is limited b Itlly
regu%a?wns and instructions issued by the Director to the rez Mi
m}ml.nxstrabon One or more public survey offices may be loéc;)?eig
within ea.ch region; each is under the administrative visi
of the regional administrator. SipeEeR

M'zmy chunggs in the arrangement of surveying districts have been
required frqm time to time, principally to accord :vith the enlargement
of the public domain, to keep up with the progress of settlcmérgxt ar?d
to take care of major surveying activities of the period, which are’ no
cegt;ered in the western states and Alaska. Within this ’activé area thw
original recor‘ds pertaining to the survey and resurvey of the {lblie
lands, the mineral-patent surveys, and the private land-claimi mg
grants, are >ﬁlved in-the regional field office or public survey office of ltl
state in-which the lands are situated. The public survey offices ale
usually under the administrative charge of an office cadastral enginecjre

The ﬁeld. regions of the Bureau of Land Management are as follows;
Orlg.g()‘iiashmgton, Oregon, and Idaho, with headquarters at Portland,
Ca%ifgglig?rmq and Nevada, with headquarters at San Francisco,

3. Montana, Wyoming, North Dakota, South Dakota, Nebraska
Kansas, Iowa, and Missouri, with headquarters at BﬂlinOQ Montand’

4, Ut;_ah and polomdo, with headquarters at Salt Lakg éity Utah'

5. A:rlzon&, New Mexico, Texas, Oklahoma, Arkansas, and ’Louisi-.
ana, with headquarters at Albuquerque, New Mexico. ,

. 6. All the remaining states with headquarters at Washington, D. C

7. Alaska, with headquarters at Anchorage. T

THE STATE OFFICES

10, Tl}e original records have been transferred to the States where
;he public land surveys have been completed, excepting Oklahoma
n most respects duplicate copies are on file in Washington, The

10
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MINNMESOTA

OKLANOMA

SCUTH DAXOTA

MEW smexgc,
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The States created out of the Pablic 4Domaln.
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Director of the Bureau of Land Management exercises all administra.-
tive authority in questions relating to the remarking of the boundaries
of the remaining public land, where resurvey is required, and in the
extension of the surveys to include parcels of public land in any manner
heretofore omitted from the official surveys,

The 29 States have been created out “of the public domain;
their boundary descriptions ® are given in the enabling acts as cited
below, the references being to the United States Statutes at Large,
by volume and page. . ‘

Alabama.~—Included in the territory of the original 13 States and
admitted into the Unien December 14, 1819 (3 Stat. 608
transferred to the Secretary of State at Montgomery.

Arizona.—Included in the lands ceded by Mexico in 1848 and the
Gadsden purchase in 1853 ; admitted into the Union February 14, 1912
(86 Stat. 557; 37 Stat. 1728); public survey office at Phoenix.

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

California.—Ceded by Mexico in 1848 and admitted into the Union
September 9, 1850 (9 Stat. 452); public survey office at Glendale;
regional office at San Francisco,

Colorado.—Acquired largely under the Louisiana Purchase in 1803,
but including additional land, title to which was quieted through treaty
with Spain in 1819, with other lands annexed with Texas in 1845, and
lands ceded by Mexico in 1848 ; admitted into the Union August 1,
1876 (18 Stat. 474; 19 Stat. 665); public survey office at Denver,

Florida.—Ceded by Spain in 1819 and admitted into the Union
March 3, 1845 (5 Stat. 742); records-transferred to the Commissioner
of Agriculture at Tallahasse.

Idaho~—Acquired with the Oregon Territory, title to which was
established in 1846, and admitted into the Union July 3, 1890 (26 Stat,.
215); public survey office at Boise, 4

Lllinois~Included in the territory of the original 13 States and
admitted into the Union December 3, 1818 (3 Stat. 536); records
transferred to the Auditor of State at Springfield.

Indiana.—Included in the territory of the original 13 States and
admitted into the Union December 11, 1816 (3 Stat. 399);: records
transferred to the Auditor of State at Indianapolis.

); records

! For an extended treatment of the boundary subjects, the territorial acquisitions,
elgn sovereignties, ete., see . Doe. No. 113,-71st Cong., 1st sess., entitled ‘“‘Boundaries, Areags, Geographie
Centers, and Altitudes of the United States and the Several States,” by Bdward M. Douglas, Geological

Survey Bulletin 817, U, 8, Department of the Interior: Superintendent of Documents, Government Print-
ing Office, Washington, D, ©, '

P of the United States; Suporinteadent of Documents, Government Printing Ofilce,

treaties with the for.

See also the wall ma;

Washington, D, €,

10
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Jowa.—Acquired under the Louisiana Purchase in 1803 and admitted
into the Union December 28, 1846 (9 Stat. 117); records transferred to
the Sccretary of State at Des Moines.

Kansas.—Acquired under the Louisiana Purchase in 1803 and with
lands annexed with Texas in-1845; admitted into the Union January
29, 1861 (12 Stat. 126); records transferred to the Auditor of State
and Register of State Lands at Topeka.

Touisiana.—Included in the Louisiana Purchase in 1803 and bound-
ary extended to include additional lands, title to which was quieted
through treaty with Spain in 1819; admitted into the Union April 30,
1812 (2 Stat. 701); records transferred to the Register of State Lands
at Baton Rouge.

Michigan.—Included in the territory of the original 13 States and
admitted into the Union January 26, 1837 (5 Stat. 144); records trans-
ferred to the Director, Department of Conservation, at Lansing.

Minnesota.—Included in the territory of the original 13 States,
and with lands acquired under the Louisiana Purchase in 1803; ad-
mitted into the Union May 11, 1858 (11 Stat. 285); records transferred.
to the Sccretary of State at St. Paul.

Mississippi.—Included in the territory of the original 13 States
and admitted into the Union December 10, 1817 (3 Stat. 472); 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, 3 Stat. Appendix
IT); records transferred to the Secretary of State at Jefferson City.

Montana.—Acquired under the Louisiana Purchase in 1803 and with
the Oregon Territory, title to which was established in 1846; admitted
‘nto the Union November 8, 1889 (25 Stat. 676, 26 Stat. 1551); public
survey office at Helena; regional office at Billings.

Nebraska.—Acquired under the Louisiana Purchase in 1803 and
admitted into the Union March 1, 1867 (14 Stat. 391, 820); records
transferred to the Commissioner of Public Lands and Buildings at
Lincoln. v

Nevada.—Ceded by Mexico in 1848 and admitted into the Union
October 13, 1864 (13 Stat. 30, 749); public survey oflice at Reno.

New Mexico~—Included with lands annexed with Texas in 1845, with

lands ceded by Mexico in 1848, and the Gadsden Purchase in 1853;

admitted into the Union January 6, 1012 (36 Stat. 557, 37 Stat. 1723);

public survey office at Santa Fe; regional office at Albuquerque.

North Dakota—Included in the territory of the original 13 States,
and with lands acquired under the Louisiana Purchase in 1803; ad-

mitted into the Union November 2, 1889 (25 Stat. 676, 26 Stat. 1548);

records transferred to the State Engineer at Bismarck.,

10
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Wiglklizho(gna._Acquirc@ under the Louisiana Purchase in 1803 and
N n;l;xers 1zénn1e9x(;37d (\;Zt}:é Texas in 1845; admitted into the Union
) , tat. 267, 35 Stat. 2160): i
theO }}E'ureau of Land Management at Washington )bTCCC)OTdS fled with
— . . ! i :
&dmizzéd ﬁ?tcluél;dUm_ the te'rrltory of the original 13 States and
f o the Union April 30, 1802 (2 Stat. 173); records &
eréed to the Auditor of State at Columbus ’ S
est&;elfggoé—i?cigigd &lélmf;ae d()‘retgortrxI T%ritory, title to which was
; itted into the i
Stat. 383); regional office at Portland. pion Tebrusry 14, 1869 (11
angof}?t }?c&]g;tt{z.—-—lnclpdgd in the territory of the original 13 States
Wit nds acquired under the Louisiana P i ’
admitted into the Union Novemb 2 Stat s, 2o DS,
' er 2, 1889 (25 Stat. 67 ,
]1;?961), rec;x:ds transferred to the Commissioner of School 2;13 ﬁPSgll't'
D&Iil{ st at ierre. The plats: of the mineral patent surveys of Sl;u:}(l)
ota are ﬁled in the public survey office in Denver, Oolo.. and t}
ne(;]ess]s:ry mineral surveys are directed from that oﬁcé v HERe
i utZr .——‘;Ceded by Mexico in 1848 and admitted into the Union
J y 4, 1896 (28 Stat. 107, 29 Stat. 876); regional off
e ; office at Salt
Washington.—Included in th
: on. he Oregon Territory, title ¢ i
gstvabhshed in 1846; admitted into the Union N ovembgr <1)1W11118(§} WZ&E
tz{;’..b‘?(i, 26 Stat. 1552); public survey office at Olympia. ’ (
admgsﬁcogzgm.~—1ng}udgd in the territory of the original 13 States and
f 1d ed into the Um.on May 29, 1848 (9 Stat. 233); records trab
er%e; to.the Commissioners of Public Lands at Madis’on o
Purcgg;ns@(:r‘bg.ggr;cluc'lidl with lands acquired under th.e Louisiana
' se in , with lands annexed with Texas i i
included in the Oregon Territo itle t fob was outablihet
: ry, title to which was established i
%ii(i,n %xlc%yvilghlé%%dizgeged by Mexico in 1848; admitted ilrsltsdtlﬁ
~ tat. 222); public survey offi
Territory of Alaska.~—Ceded b I’i is i 7 bl surry
; . : ussia ; i
at Juneau; regional office at Ancsirlorage. 18073 public survey offce

The Manual Supplements

Standard Field Tables

pé(lﬂl. tTfIixelrs \gaslpublished in 1910 By the General Land Office, as a
tet fie ook, a compendium of tabl d v
“Standard Ficld Tables.” Ti et oy ies entited
' . 1e volume embraces the date useful
engineers engaged. on cadastral surve i i tiding the
: ] vs, especially in subdividing ¢
public lands. The Standard Field Tabies are issZed as adsl:;c;ignzﬁi
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to the Manual. The contents of the sixth edition (1042) are as
follows: o
1. Units of linear measure, units of area, expansion of gteel tapes,
and conversion tables, chains to feet and feet to chfuns.
Reduction in latitude to south boundary gf township, and cor-
. rections for convergency within a townshlp.. |
Traverse table, for the correction of random lines.
~ Traverse tables. o
Correction of error in stadia wire interval.
. Stadia coefficients, vertical rod.
Natural sines and cosines. .
_ Natural tangents and cotangents.
. Logarithmic sines, cosines, tangents, and cotangents.
. Logarithms of numbers. . . ;‘ )
: Iéo%wergency of meridians, and differences of 1at1tude and longi
‘ tude. - - . :
12. Azimuths of the tangent to the parallel.
13. Offsets from the tangent to tho parallel.
14, Azimuths of the secant. :
15. Offsets from the sccant to the parallel.
16. Lengths of arcs of the earth’s surface.
: . . t'
17. Apparent time of sunrise and sunse .
18 anversion tables, dgrees to time, and time to degrees. p f
19: Sidereal conversions, and reductions to the Jocal mean time O

R N

upper culmination of Polaris, including the meridian passage

of the equatorial stars. i
90. Mean refractions in zenith distance. o )
2? Coefficients to apply to mean refractions for variations in barom

- eter and temperature.

29, Coeficients for computing errors in azimuth due to small errorsk

“in declination or latitude.
[ 1 istance. .

23. Mean refractions 1o polar dis ' ‘
4. Trigonometric formulas for the solution of plzme' triangles. .
25. Trigonometric formulas for the solution gf stadia measurimen S

" observations for time, latitude and azimuth, and problems 1n

convergency. ' ‘

96. The arpent and vara units. ‘
97. Conversions: Chains and _hnks to .feet.
98. Conversions: Feet to chains and links.

11
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Ephemeris of the Sun, Polaris, and Other Selected Stars, With Companion
: B : Data and Tables

" 12. The astronomical data for the stellar and solar observations
by which to determine the true meridian, as practiced by the cadastral
engineers and conforming to the Manual methods and examples, are
published annually in advancd, in a supplement that bears the above
title. The methods are primarily for the operation of the General
Land Office solar transit, comparing its orientation with observations
on the sun, Polaris, and the brighter stars by which to make the
needed instrumental adjustments and tests. This includes also a
determination for the direction of any line that is to be run without
the use of the solar unit, and for the verification of all lines as required.

In this practice the data for the sun are required in terms of the
daily apparent positions for the Greenwich meridian; for all stellar
positions in terms of the Greenwich meridian, mean time and mean
time intervals. ; :

The Ephemeris of the sun and Polaris, in this form, was first pub-
lished by the General Land Office in 1910. The data has since been
extended to include the following contents: '

Astronomical Data

The daily positions of the sun and Polaris.

A list of the selected stars and star chart,

The semi-monthly positions of 28 bright stars.

Azimuths of Polaris at all hour angles.

Azimuths of Polaris at elongation. ) , o
Latitudes by an altitude observation of Polaris at any hour angle.

Explanations for finding the stellar positions, and use of the equations
for the reduction of observations, ‘

N Tables
Refractions in zenith distance, and the sun’s parallax.
Conversion of time to are. ‘ ‘
Conversion of arc to time. '
Sidereal conversions: sidereal into mean solar interval;
mean solar into sidereal interval; 7
Greenwich meridian to longitude of station,

‘Natural sines, cosines, and tangents, 4-place, for finding the vertical

and horizontal angles of a star.

12
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Example

A supplemental explanation on preparing for the obéervations, and
graph of the natural trigonometric sines, cosines, and tangents,
for use in finding the vertical and horizontal angles of a star.

Restoration of Lost er Obliterated Corners and Subdivision of Sections

13. A third supplement to the Manual bears the above title; it is
addressed primarily to county and local surveyors and others who
may have occasion to retrace the lines of the public land surveys,
and to subdivide the sections. The subject matter under that title
first appeared in the decisions of the Department of the Interior,
1 L. D. 339; 2d edition, 1 L. D. 671 (1883); there have been several
revisions and extensions, the latest in 1939.

In the general plan for the public land surveys it is provided that
“gll subdividing of surveyed lands into lots less than 160 acres may
be done by county and local surveyors at the expense of the claimants”
(R. S. sec. 2406; 43 U. 8. C. scc. 766); this to be according to the
rules for the subdividing of scctions as heretofore shown, and as
represented upon the official plat.

After the title to the lands passes into private ownership, the prop-
erty comes under the jurisdiction of the State law, which is controlling
in regard to the principles, or rules for surveying, and the procedure
that is to be followed in the retracement, identification, and remarking
of the boundaries; the interpretations are to be found in the opinions
and decrees of the State courts.

On many occasions and in varying situations, there is an over-
lapping of the surveying work that is required, though the distinction
in jurisdiction is clear; this is brought to the attention of all through
the medium of this supplement.

The subjects are treated in four parts, as follows:

Foreword—A statement concerning the jurisdiction, the original
records, and the general rules. : .

Restoration of lost or obliterated corners.—The specific rules that are
applicable after the evidence has been fully developed.

Subdivision of sections.—The rules when all necessary corners on
the section boundaries are in position.

Retracements.—Explanation of the technique found by experienced
surveyors to be the most generally successful in the recovery of the
evidence of the early public land surveys.

A limited amount of additional material has been added in response
to frequent inquiries on the subject of meander lines and riparian
rights, though the points are not strictly within the scope of the main

titla.
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14. The methods that are outlined in this chapter may be,térmed
the specifications for the ascertainment of the length and direction of

lines.

A common standard is intended for all surveying districts.

There is provided ample freedom of choice of methods best suited to
the job in hand. The regional engineers and all reviewing officers will
be guided by these specifications. :

In active field operations, the tests and various observations may be
made at such times as will least interfere with the progress. of the
survey. In most cases ample instrumental tests are made prior to
the organization of the ficld party; after that, the chief of party is
required to continue the necessary observations and tests to insure that
the instruments are being maintained in good adjustment. S

As to-the field notes, let it be recognized that county and other
surveyors most concerned with the retracement and identification of
the lines, and the public generally, including the legal 'and enginecring
professions, manifestly are entitled to a complete record of the survey,
one that describes all essential field operations and is admissible as
evidence in formal court proceedings, bearing official approval.”

The examples are explicit as to the entries that are raquired in'the

14
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field tablets, and as to the summarized results which are to be carried
to the transcribed field notes.

Basic examples are given in the text for the methods most frequently
employed, in order to clarify these fundamentals. Additional
examples are given in the Manual appendix for reference purposes,
segregated from the text so as to simplify the showing of the require-

ments.
MEASUREMENTS

15. In land surveying, the distance between two points, or length of
line, méans the horizontal distance. On sloping ground, the tape may
be held horizontally, or supported in that position, using a plummet at
the end which is higher than the surface, for the projection of the tape
length to the ground. _

Where the ground is uneven, or sloping sharply, the measurement
may be made more accurately along the slope, the tape being held taut
at proper tension, both ends at or near the surface, which will give the
distance on the slope between those points; the latter value is then
reduced (mathematically) to the equivalent true horizontal distance.
In this method, the slope measurement multiplied by the cosine of the
vertical angle of that interval of the slope equals the true horizontal
distance between those points.

The law prescribes the chain as the unit of linear measure for the
survey of the public lands, and all returns of measurements are to be
made in true horizontal distances, in miles, chains, and links.

Units of linear measure Unils of area
1 chain=100 links. 1 acre==10 square chains.
=656 feet. =43,560 square feet.

1 mile=80 chains. 1 square mile=640 acres.
= 5,280 fect.

The chain, arpent, and vara units.

The link chain, and the'long steel-ribbon tape.

Manual Appendix II.

16. Each engineer will be provided with a standard and an assort-
ment of 1-, 2-, 5-, 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. An affirmative statement
is required in the transcribed field notes to the effect that the party
chief has tested the tape in the required manner.

It is essential to the record of a survey to state briefly at the be-
ginning of the field notes, with every set of returns, the general
manner of making the measurements in that survey. The usual

plan is the steel tape measurement. Tt is required that the data be
entered in the regulation field tablets with all necessary complete-

14
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ness, fl‘he field tablets will show all necessary offsets, triangulati
or stadia measurements. Where the length of an intérval oof th 1(1)'118’
has not l?een duly determined, or verified, by steel tape measu ement,
é?eﬂdettml of tl{)e fr;‘a?gulution or stadia measurement will berszrxl:'fiit}i’
te transcribed ficld notes.  Such detail m i
transeribed notes where o triangulation or s?ziydize Ii)f:alzfli‘zl’i:)? lihe
b(?en‘made as a check against error in the steel\tape distance nL'kaS
wise,’ wherg a trisngulation has been verified by a stadia xﬁéasl o
ment, or vice versa, only the one that is regarded gs giving th }Lalre-
value will be carried to the transeribed field notes § e best
The ficld notes thus exhibit the manner of maki'ng all measure-
:;g?t;;le T;g; recl())rtd sh'()uld be s.uch that another engineer retracing
e sus antially éxxpllc&te the procedure adopted in the
.~ ’_"tl‘él:ﬁfé)ll(lio;lx;rtxfs :pm agraph is illustrative of the record to be made
“Unlgss otherwise specified all measurements are made witl
[maker] steel tape 8 chains in length compared with s [Vllz ]
standard steel tape and found correct. The measurements arén & 31’]
on the slope, the vertical angle determined, and the élo e me oure.
ments_p_l'operly reduced to true horizontal distances.’” g e
Additional examples, specimen field notes, Manual ;f&ppendix VIII

‘The Long Steel Tape

17. fl‘he approved method of measurement involves the use of
steel rlbbon_ tapes from 2 to 8 chains in length; in its use the tape |
properly alined and stretched; the measurements are made onp\(zhIS
s‘lo;.)e at any convenient distance up to the length of the tape az
limited by the cl}anges n slope. The vertical angles of moderate
slopes are (ietemlmed by clinometer; the very steep or sharp slo
are determined with the transit. The slope distances are fhen izs
duged to true'horizontal, the entire operation being suitably recorded—
It is not considered necessary to exhibit in the transeribed field notes;
any 'but the true horizontal distances, omitting details, except where
precise measurements are made of various bases for s;:;ecial use

A_s the slope measurcments are to be reduced to true horiz;mtal
egmva}ents, the slope angles must be carefully determined, cither b
clinometer or transit. Thé order of entry in the field mbiet is f‘irsty
the measurement on the slope; second, the vertical angle: third thé
correction for the slope; fourth, the horizontal distaniel Plus’ dis
tances are entered (fifth) for the items of topography tha.,t are iuter:
mediate between the points of line measurement. An entrv is mad
(sixth) for the diffevence in elevation for each interval as(fné&surede'

) §

17
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this is expressed in the foot unit, in order to conform with the con-

ventional practice in topographic surveying.

Example, section 20.

Where the clevation above sea level is known (or has been ascer-
tained approximately) for the point of beginuing, the value is placed
“at the top of the column. The plus or minus differences are then
“applied, giving the elevation above sea level for each measured point,
and showing at once the crossing of any desired contour.

The reductions are supplied with whatever accuracy may be re-
234), and to keep within the al-

quired for the class of survey (sec.
The linear toler

lowable tolerance.

(1.32 feet), or up to a maximum of 12.5
‘depending upon the class of survey,

ance may be as little as 2.0 links

links (8.25 feet) per mile,

and as tested both by the basic

standards of length and direction of lines, and by the error of closure.
The smaller limit is attainable by the methods prescribed, depending
upon the exercise of care in all detail. \

18. The following is an example of both field-tablet and tran-

INSTRUMENTS AND METHODS 27

19. A simplification of the reduction of measurements on the slope
is obtained by the use of two diagrams constructed on cross-section
paper, as follows: The first with the vertical lines representing inter-
vals of 20 links measurement on the slope to 2, 5, or 8 chains to suit
the length of tape used; the horizontal lines representing the correction
in links to be made from the measurement on the slope to obtain the
true horizontal distance; slanting lines are drawn to represent various
degrees of slope scaled to the proper 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 lines in this diagram representing the
difference in elevation in feef, at intervals of 5 feet; slanting lines are
drawn to represent various degrees of slope scaled to the proper points
for the differences of elevation for the full length of the tape (figs.
1 and 2).

20. The following is an example of record for the use of the long
steel tape and clinometer; reductions by the use of the diagrams:

seribed record for the use of the long steel tape and clinometer; reduc-
tions by the use of the traverse tables (table 4, Standard Field Tables):

Field record
Dis- Mean True nfg(ggte Differ- Transeribed fleld notes
tance vertl- | horizon- | T .o ence in
on cal tal dis- are- eleva-
slope angle tance ment tion
Chains Chains | Chains | Chaing Chains | North, bet, secs, 10 and 24,
. Desc. 155 {t. over NW. slope, through
scattering timber and dense under-
: growth.
4,50 —121° 4,308 -0, 95
2.0 —~17%° 2,008 —.66
.70 6. 496 3.80 - 75 10,30 | Dry gulch, course W.; asa. 205 {t. over
B W, slope,
.75
8,00 4-814° 7.917 +1.15
14.70 14.413
6.20 +1934° 5,835 ~+2.10
20. 60 20. 248
3,80t A7H° 3.270 e 44
24.20 23. 518 0.00 03,50 | Spur, slopes W.; desc. 185 ft, to ¥ sec,
cor., over N'W. slope.
1..20 924.70 | Road, bears E. and W,
.90 25.40 | Leave undergrowth,
8.00 ~614° 7.949 ~0, 91
32,20 31,467 1.15 32.60 | Enter heavy timber, bears NW. and 8E,
3. 70 ~-1014° 3,841 -, 66
[
35,90 35.108
5.00 —~14 ° 4.851 ~1.21
40, 90 39. 959
.04 no® .04
40, 04 40.00
40.00 40,00 40.00 | Point for the ¥ sec. cor of secs. 10 and 24,
. Set an iron post, eto.

17

Field record
Measure| vertieal Correc- Horl- | prus dis- Differ. | Distance Transeribed fleld notes
menton | "grope” | thon for zontal tance | enceln
slope g slope | distance clevation
North, bet. sees. 18 and 24,
Dese. 155 {t. aver NW. slope,
) . ) through scattering timber
Chains | Degrees | Chains Chaing Chains Feet Chains and dense undergrowth.
4.50 —~ 124 0.10 4. 40 -0
7220 | —17% G0h 210 —45
6.70 ) 6. 50 3.80 —50 10.30 | Dry lgulch, coursa. W.; 8sC.
o 2095 ft. over 3W., slope.
8.00 +8%i .08 7.92 75
14,70 .28 14. 42
6.20 -+19%4 .37 5.83 4140
20. 60 L85 20. 25
3.30 +734 .03 3.27 +30
2%4.201 . .08 23. 52 0.00 23,50 | Spur, slopes W.; desc. 185 ft.
: to Y4 sec. cor., over NW.
slope.
1.20 24.70 | Road, bears E. and W,
1.9 25.40 | Leave undergrowtn.
8,00 —814 .05 7.95 - &0
32.20 .73 31.47 115 ‘ 32.60 | Enter heavy timber, bears
W.and SE.
3.70 ~10%4 .06 3.64 45
35.90 .79 35,11 .
5.00 —14 .16 4.85 80
40. 90 4 39,98
L04 0 .00 .04
40.94 04 40.00 €0.00 | Polnt for the % sec. cor, of
] secs. 19 and 24,
Set an iron post, ete.

21. By skillful use of the long steel tape on the slope, with correct
determinations of the vertical angle, and proper reductions from the

.2t
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slope to the true horizontal distance, the engineer obtains one of the
most rapid and reliable methods of measurement. It is essential to
make all reductions for distance as the work progresses, but the addi-
tional information regarding the amount of the ascents and descents
is readily obtainable from the record at the convenience of the engineer.

'Stadia Measurements

22. Under proper safeguards the stadia method of measurement
affords a useful and reliable means of overcoming the difficulties of
obtaining correct distances across water and over precipitous slopes
that can not be reached with the tape. It is required that the wire
interval or ratio be determined in the ficld 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 should 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 skillfully followed.

23. It 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:

“All stadia measurcments 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 Philadelphis level rod graduated to feet and equipped with
two targets and a rod level; all readings are made with a vertical rod.”

“All stadia measurements are made with fixed stadia wires with &
ratio of 1:1004-, 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.”

24. Notation used in stadia measurements:

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

21
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Diff. elev.: The true vertical distance from the height of the instru-
ment to the center point between the two targets of
the rod.

“e?s Vertical rod reading.

“y?: Observed vertical angle.

“K: The wire interval or ratio.

“¢”’: Distance from the center of the instrument to the object glass.

if":  Distance from the plane of the cross-wires to the object glass.

Hor. dist.=XKr cos® v+ {c+f) cos v.

Diff. elev.=Kr % sin 20 (¢ f) sin ». u
//}r

v A

Ve ,’

< . -

////, -7

. ’// ‘. Diff.elev.

£ N

et Ve e e

2 R A

Hor drst.

Fig.3.

25. In table 6, Standard Field Tables, the natural functions “cos® v”
and “¥% sin 2v” are tabulated by intervals of 2’ for all angles from
0° 0’ to 28° 0’; these values become natural coeflicients of the rod
reading in the use of the vertical rod. In the same table are tabu-
lated the natural products “(c+7)cos v’ and “(c-+f) sin »,”’ for three
values of “(¢+f)” which may be considered as expressed in either the
link or foot unit as convenicnt.

26. In public-land surveying it is convenient to have fixed stadia
wires with a ratio of 1:132, so that the sum 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 climinate the crror by applying to
the reduced distance the proper correction taken from the table of
proportional parts (table 5, Standard Field Tables).

26
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27. Esamplo of test of stadia wire interval, the approximate ratio
being 1:132, and the focal constant 1.2 links: i

Field record

Measurement of base by steel tape }
and clinowcler Transeribed fleld notes
Vertieal rod
rcading
Mean " True res
vertical DIS‘_imce horizontal
angle on siope distance
Chains Chalns Feet June 11, 1945, I make the following test of the
~414° 3.00 3. 858 6. 092 stadia wire interval:
—14° 8.00 7.468 6.008 Horizontal length of base =14.006 chs.
+734° 2.20 2. 180 7.002 Mean of 10 rod readings = @, 0085 ft.
6. 095 Vertical angle of of test = —()0407
Total base = 14, (i 7.003 K=132 551
Focal constant = 012 7.004 Reduced error in 10 chs. =4, 1 ks,
. ——e 6. 097
Stadls base = 14,054 chs, 6.095 || All corrections to be added to the distances
7.001 given by the stadla.
“o“ ==027. 564 {t. 6. 988
Mean rod reading = 6. 0985
Coeflicient for 0°40 ={0. 9099;
0.0001X6.8985 = . 0007;
reosty = 6.9978
927. 504
K= 6 o0e 132, 551 .
Measured base ’ =14. 006 chs,
g‘ gggg}mmean rod reading.
13.997 =eq§5igvaie%té&(§6‘
13.897 X0.8099=13. 696
i gty 14,008 chs.
Error in 14.008 chs. by stadia = 0,058 chs.
Error in 10.00 chs. by stadia = 0.041 chs.

28. The crror of the wire interval having been determined for a
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 stadia work, and attention is directed to the probability
that successive tests will show slightly inecreasing or decreasing
values of the wire interval; this is with reference to the usual spider-
web cross wires. The platinum cross wires should give a nearly
constant ratio. It is not considered necessary to record in the trans-
scribed field notes any but the basic elements of stadia observations,
omitting the details of the reductions.

29. The following example of record, with reductions added, is
adapted to the instrument showing the above test of the wire inter-
val, ratio 1:132 with an error of 4.1 links in 10 chains, and focal con-
stant 1.2 links.
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Ficld record Transcribed ficld notes

Chaius N, 6°02 W, bet. secs. 15 and 16,

Descend gradually over mountainous land.

12.60 lhl%% canyon, bears N'W, and 8E.; precipitous descent of
Stadia to left bank of creek: 8.104 and 8.212 ft.,—26°44/,
Stadia to right bank of creek: 3.448 and 3.432 ft., ~24°1¢/,
Studia to right rim of cauyon: 4.014 and 4.895 [t., -+4°587,

poe

o «

9
1

8D nt

w3

6. 400X0. 7070==5. 100

Error+- . 021 v
(c+/) cos o+ . 011

12,60 -+5.14 chs, 17.74 | Left bank of creok, 62 Iks. wide, course NW,

6. 406X0. 4018=2. 674 chs,

Difl. elev. =170 It.
3.448

8.432

6. 880X0. 8324=5.727
Error+ . 024
(e+)) cos o+ . 011

12,60 +5.76 chs, 18,30 | Right bank of creek; precipitous ascent of 225 ft. to rim of
5.14 chs, canyon.

Width of creek =(.062 chs.
4.9H4
4. 805

9, 8090, 9925=9. 735
Error+ .040
(c+f)cosv 012
12,60 -+9.79 chs. 22.39 { Rim of canyon, bears NW. and SE.; ase. gradually.
9. 809}0. 0863=0. 847 chs. ¥ gradualy
= 58 ft.
~+170  1t.

Difl. elev. =220 ft.

o

|

¥

30. Attention is directed to the fact that in making the above
reductions in the chain unit, wire ratio 1:132, the process is at once
resolved into taking the sum of the two rod readings in feet mul-
tiplied by the proper coefficient for vertical 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
operation becomes very simple. It should also be noted that in
computing the difference of elevation no correction has been made
for the height of the insirument above the ground, nor for the mean
height of the rod reading; these corrections are compensating and
ordinarily may be neglected. Therefore, in ordinary work in com-
puting 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 rod reading, the error in the wire interval, and the term
“(c+/) sin 0. These factors should be applied for close results.

31. Many engineers prefer the conventional stadis wire ratio 1:100
generally adopted in miscellaneous surveying practice, using a rod
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craduate.. .o 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
¢ 3y

—é—é—, rod in feet and horizontal distance in chains, accomplishing
the reduction of “K r cos? v by logarithmic functions.

Stadia-wire ratio 1:100; example of test.

Stadia-wire ratio 1:100; form of field-note record.

Manual Appendix IL.

32. Most of the Bureau of Land Management surveying instruments
are equipped with fixed stadia wires of the ratio 1:132, which has been
found well adapted to all practical purposes for which used, and
permits the use of standard double-target stadia and level rods
graduated to feet. '

In suthorizing the use of the stadia method in the public-land
surveys it is not contemplated that this will be made a substitute
for steel tape measurement where the latter is practicable, but rather
that the stadia method may be used 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. :

The detail will be incorporated in the field notes as provided in
sections 16, 35, 253, and 254. ‘

33. A number of the models B and C General Land Office solar
transits have been equipped with vertical stadia wires (ratio 1:132), for
reading a rod that is held horizontally. More extensive field tests
will be required before the advantages in land-surveying practice, if
any, may be demonstrated. As the reduction to horizontal distance

is by the factor ‘“cos v’ (instead of “cos® v as where using the vertical”

rod), it is evident that the horizontal stadia rod should give more exact
results on steep vertical angles. Tdentification and description of the
instrument models: Manual Appendix II, section 78.

If the sighting conditions are favorable, the stadia determination
may be checked (approximately) by using the 10 ft. rod horizontally as
o subtense bar, repeating the horizontal angle to secure & 10-second
value. (The improved aceuracy in the sighting is possible with the
double cross-wires of this reticle, sec. 112.)

34. With the horizontal rod, the equations that are given in sec. 24
will take the forms as follows (both results in the chain unit if the
wire interval is 1:132, and if two rod readings are added as suggested
in usual practice):

Hor. dist.== (Er4c-+f) cos v
Diff. elev.= (Kr-4c-+f) sin v

g3k
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Triangulations

35, In making triangulations across water or over precipitous
slopes, judgment is required in the selection of the measured base,
so as to adopt the best possible geometric proportions of the sides
and angles of the triangle. A complete record of the measurement
of the base, the determination of the angles, the location and direc-
tion of the sides, and other essential details of the problem will be
required in the field notes, together with a small diagram to repre-
sent the triangulation. The method of triangulation at all times
must be sufficiently refined to produce reliable results, When neces-
sary to determine the value of an angle with a precision of less than
the least reading of the vernier, the method of repetitions will be
employed. ‘

In the longer and more important triangulations all of the stations
should be occupied (if possible), and the several angles should be
repeated and checked to a satisfactory closure; the latter limit may
be kept within 020" by careful use of the one minute transit. If
the triangulation is verified by stadia or steel tape measurement, or
by double triangulation (two base lines), a simple statement to that
effect may be entered in the transcribed ficld notes, omitting much
or all of the detail; but if theré has been no such verification, and in
all cases where the triangulation (or a stadia measurement) has been
made that passes over one or more regular corner positions, omitting
the monumentation, the detail must necessarily be set out in the
iranscribed ficld notes for its indispensable value in subscquent
retracement or resurvey.

In line practice the chainmen are frequently sent through for steel
tape measurement over extremely difficult terrain, but with the length
of the interval verified by triangulation (or stadia). This is done
to secure the most exact determination of the length of the line,
duly checked, and to note the intervening topographic data. Where
there has been.such verification of the length of line it will be un-
necessary, in most cases, to carry the detail to the transcribed field
notes, the entry being made that best expresses the plan of the survey
and the correct value for the length of line.

86, In its simplest form the method of repeating an angle consists
in sighting upon & station, A, with the vernier of the horizontal circle
set ab zero; the angle is then turned to the second station, B; the
lower clamp is now loosened and the telescope again set upon station
A with the lower tangent motion without disturbing the angle first
turned, after which the upper clamp is loosened and the angle turned
o second, time to station B. The angle is thus “repeated”’ two, three,
or more times, and finally the multiple angle is read, which, when
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divided oy the repeating factor, gives a value for the angle much
closer than the least reading of the instrument. For example, as-
sume 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°54’24"/ for the angle, which if
skillfully done is unquestionably closer than & 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
the angle in the opposite direction, to eliminate instrumental errors,
and finally takes a mean of the resulting four readings, which is
divided by the proper factor. It is occasionally necessary in public-
land surveying to repeat angles by the latter method, but the former
is of more general use and will be found dependable-and quickly
executed in most cases. :

A somewhat different form of repetition is employed on a transit
traverse that is run by deflection angles and calculated courses. If it
is an ordinary traverse, with 10 to 20 or 30 turning points per mile,
where care is required to avoid accumulative errors, the best practice
calls for the several steps as follows: (1) at the forward station “B”,
when occupied, sight to the back station “A”, plates set at zero;
transit the telescope and turn to the next station “C”, reading the
angle, the value being called the first reading; (2) release the lower
clamp, turn on the lower center to the back station “A”, and make
another sighting, using the lower tangent motion (being careful not to
disturb the angle first turned); (3) again transit the telescope, loosen
the plate clamp and turn to station “C”’| reading the angle, the value
being called the double reading; (4) divide the latter by two for the
accepted value of the deflection angle. The plan eliminates an error
of collimation, and gives a much better value than by single deflection.
For longer sights, and where greater accuracy may be desired, the
double turning may be extended to 4, 6, 8, or 10, always an even
number, reading the first or single value, and the last or sum of the
turns, the latter to be divided by the number of the repetitions,

Basically, the repetition of angles has a two-fold purpose, only one
of which has been explained above, i. e.—to obtain an angular value
better than a single vernier reading, The vernier of the one-minute
transit reads directly to one-minute or 60’/, When needed, the value
may be estimated to the nearest 30°/, By careful repetition a value
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down to &+ 10’/ may be ascertained. Authorities agree quite generally
that an increase in the number of the repetitions does not add mate-
rially to the accuracy or certainty of the result. The limit is usually
placed at six repetitions for the larger angles; ten for small deflection
angles. There is a convenience in the multiple of six repetitions, as
the division of an angle by six is very simple, with minimum chance of
error, thus: divide the degrees by six; the fractional remainder in the
degrees becomes the first figure of the minutes (as, for instance, 5X
60-+6=>5X10; or 5° divided by 6=50"), Then divide the minutes by
six to obtain the second figure of the minutes; the fractional remainder
is the first ficure of the seconds; ete.

The second purpose of a repetition, when needed, is to insure the
elimination of the residual instrumental errors of adjusiment, gradua-
fion, setting of the plate verniers, and eccentricity of the line of the gradua-
tions with respect to the centers. This is accomplished through the .
technique of the execution of the repetition. It is almost never
required in the normal execution of the land survey, as the limit of
tolerance of the land survey is usually well above whatever can be
gnined by this technique. However, for this greater accuracy, when
desired or demanded by the surveying problem that is involved, three
sets of six repetitions should be made; one with the initial plate
setting at or near 0°, one with the initial plate setting at or near 120°,
one at or near 240°. In this plan, read and rccord the angles for both
the A and B verniers. Run this through with the telescope in the
direet position. After dividing the accumulated angles by six, there
will be three values for the A vernier, three for the B vernier. The
whole run is then made with the telescope in the reversed position,
turning the angles in the oppostte direction. This will give twelve
indicated values for the angle, cach caleulated to 05’/;the mean of the
whole should have an accuracy of 405", excepting that the sighting
or pointing, or ogtical performance, of the one-minute transit is not

- designed to insure that accuracy. Improved sighting or pointing may

be secured with the reticle that is described in section 112,

37. The base lines for triangulations are to be carefully measured,
to tenths of links; the sum of the angles should be balanced to 180°,
or redetermined if the disagreement is found to exceed 17 of are.

38. The following examples, with the reductions added, are designed
to illustrate the form of record of triangulations best suited for the

“official field notes:
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(a) Ficld record Transcribed feld notes
Chains 5. 89°56’ W., on random line bet, secs. 19 and 30.
40.00 | Sof temp. ¥ see. cor,

Angles 72.20 | Top of precipitous blufl; vertieal angle to Gag on random
50°35 line=-32°47’; puxiliary flag bears 8, 39°2)' W, from
03 20 flag on random line the auxilary flag bears S, 3°16' W,
36 05 12.80 chs, dist.; all bearings checked by direct reading of

W the solar, and all angles ehierked by deflection:

Hor. mess, of basé by one chain
tape=12.80 chs,

sin 36°0%

Dist,=12,80 ST
log 12.80 =1,107210
" 8in 36°0% =, 770087
Q. 877297
¢ sin 50°35 =0, 887020
“ 976 =), 989371
Dist. by trl. . =076 chs.
s
log hor, dist. ={. 080371
¢ 8 =1, 810544
% tan 32°47 =9. 808916
415 =2, 617831

Difl. elov. =415 {t.

