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PREFATORY NOTE.

This book is intended to replace the instructions relating to the
topographic work of the United States Geological Survey.issued as a
part of the general Survey. instructions of 1903, which are now in
many respects obsolete, although revised portions of them have,
from time to time, been issued as circular letters or printed leaflets.
The several portions of this book were prepared by the members of
the topographic branch best qualified for the task and were assem-
bled and revised by the division chiefs and finally reviewed by the*
chief geographer. It is desired to make the instructions complete
go far as the technical work of map making is concerned and to re-
duce to a minimum the necessity for personal instructions.

.The first edition of these instructions, issued in 1913, and the sec-
ond edition, issued in 1915, contained a request for criticism or sug-
gestion for their improvement. All errors reported in those editions
have been corrected, and careful consideration has been given to all
suggested additions or changes. The request is renewed for criti-
cisms or suggestions regarding this edition. ' :

' R. B. MarsHALL,
‘ Chief Geographer.
Approved. ’
‘Geo. Oris SmrrH, Director.
WasHINGgTON, D. C., February 28, 1918.

8 ‘ :



TOPOGRAPRIC INSTRUCTIONS

OF THE

UNITED STATES GEOLOGICAL SURVEY.

GENERAL INSTRUCTIONS.

ADMINISTRATION.
ORGANIZATION.

The topographic branch is organized under the direction of a
chief geographer into five areal divisions (Atlantic, Central, Rocky
Mountain, Northwestern, and. Pacific), each of which is in charge
of a geographer. The members of the technical force are graded
as chief geographer, geographers, topographic engineers, topogras
phers, assistant topographers, junior topographers, topographic aids,
and draftsmen,

RELATIONS TO THE GOVERNMENT.

Loyalty on the part of every member to the Survey as an organi-
zation is essential to its continued efficiency and high standing.
The enviable position which the oxlganiza‘uion now holds in thg
esteem and confidence of the public is a most valuable asset, $nd
each member should feel that he is personally responsible for main-
taining and bettering that standing. The personality or the work
of other members of the topographic branch or of other branches
of the Survey or of other Government bureaus should never be
publicly criticized. If criticisms seem necessary, they should be
communicated through the proper official channels to the respon-
sible officer, who will give them full consideration.

The topographic branch cooperates with other branches of the
Survey, and to render such cooperation effective the interests of
the Survey as a whole must he kept in mind rather than the spe-

cial interests of any particular branch or division. )
1 9



10 . TOPCGRAPHIC INSTRUCTIONS.

Members of the topographic branch should keep themselves
informed regarding Survey work in general and topographic work
in particular. They are referred in this connection to the leaflet
“Nature and use of the topographic maps of the United States
Geological Survey,”’ and to Bulletin 227, “ The United States Geolog-
ical Survey,its origin, development, organization, and operations.”

The topographic branch is frequently called upon to cooperate
with the General Land office, the Forest Service, the Bureau of
Soils, the Reclamation Servicé, and other Government bureaus.
Topographers assigned to such work should familiarize therselves
with the regulations and methods of procedure of the cooperating
bureau and should conform to them.

RELATIONS TO STATE SURVEYS.

It is essential to efficiency and economy that cordial relations
exist between the United States Geological Survey and the State
surveys. When formal cooperation with a State is in force, topog-
raphers submitting expense vouchers should first familiarize them-
selves with the State methods of accounting, so as to avoid confu-
sion and delay in settlement of vouchers. 1t should be clearly
understood that the Federal and State surveys are not competitors
occupying the same field, but that each organization has a prov-
ince of its own and that each supplements the work of the other.

RELATIONS TO THE PUBLIC.

Courtesy to the public is enjoined on every member and em-
ployee of the topographic branch. Discourtesy to the public will
not be tolerated, and chiefs of party will be expected to discipline
or discharge employees for flagrant neglect to conduct themselves
with politeness and propriety. When persons make serious inquiry
concerning work that the Survey is carrying on, time should be
taken to give them the information; and when Federal and State
Governments are cooperating, Survey employees will be expected
on all proper occasions to make known to citizens the relations of
the State to the work which is being done.

Objection is sometimes made to entry on private property by
members of the Survey engaged in official work, but it is believed
that such objections may generally be overcome by an explanation
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of the public character of the work. Laws enacted by the legisla-
tures of Arizona, California, Illinocis, Maine, Montana, New York,
Ohio, Pennsylvania, and Washington grant authority for such entry
to officials of the United States Geological Survey.

INFORMATION TO THE PRESS.

It is desirable that information concerning the progress of Survey
work dnd matters of public concern in connection therewith shall
be supplied to representatives of the press. Such information is
usually given through the weekly Press Bulletin, and it is expected
that members of the Geological Survey will utilize this in matters of
routine importance. It issometimes advisable, however, for a mem-
ber of the Survey to give information direct to a newspaper man; in
such cases it is of the utmost importance that all statements shall be
well considered and that they shall be correctly reported. The
tendency among a certain class of newspaper men to wrongly inter-
pret or to recklessly color an oral expression in order to produce a
“good story’’ necessitates the adoption of safeguards which shall be
automatic in operation and general in application.

No statement relative to official matters may be given to the press
without previous authorization from the Director. Whenever any
member of the Survey is asked for a statement regarding any public
matter, he must, before giving it, ascertain by consultation with the
Director whether authorization has been granted. No interview is
to be given without obtaining from the person soliciting the same a
promise that he will, before submitting his manuscript to his pub-
lication office, present a copy of it to the Director for approval. If
any such promise is violated, the incident will be made a matter of
record, and future interviews will be denied to the person guilty of
such violation.

These restrictions are regarded as essential to the continued wel-
fare of the organization and 'must apply to all employees in the
field, as well as in Washington, with the exception that field men
may make general statements to representatives of the press regard-
ing their own field plans or work accomplished.

No statements touching upon the policy of the Survey or any other
Government bureau should be made except in the manner above
outlined.
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ORGANIZATION AND MANAGEMENT OGF FIELD PARTIES.
- PERSONNEL.
CLASSIFICATION,

The letter of assignment issued to the party chief specifies the
number and class of field men who are to make up his party, and
their compensation. "Field men are graded as follows: (1) Topo-
graphic aids; (2) grade 1: recorders, rodmen, chainmen, etc.; (3}
grade 2: laborers, including teamsters, packers, and cooks.

APPOINTMENT.

Topographic aids.—Topographic aids are selected from a list of
aligibles furnished by the United States Civil Service Commission.

Applications for employment.—Persons desiring temporary employ-
ment on the field force in grade 1 must file application, on the form
provided for that purpose, with the chief geographer in Washington.
Laborers (grade 2) will be employed in the field by chiefs of parties
as necessity may arise, and no applications for such employment
will be received or filed in Washington. All persons are ineligible
for employment who are suffering from any contagious or other
disease, and, in grade 1, who are under 20 or more than 40 years
of age, or who are students pursuing a college course, unless they
bind themselves to remain with the party until their services are no
longer needed. Preference is given to applicants from States in

‘which the work is to be done, and in case of residents assigned to

parties working in Western States, the age limit for rodmen, recorders,
ete., may be waived, provided that no such employee is less than
18 years of age.

Employment contracis.—Before entering upon his field duties every
employee must sign a contract specifying the terms of his employ-
ment and containing an agreement to remain with the Survey until
tie close of the field season, provided his services are satisfactory.

TRAVELING EXPENSES.