$.8956W, 9764 |

Dist, on randora line : =72, 20 chs

Dist. by triangalation = 9,768
81.96

Dist. by return meas., w 2,84

79.12

70,12 | Fall 14 1ks. to the left of the cor. of secs. 19, 24, 25 and 30 on

the W. bdy. of the Tp.
Thonce :
8. 8y° 68’ E,, on a truoe line bot, sccs. 10 and 30,
Ascend mduauc{y {n valley. g
1.75 | Base of bad-land bluff, bears N, and 8,; precipitous ascent
of about 400 {t. .
6,92 | Top c;f_bad&and bluff, bears N, and 8.; thence over level
prairie. :

) Field record

Transeribed fleld notes

Nore.—Stadia wire ratio, 1:132.651;

At the meander cor. at 57.30 chs, bet. secs, 16 and 17, a flag on

(e-+-N=1.21ks. Iodian Island bears N, 18°41 W.,; a point on a rock in the lake
vears S. 82°08' W., stadia base to this point: 9.827 and 9.839 {¢,,
9. 827 level, measured base impracticable; from point on island, Gag
9.839 on rock in lake bears 8. 14922’ W.; all hearings cbecked by
e direct reading of the solar, and all angles checked by deficction:
19, 666 Length of base =19,76 chs,
Error=-}.082 From meander cor. to island =33.54 ohs.
(c+f) =~} 012
Base=19. 76
Angles
o -
33
67 48 ‘%‘
180°0¢/ kS
e ©
Dist.=10.76 %;i kA
19.76 chs.
log 19.76 = 1.205787 Il At the above point for an auxiliary roeander cor. in see. & on
F sin 7040 = 0.000447 Ipdian Island from which the méander cor, at 67.30 chs. bet.
secs. 16 and 17, bears 8. 18°41' E., 33.54 chs. dist.; I
. 1.26923¢ | got o limestone, 28 x 10 x 6 {ns,, 21 fns. in the ground, mkd. g8
* 5in 233903 = 9. 736602 on N., and A M C on B, face; from which
. - Il A spruce, 14 ins. diam., bears N. 4214° E., 69 lks. dist., mkd.
* 33.54 = 1525542 || TP g7 NR4IWEBAMOB T
. A fir-halsam, 0 ins, diam,, bears N. 144° W, 38 Iks. dist., mkd,
Dist, by trl. =33.54 chs. Te/NRBWESAMOBT.
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© Field record Transeribed field notes
Chaing s5th Guide Meridian West, through T, 14 N, between Rs.
20 and 21 W.
North, bet. secs, 13 and 18,
Doscend 225 ft. over NW, slope, through heavy timber
and denso undergrowth.
27.80 | Point for tho meander ¢or, of secs. 13 and 18 on the south
s&x,ore of Grand Lske, which bears N. 62° E, and 8, 48°
Set an iron post, 30 ins. long, 2 ins, diam., 24 ins, in the
ground, with brass cap mkd.
MC
ong’
At A= 2‘33391-==18°09’40"(-02”)
o197
“ B=21’.5.§1_3_=. 8194420” (~~09"") RZIW{R20W
“o 240;19’ 80°0620" (~09") TN
G e,
180°00° 20" (—20") 518 from which
e {7 g 1
Dist. nla.uﬁi—ﬁf—g;g—g%ém ,
- A pine, 8 ins, diam., bears N. 8434° E,, 105 Iks. dist., mkd.
log 18427 v siales TI4{NRIOWSIBMOBT, '
~ A pine, 10 ins. diam,, bears 8. 2614° W., 49 ks, dist., mkd.
1. 200046 THUNRAWSBMCOBT,
« e 18009/38" =0, 493710 To make & triangulgtion across the lake I designate the
above meander cor. point A snd set o flag B at point for
«  BLO2 w1, 716336 mesnder cor. on north shore of lake, also 8 flag Con the
497,80 north shore which from point A4 bears N. 18°09'38"" E.;
{;he ba%e BiC bea&s 8'61 81;;114'11”119., 11)6.4257 ghs, dist.;
72 X onger base impracticable; the angle subtended al poim
% .72 C=80°06'11"; all angles by three repetitions with error
of 020 balanced to 180°.
Distance across lake=51.02 chs.
B.
G
BN
Q
GN)
Q
- <
b
Ny
=

A

Point for the meander cor, of secs, 13 and 18 on the north
shore of lake which bears 8. 82° E, and N, 758° W,
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39. In practical field work triangulations are made principally to
overcome the physical difficultics of measurement. Under the condi-
tions generally presented a right-angled triangle is likely to be less
desirable than an oblique triangle, as the latter may be sclected to
fit the best location for the base line. A stadia base may sometimes
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 triangulation
by using two base lines may be highly desirable, one result as a check
upon the other, whereby the mean of the two would give a better
value; there should be a choice of the best method to suit the conditions
in each situation; this must be left to the judgment of the engineer.

INSTRUMENTS AND REQUIREMENTS AS TO
. ADJUSTMENT

40. The direction of all lines of the public-land surveys will be
determined with reference to the true meridian as defined by the axis
of the earth’s rotation. On the plan, it is intended that the direction
of all lines be stated in terms of angular measure referred to the true
north or south at the point of record. No departure from this rule
is authorized.

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. The Manual of 1894 required
that all surveys of the public lands of the United States, embracing
all classes of linecs, be made with refercnce to the true meridian,
independently of the magnetic needle; this prohibition against the
use of the compass was even more pronounced in the Manual of 1902.
In 1919, by partial publication of the Manual of 1930, the use of the
necdle compass as a means of determining the direction of lines of
the public-land surveys was unqualifiedly prohibited.

A field note record of the magnetic declination has always been
required in cach survey, the value at the southeast corner of the town-
ship to be shown on the plat. The principal purpose of this record
is for its use in various local surveys and retracements, where a start
is to be made by the angular value of the magnetic north in relation
to the true north.. Ifs accuracy in azimuth depends first upon the
care that js taken in recording the magnetic declination, including its
daily variation, and the differences from one locality to another;
and sccond, in correcting the value to the date when used. Section
236, item 19.

39

INSTRUMENTS AND METHODS 41

The use and test of the magnetic compass. Manual Appendix II.

41. On the plan of the rectangular surveys as outlined in sections 6
and 8, it has been required that the direction of all lines be stated in
terms of angular measure referred to the true north or south at the
point of record. These determinations are made many years in
advance of a geodetic control. Since the beginning of the public-land
surveys the direction of the lines have been based upon the observa-
tions made within the area of the survey, at the time of the survey,
by methods as provided in the several Manuals of Surveying Instruc-
tions. Until 1890 this included the use of the needle compass, com-
mon to the older land-surveying practice, though all needed restrictions
were intended. By the later methods, beginning from 1910, the
instrument that is found to be best suited to the public-land surveys
is the solar transit.

The performance that is required of the General Land Office
solar transit is for uniform orientation, within the usual hours of
observation, holding to within 130"/ of the true meridian. This
instrument is a licht mountain engincer’s transit, designed for mini-
mum weight, small dimensions, and compactness, all of which are of
extreme practical importance. All verniers read to single minutes,
and when needed may be estimated to the nearest 30’. The dimen-
sions depend upon standard instrumental designs of American manu-
facture. All are provided with stadia wires; a prismatic eyc-piece
for reading high vertical angles; a reflector for the illumination of the
cross wires for the stellar observations (when made after the twilight
period); and; a movable neutral-tint glass-shade mounted with the
dust cap of the eye piece for making the direct observations upon the
sun. A small number of the latest new instruments have been pro-
vided with a solar circle in the reticle of the main telescope, spaced on
a radius of 15745’/. A description of the solar unit is given in sec-
tion 78; the solar circle, in section 112.

Adjustments “of the General Land Office solar transit; Manual
Appendix II, scetions 41 and 79.

42. Tach field party will be supplied with one or more Gencral
Land Office solar transits of approved construction and condition, the
model sclected will be one suited to the type of country in the area of
the survey. There will be included in the transcribed ficld-note
record a description of the instruments employed, and an outline of
the methods that were used. For positive identification the descrip-
tion should give the firm name of the maker, and the malker’s serial
number for that Instrument.

The regional engineer maintains a record of each instrument, its
condition, adjustments, and service, and as a rule will require that all
instruments be thoroughly tested, preferably at headquarters prior

42
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to departure for the ficld, by the engineer who is to use the instru-
ment. Then, at an early date after the field observations and tests
have been made, which are attended to during the carly stages of the
survey, the chief of party will prepare a memorandum (in the weekly
service report) for record information in the office, indicating satis-
factory working condition of the instrument, to be followed by subse-
quent report in case of the substitution of another instrument for
any reason.

43. The {ranscribed field-note record regarding the instrumental
tests should state the time and locality, and that (after the adjust-
ments have been duly completed) the instrument was in satisfactory
condition. Complete data will be entered in the field tablets, from
which an abstract will be prepared for the principal initial field observa-
tions and record of the orientation of the solar unit that is to be carried
forward to the transcribed field notes. This does not need to be
elaborate in detail, but it must include the essential facts, the purpose
being to supply the record qualification that the instrument was in
good order, and the data from which the basic observations may be
duly verified. The latitude and longitude of the station, and the
date or dates, are needed, the time of each recorded observation, and
the declination of the sun, or of any star in the equatorial belt, basic
to the use cf the tables in the Ephemeris or for any of the equations.
This is exemplified in the many examples that follow,

44, When the strictly transit methods are employed without the
use of the solar unit, the fact will be stated. Transit methods are
required in every survey that calls for an accuracy much closer than
the tolerance of 1780’/ which is permitted in solar orientation. TFre-
quently, in the extensive open spaces where there may be little or no
forest cover or tall undergrowth to interfere, transit methods may be
preferred to solar orientation, the latter not being used at all or else
just incidentally. The basic data for the observations will be carried
forward to the transcribed field notes. Most frequently the azimuth
determinations will be by observation on Polaris, or by altitude
observation on the sun, by one of the approved methods, and usually
a check determination. An altitude observation upon one or more of
the bright stars within the equatorial belt may be made supplemental
to, or substituted for the altitude observation upon the sun. This is
particularly useful for verification of the line of the survey at points
remote {from the camp meridian. By the Manual methods the stellar
observations may be made during daylight or twilight in a clear sky.
Subsequent observations for the verification of the line of the survey
as carried forward will be duly recorded in the field tablets. A suit-
able memorandum will be mcluded in the descriptive statement
called for in sec. 42.
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45, The field tests of the solar unit are carried along continually.
This is done by comparing the orientation of the solar with a carefully
determined azimuth line that is based upon a Polaris observation, or
by altitude observation on the sun. Various combinations of these
methods are employed, and frequently coupled with one or more
observations upon a bright star, or stars, within the equatorial belt.
The record should be completo in the field tablets. : As a rule, the
instruments are carefully checked and tested prior to departure for the
field, and then verified again at earliest opportunity on the survey,
foHo‘ved subsequently by tests of one method or another almost daily,
and on the camp meridian at frequent intervals.

A closing statement in the transcribed field-note record should be
made to show appropriate attention to the above Manual require-
ments, all of them bearing upon the mamtenance of the transit and
solar adjustments.”

46. Before closing the subject of the entrics that are reqmred in
the field-note tablets and those that are to be carried forward to the
transcribed field notes, the term instrumental “index error’’ should be
defined, and the pmctlce stated as to the field note record where it
involves this term.. :

An index error or index correctlon is the angular difference between
a vernier reading just as it is set and the true value as it would read
had the vernier been adjusted to exact position.

A warning is not inappropriate. The residual errors of adjustment
that are mentioned below may be much larger than might be assumed.
The only safe practice is to be thorough in making the complete tests,
and to be on constant &lert for possible chanﬂcs in the value of ecach
correction. , «

In transit opcmtlon, the index correction apphes especmlly to the
residual error in the setting of the vernier of the vertical circle. This
includes also the residuals in the adjustment for sighting in the true
horizontal plano both positions of the telescope, direct and reversed;
it includes in addition any needed further correction that may be
traceable to eccentricity in the mounting of the vertical circle. These
are fully treated in the transit adjustments, X \I&nual Appendix II,
section 41, :

The index corrections of the solar unit apply particularly to the
residual errors in setting the verniers of the latitude and declination
arcs. With both arcs, this includes also any additional differences
that may be determined by the tests away from the zero positions, the
latter being traceable to errors in the mounting of these arcs. The
index error of the latitude arc may be further defined, and more simply
treated as the diflerence between the instrumental latitude, noon
observation solar unit, and the true latitude of the station.
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A third index error may be employed with the solar unit (during the
preliminary stages of the tests of the adjustments) to represent the
angular difference between the vertical plane of the polar axis, when
the solar telescope is set and clamped in the latitude of the station,
and the vertical plane of the transit telescope.

The tests for the residual errors are fully explained in the adjust-
ments of the solar unit, Manual Appendix II, section 79.

It is generally regarded as better practice to carry an index correc-
tion, if small, rather than to disturb a vernier setting that is good in
other respeets.  The exact settings are diflicult to make, frequently
do not hold as well as might be desired, and other factors may be
the cause of slight changes in the value of the correction. There is
much difference on detail of the adjustments between instruments of
the same model, otherwise exactly alike. The adding or subtracting
of an index error is to be regarded as just another step in careful
instrumental work, that is taken to ascertain the most dependable
values for observed vertical angle, and for the setting of the arcs.  The
values of the corrections will be applied in the field-tablet record.
The steps for making these corrections will not be carried to the
transcribed field notes. This is the practice in order to avoid
confusion.

General Statement, Time, Latitude, Longitude, 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 azimuth,
produces only a slight effect in time, and when all are unknown the
order of sequence in their detcrmmatxon should bo that of time,
latitude, and szimuth.

The longitudes that are shown upon the large wall map of the United
States, and those of the public-land States, published by the Bureau
of Land Management,! refer to the zero meridian of the Royal Ob-
servatory at Greenwich, England. The map values for longitude may
be accepted for use in making any of the calculations incident to the
observations for time, latitude, and azimuth that are required with the
Manual practice. More exact longitudes may be secured from the
topographic maps of the United States Geological Survey, whore those
maps are available, Precision in both latitude and longitude may be
secured wherever geodetic stations are available, established either
by the Geological Survey or by the United States Coast and Geodetic
Survey. To o large extent the cadastral survey has been carried for-

1 Buperintendent of Documents: U, B, Government Printing Office, Washington, D, C,
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ward much in advance of the topographic and geodetic surveys.
Section 133.

The showing of latitude and longitude on the plat of the cadastral
survey should be extended to scconds if ties to a geodetic station
warrant that refinement.

The methods that are set out for a well-balanced observing program
are good for results within +6 seconds of time; 415"/ in latitude and
azimuth; when estimated vernier readings are made to the nearest
30’/; due care to be given to all necessary refinements in the observing,
and in the reductions; these limits are with reference to the one-
minute graduation of the General Land Office solar transit, ordinarily
supplied to the field parties.

The college courses in applied field astronomy, or engineering
astronomy, are extremely helpful to an understanding of and famili-
arity with the methods herein set out, which are of course designed
especially for the Bureau of Land Management surveying practice.
The necessary definition of terms are not given in most cases. The
theory of the methods relating to the observations, and the derivation
of the many formulae, are not repeated in the Manual. The subjects
are treated with a view to securing the most direct practical results.
The methods are not difficult when coupled with practice in making
the observations. Until the steps become familiar it is helpful to
begin by doing the recording for an experienced observer, and then
to assist in making the reductions, checking and verifying the whole.

The methods are applied principally in observations upon the sun
and the north star, Polaris, and are arranged to facilitate the work
under most conditions encountered in the field. The tables and form-
ulas that are published in the Standard Field Tables, and in the Ephe-
meris, are designed primarily for the convenience of the cadastral
engineers in the field, and to encourage a general use of improved
methods, consistent at all times with the engineer’s understanding of
the principles involved.

The bright stars in the equatorial belt may be employed to secure
additional refinements, and to verify results secured by observations on
the sun and Polaris.  These stars may be selected for favorable position
in declination, at any date when the sun is either too low or too high for
the desired observation. The south declination stars are needed for
certain observations in Florida; the higher north declination stars, in
Alaska. The stellar methods are indispensable to a well-balanced
observing program whenever a higher accuracy is required.

All references to tables and formulas, or to the daily functions of
the sun or Polaris, and to the other stars that follow herein, are the
same as those shown in the supplements to the Manual. Conven-
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tional notations in the demonstrations that follow, agree with those ! ; o Zenith
shown in the Standerd Field Tables and the Ephemeris. 3 !

With reference to the subject of records of observations as the same
should appear in the transcribed field notes, it is necessary to state all
of the basic data, but usually unnecessary to include the process of
reduction. ~ The ficld notes should be completo in every respect; it is
the purpose to insist upon this requirement without involving that
which is unessential to the record. It is unwarranted to make the
results by analytical reduction appear to be more accurate than
justificd by the refinements of the observation upon which a deter-
mination is based. It is good practice not to discard the various small
elements, fractions or decimal parts of the calculated value until the
result is ascertained, the insignificant figures may then be discarded.
The reduced value in azimuth is usually reported in the nearest even
minute. : DR

f&o:

ANALYTICAL NOTATION, DECLINAT‘ION
AND REFRACTION

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

49. »: Obscrved 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 compensated by taking direct and
reversed observations on the opposite limbs of the sun. The mean
observed vertical angle to the sun’s center will be designated » in the ‘ Fia 4
notation. In single observations the vertical reduction to the sun’s ‘ 'g-
center==16"; a refinement is had by referring to the Ephemeris
for the value of the sun’s semi-diameter for the date of observation. Examples of the relative use of v, refraction, parallax, h and {.

50. h: True vertical angle to the sun’s center, or to Polaris, and to |
any star. In altitude obscrvations, after correction for refraction: _
h=p—refraction in zenith distance; a refinement is had in altitude Teloscope | Watch | Horlzontal| Vertical | Sun's

1 : : ¢ time angle angle linbs
observations on the sun by adding the value of the sun’s parallax=

The “pole-zenith-sun’ trisngle as viewed from outside of the celestlal sphers.

Field record:

Transcribed field notes

k= 25° 230 387
= 64° 30 227

we o

' - . . ot . Tt
8.9 coa’ v, opposmebm eﬂﬁct to refxz;ct}llon, wlllllcb results from the Dirs shegmsse | 650 0 07 260 200 O Q Mar. 18, 1010, L ok on altitude observs-
5 g : tion upon the sun for time and azimuth,
observer’s position above the center of the ecarth. ] tion upon the sup for time and arimath,
& the telescope in direct and reversed post-
o o | ' tions, observing opposite limbs of the
¢ i % Rev. 358 48 [ 64 45 0|25 31 O D sun,
) i 1 : n57m53s | 64° 527 807 25° 28° 807 Il Mean watch time of observation, 8h &7m
51. ¢: Zeta: true zenith distance of the sun’s center, and to any Mean BTG y 535 p. .

pe- - 25° 257 307 Moan horizontal angle from flag 8. to sun

star: ) e . Refraction=  — 2/ 0" W ., 64° 52 807",
f’— 90 © h . Parallax= 40 87 Moan observed verticsl angle 25° 25307,
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Example of vertical reduction to the sun’s center.

Field record Transeribed fleld notes

Sun’'s lower limb , = 2520 0" Mar, 18, 1810, I make an sititude
observation upen the sun for
time, observing the sun's lower

Reduction to sun's center = 416 677 Hmb only; failing to observe the
, —_— sun's upper Hmb {n the reversa
Sun’s center, gt =2 °30 6 of the transit om account of

clouds.

v =25°30 ¢ Wmah time of observation, 3h 56m
Refraction = - 2 07

Parallax = 4 0§’

b =2503414Y
b =04°25407

00° 07 07,

Obsorved “vertical angle to sun’s
lower limb 25°20'0/, corrected
to the sun’s center=25°36'6".

¢
52. ¢: Phi: Latitude of the station of observation.

A
53. »: Lambda: Longitude of the station of observation.

g

54. §: Delta: Declination of the sun or Polaris; and of any star,
to be taken from the Ephemeris for the date of observation. The
declination of the sun is to be corrected in hourly difference to the
longitude of the station and to the time of observation; north declina-
tions are treated as positive, south declinations as negative; a north-
erly hourly motion is treated as positive, a southerly hourly motion
is treated as negative. In the use of the solar unit the declination of
the sun is to be corrected for refraction in polar distance, always north.

Examples of computation of the sun’s declination.

(a) It is desired to compute the value of the sun’s declination for the above
altitude observation upon the sun for time and sazimuth. Longitude of the
station of observation, 5% 8= W.; apparent time of observation 3 42= p, m.:
Declination of the sun at Greenwich apparent noon Mar. 18, 1910 ==1°11' 3" S.
Difference in time from Greenwich apparent{ noon to apparent

time of observation:

For longitude = &b 8=
For time, p. m.=+3 42

8.83b== 8k 50m
Hourly difference in declination= -+59’.28
Differcnce in declination from Greenwich apparent noon to ap-
parent time of observation:
8.83% 50.28= 523"/ = 843" N.

1°2:20" 8,

True declination of the sun
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(b) 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 unit, for
a date March 14, 1945 for a station in latitude 33°10’ N., and longitude 116°45’
W. (Th 47=),

Declination of the sun at Greenwich apparent noon,

March 14, 1945:
Difference in time from Greenwich apparent noon to
7 a. m., app. time; longitude 116°45’ W,
For longitude = Tb47=,
For time, a. m., 122—78 0®=~5 0 ‘ 4

2°33/36'7.4 8.

2.782= 2b 47m
Hourly difference in declinations=+4-59//,17.
Difference in declination from Greenwich apparent noon
to 7 a. m., apparent time; longitude 116°45 W.;
2.78X59.17=164"".5= 2'44"".5 N,
2°30'517.9 8.

Declination of the sun, 7 &, m., apparent time=

Apparent time True declination Refraction Declination setting
2°30/52'" 8. 2417 N. 2°28'11/ 8,
2 3022 148 2 28 34
2 2953 122 2 28 31
2 28 54 058 | 2 27 56
2 27 54 047 2 2707
2 206 55 043 2 2612
2 25 56 041 2 2515
2 24 57 043 2 24 14
2 23 58 047 2 2311
2 22 59 058 2 2201
2 2159 122 2 2037
2 2129 148 2 19 41
2 2100 241 21819

(¢) 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 unit,
for a date August 12, 1945, for a station in latitude 47°10’ N., and longitude
111°00" W. (72.24m).

Declination of the sun at Greenwich apparent noon,

Aug, 12, 1945:
Difference in time from Greenwich apparent noon to 6 a. m.,

app. time; longitude 111°00" W.

15°0’27.3'" N.

For longitude= 7t 24m

For time a. m., 12h—6h Om= -6 0

1.4h= 1b 24m
Hourly difference in declination== —45.05"',

Difference in declination from Greenwich apparent noon to 6

8. m., apparent time; longxtude 111°00° W.;

1.4 X 45.056=03""= 173" B.=
14°59724.3'" N.

Declination of the sun, § a. m., apparent time=
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Apparent time , True declination Refraction Declination setting
[CE: TR 4« S U 14°59'24'’ N. 3’29 N. 15° 2/53"" N,
B e ————— 14 59 01 222 15 123
T e e 14 58 39 146 15 025
B e 14 57 &4 19 14 59 3
L U U 14 57 9 052 14 58 1
10 e 14 56 24 042 14 57 6
11 8. M e 14 55 39 0 39 14 56 18
NOON . et e 14 54 54 037 14 55 31
L P M 14 54 9 039 14 54 48
2 e ———————————— 14 53 24 042 1454 6
e ————— 14 52 39 052 14 53 31
G ———————— 14 51 53 18 14 53 2
D e ———————— 14 51 8 148 14 52 54
BY e e 14 50 46 292 14 53 8
{25 o A+ F N 14 50 23 329 14 53 52

(d) A graphic method for ascertaining the changing declinations of the sun,
corrected for refraction in polar distance, for use with the solar unit, is obtained
by the use of a diagram constructed on cross-section paper for each date, as
follows: .

The horizontal lines may be used to represent each hour of the day; the vertical
lines may represent intervals of 1’ in declination. It is convenient to use the
right-hand side of the sheet to represent N., the left-hand side to represent S.;
N. declinations increase numerically to the right-hand side of the sheet, S. dec-
linations increase numerically to the left-hand. The vertical lines are numbered
to suit the range of declination for the date.

Two points are marked on the diagram to agree with the true declination of
the sun; the first point is marked with the argument of declination agreeing with
the declination of the sun taken from the Ephemeris for Greenwich apparent
noon, with the argument of time agreeing with the apparent time at the longi-
tude of the station, corresponding to Greenwich noon; the second point is marked
agreeing with the proper declination and time 10 hours later. The straight line
determined by the two points agrees with the sun’s true declination for the
apparent time at the longitude of the station. The proper refractions in polar
distance are then scaled from the straight line to the N. for each tabulated re-
fraction, 8. m. and p. m., taken from table 23, Standard Field Tables, appro-
priate to the latitude of the station, and declination of the sun, The latter
points are then connected to form a smooth curve representing the declinations
of the sun, corrected for refraction in polar distance, for use with the solar unit,
The scale of the refractions must equal the scale of the intervals of 1’ in decli-
nation; the refractions are laid off along or parallel to the horizontal lines, and
not normal to the line of true declination. At any time throughout the day the
proper declination for use with the solar unit 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 oltitude observations
reference may be made to the straight line of true declination at the poin$ cor-
responding to the time of observation.

The advantage of the disgram methed iz found in the avoidance of errors of
gomputation, and the ease with which it is checked, togother with the fact that
in the use of the disgram sectusl values are obtained at any time instead of a

linear interpolation.
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The following diagrams have been prepared to illustrate the method:

- Diagram of the Sun's Declinations

Date, Mar. 20, 1912,

Station: Lat.=37°30’ N,
Long.=7230= W,

Declination

Greenwich noon=0°11/14/" §,=4b30= g,

Diff, 10%, +-593/= 09 53 N.

0°01/21'* §.=2230= p.

=

F§9.5~

007"
I N,
4N,

SO om0~ W Wm oE oM N

A/
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Diagram of the Sun's Declinations

Date, Sept. 23, 1913,
Station: Lat.=47°30" N,
Long.=6518= W,
CGreenwich noon=0°03'55"" N.=5842~ a, m,
Diff, 108, — 585" = 945 8.

0°05'50’'S. =3h42m p. m,

"y G o 2 =z

S o © N~ 0w M N 8§ — 8 m ¢ v o~ o
AM.4

5 |

6 —

7 —

8 St

9 /

I o h ;

i

Noon y

™y

> ow

v

o W

Fig.6.
Azimuth

55. A: Azimuth angle from the true meridian to Polaris, or to the
sun’s center, or to any star when making an azimuth observation.
In the following analytical examples A is referred to the north point
unless otherwise noted; the reductions are symmetrical either east or
west of the meridian. All determinations for azimuth imply the
recording of horizontal angles from a fixed reference point to Polaris
or to the sun, and to any star, or that a point has been marked on
the ground to define the direction of observation. The mean hori-
zontal angle in the first plan, or the mean point in direction in the
second plan, being used for the azimuth calculation.
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" In the first of the foregoing examples of the relative use of v, A
and {, is shown the record of certain observed horizontal angles from
a fixed reference point to the sun’s limbs. Now, for the purpose of
clearly stating the use of the notation A, the reduction of that obser-
vation gives the following result:

Sun’s azimuth

; Referred to the N, point, Ao m i eean =N, 114°07/28"" W,
_Referred to the 8. point, A____... e =8, 65°52'32" W.
" Recorded mean horizontal angle from flag S. to the
BUN SW e o eccencccmomerrmcccmmm e ———— =8, 64°52'30"" W,
True bearing of flag. oo =8,  1°00'02"7 W.

In general in altitude observations upon the sun for azimuth 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 points to define the true line of sight to
Polaris.

In the Polaris observation for azimuth a greater refinement is
secured by repeating the horizontal angle. On this plan, read and
record the angle first turned; loosen the lower clamp and set back to
the observing mark (using the lower tangent motion); then turn the
angle a second time for the second sighting. Leave the plate clamp
set. Reverse, and set back to the observing mark. Make two more
observations on the same plan. This has repeated the horizontal
angle four times. Record the last reading, and divide that value by
4. The quotient is the desired horizontal angle for the mean of the
observation (sec. 36). The time is recorded for each position. When
making the daylight observation, an assistant should give the ob-
server the sefting angles, multiplying the first reading by 2, 3, and 4.

Under adverse conditions an altitude observation upon the sun for
azimuth may fail in the reversal of the transit on account of clouds
(or error in reading one of the angles of a series of observations) in

which case it may be desirable to reduce the single observation upon

the sun’s limbs to an cquivalent corrected reading to the sun’s center.
In single observations on the sun, the reduction to the sun’s center in
v ; ;

. 16 . -
gzimuth== . g refinement in the value of the sun’s semi-diameter
COosS v

is had by referring to the Ephemeris for the date of observation.
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© Anexample of reduction to the sun’s center in both vertical and
‘borizontal angles follows:

Field record Transeribed fleld notes

Vertical angle to sun’slower imb  =25°20'00" Ms;r. 18, 1010, I make ag altitude observation upon
: the sun for azimuth, observing the sun’s I r and
Sun’s semi-diameter for reduction to - right llmbs on){; failing to observe the suggeupay?er
center w4+ 1606 and ltettf lilmbdv) n the reversal of the transit on ac-
S —— count of ciouds:
Sun’s center, 7 = 25°36'06" Agparenc time of observation, 3h42mp.m. - .
Observed vertical angle to sun’slower limb, 25°20°0077,

Hor. anxélerfrom flag 9. fo sun's right corrected to the sun’s center=25°35°067,

limb, SW. =05°00°00"" || Observed borizontal angle fo sun’s right limb fro
Reduct’ion to sun's center, fiag 8. to sun 8W,, 65°00'00", oorrectgd to the sunr’%
Wl g center=04°42/06"" :
¢os 25°36 - w1754

Hor. angle from flag 8. to sun's center,
8W. =04°42/06"

When using the new General Land Office solar transits which have
been provided with the solar circle (sec. 41), all observations are
complete, each one in itself, as though taken precisely on the sun’s
center. References and example: sections 100, 112 :

' Tables

56. Tables of mean refractions both in zenith and polar distance
appear in the Standard Field Tables, arranged to meet the require-
ments of field use; sce tables 20 and 23. 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 mect necessity for its use, see table 21. In
the absence of 8 barometric instrument to determine the atmospheric
pressure, the argument ‘‘approximate elevation above sea level” may
be substituted. The differences between the true and the tabulated
refractions are gencrally small and negligible excepting for the com-
bined effect of low vertical angle, with high elevation above sea level
or extremes of temperature. The following example of reduction illus-
trates the method to be employed in all reductions from the tabulated
refractions:

Tabulated refraction =6"45'"=6.75; elevation above sea level
=10,000 feet, for which elevation the coefficient is 0.70; temperature
at the time of observation =82° F., for which temperature the
cocfficient is 0.94; true refraction =0.70X0.04 X 6'.75=4" 44=4'26"",

TIME

57, There are two normal time rates, mean golar time as used in
civilian life, sidercal time as employed by astronomers. Solar time
itself is divided into three distinct classes—apparent time, local
mean time, standard time.
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Apparent time is based upon the real sun, the 24-hour period of
which counts from the sun’s meridian passage of one day—i. e., apparent
poon, to the next meridian passage. This rate is irregular. The sun
dial is designed to read apparent time.

Mean solar time is based upon & fictitious or imaginary sun whose
solar day is mathematically uniform. The mean time clock and the
ordinary watch are designed to be rated for a 24-hour period that
conforms to the mean sun.

The equation of time is counted in the mean time rate. It is the
amount to be.added to, or subtracted from apparent time to convert
over into local mean time. The equation of time is changing con-
stantly; its value for apparent noon each day, on the Greenwich
meridian, is tabulated in the Ephemeris.

Local mean time is identical with mean solar time on the meridian
at the station where that time is being employed. It is correct on
that meridian only. Stations that are 1° apart in longitude differ

by 4 minutes in local mean time; one hour for 15° difference in longi-

tude. (Table 18, Standard Field Tables.)

Standard time is identical with local mean time on the central
meridian of each time belt, as Eastern Standard Time on the 75th
meridian; Central Standard Time on the 90th meridian; Mountain
Standard Time on the 105th meridian; Pacific Standard Time on the
120th meridian of longitude. This is the time that has been adopted
in the United States for general use. The correction for longitude is
all that is required for converting over into local mean time; additive
when east of the central meridian, subtractive when west. ‘

The watch correction in local mean time may require an adjustment

~ for longitude to the meridian where it is to be employed in making the

Polaris observation. The most general correction is the conversion
from standard time to local mean time in the meridian of the station
of the Polaris observation; this is brought out in the explanations and
examples that follow. The less frequent, but equally important
adjustment is one that should be made when a time observation is
made at some station other than in the meridian where the resulting
watch correction is to be employed in a Polaris observation. 'This
adjustment emounts to 23 seconds across one township at Cape Sable,
Fla.; 60 seconds at Point Barrow, Alasks; it is 30 seconds across one
township in latitude 46°. Table 11, Standard Field Tables. Kor
example, & Polaris observation is to be made at a station in latitude
46°; the adjustment in local mean time, for longitude, for the time
observation that may not be made in that same meridian will be at
the rate of 5 seconds per mile. A watch eorrection that is 0™ 0° at
the point of the time observation will be 0= 5% slow of locel mean time
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in the meridian 1 mile east thereof; or, the same amount fast for the
meridian o mile to the west. This adjustment may be allowed for
when the time observation is made somewhere on the line of the
survey and the Polaris observation is made at the party camp-site. -

The unit of sidercal time is measured by one revolution of the
carth on its axis, the 24-hour period of which is equivalent to 23 hours
56 minutes 4.091 seconds in mean solar time. There are 366Y sidercal
924-hour periods in the solar year of 365% days.

Sidereal time is not employed in the Manual methods. Itis avoided
through the plan of the tabulations that are published in the Ephemeris
for the upper culmination and elongation of Polaris, and for the transit
(or meridian passage) of the equatorial stars, which are given in
terms of mean solar time, Greenwich meridian, for the ordinary civil
date, a. m. or p. m. The azimuths and altitudes of Polaris are tabu-
lated in terms of mean time hour angle. . : .

The mathematical equations that are employed in the observations
upon the equatorial stars, for time and altitudes, and for the azimuths
and altitudes of Polaris at various hour angles, are based upon the
sidereal time rate. The same equations are applicable in the reduction
of observations upon the sun for time, the moment of the observation
being expressed in apparent time.

The sidereal time rate is necessarily employed when using the
equations for time and altitudes of the equatorial stars, and for
azimuths and altitudes of Polaris at various hour angles. The plan
of the conversion from the mean time rate to the sidereal time rate,
or from the latter to the former, for use in the equations, is explained
in the Manual text for the several types of stellar observations. A
simple table for the conversion from the one rate to the other is in-
cluded in the Ephemeris, also in the Standard Field Tables, table 19.

In the entry of the record of an observation, the watch time is the
reading at that moment. The watch may be set to read the approxi-
matelocal mean time, orit may beset to carry the approximate standard
time. In either case the “watch error’” is the difference between the
actual reading and what would be the exact local mean or standard
time as intended. The watch error in standard time may be deter-
mined by comparison with a clock thet reads the correct standard
time controlled electrically, or the comparison may be made with
the radio time signals.

The conversion from standard time to local mean time, or con-
versely, is the correction that is applied for the longitude of the
station, with respect to the meridian of the standard time that is
referred to. Standard time and local mean time are identical on the
75th, 90th, 105th, and 120th meridians. The exact local mean time
at any station of the survey may be determined by stellar observation
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(in the equatorial belt) at meridian passage, or by altitude observation
southeasterly or southwesterly, Manual methods.

The meridian passage of the sun denotes the apparent noon. An
altitude observation of the sun, southeasterly or southwesterly, gives
a determination of the apparent time, a. m. or p. m. The difference
botween the apparent time and the local mean time is termed the
equation of time; it varies plus or minus through the year, from day
to day, only a few minutes most of the time, up to a maximum of about
16 minutes early in November. - A watch may be sebt to read the
correct apparent time for the day, or to read the approximate apparent
time for a period of several days, but this will need changing from week
to week as 8 watch cannot be adjusted to an apparent time rate because
of the irregularities of the latter. : :

There is usually a personal preference as to the setting of a watch.
Many prefer to set to standard time; others on extensive field work
find it extremely convenient to change over to local mean time, or to

‘carry a substitute watch set to local mean time. On solar transit

orientation, the time circle reads apparent time; for this reason, if the
solar unit is being used constantly, as is nearly always the case where
the line runs through heavy forest cover or dense undergrowth, many
engineers like to use a wrist watch set to apparent time.

The record entry therefore should be explicit (1) as to the setting
of the watch to approximate standard, local mean, or apparent time;
(2) the conversion, if from standard to local mean time; and (3) the
method of ascertaining the watch error in terms of local mean time in
every case when making an hour angle observation on Polaris. Many
Polaris observations are made during the season, sometimes daily.
It is for this purpose that the Manual devotes so much attention to the
practical field observations for time.

The element, of time enters into all azimuth determinations. Appar-
ent time for all observations upon the sun. Local mean time for all
observations upon Polaris and for the other stars. The sun’s declina-
tion varics with the apparent time and the longitude west from Green-
wich. The declination 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 refinement
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 determination of the true meridian.

In observations upon Polaris st elongation precision in local mean
time is unnecessary, but in bour angle observations upon Polaris it
will be noted that at upper or lower culmination, in latitude 40° for
example, Polaris varies 1’ in azimuth in about 3.0 minutes of time;
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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. ' C

58. Conversion of standard time into local mean time: watch read-
ing &+ watch error in standard time by comparison o= correction .for
longitude; the correction for longitude is additive east and subtractive
west of the standard meridian of the time belt; the conversion table
“degrees to time,” table 18, Standard Field Tables, is convenient in
this reduction. ‘

Example of conversion of standard time into local mean time;
longitude 77°01'37"".5 W.:

Watch time of observation »s b26=40% p. m,
Watch slow of 75th meridian standard time by comparison ]
with a standard clock w 1=22s
 Correction for longitude of station (77°01'37''.5 W.== ,
5508=06.5°) . = 806"
Toocal mean time of observation =(21gm56° p. m.

The broadcasting by radio of the standard time at frequent intervals
has now become so general, and is done with such care, that this has
become extremely useful for converting from standard watch time to
local mean {ime, for use in the stellar observations. Applying the
equation of time, by simple addition or subtraction, then transforms
from local mean time into apparent time for use in the solar observa-
tions. The precise radio time signals that are broadcast.at regular
periods, from Naval Air Stations, controlled from the United States
Naval Observatory are by special codes on short wave length. The
codes will be furnished on request.

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 inter-
polated as the interval from Greenwich noon to the time of ol')serva-
tion. The watch error in local mean time is then found by taking '?he
difference between the watch reading ot the epoch of the observation
and the reduced local mean time of observation: '

Ex'ample of conversion of apparent time }into local mean time;
longitude 77°01/87"'.5 W. (data in sec. 51):
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Mar. 18, 1910, apparent time of altitude observation upon sun =§b42=11s p, m.
Equation of time, Greenwich apparent noon -+ 8m23.45 ‘
Interpolation for longitude of station 5208= W., and

time of observation 3b42=, p, m.; 8b50™ after

Greenwich noon, or 8.83/24 of change (17.64®) in

24 hours . : = G5 |
Equation of time ) ’ 4821600  +8=17s
Local mean time of observation | =3b5(m28e
Watch time of observation ] =3h57=53"
Watch fast of local mean time ' = 7m25s

Time in its Relation to Polaris Observations

60. Polaris, a star of the second magnitude, occupies a position in
the northern heavens about 1° from a line defined by the axis of the
earth’s rotation. On account of its brightness and proximity fo the
polar axis it ranks as the most useful circumpolar star. It will be
assumed that the engineer has learned how to identify the north star
among its associates in the clear starlit heavens, especially with refer-
ence to the “pointers” in the constellation of the “Great Bear,”
popularly called the “Dipper.”” Polaris, o Ursae Minoris, is nearly
on 8 line (or great circle) determined by the pole and the star “s
Cassiopeiae.”” Both stars are located in the same direction from the
pole. The same line, or great circle, passes near the star “¢ Ursae
Majoris,” another star of the “Dipper.”” The latter star is located
on the opposite side of the pole. The engineer may note the relative
position of the three stars, if it is a clear night, and this will give an
immediate indication of the approximate position of Polaris in its
diurnal circle at that time. The three stars are all of about the same
brightness. Instructions will follow (sec. 99) regarding the identi-
fication of Polaris by instrumental methods during the twilight
period, before the star is visible to the naked eye; the same method
may be employed for verification of a night observation, if there
should be any doubt, as in case the neighboring constellations are
obscured by clouds,

An experienced engineer can readily observe Polaris at sunset or
sunrise without artificial illumination, and with a very clear atmosphere
can make the observation when the sun is as much as 20 or 30 minutes
above the horizon. At any time that Polaris is visible any of the
various methods of Polaris observation for meridian, properly followed,
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is superior to any single observation upon the sun. In general, in
public-land surveying, the customary practice is the use of a solar
instrument adjusted to the meridian as established by Polaris ob-

servation.
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NAEED-EYE IDENTIFICATION OF POLARIS.

About noon March 23d.

About 8 a. m. June 22d.

About midnight September 22d.
About 6 p. m. December 22d.

Polaris has a diurnal circle about the earth’s polar axis similar to
the diurnal circle of other stars, though Polaris has the smullesti circlg
of any naked-eye star. The daily circuit of Folaris is covered in one
sidereal day of 24 sidereal hours, or an equivalent of 28 hours 56
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minutes 4.09 seconds of mean solar time. In its diurnal circle Polaris ‘
_crosses the meridian twice, once at 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: ~

“ e

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; 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. '

By reference to the preceding diagram showing the direction
of motion of Polaris in its diurnal circle, the motion at western elonga-
tion is shown to be vertically downward; at eastern elongation the
motion is shown to be vertically upward. At the epoch of eithen

_western or eastern-elongation the motion in azimuth is zero.