In addition to compensation, necessary living and traveling
expenses incurred during employment will be refunded to topo-
grapnic aids and to employees in grades 1 and 2. They must report
at the point of beginning of field work, however, at their own expense,
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FIELD INSURANCE.

As no leave is given to temporary employees in the field, whether
employed by the month or day, their pay stops immediately if they
become incapacitated by reason of accident or sickness. In order
that other members of a party may not be called on to bear the
expenses entailed by sickness or accident of one of its members,
chiefs of party are instructed to urge all emplo¥ees to take out insur-
ance. To provide this at the lowest possible rate, a mutual benefit
association has been formed by members of the Geological Survey
and other Government bureaus. This association exists solely for
the purpose of giving health and accident insurance to field men at
coet and of preventing unnecessary burdens from falling on the
immediate associates of those disabled. Information concerning
membership can be obtained from chiefs of parties.

CAMP SUBSISTENCE AND MANAGEMENT.

If camp outfits are used, their character should be determined by
the size of the party, the means of transportation, and the nature of
the work. They should contain the essentials for efficiency and
comfort. Unnecessary hardships should he avoided as much as
unnecessary luxury, as both lower efficiency. .

SUBSISTENCE. -

Rations.—Economy in the purchase of supplies is expected, but
the supply should be ample and of good quality. The subjoined
ration list is recommended as a general guide. Experience has
shown it to be ample in amount as regards all essential articles.

g Ration list for topographic field parties.*
100 rations.
Fresh meat, including fish and poultry...... ..o, 1006 pounds.
Cured meat, canned meat, or cheese...... ... 50 pounds.
7 5 ... 15 pounds.
Flour, bread, or crackers.....coeveeniiennnaa.. ... 80 pounds.
Cornmeal, cereals, macaroni, sago, or cornstarch. 15 pounds.

1 The following substitutions may be made: 8 eggs for 1 pound of meat; 5 pounds
of fresh meat for 2 pounds of cured meat; 5 quarts of fresh for 1 can of condensed milk;
5 pounds of fresh fruit for 1 pound of dried fruit; 3 pounds of fresh vegetables for
1 pound of dried vegetables.
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100 rations.

5 pounds.
40 pounds
1 gallon,
P 12 pounds
Tea, chocolate, or cocoa. ........ eirerreenenaas . e 2 pounds.
Milk, condensed........ e aeaieeeiaeaaa e iaeaa 10 cans.
2301775) ettt iieaieiaeaaeana 10 pounds.
Dried frujt.............. feertesieeireaaeaa, e eeteaeieiee b 20 pounds.
Rice or beans........... et aeere it eaeeieiaiaeaieeaaeanaaan 20 pounds.
Potatoes or other fresh vegetables. ..o...voeeiiniiiiiiiiiiiii i 100 pounds.
Canned vegetables or fruit.......... e e aieairaaana, 30 cans.
S ) 1 4'ounces.
Flavoring extracts. . 4 ounces,
Pepper OF TIUSEATA - ¢ ¢ ottt teeeaaaaaanaan 8 ounces.
D 20 1) 4 ceeeeneen 3 quarts.
Vinegar....cooeueennnnnn 1 quart.
E S 1 4 pounds.

Rations for stock.—For stock the foliowing ration may be used as a
basis for estimate:

Daily ration, in pounds, for stock.

Oats.a | Corn.e | Hay.

12 15 24
10 12 20

o The rations of oats and corn are substitutes for each other.

CAMP ADMINISTRATION,

Discipline.—In camp the chief should insist on punctuality, order,
and neatness. Proper discipline is absolutely essential to efficiency.
It should be remembered that the Survey is judged generally
throughout the country by its field representatives, and they should
do it credit in personal appearance as well as in other ways.

A United States flag and a Survey pennant must be displayed over
each camp.

Camp sites should be carefully selected and the tents arranged in
definite order and not at random. Wagons and other vehicles should
be parked on one side. Harness, saddles, etc., should be kept off
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the ground and either hung on racks or placed in the wagons. Ani-
mals should be corralled at sufficient distance from the tents to
prevent them from interfering with comfort and sanitation. The
camp should be kept neat at all times; no loose articles, papers, or
refuse should be allowed to litter the grounds.

Topographers are by nature of their work called upon to sojourn
in many different regions and to adapt themselves to changes of
climate and environment. Their work frequently takes them to
remote localities where medical aid is not readily obtainable, and it
is therefore especially important that they should be personally
familiar with and should habitually conform to the laws of hygiene
and diet. It is especially important that all chiefs of party should
be conversant with such matters, as it is a necessary part of their
professional equipment. Promiscuous drinking from streams, failure
to use boiled drinking water, carelessness in selecting camp sites,
inadequate provision for the disposal of refuse, failure to observe
sanitation in the arrangement of toilet facilities, insufficient screen-
ing from flies, and failure to use mosquito netting in malarial districts
are responsible for most of the sickness in camp. All chiefs of party
should formulate sanitary regulations for camp administration
adapted to the locality and should see that they are rigidly enforced.

Typhoid-fever prevention.—Field men are more liable to contract
typhoid fever than any other disease. It is therefore urged that
everyone who has not already had that disease protect himself against
it by inoculation with antityphoid serum or ‘“vaccine” as prepared
and administered by the United States Army surgeons.

The experience of the United States and foreign armies proves
conclusively that the vaccine is an almost infallible preventive of
the fever and that its effects last for several years.

Sufficient of the prophylactic for the complete treatment and a
copy of instructions for its use may be obtained by any member of
the field or office force of the United States Geological Survey on
official request addressed to the Director, or it will be administered
without charge by designated officers of the Public Health Service
in each State upon presentation of a proper certificate of employ-
ment, (See Treasury Department Circular No. 43, Public Health
Service, Feb. 12, 1915.)
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Farmers’ Bulletin 478 gives valuable data on the prevention o’
typhoid fever and the use of the prophylactic for its prevention.

Entertaining persons in camp.—Chiefs of party and all other em-
ployees of the Survey are cautioned, when on field duty, against
entertaining in camp any persons, whether acquaintances, friends,
or relatives, in a manner to interfere with public business. Instru-
ments, outfits, and supplies are provided at Survey expense {for offi-
cial ‘purposes only and should be used solely to advance official
work. Members of the Survey are required to give their time and
labor strictly to official business.

Personal baggage.—The bulk and weight of camping outfits should
be kept as low as is compatible with comfort. To this end, personal
haggage should consist of essentials only. It should be carried in
canvas bags chiefly, and in pack outfits is limited to one bag for-
each man. Trunks should not be taken to camp, except where the:
may be readily transported by rail.

CAMP EQUIPAGE.

To facilitate field work in regions where camping is necessary or:
desirable, parties will he furnished with complete camp equipage,
including tents, stoves, camp furniture, mess and cooking outfits, as
well as means of transportation, such as wagons and other vehicles,
harness, riding saddles, packsaddles, and necessary accessories.

Camp beds.—A camp bed, consisting of one folding cot, two lamb’s-
wool comforts, one woolen double blanket, one pillow, and ome
canvas bedcover, will be supplied to each field man holding a non-
probational secretary’s appointment, on properly approved requisi-
tion through the Washington office.

Care of public property.—Chiefs of parties will be held strictly re-
sponsible for the public property intrusted to their care and are
expected to see that it receives no rougher usage than conditions
necessitate. They should instill into their men a feeling of respon-
sibility for the property and induce them to take pride in keeping
it in good, serviceable condition. As wear results mostly from care-
lessness in packing, loading, and transporting when camp is moved,,
party chiefs should endeavor to instruct their assistants as to proper
methods. Tents should receive particular care in transportation, for



MANAGEMENT OF FIELD PARTIES. 17

the best of them may be worn through or rendered leaky by a few
hours’ chafing against boxes or wagon bed. They should, therefore,
be loaded with care, and should never be transported without being
wrapped in some protective covering; the heavy tarpaulins used for
tent floors are convenient for this purpose. In transporting tents by
pack train special pains must be taken to keep them from contact
with the animal’s body, as they will be permanently ruined if per-
meated by its sweat.

Wagons and harness should be kept in repair. Wagons should be
kept painted, as without such protective covering their woodwork,
more especially that of the running gear, will not last. Harness
should be oiled and blacked as frequently as is necessary to keep it
in good condition. The teamster should be required to give proper
attention to these details.

Purchase of property in field. —Every article of property which
appears on a voucher as having been purchased and which is not
expendable must be accounted for on the returns of the custodian.
In cooperative States vouchers for such articles must be submitted
for payment on a separate Federal voucher. Those in direct charge
of property should be prepared at all times to make a statement to
the custodian as to its condition and the amount on hand.

Tents, wagons, and other property of considerable value must not
be purchased without special authority from the division geographer.

Lost or stolen property.—When public property has been'lost or
stolen, without negligence on the part of its user, reasonable charges
for recovering it are allowable.

When field property is condemned or has been lost, a certificate
to that effect, approved by the Director, must be furnished and filed

with the custodian.
STORAGE.

Storerooms.—In arranging for the care of field property at the close
of a season, efforts should be made to store it near a main-line of
railway, if possible in a brick building or other substantial structure.

Storing and pasturing.—Storing is something more than mere stow-
ing away in haphazard fashion; it should be done with order and sys-
tem. The materialsshould be placed in boxes, the boxes numbered,

53137 —18~=w=2
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and lists made of the articles in each box. The boxes should be
securely packed and nailed, so that, if necessary, they may be in
condition to be shipped by rail. In the case of wagon outfits the
boxes may be left on the wagons ready to haul away. Precautions
must be taken to protect the property against dampness and rodents.
Tents, harness, blankets, etc., must be thoroughly dried before
packing, otherwise they will be ruined by mildew. Axles of vehi-~
cles must be cleaned with coal oil and well covered with axle grease.
Cooking utensils and tableware must be thoroughly cleaned and
dried and must never be packed unwashed.

No food should be stored.

Chiefs of parties must exercise great care in seledting proper locali-
ties and responsible caretakers for public animals to be placed in
pasturage. Shelter, water, and character of forage, as well as the
reliability of the caretaker, are the factors which should govern
selection. All shoes should be removed and an inventory and a com-
plete description of all animals should be made before they are
delivered to the caretaker.

Signed agreements must be executed in triplicate with all persons
taking charge of Government property. Two copies must be sent
to the chief geographer and one retained by the caretaker. Similar
agreements should be signed when animals are placed in pasturage.
These agreements are effective for a single fiscal year only and must
be renewed on July 1 if any property is left with the caretaker.

Employees will be held personally responsible for neglect to
comply with these instructions.

Inventories.—When nonexpendable property is stored a detailed
inventory, stating the condition of each article, must be made and
forwarded to the chief geographer. Similarly, on withdrawing prop-
erty for field use, each party must take an inventory of the same and
promptly {forward it to the chief geographer, with the date of with-
drawal indicated. The last party to draw upon a storeroom should
send to the chief geographer an inventory of the material left.

An inventory or invoice of each shipment of property should be
made in duplicate. One copy should be sent to the consignee and
another to the chief geographer. These should be mailed promptly,
o that one may be used to check the shipment as goods are unpacked.
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FIELD NOTEBOOKS AND RECORDS.

Party chiefs will be held strictly responsible for all fieid notebocks,
plane-table sheets, traverse sheets, and other valuable manuscript
data until they are delivered to the agent of an express company or
the registry clerk of a post office and a receipt is obtained. Note-
books should usually be forwarded to the Washington office by regis-
tered mail addressed to the chief geographer. 1If notebooks contain
duplicate data they should be separated and forwarded on different.
days, so that if either set is lost the other may be used. This rule-
applies especially to levelman’s field books and bench-mark de~
geription books, transit books, chainman’s books, triangulation notes,,
and field computations or abstracts of angles. Every effort should be
made to prevent the possibility of entire loss of results. Under no
circumstances should valuable records be forwarded by crdinary
mail.

REPORTS OF FIELD PARTIES.

A monthly report is required from each chief of party on the topo-
graphic, primary-coutrol, or level work done under his direction;
also, from each levelman in charge of an independent level party.
Reports should he made out in duplicate and one copy sent to the
chief geographer, the other to the division geographer; and it is
absolutely essential that they be complete in every detail. They
should be mailed not later than the 3d day of each month, and
should in no case reach the Washington office later than the 9th.

The regular monthly form is to be used for topographic, triangula-
tion, and level work. A single blank may include the report for
several quadrangles, provided the data for each are given separately. .
Thus, where a party has worked on three quadrangles in one month,
the chief of party should apportion the amount of work and the cost
among the three as nearly as practicable, forhe can do thisbetter than
the division geographer. The total for the three should be accurate,
though the details of each may necessarily be approximate.

When a party is engaged in several classes of work, a separate
diagram should be used for each. Thus one diagram should show
the area controlled by plane-table or traverse (distinguishing be-
tween kinds of traverse); another, the area leveled; and a third, the
area mapped. The work of the current month should be given most



20 TOPOGRAPHIC INSTRUCTIONS.

prominence on the diagram; preferably, it should be indicated in
. ink, different colors heing used where necessary. Previous work
should be indicated in pencil.

A weekly report must be transmitted by each levelman to his
immediate party chief, using the report blanks in card form that are
provided for this class of work. As the data from these weekly re-
‘ports are incorporated by the party chief into his monthly report,
levelmen should so time the sending of their last weekly report for
each month as to avoid delaying the party chief’s monthly report.

An employment report stating the names of the field assistants of
grades 1 and 2 employed and the length of their service is required
from all party chiefs. This report is to be made out once during
the field season, that is, on October 31 for the months of May, June,
July, August, September, and October. During the remainder of
the year it is to be made out monthly. One copy only, to be trans-

mitted promptly at the close of the month to the chief geographer,
is required.
IMPORTANT RULES OFTEN FORGOTTEN.

All ofticial mail or telegrams, except bills of lading, sent to the
Washington office must be addressed to the chief geographer or to a
division chief. Bills of lading for shipments to Washington must be
addressed to the Director with the words ‘‘Shipping clerk” written
in the lower left-hand corner of the envelope. The original bill of
lading must be mailed the same day shipment is made, the weight of
each separate package being marked on it.

Monthly reports from all field parties are required, even though no
work is done. They must be mailed not later than the third day of
the month following, and a duplicate of each report must be sent
direct to the chief geographer. (Seep.19.) A report on a separate
sheet must be made for each quadrangle.

Reports of employees for the Civil Service Commission are due
from each field party at the end of each month, November to April,
inclusive, and October 31 for the remainder of the year. (See above.)

The flyleaf of each notebook and the appropriate blank on all
control or sketch and traverse sheets should be filled in the first day
‘that'the book or sheet is used. (See pp. 52, 90, 106, etc.)

On every page of azimuth-observation records give latitude and
longitude of station and statement as to time standard used.
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Level bench marks should wherever possible be used as turning
points on the main line. (See p. 101.)

Books of field notes should be sent to the Washington office by
registered mail. Duplicate notes should be separated, and mailed
on different days.