At the equator, if Polaris could be observed, the hour angle of]
Polaris at elongation would be 90°070’/=60"0° sidereal hour angle
—5859™1. 02° mean time hour angle, but as stations of observation
are occupied in the higher latitudes the hour angle of Polaris at elonga~ -
tion decreases progressively. The reason for this is found in the fact
that all vertical plancs intersect at the zenith, and the point of tan~
gency of a vertical plane with the diurnal circle of Polaris cccurs 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 ‘increasing azimuths at clongation with the more northern
latitudes.

60
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Zenith

Meridian

N
Horizon

Fig.8.

FiGURE 8 The meridlan and vertical planes tangent to the diurnal circle of Polaris as viewe
) of the celestial sphere.

d from inside

S*cr Identification, Equatorial Bel

61. There are two customary methods of star identiﬁcat_ion, ﬁrstr, the
brighter nalked-eye stars may be found individually, dul‘}ng starhg%:lt,
each by means of its position within its own constellation _and. w‘xth
the aid of o chart ? that shows the outline of that and the nexghbor.mg
constellations; sccond, any star may be found' by reference to vertical
angle and horizontal angle from the meridian, both values to be
related to an anticipated time of observation, and to an &pproxzms%te
north and south line. The second method is frequently more certain,
especially if there are clouds that obscure some gf the stars; this method
is o necessity for twilight or daylight observations.

empr—————

$ Charts of the constelintions are gl o0 g
Ephemeris, facing p. 9, is bascd on the plan of the nﬁvigat‘xonm
Almansc, published by the U. S. Naval Observatory: Superinten
Printing Cffics, Washington 25, D.C.

ven In the fext booké on genersl astronomy. The diagram in jche
star chart of The American Nautical
dent of Documents, U. £, Government
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The charts of the constellations are interesting and useful, but they |
are not employed as an accessory to the Manual methods.

The location of any one of the selected bright stars, in favorable
position for observation, on any date and at any moment within the 24-
hour period, may be found most readily by reference to the diagram
insert facing page 9 of the Ephemeris; an explanation of its use is
given on the diagram. The simple steps are these: first interpolate
for the date, then place the meridian line of the overlay scale on the
date line, this shows the field as it will be at the noon of that date.
Next move the overlay scale to the left for p. m. periods, or to the
right for a. m. periods, as shown by the lower set of figures, to the
anticipated time of an observation, then read the upper set of figures
for bour angle for any selected star at that anticipated time, to the
east or to the west of the meridian.

Having selected the star to be observed and the anticipated time of

- observation, the time of the meridian passage of the star for that date is

then taken from the Ephemeris (explanation sec. 62). The hour angle
for the position is the time interval between the anticipated time of

observation and the time of the meridian passage (explanation sec. 66).

Use the following equstion to find the vertical angle of the star at
the anticipated moment of observation:

.sin h=cos t cos ¢ cos §-}sin ¢ sin &

Then use the companion equation to find the horizontal angle from
the meridian, as follows: ‘ ‘
) sin &

cos A=——""——5
cos ¢ o8 b

—tan ¢ tan A

The product “sin ¢ sin & and the fraction 535%%-5 are nega-

tive for south declinations.
The product “cos ¢ cos ¢ cos &' is negative for hour angles exceeding

' 6 hours or 90°.

If the result for “cos A" is {posmve the horizontal angle counts

negative
north.
from the {S outh.

The vertical angle setting (“A” or “” for this purpose) for the meri-
dian passage of & star south of the zenith is as follows: -

v#QQO—qS:{:fS

An explanation and example of preparing for an observation is given
on pages 25 and 80 of the Ephereris. However, starting with an
approximate north and south line, and with approximate values for
latitude and watch correction to local mean time, and having com.

61
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. puted the approximate angular settings for “A” and “p” (or ‘v for
this purpose), the direction of the telescope pointing, at the anticipated
time of observation, will be to the selected star. The objective lens
should be set carefully to celestial focus. There should be no doubt of
the star identification during starlight (by naked eye), nor by twilight

"if the values are sufliciently close to bring the star within the field of
the telescope.

Tor daylight observations, and referring more especially to the
brighter stars (first magnitude or brighter) that would naturally be
selected for daylight observation, the care to be exercised in arriving
ot the initial or approximate values, and the settings for horizontal
and vertical angles, should be such as to bring the star within the
middle-third of the field, or roughly within 10’ of the cross-wire inter-
section. Section 68. -

The star magnitudes, and the planets: Manual Appendix II.

The Meridian Passage of Polaris and Other Stars.  Reduction to
Local Mean Time. Elongation

62. The position of Polaris in its diurnal circle at any time may -
be determined by reference to the mean time interval from upper
culmination to any observed position west of the meridian, or by
reference to the mean time interval from any observed position east-
of the meridian fo the succeeding upper culmination.

The Greenwich mean time of upper culmination of Polaris is tab-
ulated in the Ephemeris for every day in the year, arranged for the
ordinary civil date, a. m. or p. m.

The Greenwich mean time of the meridian transit of the selected

bright stars of the equatorial belt is tabulated for the 1st and 16th
~ day cach month; the reductions to the other days of the moz}th are
indicated on each page of the stellar tabulations. This dats is then
to be converted to the local mean time of transit, as shown in the
next section. : .

Example of computation (for the tabulation in the Ephemeris,
Buresu of Land Management) of thé Greenwich mean time of the
meridian transit of a star: Manual Appendix II.

Local mean time of upper culmination of Polaris: the Greenwich
mean time of upper culmination of Polaris is to be taken from the
Ephemeris for the date of observation; the amount to be subtm‘cted
from the Greenwich mean time of upper culmination of Polaris to
obtain the local mean time of upper culmination, in which the argu-
ment is the longitude west from Greenwich, is obtained from the
table of sidercal conversions without computation; see table 19,
Standard Field Tables.
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Example of reduction from the Greenwich mean time of upper
culmination of Polaris to the local mean time of upper culmination
of Polaris, longitude 111°15” W.: :

Aug. 12, 1945, Gr. U. C. of Polarig==4525, 2= a. m.
Red. to long. 111°15' W., 1=13* = ~—1.2

L. M. T. of U. C. of Polaris ==4524,0= g, m,

The local mean time of the meridian passage of any other star is
to be reduced in the same way, or amount, from the time for the

. Greenwich meridian to the longitude of the station. It should be

noted that this conversion is at the rate of approximately 10 seconds

- of time for each 15° (or 1 hour) of longitude, subtractive to the west;

and note also, that the meridian passage of each star comes approxi-
mately 4 minutes earlier each succeeding day, in terms of local mean
time. On one calendar day each year a star will have a double meridian
passage.

63. The Greenwich mean time of clongation of Polaris, latitude 40°,
is tabulated in the Ephemeris for every day in the year, arranged for
the ordinary civil date, a. m. or p. m. This in turn is to be reduced
to the local mean time for the position of the station, in two steps:
first, for longitude; second, for latitude; both as shown in the next
section.

64. Local mean time of elongation of Polaris: the mean time of
elongation of Polaris, Greenwich meridian, latitude 40°, is to be taken
from the Ephemeris for the date of observation. The amount to be
subtracted from the mean time of elongation of Polaris, Greenwich
meridian, latitude 40°, to obtain the mean time of elongation of Polaris,
local meridian, latitude 40°, in which the argument is the longitude
west from Greenwich, is obtained from the table of sidereal conver-

sions, table 19, Standard Field Tables, without computation. The

amount to apply to the local mean time of elongation of Polaris lati-
tude 40° to obtain the local mean time of elongation of Polaris at the
latitude of observation is tabulated in the Ephemeris in connection
with the table of azimuths of Polaris at clongation.

Examples of reduction from the Greenwich mean time of elonga-
tion of Polaris, latitude 40°, to the local mean time of elongation of
Polaris, latitude 64°30’ N, and longitude 146°30° W.:

Eastern Elongalion
Sept. 9, 1945, Gr. E. E. of Polaris, lat. 40° =8536.0™ p. m,
Red. to long, 146°30’ W., 1=306" —1.6
Red. to lat, 64°30’ N, +5.0

o

=8830.4m p. m.

T IR

L. M. T.of E. E. of Polaris

44
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Western Elongation, same slation
Oct. 26, 1945, Gr. W. E. of Polaris, lat, 40°=526.9= a. m.

Red. to long. 146°30/ W., 1=36# = —1.6
Red. to lat. 64°30’ N. .- = —50
L. M. T, of W, E, of Polaris =5520.3= &. m.

[ LSS

Hour Angles

65. The interval between the time of a star’s meridian passage (or
transit) and any other position in its diurnal circle is termed the
star's hour angle at that moment. This is measured in sidereal time,
or the equivalent in angular measure in degrees, minutes, and seconds.
The hour angle may count either to the east or to the west of the
meridian. As the ordinary watch is rated in mean solar time, the
observation for time, and the reductions, require the conversions from

the one rate to the other. Sec table page 27 of the Ephemeris, or

table 10 of the Standard Field Tables. The conversion increment is
to be subtracted from & sidereal interval, or added to a mean time
interval, to obtain the equivalent. The conversion is required in the
reduction of an altitude observation upon a star for time, as the
observed hour angle is in the sidereal interval.

Conversion of o mean time interval into o sidereal time interval, or
vice versa: The amount to apply to one time interval to obtain'the
other time interval is found in the table of sidereal conversions,

~ table 19, Standard Field Tables, without computation.

Exsmple of conversion of a mean time interval into s sidereal
time interval:

Mean time hour angle of Polaris for an assumed observation in
Alaska==7b232.6=
= 7320360
Conversion into equivalent sidereal hour angle w1 14

Sidereal hour angle = 7 "33“50'

78 =105°
33==8°15’
. 80 = 12:307

=113°27/30"/

The conversion from a mean time interval to the equivalent sidereal
hour angle is required in the analytical reduction of the hour angle

. observation upon Polaris for azimuth or latitude, whenever the reduc-
tion is made by the equations in place of, or as a check upon taking
the values from the tables of azimuths and altitudes that are published
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in the Ephemeris. The conversion is not required if the tables are
employed, as the values are tabulated in mean time hour angle.

66. Hour angles of Polaris: a mean time hour angle of Polaris west
of the meridian is the mean time interval from the local mean time
of the last preceding upper culmination fo the local mean time of
observation of Polaris. A mean time hour angle of Polaris east of the
meridian is the mean time interval from the local mean time of observa-
tion o the local mean time of the next succeeding upper culmination
of Polaris. S T

The above application of the term “hour angle” is a departure from
conventional usage, which has been employed in order to simplify the
steps. One step relating to hour angles for positions east of the
meridian is avoided. Polaris crosses the meridian at lower culmination
at an hour angle of 11858=02°. In the arrangement of the various
examples, the observations west of the meridian have been referred to
the last preceding upper culmination, those east of the meridian have
been referred to the next succeeding upper culmination, thus avoiding
any hour angles exceeding 11°58702°.

Hour angles of Polaris: verification by the star chart: a simple
check on the approximate value of the hour angle at any moment,
any date, and of the position west or cast of the meridian, may be
secured by use of the star chart, facing page 9 of the Ephemeris.
First, scale a line for the date, then place the overlay scale on the
chart making the date line agree with the scale for the time of ob-
servation, a. m, or p. m., lower set of figures. In this position, note
where Polaris will be found with respect to the meridian line of the
overlay scale. Finally, read the scale for hour angle, upper set of
figures, star west or star east of the meridian. The reduction values
should of course be taken from the tabulated daily position of Polaris.

The tables of the azimuths of Polaris at all hour angles, that are
published in the Ephemeris, are tabulated with the argument in mean
time hour angle, counting from upper culmination. Therefore, for an
observation west of the meridian the hour angle is referred to the
preceding upper culmination; for one east of the meridian the refer-
ence is to the next succeeding upper culmination. The hour angle
at lower culmination is the half (11*58™) of the sidereal day (23%56.1%).
That position is & good one for & latitude observation. It should be
understood that hour angle observations for azimuth are not referred
to the point of lower culmination. The equations for the azimuth
and altitude observations count strictly from upper culmination.
Sections 60, 61, and 62.

Examples of computing hour angles of Polaris, both west and east
of the meridian, with diagrams: Manual Appendix II.

67. Mean time hour angle of Polaris at elongation: {=the sidereal

67
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hour angle in angular measure;

time interval giv

~ Example of computing the mean ti
tion, April 3, 1945, in latitude 65°0

w
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this converted into time measure,
and this in turn converted from a sidereal time interval into a mean . °
es the mean time hour angle of Polaris at elongation:

Cos f=cotan § tan ¢

. of Polaris==89°00/15.6"" N.: '

me hour angle of Polaris at eionga—
N., on which date the declination

¢=65°0"; jogtang = O 331327
5==89°0’15.6""; log cotan § = 8. 240035
' logcost = 8 571362
Sidereal hour angle = 87°51'51"/
87° == hb48=
51 == gmds
5177 = 3s
5h51m27l
Reduction to mean time hour angle= -0 57
Mean time hour angle at elongation= 55030

68. Example, daylight stellar altitude observation, equatorial belt,

for time and azimuth. The

to show the derivation of the finding

mean time hour angle.

carriod out to demonstrate the valu
mean time, and the azimuth, or bearing angle of the reference mark.

July 28, 1944, at my sta
at 6v45220% p. m., by my watch,
observe the vertical angle on the star

example is given at this point in the text
positions, and the conversion to.
The data being at hand, the reductions are

es of the watch correction local

tion in latitude 38°53/30’/ N., and longitude 77°02' W.,
which reads approximate local mean time, 1
No. 25/49, @ Acquile (Altair), declination

+48°43.4/, Mag. 0.9, to obtain the watch correction, as follows:

Observed vertical angle:

Refraction:

True vertical angle:

c03
-
$==. 77833
5=, 08844
, 76933

cos {==, 35674

67

sin
. 36964

e ——

. 48050
. 12376

(Diff. -+)

p=21°44’
r= —2'24"
© h=21°41'36"
sin h
tan cos t——m*t&n ¢ tan &
. 80666
. 15342
. 12376 (Products)
(Fraction)
60° == 413600
06/ = 24

4436m24°

- - INSTRUMENTS AND METHODS
t=69°06’=>{5idereal hour angle: . 4b30m24e
Conversion into equivalent
mean time hour angle: . —45
- Mean time hour angle: 4535m39s
Greenwich mean time of star’s tranéit, July 19: 11057, 5= p. m.
Reduction to July 28: : —35. 4
Reduction to long. 77°02' W. —0.8
‘ [P
Star’s transit, local mean time, July 28:° 11521, 3=
‘ 11521=18¢ p, m.
Me@ time hour angle, moment of observation,
east of meridian 4 35 3%
Correct local mean time of observation: 6h45m390
Watchb time of observation: ‘ 6545520 p. m,
Watch slow of local mean time 19s

60

The above observation was made by daylight (. m. t. of sunset
7"_11m p- m.); a reference mark was set to the south by solar transit
orientation at 4*30™ p. m., app. t. The finding positions for the star

were derived as follows:

Star's transit, 1. m. t., July 28, as above 11521, 3= p. m.

Anticiptgt;ed timeof observation, 1. m. ¢. 6 40

Hour angle SE, (¢==70°15") 4b4]m
o ———
sin h==cos { cos ¢ cos 6-+sin ¢ sin &
sin §

| €08 A=m——tan¢tanh
cos sin
t==. 3379 cos sin  fan
=, 7783 6278 . 7783 0. 8067
§==, 0884 .1516 - . 1516
. 2509 0052 (Products)
2599
gin A== . 8651 (Bum) . 98348 . 3799
h=20°48" . 7276 . 3065 (Products)
. 2084 .2084 (Traction)
cos A== . 0081 (Dig, —)
A=85.84°22" .

p. m.

With the above settings, at 6"40™ p.m., l.m.t., I find the star in
good position and proceed with 6 observations for time and azimuth,

68
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the 1st as follows: (Not
of the time observation, in the example above.)

Obscrved horizontal angle from star to reference mark

cos sin tan
h =, 02918 ., 39781
¢ ==. 77833 . 80666
& = , 15166 ‘
, 72321 . 32090 (Products)

. .200970 .20970 (Fraction)

cos A=. 11120 (Diff.—)
A=S8. 85°37'00"" E.

_True bearing of the reference mark, 1st obsn.
Summary of the six observations:

o tho observed vertical angle, and the reduction

83°86/00" -

8. 83°37/00"" E.

PRSI 4

8. 0°01'00"" E.

Watch Bearlng reference
Ob a caring
Watch Time \(I)eiigex:zg(é Ho?.e le‘;g. I.Sifl\.vt, mar
°01/00"" E.
oo m. | oreawoo | 83036700 | - 100 8.0
5 ghﬁm%% P-™ | 595030 | sz4000 | 24 | 8000 30 W.
31 65730 54 0500 | 81 3400 20 | South
4] 700 00 o4 3500 | 81 0800 2 | 900030 W
5| 704 54 55 3100 | 80 1800 22 | 80 .
6| 70812 26 0900 | 79 4300 23 | South (
Mean 922s \ 8. 0°00705"" W.

Altitude Observation of the Sun for Apparent Time

69. Altitude observation of the sun for app
angle from apparent noon in angular measure;
s for south declinations:

arent time: t=hour
reverse the signs of

[ G Te=0 smf E=etd)
Tan % ?"\/Z‘I&'Q*{ZHM«S) cos # (t—¢—2)

sin b

Or, Cos i?cos ¢ cos &

The product “tan-¢ tan 3 is subtractiv
additive for south declinations.
1f the result for “cos t” is negative

than six hours or 90°.

The equations s written are ap
suitable transpositions are require
latitudes,

(R

—tan ¢ tan d

positive } the hour angle is {

o for north declinations;

less
more
&

plicable for the northern latitudes;
d for observations in the southern
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The first equation is designed for logarithmic reduction; it is espe-
cially convenient when the altitude observation is to be reduced both
for time and azimuth, ‘

The second equatiou is to be preferred when using natural trigo-
nometric functions in combination with logarithms of numbers; or,
the natural functions and the computing machine; the solving of the
equation may be accomplished quickly ou either plan.

Both equations are applicable for the altitudg observation, either
upon the sun, or upon a star in the equatorial belt.

The hour angle for an observation on the sun is rated directly in
the solar time interval, giving at once the spparent time of a p, m.
observation. Subtracting the hour angle from noon (12°00™) gives
the apparent time of an a. m. observation. In both reductions the
equation of time is applied to obtain the correct local mean time of
the observation. ) )

In the stellar observation, the hour angle (f) is in terms of the
sidereal rate; a subtraction of 10 seconds per hour will give the equiva-
lent mean time hour angle. Sec. 65; example, sec. 68.

70. An altitude observation of the sun for time is made by a deter-
mination of the correct altitude of the sun’s center and recording the
watch time at the moment of observation. The following order of
procedure is recommended for the compensation of instrumental
errors, reduction to the sun’s center, and elimination of differential
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.

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

The mean vertical angle is equivalent to the vertical angle to the
sun’s center corresponding to the mean of the watch readings.

P. M. Obseration

Thoroughly level the transit.

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

Reverse the transit.

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

The mean vertical angle is equivalent to the vertical angle to the
sun’s center corresponding to the mean of the watch readings.

70 ¢
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" Tn all altitude observations on the sun, the value of the sun’s
parallax at that elevation is to be added to the observed vertical

angle.

In the recording of the above and gimilar observations, the con- ‘

ventional usage of the term ‘‘direct sighting”’ means that in this posi-
~ tion the telescope-bubble is beneath the telescope; in “reversed
sighting,” the telescope-bubble is above. _

The refinement of the result depends upon the certainty of the
latitude, and upon the accuracy of the vertical angle readings. The
possibility of slight error in vernier setting, or in eccentricity of the
vertical circle, is largely compensated by making two observations
and reductions, one in the a. m. and one in the p. m.

The vertical angle readings to a star should be made in both direct
and reversed positions of the telescope, taking the mean for watch
time and vertical angle. ,

As noted above, additional refinement may be secured by two obser-
vations, one upon & star SE. and the second upon the same star sSW.,
or another star SW., usually the latter. An observation may be made
on the sun SW. and a star SE., or the sun SE. and a star SW., to give
the desired compensation in vertical angle readings.

Uncertainty in Latitude

In either of the above observations, on the sun or on & gtar, the
balancing of an observation SE. with one SW. will compensate for
an uncertainty in latitude, approaching elimination when the vertical
angle readings have about the same value, and the positions in declina-
tion not too far apart.

Example of altitude observation of the sun for apparent time; and
reduction to watch correction Jocal mean time:

Transcribed field notes

Qeptember 4, 1044, at camp in sec. 5, T, 28 8., R. 8 W, Willamette meridian,
Oregon, in latitude 43°25'30"" N., and longitude 123°04/25"" W., at temperature
96° F., and elevation above sea level 950 ft., I make an altitude observation of the

sun for time, making two observations, one each with the telescope in direct and

reversed positions, observing opposite limbs of the sun:
Mean observed vertical angle =98°18/30"
Sun’s declination =§°57'02'" N,
Mean watch time of observation  ==3b59=27° p. m.
Watch fast of local mean time = 11m56°
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Ield record
.Telescope Sun’'s limbs Watch time - Vertical angle
DATEOh o e oo e D 38 58= 00 | 28° 19’ 00"
Reversed.ommmnccanccroona-n _Zj— 4 00 54 28 18 00
Mefn e e - w 27s !
Refraction= 1’ 47//X.92X .98 ... TR - S
B AT X X T o o8
h=28° 17/ 02"
True vertical angle =h=28°17'02"
Zenith distance = =(1°42'58""
Sun’s declination = §= 6°57/02"' N.
Latitude =¢=43°25'30"" N,
re= 61°42'58' r=61°42'58"
o= 43 25 30 $=43 25 30

(r+¢)=105°08"28""
§= 6 57 02 (-+)
e % values=
(t+¢+5)=112°05'30"" 5(°02'45'" 12°37/16"

(t+¢) =105°08"28""
5= 6 5702 (+)
e 14 values==
(t-Fe—8)= 98°11'26" 49°05'43"" 5°40'13"7

log sin ¥(¢+o—08)= 0.878407
“ sin Y(r—¢+o)= 9.339448

“ 008 o(E -+ p-8)=0.747046  9.217855
“ cos (s —¢—08)="9.997870

0.744916 - 9.744916

“ tan? Jat = 9.472939
“ tan 3t == 9.736469

141==28°35'40" 1=57°11'20"

Apparent time of observation
Equation of time ’

[

Local mean time of observation

]

(¢~ ¢)=18°17'28"*
5= 6 57 02 (+)

(t—o¢-+8)=25°14"30""

(@) =18°1728""
5= 6 5702 (4+)

(t—¢—18)=11°20"2G""

57°=3848=00°

117 = Om44e
20" = 10
{=3b48m450

3248m45s p, m.
- 112

3b47m33° D, m.

Wateh time of obscrvation 3 59 27 p. m.
Watch fast of local mean time ==11m54s
‘ prrss s

700004°—4T—~——F6
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Example of altitude observation of & star for local mean time:
Transcribed field notes

October 25, 19044, 157= after sunset, at my station in SW¥ NW14 sec. 25, T. 1 N,
R. 1 E., Willamette Meridian, Oregon, in latitude 45°32/307" N., and longitude
122°39' W., at temperature 50° ., and barometric pressure 29.6 ins., I make an
observation of the star « Ophiuchi, No. 22/44, Mag. 2.1, for time, making two
observations, one each with the telescope in direet and reversed positions:

Mean observed vertical angle =41°52' 45"
Mean watch time of observation = §b12m=13s
. Watch fast of local mean time = 11=02s
Field record
Telescope YWatch time Vertical angle
DT e e e m e 6b10m34s 42007307
Ré\fersed ________________________________ . 613 b3 41 38 00
MEAN . ce e s mm e mmm 6b12=132 41°52745" ' =v.
RefTACHION. - - oe oo mmmmmcmmmmm e m—mmemmom—mmmmanemmn e = —104
h=41°51'41""
Gr. m. t. star’s transit, Oct. 10, rmmmmcmeamem oo =3b52m12s p, m,
Reduction to O T bl =35 24
Reduction to long, 122939 W e e e = —1 20 _
Star's transit, Lm.t., Oct 25 o comevmvemer e n oo =3b]15m28s p. M. °
sin h
Cosg = W—tﬂn ¢ tan §
True vertical angle =h=41°51’4‘1”
Latitude =¢==45°32/30"" N.
Star’s declination = §=12°8612"" N.
Cos Sin Tan
R . 66733
= 70039 1. 01909
=, 97951 . 22359
. 68352 , 92786 (Products)
. 97631 (Fraction)
. 22786
Cos t= . 74848 ~ (Diff.+)
i= 41°32/37" )
= 2540=10° Sidereal h. a.
—27 Reduction to m. . h. &
2845m43e Mean time b. a.
3 15 28 Star's transit, p. m., L. m. &
Gioimlls  Correct L m. t. of obsn.
6 12 13 Watch time of obsn.
11=02¢ Watch fast of 1. m. %
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Meridian Observation of the Sun for Apparent Noon

71. Meridian observation of the sun for apparent noon.—With the
telescope in the meridian elevated to the sun’s altitude, 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 obscrvation 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
interval is had by referring to the Ephemeris for the time of the sun’s
semi-diameter passing the meridian for the date of observation.

The setting for the approximate altitude of the sun’s center isy

p5£00°—p L8

Observing Program

Determine the meridian by the best means at hand and compute
the vertical angle setting for the sun.

Level the transit, place the instrument in the meridian, and elevate
the telescope to the altitude of the sun’s center. .
Note the watch time of the sun’s west limb tangent to the vertical

wire.

Note the watch time of the sun’s east limb tangent to the vertical
wire. : »

Take the mean-of the readings for the watch time of apparent
noon from which to compute the watch error local mean time.

The refinement in this observation depends mostly on the direction
of the sighting for meridian. A small discrepancy in direction is
scarcely appreciable for. ordinary requirements, i. e—to secure a
watch correction in local mean time with-necessary accuracy for
making the Polaris observations for azimuth and latitude by the hour
angle method.

s Stellar Observations

The stellar observation is useful any time of year; it is especially
desirable in the period when the sun reaches a meridian altitude
exceeding 60° or 65°. ‘

There is no difficulty in picking up the meridian passage of & star
whenever the conditions for visibility are good. Most of the selected
stars are brighter than Polaris; some of them can be observed all
through the day if the sky is clear and free from haze.

After tho initial preparations have been made for a Polaris observa-
tion, including the marking of a meridian reference mark by solar
transit orientation, or by reference to lines previously determined, it
is good practice to include the meridian passage of a star in the
observing program, in this manner arriving at the watch correction
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local mean time just when needed and on the most direct plan under

the usual field conditions.
Example of meridian observation of the sun for apparent noon, and

reduction to watch correction local mean timse:

Transcribed field notes

September 9, 1944, in latitude 420327247 N., and longitude 119°46’30’.’ w.,
Oregon, with the telescope in the meridian and elevated to the 'sun’s altxt‘ude,
1 observe the sun’s transit for time, noting the watch time of transit of each limb:

Mean watch time of apparent noon = 11855252
Watch slow of local mean time s 1m18s
Field record
Setting: 90°00/
¢ % (—) 42°32
8 5 (+) 5°08
5

52°36/

[E——
e

v
Watch time of transit, W. limb =}.1554m48'

Watch time of transit, E. limb =11 56 56

sl

U
Watch time of apparent noon == 112552528
Apparent noon =12r00=00°
Equation of time = —2 50

[T

Local mean time of apparent noon == 11 57 10

R

Watch slow of local mean time == Im]1gs

Example of meridian observation of a star for local mean time:

Transcribed Field Notes

dian previously established at my station, ion SW?’:
. . . \

NWYsee. 25, T. 1 N., R. 1 E., Willamette Meridian, Oregon, mila'tltude 45°32'30

N. snd longitude 122°39’ W., with the telescope in the merld'xan and e'levated

to.’the star’s altitude, I observe the transit of the star « Aquilae (Altair), No.

25/49, Mag. 0.9, for time: )
o ¢ \:\"atch time of star's transit = b3 Tm55 p, m.

Watceh fast of local mean time = 10= 587°
’ Ficld Record

Setting: 90°00’
& 7 (—)4b 32
5 £ (4) 8 43
v $ - B3°11/

s

October,26, 1944, on a meri

~”y
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6507=36* p. m.
(=) 39 18
(—) 120

Gr. m. t. star’s transit, Oct. 16 =
Reduction to Oct. 26 =
Reduction to long. 122°39' W, =

Star's transit, 1. m. t. 5p26™58% p. m.
Watch time of star’s transit = 5837m55% p. m.

Watch fast of local mean time = 10m57s

Apparent Time From the Selar Unit

72. The solar unit of the General Land Office solar transit has a
graduated hour circle that is mounted normal to the polar axis. The
readings are indicated at intervals of 10 minutes from 6 a. m. to 6 p. m.,
apparent time; the readings may be estimated to about &+ 1 or 2
minutes. This accuracy is good for taking out the sun’s declinations,
which are calculated in terms of apparent time. It can be an approxi-
mate check upon the altitude and meridian observations on the sun
for apparent time. ‘

By applying the equation of time to the reading of the hour circle,
the watch may be set to approximate local mean time, with the
tolerance indicated above. This will give a watch reading in local
mean time sufficiently accurate for the finding positions for the stellar
observations. . This watch reading is also sufficiently accurate for
making the azimuth observation on Polaris at elongation; also, the
latitude observation on Polaris at culmination.

One of the exact methods for time determination should be made
when needed to ascertain the watch correction in local mean time
with necessary accuracy for use in the hour angle observations on
Polaris.

LATITUDE

73. Emphasis must be given to precision in latitude. The value at
the station of observation enters into the determination of the direc-
tion of the lines and related calculations in practically all of the work,
day by day through the ficld season, and in the platting and mapping
of the cadastral survey.

Many of the older maps (sec. 47) can not be relied upon for value
inlatitude. The maps bearing later dates need checking for the sources
and reliability of the latitude data. The values that are given on the
township plats must be questioned in the same manner. Heretofore
the plats have not indicated the sources of the data. If fleld observa-
tions have been made the record should be found in the field notes.
If connecting lines have been run to geodetic stations of the United
States Coast and Geodetic Survey, or to stations of the Geological
Survey, this data should be entered in the field notes. The values
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given on the township plats should not be shown in seconds unless
based on accurate data.

So much importance attaches to the true value in latitude that
the cadastral survey is scarcely complete without including a number
of latitude observations within the area of the survey. The values
that are derived from the several observations should be reduced to a
common line for comparison, usually the south boundary of the
township.

A carcful distinction should be made between true latitude, and
insirumental latitude. The latter is a term that is applied to the
reading of the latitude arc of the solar unit in the noon observation when
the declination has been set by exact methods (independently of the
reading of the graduations). The instrumental latitude is a conveni-
ence for setting the readings of the latitude arc in solar transit orienta-
tion; it differs from the true latitude by the amount of the vernier error
or index correction in that position of the arc. Section 46; Manual
Appendix II, section 79. : o

The first part of table 2, Standard Tield Tables, has been arranged :'

for the reference of the latitude of any point within a township 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 & 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 town-
ship may readily be obtained by applying the difference given in the
table for the known distance north.

Meridian Aliitude Observation for Latitude

74, Meridian altitude observation of the sun for latitude.—XReverse

the sign of § for south declinations:
$=90°+8—h
The following observing program is recommended:
Thoroughly level the transit and place the telescope in the meridian
elevated to the sun’s approximate altitude at noon.
Observe the altitude of the sun’s lower limb with the sun slightly
east of the meridian. :

Reverse the transit. o
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 sun’s

center at apparent noon. ) )
The important factor in this observation is exactness vertical

angle. The observation may be duplicated by vertical angle read-
73
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ings on stars within the equatorial bélt at meridi ng
. ian pa
the same equation: ' ' passnes, TS

; . ¢=90°486—A

The re;splting values in latitude should agree within the limits of
the precision of the instrument. The uncertain factor is the value
pf the observed ‘vertical angle; this may be compensated by balz‘mc-
ing an observation within the equatorial belt by an obscrvation on
Polaris at upper or lower culmination, or by latitude observation
on Polaris by the hour angle method, ' ‘

Example of meridian altitude observation of the sun for latitude:

Transcribed field notes

Ootober 27, '1944, st the cor. of secs. 32 and 33, on the B. bdy. of T. 1 8,, B
27 W, fthl Prin. Mer., Arkansas, in approximate latitude 34°36’ N., and I;ngi;
tude 91.3 54’ W., I make a meridian observation of the sun for latitudé observing
the altitude of the sun’s lower limb with the telescope in direct positior_’t reversi 2
the telescope and observing the sun’s upper limb: ’ e

Apparent time of observation, noon =12°00=00°
Mean observed altitude ==42°30' 00//
Reduced latitude ==34°36’ 03/

Field record

Betting:
90°00f

¢ (—) 34°36' N.

57 (—) 12°55" 8.

. vy 42°20°
Lower limb 42°13/
Upper limb 42°45'
q‘ Observed alt., lower limb, tel. dir. =42°13/30/7
—b Observed alt., upper limb, tel. rev. ==42°46/30"
Mean observed altitude, v =42°3000"/
Transit index correction = ~—030
Refraction = 103
Parallax = 008

h=42°28/35""
Decl., Gr. app. noon = 12°50705. 0"’ 8.
Reduced to long. 93°54/ =
8.26 X50.69/'=317.3"" = -B5'17.3"" 8.

12°55/22. 3/ 8.
6=34°36/08 N.,=00°—3—h céioiiiéu "
90°00700""
74
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Example 6f meridian altitude observation of 'y star for 1ati£ude:

Trenscribed field notes

March 7, 1945, 6 10= p.m. l.m.t., at my station on the S. shore of Sanibel

Island, Florida, in approximate latitude 26925’ N, and longitude 82°04/15" Ww.,
at temperature of 55° F., with the telescope in the meridian and elevated to the
star’s altitude, I make & meridian altitude observation of the star g Orionis

(Rigel), No. 7/11, Mag. 0.3, for latitude, making two observations, one each with
the telescope in direct and reversed positions: :

Local mean time of star's transit ==6® 10.6= p. m.

Mean observed altitude = 55°19'00"/
Reduced latitude i =26°25'40"
Field record.
Setting: : 90°007
7 26°25" N.
57« 8°167 8.
v3 55°19
Observed altitude, tel. dir. =55°19700"
¢ ¢ tel. rov. =55°19/00""
e
Mean v=55°19"00""
Refraction r= —040

h=55°18/20"
90°00’00""

5=(—) 8 16 00 8.

he==(—)55 18 20 '

PUN———

6=90°—5—h =  26°25'40" N.

[
=

75. The usual field practice is to combine the meridian passage
observation to include the watch time, for correction in local mean
time, and vertical angle for reduction to the latitude of the station. -

In obscrving the sun, talse simultancously the lower and west
limbs, recording the watch time and the vortical angle. There will be
an interval of about 2 minutes in which to reverse the position of the
telescope. Then observe gimultaneously the sun’s upper and. east
limbs, recording the watch time snd tho vortical angle.

The settings for the approximate altitudes may be derived from
the equation: ‘

V¢90°——¢i5:1:16’ .

A similar observation for time and latitude may be made on any
sbar within the equatorial belt. There will be the time record just ab
meridian passage; the transit may be reversed for the second reading

in vertical angle.

74
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Example of meridian observation of the sun for time and latitude"

Transcribed field notes

WSe%?ex;lIi?r 10, 1944, in approximate latitude 41°35’ N, and longitude 109°58.'3

; X.I,Mkeya n;ng.,d fxt temperatx.lte -+ 50° F., and elevation above sea level 6,500 f'b

1 make grx ian observation of the sun for time and latitude observin' sim 1.’

tae urseze';s; ;szgudte qu the sun’s lower limb and the transit ’of the sug’slw:s;
, ¥ T e telescope and observing simult, i

sun’s upper limb and the transit of the sun’g east Hn?g?OUSIY the aliitude of the

Mesan observed altitude
=53°11/45"*
Reduced latitude _ =41°35'O§”
Mean watch time of observation ==11» 57= 22
Watch fa,stlof local mean time == 33
Field record

Setting: 90°00/
¢ (—)41°35" N,
55 () 4°46’ N,

v 53°11/
Lower limbsz | 52°55/
Upper limb # 53°27"

Telescope Sun Watch time transit | Observed vertieal
‘ . angle
Directr cueew ‘
‘e‘ R taR -Q——- }lh 56m 18 | 52° 55’ 30"
Reversed.... '
er$80uccomacnccnenmannn —-—b 11 58 26 | 53 28 00
Mean. cceecannn
Refraction 43// X 0’8)' ————————————————————— llb 57m 223 53° 11[ 45,’
Pamllax---_-,_--_,_--:_ ————————————————————————————————— - T
................................ = -+05
B e m e
T R O =8 G b
: ] R T LR e = 04 3
¢=41°3507" N.=090°+8—Doemrcmemmcena - =41° 35" 07"
Watch time of apparent noon..cmwn- e 5 '
Apparent DOOM v el cmmm e ”-"""":‘lgbb-ozn"—’=11h07m22.
Equation of time, GF. ROOR- - oo — :»3;’.0:1—'# o
Rod. to long. 100° 68,1 Woo oo = —07
—~3mlle= -3 11
Local mean time of apparent NOOD.cvmomromnneammonnen == 11b56m40:=11 56 49
Watch fast of local moean tiMe e ccrmcanncan- = 33 "

P

g‘he accuracy of the reduced latitude is directly related to the
refinement of- the value of the observed vertical angle. A better
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determination of the latitude by this method is possible only by making

i ssive days, or the observation may
ort { observations on successive , ho © ey
%eszigii:ated by vertical angle readings on stars within the equato

ini it laris °
belt at meridian passage, and by combining the result with Polaris

i latitude. Section 70. .
Obi?erz Z,tl’coezz f)(’;rtgelaccumcy of the time observation, the watch may
0

. tude
be compared with accurate standard time corrected for the 1ogg1tu
of the station, as follows:

jo ti i _..==12800700®
105th meridian time of comparison, radio time signal-ooo------o oo = s
i 0581 Weowemammmmmmmmmm o mmmmm =
Correction for long. 109°5
...... =11240707°
Tocal mean time of compurison-______---___---_:::: ___________ =M 40
Watch time of COMPATISONn wmmmmmmm = m o mmm === " » -

Watch fast of local mean RSP REEL L LA

Example of meridian observation of a star for time and latitude:
Transcribed field notes

Mexico Prin.
i T. 45 N., R. 8 E,, New
44 in camp in sec. 19, ‘ Moo P

AuguStl 2g,d<§9 in’approximate latitude 38°08 N:, and 1ong1t2\;d{e i111(;6 e ;
e (')mate’ temperature 60° T., and barometric Il)igssize 2 . f(;; L make
B e ob ittarii, No. 24/48, Mag. =.1, .

idi : f the star ¢ Sagittariy, 18 ’  ond

me.ﬂdz{&n ggzzx?ﬁgozi;ulmneously the time of tr‘smzu. and the star’s alti
lr?\::rlsiz’g the telescope and observing the stars altitude:

el ! 1
Mean observed altitude : ggog;gg" .
Reduced la‘r,itu_de it o
Watch time of observation

Watch fast of local mean time = 5=57"

Field record
Setting:  ©€0°00°
$738°08" N.
55426022 B,
v 25°30
Jescope ‘ Watch time Vertical angle
Telesco
1
‘ gbo4m42e 25°31'30
o 25 31 30
DirectococnnmmmmmmmmemmmmommmmT T
Reversed —————————————————————————— ==250311320811
""""""""""""""" =1
[ s PP PR v T R
Refraction (120 15,75 .08) w omm T
"""""""""""""""""" =53 38 00
S TS AN T AT adryer Attt
§=26°22/'00" 8.1 90° 8- nuenenmonn x.
__.=38°07'58
¢-=88°O7’58” NPT LIS R SR B
78
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Wateh time of star’s transit. ... ..ol == 8b24m42: p, m,
Btar’s transit, Gr. m. t., Aug. 16___._______ =gbl1=00* p, m.

Red. to Aug, 29 . =—51 08

Red. to long. 106°21.1/ . ________.__._.. — 109

Btar’s transit, local mean time

Watoh fast of local mean time_

Altitude Observation of Polatis for Latitude
76. Altitude observation of Polaris at upper culmination for latitude:

Q - p=h-+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: '

¢=h+90°—s

The settings for the approximate altitude of Polaris at upper and
lower culminations, respectively, are:

v+ (90°—3)

The following program 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.

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.

Turn 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 upper culmination for
latitude:

Transcribed field notes

August 31, 1944, at camp, in approximate latitude 38°23’ N., and longitude
107°11.8/ 'W., New Mexico, at approximate temperature 60° F., and elevation
above sea level 8,600 ft., I make an altitude observation of Polaris at upper
culmination for latitude, making four observations, two each with the telescope
in direct and reversed positions:

Watch correct for 105th meridian time by
comparison with radio signals,

Mean watch time of observation

Mean observed vertical angle

Reduced latitude

= 8*17=01° &, m,
=34°24" 52"
=38°23 26/ N.