Complete inventories of property in use in the field must be
submitted at the beginning and close of each field season and on
January 1. (See p. 18.)

The compsss needle must always be lifted off the point of the
center pin before it is moved.

All contracts for storage or pasturage must be renewed on July 1.

INSTRUMENTS.
DELIVERY AND RETURN.
REQUISITIONS.

Threefold forms are provided for requisitions for instruments;
these, when properly filled in and signed by the division geographer,
are to be transmitted to the chiel geographer. When the instruments
called for are shipped, one of the three sheets is retained as the office
record; the other two are sent to the consignee, who, upon receipt of
the shipment, will sign and return the second sheet to the chief
geographer, retaining the third for his own use.

RESPONSIBILITY.

All persons to whom Survey instruments are issued will be held
personally responsible for them and will he required to replace or
repair loss or injuries resulting from carelessness. In case of loss,
a ceitificate on the proper form must be furnished to the chief
geographer.

TRANSFER.

When instruments are transferred irom one employee to ancther,;
a threefold transfer card must be made out: one card must be sent to
the chief geographer, another card mailed to the consignee, and the
third card retained as a memorandum by the party transferring. It
does not suffice merely to state the number and kind of instruments
transferred. The list number stamped on each piece must also be given.
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RETURN OF INSTRUMENTS.

When instruments are shipped to the office, a letter or card of noti-
fication should he mailed to the chief geographer, stating the number
of bundles shipped -and giving an invoice of the contents of each.
Such invoice is not complete without the number stamped on the insiru-
ments. A tag should be attached to each instrument returned
listing defects and repairs needed. Special tags are provided for

this purpose. B
TYPES OF INSTRUMENTS.

LIST.

The following instruments are kept in stock and will be supplied
on requisition.

Alidades, Bulgine, 12-inch ruler.
Alidades, open sight, brass; length, 6 and 10 inches. '
- Alidades, open sigh’c, Burkland type; on boxwood scales graduated to all field
scales.

Alidades, telescopm length of ruler, 18 inches and 25 inches.

Alidades, telescopie, with Beaman attachment,

Alidades, telescopie, with micrometer eyepiece. :

Aneroids, graduated to altitudes of 3,000, 5,000, 10,000, 15,000, and 16,000 feet.
Baldwin solar charts.

Compasses, box.

Compasses, pocket.

Compasses, prismatic.

Counters, hand.

Dies, letters, and figures, standard size for bench-mark tablets.

(Glasses, field, for triangulation or level parties.

Levels, circular.

Levels, hand.

Levels, plumbing, for New York rods.

Levels, plumbiung, for stadia rods.

Levels, prism.

Levels, Y, 20-inch.

Levels, Y, 15-inch. -

Odometers.
"Pins, marking, sets of 11, plain or loaded.

Pins, turning point, for precise levels.

Pins, turning point, for primary levels, 6-inch and 10-inch.

Plane-table boards, 24 by 31 inches (full size), with wooden or canvas cases.
Plane-table boards, 18 by 24 inches (half size), with wooden or canvas cases.
Plane-table boards, 15 by 15 inches (traverse size), with cilcloth cases.
Plane-table boards, 9 by 9 inches (for foot traverse).
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Rods, precise and primary, marked in yards.

Rods, New York..

Rods, Philadelphia.

Rods, paper stadia.

Scales, boxwood, graduated to 1/50, 1/80, and 1/100 inch; also 1: 10,000, 1:20,000,
1:21,120, 1:24,000, 1:31,680, 1:48,000, 1:96, 000, 1:125,000, and 1:240,000, in deci-
mals of miles on one edge, in feet on the other; also 1:48,000, in decimals of
miles on one edge, chains on the other; 1:20,000 metric scales.

~ 8eales, boxwood, for plotting geographic coordinates (latltude and longitude).

Scribes, timber, -

Tapes, invar, 300 feet.

Tapes, metallic, 50 and 25 feet. s

Tapes, steel, 300 feet.

Tapes, steel, 100, 50, and 25 fect.

Tapes, steel, 25 feet, meters on back.

Tapes, steel, 6 feet, 2 meters on back, pocket size.

Theodolites, 8&-inch micrometer.

Thermometers.

Transits.

Tripods, traverse, Bumstead type.

Tripods, Jobhnson.

“Tripods, for levels, theodolites, transits, etc.

CARE IN SPECIFICATION.

General rule.—Pains should be taken to make requisitions distinct
and specific, so there may be no doubt on the part of the custodian as
to the class or type-of insttument desired. When several types of
-instruments are available, the particular type desired should be-
clearly specified, and, if necessary, the use for which it is intended
should be stated.

Thus, in ordering open-sight alidades, specify whether the brass or
the Burkland type is desired; if the former, state length of ruler; if
the latter, state the scale. The vanes of the Burkland alidade are
light and are readily fitted to any flat boxwood scale.

Prismatic eyepieces.—Prismatic eyepieces can be supplied for any
telescopic alidade if requested before the instrument is shipped from
the office.

Anerotds.—In ordering aneroids it should be remembered that
they are easily strained and rendered unreliable if carried to alti-
tudes much exceeding the limit for which they are graduated. Itis
wise to allow a liberal margin.
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. Plane-table boards.—Plane-table boards 24 by 31 and 18 by 24
inches will be provided with plates to fit the Johnson tripods.

Traverse boards.—Traverse boards 9 by 9 and 15 by 15 inches may
be had either with or without box compass attached; also with plates
for either Johnson or Bumstead tripods.

Exchangeable paris.—Extra parts for standard telescopic alidades
are kept in stock and may be obtained on requisition. To insure
proper fit the size of part and the number of instrument should be
carefully stated. )

Ezxira bubbles.—Each telescopic alidade, when issued, will be
provided with an extra bubble for the striding level. Whenever this

- extra bubble is put into service on the instrument, requisition should
be immediately made for a new one. Before inserting the extra
bubble measure its over-all length and diameter, for these two
dimensions must be specified in ordering the new one.

Stadia rods.—A few stadia rods with standard saw-tooth gradua-
tions are kept in stock at the Washington office for use by near-by
parties not in camp. Photographs with specifications of the ap-
proved style of rods will be supplied on request. The specifications
are as follows:

Rods are to be of -clear, straight-grained, well-seasoned white or
sugar pine, 4 inches wide, § inch thick, and 13.2 feet long, hinged
at the 6.6-foot mark with two 4-inch strap hinges bolted or riveted in
place. An extra handhold strip § by 3 by 27 incKes is to be holted
to upper end so as to project 15 inches beyond rod when closed; the
ends are to be protected with § by % inch strap iron screwed on.
The entire rod is to.be painted with,two coats of flat white paint and
to be subdivided by saw-tooth marks into tenths; the 3-foot marks
being made £ foot and the tenth marks % foot in height. The
even foot marks and figures are to be painted with flat scarlet vermil-
ion-paint; the other marks with flat black paint. Figures are to be
21-tenths in height; V is to be used for 5 and X for 10; 6 is to be
made with straight upper stem; 9 with curved stem. About %
foot from the top a piece of thick leather about % inch by 2 inches
must be attached to keep painted faces from rubbing together when
rod is closed. A 14 by % inch leather strap with buckle may be
attached to back near bottom to hold the parts of rod in place



INSTRUMENTS. 25

when folded. If desired to fasten rod open, a plate staple may be
bolted on the inside of the hand strip near its lower end so as to pro-
ject through a slot in rod; a wooden pin through this will hold rod
open.