78
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TField record

Setting: 90°00
55489 00

. 90°—g7 1°00°
$# 33 23

v 5340237 ¢+ (90°—9)

7. C. of Polaris, Gr. m. t., August 31, 1944 = $809.5= a, m.

Reduced to long. 107°11.6" W. = . =12 .
31408.3=
L. m. t. of U. C. of Polaris, August 31 == 3’@'()2“"1?“ a. m,
Correction for long. 107°11.6/ = .
Computed watch time of upper culmination = 3b17=05° a. m
Telescope ‘ Watch time Vertical angle ‘
‘ 3013=03° 34°24'00"
Direct--c------meomm oo T 3 15 01 34 26 00
Reversed....--------rmmmmomomtr T 319 00 34 26 30
%?vert;sed """""""""""""""""""" \ 3 21 00 34 23 00
FPEOb - oow e mmm e mmmmmmmmm e
b7mQ]s 34°24/52'
Mea ,-~-,_--,--____-_-_-_-_*__7-_-_ 3817 bt

, h= 34°23/39"
L l=-=10018
pen 8BOBOAT 3 00— b memmmmmmmmmmcnnmmnn e

$=233°23'20" N.=h=(90°=8) cececmmrmmmmmmrmm oo m e mmm T

Example of altitude observation of Polaris at upper culmination for

itude:
e Transcribed field notes

October 18, 1944, in approximate latitude 40°44’ N., and iong{:x;dzll;gfz’e Z,a
d approximate altitude
t approximate temperature 50° F., an
gﬁ?l&i% I;f 1 make an altitude obser vation of Polaris at upper culm‘xjnahzn fl;);
latitude, making four observations, two each with the telescope in direct &
?

reversed positions:

Watch correct for 105th meridian time by comparison .
with radio signals.

Mean watceh time of observation

Mean observed vertical angle

Reduced latitude

= (228m20f a. m.
=41°44' 45"
=40°43" 52’/ N.

78
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Field record

Sétting: 90°00’
57 89°00/

90°—85¢ 1°00’
P=40°44"

v£41°44" = ¢+ (90° —8)

U. C. of Polaris, Gr, m. t., Oct. 18, 1944 = 0274 m.
Reduction to longitude 111°52° W, —1.2
0%0.0=

L. M. T. of U. C. of Polaris, midnight, Oct. 17-18, 1944 = 0b200=00* a, m,
Correction for longitude

= 427 28

Computed wateh time of U, C., Oct. 18, 1944 = (b27=28% g, m.

Telescope Watch time Vertleal angle
DIreC - oo o e e e Or23m04s 41°44/30"

Reversed. ... 0 27 07 41 45 00

Reverseq. - oo e 030 02 | 41 45 00

DIreC e e e e ——————— 0 33 07 41 44 30
_____________________________ e Qb28m20s 41°44'45"

Refractmn (1’ 08" % 86567 ) e e e e e e = —56
h=41°43'49""

F==80°00708""; 00° — 8 e e e = —59 57
¢=40°48"52"" N,=B—(00% —8) o o oo e =40°43'52"

Hour Angle Observation of Polaris For Latitude

The latitude may be determined by an altibtude 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 correc-
tion 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 settings. The mean time hour angle of
Polaris at the epoch of observation is then taken out as in observations
for azimuth, and the declination of Polaris for the date will be ascer-
tained 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
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the Ephemeris the vertical angle equivalent for the position of Polaris
‘axis at the epoch of observation.
The latter value is applied to the observed 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.

The vertical angle reduction is tabulated the Ephemeris in &

simplified form in which the two principal arguments are employed to
secure & primary adjustment to the clevation of the pole, subtractive
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.
Tn order to proceed with the analytical reduction, it is convenient
to begin with an angle a, computed from the equation:

Tan a=222 i, in which equation the factor ¢ cos £ becomes negative
for hour angles exceeding 90°, whereupon o will exceed 90°.
The latitude may then be derived from the equation: .

sin e« sin A
sin &

C(Z;S (p—a)=

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

Transcribed field notes

June 23, 1944, in the SEY sec. 16, T. 7 N, R. 3 E., Salt Lake Meridian, Utah,
in approximate latitude 41°20" N., and longitude 111°37' W., at approximate
teraperature 50° T., and clevation above sea level 6800 ft., I make an hour angle
observation of Polaris for latitude, making four observations, two each with the
telescope in direct and reversed positions:

I 42°007 30"

Mean observed vertical ANEIe o mcnmmmmmmm e
4b4638® &, m.

Mean watch time of observation. cccmememmmam e
Watch fast of local mean time, by comparison with radio

time signal corrected fOr 1ONg cmvwnmammmmmmmmn ="
Reduced 1atitude.mecmmmmmmmmmrmmosmm s m T T T

26m28%
41°20” 50" N.

Field record
Telescope YVertical angle Watch time
oIt Y FUNRDRSREPPELEEEL S 41°58'30" 4b44m4Be g, M.
Reversed__x_-”_---__--,-‘_ .............. 41 59 30 4 45 50
ROVersedonaamnmnnnmr-mm""" IR 42 01 30 4 47 20
DHLECh. wememmmmmmmmmmmmm =TT ST 42 02 30 4 48 37
J—— e
MEBD e e s mmmmmmmmmmm =TT 42 00 30 4846m38* a. ™™,
¥

Watceh fast of local mean time

Gr. U. C. of Polaris, same date
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—26 28

=4b20=10% a, m.

=4220,2= g, m.

Red. to long. 111°87’ W--M--__:: ________ j7b3?‘§m o 7 38
enemseamar o = —1], s 2= a.m.
Hour angle of Polaris east of meridian. _ .. 3818.0
________________ = =
Declination of PolariS..acreccecas * 88°59/
....................... 39/
Primary adjustment, | Mean ob
y ad , served
sgbtxactwe, Pol- angle, vert. p=—42°00'30""
Mean aris above the pole | Refraction, 64//X.79 = —0 gg.)
time
ho B
anglg Declination P eved
8805074077 Primary adjustment to
elev. of pole = — (°38/47/*
Supplemental correction == ~02
3R17.5m 0°38/53" i
griT-s ges8'as | Latitude of sta. = 41°20/50'' N,
3 23.4 © 0 8739

The above example may be reduced analytically as follows:

i

M, t. b, a.
Red. to sid.‘h. a.

Bidereal h. &. .
N

Tan amtau 8
cos §

3818=00s
+33

3b18m33

Sid.h. s inang.

meas., § =

49038/ 1“5/.'

By inspection, (¢ —a)

Latitude /of station

log tan &=1. 7555520

Cos <¢—a)m8in:;_,_§%gﬁ

log sin a=9. 9999
“ cps t==0, 8113212 “ O h=g, 8254212

9. 8254337

“ tan e==1, 9442308
—— # ¢ 5=0, 9000331

a=5%9°20' 55/

fesmmemss

log cos (¢—c) =10. 8255006

" (¢ —a)==—48°00"04""
is & negstive angle, o= 89 20 b5

............ ==  41°20'51"

The reduction may also be made by the equation:

/

¢=h—p cos i+% sin 17 p* sin® ¢ tan A
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In the above equation, p=polar distance (90°—3¢), expressed in
minutes of angle. The first part of the equation gives a primary reduc-
tion to the clevation of the pole, in this the factor “p cos ¢” becomes
additive for hour angles that exceed 6 hours or 90°. The latter part
of the equation gives a supplemental correction, in the order of
seconds of angle; it increases rapidly in the higher latitudes.

As an illustration of the use of the latter equation, the elements
are taken from the observation given above: h=41°59739"; sidcreal
hour angle, after converting from time to arc, t=49°3815'"; declina-
tion of Polaris, §=88°59/39’ N.; polar distance, p=1°00"21""=60.35";

. with this data, the reduction may be made as follows:

log p - == 1,780677 h=41°59'39"" log sin 17 =6.4637
“ gost =9.811321 -+ 17 “ 2 = ,3010
% product==1.591998 ‘ “ quotient=6.1627
patb ==30.084/ “ op =1,7807
=30'05.040" —39 05 oo =1.7807

“gint =0,8819

. ¢ &8 (f ‘=9-8819

Latitude of station: =41°20'51"" “ign b =9.9543
“ product ==9.4422

nat =0.277'
; =0/16.6""

———

AZIMUTH
The Ceneral Land Office Solar Transit

77. The methods long in use have been developed for the.correct
operation of the General Land Office solar transit, in which the solar
unit is depended upon for a large share of the line running, in com-
bination with observations on the sun, Polaris, and the brighter stars
for the more exact determination of time, latitude, and azimuth,
where needed. Almost without exception in beginning new surveys
and in occupying any new station for which there has been no previ-
ous station established for a reference in azimuth, the starting value
in azimuth is determined with the solar unit. Then, where a higher
degree of accuracy may be required, no other preliminary steps are
needed in readiness for a twilight observation upon Polaris, or any
of the bright stars within the equatorial belt, other than the simple
computations for the setting values in horizontal and vertical angles.
No other instrument adapted to land surveying so well combines
accuracy in performance,. spoed in execution, and economy in cost
per mile,

76,

TI1GURE 9.~The solar transit as it appears in usc,

‘ Model A: ’]fho first solar transit constructed on specifieations of the General Land Office, 1914, Essen-
tially the Smith selar unit, with redesign to facilitate complete adjustment in the field.



Traunt 0a.—This instrument is construeted for aceuracy, speed, and eeonomy of operation.

Model C: The latest solar transit constructed on specifications of the General Land Oflice, 1945. The
latitude clamp operates on the latitude axis; the declination elamp operates on the reflector axis; greatly
improved optieal construction in the solar telescope. The reticle of the transit telescope s designed to

include a solar cirele.

R
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The standard models are illustrated in Figures 9 and 9a. Note
that the solar unit is in fact a sccond instrument, operating in its own
right, independently. The latitude and declination arcs remain
clamped and set to their proper values. The polar axis conforms
with the line of collimation of the solar telescope. The mounting is
designed to bring the vertical plane of the polar axis into parallel
with the vertical plane of the transit.

When oriented, the vertical plane of the polar axis is in the plane
of the great circle of the meridian. When turned in hour angle at the
moment of an observation, the plane normal to the axis of the reflector
is in the plane of the great circle that passes through the pole and the
sun, The sun’s hour angle at that moment is the angle measured
along the plane of the Equator, intercepted between the plane of the
meridian and the plane of the great circle that passes through the pole
and the sun, This angle reads “apparent time’” on the hour circle of
the solar unit,

The vertical angle inclination of the polar axis equals the latitude
of the station; this angle is set on the latitude arc. The angle on
the plane of the great circle that passes through the pole and the sun,
counting between them, equals 80° minus the sun’s north declination,
or 90° plus the sun’s south declination, corrected by an increment
equivalent to the refraction in polar distance. The scttings for this
angle are computed for each day in advance; it is set on the declination
arc to agree with the apparent time of observation. The correct

‘position of the sun’s zenith distance measured on the vertical plane

of the great circle that passes through the sun is secured by the
careful leveling of the transit.

Skillfully handled in the hands of an experienced engineer, and
within a period of less than 2 minutes by the watch, after a set-up
and careful leveling, the solar transit may be oriented instrumentally. -
The accuraéy or acceptable “tolerance’ is equal to any single, unveri-
fied, average direct altitude observation on the sun.

In line running, through timber and undergrowth, there may be 20,
30, or more set-ups to the mile, each by solar orientation Wn;hout
cutting or opening the line to secure an exact back sight. In this
practice, the net result for the mile is the mean of the whole number
of the observations, in which many of the smaller differences are
compensated, and in which the azimuth of the line between the monu-
ments should normally be brought well inside of the Manual toleranoe
of 173077,

What is more, each azimuth determination gives the anwular value
referred to the true north at that station. This of course is the only
method by which a true parallel of Iatitude can be run by instrumental
orientation. The determinations of the true parallel by the‘ tangent”

7

700004° —47T—-7
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or “secant’” method requires the careful running of a “back-and-
foresight” line with measured offsets.

The solar unil avoids the accumulative error quite usual in long
“hack-and-foresight’’ lines, and in traverse lines where there are many
turns, excepting as time may be taken for the necessary refinements.
A traverse line may be run by occupying each alternate station, dividing
by two the amount of time required for the instrumental work.
Heavy winds or insecure ground, windfalls, timber, undergrowth,
and obstructions that require offset, are not in themselves any pre-
ventative to rapid and accurate solar orientation.

A more complete description of the transit, section 41.

The requirements as to the adjustments, sections 40 to 46, incl.

The transit adjustments, Manual Appendix JI, section 41.

The development of the General Land Office solar transit, Manual
Appendix 1I, section 73. ' _ '

The adjustments of the solar unit, Manual Appendix 1I, section 79.

An extension of the description, requirements as to adjustment,
use, and test of the solar unit, follows in sections 78 to 81, incl.

Construction

78, Tho instrumental orientation of the solar unit is made possible
~ through five clements in the construction, as follows: .

1. A telescope whose line of collimation is the polar axis; the latter
corresponds to an element of the more elaborate observatory ‘‘equa-
torial instrument mounting,” which is designed for the telescope to
follow o star’s travel in diurnal circle. The solar telescope is mounted
in collar bearings whose bases are attached to a vertical limb; the
telescope may be revolved or turned 12 hours in hour angle. '

9. The vertical limb is an arc that is graduated to read in latitude;
8 vernier mounted from the base frame gives the reading in latitude;
the center of the limb is called the latitude axis, mounted in horizontel.

3. There is a reflector at the objective end of the telescope designed
to pick up the light rays of the sun; its axis is normal to the line ?f
collimation. There is an arm that controls the angle of the reflector in
the plane of the great circle that passes through the pole and tl}e sun;
o vernicr on this arm gives the reading on a graduated declination

°C.

" 4. There is & small graduated circle mounted on the telescope,
normal to the line of collimation, that reads in hour angle from 6 a. m.,
7,8, up to 12,and 1, 2, 3, up to 6 p. m.; this reads directly in apparent
tume.

R
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Not oriented ‘ Oriented

When turning the transit tn horlzontal
angle, the image of the sun cuts across the )
equatorinl wires.

The travel of the sun's image is along
the path of the equatbrial wires.

5. The plan of the reticle includes three “equatorial wires” that
are set parallel to the axis of the reflector. One is in the line of
collimation, the others parallel, spaced at 1545’ to conform with
the sun’s July 1 diameter (the smallest for the year). The fourth is
a single cross wire, normal to the others, passing through the line of
collimation, indicating the center of the field in #ime.

The frame of the solar unit that supports the latitude axis is itself
attached to one standard of the transit, controlled in position by
three foot posts. 'This is the standard on the east when the transit
is oriented in the meridian. The vertical plane of the polar axis may
be adjusted to true parallel with the vertical plane of the transit
telescope. By first setting the plate reading at zero, when preparing
to orient, all horizontal angles will count from the meridian.

When oriented; and turned in hour angle to agree with the ap-
parent time, the-image of the sun will travel across the field of the
solar telescopo along the path of the equatorial wires. If the transit
is turned away from the meridian to the right or to the left, the sun’s
image will cut across the equatorial wires. Thus to bring the solar
unit into proper orientation, all that is needed is to see that the
image of the sun is centered anywhere along the length of the equa-~
torial wires. This centering is done with the lower tangent motion,
the plates clamped at zero.

On the declination arc, an actual arc or segment of 5° is graduated
for reading 10°; this is because a movement of 5° in the reflector
position makes an angle of 10° between the light rays of incidence
and those reflected. At zero declination the plane of the reflector is

‘at 45° to the line of collimation. The declination arc is graduated

from zero both ways for the range of the sun’s position during the
year.

One important element of the mounting is that the three points
of control at the foot posts are placed to form a right-angle, onc side '
of which is vertical, the other horizontal. In adjustment, the foot
post at the 90° angle remains fixed. One of the foot posts controls
the position of the latitude axis in horizontal. One foot post con-

78
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trols the direction of pointing of the line of .collimution.when in
horizontal sighting, to bring that into parallel with the' vertical plane
of the transit. The foot-post controls are secured with capstan or

5 nuts, -
hej&ggie end of the frame that supports thfa collar b?armgs, there
is an adjustment (corresponding to the mquntmg of a telescope I‘evel)
that is arranged to bring the polar axis into normal to the lajmt'ude
axis. This is needed to provide & I_novement‘of the pola? axis in a
true vertical plane when the solar telescope is changed in latitude
setting,

Manual Appendix I1.

Requirements as to Adjustment

79. Tach solar transit has its own record as to p.erformafr.we. T}ns
of course takes in its own life history beginning with the inspection
tests at the maker’'s at time of acceptance under purchase contract.
It becomes an invaluable record which reveals, or should. show,
exactly how that instrument may bo'expected to perform, its own
personal equation, when it has been given the need'cd geperal clea'n-
ing and lubrication, what repairs have been fequu‘ed, in what in-
strument shop, and the subsequent tests. The summary of this
record and the assignments of that instrument for the field work are
maintained in the regional office. . , '

The detail of the field tests and adjustn}ents is kept by the chief
of the field party in the field tablets belonging Wlth.the recorfi of the
survey. A brief summary only of the ﬁ'eld tests is transcrﬂ?ed for
inclusion in the field-note record that is prepared for official ap-
proval; the purpose here is to show aﬂlrmatxyely that the tegts ha:ve
been attended to as required, and thm;l the instrument was in satis-

ition while being used on the survey.
f&?{ti'ogy“igiilllt—up” adjustme;t is required in the field, th.e ﬁo%d tablet
record should show at what pownt of adjustment, and the direction of the
touch-up, and, as nearly as can be indicated, the amou'ni. The .&naly—
gis of the tests or observations before .and after ad;gstment is also
important. This makes for systematic un.proven}ent in performance.

There are s number of points concerning whlgh the d'ata should
always be at hand, and the tests repeated from t%me to time so that
the data may be reliable. If this is do:r:m ‘methodlcaﬂy, anfl the tests
found satisfactory within reasonable hz?futs, the, solar unit m&y'be
depended upon to perform well in the l‘me running. The most im-
portant of this detail, all derived in the ficld tests, and all to be noted
in the field tablet, includes the data as follows;

78
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1. The reading of the latitude vernier when sighting in true hori-
zontal, ' :

2. The known or observed true latitude of the field station ; and, the
instrumental latitude of that station as determined by noon solar
observation, when preceded by the pre-noon careful setting of the
declination arc by the prime vertical method. ‘

3. The reading of the declination vernier when set in true zero
declination, prime vertical method. :

4. Same, 15° north declination.

5. Same, 15° south declination.

6. Same, in declination for the period of the use of the instrument.

7. The test for parallelism when the solar telescope is set and
clamped in the latitude of the station, prime vertical method.

8. The tests for orientation in comparison with the true meridian
established in camp by any of the Manual methods best suited to the
time, place, and other conditions of the survey.

9. The line tests at two or three intervals each week, observing on
Polaris or an equatorial star, or by altitude observation on the sun,
for comparison with the azimuth as determined by the solar orienta-
tion.

10. A notation of any consistent discrepancy that comes necar or
exceeds the Manual tolerance of 173077,

The data for (7), (2), and (6) correspond to the preliminary field
tests (1), (2), and (3), Manual Appendix 11, section 79; this data, if
satisfactory, insures that the solar unit is ready for the orientation
tests. All that is ordinarily required in the beginning of the survey
is to run through these tests. If no serious discrepancies are present,
the instrument is ready for the survey, and the work may proceed.
The remainder of the tests are made and recorded as time and oppor-
tunity permit., .

The requirements as to orientation are closely related to the limits
of closure on the survey (sec. 234). Note carefully that there will be
no difliculty in the closures, Class “C,” traceable to error in the direc-
tion of the lines, if the instrument mects the requirements as to the
above tests. A more severe condition as to the closures is presented
when two instrumenis are employed on the same survey, one closing
against the lines run with the second instrument. This in effect
admits of a limiting discrepancy of 3/00” between the two instruments,
which would be quickly apparent in the section closures, It is an
eloquent tribute to the solar transit that the survey can be carried
through within that accuracy, speed, and economy as to cost per mile,
This would be impossible to duplicate by ordinary land-survey
methods, referring as it does to the every day, week in and week out,
through the season performance.

19




94 MANUAL OF SURVEYING INSTRUCTIONS

To sum up these requirements, let the field mblet' record 'show that
the tests (7), (2), and (6) give assurance that no hidden dlscrep.ar.my
is present, or left unchecked or uncorrected, and t‘hat the meridian
comparisons have been reasonably frequent and satisfactory.,

Manual Appendix II. :

Use

80. The General Land Office solar transit is an instru.ment that is
equipped for making any type of stella.r or sol&riobservat‘lon that may
be employed profitably in land surveying practice, and as adapte'd ’go
the one-minute transit. This means accuracy in performance W’lthlll‘_:.
any practical limit set out in the Manual down to & tolerance of 15
in the direction of lines, where that may be required. That accuracy
is much inside the tolerance that must ordinarily be all.owed in the
measurement of lines, unless the character of the survey is such as t;)
‘ustifv the greatly increased cost of exactness in measurement.
]Siscts,yw, 35, 3g7, 41,y44, 45, 47, 142, 143, 156, 161, 162, 174, 234, 480,
691, 704. . .

By the use of the instrument, therefore, 1t 1s.meant to include every
type of line running down to close “tack-point” back—andijreslght
work, and every kind of observatiqn upon the sun, Polaris, or the
bright equatorial stars, for time, latitude, and azimuth, by daylight,
twilight, or at night.

The use of the solar unit may be almost continuous as when running _

the line through timber or tall undergrowth, or it may be more or less
incidental as when running in an open country. It is important too,
in the open country, and on almost any type gf survey, to have the
use of the solar unit in making the start n the line running or o‘pserw
ing. Even on the work that requires the greatest refinement 1n the
important lines, there are many off-line stations to be_occupled for
collateral data, mapping, or traversing, where the direction from true
north should be employed. _ .

Tor these reasons, the preparation for each day’s Worl«f requires
that the data shall be at hand, in the field tablet, for t}:le sun’s declina-
tion for the day, reading for value in t%le apparent time of th.e Ioc:&l
meridian, and to which has been applied the coz:rcct refractﬁons m
polar distance for that position of the sun, mt}d latitude. SOC.JOH 54.
Additionally, the known true or observed latitude of the station, and
the instrumental latitude. Section 79. .

Due accuracy in solar orientation becon?es fxt-tamable as SO0n 88
the sun is high enough to reduce the refraction m??ement to n.ot over
4’ or 5/, and continuing then until 10:30 a.m. or a little later with c?vre
and suitable. checks; correspondingly in th'e p. m. h_ours. F‘rom 10:30
a. m. to 1:30 p. m., or for about that period, the line running should
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be by back-and-foresight. If the sun becomes obsecured, the usual
transit methods are employed. In stopping for the day, an azimuth
mark should be set for use the next morning,

Thus, in the above practices, and with the transit and solar unit
in satisfactory adjustment, the simple steps in solar orientation at

any station or set-up, are these: carefully level, preferably with the

gsolar unit on. the west; turn to solar unit on the east and correct half
of any discrepancy in the centering of the plate bubbles; set the plates
at zero; set the latitude and declination, or check the previous setting
if check is thought to be needed (these arcs remain clamped); turn
the solar telescope to the reading in approximate apparent time; move
the whole instrument in horizontal angle for position near the merid-
ian, at this time bringing the sun’s image into the field of the solar
telescope, then tighten the lower clamp; use the lower tangent motion
for final orientation, in which step the sun’s image should be centered
on the equatorial wires.

The practice requires the daily noon solar observation, and that
the data be recorded in the field tablet.

Test

81. The purpose here is to give an example of a field-tablet record
that shows a typical hour by hour (or half-hour) orientation test of the
solar unit, the instrument being in good order, and the adjustments
satisfactory. There are many such tests during the season, the one
here being an all-day test in the early stage of a new field assignment.
From this record test an affirmative statement may be transcribed
to be carried forward into the field notes that are to be submitted for
official approval, to show that the instrument was in fact ready for
the survey.

By way of caution (and much to the credit of the solar unit, when
in good adjustment), if the tests show that the vertical plane of the
polar axis, when set and clamped in the latitude of the station, is
closely parallel to the vertical plane of the transit, and at the same
time that the solar unit gives an orientation consistently to one side
of the test meridian, the next important step is to verify the accuracy
of that meridional line, doing so by some method or observing program
that will compensate for any possible uncertainties in the values or
factors that entered into the previous observation. Note that a solar
unit (if in adjustment) cannot give a consistent orientation through
the day in the same amount to one side of the true meridian.

Example:

Field record
July &1, 1945, at the camp site in sec. 83, T. 65 N., R. 8 W., 4th Prin. Mer., on
the south shore of Basswood Lake in the International Boundary Waters, Minne-
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sota, in latitude 48°03’30" N., and longitude 91°30735" W., I examine the adjust-
ments of General Land Office solar transit, Buff No. 19421, and find that no cor-
rections are required. I make an altitude observation on the sun, p. m., for time
and azimuth; and & daylight hour angle on Polaris for latitude and aszimuth. The
resulting azimuth of the two observations is in agreement. The detail of these

observations is omitted here.

Aug. 1: Test the orientation of the solar unit in the a. m. and p, m. At noon,
make a meridian observation on the sun for time and latitude, which verify the
previous observations; determine the instrumental latitude by noon solar observa-

tion. Detail omitted here. )
Aug. 2: Continue the tests in the &’ m. and at noon; instrument in good adjust-

ment without correction.

The basic elements of the observations for time, latitude, and
azimuth are required in the transcribed field notes.

The record of the test of the orientation of the solar unit may take
the following form, modified to conform with the facts:

Transeribed field notes

On Aug. 1and 2, 1945, at about half-hour intervals from 8:30 a. m. to 4:45p. m,,
1 make orientation tests of Bufl solar transit No. 10421, including latitude tests
by noon observation both days. The tests give & maximum error in orientation

of less than 1'307.

The record also will show that the solar transit has been main- -

tained in satisfactory adjustment for the duration of each survey;
the following statement, duly modified to conform with the facts, is
suggested (Manual Appendix VIII, sec. 427): )

Transcribed field notes .

The arcs are tested daily by noon observation.when conditions are favorable,
and the meridional indications are verified at frequent intervals throughout the

survey.

82. Fach instrument requires an inspection between the seasonal
field-use, for attention to needed cleaning, lubrication, and repair,
including a record of all detail, and the checking of many items that
are not regularly referred to as among the field adjustments. This
record may be adapted to memorandum form, with a check-off as the
items are found satisfactory, or have been attended to. Explanations
and detail as to the tests and adjustments, repairs, etc., should be
stated fully on sheets to be attached to the schedule. This is a record
for which the regional office is primarily responsible (sec. 79), with
_copy for the information of the chief of field party. A field-tablet
record begins at this point.

A memorandum form for reference purpose, to indicate the complete-

" ness of the between-scason inspection: Manual Appendix II.
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Errors in Azimuth, Due to Small Errors in Declination or Latitude

8{3. ;t may frequently happen with a solar transit, especially at the
beginning of a survey or with an instrument insufficiently tested, that
the first meridional trials are made with slight errors in ‘the settings
of the latitude and declination arcs, resulting in small errors in a;i-
frluth. This may be particularly true prior to a determination of the
instrumental latitude. The discrepancies in azimuth due to such
errors have been tabulated in table 22, Standard Field Tables, which

_ may be applied to results of singls observations with considerable

cgrtainty. The corrections are not applicable to a series of observa-
tions as in ordinary line work owing to the changing values (for hours
from noon) of the correction coeficients. The explanation with the
table gives a key to the direction of the azimuth errors on account of
small incorrect values in setting the latitude and declination arcs.

For example, at §°40™ a. m., 2pp. t., at a station in latitude assumed
to be 46°20’ N., a test was made with a solar transit whereby the
trial indication was found to be S. 0°05” W., or 0°05’ west of the
true meridian. Subsequent determinations of the true latitude of
the station and of the correctness of the vernier of the declination arc
showed that the actual latitude of the station was 46°217.5 N., and
that the vernier of the declination arc had an index error which’gave
readings 0°00”.5 S. of the calculated declination (i. e. reading 15°19°.5
N. for a caleulated declination of 15°20° N.). Thus in the test the
latitude arc was set- 1.5 S. of the correct latitude of the station, and
the declination arc was actually set 0°.5 N. of the value that “’rould
have been set had the index error been known. ’

Table 22 is entered to obtain the correction coeflicients:

Hours from noon
Lstitude -~

Sobgm . f . 2b0m 3hgm
45° 00" | 2.83 2. 55 2. 00
46 215 | ..o 262 owooeooo- Declinati .
50 00 3 11 2 81 5750 eclination coeflicient.
45 00 2. 45 2.10 1. 41
48 215 lecoomonn 216 oo - Lati v
50 Q0 2780 5 31 TR stitude coefficient.

The corrections are then applied as follows:
Indication of solar in test =8, 0° 05.0 W. g
Correction for declination = 0 01.3 I.=(2.62X0.5)
Correction for latitude = 0 02.2E.=(2.16X10)

Corrected indication of solar =8. 0° 007.5 W.
83



kb

98 ' MANUAL OF SURVEYING INSTRUCTIONS

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

In the above connection it should be explained that it is not deemed
desirable to burden the official record with the detail of index errors
found in the verniers of the latitude and declination arcs, other than
to state, when determined, that the same are corrected, or are allowed
for in subsequent observations. Section 46.

Polaris at Elongation

84. Attention is now directed to the approved methods of observa-
tion to establish the true meridian with which to make comparisons
of the orientation of the solar unit as a necessary test of that instru-
ment, or without a solar instrument, the establishment of the true
meridian from which to project transit lines and to test a calculated
course.

0f the various methods of observation to establish the true meridian,
the simplest is the observation upon Polaris at eastern or western
elongation.

Azimuth of Polaris at elongation:

cos §
o8 ¢

Sin A=

Example of computing the "azimuth of Polaris at elongation,
October 20, 1945, in latitude 46°20° N., on which date the declination
of Polaris=289°00"23"" N.:

log cos §=8. 239072
¢ oos ¢=0. 839140

“ gin A=28 399932

A=Azimuth of Polaris at clongation=1°26"21"",
85. A table of azimuths of Polaris at elongation for latitudes from

10° to 70° N., appears in the Ephemeris, arguments: declination of
Polaris, and latitude of station. ’

83
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Zenith

Diurna/ crircl/e
of Polaris

Station

The meridian and vertical planes tangent to the diurnal efrele of Polaris as viewed from outside of the
celestial sphere.

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 - 80°0020" 89°00'23" 89°00'30

Azimuths at elongation

46°00°
46 20
47 00

1°25'54"
12730

1°2575071
12621
12725

102540
12715

85
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«

By interpolation in the table the required azimuth of Polaris at
elongation is therefore found to be 1°26721".

86. An observation upon Polaris at clongation for azimuth consists
in marking upon the ground a point to define the true line of sight
" to Polaris at the epoch of elongation, from which to lay off the true
meridian. An equivalent process is to determine the true hrorizontal
angle by deflection from a fixed reference point to POI&FIS at the
epoch of elongation, by which to determine the true bearing of the
reference point.

Polaris at Elongation, Observing Program “a."

87. Sclect the observing station and make suitable provision to
mark the line defining the direction of Polaris at elongation; th‘e
flag point should be not less than from 5 to 10 chains N of the transit
point, and the line should be cleared of all obstruction before dar}c.
Determine the local mean and watch time of elongation of 'Pokms,
provide suitable lumination for both the transit and flag point, gnd
have everything in readiness as much as 15 minutes before the time
of elongation.

Thoroughly level the transit. L

About six minutes before clongation, with the telescope in du:ect
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 marl the direction of sight. '

Turn the transit to the direct position of the telescope, bisect
Polaris, note the watch time, and mark the direction of mght'.

By daylight determine the mean (a} of .the first and fourth sights,
and (3) the mean of the second and third sights; then take the mean

of points “a”’ and “p? to define the true dirgction of Polaris at elon-

Hon. _
ga}i‘hlz mean of the four watch readings may be tak‘en as the watch
time of observation, which if within four or five mmut';es of .oorrect
watch time of clongation, the mean position of P:Olarxs dumg the
observation will be within 177 or 2/7 of true elongabxon. 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 t'o the east for
western clongation or to the wesb for eastern elongation. -

The program practically eliminates instr}lmental errors of ad]us.t-
ment. In laying off the azimuth of Polaris, the angle may be laid
off directly, if desired, checked by the method of repetitions, snd

8b
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corrected if necessary; or the azimuth angle may be laid off by the
natural tangent method; this should then be checked by reading
the angle on the plates.

Occasionally conditions obtain where it is 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 observing
program “5.” :

Example of observation of Polaris at elongation for azimuth,
observing program “a’’:

Fleld record Transcribed field notes

November 2, 1044, Gr. m. ¢., E. E, of
Polarls, lat. 40°
Red. to long. 111933 W.

Red. to lat. 46°24' N....

November 2, 1044, at the cor, of secs. 1, 2, 11,
CleBh02.6mp.m. || enmd 12, T.7 N., It 1 E., Principal Merld
w12 ian, Montans, In latitude 40°24° N., and
wa 40,8 longitude 111° 33 W,, st §402.2= p, m,
1. m. t.,observe Polaris af eastern elongation, mak-
L.m.t.of E.E. of Polarls. o cvmcrunn.- =5h02, 2= p, m. ing four observations, two each with the
Watch fast of I, m. . by reduced radio telescope {n direct and reversed positions,
time signal.. creveveamccrmenneconnmnane =-4-20, 2 and mark the mean point in the line thus
determined, on a peg driven in the ground,
e= 5428, 4= p, m, 10.00 ¢hs, N. of my station.

Watch time of E. E

Azimuth of Polarls at eastern elongation

1°26747,
Telescope Watch time

I lay off the azimuth of Polaris, 1°26’47” to

tho west, and mark the meridian thus de-

Direct. o wmccanan wan} BP26m200 p. 1, termined, by & tack in s peg driven firmly
Reversed. .cvvmmmamcroncconcmnannmnmenns 528 30 in the ground. The value of the angle de-
Reversed. - ceocomeecccceinmr e 529 30 termined by measurement 16.665 f{t. (25.25
Direct.. - .| 830 20 1ks.) due west from the observing mark;
then verified by repetition of the angle at

ABAT . e rerrcmccemrrm e oanrsnnnr - 5h2gm4Qe p, m. the transit station.

Declination of Polaris=55°00'06" N.

Declination

Latitude 89°00100" 89°00709°¢ 89°00710"
Azimuth
46°007007" 1°96'23" 10060077 | 1°2008"
46 24 00 19647
o000 | 1 19745 19744

3.

Polaris at Elongation, Observing Program "p,"

88. Sclect the observing station and mark a point by driving a tack

.in a peg driven firmly in the ground in the meridian as determined by

the solar before sunset, or choose some other suitable reference mark
in any direction. The reference point should not be less than 5 to 10
chains distant. Determine the local mean and watch time of elonga-
tion of Polaris, provide suitable illumination for both the transit and
flag point, and have everything in readiness as much a8 10 minutes
before the time of elongation.

Thoroughly level the transit.

88
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About 6 minutes before clongation with the transit in direct posi-
tion, read and note the horizontal deflection angle from the reference
point to Polaris, noting also the watch time of observation.

Reverse the transit and read and note the deflection angle from the
reference point to Polaris, noting also the watch time of observation.

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.

Turn the transit to the direct 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 remeins within about 0°00°01’/ of true
elongation for a period of about five or six minutes either side of the
time of exact elongation, the observation may be considered satis-
factory if the watch readings fall within that period.

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

A reference point in any direction may be usedintheabovemethod;
the direction of the deflection from the reference point to Polaris
should always be clearly stated in the field-note record.

Tt may be stated further that experienced observers usually prefer
observing program ‘“‘b” for the clongation observation, modified by
using tho method of repetition to secure a more accurate determina-
tion of the horizontal angle. On this plan, read and record the angle
first turned; loosen the lower clamp and set back to the obscrving
mark (using the lower tangent motion); then turn the angle & second
time for the sccond sighting. Leave the plate clamp set. Reverse
the transit, and set back to the observing mark. Make two more
sightings on the same plan. This has repeated the horizontal angle
four times; the 1st and 2nd, direct position of the telescope; the 3rd
and 4th, reversed position. Record the last reading, and divide that
value by four. The quotient is the desired horizontal angle for the
mean of the observation. References: repetition of angles, sec. 36;
explanation of repetition of angles in reference to Polaris observations,
see. 55; example of repetition, hour angle observation on Polaris,

see. 98.

88
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Exar'nple of observation of Polaris at elongation for azimuth
observing program “b’’: | ,

Field record Transcribed fleld notes
Se}gg. ;1601944, dr. m. t.,, B, E. of Polaris, ved o Sept. 4, 1944, at a point near the SE, cor, of T,
Red. to long, 10655 W, 7T 8 5§‘§m b-m rado, in mﬁ{ﬁ"‘%ﬁﬁf"ﬁ o é“”" AT
. —1. , 1de o i
Red. to lat, 37°45’ N, -0.2 ]13()6;221’ Wf' at 8;*52.7!11 p.m, L nnlr.!t.,}?gl%?cl;gg
) olaris’ at eastern elongation, maki 1
%{;ﬁlc'hti‘gz% 1E.H?f tPoIatis 8”52‘7“7 p. m. observations, two cach with the tcf(els%%pfeofg
.m. t. +5.3 gir;fctuand re}vefrsed positions, reading the
. ! eflection i
Watch time of E. E, 8858.0m p, m, N., east toagglgrig?m @ point on 8 cliff§ chs.
= Azimuth of Polaris at eastern
elongation =  1°16'09”
. Mean deflection angle = 11600
Telescope Watch time | Defiection Prsypes
X angle True bearing of mark =N. 0°00'0%" E.
From reference point, I measure west, 0.02 {t.
A 11600 (4 inch), and mark the truc meridian.
8 67 28 11600
8 567 43 11600
8 68 56 11600
ghh7m4ls 1°16700"
Declination of Polaris=88°50748"" N.
Declination
Latitude.... 88°59740" 88°50748" 88°5950”
Azimuth
37°00°007 . ... 101533 1015723 1015720
37 4500 wocifeamasccaacaann 11800 ..-...‘.,d..?.-.
© 380000 ... 11634 11624 1162t

89, The observing programs ‘‘a’’ and ‘b’ require the engineer to com-
pute in advance the correct watch time of clongation. In so conduct-
ing the observation the minimum period is consumed in the observing

program; opportunity is afforded for reversals to gliminate instru-
mental errors of adjustment. 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 or zero
motion in azimuth, is taking place, when the sight should be taken for
the direction 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 to the east for eastern elongation, when Polaris will
follow the vertical cross-wire, after which the motion is reversed and
will increase at an accelerating rate. This suggests a third, but less
refined, observing program. ' '
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Polaris at Elongation, Observing Program “¢"

90. Select the observing station and make suitable provision to
mark the line defining the direction of Polaris at elongation; provide
cuitable illumination for both the transit and flag point, and have
everything in readiness before the time of elongation. ’

Thoroughly level the transit.

Bisect Polaris and note that the motion of the star carries it away

from 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 o period of several minutes
that the least east or west 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 Polaris: the motion should still be nearly vertical, with a
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.”
Example of observation of Polaris at elongation for azimuth,

observing program ‘‘c’’:

Tield record Transcribed fleld notes
May 31, 1044, Gr. #. t.,, E. E. of Polaris, May 31, 1044, at the closing Tp. cor., on the 2nd
g, 40° ' 3b13.86% 8, m. B S e Bouth, n° atituda
Red. to long. 104°17°05.5" 'W. —1.1 33°93740.8" N., snd longitude 104°17708.°8 W.,
Red. to lat. 33°2540.8" N. —{0.7 as computed from tle to U, 8. Coast and Geo-
e detle Survey station “Comanche’ in sec. 36,
L. m. t. of E, E. of Polaris 8b12.0= a. m. T, 10 8., R.'26 E. in order to verify the aline-

ment of the east bdy. of T.11 8, R. 26 E., I
biscet Polaris, follow the motion of the star te
eastern elougation, st 3%12= s, m, L m, &,
and merk the direction upon s peg driven
firmly in the ground 8 chs. N.; I then reverss
Declination the Instrument, sgain biseot Polaris and
mark the direction upon the peg. Without
changing the instrument in orizontal mo-
Latitude 85°507407" 88°50741,5" 88°50750" ticn, I sight to Polaris to make certain that
{ho sottings were made at elongation; thors
- sppeared to be no deviation In azimuth for
Azimuth some 15 or 20 minutes,
I1lay off the azimuth of Polaris, 1°1%/14", to the
west of the mean direction determined by

Declination of Polaris==38°560/41 57

33°00700" 1°11567 1°117447 the abservation and set 8 point for the test
me;;idia{:; then{ bt tdgxecc a{)d x{)etvexgeg
40,87 11218 1°12/14" 11204 sights, 1 ascertaln tha s angle subtende
33 231408 by the fiag on the cor. of secs. 1,8, 7, snd 12, 1
84 0000 11247 11234 0513'08"7, or 0°00U8Y from tibe reported
bearing.
90
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‘Azimuth of Polaris at Any HourdAngle

91. While there is no better method for the establishment of the
true meridian than the observation upon Polaris at elongation, yet
most of the year this requires night observing.  Should Poku'i’s be
?bicured by clouds at the time of elongation the observation must
ail.

the “hour angle” method admits of observation upon Polaris for
azimuth at any time that the star is visible; the precise watch error
local mean time must be known, but if this has been determined, the
hour. angle method becomes at once the most convenient. ’The
possible accuracy of the result compares favorably in every way with
the refinement to be obtained 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 shoulci
appear in the field notes with the record of all observations upon
Polaris for azimuth by the hour angle method, as the azimuth observa-
tion 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 becomes simple
and yet highly refined. The radio and stellar methods of time
determination add greatly to the certainty of having the right watch
correction in terms of local mean time. ‘

92. Azimuth of Polaris at any hour angle~—~‘‘t’’=sidereal hour
angle.a in angular measure; in hour angles exceeding 90° the function
“—sin ¢ cos ¢’ becomes positive by virtue of the cosine of an angle

b'etween 90° and 270° being treated as negative in analytical rediof
tions:
sin §
cos ¢ tan é—sin ¢ cos ¢

N Tan A=

~

A table of azimuths of Polaris at all hour angles, for latitudes from
10° to 65° N., appears in the Ephemeris, arguments: declination of
Polaris, mean time hour angle, and latitude of station. Ior other
than the latitudes given in the table, and for greater accuracy in terms
of seconds of azimuth, the engineer will be required to solve the above
equation.

92
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93. Example of computing the azimuth of Polaris, February 21,
1945, at o mean time hour angle of 2°37.4%, in latitude 33°20’ N., on
which date the declination of Polaris=89°0026"" N.:

Mean time hour angle = Q2137 4m
=z Qh37m24s 2b=30°
g7m= 9°15
Red. to sidereal hour angle = +26¢ 50s=  12/30"
Sidereal hour angle = 2b37m500 =39°27/30"
log cos ¢ = 9. 021940 log sin ¢ =0. 739975
“ tan & = 1. 761227 “ cost =90, 887666
“ oos ¢ tan 8 = 1, 683167 “ gin ¢ cos i =9. 627641
nat cos ¢ tan & =48, 213 nat sin ¢ cos i=0. 424
pat sin ¢ cos & e (0, 424 (—)
: log sin ¢ =9, 803127
Algebraic sum =47, 789 “ 47.789 =1, 679328
“ tan A =8 123799
=(°45'43"

Azimuth of Polaris at above hour angle, 4

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:

Azimutb of Polaris
Mean declination -+80°00720" Correction sub-
Mean time hour tractive for
angle declination
Latitude -BU°00/ 307
32° 33°20/ 34°
2129, §m 43'. 2 43'. 9 44/, 2 0.1
37. 4 45.8 0.1
30. 6 45.0 46,3 46. 7 0.1

By interpolation in the table the required azimuth of Polaris is
therefore found to be 0°45.8'—07.1=0°45'42"".

94, Example of computing azimuth of Polaris Sept. 15, 1945, at
o moan time hour angle of 7°25.17, in latitude 42°54’ N., on which
date the declination of Polaris=89°00710"" N.:

93
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Mean time hour aﬁgle ___________________ = 7825, 1m | Th=105°
. = 7252067 26m= §°30'
Reduction to sidereal hour angle_.. ... = -4 1m]3s 108 = 4745
Sidereal hour angle__‘ .................... =7b20m1Ge ==111°34/45""
lg‘g cos ¢ = 0, 864833 log sin ¢ =@, 832060
* tan 8§ = 1, 759287 “ cost =0, 565506
¥ cosgptan§ = 1624120 “ sin ¢ cost =0, 398565
nat cos ¢ tan § =42, 084 nat sin ¢ cos é ==, 250
¥ sin ¢ cos § =, 250(+) log sin ¢ =, 968441
Algebraic sum =42, 334 “ 42.334 =], 826689
# tan A =8, 841752
Azimuth of Polaris at above hour angle, A

=1°15'30"

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

Azimuth of Polarls
Oogrection ad-

1 st PR itive for

Mean time hour |- Mean declination --89°00'20" declination
angle - -+80°00°

Latitude
42° 42°5¢ 44° 107
7518, §m 75'. 0 767. 1 775 S 0.2
251 75.3
28. 8 73.7 74 .8 76.1 0.2
~

o fn% 1@?%5011?1%9?3 ino/?gi ]‘i%}fg}gg)’e required azimuth of Polaris is therefore
95. When vertical angle readings are taken in the hour angle
observation on Polaris, the reduction can be extended to include
the latitude of the station.
In the example in sec. 93 the mean time hour angle was 2837.4%;
the declination of Polaris was 89°00'26”” N. By including the mean

_observed vertical angle of 34°07730 in the record of the obscrvation
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the latitude may be reduced from the table in the Ephemeris, ar-
riving at the value ¢=33°20 N., as follows:

Primary adjustment, subtractive, Mean observed vert, ang. 0==34°07/30"
Polaris above the pole Refraction, . g 127
Mean time h=34°06'03"
hour angle Daeclination Prim, adj. to elev. of pole w —45/ 57"
Supplemental correction wm —04
86°00°10” t 80°00/26"7 89°00730" Latitude of station, $m= 3320702 N,
2b35,6% 0°46718” 0°46/05" 0°46'02"
2 37.4 0 4557
2 47.5 04414 0 4402 0 43 59

In the example in scc. 94 the mean time hour angle was 7"25.1%;
the declination of Polaris was 89°00710" N. By including the mean

observed vertical angle of 42°32730" in the record of the obser-

vation, the latitude may be reduced from the table in the Ephemeris,
~ grriving at the value ¢=42°54 N., as follows:

Primary adjustment, additive, Mean observed vert. ang., 9= 42°32°307
Polaris below the pole Refraction, = =103
Aean time h=42°31/27"
hi gle Declination
our &1 Prim. adj. to clov. of pols = 2227
Supplemental correction w —02
89°00'10” i R
Latitude of station, $=42°53/62"" N,
7h22.8m 0021754
7 251 Q2227
7 28.8 02320

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

To recapitulate, the following general program will be found best
adapted to the requirements of the every day public-land surveying
practice, and will be used 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 to test the orientation of the
solar unit: By hour angle observation on Polaris at sunset. ,

Azimuth, on line: By the solar transit properly adjusted to the
true meridian. :
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The most frequent substitutions and supplemental observations
include: For time, radio time signals, and the meridian passage of a
star in the equatorial belt. For latitude, vertical angle readings on a
star in the equatorial belt at meridian passage, and vertical angle read-
ings on Polaris by the hour angle method when observing for azimuth.
Azimuth for check observations at the camp meridian and on the line
of the survey, altitude observation on the sun and the brighter stars
in the equatorial belt by daylight methods, two well Placed observa-
tions, one southeast and one southwest.

The methods as outlined afford positive verification of every ele-
ment essential to the observations for time, latitude, and azimuth.

Hour Angle Observation of Polaris, Observing Program “a."

97. Select the observing station and make suitable provision to
mark the line defining the direction of Polaris; the flag point should
be not less than from 5 to 10 chains north of the transit point; provide
guitable 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.

Turn 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) of the second and third sights; then take the mean of points
g and “b" to define the true direction of Polaris at the moment 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,
mean 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 me-
ndian or to the west if Polaris is observed east of the meridian.

97
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Example of hour angle observation of Polaris for azimuth, observing

program ‘‘a’’:

Field record

‘ Transeribed field notes

Merldian observation of the sun for apparent noon:
$=43° 25.5 N 00° 60’

AN,

§= 6 16 N. 37° 00.5"
¢ 5=37° 06,5 v=52° 50.5°
Watch tima,
Sun's W. limb 12509m258
Sun’s E. imb 12 11 34
TWatch time of app. noon 12k30m308
App. noon = 12000=008
Equationof time= -1 49
L.m.t. of app.noon 11b58m1ys
Watch fast of 1. m. t. - 12108

Hour angle observation of Polarls:

Telescope Watch time
DHICO - - oeeceee v e e mmmmmm e 6h27m00s p. M,
Reversed. 630 10
Reversed. 633 00
DHICCH - o cmmc e ccmmmm o m 6 34 45

6h31m14s p, m,
—12 18

Mean
Watch fast of L m. ¢

.. t. of observation covemeccaaaos GhI%mS5 p, M.
fhi8.6m p. m.

Sept. 8, 1044, in camp in seo. §, T. 25 8., R.
3 W., Willamette Meridlan, Oregon, in Iatl-
tude 43°25'30” N., and longitude 123°04'30"
W., I mako a meridian observation of the sun
for apparent noon:

Watch time of obsn, = 12210=30¢

Watch fast of 1, m, {.=12m]0s

At tho samae station, at 68180=p. m,, L m. £, I
make an hour angle observation of Polarls
east of the meridian, making four observa-
tions, two each with the telescope In direct
and reversed positions, and mark the mesn
point In the line thus determined, on a peg
driven firmly in the ground, 10 chs. N,

Field record

Transeribed field notes

Sept. 7, 1944, Gr.m. t., U. C.of Polaris = 2b42.1m g, m,

Rod. to long, 123°04.5 V. = —1.3
.m. t., U. C. of Polaris = 20408 8. m,
v ’ +12
L. m. t. of obsn., Sept. 6 = § 18.9
TIour angle of Polaris cast of the )
meridian = §b2l,9m
- Declinstion of Polaris  ~ =88°50'48.7"

Azimuth of Polaris

Mean Correction

time Mean declination additive

hour 89°00/00” for declina-

angle tion 88°50/50"
Latitudoe

42° 43°25.5° 44°

BhIZ.0m £5.5 67.7 , 0.2
219 018 6.4 67.0 0.2
288 62,4 68. 5 0.2

<

Azimuth of Polaris =1°06.4/40.2"
k =1°00"36"

Watch time of obsn., mean of four readingsss
6h31m140 p, m.

Sept. 7, I lay off the azimuth of Polaris,
100636, to the west, and mark the meridian
thus determined, by a tack in a pog driven
firmly in the ground, 10 ehs, N,
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Hour Angle Observation of Polaris, Observing Program “'b"'

98. Select the observing station and choose a suitable reference
mark in any direction. The reference point should be not less than
{from 5 to 10 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 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 1s bisected.

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 bisected.

Turn 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 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.

The mean of the four horizontal deflection angles may be taken,
to which must be applied the proper value of the azimuth of Polaris
at the mean epoch of the observation, to give the true bearing of the
reference mark, from which the true meridian may be laid off.

The hour angle observation for azimuth should always be coupled
with an observation for time, or some other determination of the exact
watch correction in terms of local mean time. By reading the vertical
angle at each setting it may be combined with the latitude observa-
tion. The latter observing program is generally regarded as the most
useful in the everyday practical work, and most convenient if made
during the twilight period at sunsct or sunrise.

Increased accuracy in the horizontal angle determination may be
secured through modifying the observing program, by using the
method of repetitions instead of the four separate readings. On some
important surveys (transit methods apart from orientation by the
solar unit) this observing program may be carried through daily,
giving assurance that no appreciable accumulative errors have entered
into the calculated direction of the lines.
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On the plan as described above, the observing program ‘b’ may be ‘
restated as follows: \ v Fleld record : Transeribed field notas
Thoroughly level the transit.
. . : oL : Hour angle observation of Polaris: Oct. 13, 1044, at 8 transit point, on a tract of
With the telescope in the direct position, first set on the reference ~ ur ane Iand iider;nﬁed as Outlot Lettered gr sita-
. i . ated in the town of Waldo, Russell County,
mark, then turn the plate angle and vertical angle positions to bisect Horizontal Kansas, 1o WISV See. s, T, 15, & 19
B \ . . . angle from 6t in er., in latit 'de 39° 07’24”N
Polaris for both horizontal and vertical angle; note the watch time; Telescope e tto. | Watch timo || and longituds 08479/ W, I find by compari
1 L h 1 1 Polarls, by son with & Western Unfon telegraph clock
record both angles. Leave the plate clamp set. repetition that my wateh (5 10°40° SIow of 60tk merid-
. . . “ stan time,
An assistant should multiply the first horizontal angle by 2, 3, and ; At'the samé station, at 5420207 p. m., 1, m,
: 1°13/30”7 (5k42m42s p.m. I make an hour angle observa&lon of I’ohri:,
4, to give the settings for the subsequent sightings. , 541 22 east of the meridlan, two each With the tele-
545 22 . scope in direct and reversed positions, read-
Loosen the lower clamp, reverse the position of the telescope, set 45430 546 12 ing the horizontal deflection angle, by repti-
tion, from tho W. edge of o post, 20.50 chs.
back to the observing mark, using the lower tangent motion. Turn v Moan. o ooooeoeenenn 1°13/38" |sh44m30e p.m. || _ N, east to Polaris,
. . . . ] . Watch slow of g0th mer, standard time 410 40 Wateh time of observation = 5b44=305 p, m.
the horizontal and vertical angles a second time, for the second sight~ Correction for longiiude ~35 12 Mean horizontal angle,
. . . . ; . : Polaris to W. edge of post  =1°1338" W,
ing on Polaris; note the watch time; record the vertical angle. Leave L.1m. t. of obsn., Oct. 13, 1044 = 20=07tp. 1. || Asimath of Polari =1°14 45" B.
: : . s=(520.1= p.1m.
the plate clamp set. 0. G\ of Polarls Oct. 14 1084 ~BrneT Truo bearing of W.edgoof
o Gr.m. t,, of Polaris Oct. L = 0= gom. 08 = N.0°01 £,
With the telescope unchanged for pos1t1on, loosen the lower clamp, ) Red, o fong. §5°47.9' W. = ~11 P
set back to the observing mark, using the lower tangent motion. L.m.t.of U.C., Oct. 14 ~gHs9e am.
Make the 3rd sighting on Polaris; note the watch time; record the L. 1. t. of obsn., Oct. 13 =521 p.m.

vertical angle. Leave the plate clamp set.

Turn the telescope to the direct posmon loosen. the lower clamp,
set back to the observing mark, using the lower tangent motion.
Make the 4th sighting on Polaris; note the watch time; record the
vertical 'angle. On this setting, record the plate reading, for which
the horizontal angle has been repeated, or accumulated, four times.

Divide the last plate reading by four; the quotient is the value of
the mean horizontal angle of the observation. References: repeti-

Hour angls of Polaris east of the
meridian =gh55 8=

Declination of Polaris =80°00'01"" N.

Azimuth of Polaris

Mean deelination +88°00°00”
Mean time
hour angle

" Latitude

tion of angles, secs. 36 and 55. - — ”
The following example is by the method of repetitions, observation ® soror 0

for azimuth (the data for the vertical angle readings, and the reduec- 741 ) 76.%/

tion for latitude not being included). By T e

Example of hour angle observation of Polaris for azunu’oh observ-

“pr. Azimuth 0! Polaris~l°14 75
ing program “b’’:

5:/
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Example of hour angle observation of Polaris for azimuth and
latitude, observing program “b”:

-

Transcribed field notes

‘July 7, 1944, at a transit point at Curley Seep Guard Station, Coconino National
Torest, in the SEUSWY see. 21, T. 24 N., R. 6 E., Gila and Salt River Mer,
Arizong, in approvimate latitude 35°26 N., and longitude 111°46’ W., elevation
approximately 7,600 fi., at 7b40.4= p. m., L. m. t., I make an hour angle observa-
tion of Polaris east of the meridian, for azimuth and latitude, making four obser-
vations, two each with the telescope in direct and reversed positions, observing
gimultaneously the vertical angle to Polaris and the horizontal angle from a well
defined point on a dead pine approximately 15 chs. N., E. to Polaris. My watch
reads correct Mountain Standard Time, as checked by radio time signals.

Telescope Wetch time Hoéifﬁ(}gml Ovtc):sr(%ll‘ovaeld
p.m, i © angle
{
Dir. 8503002 1°31/307 : 34°31/00"
Rev. 8 05 45 12900 ) 34 28 00
Rev. 8 08 50 13030 34 28 30
Dir. 8 12 12 1 3400 34 3130
Mean | {uQTm27" 1°31/30" == 34°29/45'"
' Refraction, r ‘
Azimuth of Polaris =N, 0°18742"" E. (8477 % TT7=065"") = —105
e Primary adj. to '
Bearing of mark =N, 1°12/48"" W. elevation of pole = -}-58 25
s Supplemental corr. = 000
Latitude, ¢=35°27705""
Field record

= 8:07=27¢ p. m.
= —27 04

Watch time of observation
Watch fast of L m. f.

L. m. t. of observation = 7b40m23% p. m.

U. C. of Pol.,, Gr. m. t.,, July 8 = 6240.8= a.m.
Red. to long, 111°46" W. —1.2

= (r39.6= a.m.
-4+12
= 7 40.4 p.m.

L. m. t. of Upper Cul,, July 8
.. m. t. of observation, July 7

Moan time hour angle of Polaris cast of tho
meridian =10%58.2m
Declination of Polaris = 88°50'38"
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Interpolation from tables in Ephemeris:

For latitude For azimuth
B Declination Latitude
Hour angle C?ﬁfgc'
88°50/20” . 83°50/38" 88°60/40" 34°00/ 35°27 36°00° | ndditive

10858,2m__1 0°58738"/ 0°58'19"* 18.5 ’ 19.0° 0.1

10 59.2...1 0 58 42 0°58'25’' 1 0 58 23 18.2 18.67 | 18.7 0.1

11 08.2__. . 15.5 Y1 159 0.1

11 10.2...] 0 5922 0 5902 :

Prim. adj. to clev. of pole ==(°58'25" ’Azimuth of Polaris =(°18.0’

Supplemental correction =0 00 00  Correction = 0.1
=(°18.7

N. 0°18742" E.

"Polaris at Sunset or Sunrise

99, If the sky is clear Polaris may be most conveniently obscrved by
the hour angle method at sunset or sunrise without artificial ilumina-
tion. The preparation for the observation consists in computing in
advance the approximate settings in azimuth and altitude in order to
find Polaris. The plan contemplates an approximate reference merid-
ian. With the time of sunset or sunrise assumed as the time of obser-
vation, the hour angle “¢” and azimuth “ A7 gre ascertained in order
to find the position of Polaris in azimuth. . The position in altitude
is found as indicated in section 76, hour angle method. The vertical
angle will be equal to the latitude of the station plus the primary
adjustment when Polaris is above the pole, or minus when below,
taking this value from the tabulation given in the Ephemeris.

The “settings”’ for finding position are approximations, to bring
Polaris reasonably ncar the center of the field of the telescope where
the star should be found in plain view. The telescope must 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 may not be noticed during daylight. When Polaris has been
tound the observation may proceed in accordance with cither observing
program “a’” or “b" of the hour angle method, the reductions to be
based upon the data derived in the observation. The settings should
be made ench time for the several sightings. The daylight hour
angle method is particularly desirable because the observation, includ-

“ing all instrumental work, marking of points upon the ground, cte., is

accomplished without artificial illumination, and sunsct is usually a
convenient time to devote to this field duty.
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Example of the computation of the position of Polaris at sunset,
May 6, 1945, at a station in latitude 47°20° N., and longitude 102°40’
W.:

Trom the Ephemeris the declination of the sun is found to boe 16°40’ N.; the
equation of time 3=, to be subtracted from apparent time; upper culmination of
Polaris, Greenwich meridian 10248.8» a. m.; the declination of Polaris <+ 89°00706"'.
By entering Table 17, Standard Ficld Tables, the apparent time of sunset is found
to be 7215™ p. m, :

May 6, 1945: Sunse = 7v15m p. m., app. t.
Equation of time = —3
Anticipated time of obsn. =  7Pl2®p. m, Lm, t.
+12
© Gr. U, C. of Polaris ==10248.8= a. m. W
Red. to long, 102°40" =" —1.1 10 48 a. m.,
Hour angle of Polaris, west of meridian 8h24m Az 1°10' W,
Latitude of station == 47°20/ )
Vertical angle adjustment, o
Polaris below the pole = —306 v 46°44

Example of the computation of the position of Polaris at sunset,
November 6, 1945, same station:

Declination of the sun 16°06" S.; cquation of time 16= to be subtracted from
apparent time; upper culmination of Polaris, Greenwich meridian 10844.0=
p. m.; declination of Polaris +89°00/30"". i

November 8, 1945: Sunset = 4bgym p. m., app. t.
: Equation of time = —16
Anticipated time of obsn. = 4231= p, m,, L. m. t.
Gr. U. C. of Polaris =10b44.0m p. m. . .
Red. to long. 102°40° = —1.1 10 43
Tlour angle of Polaris, cast of meridian ghl2m Ax1°27 L.
Latitude of station =47°207
Vertical angle adjustment, e
Polaris below the pole = —04 v5<£47°16

Example of the computation of the position of Polaris at sunrise,
November 7, 1045, same station:

Declination of the sun 16°17" S.; equation of time 16= to be subtracted from
apparent time; upper culmination and declination of Polaris same as above.
November 7, 1945: Sunrisc = 7b13= g, m., app. t.

~ Equation of time = 10
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Anticipated time of obsn. =  6b57= a. m., 1L m. t.
+12

33

Upper culmination of Polaris, Nov. 6th = 1043 p.m,

Hour angle of Polaris, west of meridian 8bl4m 4x1°12" W,

Latitude of station =47°20
Vertical angle adjustment, .
Polaris below the pole = —33 v 4647 ¢

¥
References and examples, sunset or daylight observations of Polaris:
Sections 60, 61, 71, 76, 87, 97, 98, 113, 115, 116.

Altitude Observation of the Sun for Azimuth, and of the Stars
Within the Equatorial Belt

100. While the several methods of observation of Polaris for
azimuth are employed most extensively in the public-land surveying-
practice, there are many times and situations where the direct altitude
observation upon the sun is extremely useful in order to expedite the
progress on the survey and to add to the accuracy where needed.
The bright stars within the equatorial belt, well placed through the
whole 24-hour period, are available in the same manner, and may be
observed in addition to the sun, or be substituted therefor whenever
the sun may not be in favorable position. These alternatives should
be understood, and be taken advantage of whenever and wherever
the progress and/or the accuracy of the survey may be improved
thereby. In general these observations are supplemental to the
normal running of the lines by solar transit orientation, in order to
improve and to verify the line work, and to secure known accuracy
in the test meridian that is usually established at the party camp-site.
Some of the conditions will be enumerated so as to emphasize the
usefulness of the methods.

The sun is available at all times when in favorable position and not
obscured. The altitude observation will frequently permit a prompt
start on the survey in advance of an opportunity for the usual Polaris
observation. Also, at stations far removed from the party camp,
wherever and whenever the solar transit orientation should be verified
or supplemented in this manner. The direct observations during the
progress of the survey, on the lines as run, to check or verify the
orientation will contribute immeasurably to the certainty that the
solar unit is performing well. The sltitude observation will give
prompt notice if the instrumental adjustments have been disturbed
to the point of disqualifying the instrument for continued use, until
the adjustments have been corrected.

Note that the sun is not always in favorable position for the best
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observing. Some of the stars are always in favorable position, both
in hour angle and declination. Some of them may be selected in
favorable position at any time or place. The brighter stars may be
picked up during the daylight hours if not obscured by haze or clouds.
The stellar altitude observations are particularly useful during the
periods when the sun is not in favorable position. For example, in
the southern States during the summer months the sun is too high
for the noon observation for time and latitude. In the northern
States from late October until late February the sun is too low for
the best observing for time and azimuth, or for solar transit orientation.
The bright north declination stars are especially helpful for the observ-
ing in Alaska; the south declination stars for the meridian time-and-
latitude observations in Florida. « _ :

The trigonometric clements for the altitude observation for time
and azimuth are vertical angle, latitude, and declination of the sun or
the star.

- Accuracy in latitude is essential to good observing for azimuth by
the altitude method. Sections 73 to 76, inclusive. If the latitude
has not been well determined previously, the azimuth observation on ;
the sun southeasterly should be balanced by one southwesterly, at ]
about the same vertical angle. The two results, when combined, will 4 - i "
compensate for the unknown discrepancy in latitude.

The precision with which the azimuth may be determined by the

altitude observation of the sun or & star is directly related to the ‘ ; N \
certainty with which the vertical angle may be determined. The : N : A
error in azimuth that results from a discrepancy in vertical angle u SRS
increases rapidly in the higher altitudes, with a decrease in the hour It 9
angle, and with the southerly declinations. (This is illustrated in -
the graph, page 119). Presuming appropriate care in the observing, and <
that the instrumental adjustments are in good order, but with the
possibility of an uncertain residual discrepancy in vertical angle read- ‘,; ]
ings, it is shown in the graph that the error in azimuth which would . Yadals
result from such discrepancy may be multiplied one, two, or three =
times, depending upon the sun’s position in altitude, hour angle, and
declination. The checlk for this uncertainty is to balance an observa-
tion southeasterly with one southwesterly, at about the same vertical
angle. The azimuth “A” derived from the reductions of the observa-
tions will be either too large or too small in both a. m. and p. m., and
will be compensated by taking the mean of the two results. If this

discrepancy is found to exist in performance, the difference between

the . m. and the p. m. results will be kept at the minimum in the
vertical angles from 20° to 50°, at hour angles not less than 3 hours,

A bright star in north declination should be substituted for the sun

when the latter’s south declination exceeds 10°.
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The altitude observation calls for accuracy in the instrumental
adjustments, and for good judgment in the selection of a well-formed
pole-zenith-sun triangle. Vertical angles from 20° to 50° are to be
preferred, not less than 3 hours from meridian passage, and north
declination. A bright star in north declination is much better than
the sun when the latter’s south declination exceeds 10°.

Tn order to balance the altitude observation for azimuth, to com-
* pensate for uncertainties in vertical angle, the sun may be observed
southeasterly and southwesterly; or the sun in one position and a star
in the companion position; or two north declination stars may be
sclected, especially when the sun is in southerly declination; ete.;
the purpose being to balance the observation in nearly the same verti-
cal angle, and to secure well-shaped celestial-triangles. Sections 112
to 116, inclusive. ' ' o

The General Land Office solar transit is equipped with a full vertical
circle; a neutral-tint colored-glass in the dust shutter of the eye-piece;
o removable prismatic eyc-piece; and, a removable reflector for ilum-
inating the cross-wires. These are essential to rapid and accurate
altitude observations, and for the night observing. The latest model
is equipped with a solar circle in the reticle of the transit telescope;
this gives the horizontal and vertical angle sightings to the sun’s
center (instead of to-the limbs). Sections 41, 77, 112. Note that in
the diagram of this reticle (line cut, sec. 112), double lines are provided
for half of each the vertical and horizontal cross-wires; this spacing
is to improve the stellar observation for exact centering, avoiding the
complete covering of the star by the wire (as the latter may obscure
the star in the daylight observation).

There are o number of equations for solving the altitude observation
for azimuth, in which the clements are vertical angle, latitude, and
declination of the.sun or the star. These are companion equations
to those employed in solving the altitude observation for time, using
the same clements. Some of the equations are adapted to the use of
natural trigonometric functions and the computing machine; the same
equations may be employed by logarithmic reduction in combination
with the natural functions; some are adapted to strictly logarithmic
reduction. The examples will llustrate the several uses. Occasivn-
ally, for a check against a possible error, if the results do not come out
as expected, a second reduction may be made, using another equation.

The same equations are employed for the stellar observations as
for the altitude obscrvation of the sun. With the stars there is no

reduction to center, no correction for parallax, and no hourly change

in declination. The sun and the stars have the same corrections for
refraction in zenith distance, the latter subject to temperature change
and to differences in barometric pressure.
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Under the Manual rules, a series of three altitude observations upon
the sun, each with the telescope in direct and reversed position, are
required. Each pair of direct and reversed sightings are comb:ined
fxnd_ reduced as one observation. This will give three results for the
indicated bearing of the reference mark. The separate results will
vary somewhat, much the same as separate orientations of the solar
upﬂo. When desired, in order to guard against error, or to check a
discrepancy, any of the sightings may be reduced to the sun’s center
and solved separately. ) ’

For the stellar altitude observation four sightings are required, two
each with the telescope in direct and reversed position, to be red’uced
as one observation. The number of the observations may be increased
as thought desirable, although it is regarded as good practice to limit
the number of sightings to not over four or six in any one series.
Any of them may be reduced separately if desired to check against
an error in the reading of the angles. As each sighting is “centered”

- on the star, the differences in the rafe of travel in time, horizontal

angle, and vertical angle, will be uniform; these differences in the
readings may be checked quickly by slide-rule method.

_ It should be emphasized that none of the reduced altitude observa-
tions for azimuth, in terms of the indicated bearing of the reference
mark, standing alone as one observation, can be regarded as within
the' attainable limit of accuracy of the I-minute transit until duly
verified by a completely independent method, such as the Polaris
p'bservation to check the altitude observa‘tion, or the altitude observa-
ion southeasterly balanced with one southwesterly. '

' 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 ccnter, the horizontal angle being referred to al ﬁ?ced
p.ointv. With the true vertical angle to the sun’s center, the declina-
tion of the sun, and the latitude of the station all known, one of the
following equations is entered and a calculation made of the azimuth
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 recqrded angle to the sun’s center gives the bearing of the refer-
ence point.

102. Altitude observation of the sun for azimuth.—Reverse the signs
of “8" for south declinations:

T A=, (08 % ({+¢+8) sin ) GFé—0)
an % AJCOS % (¢—¢—35) sin % (f-—tb—}—é)

Th(_a spheriqal angles ‘¢, “¢”’, and ‘4"’ appear in this equation
combined as in one formula for the reduction of an altitude obser-
vation of the sun for apparent time.

- : 102
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103. Altitude observation of the sun for azimuth.—For south decli-
pations 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
« 47 is referred to the north point, but if negative, the azimuth “A”
i referred to the south point: :

Cos A= sin &

o5 4 cosh cos;h"tﬂn ¢ tan h

104. Altitude observation of the sun for azimuth.—The follpwing
equation is expressed directly in terms of the spherical trm.ngle
“pole-zenith-sun:” Reverse the sign of ““§” for south declinations:

Pole to zenith =90°—¢¥ colat.;
Pole to sun  =90°—8= codecl.; -
Zenith to sun =90°—h= coalt.;
S=1 sum of the three sides:
Cos ¥4 A__Vsin S sin (S—codecl.)
4 A=

sin colat. sin coalt.

Observing Program, Morning

105. Thoroughly level the transit.

With the telescope in direct position observe and record the hori-
zontal angle from a fixed reference point to the sun’s right li'mb,
and the vertical angle to the sun’s upper limb; these observations
must be simultaneous, the sun will appear as indicated; note the
watch time st the moment of the observation: -

Reverse the transit. .

Observe and record the horizontal angle from the fixed reference
point to the sun’s left limb, and the vertical angle to the sgn’s lower
limb; these observations must be simultaneous, the sun will appear
as indicated; note the watch time at the moment of the observation:

The mean observed vertical and horizontal angles, and the mean

watch time are to be used in the reduction; this constitutes one
observation, which is repeated until a series of three direct and
reversed sightings 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:

Tirst observation, telescope direct, observe the sun’s right and
lower limbs: 9~

Second observation, telescope reversed, observe the sun’s left and

upper limbs: -
103
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107. By the above observing programs the horizontal and vertical
angles in the direct positions of the telescope will be found of about
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 reversal and .
second setting. Differential refraction is therefore eliminated; it is
desirable 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 plan.

The most suitable hour for this observation is when the sun is mov-
ing rapidly in altitude. Section 100. When the sun has been brought °
into about the proper position in the field of the telescope the ob-
server by horizontal tangent motion 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 moment of proper tangency of the two
limbs to the two wires the observation is completed by calling ‘‘time”’,
stopping all motion until the angles are recorded. It is very helpful
for an assistant to read the time and to enter all records.

The data for each altitude observation, resolved to the sun’s center,
are obtained with minimum involvement through the steps that have
been outlined in the cbserving plan described above. This is recom-
mended until skill in the technique of the observing has been acquired.
After that has been accomplished, the period that is required for the
observing may be shortened by arranging the recording on the plan
shown below, the six sightings to be reduced as one observation.
The check against chance error in the readings is secured through
comparing the means A-B-C that are indicated, which should be about
the same numerically provided the time spacing is nearly uniform from
1t02,2t03,4t05 and 5 to 6. Any large discrepancy in the means

This order, A.-M. This order, P. M. :
Tel. - A i ~ Vg‘?gél Hor, Ang. | Vert. Ang.
e i gV
1| Dir, | Upper-right..... Lower-rightcceealecmcmamalcccinenaecnanan
6 | Rev. Lower-left. ..o Upper-efto e ianameemee el ceamnae
: Mean.....ua- A A A
-2 | Dir, Upper-right.....- Lower-rightome e je e ce e icccc e
5 | Rev. Lower-left_ . owu- Upper-left_ oo e eeee
Mean__..cun. B B B
3 | Dir. Upper-right...... Lower-righte el c e m e
41 Rev. Lower-left. .. ... Upper-1efta oo e e
Mean...owaaan C C C
Mean of all..._. A-B-C | A-B~C | A~B-C
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will indicate a misreading at some point. If the means are slightly
irregular, the differences from 1 to 2,2 t0 3,4 to 5, and 5 to 6, which
should be proportional, may be checked by slide rule method.

An equivalent observing plan, thought by many engineers to be a
simpler tangent-motion manipulation, may be substituted if desired,
as follows: )

A. M,

Directs Approximate first setting:

Follow with vertical tangent motion:

Reversed: Approximate first setting: ‘
Follow with horizontal tangent motion: L%‘
P. M.

Direcns Approximate first setting:

Follow with vertical tangent motion:

Reversed: Approximate first setting: S‘
Follow with horizontal tangent motion: ' { t
- 108. Example of direct altitude observation of the sun for azimuth
and time, sun north declination:

Transcribed field notes

August 4, 1944, at o point 35 lks. south of the cor. of Tps. 7 and 8 N, Rs. 1
and 2 E., Salt Lake Meridian,

111°46740"" W., at
random south boundary of sec. 31, T.8 N, R. 2 E. (8. 89°5

mine the correct local mean time, I
the sun for azimuth and time, each wi
tions, observing opposite limbs of the sun,
flag on my line to the east, southward to the sun,

local mean time.
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Utah, in latitude 41°92740' N., and longitude
9b17= a. m., I m. t., in order to verify the alinement of my
9’ W.), and to deter-
make a serics of three altitude observations of
th the telescope in direct and reverse posi-
and reading the horizontal angle from a
My watch carries approximate
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Ob 5
tslgng- Telescope Sun Watch time Vertieal atgle | Sopizontal angle,
flag to sun
1st set...| Direet Z:}—_ 9b 15m 05
_____ m s | 46° 347 007 | 21° 0O/ "y
\ Reversed.... @) 9 15 59 ;46 10 00" | 20 28 88
Mean.ce fewecnann —w-l OB 15m 328 | 46° 22/ 0077 | 20° 44’/ 30

2d sei...] Direct d——— g 17 02
ot .- ™ 5 460 54/ OOII 210 ’ 1
Reversed. . --—Q— 9 17 36 |46 26 00 20 gg 88 .

I\Iean-f-- ________ .| 9B 17 1051 46° 40’ 00’7 | 21° 08 30/
3d set...| Direct d— gb 18= 41 o
..... m 51 47° 12/ 00" 1° o0
Reversed... '——Q- g 19 20 |46 45 00 g} ?g 88
Mean oo e mcommmo- gk 19= 00+ | 46° 58" 3077 | 21° 34’ Q0
By 1st obsn. flag bears N. 89°58/10" E.
By 2nd obsn. flag bears N. 89 50 23 E.
By 38rd obsn. flag bears N. 89 5908 E.
Mean true bearing of flag N. 89°59'14'" L5,
Watch slow of 1. m. ., 1st obsn. == 250
1 113 0 113 ond ¢ ) =90
88 141 [13 . £ srd € m25
Mean watch time slow of 1. m. 1. =~2—{.’;
Field record

) . -
Ihe de]chn&tlon Of the sun fOI the mcean pezlod Of the thf ce ObSC’ rvations is
f . . . .
I hC ollowing red?'cthnS are ma de to Obtﬂln tbe true vertical angles Of the 8b0ve
D]:SE] rations:

1st obsn. ond obsn. 3rd obsn.
Y e . canran! .
Mefrastion 1111 1ITIIIIIII 7 B 0 It
Parallax...__._....... . o - +06 06" o6
P e e ————— 46°21/11" 46°397117 46°577421
108
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The following examples of reduction are all by the equation:

sin 8
= e — {111 an b
Cos A o5 b cos h toan ¢ b
1st sets :

log cos ¢ 9. 875274 log sin § 9. 409842 log tan ¢ 9. 944941
log cos b 9. 838983 log tan & 0. 020520
log  9.714257 log 9. 714257 log 0. 965461

log  9.755585 pat— . 92355

nat+ . 56962 nat+ . 56962

Cos A— .35393
True bearing of sun 8.69°16'20" E.
Angle, flag to sun +20°44'30"

8.90°00'50" L.

True bearing of flag N.89°59/107 E.

2d set: )
log cos ¢ 9. 875274

log cos b 9. 838580

log sin § 0. 4069842 log tan ¢ 9. 944941

log tan A 0. 025074

JRS———

log 9. 711860 log 0.711860 log 9. 970015
’ log  9.757982 nat— . 93328
nat+ . 57277 nat+ . 57277

Cos A . 30051
True bearing of sun 8.68°52'07"" E.
Angle, flag to sun - 4-21°08'30"

8.90°00'37"' E.
True bearing of flag N.89°59'23"" E.
3d set:

log cos ¢ 9. 875274
log cos b 9. 834085

PREDUEERE—

log tan ¢ 9. 944041
log tan b 0. 020762

log sin & 9. 469842

fog 9.709368 log 9. 974703

log 9. 709369
log 9.760473 nat— . 94342
nat-+ . 57607 . nat-+4 . 67607
Cos A— . 36735

True bearing of sun $.68°26'52" E.
Angle, flag to sun 4-21°34'00"

. 8.80°00'52"" E.
True bearing of flag N.89°59’08"/ E.

The above observations are reduced for time by the equation:
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sin b ' :
08 {=—r oy — ,
» C t o5 ¢ cos 8 tan ¢ tan §
1st obsn.:
log cos ¢ =0.875274  logsinh ==9.859503 log tan ¢ .
log cos & ¢ =9.980228 log tan &
9.855502 . 9.855502 log
log ==(,004001 nat (—)
nat (+) =1.00025 .
.27199
cos t = 73726
{==42°30'05"'=2550=00" =9b10=00° 2. m.
Equation of time = -}§ &7
L.m.t. of observation = =9Qh15m57° a, m.
Watch time of observation=90 15 32 a. m.
Watch slow of L.m.t. = 250
2d obsn.:
logsin b =9.861660
log cos ¢ cos & =9.855502
log =0.006158
nat (4) =1.01428
nat tan ¢ tan & (—) = .27189
cos ¢ = 74229
© o 1=42°04'23// =2548=]8" =0blim42¢ g, m.
-~ Equation of time = 45 57

L.m.t. of observation =Qb17m030% g, m,
Watch time of observation=9 17 39 a. m.

Watch slow of L.m.t. == 208

3d obsn.: N
: ‘ log sin b =9.863856
log cos ¢ cos 8§ =9.855502

log =0,008354

nat (F) =1.01042
P pat tan ¢ tan 8 (—) = .27199

cos ¢ == 74743

1=41°37/54' =2846m32 = =02137287 a, m.
Equation of time 45 57

L.m.t. of observation =Qblgm25% g, m.
Watch time of observation=9 19 00 a. m.

il

Watch slow of local mean time= 25¢

127

=0.044941
=0.489614

=0.434458
= 27100

Example of similar direct altitude observation of the sun for azimuth

and time, sun south declination: Manual Appendix II.
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109. The first set of the above series is selected for an example of
reduction by the equation:

, 4 [sin Ssin (S—codecl)
Cos ’ A—\/ sin colat. sin coalt.

(90°—¢) 90°—41°22'40"' = 48°37'20"’ = colat.
(90°—5) 90°—17°09'30" = 7205030’ = codecl.
(90°—h) 90°—46°21'11"" = 43°38'49""=coalt.

2 §=165°06"39""
S= 82°33'20"
codecl, = 72°50'30"
S-codecl.= 9°42/50"
log sin S . 0.9006324
log sin (S—codecl.) 0.227188

log 9.223512
log sin colat, 9.875274
Jog sin coalt. 9.838983

log 9.714257 0.714257

log cos® % A 9.509255
log cos ¥ A 0.754028
%A 55°21749"/

A N.110°43'38" E.~
True bearing of sun S. 69°16'22"7 L.
Angle, flag to sun 4-20°44'30"

8. 90°00'52"' E.
True bearing of flag N. 89°59'08"" E.

Example of similar reduction by the same equation, sun south
declination: Manual Appendix IT.

110. The first set of the above series is again selected for an example
of reduction by the equation:

y A [cos EEEo+E) sin ¥ (C+o—0)
Tan J A cos % ((—¢—20) sin } (F—¢+0)

$0°00700"
h= 40°21'11"'

U

= 43°38/49"

= 43°38749"

b= 41°22740" N ¢= 41°22740"
r b= 85°01729"1 == 2°106'09"

5= 17°09'30" s= 17°049'30"

Y ISR

4 o+8=102°10"59"
Y+ ¢-+8)= 51°05'30"

t—otse= 10°25'39"
Y(t—pto)= 0°42750"
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t4+o= 85°01'29"
= 17°09'30"

t+e—s= 67°5159"
K& +o—8)= 33°56'00"

t—¢= 2°1809"
§= 17°09'30""

r—¢—8=—14°53/21"
Wi —p—8)= —T7°26'41"

129

log cos B+ ¢-+3) 0.798012
log ein ¥ +¢—9) 9,746812
0.544824
log cos ¥(r—¢—28) 9.996324 . v
log sin }§(t—¢-+28) 9.227188
. " 0.223512 9.228512
logtan? % 4 0.321312
log tan 3% A4 . 0.160058
%A 55°21750"
- A N. 110°43'40" E.
True bearing of sun < B, 69°167207 E.
Angle, flag to sun +-20°44/30""
True bearing of flag N. 89°59'10" E.