For some classes of work rods without hinges are to be preferred.

Full-size paper prints of the stadia-rod face will be furnished on
request; these when attached to a piece of board by means of var-
nish make very serviceable rods.

Plumbing levels should be used when necessary.

ACCESSORY ARTICLES.
LIST.

In addition to the instruments listed on pages 22-23, the following
accessory articles may be obtained from the custodian. Requisi-
tions for them must be kept separate from stationery requisitions,
as the latter go to another division. (See also pp. 206-217.)

American ephemeris and nautical almanac.

Bags, notebook.

Bench-mark posts.

Bench-mark tablets.

Bench marks, temporary, copper nail and washer,

Branding irons,

Bubbles, level, extra.

Cans, paint, with brush inserted.

Canteens.

Celluloid, white sheets, 15 by 15 inches, or 18 by 24 inches.

Celluloid, frosted or clear, sheets, 18 by 24 inches.

Cement, in half-pint cans.

Circular letters, regulations, and instructions.

Cloth, tracing.

Computation tables, Crelle.

Computation tables, geographic.

Computation tables, Gurden traverse.

Computation tables, logarithmie, 5 place and 7 place.

Computation tables, M and P factors.

Computation tables, natural sines and cosines.

Computation tables, stadia, Anderson or Johnson.

Computation tahles, vertical angle elevations.

Crayons (keel), red or blue.

Drafting instruments, triangles, straight edges, ruling jens, plain dividers,
spacing dividers, scales.

Flags, United States, Survey ensign.
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Paper, manila, cut to plane-table sizes.

Paper, plane-table, double-mounted (24 by 31 inches, 24 by 36 inches, and 18
by 24 inches).

Paper, plane-table, single-mounted, in rolls of 10 yards, widths 58 inches and
72 inches, cut to plane-table sizes.

Paper, tracing (vellum), in 20-yard rolls, cut as wanted.

Paper, tracing, in sheets, size 22 by 28 inches.

Paraffin, 1-pound cakes,

Plaster of Paris.

TRope, #-inch, 330 or 528 feet length, paraffined.

Rubber stamps.

Shellae, liquid.

Tables, positions of Polaris.

Tapes, cloth, in 400-yard spools.

BENCH-MARK I“OSTS OR TABLETS.

When ordering bench-mark posts or tablets to be used in coopera-
tive work, the name of the cooperating State and quadrangle should
be given. The same style of tablet or post serves for triangulation
stations, primary-traverse stations, and bench marks.

CARE OF INSTRUMENTS.

Too much emphasis can not be laid upon the importance of care
in the handling and transportation of instruments. Every employee
intrusted with instruments in the field will be expected to keep
them clean and in adjustment, to protect them from undue wear, and’
to return them to the custodian in fit order for use.

Minor repairs.—Each topographer should provide himself with a
few simple tools and supplies, such as a small pair of pliers with side
wire cutter, screw drivers of two sizes, small flat and round files, a
spool of soft copper or brass wire, a few assorted brassnails and screws,
a bottle of oil, a bottle of liquid shellac, spider web, and plaster of
Paris, all of which may be used for minor repairs to instruments.

Field work should never be delayed by sending an instrument
away for repair if the topographer can possibly repair it himself.
Even crude repairs may often be made to serve until a new instru-
ment can be procured. '

Compasses.—Compasses will usually be out of balance when
received from Washington. The slider must be moved when it
is so much out of balance that one end of the needle is near the glass
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cover when the box is leveled. Many complaints have been made
that compasses were worthless, when the only trouble was that the
nesdles were so badly out of balance that they rubbed against the
glass covers. It should be a strict rule with everyone using a
compass to lift the needle from the center pin immediately after use.
Under no circumstances should a compass ever be carried from one
station to another with the needle resting on the center pin. Party
chiefs should lay special emphasis on this when instructing new
field assistants.
CLEANING.

General rule.—Instruments having working parts exposed to air
and dust require cleaning from time to time. Such exposed parts as
the threads of tangent screws and the cups of Johnson tripod heads
are particularly liable to collect dust and grit and should be wiped
frequently with an oily rag, then rubbed dry.

Tapes.—Steel tapes should be cleaned and oiled after use. All
moisture or grit must be wiped from them each time they are reeled
or they will deteriorate rapidly. Special precautions must be taken
in this regard in work on the seacoast or in semitropical regions of
high humidity.

Ares and verniers.—Most graduated arcs and verniers are made of
silver and are therefore readily scratched and defaced. They
should be cleaned by wiping lightly with chamois skin dipped in
weak ammonia. A high polish on either an arc or a vernier is a dis-
advantage rather than an advantage in reading.

Telescope lenses.—The object glass and eyepiece of every telescope
should be periodically dusted with a camel’s hair brush or wiped
with a piece of silk or soft tissue paper. They should never be
rubbed with rough cloth or with the fingers, as the glass may thus
be permanently scratched. The lenses should never be removed
from the cell that holds them nor separated from one another.

PROTECTION,

When in camp instruments, plane-table boards, tripods, and rods
should never be allowed to remain outside overnight, exposed to
dew or rain. It should be the regular practice in every field party
to place all instruments under shelter as soon as they are brought in
at the end of the day. L
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Pains should be taken to protect instruments from dampness or
rain when in use. Cross wires in tel escopes may sag when damp,
and in that condition may intrcduce serious errors. Tripods and
rods warp or twist and may acquire a permanent set. Though such
wooden articles are usually well varnished or painted, some moisture
will penetrate these coatings, and too much dependence should not
be placed on their protective efficiency.

TRANSPORTATION OF PROPERTY.

Pack trains.—In mountains where pack trains are the sole means
of conveyance the triangulator’'s outfit is most conveniently carried
in a pair of canvas pack bags (alforjas), which must be properly
balanced. The tripod, umbrella, and wind screens shculd be
placed lengthwise on top, Jashed to the saddie, and further balanced
- by properly disposing them on either side of the center. A canvas
pack cover should be thrown over the whole and tucked in on all
sides. )

A plane-table outfit is best parked by hauging the plane table in
its wooden case on one side, flat against the animal, and balancing it
with the alidade and smaller articles in a pack bag on the cther; the
tripod goes on top, lashed to the saddle, head forward. A leather or
rope harness, with loops for hanging on the packsaddle, should be
provided for the plane-table case. As with the triangulator’s pack,
a pack cover is a valuable protection.

Judgment should be used in selecting the animal for the instru-
ment pack. It need not be stout (for the pack is seldom heavy) but
must be well broken, intelligent, and sure-footed. It is to be kept
in mind that the instrument pack is the most important and valu-
able in the entire pack train; it should be constantly under the eye
of a competent packer, and the animal bearing it should be led if
necessary.

Freight or express.—In shipping instruments by freight or express,
the following rules must be strictly obeyed:

Valuations for express shipments exceeding $56 for any shipment
of 160 pounds or less and 50 cents a pound for any shipment in ex-
cess of 100 pounds must not be made.

Telescopic alidade, spirit level, transit, and theodolite boxes
must be filled inevith paper or cloth, so that if any part of the in.
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strument should jar loose during the journey it may not roll around
in the box and damage other parts. Heavy articles, such as box
compasses, aneroids, or other small instruments should never be
inclosed. The micrometers of theodolites should be wrapped
tightly with cloth, as they are easily jarred loose. The same pre-
caution should be taken when these instruments are to be trans-
ported by pack train. .

On no account should any of the above-mentioned instruments
ever be shipped by. express or freight in its own case only. A
wooden box, large enough to permit a generous amount of excelsior,
hay, or other padding should always be provided.