Example of similar reduction by the same equation, sun south =
declination: Manual Appendix IIL.

111. The first set of the above series is likewise selected for an
example for the computation for time by the equation:

L O GFe—b) on { T—¢9)
Tan ¥ t"\/cos Y (fLo18) cos % ({—¢—3)

log sin ¥+ ¢—8) - 9. 746812
log sin %(f—¢+5) 9. 227188
8. 974000
log cos Y (t+¢-+8) 0, 798012
log cos YW(r—¢—28) 0. 006324
9. 794336 9. 794336
log tan? % ¢ . 9. 170664
log tan 31 9. 589832

¢ 21°15°03"
¢ 42°30°06"7 =2450=00°

Apparent time of observation  =9210=00%.m.
Equation of time | = 45 57
L.m.t. of observation = = == Qh1pw57a. m.
Watch time of observation =0 15 32 a.m.
Watch slow of local mean time == 250

Example of similar reduction by the same equation, sun south
declination: Manual Appendix II.
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The Solar Circle

112, The design of the reticle of the transit telescope to include a
circle that is equal to the image of the sun’s diameter adds a desirable
improvement to the technique of the altitude observation for azimuth,
There are two advantages, first, all sightings for vertical angle and
horizontal angle read to the sun’s center; second, the manipulation of
the vertical and horizontal tangent-motions to the position -of con-
centric fitting of the circle to the sun’s image may be accomplished with
utmost certainty that the values for the vertical and horizontal angles
are exactly simultaneous.. Any single sighting may be reduced sepa-
rately, if desired; or, in the event of a suspected misreading of an angle,
the differences between the several sightings, in travel time, vertical
angle, and horizontal angle, which should be proportional, may be
quickly checked by slide rule method, to make certain which reading,
if any, shows a discrepancy in excess of what should be expected in
good observing.

JT

i

The solar circle has a radius of 15’45’/ this is spaced for the sun’s

semidiameter on July 1, which is the approximate minimum for the
year.

Tho design of the reticle provides for stadia observations by using
both the vertical and horizontal rod, on the ratio of 1:132; this is ex-
plained in sections 33 and 34. ’ v

The double cross-wires in the left and in the lower halves (direct
position of the telescope) are spaced at 40’/; this is to improve the
daylight stellar observation. The double lines avoid the covering
of the star by the cross wire (which may casily obscure the star). The
centering and the manipulation of the tangent motions is indicated in
the following diagrams:

112

K
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Direct : ‘ Reversed
‘ S s \
: =
l } Star’ i

/

Both tangent motions required. Center In
one position, and back-up to follow star
while bringing to center In the second
position ¥

Follow starwithvertical -
tangent motion

'\SW, ‘—_H:
X+

Follow starwith vertical Follow star with horizontal tangent motlen,

tangent motion
The practices and other comments with respect to the reticle of
the above design are referred to in sections 33, 34, 41, 77, 100, and
Manual Appendix IT, section 78, model C. .
Example of direct altitude observation of the sun for azimuth,

using transit equipped with solar circle:
' Transcribed field notes

June 15, 1045, at obsérvation station No. 1, a crossin .the sic%e“.'alk oxrn th(_a south
side of C Street, opposite-the south entrance to the Interior Buxldxng, Washington,
D. C., in latitude 38°53/30” N., and longitude 77°02" W., elevam’on above sea
level 10 feet, and temperature 70° F., at 8h1bm g, m.,\appa'rent .tlme, I mt{ke a
series of altitude observations of the sun for azimuth, m.agmg six obs'ervatvlons,
three each with the telescope in direct and reversed posxtl_ons, observing simul-
taneously the vertical angle to the sun’s center and the Ifonzontal angle from the
tip of the Washington Monument, approximately 40 chains southeasterly, to the
left to the sun: i

Horizontal
- . Apparent Vertical angle,
Observation - Telescope {ime angle monument
fosun
Gh13mee.. .| 30°57°007..1  34°38700"
giffﬁt """""" S i O 84935700"
Direet... 10077007 "} 84°20°00
2] Reversedoeaeeans -] 40°20°30°72. 1 840181007
2| Reversed.ilioo. gt I Y
| Reversed-ooca-nn hageszoor il 3400000
"""""""""""""""""""""""""""""""""" T
By 1st obsn, monument DEATS.eecwonaremmreno- S. 54:40:06” g
4
By 2nd obsn. monuwment DeAS. « o momnmamnnamas 8. 54041,01” .
4 g
By 3rd obsn. monument DeATS «omeeonauenmnonan S. 5404036” g
By 4th obsn, MONUMEDY DEATS. . lenusnmcnncanmnn 5. 54040,00” o
By 5th obsn. meonument bears. ..o ocmoomreoonn S. 54040’32” g
By 6th obsn. moNUMEnt DEAIS.eunnn - wmmannaenns O 04740 -
MEAN . e cmnmamammame s anmen e e .- 8. 54°40’40'' E.
112
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June 20, 1945, at the same station, in temperature 70° F., at 3b42= p. m,,
apparent time, 1 repeat the above chservation, observing the horizontal angle
from the tip of the Washington Monument to the right to the sun:

Horizontal

Observation . Telescopa Apc?&reent Vﬁ&gﬁ? moﬂxsugrxg'ent
to sun

40°59°00. | 143°20/30"
40°62°30 .| 1432600
100450071 143°32°00"
e
T4 300077007 0| 144°34°00"

3h42m30s._ .

By 1st obsn. monument DEATS - - o cemr e enen 8. 54°41709 E.
By 2nd obsn. monument bears. - ccvevenno- . 8. 54°41/17" E,
By 3rd obsn. monument bears_...oooooeoo- S 8. 54°41'05'' E.
By 4th obsn, monument DearS. camoceccnconann- S. 54°39'48" E.
By 5th obsn. monument bears....-- eccmmmm——— 8. 54°41/03"" &, -
By 6th obsn. monument bEAIS cvamevenenncmnan- S, 54°39'24'' E.
Mean. ccccvarmnn e mmmmm e ——————— 8. 54°40740'' B.
Mean of June 15, 8, M. 0D cecvecccimmneemee 8. 54°40740'" E.
True bearing of monumente vecceev-cena- 8, 54°40740" B.

Observation No. 6, p.m., delayed by a passing cloud,

113. The observations for time, latitude, and azimuth may be
combined and each value verified by arranging one complete and well
balanced stellar observing program. This should include: (1) the
meridian passage of one star for time and latitude; (2) Polaris for
azimuth and latitude; and, (3) two well placed stars in the equatorial
belt, one easterly and one westerly, both for azimuth, and one or both
for time. The program will require from 2 to 4 hours, late afternoon,
twilight, and possibly some observing by illumination, mostly depend-
ing upon the conditions for visibility, and the positions of the two
equatorial-azimuth stars for well-balanced pole-zenith-star triangles.
The program is designed for the refinements in all detail, including
compensation for the uncertainties of vertical angle readings, and for
the verification of all results.

It is essential that the observing program be carried through with
the same instrument as the underlying principle is to secure a compensa-
tion for residual diserepancies in the transit adjustments, including any
small uncertain factors of eccentricity in the mounting of the vertical
circle.

It is unnecessary that the observing be carried through as one .

- program the same day, as at sunrise or sunset, excepting that at least
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one time determination should be coupled with the Polaris observation.
The remainder may be accomplished at the most convenient times for
the observing over a period of several days if desired, but especially
that the program, when needed in order to accomplish these refine-
ments, be carried through at the camp meridian with completeness in
all Tespects as promptly as can be consistent with due attention to
other necessary work incident to making progress on the survey.

The points to be kept in mind with this program are the balancing
conditions in vertical angle determinations; to make dertain that the
test meridian in camp may be relied upon for accuracy; that the lati-
tude of the station has been duly verified; and, that if there may be
some small factor of eccentricity in the mounting of the vertical circle,
that this is not to be disregarded in the use and performance of the

‘instrument.

An example of one complete stellar program is set out below, in-
cluding the data for the observation for the first (easterly) star. The
data for the second (westerly) star will be carried to section 114; the
Polaris observation, and summary for azimuth, section 115; the
equatorial star at meridian passage, and summary for time and lati-
tude, section 116,

Transcribed fleld notes

May 31, 1945, at the testing station, “Troy Cabin,”” situated on State Highway
No. 2, 6 miles east of Troy, N. Y., and % mile east of the village of Eagle Mills;
in latitude 42°44703"" N. and longitude 73°35'15'" W.; these values as scaled from
the U. 8. Geological Survey topographic map, “Troy” quadrangle.

I prepare for one complete stellar observing program. The horizontal angles
were turned from a femporary meridian marker, placed at a distance of 24.08
chains north. The mean of a number of previous cbservations for azimuth indi-
cated that the temporary marker had a bearing of N. 00°00’50"” E. DBy observa-
tion on the sun at apparent noon today my watch was found to be 0m24® slow of
local mean time. ) .

The following observing program was carried through prior to setting & per-
manent marker in the true meridian:

For finding position A - Vertical
Stor Ly, | Dircetion of sight i
No, 198/35 « Bootisg{f&zxéc%ér't}s) 0.2 cnue- Eb1Gw 8. 88°27 E. 31°07
. , §=--19°28'
No. 13/20 8 Gexﬁggrgg}ég”?llux) 1.2...1 718 N, 84°20' W, 37°3%
§ °
No. 4/ 6 o Urs. Min. (Polaris) 2.2..... 730 N. 00°32" W. 41°48'
§==--88°00'00'’ Sunset
No. 17/33 o Virginis (Spica) 1.2 wenn 8 45 ~ South 36°23’
§==—10°52'306"
113
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Summary of all results

Time Azimuth

Watch slow Latitude Indicated bearing

ofl.m.t. of refergnce mark.
1st equatorial star, SE_ . cccmnanan- Qm23s , N. 0°00/16" L.
2nd equatorial star, NWo o oocvuruoon 028 N.001 18" B,
‘ LTS AU PRI ISP N. 0°00747' L.
POLATIS e e e m i [ e 42°43'44'7 I N. 0 00 57" E.

3rd equatorial star at meridian passage 0 30 42 44 27

Mean of allomemommmoceomamen- pmo7e | 4204470577 | N. 0°00/52"" E.
1. 8. Geol. Sur. topographic mMaP e lavewecwunn 42°44/03"/ ‘

1st Star: No. 19/35: o Bootis (Arcturus); é= -4-19°28/06'/; meridian pas-
sage=9* 36=.3 p. m., L. m. ¢, May 31, 1945; for time and azimuth,

‘Watch timg )
Telescope Horizontal angle | Observed vertical angle
p. 1.

Dirccemmne 5b19»05¢ §2°07’30" 31°44700"7

Reveccvunann 523 17 g2 52 30 32 29 00

N 525 15 93 13 00 32 51 30

Direceecmeee 528 17 93 45 00 "33 2600
Mean wuwwn- 5h23m58s 92°5930"7 v==32°37'37"'
Refraction r= -1 30
h=232°30'07"

5b23m58¢ ‘ Watch time, p. m.
92°59/30"/ Horizontal angle.

- §.87°00’14"" E.=Reduced azimuth of star.

179°50744'7 »
N.00°00'16/" E,==Indicated bearing of reference mark.

gh3gm18s = Mer. pass. of star, p. m,; L m. %,

411 57 =TReduced mean time hour angle.
5524m21s §b04m91s  =Local mean time of -observation.
Q=23+ ) = Watch slow of local mean time,
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_ Field record
JApparent noon 12%00=00¢
Equstion of time, subtractive -2 29
Local mean time of apparent noon 11 57 31
. Watch time of sun’s meridian passage 11 87 07
Watch slow of local mean time 24
1st Star; No. 19/35: v
Star's transit, May 16, meridian of Greenwich=1036.1=p. m,
Reductlonto 7 31 o= —59.0
“ “ long. 73°35'16"" = ~— (.8
Meridian passage of star, 1. m, t. = 9“36;3mp., m.
$==42°44/03"" §==-+19°28'06'" h=32°36"07""
sin b i
[e}:] [—m-—tﬁntﬁtmé [/s:] Aﬂé&%h*t&nét&nh
log cos sin tan cos sin tan
h= 9, 731427 9. 925536 : 9. 805891
¢= | 9.8065998 9, 965615 | 9. 865998 9. 965615
§== | 9, 074431 9. 548385 9. 522817
0. 840426 | 9. 840429 | 9. 514000 | 9. 791534 | 9. 791534 | 9. 771506
© ] 9. 850098 9. 731283
nat . 77803 .82659 . 53862 . 50089
. 32659 ) ’ . 53862
cos I= . 45114(+4+) cos A== . 05227(~)

{==063°09'50" A==S. 87°00'14" E.

“==4b]2m30s==gidereal hour angle,
—42 =reduction to mean time hour angle.

4p1imp7s==mean time hour angle.

114. Continuation of the complete stellar program as begun and

. explained in the preceding section.
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Transcribed field notes

2nd Star: No. 13/20: ﬂ Geminorum (Pollux); §=+428°09’ 42” meridian ] passage
=34 06.1= p. m., L. m. t., May 31, 1945; for time and azimuth.

Watch time
Telescope Horizontsal angle Observed vertical angle
p. m,
DI e 7h1Qm5Qs 84°06/00"/ 37°92/00"7
Dovmnn - 7.20 b3 83.57 00 - 37 12 00
Reve oo 7.23 39 83.31 00 ’ 36 40 30
Do ) 7.24 53 83.19 00 36 28 00
Mean..... 7b22m21s 83°43'15" v==36°55'37""
: Refraction, r= ~1 17
h==86°54"20""
7b22m2]1e , Watch time, p. m.
83°43’15"" Horizontal angle.

N.83°41757" W.=Reduced azimuth of star.

N.00°01/18"" E. =Indicated bearing of reference mark.

3r06m006* = Mer. pass. of star, p. m., . m. {.

4 16 43 == Reduced mean time hour angle.

7h22m4Qs 7b22m49e ==Local mecan time of observation
0m28e = Watch slow of . m. {.

Field record

2nd Star: No. 13/20: ' »
Star’s transit, May 16, meridian of Greenwich==4%05.9= p. m.
Reduction to May 31 =50, 0

Reduction to long. 73°35'15% = —0. 8

Meridian passage of star, Lm. t. © =3506.1 p.m,

$=42°44'03" §=-+28°00'42" h=236°5420"

€08 t“&;? c’:)s 6—-tan étan s cos A ncﬁ%‘—tan ¢ tan b
log cos sin tan cos sin tan
he= 9. 778511 9, 9002887 9, 875624
¢= | 8. 865998 9. 965615 | 9. 865998 9. 965616
= | 9. 945281 : 9. 728625 9. 673900
9. 811270 | 0. 811279 | 9. 604240 | 9. 768885 | 9. 768885 9. 841239
9. 967232 0. 005021
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- nat . 92733 . 40458 . 80356 . 60381
. 40458 . 69381
cos {= . 43275 (+) o cos A= 10075 ( )

£=64°21’28“ A=N. 83°41'57"" W.

= 48]7m26s=gidercal hour angle.
—43 =reduction to mean time hour angle

-4b16m43 =mean time hour angle. b

115. Continuation of the complete stellar program as begun and
explained in sec. 113; the summary of the time and latitude determina-
tion in section 116; the summary of the azimuth determination in this

section.
Transcribed field notes

3rd Star: No. 4/6: @ Urs. Min. (Polaris); §=-83°00700"; meridian passage at
upper culmination=9810=00% a. m., 1. m. t., May 31, 1945; sunset observation
for azimuth and latitude. ’

‘Watch time
Telescope - pom Horizontal angle repeated Observed vertical angle
Dir. 7r28m(3e | 0°34/30"/ 41°50730"
6 7 30 07 41 49 00
“ 7 32 85 | 1°41'30" i 41 49 00
Mean 4 7h30m150 | 0°33'50'7 (1/3) 41°49730"
Rev, 7835=01% | (°33/00'7 41°50700"7
oo 7 36 33 41 50 00
“ - 738 07 | 1°387007 41 50 00
Mean 7e36m34e | 0°827407 (1/8) ' 41°50700"
\7833m24% | 0°33/15 Mean of all. v=41°49'45""
Refraction, r= - 104
0 27 | Watch slowofl. m. %, U
h=41°48'41"
"h33m51' p. m., L. m. {. of ob- e
servation
91‘10“’00' a.m, U C
‘ 10823=51% | =THour angle of Polaris, west of meridian,

Vertical angle, corrected for refraction h=41°48"41"'

“Vertical angle correction to elevatxon of pole for hour angle

10h 23.85m, additive = 4-0°55'03"

Latitude = 42°43/44"/

115
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Observed horizontal angle

Azimuth of Polaris for hour angle 10® 23.85= west of the

meridian

Indicated bearing of reference mark
Same, 1st equatorial star, SE.

“  2nd

“ , NW

Mean of the equatorial stars

N.0°00’16"'E.
N.0°01'18"'E.

N.0°00747/ E.

Determined true bearing of reference mark

3rd Star: Polaris

Iield record

' MANUAL OF SURVEYING INSTRUCTIONS

= (°33'15"

A=N.0°32'18""W.

N.0°00'57"E.

N.0°00747'E.

N.0°00'52"'E.

Upper culmination, May 31, meridian of Greenwich 9810.8= o, m.
Reduction to long. 73°35'15" =—0.8
9:10.0= a. m.
Interpolation from tables in the Ephemeris:
For azimuth For latitude
Hour angle Latitude Declination
42°00' 42044/ 44°00° 88°59/50" 89°00700" 89°00/10"
B I3 £ £
10518.3= 33.5 34. 5 .
22.3 ’ 0°55'03"" 0°54' 5477 0°54/45"7
23.85 3.7 32.1 32.7 0 5503
28.3 30. 3 : 31. 3 ;
34.3 0 86 14 0 56 05 0 5556
32,1
Tor §=80°00'00""+0.2 Primary adjustment to ele-
vation of pole, additive;
32.3 po supplemental correc-
A= N.0°32'18"" W. tion 0°55703""

116. Continuation of the complete stellar program as begun and
explained in sec. 113; the summary of the azimuth determination
sec. 115; the summary of the time and latitude determinations' 1o
this section. o : e
Transcribed field notes Ay

4th Star: No. 17/33: « Virginis (Spica); 5= —10°52'36""; meridian passage==
8545.6= p. m., L. m. t., May 31, 1945; for time and latitude.

Star’s transit, May 16, meridian of Greenwich=0%45.4® p. m.

Reduction to ¢ 31 = —53.0
5 # long. 78°35715" = — (.8

Meridian passage of star, L. m. % =8b45,6™ p, m,

s §0452362 P, .
115
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Telo- Observed Watch time
chge vggglﬁ?l p. m.

Dir. 36°24'00"7 8245m06s

Watch time=8:45m=005"
Rev. 36 24 30 —_—

WatchslowofLm.t. ==  0=30¢
Mean  36°24’15" Same, 1st'star == 023
—1 18 =refraction,. * 2nd “ o= 028
36°22/57''=h Mean=  (=27*
$==10 5236 S, : s
47°15'33"
¢==42 44 27  Latitude of station =42°44/27"¢

90°00°00’/ Same, by Polaris observation ==42 43 44
Mean 42°44'05""

Equal Altitude Observations of the Sun for Meridian

'117. Thé 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 & 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 necessary
to be applied due to the change in the sun’s declination in the interval
between the a. m. and p. m. observations: :

“dAs": Correction in azimuth in minutes of angular measure to be
applied to the mean position in azimuth to obtain the true south
point; the correction is to be applied to the east with a northerly
bourly change in declination, or to the west with a southerly hourly
change. B

“ds’: Change in declination of the sun from the a. m. to the p. m.
observation, expressed in minutes of angular measure.

“(t;-+1,)"7; The sum of the hour angles from apparent noon, or the
total watch time from the a. m. to the p. m. observation, expressed -
in angular measure. '

- ¥db
- cospsin¥ {t--12)

The symmetry of the equal altitude observation is maintained
by observing opposite limbs in azimuth in the a. m. and p. m. ob-

servations, in connection with the same limb in vertical angle in
both observations.

With “1ds” and “4(t,+t,)” calculated, the computation can be
concluded by applying to “4ds” the declination coefficient obtained

117
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by entering Table 22 of the Standard Tield Tables, which gives
coeflicients for computing errors in azimuth due to small errors in
declination, arguments: “¢” and YLt ;

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
record 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 serics of three equal altitude obser-
vations, taking the resulting mean. The most suitable a. m. and
p. m. hours for this observation obtain when the sun is moving
rapidly in altitude as compared with a relatively small change in
azimuth,

Equal Aliitude Observations of the Sun, Observing Program

119. Select the observing station, or transit point, and a reference

point preferably to the south, and not nearer than 5 or 10 chains

distant. .
Thoroughly level the transit for the a. m. observation.

Observe and record the horizontal deflection angle from the fixed .

“reference point to the sun’s right limb, and the vertical angle to 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 moment of the observation: 7

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 observation. A series of three
observations are taken by thiee successive a. m. settings at intervals
of about four or five minutes of time. In the p. m. the settings are
made beginning with the highest vertical angle,

Consider each equal altitude observation scparately and subtract
the lesser horizontal angle from the greater and divide by two; this
gives the valuo of the angle to be turned to the uncorrected south
point for that pair.

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

In order to determine the true south point, compute the differential

117
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azimuth correction due to the change in the sun’s declination from
the mean period of the a. m. to the mean period of the p. m. observa-
tions, and apply this angle to the mean of the half-differences as stated
above. The differential azimuth correction is to be applied to the
east (or to the left, counterclockwise) when the hourly change in the
sun’s declination is northerly: to the west (or to the right, clockwise)
when the hourly change in the sun’s declination is southerly. The
computed resultant angle indicates the bearing of the reference point
counting from the true meridian. *

The correct apparent times of the observations do not need to be
known, as the function “}(#;-+1,)"" 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 “¥ds” and “3(t,-+1£,)”’ are to be computed
for the period from the p. m. to the a. m. observation; and the differ-
ential azimuth correction, ‘‘dAs”, is then applied in the opposite
direction. '

120. Example of equal altitude observation of the sun for azimuth:

Transcribed field notes

September 2, 1944, near the cor. of secs. 5, 6, 31, and 32, on the south boundary
of T. 13 8., R. 90 W., 6th Prin. Mer., Colorado, in latitude 88°52.4’ N., and
longitude 107°29’ W., at approximate altitude abeve sea level 6,000 ft., and at
temperature 50° F., at 8234= a. m. and 3230 p. m., app. time, I make a scries of
three equal altitude observations of the sun for azimuth, reading the horizontal
angle from & nail driven in & post approximately 8 chs. NNE.,, to the right to the
sun’s right limb in the a. m., and to the left to the sun’s left limb in the p. m.;
equal vertical angles having been taken to the sun’s lower limb. My watch
carries approximate apparent time.

, Vertieal Horizontal angle,
Observnti\qn Sun Wateh ¢ime angle nail to sun
185, 8. Macveavucons mewreernesommramm——— O 8b 34m 44s | 34° 15’ 007/ | 104° 08’ 30" to rt.

34, p.m S .P 3 2 00 |ceemeemrnonnn 116 37 30 ¢ It
12° 20’ 00" (DI

2, B Whecwoomasnmmnnansemasnmnnmanannnns (\ 8% 7= 00 34° 407 00"/ | 104° 367 307 fo ri.

2, p.m wawe o ——-P 8§ 23 42 {eevcampasnnan 117 05 30 “ Ii.

Sum of hour angles . cuveovncrmaceamvmsnnns samessoceseous 6 48m 428 | _omaanes 12° 297 Q0/F (Dif)
Mean hour angle. e caccccneeans Ry Tihinhiads 8 W 2 i Er ]
84,8 m... R Q_. &b 30m 3ys | 36° 087 00’7 | 106° 107 00" to rt.

186 P Wocuwoversonanoneoanpnannnansnane o v—P 3 21 18 |iewvanmmmeuns 117 38 30, * It.
, . v 12° 28’ 307 (DIff.)

120
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One half diferences, or bearing angles from uncorrected north point to nail:
By 1st obsn.=N. 6°14/30"" E.
“ 2nd “ =N.6 1430 E,
“ 3grd “ =N.61415 L.

Mean=N., 6°14/25"" E. “
Differential azimuth correction=- -5 07 (Subt.; the southerly
: e change in declination in-
Mean true bearing of nail=N. 6°09/18// E, creased the larger, or
e p. m. horizontal angle.}

‘ Field record
The hourly change in the sun’s declination==54.76" 8.
N
«—Nail in post
& X 5.
o Q
Y 3
0 0
AN
Tronsit point
o
-
=,
N

Hor. ang. 8. m.==180°— (4 a. m. 4 X)=180°—A4— X

Hor. ang. p. m.=180°~—4 p. m.+X=180°— A+X+2dA;
Hor. ang. p. m.—hor. ang. 8. m.=2(X +d4,)

X =1% (Hor. ang. p. m.—hor. ang. a. m.)—dd4d;s

The following computation is made to obtain the differential azimuth correction
for the above series:
¥%ds

A= Cos @ sin Bl 1)

120

INSTRUMENTS AND METHODS 143

$ds=1;%6.78X 54.76'' = 186"/; P log %d;==2.268578
¢=238°52.4' N.; log cos ¢ =0,801278
Y (i +13) = 3823™21°
=50°50’15""
log sin W{l1+12) cmmomcmmecmaccnn =0.880499
0.780777 9.780777

log dA;=2.487801
dAs=differential azimuth correction=307"*
=507

121. The following reduction to obtain the value of the differ-
ential azimuth correction for the above series is made with the use
of table 22 of the Standard Field Tables:

L4(4s--43), or hours from spp. noon.
Lafitude
3b 3523.3m 48
35°00 1. 73 ' 1. 41
38952.47 1. 82 1. 68 1. 49
, 40°00’ 1. 85 1. 51
Declination coefficient =1.68
dA;=1.68X}ds=1.68X 186" =312

dAy=differential azimuth correction : == 51277

The small difference (05”) in the computation of “dAs” in the two
processes of reduction is due to the error in adopting a coeflicient
obtained by linear interpolation in table 22 of the Standard Tield
Tables, the tabular interval of which is large. Ordinarily the equal
altitude method would be used when the latitude of the station, or
the vertical angle adjustment, are uncertain. The slight error in
using the declination coefficient 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 the reduction to the sun’s center and
direct computation of the sun’s azimuth, and true bearing of the nail,
by the equation:

Cos Azﬂ-—— —tan ¢ tan A

v cos ¢ cos kb
Vertical angle to sun’s lower limb == 34°40/00"
Reduction to sun's center = 15 53
Refraction (83" x .82=68"") = — 108

Parallax ‘ . = 4 07

¥
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Sun’s center, h = 34°54/52"'
Declination of the sun, Greenwich app. noon = " 7°52'10"" N. : em N pm Nl
Diff. in time to a. m. obsn: - | I
For long. 107°29’ W.=  7»09=56* \\ .
For time, a. m. =—3 23 00 \§
— '8
3.78% = 3246256 - \\Q
Diff, in declination to app. time of a. m. obsn.: ) {
3.78 x 54.76"' =207" ’ = 27"8 4
— \
Sun’s declination, a. m. observation P = 7°48’43'' N, . i . ,
Diff. to p. m. obsn, (6.78 x 54.76' =371"") - Ce= 611 8. : ~§1]
« T §
Sun’s declination, p. m. obscrvation : = 7°42732" N. ' g,’
) . : a. m. obsn. p. m. obsn. ’ i\ll Y
10g 81N Fe mcre v e 7. 8. ....... == 0.133290(-) 9.127558(+) . Sun g{, 2 ¢ Sun
“ cos o "=0.8912 ‘ \
“ o =9.913818 ‘ O s O
9.805096 0.805096 9.805096 The discrepancy between the results obtained in the 2. m. and p. m.
e —— - : observations indicates a probable instrumental error in m 'ing t
“ tan =0.006405 0.328194 log = 0.322462 : wesap ° ‘ tf‘f error in measuring the
« g 0.843846 — 21901  nab. = 21012 vertical angle, making it approximately 17207/ too large, or in using a
] - latitude value which is approximately 1’33/’ north of the true latitude
log =0.750251 , of the station, or in a combination of errors in these clements. How-
nat. (=) = 56267 (=) 56267 (=) 56267 : ever, these errors, discrepancies in values, or residuals of instrumental
— —— . adjustments, are compensated by taking the mean of the results ob-
C08 A coemammmmmmcm e (=) 34076 (=) 35255 o the 73 g aking
A, true bearing of SUN- e e occcimccaes S. 69°31/39" E. 8. 69°21/24"'W. , tained 1n 16 %. m. and p. . observations.
o ) e S ————— , One additional fact should be noted relative to the several reduc-
Hor. angle from pail to sun’s a. m. obsn. - p. m. obsm, ! - tions of the above equal altitude observations: ’
. . ) o 7 17
right and left limbs = 104° 36'30” 117°0530 : By direct computation, A a. m.=69°31/39"
Reduction to sun’s center: ,; ’ A p. m.=69°21'24"
15'53"/ _ —_—
cos 349557583 (v) = —1022 ____-_}_?_2_‘_2__ Difference=2dAdg=  10’15"’
d/15: 5/07//
) - 4° 17708 116°46'08"7 R '
goé’.sazgzli(;nioufuna: Cgs&;uted 1047 1708 This value for d4s (5/07'") agrees with same function as first computed.
u 11 y 3 N . .
above =S. 69° 31'39"" E. 8. 69°21'24" W. 123. Example of stellar equal altitude observation for time, latitude,
and azimuth;
173° 48477 186°07/32"/ 1 .
180 0000 180 0000 October 26, 1944, at & transit station in Salt Lake City, Utah, in approximate
B — i latitude 40°45’ N,, and longitude 111°49" W., approximate clevation above sea
Bearing of nail =N, 6° 11/18"" E, N. 6°07'32" E, . level, 4,900 ft., at 3530= p. m., app. time (3214= p. m,, L m. t.), I sct the arcs of the
Mean, truc bearing of nail T =N, 6° 09'22/7 E. N . solar unit, 1nt, 40°45° N., and deel. 12°38’ 8., and orient to the meridian, and
! S . determine the bearing, N, 27°06’ E., to a beacon light approximately 2 miles
) distant, :
Oct. 26, 6229m p, m., and Oct. 27, 4P39= a. m,, L. m. t., I make a series of four
_equal altitude observations, including vertical angle at meridian passage, of the
star o Arietis, No. 5/7, Mag. 2.2, for time, latitude, and azimuth, rcading the
horizontal angle from the beacon light, to the right, to the star in the p. m., and
@
2
12 123
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' to the left, to the star in the a. m,, equal vertical angles having been taken, My
" watch carries approximate local mean time,
Summary of results:

Watch fast of 1 Ml $ewacc oo e 0=08s
Latitude of 810N m oo o e 40°44'52"
Indicated bearing of beacon light o _ oot e N. 27°05'56" E,

The complete field record follows:

Greenwich m. t. star’s transit, Oct. 22==11b58= p. m,

Red. to Qct, 26= —15.7
“ ¢ long. 111°49" W, = — 1.2
Star's transit, 1. m. t., Oct. 26=11%41.1= p. m.
Artieipated 1. m. t. of obsn. = 611 p m
Hour angle=82°30" = 5b3Qm
. Declination of star =23°12.1 N.
. : . . sin §
Sin h=cos ¢ cos ¢ cos §+sin ¢ sin 8. Cos 4=-—————~—1tan ¢ tan h.
; cos ¢ cos h
cos sin cos sin tan
<i=, 1305 ¢=. 7567 ‘ . 8616
¢==, 7567 . 6528 h== 9375 . 3712
§==, 0191 . 3939 == . 3939
. 0909 L2571 . 7103 . 7103 -, 3198
. 0809 e )
J— L5546 . 5546
sin h= . 3480 PS—
h== 20°22/ cos A= -+, 2348

A= N. 76°25" E,

With the above settings, at 6211® p. m., . m. t,, I find the star in good position
and proceed with a series of four equal altitude observations:
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Observation Watch time Vertical angle Horizolxgﬁltntggs‘.&rbeacon
Ist p. m., Oct. 26 e . Bb28m5Rs 23°2973077 .| 51°46700" to rt.
4th a. m,, Oct. 27 weanan 4 53 32 . 105 57 30 to It.
Sum of hour angles__ ... 10b24m34s . 54°11/30'* (Diff.)
Mean hour angle__ ... 512 17 27 05 45 (3% diff.)
Watch time, star’s transit, =

Oct, 26 a e 11841=15% ,

ond p. m., Oct. 26 nooo. .| eu32m10s | 24°0773077 | 52°16730'' to rt.
8rd a. m., O¢et. 27 neeeenn2i 4 50 16 106 29 00 to It,

- Sum of hour angles--ocoo--. 10818045 54°1230"" (Diff.)
Mean hour angle ... 509 02 27 06 15 (¥ diff.)
Watch time, star’'s transit, : e

Oct, 26 e e 11b41m]4s
3rd p. m., Oct. 26 o 6836m54 s 25°00/30"" 52°58/00"" to rt.
ond s, m, Oct, 270 o1l 4 45 35 107 10 00 ‘%o lt.
Surn of hour angles-. - .- 1040841 ‘ 54°12'00"" (DIfT.)
Mean hour angle_. .. ...-. 504 20 27 06 00 (3¢ diff.)
Watch time, star’s transit, e

Oct. 26 e 11b41m15s
4th p.m., Oct. 26 . _e.. §h43m32e 26°15'00"/ 53°59'00"/ to rt.
ist 8. m., Oct 27 _._..] 4 38 54 108 10 30 to lt.

" Sum of hour angles__ ... 9b55m22s 54°11'30"" (Diff.)
Mean hour angle. - - -—.___ 4 57 41 27 05 45 (% diff)
Watch time, star's transit, ‘ e

0t 26 omemmooao| 11P41m130

One-half differences of horizontal angles, or bearings of refercnee point, and
watch time of star’s transit:

Bearing of reference Watch time of star’s

) {ransit
By 1st obsn.=N. 27°05'45'" E. 11241=15¢ p, m.
© s o9nd ¢ =N, 27°06'15" E. - 11 41 14 p. m.
“ grd “# =N, 27°06'00" E. 11 41 15 p. m.
“ 4¢h ¢ =N, 27°05'45"" E. 11 41 13 p. m.

Mean=11841m14¢ p. m.

Mean=N. 27°05’56"" E.
e Star’s transit=11 41 06 p. m.

Watch fast of L m, t.= QmQ8e

Meridian altitude observation of the star for latitude:
Local mean time of star’s transit, Oct, 26, 11241=06¢ p. m.
Setting: 90°00’

55 23 12 N.
90°4-5113°12
7= 40 45 N,

* pé 72°27 = (00°+8) —¢
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" TPelescope Watch time Vertical angle
 DATCO o e e e e 11837=16* p. m. 72°28'00"1
Reverseq. v e e mece e e — e 11 39 35  “ . 72 27 00
DHreC o e e e e e 11 43 22 ¢ 72 2900
ReVersel o o e —————— 11 46 42 ¢ 72 26 00
MeEBD e e e e ———————— 11b4 w44 72°27'30'
Refraction (19" X .85=16"") == —16
. h= 72°27/14"
§=28°12/06"" N.; 90°-+5 - =113 12 06
¢=40°4452"" N.=(90°+8)—h = 40°44’52"

The above scries of observations may be reduced for azimuth indi-
“vidually, giving a check on the instrumental performance and the
accuracy of the observed values, as follows, usmg the equation:

sin §
cos ¢ cos h

$=140°44'52"" N.; 6=23°12/06"" N.

Cos A= —tan ¢ tan k

; . 1st p. m. 2nd p. m. 3rd p. m. 4th p. m.
-Function 4th'a. m. ard 8. m. ond a. m, * 13t &, m.
....................................... 23020307 24°07°207 25°00/30"¢ 26015007

Rcf"nctlon ............................. —-182 ~149 -1 48 —1 38
B et mm e m——moema e ————— 232773877 240054177 24°58745" 26°13/217

303900 . 303959 303960 . 303009

T TaT0 757500 757590 757500

917\534 . 012872 . 906461 . 807085

. 694063 691583 . 686726 . 679623

-, 566852 —-. 569663 -+, 573692 . 579688

L 5615688 . 86158y . 861588 861588

. 433094 . 447211 . 465865 . 492549

T T — 373524 . 385312 —. 401354 . 423374

C08 A -+ oo -+, 102008 . 184351 4. 172308 - 155314
A (From N.) e cecaccnaa 78¢82'26" 76°227206"" »C°04741% 81°03754"

TIOF, 80 DT 51 4600 52 1630 52 58 00 53 59 00

Bearing of bencon tht ................ \ 27%()’“6"11 N. 27°05’56"' B, |N. 27°06’41”E. IN. 27°04'54"E.

Hor. ang. 8. M. cerunaverncaccmrmmmmnen- 105%57'30" 106°207007 107°10°007 108°10730"

A (From N ...l I 78 5226 79 22 26 80 04 41 81 0354

Bearing of beacon Hghte e mnememmneee- N, 2790504 12, |N. 27°06'347 . |N. 27°05'197 K. [N, 27°06/30" E.
Mean bearing, p. m. observations  =N. 27°O"’9” E.
T z
Mean bearing, a. m. observations =N, 27°05’53" L.

Mean, true bearing of beacon light =N. 27°05'56"" 1.
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THE GEODESY OF LARGE-SCALE CADASTRAL SURVEYS

Transter of Azimuth, Station Error and Curvature

124. When carrying forward the direction of lines through inter-
mediate transit stations by the method of forward and back sights
and deflection angles, there are two elements that require correction.
The corrections become important where the purpose is to maintain
an accuracy within a small limit of error.

Each station set-up involves more or less uncertainty in the main-
tenance of the direction of a line, or in the value of the angle that

may be turned, called “station error.”

If the line is other than a meridian, its direction will have an incre-
ment of curvature; this is applied in order to convert from the forward.
azimuth to the back azimuth of that same line at the next station.

As solar transit orientation is ‘designed to give the meridian at
ecach station, thereby avoiding the accumulative errors of the strictly
transit methods, the corrections for station error and curvature do
not enter into the ordinary solar transit directions. However, for
the purpose of a comparison of the solar transit direction of the chord
of a long line, half the value of the convergency of the meridians of
the two end stations is applied.

- For example, figure 15, a parallel of latitude as run by solar transit

methods is a true latitudinal curve, i. e.—a small circle of the carth,
everywhere due cast-or west. The transit line or chord between
any two distant points of the parallel is & great circle, whose mean
azimuth, or bearing at midpoint, is due east and west. At one end
of the chord the forward azimuth is always northeasterly (or north-
westerly) ; at the opposite end, the back azimuth will be northwesterly
(or northeasterly). At the end stations of the chord, the difference
between the forward (or back) azimuth and due east or west, will be
equal to half the value of the curvature counting from the two end
stations. At the end stations of the chord, the difference between
the forward azimuth and the back azimuth £180° will be the full
value of the convergency of the meridians of the two end stations.

By basic law, and the Manual requirements, the directions of all

lines are stated in terms of angular measure referred to the true north

(or south) at the point of record. Therefore, after carrying a transit
line forward a considerable distance through a number of intermediate
stations, it is necessary to solve the problem of the change from the
starting direction to that at the last station. The back azimuth at the
last station =4 180° should equal the starting direction, plus or minus
the algebraic sum of the deflection angles, plus or minus the value of
the convergency ‘of the meridians counting from the two end stations.
The discrepancy will be the accumulated error in the transit operations.
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The first step is to make dependable azimuth observations at the
two end stations; then compare the values, allowing for the con-
vergency of the meridians of the end stations. The difference that
remains is the accumulative error. The latter value, in terms of
seconds, may be divided by the number of the intermediate stations;
the quotient is the accumulative error per station, or just “station
error”. The latter should be distributed according to the number of
the intermediate stations. ,

- The total curvature, or correction for ‘convergency, is an element of
the depariure between the'end stations, and of the mean latitude. It
is tabulated in the Standard Field Tables, for the value in angular
measure for a departure of 6 miles, or 480 chains, for each degree of
latitude; table 11. Sections 129 and 130. It is often convenient to

convert the curvature to a value for a departure of 100 chains, for

proportional reduction to other distances. The whole convergency
should be distributed in proportion to the departure of each course, or
interval between the turns in direction.

A transit line running easterly will curve to the right in bearing
angle, thus increasing a nQrtheasterly bearing, or decreasing a south-
easterly bearing. A transit line running westerly will curve to the
left in bearing angle, thus increasing a northwesterly bearing, or
decreasing a southwesterly bearing.

When computing latitudes and departures, and transferring a geo-
graphic position by means of a long connecting line, the mean azimuth
should be employed for the direction of the line, i. e—the mean
"between the forward azimuth and the back azimuth £ 180°. That
azimuth or bearing angle will be the direction of the chord of the great
circle that passes through the ends of the connecting line.

Where the transfer of azimuth is by triangulation, a check is
secured by the closure of each triangle, and by the reductions of the
lengths of the lines.

The angles employed for the calculations of the lengths of lines,
will be the differences in the directions between the two forward
azimuths at each station.

The sum of the three angles should close to 180° within the allow-
able tolerance. ’ / ’

The mean course of any side (actually the mean bearing of the
chord) will be the mean between the forward and the back azimuth
+180° of that line.

The correction for curvature of the longest line in easting or westing
in any triangle should equal the sum of the corrections for curvature
of the other two sides. -
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In checking the lengths of lines, the reduction of the longest line in
northing or southing in any triangle should equal the sum of the
northing or southing of the other two sides. ‘

The distances in departure must be reduced first to the mean
position in latitude of each side.

A check is secured by reducing each departure to a common position
in latitude. In this reduction, the amount to be added to or sub-
tracted from each departure is equal to the amount of the distance
along the meridian between the two latitudinal lines at the transfer,
multiplied by the tangent of the angle of convergency. ;

_After reducing to a common latitude, the departure of the longest
line in easting or westing in any triangle should equal the sum of the
departures of the other two. :
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The 1-minute transit, carefully handled, is capable of holding the
station error to under 10’/ per station, or even to about half that
amount if the nature of the survey requires a very high degree of
accuracy, and justification for the consequent needed increase in care.
This will involve all necessary refinements in the observing, and in
the line work, and that all calculations be carried to seconds, even
though the final results may be shown only to the nearest 30"/,
15", or 10",

A tolerance equal to the above limiting values should be allowed.
Where the survey is executed with the 1-minute transit, including
the due exercise of all necessary care, it is regarded as inappropriate
to represent a final value closer than to the nearest 30’/, 15"/, or 10”/,
by the calculations. These limits are of course very small for verifi-
cation by an equally competent observer, using an equally good one-

minute transit, & comparable observing program, and the approved .

methods for all necessary steps. )

A tolerance of 10’/ in the direction of a line calls for & measurement
that is good to within 1:20,000; 15”7, to within 1:13,333; 30"/, to
within 1:6,667; 1700’/, to within 1:3,333; 1730’ (the Manual toler-
ance for solar transit orientation) to within 1:2,300. This com-
parison will emphasize the point that in land-surveying practice,

and particularly in the subdivision of large areas as in the rectangular-

survey of the public lands, more stress should be placed on accuracy
of measurement if those values are to be as good as the values re-
quired in the direction of lines. Section 234.

The True Parallel of Latitude

125, Tho 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 a small circle. 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 a 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, but the projection of a line so
defined in either direction, easterly or westerly, would describe a
great circle of the earth gradually departing southerly from the true
parallel.  The great cirele tangent to the parallel at any origin or
reference point along the parallel is known as the “tangent to the
parallel,” and it is coincident with the true latitude curve only at the
point of origin. The rate of the change of the azimuth of the tangent
is a function of the latitude on the earth’s surface. The azimuth of
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the tangent varies directly as the distance from the origin, and the
offset distance from the tangent to the parallel varies as the square
of the distance from the point of tangency. A great circle connecting
two distant points on the same latitude curve has the same angle
with the meridian at both points and the azimuth of such a line at
the two points of intersection is a function of one-half the distance
between the points. ' ;

There are three general methods of establishing a true parallel of
latitude which may be employed independently to drrive at the same
result: (1) The solar method; (2) the tangent method; and, (3) the

secant method.
Solar Method

126. The solar instruments are capable of following the true parallel
of latitude without substantial offsets. If such an instrument, 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 sights are
taken not longer than from 20 to 40 chains distant, the line so estab-
lished docs not appreciably differ from the theorctical paralle) of
latitude. The locus of the resulting line is a succession of points
each one at right angles to the true meridian at the previous station.
However, during a period cach day the solar is not available, and dur-
ing this time, also whenever the sun may be obscured by clouds, or
on account of a disturbance of the adjustments of the solar attach-
ment, and whenever an instrument without solar attachment is
employed, reference must be made to a transit line from which to
establish the true latitude curve by one of the following methods.

Tangent Method

127, The tangent method of determination of the true latitude

© ourve consists in establishing the true meridian at the point of begin-

ning, from which a horizontal deflection angle of 90° is turned to the
east or west, as may be required, and the projection of the line thus
determined is called the tangent. The tangent is projected 6 miles
in o straight line, and as the measurements are completed for each
corner point, proper offsets are measured north from 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, referred to the true S.
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 cast or west, but as the projection of the tangent is
continued the deviation to the south increases in accordance with
rules already stated.

127
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In table 13, Standard Field Tables, are shown the various offsets
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.
See fig. 14. The form of record is shown in the specimen field notes,
Manual Appendix VIII. '

Objection to the use of the tangent method in a timbered country
is found owing to the requirement that all blazing i$ 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 to the tangent method, on account of
the increasing distance from the tangent to the parallel;, are largely”
removed in the secant method.

Secant 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 sccant
bears east or west; and {rom the third to the sixth mile corners the
secant has s 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 -
sixth 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. ‘

The secant method of determination of the true latitude curve con-
sists in establishing the true meridian at a point south of the begin-
ning corner. a measured distance taken from the table, from which
meridian the proper horizontal deflection angle, as taken from the
table, is turned to the northeast or northwest to define the secant.
The secant is projected 6 miles in a straight line, and as the measure-
ments are completed for each corner point, proper offsets are meas-
ured, north or south, from the secant to the parallel, upon which
parallel the corners are established.

In table 14, Standard Field Tables, are given the bearing angles or
nzimuths of the secant, referred to-the true N. point for the first 3
miles, and the same symmetrical bearing angles or azimuths referred
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to the true S. point for the last 3 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 Tabks are shown the various offsets
from the secant to the parallel, tabul&ted for any degree of latitude.
from 25° to 70° N., for each half mile from 0 to 6 miles.

The accompanying diagram illustrates the establishment of a
standard parallel in latitude 45°347.5 N. by the secant method. See
fig. 15. The form of record is shown in the specimen field notes, Man-
usl Appendix VIII.

The secant method is 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 amount of the convergency on the parallel, of
two meridians any distance apart, and any length. The correction
for convergency in any closed figure is proportional to the area, and
may be computed from an equivalent rectangular area:

“my": Measurement along the parallel.
“my’": Measurement along the meridian,
“g”:  Equatorial radius of the earth=23963.3 miles.

[{P%5)

¢’ TFactor of eccentricity, log ¢=8.915 2516.

“dm,”’: Linear amount of the convergency on the parallel, of two
meridians distance apart “mx,” and length “m,” along
“the meridian: “dma”’, “ma", “m,”” and “a”’ to be expressed
in the same linear unit:

mAm ' -
dmy=- ; ¢tan ¢/1—ef sin? ¢

Example of computation of the convergency of two meridians 24
miles long and 24 miles apart in a mean latitude of 43° 20"

nat 1 = 1. 6000000
loge =8 915 25615
G =8 915 2515
“ sin 43° 200 =0 836 477
8 € 4 &€ =:9 836 477
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“ g2gint ¢ =7, 503 457

nat ¢ ¢« = 0. 0031875
“ (1—efsint ¢) = 0. 9968125
log ¢« “ =9. 998 614 .
“J1"¢tgin? ¢ . =9. 999 307

0 tan 43° 207 =90. 974 720

24 =1, 380 211

woow =], 380 211

“ 803 =1, 903 090

¢ product =4, $637 539

#3063, 3 =3, 508 057

“ dmy =1. 039 482

nat “ 10. 9517  chs.

The convergency, measured on the parallel, of two meri@ians 24
miles apart and 24 miles long, in & mean latitude of 43° 207, is there-
fore found to be 10.95 chains. The convergency of the east and west
boundaries of a regular township in the same latitude would be equal
to one-sixteenth of the convergency of the east and west boundaries
of the quadrangle as computed above, or 68.44 links, which agrees
with the value taken from table 11 of the Standard Field Tables.

130. In tablo 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 ap.ply to the
north boundary of a regular township in the computa‘mon og the
closing error around a township, or other computation b?f V\fhlch 2
theoretical length of a north or south boundary of a township 1s 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 & tangent to the parallel at © miles for the same latitudes.
Simple interpolation may be made for any intermediate la"oitude, and
the amount of the convergency for a fractions]l township or other
figure may be taken in proportion to the tabulated convergency as
the fractional area is to 86 square miles. o

The tabulated angle of convergency represents at once the deviation
in azimuth of the tangent from the parallel at 6 miles; and Y%, %, %, %,
and % of the tabulated angles of convergency represent at ane.the
amounts of the correction in the bearing of meridional section lines
to compensate for convergency within a township.

erir————————

4 This factor is introduced here for the purpose of conversion from the unit expressed in miles to the unit
expressed {u chalns.
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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.

131. Ip the plan of subdivision of townships the meridional section
lines are established parsllel 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 to the right.

"Lengths of Arcs of the Earth's Surface

132. 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 givens
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
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 25° 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 lincar 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 latitude of that portion of the meridian whose length it
is desired to compute.

Geographic Positions |

133. A different method of computation is better suited to the
determination of geographic position in the relatively short transfers
from an established point to another station in the same vicinity.
In this, the accepted values are the latitude and longitude of the geo-
detic station, currently referred to as those that are based upon the
1927 North American Datum, United States Coast and Geodetic
Survey. The established stations of the United States Geological
Survey are employed for the same purpose. The problem is to
transfer those values to a monument of the public-land survey.

133




4

160 = MANUAL OF SURVEYING INSTRUCTIONS

The reference may be by a direet tie or connecting line, by traverse
lines, or by traverse coupled with one or more miles of the rectangular
survey. In the great majority of cases (public land surveys) the most
convenient method is by the reduction of the connecting line, or lines,
to the equivalent latitudes and departures.

Some of the lines may be relatively short, with little difference
betweon the forward and the back azimuth. Some may require
correction for curvature. Some of them if taken from the field-note
record for direction and length, just as run in the usual manner, may
not have the high degree of accuracy that is required if the transfer of
geographic position is to retain the refinement of the geodetic station.
In practical application, however, the usual purpose is to ascertain a

latitude and longitude for the monument of the public land survey -
that may be sufficiently good for mapping, reference, and other.

ordinary use excluding significance as a geodetic control station.
The tables best suited to the purpose are known as the “M’ and

«“P factors, relating as they do to the measurements along the merid-

ian and along the parallel* - ; ‘

The differences in latitude are computed first. The “M” factor
of the table is taken out for the connecting line, or lines. Thenorthing
or southing of the connecting line, or lines, which is the reduced
distance in latitude, measured in the chains unit, is multiplied by the
“M? factor; the product is the number of seconds of arc in latitude, or
the difference in latitude between the points. This result, added to,
or subtracted from, the latitude of the geodetic station, gives the
latitude of the monument to which the conncction has been made.

The “P” factor, or factors, is then taken out with care as to the
interpolation in latitude, as this factor changes rapidly. The “P”

factor, or factors, should be interpolated in each case for the mean

latitude of cach important element of the connecting lines (explansation,
next paragraph). The casting or westing of cach element of the
conneeting lines, which is the reduced distance in departure, is multi-
plied by the “P” factor; the product is the number of seconds of are
in longitude, or thic diflerence in longitude, between the points of that
element. The sum of the reductions gives the whole difference in
longitude between the initial and the closing point. The result, added
to, or subtracted from, the longitude of the geodetic station, gives the
Jongitude of the monument to which the conncction has been made.

A meridional line, true north or south, or with small bearing angle
from the meridian, may be regarded as relatively unimportant, in the

¢ Factors for the Interconverslon of Latitudes and Departures in Feet and Differences of Latitude and
Longitude in Seconds for Latitudes 25° 10 50°; U, S. Qeological Survey, A condensed form is proposed for
inclusion in the Standard Field Tables, which will give the conversion from ordinary latil udes and depariures
in chains measurement fo seconds of latilude and longitude.
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sense that a meridian has no change in léngitude. A line with a very

small bearing angle from the meridian, such as the usual meridional

lines of a township subdivision, themselves made parallel to the cast
boundary of the township, itself a meridian, has a departure that is
measured in links only. If desirable, or convenient to do so, the latter.
may, for the purpose of computation, be added to the easting or west-
ing of one of the adjoining lines. If that is done in combination as
suggested, the “P” factor is taken out for the mean latitude of the
principal easting or westing element, disregarding the difference in
latitude of the meridional line.

East and west lines of any considerable length, such as miles and
half-miles, should be computed as separate clements. Traverse
courses that have the same general direction may be combined into
one element, for which the “P’ factor should be taken out for the
mean latitude of that element.

Example: Manual Appendix IIL.
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GENERAL SCHEME

134. For the purpose of administration or disposal of the public
domain, the law provides generally that (a) the public lands of the
United States shall be divided by lines intersecting true north and
south at right angles so as to form townships 6 miles square, (b) the
townships shall be marked with progressive numbers from the begin-
ning, (¢) the townships shall be subdivided into 36 sections, each 1
mile square and containing 640 acres as nearly as may be, and (d) the
sections shall be numbered, respectively, beginning with the number 1
in the northeast section, and proceeding west and east alternately
through the township with progressive numbers to and including 36
(R.S. sec. 2395; 43 U. S. C.'sec. 751).

In accordance with the foregoing legal requirements, the public
lands of the United States are surveyed under the method known as
the system of rectangular surveys which embraces the following
procedure: -

1. The establishment of independent initial points, cach to serve
as an origin for surveys to be extended in separated localitics.

9. The survey of principal meridians and base lines, originating at
the initial points. =

3. The cstablishment of guide meridians’ initiated at base lines,
and of standard parallels initiated at principal meridians, at intervals
sufficiently near each other to maintaina practical workable adherence
to the legal definition of the primary unit, the township 6 miles square.

4 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.

By law, (a) the corners marked in public land surveys shall be
established as the proper corners of sections, or of the subdivisions
of the sections, which they were intended to designate, and (b) 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, and the lengths of these lines as returned shall be
held as the true length thercof (R. S. sec. 2396; 43 U. S. C. sec. 752).
Trom the foregoing it is evident that the original corners must stand
as the true corners they were intended to represent, even though
not exactly where professional care might have placed them in the
first instance. Missing corners must be reestablished in the identical
positions they originally occupied, and when the positions cannot be
determined by existing monuments or other verifying evidence, resort
must be had to the field notes of the original survey. The law pro-

vides that the lengths of the lines, as returned in the field notes, shall’

be held as the true lengths, and the distances between identified
134
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corner positions given in the field notes constitute proper data from
which to determine the position of a lost corner; hence, the rule that
lost corners are restored at distances proportionate to the original
measurements between identified positions, Chapter V, Restoration
of Lost Corners. :

The extension of the rectangular system of public land surveys
over the public domain in the United States, as the need developed,
has been in progress over 150 years and is gradually approaching com-
pletion. This vast and comprehensive rectangular survey net pro-
vides a simple and certain form of land identification and legal
description, and anchors in place the land of the public domain.
Title to the public lands is based upon the rectangular system and
should not be confused or obscured unneecessarily by supplemental
records of surveys alien in character.

135. The townships will be numbered to the north or south com-
mencing with number 1 at the base line, and with range numbers to
the cast or west beginning with number 1 at the principal meridian.

The 36 sections into which a township is subdivided are numbered
commencing with number 1 in the northeast section of the township,
proceeding thence west to scction 6, thence south to section 7, thence
east to section 12, and so on, alternately, to number 36 in the south-
east section. In the case of townships containing less than 36'sections,
the numbering of sections is accomplished as explained in sce. 213.

136. The specimen field notes will serve to illustrate the method of
running lines to form quadrangles 24 miles square; the method of
running the exterior lines of townships; and the method of subdividing
regular townships. The methods here presented are designed to in-
sure a full compliance with every practicable requirement, meaning
and intent of the surveying laws. Appendix VIIL

137. Section lines are usually surveyed from south to north and
from east to west, in order to place the excess or deficiency of measure-
ment on the north and west sides of the townships. In cases where
the west or the north boundary of a township is within limits as to
alinement (sec. 162) to serve as a basis for rectangular subdivision,
and the, opposite line is defective, the section lines may be run from
the west or north when the procedure is approved by the appropriate

- administrative officer. For convenience, the satisfactorily surveyed

lines on which subdivisions are to be based will be termed the govern-
ing boundaries of the township, In extreme cases an irregular town-
ship may be without a single governing boundary. .

In the scctions that follow the first explanations are with respect to
ideal procedure in the rectangular plan. There follow then many
explanations why the plan must be modified in various ways in order
to begin new work, held to strict limits for rectangularity and closure,

137




166 MANUAL OF SURVEYING INSTRUCTIONS

where the initial and closing lines already established by prior survey,
are found not to qualify under the current’ specifications. The
established lines can not now be changed because of the passing of
titles based thereon. The purpose is to avoid the incorporation of the
discovered discrepancies of the older lines in the running of new
original surveys where the current specifications are to be adhered to.

“The further objective is to return to ‘““normal” procedure in those"

many places of the older surveys where there were departures or
exceptions made in the rectangular plan. Sec. 8. The explanations

"here are entirely apart from, and have no place in the Manual text
on resurveys, chapter VL.

INITIAL POINTS

138. The establishment of initial points, principal meridians and-

base lines from which the lines of the public surveys are extended,
have been completed in the United States. Initial points will be
established in Alaska, whenever necessary to control large areas with-
in reasonable geographical limitations, under such special instructions
as may be prescribed by the Director, Bureau of Land Management.
Upon the establishment of an initial point, its position in latitude and
longitude is to be determined by accurate field astronomical methods.
During the period since the organization of the system of rectangu-
lar surveys, numbered and locally named principal meridians and
base lines have been ostablished as shown by the accompanying
tabular exhibit. These bases and meridians may be found by examin-
ing. the large wall map of the United States published by the Bureau
of Land Management; they are also shown upon the various official
State maps, and upon a special map entitled ‘“United States, Showing
Principal Meridians, Base Lines, and Areas Governed Thereby.”

139. The latitudes and longitudes given in the following table are

based upon the best available information, having been derived from
connections to nearby stations whose geographic positions are known.
In some cascs, notably the Fourth Principal, Tllinois; Navajo; Second
Principal; and Third Principal, the record of the subsisting public
Jand surveys was adopted in computing the geographic values of the
initial points. In such cases the tabulated values are reliable within
the limits of accuracy of the record on which the computations are
based. The coordinates of the several reference meridians governing
the earliest public land surveys in Ohio can not be tabulated con-
veniently. ‘ _

The following explanatory comments will clarify the tabulated
statement. '

As the result of contending claims of Ohio and Michigan as to the
boundary between those states, tho position of that boundary was
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not finally settled until Michigan was admitted into the Union in
1837.. Prior to that time the surveys in the southern portion of the
area governed by the Michigan Meridian had been executed and
extended to the position for the stateboundary as claimed by Michigan.
Subsequent to the establishment of the state boundary the public land
surveys were closed upon that boundary; the lands originally sur-
veyed under the Michigan Meridian and situated south of the state
boundary continue to be governed by the Michigan Meridian although
administered within the State of Ohio. ' '

A somewhat similar situation exists in southern Alabama where the
surveys based upon the Tallahassee Meridian in Florida were closed
upon the St. Stephens Base Line owing.to uncertainty as to the posi-
tion of the state boundary. The state boundary as originally surveyed
by Andrew Ellicott in 1708 was later resurveyed -and the necessary
amended closings of the public land surveys on that line was accom-
plished. This has resulted in some lands governed by the Tallahassee
Meridian being administered in the State of Alabama. The Talla-
hassee base line was extended west from the initial point to the west
boundary of R. 18 W.; at this point the base line was offset north
six miles and extended west from that point to avoid Choctawhatchee
Bay and other bays and inlets of the Gulf of New Mexico.

The Navajo Meridian originally governed public land surveys in
northwestern New Mexico and northeastern Arizona. However,
only a few townships governed by that meridian were surveyed in
the State of New Mexico and no disposals based on those surveys
were made. The Navajo Meridian and the surveys based thereon
in the State of New Mexico were canceled by letter of the Commis-
sioner of the General Land Office dated July 28, 1936, in the interest
of regularity and uniformity of surveying procedure in that state.

It will be noted that, in the tabulation of the principal meridians,
a different value is assigned for the longitude of the initial point of
the 4th Principal Meridian governing surveys in Illinois from that
governing surveys in Minnesota and Wisconsin. This is accounted
for by accumulated errors in the glinement of the 4th Principal
Meridian as originally surveyed in 1831, particularly through that
portion of the line which was carried as o blank line across a large

‘bend in the Mississippi River. It is to be assumed that the longitude

of the 4th Principal Meridian in the State of Illinois, north of the
Mississippi River, is substantially the same as that published for
Wisconsin. ‘

The rectangular system of the survey of public lands was initiated |
in the State of Ohio. In its early stages the system was gsomewhat
experimental and that State may well be referred to as the proving
ground for the present rectangular system of surveys. The east
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Meridians and base lines of the Uniled Stales Rectangular Surveys

i
0 e (W i Lou_:itudeofinitial] Latitude of
Meridians Goverr;gﬁ)stilir)xgg{ié;\(l)}cil)/ or in pmatrseg;v]e;ticfgoxn illi%ik11111;)«3‘ai(§)ts’
i ____l South Dakota. .. conenn 104 03 16-| 43 5? 44
glcﬁgé{ -Hmi: S TAABO - o ee e oo me 116 23 35| 43 22 21
Chickasaw .- oo ommmme MiSSISSIPPA~ - e me e m o g0 14 47| 35 0l 58
ChoetaW o - e eeeemmmm e m e = o Vo S ap 90 14 41 31 52 32
CMAITOn .- o omme e OKlahoma . o occemmen 103 00 07| 36 io g;{
Copper River__._:._... Alaska_ . ovooorno- 145 18 13 g}; ? o
S R I V5 o, Towa, Minne- 131 33 33 34 5% 1
o incipal_ ... .--- Arkansas, ITowa, Minne- !
Fifth Princips sota, Missouri, North
Dakota, and South
Dakota.
First Principaloccvanen Ohio and Indiana. ... 84 48 11 fig gg %g
Fourth Principal ... Tinois feom e oo T 00 ‘ 27 11 ~49 g 5
DO e Minnesota and Wisconsin.| 90 - 25 37 2 0.
Gila and Salt River....| Arizona. . .o.---comwren 112 18 19 i% 22 38
Humboldbo oo e California. - ... PR 124 07 19 9 58 2;},
Huntsvillee o ewcccccann Alabama and Missisippi--| 86 34 18 34 50 27
Indign. e Oklahoma - e e e 97 14 A}E} §1 2 3.1..
Touisiang. - coecocenan Louisiana__.__ .. R 92 24 55 %0 31
Michigan. .o .ococmne-- Michigan and Ohio_.____. §~~L 21 53 42 25 8
Mount Diablo_ o ...~ California and Nevada.._| 121 54 137 32 a% 26
NavajOmmecmccmmnemam Arizong. -« oo von- aemm - 108 31 69 35 44 e
New Mexico Principal._| Coloradoand New Mexico.| 106 . 53 }2 2% i; 35
Principal oo caeaan Montana. o cecvcmeeneen- 111 ?;9 33 5 1L1)
Salt Lake. Ut e eeeee 111 53 27| 40 46
san Bornardino. - .. | Califormnifn, .o oooe 116 55 17| 34 07 20
San Bernardino. ...} California. . - .- 95 1 Lo
Sceond Prineipal . ..o ! Illinois and Indiana._ .- .- 8(6 27 21 s 1
Seward. - -cemmenn- i Aluska, oo cmomm o 1% g; . %’é 28 85 3
ix rincipal. oo o.. Colorado, XKansas, Ne- -
Sixth Principal. braska, South Dakota,
and Wyoming. 3
’ JelenA . e emm e Louisiand e ccovneoonon g1 09 36 30 59 56
St Stephens 11T | Alabama and Mississippi-| 88 01 20| 30 59 51
Tfllla,héssce ........ ) TFlorida and Alabama.. ... gé (1)2 %i iég 2(8) %
TN 5 " 7 '\ - N IS e 5
tljl'uidfrmcwl """"" | Do | 100 56 06| 40 25 59
Teoolmnini | Colorado_ . _oooooonnne \l 108 3 é gg gg gg : g?é
ST TTT T N eadaainml 91 -
Washington oo oo-n- | Mississlppl. —oocomnonoan ISR 30 59 80
| {5 TR ! Oregon and Washington._ - 2 )
%"iggnﬁ,eivccr ___________ | Wyoming. . —ooooooooo- | 108 48 49 | 43 00 41

. . . . i
1t The nuinhers are carried to fractional township 20 north in Illinois, and ar?‘ rep%\t\ed {n Wisconsin, begin
ning with Ll{c south boundary of the State; the range numbers are given inregular order.

boundary of Ohio, north of the Obio River, known as Ellicott’s Line,

in longitude 80°32'20"" was employed as the first reference meridian.

From this meridian the ranges were numbered progressively Westwar('i,
and the townships numbered progressively nortbwgrd from the tho
River in cach range. Many other reference mcr1dmn§ and base hnes‘
were employed in the State of (.)h‘io to govern pm-tmul‘ar areas for
purposes of disposal. In detcrxnlnu}g th'o relative locatx?nlof towr;—
ships in Ohio difficulty may be &npcxpmed by reason o the mm;ér
base lines and meridians from which the respective townships fm

ranges are numbered. Careful study of the development, execution,
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and map of the public land survey in that State may be necessary to
clarify the situation with respect to any given description.

PRINCIPAL MERIDIAN

140. This line shall conform to the true meridian and will be
extended from the initial monument, either north or south, or in both
directions, as the conditions may require; regular quarter-section and
section corners will be established alternately at initervals of 40 chains,
and regular township corners at intervals of 480 chains; corner monu-
ments designated as meander corners will be established at the inter-

“section of the line with all meanderable bodies of water. Section 226.

141. In the survey of the principal meridian and the other standard
lines (base lines, standard parallels, and guide meridians), hereinafter
described, two independent sets of measurements will be employed,
unless subdivisional closings thereon are provided in the same assign-
ment with the standard line, in which case the closings will furnish
o satisfactory verification of the length of the lines thus surveyed.
Where two independent sets of measurements are employed, the meas-
urement of each set will be noted in the field tablet, but the distance to
the mean point only will be shown in the transeribed field notes; a
form of record is given in the specimen field notes. Appendix VIII,

142. Should the diffcrence between the two sets of measurements
of any standard line, as above provided, exceed 14 links per 80 chains,
1t is required that the line be remeasured to reduce the difference, the
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 37007, the necessary corrections will
be made to reduce the deviation in azimuth, the field notes of the true
line only being shown. Every reasonable effort will be exercised to
insure the accuracy of both the slinement and the measurement of
the standard lines, and 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 LINE

143. From the initial monument the base line will be extended east
and west on a true parallel of latitude; upon the true line standard
quarter-section and seetion corners will be established alternately at
intervals of 40 chains; and standard township corners at intervals of
480 chains; corner monuments designated as meander corners will be
established at the intersection of the line with all meanderable bodies
of water. Section 226.
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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 principal meridian. Any one of the
methods heretofore set forth (secs. 125, 126, 127, end 128) for the
determination of the alinement of the truc latitude curve may be
used as existing conditions may require and the detailed process will
be fully stated in the field notes. Appendix VIIIL

STANDARD PARALLELS

144. Standard parallels, which are also called correction lines,
‘are extended east and west from the principal meridian, at mter_vals
of 24 miles north and south of the base line, in the manner prescribed

for the survey of the base hne
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Ilustrating the survey of guadrangles each embracing 16 townships bounded by standard lines, and showing
the codrdinate system of numbering the townships.
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145, Where standard parallels have been placed at intervals of 30
or 36 miles, under practice then permissible, and present conditions
require additional standard lines from which to initiate new, or upon
which to close the extension of old surveys, an intermediate correction
line should be established to which.a local name may be given, c. g.,
“Fifth Auxiliary Standard Parallel North,” or “Cedar Creek Correc-
tion Line,” etc., and the same will be run, in all respects, like a regular
standard parallel. >

3

GUIDE MERIDIAN

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, in the manner prescribed for running the
principal meridian. Under all conditions the guide meridians
will be terminated at the points of their intersections with the stand-
ard parallels; the guide meridian is to be projected on the true meri-
dian and the fractional measurement is to be placed in the last half
mile. At the true point of intersection of the guide meridian with
the standard parallel a closing township corner is to be established;
the parallel 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 corner on said standard
parallel. '

147. When existing conditions require that such guide meridians
shall be run south {rom the base or correction lines, they will be ini-
tiated at the theoretical point for the closing corner of the guide
meridian, which will be calculated on the basis of the survey of the
line from south to north initiated at the proper standard township
corner. At the theoretical point of intersection a closing township
corner will be established.

148. Where guide meridians have been placed at intervals ex-
ceeding the distance of 24 miles, and new governing lines are re-
quired in order to limit the errors of the old or to control new sur-
veys, a new guide meridian will be established, and a local name
may be assigned to the same, e. g, “ Twelfth Auxiliary Guide Merid-

~ian West,” or “Grass Valley Guide Meridian,” ete. These auxiliary

guide meridians will be surveyed. in all respects like regular guide
meridians. ,

149. The above scheme covers the controlling lines contemplated
under the rectangular system, and results regularly in the survey of
quadrangles bounded on the north and south by true parallels of
latitude, and on the east and west by true meridians, 24 miles apart.
One exception may now be noted which will be found to deparb
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from former practice, that is, where a guide meridian is carried
forward at a time when uncertainty exists as to how the exterior and
subdivisional surveys to the east may close upon it, the corners upon
the same will be marked only for the surveys to the west. ’

TOWNSHIP EXTERIORS
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 cast boundaries are normally the governing lines of
the subdivisional surveys. Defective conditions which may be
found in previously established exteriors cannot be eliminated
where subdivisional lines have been 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 cannot on that account be used to govern
the subdivision of the adjoining township, other controlling lines
known as the sectional correction line and the sectional guide meridian
will be employed as expedient. Sces. 184, 185, 186. A new meridional

* township exterior is normally the governing boundary of the township
to the west, and a new latitudinal 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 thereafter to be exccuted.

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 north 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 line with
all meanderable bodies of water; a temporary township corner will
be set o distance of 480 chains, pending a determination of the
controlling factor upon which its final position will be governed,
whereupon the temporary point will be replaced by a permancnt
corner in proper latitudinal position. The latitudinal township
boundary will be run first as a random line, setting temporary
corners, on & cardinal course, from the old toward the new meridional
boundary, and corrected back on a true line if ideal conditions are
found to obtain. Where both meridional boundaries are new lines
or where both have been previously established, the random lati-
tudinal boundary will be run from east to west, In either case, if
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defective conditions are not encountered, the random line will be
corrected back on a truc line, upon which will be established regu-
lar quarter-scction and section corners at intervals of 40 chains,
alternately, counting from the east, and meander corners at the
interseetion 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 parallel will be retraced between the first standard
corners cast 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 ncarest corner on said
standard parallel. Section 544.

152. In order to complete the exteriors of & 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 sets of corners will be avoided where
unnecessary.

153. 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
measurement.

154. The field notes will embrace a full and complete record of
the manner in which the township exteriors are run and established.
The ficld tablets will record all details, including the direction of the
projection of the random latitudinal curve, the amount of the falling ?
left or right of the objective township corner, and the calculated
return course or true line. The field notes will contain a prefacing
statement that random lines are omitted except where necessary to
record offsets, triangulations, stadia measurements, and important
observations. The details of such measurements will be shown in

! The falling is the distance on the normal by which & line falls to the right or left of & corner en which
the random line was intended to close.
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the field notes only in those cases where the ground cannot be, or has
not been, measured with the steel tape or where the line passes over
corner points without monumentation. Secction 544.

lrregular Order and Partial Surveys

155. As the remaining unsurveyed public lands are found to con-
tain less and less extensive areas it becomes necessary to depart
from the ideal procedure in order more directly to reach the areas
guthorized for survey. The many possible combinations are entirely
too numerous to state in detail, but where an irregular order appears
to be necessary such departure from the ideal order of survey will be
specifically outlined in the written special instructions. Such depar-
ture should always be based on the principle of accomplishing, by
whatever plan, the same relation of one township boundary to another
as would have resulted from regular establishment under ideal
conditions. .

Where causes operate to prevent the establishment of the boundaries
in full it is not imperative that the survey of the exterior lines be
completed; under such conditions it may be found necessary to run
section lines as offsets 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
certain instances the random latitudinal boundaries will be run
from west to cast, 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 alinement of a new latitudinal
boundary (which becomes the governing south boundary of the
township to the north) shall not depart more than 14’ from the truc
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 mew meridional exterior the temporary
township corner may be adjusted to the latitude of the opposite town-
ship corner; but where both meridional boundaries have been previ-
ously surveyed a closing township corner will be established at the
point of intersection of the random latitudinal line with the meridional
boundary, or its projection to the north or south as the case may be.
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certain extremes suited to the latitude of the township, as for example
(see second part of table 2, Standard Field Tables):

Latitude 26° N.

1st Mi. Mer. Subdyv. N. 0°14’ E. 5th Mi. Mer. Subdv. N. 0°14’ W.
Corr. for Conv, -+00 Corr. for Conv, —02
E. bdy. may be N, 0°14/ E,I E. bdy. may be N. 0°12" W.

Latitude 70° N.

1st Mi. Mer. Subdyv. N. 0°14’ E, 5th Mi. Mer. Subdy. N. 0°14' W.
Corr. for Conv, +02 Corr. for Conv. —10
E. bdy. may be N. 0°16’ E. E. bdy. may be N, 0°04’ W,

Tt i1l be noted that the above text in reference to the 14’ limit for
exteriors applies only to the establishment of mew boundaries. A
previously cstablished boundary every part of which is within 217
of cardinal will not be considered defective in alinement. Even in
the casc 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
oxtent 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 147 limit is merely to facilitate the cstab-
lishment of all subdivisional lines within the prescribed definite
limit of 21/ 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 case the cor-
ners thercon may be marked only for the townships of which ‘the
new exteriors control the subdiyisions.

Completion of Partially Surveyed Exteriors

158. Where the end portions of a township exterior have been
previously surveyed and closed upon, the fractional.unsur.veyed
middle part will be completed by random and true line, without

offzet regardless of the deviation frem cardinal; the fractional meas- -

urements will be placed as a general rule in the north and west half
miles, thereby permitting the subdivisional lines to be extended as
usual from the south to the north and from the cast to the west. In
the case of a fractional part of an- exterior remaining unsurveyed

156
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at either end of the line, the boundary will be completed by random
line, initiated at the previously established terminal monument,
which will be projected on a cardinal course in the direction of the
objective township corner. The random will be corrected to a true
line where the calculated bearing of any subdivisional line, governed

by such exterior, comes within 14/ from cardinal, and the fractional
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Fig.30.

measurement will be placed generally in the north or west half miles.
However, should irregularity be developéd, or in the absence of & pre-
viously established objective township corner, the partially surveyed
exteriors will be completed on cardinal courses beginning as above;
and in either case the fractional measurements will generally be placed
in the north and west half miles. '
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Retracement and Resurveys Before Subdividing , .
; 1g. 31,

159. If any partor all of the boundaries of & township which is to be ; _ West to intersection
N e o e S T T T S T T T Y T T

subdivided have been previously surveyed, and the regional or public I TIOTITIIOTTAT
survey office has reason t0 question the accuracy of any portion of ,  Siple S SR S SR R iy :“-ij J:':;" o
such exteriors, or the condition of the corner monuments thereon, the S | _ _‘ _ b : ! A
fact will be stated in the written special instructions, and the engineor . T R

will be authorized and required, as & condition precedent to beginning ; !
! i

the subdivisional survey of such township to retrace such. boundaries
o identify the monu-

to verify the direction and length of lines and t
ments of the prior survey, and to resurvey all or such portion of the
boundaries as may bo found necessary to accomplish the following
purposes: 7
(@) To roestablish missing corners, (b) to remonument dilapidated
corners, (¢) to determine the direction and length of all lines, (d) to |
. furnish all data necessaTy for the computation of the arcas of all
fractional lots, and (e) to provide & basis for an improved plan of the g

subdivision of the township. (Definitions of retracement and re-

survey, sec. 387.)
The retracements and resurveys as above will afford the data for a

computation of the total coordinate latitude and departure of each and 1 i et ey
every previously established exterior corner, and a preliminary platting S. bdy. defecrive inalinement.
of their positions, all referred to & selected origin such as the southeast
corner of the township. These will then be the basis for the required
studics under the sections to follow. ) Cast om romdom ' ‘
160. All resurvey date will be embodied in the field notes and sluried il _"rfo_’_f;f:f_rro ::ujc:{‘/rf.m_‘ e
ST Ty J—'—"’t“"l'""{'*‘"i-l--l-—'.-;_‘_- b

chown upon the plab of the survey. If the retracement results are
ord of the original surveys, 2

substantially in agreement with the rec ;
general statement to that effeet will be made in the field notes, and the (o

; -y 1 l
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original record will govern the data to be placed upon the plat. pol 7 -
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Rectangular Limits
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161. Before approaching the subject of «gubdivision of townships”
it is necessary to consider the reguirement of law relative to rectan-
gular surveys, wherein the square mile, or section, is the upit of sub-
division. The normal township will include 306 sections in all, 25 of
which are returned as containing 640 acres cach; 10 sections (on the
north and west boundaries) each contain regular aliquot parts totaling
480 acres with 4 additional fractional lots in cach scetion, each lot
‘ containing 40 acres plus or minus definite differences t0 be determined CoTr
in the survey; and, section G containing regular aliquot parts toteling . i3
360 acres with 7 additional fractional lots each containing 40 acres By
plus or minus certain definite differences to be determined in the ~ %S.bid‘yd;fcc#/‘ye R e T

i measurement: Double ser of
survey, ol as contemplated by law. Fig.32 corners.

North 485000 c2s.
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162. In the administration of the surveying laws it has been
necessary to establish a definite relation between rectangularity
(square miles of 640 acres, or aliquot parts thereof), as 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 surface, wherein the ideal section is allowed to give way
to one which may be termed “regular.” Such relation, as applied to
the boundaries of a section, has been placed at the following limits:

(@) For alinement, not to exceed 21’ from cardinal in any part;
(3) for measurement, the distance between regular corners to be
normal according to the plan of survey, with certain allowable adjust-
ments not to exceed 25 links in 40 chains; and (¢) for closure, not to
exceed 50 links in either latitude or departure.

Township exteriors, or portions thereof, will be considered defective
when they do not qualify within the above limits. It is also necessary,
in order to subdivide a township regularly, to consider a fourth limit,
as follows:

(d) For position, the corresponding section corners upon the op-
posite boundaries of the township to be so located that they may be
connected by true lines which will not deviate more than 21’ from
cardinal.

A previously established exterior will not be considered defective
if the above limits are satisfied, and a subdivisional survey may proceed
in safety if the rectangular limits (in such subdivigional survey) are
not exceeded. On the other hand, if the conditions relating to the

~ previously established governing boundaries are such that the rectangu-

lar limits have already been exceeded or that the danger point is likely
to be redched at an early stage in the subdivisional survey, the neces-
sary 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 Surveyed Exteriors are Found to be Defective

163. Where subdivisional lines have been initiated from or closed
upon an exterior prior to the subdivision of the adjoining township, the
alinerent of the exterior cannot be changed. A defective boundary
not so closed upon may be obliterated after independently resurveying
g new boundary and connecting the old with the new monuments.
If known that s mineral survey, forest-homestead or small holding
claim, railroad or canal right of way, reservoir site, etc., has been
connected with any corner of an exterior subject to rectification,

163
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the fact will be specifically stated in the written special instructions,
and in case the exterior is found to be defective, the cadastral engineer
will add the letters “AM” (signifying «gmended monument”’) to the
markings of the original monument and accurately connect the old
monument by covrse and distance with the new monument. A com-
plete record of the connection from the new to the amended monument
and g full description of the latter including the new marlkings and
accessories will be included in the field notes, and where a special
purpose is to be sorved the position of the old monument will be
shown on the plat of the survey. Sections 258, 459.

164. If & 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 on the monuments, and the marks upon
or position of the accessories, may be appropriately altered to stand
only for the sections of the previously ostablished 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
so 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 cardinal equivalents of 40 and 80 chains.