Level rods, besides being protected by their canvas covering,
should have their targets and clamp screws protected with excelsicr
or other packing. Strapping them to a board helps materially to
prevent them for being strained or bent in transport. Precise-
level rods should not be shipped except in the box provided for
them. .

Tripods should have their heads protected by sacking and by
excelsior or hay packing. '

All instruments of large size or those which exceed in weight the
limits set by parcel-post regulations should be shipped by express
or by freight when returning them to the office from distant points
in large quantities at the end of the field season. From points near
Washington express rates are about as cheap as freight.

Government-bills of lading should be used for all shipments by
freight or express. The original bill must be mailed to the con-
signee the same day shipment is made. The weight of each
separate package or box must be given and the consignee notified
of the contents of each, so that in case of loss proper claim may be
made. Any shortage or damage must be noted on the original bill
of lading before it is delivered to the carrier.

Instructions as to procedure when an original bill of lading is lost
are given on the back of the printed forms. Tt is'required that the
consignor certify to the loss on form 9-063, which thereafter takes
the place of the regular bill. -

In case of loss or delay in receipt of the bill of lading the con-
signee obtains delivery of the goods on a ‘‘temporary receipt—
freight and express,” which states that the shipment is covered by
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a Government bill of lading and that charges are guaranteed by the
Geological Survey.

A blank form is provided for obtaining delivery to some other
person than the one addressed.

Mail.—The penalty label, whether on an envelope or 2 card, must
not be used to avoid payment of postage on private property of any
kind, unless it is devoted exclusively to the business of the United
States. It must not be used by a ceooperating State official or by
any person not an officer of the Government for any purpose except
the return of data requested for official use; and it 1nust not be used
by a dealer in forwarding articles purchased of him for the use of
the United States nor for the return of signed vouchers.

Packages of Survey property exceeding 4 pounds in weight may
be sent by parcel post, but payment of the postal fees at the usual
rate "is required. Reimbursement for stamps bought for official
use may be obtained by including the charge in the miscellaneous
account for the month.

ADJUSTMENT OF INSTRUMENTS.
PRECAUTIONS,

The object glasses and eyepieces of all instruments must be prop-
erly focused. The cross wires projected against a distant object
should appear immovable when the eye only is moved. Before the
adjustments are commenced the instruments must be firmly set up
and leveled. An instrument may at times appear to be out of ad-
justment because some part is locse. The object glass may be
partly unscrewed or an adjusting screw may be only partly tightened.
Level bubbles or cross wires occasionally become loosened; there-
fore, before commencing the adjustment of an instrument look out
for such defects. When it is thought that an adjustment has been
completed, always test it before using the instrument. All adjusting
screws should be screwed tight enough to hold, yet not so tight as
to injure the threads or put a severe strain on any other part.
Especial care should be taken not to strain the cross-wire screws.
Adjustments should be made in the order given, for some adjust-
ments depend on the accuracy of others previously made, and a
change in any one may affect the others.
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GENERAL ADJUSTMENTS.

Settong of bubbles.—For setting level bubbles a small supply of
plaster of Paris should be kept onvhand. For use the plaster should
be mixed with water to the consistency of a thick paste. If plaster
ig lacking, strips of paper may be used, but these should never be
jammed in very tight, as the pressure may distort the glass and thus
vitiate the bubble reading by an appreciable amount. A reflecting
surface of colored paper should be placed under the bubble in order
to make the graduations more readable; a subdued green or blue
tint is recommended.

Mounting of cross wires.—For mounting cross wires a small bottle
containing shellac dissolved in alcohol, a pinch of beeswax, and a
pair of dividers or a forked stick are needed. The best spider web is,
of course, a freshly spun one from a small spider, for this will be both
clean and elastic; but as spiders are not always available, it 1is
well to keep on hand a spider cocoon. Buch a cocoon will furnish
webs enough to last for years, although with age the threads become
stiff and brittle and therefore more liable to break from a jar to the
instrument. Most webs taken from grass or bushes are rough, coarse,
and dirty.

To draw the reticule from the instrument, unscrew and remove
the eyepiece slide; then take out two opposite capstan-headed
screws and loosen the other two. TUsing the latter two as handles,
revolve the cross-wire ring 90°, insert a pointed stick through the
end of the telescope tube into a screw hole in the ring, and, using it
as a handle, remove the other capstan screws and draw out the ring.
To replace it in the telescope, reverse this procedure. When in
place the cross wires should be on the side of the ring toward the
eyepiece.

Having pressed a bit of beeswax to each prong of the dividers or
forked stick, let a small web fall from the end of one of the prongs,
or pick with it from a cocoon a single thread, pressing the thread into
the beeswax. stretch the thread moderately, and attach to the wax
on the other prong. If an old web is used, it should first be damp-
ened by dipping in water for a few seconds. In place of the dividers
or forked stick, small sticks or lumps of wax may be attached to the
web about 2 inches apart., Place the web across the reticule, using
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a magnifier to insure its coinciding exactly with the marked lines.
Put a small drop of shellac on each end and leave until dry.

Instruments such as the prism level, dumpy level, and transit,
which are not provided with Ys, or similar devices for adjusting
the cross wires, may be put in close adjustment by means of impro-
vised wooden or metal Ys.

For the prism level, the body of which has a cloth finish, remove
the object-glass cap and run the eyepiece slide part way out as though
focusing for a near-by object. Provide a Y of wood or metal large
enough to go over the object-glass end of the telescope where the cap
usually fits. Take a second Y of a size suitable to inclose the eye-
piece slide near the main telescope tube. Fasten these Ys securely
1o a box or some other object, rest the telescope ‘n them, and sight a
distant point cut by the cross wires; revolve the telescope and adjust
the cross wires in the usual way. A final adjustment must be made
for such instruments as this by the regular methods. (See pp. 34, 37,
and 108.)

Some instruments, such as Y levels, have eyepiece slides separate
from the telescope tube, which must be adjusted independently of
each other. After the cross wires are adjusted, center the eyepiece
on them by turning the four screws under the cover, adjusting by
estimation only, an exact centering not being necessary.

TELESCOPIC ALIDADE.

But two adjustments: are-ordinarily required for the telescopic
alidade—for level and for collimation. Theseshould be tested daily.

Level. —Clamp the telescope, bring the bubble to the center of the
tube with the tangent screw, lift up the level carefully, reverse, and
replace it on the telescope. If the bubble runsaway from the center,
bring it halfway back by means of the tangent screw and the other
half by the adjusting screw under the head of the level tube. Repeat
this operation till the bubble stays in the center after reversal.

Collimation.—Test the verticality of the vertical wire by raising
and lowering one end of the telescope, the cross wires having been
set on a near-hy point; loosen the screws and twist the cross-wire
ring if necessary, or by a slight shift in the position. of the cross-
wire ring make the vertical wire parallel to the vertical corner of a
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building or a plumb line. Point the telescope on a small but well-
defined object about half a mile distant, and while watching this
through the telescope revolve the telescope 180° in its supporting
sleeve. If the intersection of the cross wires remains centered on
the object, the adjustment is perfect; if not, change the cross wires
for half the error and repeat the operation until they stay on the
point selected.

Ruler.—So long as but 2 single alidade and but one edge of the
ruler are used, it makes no difference in the results whether the edge
of the ruler is parallel to the line of sight or not, except for use with
the Baldwin solar chart, when a correction must be applied if appre-
ciable. (See p. 140.)

Beaman alidade.—The accuracy of the graduations of the Beaman
arc can be tested by comparison with the regular arc in the follow-
ing manner. The angular value of the Beaman divisions is as
follows:

Angular

Divisions. value.

Set the main arc at 30° with the main clamp and tangent screw.
Set the Beaman arc at 50° by means of the attached tangent screw.

The two reference marks are now set in definite relative posi-
tions. Without touching the Beaman tangent screw set the Beaman
arc on any graduation it is desired to test, using the main clamp
and tangent screws only; read the degrees and minutes on the
main arc, taking 30° as the reference point. The angle, if for an
even five divisions, should correspond with one of those above,
which are derived from the stadia formula, H=D (4 constant)X
1 sin 2», H being the difference in height, D the observed distance,
and v the vertical angle.

53137-—18——3
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Y LEVEL.

All instrumental errors of the Y level can be eliminated by exactly
equalizing fore and back sights, but as this is seldom possible the
line of collimation and the level should be kept as nearly in adjust-
ment ag practicable.

Collimation.—Having the instrument carefully leveled, note a
small object about 300 feet distant that one end of a horizontal cross
wire touches, turn the instrument on its vertical axis a few degrees,
and note whether the other end of the cross wire cuts the point; if it
does, and the Ysare not badly out of adjustment, the wire is horizon-
tal. With the clipsup, focus on a small object 300 or 400 feet distant;
watch this through the telescope while revolving it 180° in the Ys; |
if the intersection of the cross wires moves away from the point,
bring it halfway back by means of the cross-wire adjusting screws;
repeat the test and adjustment until there is no movement of the
cross wires away from the point.

Level —Having the instrument carefully leveled, loosen the clips,
lift the telescope out of theYs, reverse it end for end, and replace it
in the Ys; if the level bubble has moved away from the center, bring
it halfway back by means of the adjusting screws at one end of the
level tube and the other half by the lower leveling screws. Repeat
this operation until the adjustment is perfect. With the bubble in
the center, rock the telescope back and forth in the Ys about 25°
around its axis; if the bubble moves away from the center, bring it
back with the side adjusting screws.

Object-glass slide.—It is seldom necessary to adjust the object-glass
slide, as it is usually fixed by the maker, but when required make
the collimation adjustment as above described; then an error in the
adjustment of the slide will appear as an error of collimation when
tested on a near-by point, say 50 feet distant. To correct the error
remove the ring near the middle of the telescope and with a screw
driver turn the screws found underneath so as to bring the cross-wire
intersection halfway back to the near-by point selected.

Eyepiece slide.—The adjustment of the eyepiece tube so that the
cross wires will appear in the center of the field, though not essential
to the accuracy of the work, may be effected by means of the screws
underneath the ring just back of the cross-wire screws. Loosen one
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and tighten the opposite one of these screws with a screw driver
until the wires appear centered.

Ys.—After each of the foregoing adjustments has been made,
the adjustment of the Ys is made by turning the telescope and levél
180° on its vertical axis; if the level bubble, which was at first in the
center, moves away from it, bring it halfway back by changing the.
Jarge nuts under one Y.

‘ Peg method.” —In the drdinary Y-level adjustment it is assumed
that the two rings on the telescope tube which rest in the Ys are
circular and exactiy equal by construction.

The level and line of collimation can be made paralle! independ-
ently of the rings and Ys by the “peg method’’ described on page
108.

LOCKE LEVFEL.

The adjustment of the hand level, or Locke level, is most easily
tested by sighting along a horizontal line determined by a Y level
or alidade, but when no such line is available a modified form of the
“peg method”’ must be used. Hold the level on a fixed point and
sight a seccnd point 300 or 400 feet distant which appears by the level
being tested to have the same elevation as this point. Take the
level to the second point and with the bubble centered over the cross
wire sight the first point; if it appears to be on the horizontal line,
the level is in adjustment; if not, correct for one-half the difference
by turning the small screw at one end of the level box.

ROD LEVEL.

The leveling or stadia rod to which levels are attached should be
"carefully plumbed with string and piumb bob. The level bubbles
should then be brought to the center by means of the proper adjust-
ing screws. ’
TRAXSIT.

Plate levels.—With lower plate clamped and upper plate loose,
level carefully; revolve the instrument 180° on its vertical axis and
bring each level bubble halfway back to the center of the tube by -
means of the screw at one end. ' )

Collimation.—Level carefully, sight on a point about 500 feet
distant, raise or lower the telescope slightly, and note whether the
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vertical wire remains on the point; if not, loosen the capstan-headed
screw and turn the cross-wire ring till the vertical wire will remain
on the point when the telescope is raised or lowered. Clamp the
instrument, set the vertical wire so that it cuts the point selected,
transit the telescope by revolving it 180° on its horizontal axis, and
select.a second point 500 feet distant in the opposite direction from
the first. Unciamp the upper plate, turn the transit 180° on the
vertical axis, set it on the point first sclected, and again clamp the
plate. Transit the telescope, and ii the vertical crcss wire exactly
bisects the second point its adjustment is perfect; if it does not,
bring it one-quarter of the way back to the second point by turning
the two capstan-headed screws on the sides of the telescope.

Stondards.—Set up the transit near 2 tall building or other high

" object; afler leveling carefully, point the telescope so that the verti-
cal wire intersects a definite point about 60° above the horizontal,
depress the telescope, and select a second point near the ground.
Unclamp the upper plate, revolve the telescope and plate 180° on
the vertical axis, clamp the plate with the vertical wire again cutting
the upper point, and depress the telescope; if the cross wire inter-
sects the lower point, the standards are in adjustment; if it does not,
correct for one-half the error by the screw underneath one end of the
telescope axis. .

Object-glass slide.—If an adjustment for the telescope object-glass
slide is possible, it is made as follows. First make the collimation
adjustment for a point about 300 feet distant, then focus on a point
1,000 feet or more distant and again on a point only 10 or 15 feet away,
transit the telescope, unclamp the plate, turn it 180° on the vertical
axis, and reclamp. If the cross wire still cuts the distant and near
points, the slide is in perfect adjustment, but if it does not, correct
half the error by means of the side screws which hold the slide ring
in place. Next repeat the regular collimation adjustment and again
test for the slide error; repeat both adjustments until no errors appear.

EByepiece tube.—The eyepiece may be put into position over the
cross wires by turning the screws which hold the eyepiece ring until
the cross wires appear in the center of the field; an exact centering
is not required.

Telescope l2v-1.~-1f there is a level attached to the telescope, it may
be adjusted by the ¢ peg method”’ after all the other adjustments are
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made, as follows. Level the transit and bring the bubble to the center
of the tube under the telescope. Take a reading on a leveling rod or
pole 300 or 400 feet distant, which is held on a stake set firmly in the
ground. Revolve the transit 180° on the vertical axis and after
again bringing the bubble to the center set a second stake at the
game distance as the first and at such an elevation that the rod or
pole reading is the same as on the first stake. The tops of the two
stakes will then be at the same elevation. Move the transit 25 or 50
feet back of one stake and on a line with the other. Make the tele-
scope as nearly horizontal as possible by means of the attached level,
clamp it, and then take a reading on the rod held on the near stake
and another reading on the distant stake. If the two readings agree,
the telescope is horizontal; if they do not agree, turn the tangent
screw so as to bring the cross wire while set on the distant rod nearly
to an agreement; repeat the operation until an agreement is reached.
The telescope is then level, and the adjusting nuts at the end of the
level tube should be turned until the bubble is brought to the center.