165. Where subdivisional lines have been initiated from or closed
upon one side of a portion of a township boundary prior to the sub-
division of the township on the opposite side, while upon the remaining
portion of the same cuch conditions do not interfere, said remaining
portion may be obliterated, if found defective, whereupon a new line
will be projected in accordance with regular independent resurvey
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 closing
upon defective exteriors cannot be accepted in lieu of such retracement
O Tesurvey. '

167. Instances will ocour both in closing subdivisional surveys upon
regular exteriors and in the retracement of defective boundaries not
subject to rectification where it will be developed that the original

become lost or obliterated, or where such corner

monuments may be identified in an advanced state of deterioration.
tablished and remonumented in

All such exterior corners will be rees
their correct original positions in strict accordance with the provisions

of chapters IV and V, and o complete record thereof will be embodied
in the field notes.

monuments have
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i
Fig.37. ‘ 168. The south boundary of & township is regularly the governing
West fo intersection. ‘ latitudinal boundary and will be used as such unless defective in
e H B i"*”L'L'E : A % : alincment; if defective in measurement, and not subject to rectifica-
Ll ot dgede et LA - . o . . .
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cation, the position of the original corners will not be changed, but
the marks on the monuments and the accessories will be appropriately
altered to stand only for the sections of the township to the east; new
corners of two sections and quarter-section corners common to the
sections of the township to the west will be established at regular
intervals 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 & 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 & township become the
closing meridional and latitudinal boundaries of the townships to the
cast and south, respectively, and where by peculiar necessity the
ideal plan must be modified and doubt exists as to how unsurv‘eyed
lines may close upon same, the corners thereon may be estabhs'hed
common only to the sections of the township of which the new lines
are the governing boundaries. The corners appropriate Fo the sec-
tions upon the opposite side will be duly established as closing corners
at the time of the survey of the subdivisional lines 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 corner monuments will be appropriately altered to corners
of maximum control. ‘

172. Where the previously established north or west boundaries are
found to be defective in measurement Or position and subdivisional
surveys in the adjoining townships have been initiated upon the same,
thereby preventing rectification, the marks upon the original corner
monuments will be appropriately altered to corners of two sections
and quarter-section corners common only to the scctiops of the town-
ships to the north or west, respectively. Closing section corners will
be established when subdividing and the distance measured to an
original corner; new quarter-section corners, COmmon to the sectxoryls
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 omne direction, depending upon the plan of the sub-
division 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 rcgglarly to the
original corners; the resulting fractional measurements will be placed
uniformly in the north and west half miles.
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173. The diagrams which accompany the text illustrate the guiding
principles involved in the method of establishing new governing
boundaries where the previously surveyed exteriors are found to be
defective. Each diagram illustrates a simple condition affecting one
boundary only, and the examples are taken only from the regular
order of procedure. Combinations of two or more of the simple
defective conditions are best solved by an analysis of the complex
problem into its several parts of simple defective conditions. The
same statement is applicable to the solution of complex defective con-
ditions 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 administrative office
which will issue appropriate instructions.

The rules set up in sections 163 to 173, inclusive, relating to the
completion and rectification of township exteriors before subdividing
are intended to sccure the most direct return to normal procedure in
those cases where these rules must be invoked. The preliminary
retracements and the resurveys that are provided for may show that
some modification will secure better results, this can be effected upon
consideration of the problem, and approval of the plan by the proper
administrative office.  Fach case should be treated on its own merits.

Tables of Latitudes and Departures and Closing Errors

174. Upon the completion of the survey of one or more township
exteriors closing the figure of either a full or fractional township, a
table of latitudes and departures and eclosing 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 (¥ of the perimeter, in either latitude or departure) is
exceeded, will serve to show what additional retracements or other
corrective steps may be necessary in order to perfect the survey before
leaving the field. The table of latitudes and departures and closing
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 computation sheets. The general subject
of “limits of closure’’ will be amplified hereinafter. Section 234.
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SUBDIVISION OF TOWNSHIPS

Regular Boundaries

175. The boundaries of a township will be considered within satis-
factory 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 respect to rectangular limits as previously deseribed. The
danger zone has already been placed at theoretical bearings exceeding
14’ from cardinsl, and the corresponding zone in respect to lengths
of lines may be placed at theoretical adjustments exceeding 33 links
per mile.

176. The dircction of the east boundary may qualify anywhere
within the governing limits set forth under the subject of “township
exteriors,” 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 meridional
subdivisional lines.

177. The subdivision of a township may procecd in the normal
order, where the above conditions are satisfied, as follows:

The meridional section lines will be initiated at the regularly
established section corners 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-
ional section lines will be run parallel to the mean course of such east
boundary. Regular quarter-section and section corners will be estab-
lished alternately at intervals of 40 chains, as far as the northernmost
interior section corner. The last miles of the meridional section lines
will be continued as random lines without blazing through timber,
each successive line being run parallel to the true cast boundary of
the section to which it belongs; a temporary quarter-section corner will
bo scb at 40 chains, the distances will be measured to the points of
intersection of the random lines with the north boundary of the town-
ship, and the fallings of the random lines cast 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 blazing through
timber and markings between the section corners, including the per-
manent establishment of the quarter-section corners on the true lines
ot distances of 40 chains from the south, thus placing the “fractional
measurements in the north half miles. The bearings of the true lines
will be caleulated on the basis of the fallings of the randoms (table 3,
Standard Tield Tables). Where the north boundary of the township
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is & base line or standard parallel, the last miles of the meridional
scetion lines will be continued as true lines parallel to the east boundary
of the township, setting permanent quarter-section corners at 40
chains from the south and closing section corners at the points of
intersection of the several lines with the base, standard, or correction
line, where the distances will be measured to the nearest corners on
said line; and new quarter-section corners, common to the sections
of the township which is being subdivided, will be plaged on the base
line or standard parallel at the mean distances between the closing
section corners, or at 40 chains from one direction, depending on the
plan of the subdivision of tho section. The adjustment of the bearing
of all meridional section lines on account of convergency of meridians
has already been explained in chapter II. Sections 129, 130, 131.

178. The latitudinal section lines, except in the west range of
sections, will normally be run without blazing through timber from
west to east on random links parallel to the south boundaries of the
respective sections, setting temporary quarter-section corners at 40
chains; 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 be noted. Each random will be corrected
to a true line by returning to accomplish the required blazing and
mearking 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 south boundaries of the respective
sections, and on the true lines the permanent quarter-section corners
will be established at 40 chains from the east, thus placing the frac-
tional measurements in the west half miles. Section 544.

179. Meander corners will be established at the points of inter-
section of the several true lines with all meanderable bodies of water.

180. The meridional scction lines will have precedence in the
order of execution, and these will be surveyed successively, begin-
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 scction 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 sections to the east, The field
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notes will be compiled in ranges of sections beginning with the eastern-
most, 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 field notes. Appendix VIIL

181. Thus the subdivisional survey will proceed in accordance with
instructions prescribed in sections 177 to 180, inclusive.

The ficld notes will embrace a complete record of the manner in
which the subdivisional lines are run and established, and will include
a prefacing statement that random line ficld notes are omitted except
where necessary to record offsets, triangulations, stadia measurements,
and important observations. Such measurements will be recorded in
the transcribed field notes only where the ground has not been, or
cannot be measured with the steel tape, or where the line passes over
corner points without monumentation. Section 544,

The field tablets will contain all details of the survey, including the
direction of projection of random lines, the amount of the falling left
or right of the objective corner, and the calculated return course or
true line.

The system of rectangular surveys places every means at the dis-
posal of the engincer by which he may accomplish accurate results,
and provides amply for the adjustment of all reasonable closing errors.
Thus, o slight error in the alinement of the meridional section lines is
talen up in the measurement of the latitudinal lines which, in order
to come within the rectangular limit, must be within 50 links of 80
chains in length, except in the west range of sections where the con-
vergency of the meridional lines is regularly provided for; the accu-

mulated 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 scction lines which, in order to come
within the rectangular limit, must be within 21’ of cardinal; the
accumulated error in measurement in running north is placed in the
last fractional half mile; here the meridional distance will be checked
by a calculated closing around the last section, and the latitudinal
error must not exceed 50 links (or ¥s0) in order to come within the
vsual limits of closure. The accuracy of the subdivisional survey
will everywhere be tested by the usual rules for limits of closure,
hercinafter described. The engineer should discriminate carefully
between the limits for subdivision &: . limits of closure and note with
due respect that whereas the latter may admit of differences as great
as 50 links in any one section, the former are controlled by the limit of
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rectangularity and will be exceeded if the accumulative error is greater
than 3% in alinement, or 8% links per mile in measurement. Tho
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
section lines, except in the west range of sections, will normally be
run from west to east, thus always closing upon a previously estab-
lished section corner; but when under the exigencies of the field work,
in order to economize the time of his party, the engineer may clect
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 as usual at

i T T 1 t i
BB BN R
- +6--60 oD e ddmlhm =33 = B n22 =2 i =]
t

L

_+5; 58 43 32 21 10—
-—i ; ! . .

__1;{/;57 8 4z 9 w 0 2 W 9 12
ol

%6 55 41/ —30 /9 - 8 —

-8 sz 17 0 6 2 5 s 14 T 13

|
L5 52 39 28 /7 6 —

]
1

-—{-;g s/ 20 38 20 27 22 /6 23 5 24
|

-—§»5‘O 49 37 26 5 # =
——j—sio 48 28 36 28 25 27 /4 286 3 25
—j-z;:7 46 35— 24 /3 2 —
::‘1-311 45 32 34 33 23 34 sz 35 / 36

Fi 9.40.

FicURe 40.—The numbers on the section lines indleate the normal order of subdlivision and arrangement
of the field notes.

182




198 MANUAL OF SURVEYING INSTRUCTIONS

section line, whereupon the con-

the 80-chain point on the meridional
o and the permanent marking of

nection of the random latitudinal lin
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. Appendix VIIL
Irregular Boundaries

183. Where either of the governing boundaries of a township is
disqualified as controlling line upon which to initiate a subdivisional
survey, the necessary retracements and resurveys or alterations will
be accomplished before subdividing as previously explained under

the subject of township exteriors; thus may be assured every possible
ivisional survey except as either the south

provision for a correct subdi
or the east boundary may be dofective in alinement and not subject

to rectification.
The specific plan that is provid

be modified by the public survey o
sderation has been given to the specific problem, and provision made

for all basic requirements, and where the conditions present justify
a change from the plan herein. The basic requirements are, adherence
to the normal rectangular plan (sec. 8) where practicable; regard for
the normal location and area of square miles of 640 acres each for
the granled lands that are to be identified by the survey (the school
sections); the maximum number of rectangular sections of 640 acres
each, or aliquot parts thereof; avoiding two sets of corners when one
set is ample for all needed subdivisional requirements; and, simplicity
of survey, most readily understood by the public. The rules in these
sections have no comparable application in the execution of those
resurveys wherein prior rights have been acquired.

od in secs. 184, 185, and 186, may
ffice in those cases where due con-

Sectional Guide Meridian

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 position, the first meridional scction line will be pro-
jeeted on o true meridian to an intersection with the north boundary
of the township where 2 closing section corner will be established
and the distance measured to the nearest regular corner. The inter-
mediate quarter-section and section corners will De established
alternately at regular intervals of 40 chains, counting from the south,
unless the south boundary of the township is itself defective in
alinement. Where the north poundary is not defective in position
(nor within the danger zone) with reference to the scctlon corners
on the south boundary (by reason of the errors in the alinement of
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the east boundary being compensating), the first m.eridionul scetion
line will he projected 5 miles as a true line on a bearing calculated 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 meastred. The
remaining meridional section lines will be ru’n»paraQel to the one
first established, in the usual manner, to closing section corners o
the last mile or random and true as the case may be. ' .
The fractional measurements of the lfxtltudmal section 'hnes in
" the first range of sections will be pla'ced in th'e ea's‘o ha.lf mile; elshe-
where, unless the south boundary is defective In alinement, the
latitudinal section lines will be run in the usual manner.

Sectional Correction Line

185. If the south boundary of the township is defect'ive in aline-
ment, and can not be rectified, and the w?st bqundm"y is thus {nadg
defective in position, & scotional‘ cor.rectxon Im.e‘\ylll be surv eg'e
as o permanent line on a true latitudinal curve mltmtve('i at the first
regular section cormer on the east boundary and' projected ’100 an
intersection with the west boundary of the tgwnsth where a ¢ osing
section corner will be established and ?he distance mea.sm‘ed to the
nearest regular corner. The intermediate q_uarter-sectlon z.md sec;—
tion corners will be marked as temporary points at regular intervals
. of 40 chains, alternately, counting from the ’e&s.t. Where the west
boundary is not defective in position (nor within the danger zone)
with reference to the section corners on the east bqundary (by reason
of the errors in alinement of the south boundary being cqmpensatmg),
the first Jatitudinal section line will be projected & xrfﬂes' as a per-
manent line on a bearing caleulated to interscet the op]ecmve section
corner on the west boundary; temporary qum‘ter—sec’c}on and se.ctllon
corners will be marked ab regular intervals of 40 chains, alternately,

ing from the cast. '
CO"AI.‘IS;D sbcci?:; corners on the sectional 'correction l'me_‘.w:ﬂl be estgb-
lished at the several points of intersection of the meridional section
lines alined in the normal manner. "I.‘here.after the qt{arterﬁmt;;n
corners on the sectional correctior} line will be established at t (;
usual mid-point positions except in the east and wizst mn‘ges ~(')u
seetions. The quarter-section corner between secs. 25 and 36.\'\'1.
be established at 40 chains from .the .West if the east boundlaly. gs
defective in alinement; otherwise it will be fixed at the usual mi ci
point position. The quarter-section corner between secs. 301 an
31 will be placed at 40 chains from the east,'and if t',he sectiona cog-
rection line has not been terminated at & closing section corner on the
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west boundary of the township (as previously provided), the line
between sees. 30 and 31 will be run random and true in the normal
manner. The quarter-section corners on the meridional scction 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 boundary, or the east part
of the south boundary, is regular, and the balance of the exterior is
found to be defective in alinement and not subject to rectification,
the subdivisional survey will be made regular as far as possible.
The initial point for the scctional guide meridian, or for the sectional
correction line, will be determined by existing conditions, and the
subdivisional survey continued in harmony with the principles
already outlined. Thus the first meridional section line would be
continued as & scctional guide meridian if the north part of the east
boundary is defective in alinement and the north boundary is thereby
made defective in position, but if the north boundary is not defective
in position (nor within the danger zone) the first 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 seen that
the maximum number of normal sections are to be sccured 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 be 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 boundary of the township can not be
considered regular unless the meridional lines are established at 80
chains 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 “fractional subdivision.”

187. The field notes of subdivisional surveys cmbracing cither a
sectional guide meridian, a scctional correction line, or other gov-
erning section line, will be compiled in the same regular order here-
tofore described, but appropriate explanatory remarks will be added
indicative of the method and order of procedure.

187
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Closing Section Lines

188. In the event of defective north or west boundaries, not subject
to rectification, where the subdivisional lines cannot be connected
with the previously established exterior section corners, regularly by
random and true lines not exceeding 21’ from cardinal and at the same
time not deviating more than 21’ from a line parallel to the opposite
(regular) boundary of the section, the normal positions of the randoms
will be made the true lines; a closing section corner will then be
established at the point of intersection of the section line with the
original boundary, and the distance will be measured to ’ghe near.est
original corner. The quarter-section corners 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 accomplished, the defective bounda-
* Jes of the township will be retraced as may be necessary, and the marks
upon the original corners appropriately altered as previously provided
under the subject of rectification of defective exteriors, whereupon
new quarter-section corners, common to the scetions of .the tO\msl}lp
which is being subdivided, will be cstablished on the original defective
boundaries at the mean distance between the closing scction corners,
or ab 40 chains from one direction, depending upon the plan of the
subdivision of the section to which a particular quarter-section corner
belongs. In a like manner, quarter-section corners between closing
section corners will be established for sections closing on a State, res-
ervation, or other irreguler boundary, or on a standard line. Sec-
tions 205 and 225.

189. Corners of two sections on the governing south or east boun-
daries of a township will not be established as closing section corners,
but at regular distances by measurement on sai'd boundaries as
already provided under the subject of rectification of ' defective
excteriors before subdividing; thereafter the position of said corners
will control the subdivisional survey. .

190. Where o section is invaded by & surveyed State or reservation
or grant boundary, whose boundaries are at v&rianc.e with the lines
of legal subdivisions, the distance on the tOWIl.Shlp boundary or
section line to the point of intersection with the irregular bplmdary
will be carefully measured, likewise the exact beari‘ng of the irregular
boundary will be determined and the distance will be ‘measured to
the nearest corner on such irregular boundary. A closing township
or scetion corner will or will not be established depending on the
conditions set forth in section 191. ' '

Surveyed mineral claims, forest~homesfcead cl.mn‘ls, small ho]dx.ng
claims, cte., intersected by or located entirely within the boundaries
of o section will be connected to a regular corner on one of the boun-
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daries of the scetion either by a connection from a corner of the claim
or from the mineral, location, or other corner monument to which the
claim was originally connected. The bearings and lengths of all
connecting lines will be carefully determined. 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 recorded in
the field tablets, and the course and length of the direct connecting line
will be stated in the field notes and will be shown upon the plat of
the survey. '

191. If s survey is to be concluded upon 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
opposite irregular boundary, but without monumenting the rectangu-
lar survey between such irregular boundaries, a closing township or
section 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 so concluded, but is to be continued for
the purpose of establishing a full complement of section and quarter-
section corners for the control of the subdivision of a section so invaded
by a private claim, no closing corner will be required.

192. In every case where a closing township or section 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 will be retraced between the first corners to the right and
left of the point for the closing corner, whenever such retracement is
necessary to insure that the closing corner is 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. Revised Statutes, secs. 2396, 2397 (43 U. 8. C,, secs. 752, 753),
contain the fundamental provisions for the subdivision of sections into
quarter sections and quarter-quarter sections. The principles recog-
nized by law have already been stated in chapter I. The sections
are not subdivided in the field by Burcau of Land Management ca~
dastral cngineers unless provision therefor is specifically mentioned
in the written special instructions, but certain subdivision-of-section
lines are always protracted upon the official plats. When surveying
subdivision-of-section lines in the field, the local surveyor must cor-
relate the conditions as found upon the ground with those shown upon
the approved plat. The Bureau of Land Management cadastral en-
gineer is required so to establish the official section boundary monu-
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ments that a proper foundation is laid for the subd?visiqn of the sec-
tion, whereby the officially surveyed lines may be identified and the
subdivision of the section controlled as contcmplat.ed by Ia}v.‘ .

194. The rectangular system provides for the unit of admlmstx:atxon
under the general land laws, broadly, the quar'tvel'-quartcr,secmon of
40 acres, upon a plan in which the square .mﬂe, or sec“mon of 6%0
acres, is the unit of subdivision, while the unit of survey is the town-
ship of 36 sections, The function of the cadastral engincer of the
Bureau of Land Management has been fulfilled when he has‘ executed
and monumented his survey properly and returned an official record
thereof in the form of complete detailed ficld notes and a plat. The
plats are constructed in harmony with the of;ﬁcml.ﬁeld notes rcturnei
by the engineer. The lands surve.yed are identified on phe groun
by fixed monuments established in the survey. A United States
patent conveys the title to o tract defined by th‘ogo fixed monuments
and related by doscription and outline to the official pl.at.

Tho function of the local surveyor begins when‘ he s gmployed as
an expert to identify the lands which have passed into private owg'cr-
ship; this may be a simple or a most. gomplex problem, dep{gfn ing
largely upon the condition of the‘ original monurpents a; 8 {eg gl
principally by the Japse of time since the ex?cu@on of ¢t }f o é:ila
survey. The work of the local surveyor usually n}dudgs the sud‘ i-
vision of the section, already mentioned as the official unit of sub 1;1—
sion, into the fractional parts shown upon the &pproved plat.l tg
thislcapacity the local surveyor is perforn}mg.a function congf,.mp al-e
by law, and he cannot properly serve his client or the pu g(g un ess
he is familiar with the legal rcquiremisn'ts concerning the subdivision
of sections. In the event that the original monumen.ts have pecgnﬁe
lost the surveyor cannot hope effectively to recover ss.ud clor.nells W 1tb~
out o full understanding of the record concerning their origina estvat.i
lishment, nor can the surveyor hop('a legally to restore the same: un 1f
he has mastered not only the principles observc_d in the execu’gon. 0
the original survey, but the principles upon thch. the courts having
jurisdiction over such matters have based their rulings. Lo

195. The Bureau of Land Management assumes no contro or. ?rec;
tion over the acts of local and county surveyors 1 the mf&tt@s' o1
subdivision of scctions and reestablisbment Qf lost coz‘ne}‘s‘o orlgu}gl
surveys where the lands have passed into private OW’DGI’bhllp, nlor:;l .
it issue instructions in such cases. It follows thfa general rule UT.'i
disputes, arising from uncertain or erroneous 10(}&1)1011. of corﬁizrs, o1 10;
inally established by the United St&‘ges, are to be sct:txed by the gropres
local authorities or by amicable adjustment, and the Bureau desire
that the rules controlling the acts of its own cadastral engmeermi
cervice be considered by all other surveyors as merely advisory ani

102

. SYSTEM OF RECTANGULAR SURVEYS 207

explanatory of the principles which should prevail in performing such
duties.
The subject of restoration of lost corners will be treated in chapter V,

as the purpose here is to outline the principles concerning the sub-
division of sections.

Subdivision by Protraction

196. Upon the plat of all regular sections the bbundaries of the
guarter sections are shown by broken straight lines connecting the
opposite quarter-section corners. The sections bordering the north
and west boundaries of & normal township, excepting section 6, are
further subdivided by protraction into parts contsining two regular
half-quarter sections and four lots, the latter containing the fractional
areas resulting from the plan of subdivision of normal townships; the
lines of the half-quarter sections are protracted from three points 20
chains distant from tho line connecting the opposite quarter section
corners, two of said distances counting on the opposite section lines
and one counting on the line between the fractional quarter sections;
the lines subdividing the fractional half-quarter sections into the
fractions! lots are protracted from mid-points on the opposite bound-
aries of the fractional quarter section. The two interior sixteenth-
section corners on the boundaries of the fractional northwest quarter
of sec. 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 lots herein
described will be numbered in a regular series progressively from cast
to west or from north to south, in each section. As sec. 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
south to No. 7 in the southwest fractional quarter-quarter scetion.

The regular quarter-quarter sections are aliquot parts of quarter
sections based upon mid-point protraction; it is not deemed necessary
to indicate these lines upon the official plat.

197. Scctions 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 administration of
the public lunds remaining undisposed of, and to describe the latter
separately and apart from the segregated arcas.

197




S
o ] 1 T 7 : i MJI
1 X ! ! ! . -
- 11 o ! ©y { L 4 I - ] &~ “ ! ~ -
' i i o ' ! t &
. R @ _ I £
P = S VR E
x [ @ B S @
a t £ i ! =
- ! ® ! I« o
o t = ! £
w I R o = 5 ! . ®
P . 1 2 pPFromo e e e 2
& o = . 5
= © ! © 1 ! o ¢
e c i (] § iy L]
o : _ 3 ! g =
7 @ 3 . t v g
= . e L ¢ g
[ 1 R ¢ R -
< i £ ' { |
= | ui ! vioZ
= i ! y ¢ -1
@] X 1 ' W =
z ; 5
Pl g
@) . ]
B ! T T xm
& I ; ! el
F= | n
5 ! ' P - B
¢ { C 9
2 : e 4
=) o v ! | PN £ &
£ R € ' ' . o B
w o s ' . < &
o © H © = =
0 2 © M [ <
© iU f= = = - o
L 0 [ 2z
3 o | _ 5
C C o~ ©
® = ! _ N
@ = | 1 3
= | [—— 5
t ] 3
! ! - %]
X ;
A !
. osoz | %cmo..%cm v oovz |
S04y | 0002 | ooy oov# i ooo¥ © t 8! i IR
o A i S & ot H S ©
S v i i I | ] i N
S i s A N R [ T S L e 2
1 B N Zr0Z 1 ] 1 R
llllll - T t Q ! S 1 2
) ¢ 13 M o~ t 13 . S|
3 i = ] i N N
w S N i 1 N 6. i &
= N ¥ \ RS e 0 == TR S S SOPUPU -
o f 5* g 3__ 5| ¢ zzoz | oooz § covz v oovz | 2
= - Sy T aeee O T T T T T T T T T T T T T T . o ' ) o
= 5517 | 0002 g, R ol 3 2 3 i o) _ Si's
O Q 19 N " St S M I S t Sl O
[ S 1 < i I o . N i~ i L
I ¢ N o d
m & 1 1§ ! @ zxsleI!!x.r ||||| e e e e £ o8
£r0z 3
[0} e ww/ ! :mm ) oy 4“ 2_ o E
v M T [ @ oy Q ] & @ &
A 1 B c 2t Nl W oG ® g T oglE o
[ W . “M { o ~ ~1 =~ . /. <! v B
o o ls v | { ‘G 000z | 000Z | 0002, 000Z" B
% P 1 | N 2 =2
— . 1 . \ 2 g
5 92 L oY ¢ oovz covr oovr | coor 5 79/,0°S e
Z b 8§ _ N 1 3 © i 95p8 2
D 8 ! 1R ol i — CE ! &
i S [ - O e
llllll . g S ! Q m < ! t m
= N Ry S I S ' 1 =
o o ! 2 <+ Erg S A, o < =
2 N % ! o i oo © W m
3 N ] i c o | 1 ©
<< ~ t b ~ @ | @ jaa
mU 1 w! Jutod-priy .\Q.\uo\«h\&\ A Lured-pigy Pt w | bl
v e Ao P AT L e e T - el g —
“ Dot “Ssm gl wﬂ , ol 3 2 ! GMS N .Mc
o ] " BIN S S ]l © T T T TG ST T T T T T gl
“ S N N IS Sl & S ool B0 I
& & N 1N 3 as | 9 UV o =
{ | L [} < ! O N
l«!‘-ll&.l![alll'!o!llll!ll!‘!!!l\lll!ltl.lt.d.l.\(].vl e o v < n t p £
_ _ _ ! i ; gl
; _ T S S T T i S
N .
I A R . | SR Sl e l,8 1,00 88
- vovz | oovzr | oooz | oovz | 000Z  000Z | 000Z | 0002 3 < I I P 9
- : @ | ©
= <0 D044 = i oopg | S
[ Y4JON -



210 MANUAL OF SURVEYING INSTRUCTIONS

The meander line of & 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 unifom} 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-section lines is controlled precisely
as though the scction had been completed regularly. In the case
of & scction whose boundary lines are in part within the limits of &
meanderable body of water, or within the boundaries of 2 priv_&te
claim, the said fractional section lines are, for the purpose of umf(.)r'm}ty,
completed in theory, and the protracted position of the subdlwismn-
of-section lines is controlled by the theoretical points so determined.

198, In the subdivision of fractional sections as many regular
parts should be secured as possible, except to avoid thus crea?ing
poorly shaped fractional lots. Skill and judgment n}u’st be excr01§ed
to accomplish a subdivision which embraces simplicity of plz}ttmg
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 where a
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 o.Lher
irregular broken boundary, where the width of the lot:, in _both direec-
tions may be considerably less than 20 chains, rospltmg in tracts of
more compact form, it is generally better to avoid an ares of. less
than 5 or more than 45 acres. Dxtreme lengths or narrow widths
should be avoided; the longer direction should extend back from 8
meander line or claim boundary rather than along the same. I‘t is
inconsistent that o fractional lot lie partly in two sectiox}s, and'lt is
generally better, when consistent with other rules, to avoid fr‘actxonal
lots extending from one into another fractional quarter section.

199. To secure & uniform system for numbering lots of frac.mfmal
sections, including those above specified, imagine the section d1v1d§d
by parallel latitudinal lines into tiers, numbered fror}l north :no ssuth;
then, beginning with the eastern lot of the nort].u tier, call it 1‘\0. 1,
and continue the numbering west through the tier, then east in the
second, west in the third, east in the fourth tier, etg., until .aH
fractional lots have been numbered. These directions will be main-
tained even though some of the tiers contain no fractional }ots. .A
lot extending north and south through two, or part of two tiers, will
be numbered in the tier containing its greater area. This method of
numbering will apply to any part of a section. A section that has
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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, to such 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
beoundary, as the case may be, the entire north or west portions of
said sections beyond the regular legal subdivisions tusually 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 & 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 cast or south boundary of the
township, as existing conditions may necessitate. Thus, where
either the east or south boundaries of & 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 ““fractional subdivision.”

Subdivision by Survey

202. The rules for subdivision 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 Bureau of Land Management 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 cnable 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 1s essential to identify the bound-
aries of the section, as it can not be subdivided until the section corners
and quarter-section corners have been found, or restored by proper
methods, and the resulting courses and distances determined by survey.

204. The order of procedure is: First, identify or reestablish the section
boundary corners; mext, fix the lines of quarter sections; then, form the
smaller tracts by equitable and proportionate division, according to the
rules that follow.
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Subdivision of Seciions Into Quarter Sections

905. The method 1o be followed in the subdivision of a section into
quarier sections is to run straight lines from the established quarter-
section corners to the opposite quarter-section corners; the point of
intersection of the lines thus run will be the corner common to the several
quarter sections, or the legal center of the section.

Upon the lines closing on the north and west boundaries of a
regular township the quarter-section corners were established origi-
nally at 40 chains to the north or west of the last interior scction
corners, and the excess or deficiency In the measurement was thrown
into the half mile next to the township or range line, as the case may
be. If such quarter-scction corners are lost they should be rcestab-
lished by proportionate measurcment based upon the original record.

Where there are double sets of scction corners on township and
range lines, the quarter-section corners for the sections south of
the township line and cast of the range line have not usually been
established in the original surveys; in subdividing such sections new
quarter-secfion corners are required, to be so placed as to suit the
calculations of the areas that adjoin the township boundary, as ex-
pressed upon the official plat, adopting proportional measurements
where the new measurements of the north or west boundaries of the
section differ from the record distances.

Subdivision of Fractional Sections

206. The law provides that where opposiie corresponding quarter-
section corners have mot been or can not be fized, the subdivision-of-
section lines shall be ascertained by runming from the established corners
north, south, cast, or west lines, as the case may be, to the water course,
reservation line, or other boundary of such fractional section, as repre-
sented wpon the official plat.

In this the law presumes that the section lines are due north and
south, or cast and west lines, but this is not usually the case. chce,
in order to carry out the spirit of the law, 1t will be necessary in run-
ning the center lines through fractional sections to adopt mean courses,
whero the section lines are not on due cardinal, or to run parallel to
the cast, south, west, or north boundary of the section, as c.onditions
may require, where there is no opposite section line. Scction 197.

Subdivision of Quarter Sections

207, Preliminary to the subdivision of quarter seetions, the quarter-
quarter- or sizteenth-section corners will be established at points mid-
way between the section and quarter-section corners, and between the
quarter-section corners and the center of the section, except on the last
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half mile of the lines closing on township boundaries, where they should
be piaced at 20 chains, proportionate measurement, counting from the
regular quarter-section corner. Sections 209, 468.

The quarter-quarter- or sizteenth-section corners having been estab-
lished as directed above, the center lines of the quarter section will be
run straight between opposite corresponding quarter-quarter- or siz-
teenth-section corners on the gquarter-section boundaries. The inter-

. section of the lines thus run will determine the legal center of a quarter

section. Section 468,
Subdivision of Fractional Quarter Sections

208, The subdivisional lines of fractional quarter seclions wdll be
run from properly cstablished quarter-quarter- or sixteenth-section cor-
ners, with courses governed by the conditions represented upon the
official plat, to the lake, water-course, reservation, or other irregular
boundary which renders such sections fractional. Section 197.

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 occur through
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 distributed by proportion, producing the same result
in a more reliable manner. For example: The length of the line
from the quarter-section corner on the west boundary of scction
2 4o the north line of the township, by the official survey was reported
as 43.40 chains, and by tho county surveyor’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 county surveyor’s measurement 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 corner, as represented on the official plat. In
this manner the discrepancies between original and new measure-
ments are equitably distributed.

210. By way of recapitulation it should be emphasized that when
entrymen have acquired title to certain legal subdivisions they have
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municate with the regional or public survey office, submitting in-
formation, by letter and diagram, of the exact condition as found
by him, and the necessary instructions will be forwarded.

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 similar reasons a township is made fractional 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 exteriors, the
fractional 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 departure from the reg-
ular order of subdivision becomes necessary; in all such cases the
{ractional measurements on the exterior and subdivisional lines, and
the resulting fractional lots, will be placed to the north and west
against the irregular boundary.

213. Where on account of impassable objects or for other reasons
no part of the south boundary of & township can be regularly estab-
lished, the subdivision thereof may proceed {rom north to south
and from east to west, thereby throwing all fractional measurements
and arcas 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 cast, in which case the fractional measurements and areas
will be thrown against the irregular east boundary; on the other
hand, if the north boundary of sec. 6 is fractional, asectional 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 sub-
divisional survey would be projected from north to south and from
cast to west, with fractional measurements, and resulting fractional
Jots, on the east, south and west boundaries of the township. The
accompanying diagrams are illustrative of the principles which operate
to control the subdivision of partial townships. :

Tt will be observed that in the case of fractional townships, the
soctions bear the same numbers they would have had if the townships
were full, that is to say the section numbers are employed which are

211

SYSTEM OF RECTANGULAR SURVEYS 217

the proper section numbers relating to the sides which are the govern-
ing boundaries, leaving any deficiency to fall on the opposite sides.

214. A very considerable class of surveys now coming before the
Bureau of Land Management embraces the continuation of the sub-
divisional survey of townships previously subdivided in part only,
frequently including the completion of partially surveyed sections or of
sections containing outlying arcas protracted as surveyed. If defec-
tive 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. In the
construction of new township plats the former parctice of showing
certain outlying areas of sections protracted as surveyed has been
abandoned as unsatisfactory and inconsistent with the surveying
laws, Section 583.

215. Most original surveys which are to be extended were executed
meny years ago when the remaining areas now to be surveyed were
considered waste lands. Due to the ravages of time and the inferior
monumentation of the early surveys, obliteration is so far advanced
in the majority of cases that usually resurveys are required to identify
and remonument the limiting boundaries of the area to be surveyed
so far as the section or subdivision-of-section lines controlling the new
areas may depend upon the position of the previously established
corners. In order properly to determine the position of a lost corner,
the engineer often will be required to retrace additional lines which
are not the boundaries of sections containing the new arcas to Dbo
surveyed, but no reestablishments of original corners on such lines are
required. - The theoretical position of a lost corner on such lines 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 controversy between landowners is avoided if the reestab-
lishments are confined strictly to those corners which control the
position of the scction boundaries or the subdivision-of-section lines
affecting the public lands to be surveyed. Identified original corners
which are adopted as a basis from which to control the reestablish-
ments bordering the public land sections will be rehabilitated but not
remonumented. All restorations of lost corners will be made in
strict accordance with the provisions of chapter V.

The field notes of such resurveys should include an explanation of
their purpose and extent preliminary to proceeding with the running
of the new lines as set out in the special instructions, giving all needed
historical references to the related prior surveys. The detail will be
written in the usual field note record form, following the introductory
statement.

215
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Fig.54.
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The plat, in addition to the usual dats, may if desirable carry a
marginal memorandum (or diagram) that makes it clear what lines
of the prior survey have been retraced as a basis for extending the
new lines. If no changes in the former lottings and areas in the.
resurveyed portion are to be made it will be stated that the lottings
and areas remain as shown on the plat (or plats) approved
(date or dates).

- o o

Completion of Partially Surveyed Sections

216. Many assignments for fragmentary surveys require the com-

pletion of the survey of portions of boundaries of sections heretofore

unsurveyed, in which sections are contained areas fixed in position
by less than the regular 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 protecting
acquired rights based upon the former approved plats. Section 583.

The following 10 principles are distinctly applicable to the subject:

1. The legal procedure governing the subdivision of any normal section into
quarter sections is based broadly on the principle that the partition lines may be
definitely fixed by four 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-scction corner of & section.

2. The legal procedure governing the subdivision of regular quarter sections
into quarter-quarter scetions is based broadly on the same principle of controlling
lines projected betwecen opposite sixteenth-section corners of the quarter section,
the latter corners established at mid-points on the true lines bounding the quarter
section;theintersection of the true center lines of the quarter section is the legal
point for the interior sixteenth-section corner of such regular quarter section.

3. The legal procedure governing the subdivision of sections containing {rac-
tional lots into their component regular quarter-quarter sections and fractional
lots is based on the same principle with the simple modification that the sixteenth-
section corners on the boundaries of such quarter sections are themselves estab-
listed at distances conformable to the proportions shown on the official plat.

4. The fact that the full complement of four scction 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 ap-
proved plat, and the legal procedure to be adopted in the extension of the bound-
aries of such sections must be such as to fix, within reasonable limits, the remain-
ing quarter-section cormers in & position which will protect the integrity of the
original areas by controlling center lines connecting the old and new quarter-
section corners.

5. In the rectangular system the section is recognized as the unit of subdivision,
and in proceeding with the extension of fragmentary surveys first consideration
must necessarily be given to the completion of the survey of fractional scetions.
No invasion of the original unit is tolerable if any portion of such unit has been
surveyed, or if outlying areas have been shown protracted as surveyed.

6. “Reasonable limits” for the fixation of the remsining quarter-section cor-

216



222 MANUAL OF SURVEYING INSTRUCTIONS

pers of & section in a position which will protect the integrity of the original areas
of such scction may be considered such as for alinement when not to exceed 21/
from a cardinal course, and for measurement when not to exceed 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 opposite portion of the section
is more or less than 40 chains. This concession as to limits is made in the interest
of simplicity, where by such concession rectangularity of both the old and new
surveys may be maintained if so harmonized. .

7. 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 fh“
rection only, and the controlling measurement will be made to harn’lomz'e 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 position of the new quarter-sec-
tion corner will be controlled from the two directions and the proportional 1en.gths
of the two portions of the new line will be made to harmonize ?Vitl‘l the proporcxon‘al
lengths of the two parts of the old opposite boundary, all as indicated by the dis-
tances and areas shown on the original approved plat.

8. The underlying principles governing the rectangular surveyi.ng system‘ are
equally applicable to the completion of the survey of fractional sectxons,'zmd given
s condition in an original survey which in all its various elements is ‘““within
limits” within the meaning of the rectangular surveys, the simple plan of .continu-
ing in the same manner and order as would have been ad'opted in th-e o.rign.lal sur-
vey, if the same had not been discontinued, will accomplish us'ually in its simplest
form the completion of the survey of fractional sections; thlS' t?ecomes t.he first
duty of the engineer before proceeding with the survey of additional sectlons_, 80
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 devcloped, that the engincer will be b?s‘o prcpared'to.detez mine *jhe
proper method of sufvey adapted to procure simplicity of correction of ex.istmg
jrregularities and an early resumption of regularity, When‘k}e iz in possession of
full data concerning the conditions of all the old lines limiting the .fragmemary
surveys and upon which the new lines are to be initiated or closed, his kr}owledgg
being based upon the resuits of actual retracement of such u-regu.lar old lines. It
must be granted that a skillful exercise of judgment by the engineer based upon
his knowledge of the facts is far more desirable than to restrict him to L.he app-
lication of empirical rules devised to cover possible but innumerable combinations

irregularity.

o 9. 'g‘he corixplet.ion of the survey of the partially surveyed sectifm's 'will be made
as nearly as possible in accordance with the regular rules for subd.xwdmg when the
original lines are found to be within limits; otberwise, such sections x}ull be com-
pleted by surveying all lines in such a manner that each and every section (exce};?t—
ing in cases of unavoidable histus or overlap) shall have four regular' boundaries
without offsets, with four governing section corners and four, contrqllmg qua}-ter-
section corners in such positions as to maintain the integiity of the fractional
arcas already shown upon the original plat. The subdivisi.on thereof may then
be made by connecting the opposite quarter-section corners in the regular manner
with resulting locations agreeable to the legal subdivisions s.h.own upon the
original plat. If an hiatus or overlap is unavoidable, thfa position c?f the new
quarter-section corner or corners will be carefully determined for latitude on a
meridional line or for departure on a latitudinal line on the same plz.m as would
have resulted in the regular survey of & new boundary extending in full from
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the one or two directions which control the position of the new quarter-section
COTDEr OF COTners.

10. Adjoining sections must be considered separately when placing the new
guarter-section corners, and the new corner need not be common to the four quar-
ters of the two adjoining sections unless the theoretical position for each section
falls within 25 links of a common point; in which case the difference may be ad-
justed in such a manner as to secure maximum regularity. *

A private survey made for the purpose of marking on the ground a
theoretical line, platted but not run by the Government, where cxe-
cuted within allowable departure from cardinal course, and relied upon
by owner under title passed by the United States in the placing of
improvements upon the patented land, will not be disturbed, but it
will be adopted by the Government as a boundary for closure of the
survey of the adjoining public land. Algoma Lumber Co. v. Kruger,
50 L. D. 402 (1923). :

Examples: Manual Appendix IIT.

217. The meridional line out of limits in measurement.

218. The meridional line out of limits in alinement.

219. Combinations of the discrepancies.

220. Half scctions protracted as surveyed.

221. Fractional parts of sections protracted as surveyed.

222. The application of the rules for the completion of the bound-
aries of irregular sections which contain outlying areas protracted
as surveyed will not usually permit the complete establishment of the
lines, and the marking of the monuments, until all directions and lengths
of the lines, and the exact situation with respect to the units of the
adjoining sections, have been determined on the ground, and repre-
sented by diagram.

223. 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 repre-
sent correctly a true meanderable body of water until proven otherwise
to the satisfaction of the Bureau of Land Management, as intimated
in section 3, chapter I. Numerous instances are on record, however,
where the evidence submitted to the Bureau is conclusive that sur-

veyors 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 crroneously omitting considerable areas of land. The
questions of title to such areas are extremely intricate, and the original
surveys will be extended only under definite authorization by the
Bureau of Land Management. The surveying problems arise only
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when the extension of the original survey beyond the meander line
shown upon the approved plat has been duly authorized. Sections
521-529, inclusive.

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 b