Vertical circle or arc.—The screws holding the vernier for the
vertical arc should now be loosened and the vernier moved until
the reading is 0° while the telescope is still Jevel.

THEODOLITE.

Striding level.—Place the -level in the proper position on the
telescope axis. Level carefully with the horizontal plates clamped
and rock the level slowly back and forth till the foot pieces strike.
If the bubble leaves the center, bring it back by means of the side
adjusting screws near one end of the tube.

Reverse the level and bring the bubble halfway back to the center
by raising or lowering one end of the tube with the screw at that end
and the other half with the leveling screws. Repeat these operations
till the adjustment is perfect.

Standards.—After the striding level is in adjustment with the
lower horizontal circle clamped, level the instrument in two posi-
tions at 90° from each other. Turn on the vertical axis 186° from one
position; if the bubble runs away from the center, bring it halfway
back by loosening one of the large capstan-headed screws under-
neath the standards and tightening the other. Test the adjustment
and repeat it if necessary.
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Plate levels.—Level instrument with the striding level only, then
bring the bubbles of the plate levels to the center of their tubes by
means of the end adjusting screws: or the method described for ad-
justing the transit plate levels may be used for the theodolite also.

Micrometers.—Each micrometer consists of thtee concentric tubes;
the upper and lower ones slide in the central cne. The lower tube,
which holds the object lens when in proper position, is clamped to
the middle one by means of the capstan-headed screw in the lower
part of the J-shaped support.- These two tubes may be moved to-
gether or the lower one moved alone by loosening the proper screws.
-The upper tube contains the eyepiece lenses and is held in place by
friction only.

Focus the eyepiece on the two parallel movable threads and do
not change it afterward. With the eye in position for setting the
micrometer, tighten one and loosen the other of the two screws that
hold the P-shaped microscope support to the main frame of the
theodolite until the figures and graduations on the plate appear to
be in the center of the field.

Clamp the plate and by turning the micrometer screw set the two
movable threads over a long graduation. Examine carefully to see
whether they appear exactly parallel to it. If they are not parallel,
loosen the two capstan-headed screws which clamp the micrometer
tube and twist the tube until the threads and mark appear parallel.
Clamp the side screws lightly.

Set the movable cross wires on a division to the apparent left of the
field of view as for a regular angle reading; read the micrometer head
and record the reading. Turn the graduated head about five turns,
stopping-when the threads are set on the next 10/ division to the
right; read and record. Repeat this operation several times. If
the mean of the left-hand readings is the same as the mean of the
right-hand readings, or within one division of it, the adjustment
may be accepted as satisfactory. An actual count of full revolu-
tione should be made at least once; otherwise the adjustment might
wrongly be thought perfect for 414 or 514 revolutions.

When the space covered by the two parallel micrometer threads,
moved by exactly five revolutions of the micrometer screw, appears
to be longer than one 10 space on the graduated circle, to bring it
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into adjustment make the distance between the micrometer box and
graduated plate longer by raising the middle part of the tube; but
when the space is shorter than a 10’ space make that distance shorter
also—that is, consider as connected or dependent the length of the
thread space covered by an even five revolutions of the micrometer
screw and the distance between the micrometer box and the gradu-
ated plate. When the former is longer than it should be, the latter
should be made longer, if an adjustment is desired, and vice versa.

To make the adjustment, loosen the small capstan-headed screws
which clamp the micrescope tube; then, if the thread space is long,
twist the middle part of the tube (including the micrometer box)
back and forth and at the same time pull it upward, thus lengthening
the distance to the graduated plate. When by estimation it has
moved far enough, which can be roughly determined by the amount
of blurring that results from the lower lens being thrown out of focus,
clamp the upper capstan-headed screw. The lower part of the micro-
scope tube holding the objective lens must now be twisted and gently
pushed downward till the graduations again appear in focus. - If the
movable threads and graduations are not then parallel, the upper
screw must be again loosened and the tube turned far enough to
make them parallel, after which both screws must be tightened.
Test the adjustment by again measuring a 10/ space with the microm-
eter. If it is still out of adjustment, repeat these operations till
it is satisfactory. When the adjustment has been completed, a
scratch may be made on the tube below each support and used asa
guide in future adjustments.

The opposite micrometers may be placed 180° apart by setting
one at a reading of 0° 0/ 0/, with the comb scale exactly centered.
Then center the comb scale of the other micrometer over the 180°
mark by means of the capstan-headed screw at the left-hand end of
its box. Bring the micrometer threads over the 180° mark also; then,
while holding the screw firmly in place, turn the graduated ring till
it reads zero.

. When setting the micrometer wires on a graduation, it is very
important that they be moving toward the right when the turning of
the screw is stopped. Should they be moved the least bit too far to
the right, turn back not less than half a revolution of the screw and
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then bring them forward again. In general, when a setting is made
by means of a screw working against a spring, the spring should
always be undergoing compression when the motion stops.

Cross wires.—The vertical wire should be truly vertical; otherwise
an exact adjustment of the cross wires is not essential.

After the striding level has been adjusted and the horizontal axis
of the telescope carefully leveled, sight a distant point, raise and
lower the telescope through an angle of 5° or 10°, and note whether
the cross wires follow the point. If not, loosen the cross-wire ring
and twist slightly; repeat the adjustment if necessary.

Holding the striding level on the telescope parallel to the optical
axis and, with the bubble in the center of the tube, set the inter-
section of the cross wires on a distant point and clamp both plates;
lift the telescope out of its supports and turn 180° around its optical
axis; set it again on the selected point. If the striding level when
placed on top of the telescope is horizontal and the vertical wire
still cuts the point, the adjustment iz complete. If not, shift the
cross wires in either direction by means of the capstan-headed screws
for one-half the apparent error. Repeat the test till the error is
nearly all eliminated. Finally 1eadjust the vertical wire, if neces-
sary; or both wires may be put in place by means of temporary
wooden Y supports, as explained on page 32.

SUGGESTIONS TO COMPUTERS.

Do not crowd your work; paper is cheap.

Do your work in a systematic manner. If it permits tabular
arrangement, always use the forms approved by other computers
unless you can convince them that yours are better. The Survey
has printed forms for many purposes; these should be used when-
ever possible, for by their use the work is made more mechanical,
and the more mechanically the work is done the less chance there is
of error.

A computer who is inexperienced or out of practice should check
his work in every way possible. He should check logarithms either
of numbers or of circular functions by using first a tabular value
for a quantity less than the given one and then a greater tabular
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value, so that the differences in one case may be added and in the
other subtracted. " This operation may be reversed when the loga-
rithm is given and numbers or angles arerequired.

Many errors are made by taking out the first three figures of a
logarithm from the wrong line where a dash over the fourth figure
indicates that the first three should come from a lower line.

As the algebraic signs of cosines and sines are so frequently
required, the rules governing them should be firmly fixed in the
mind; as an aid to this remember the general rule that distances
measured upward or to the right on the conventional plat of the
quadrants of the circle are considered positive, others negative.
The wrong use of signs is a very common source of error.

Where the function of an angle over 90° is desired, instead of
subtracting 90° or 270° from the angle to find the argument, add
the figures in the tens and hundreds of degrees places together and
prefix the sum to the unit degree figure, dropping the sum if it is
9. Thus 121° gives 1+42=3, and 31° is the argument; 184° gives
1+-8=9, drop it, leaving 4° for the argument; 290° gives 9+42=11,
drop 9 from the 11 or add the two figures a second time, giving an
argument of 20°.

Fach step in a long computation, if it is not at once automatically
checked, should be checked by repeating the computation.

Check the copying of angles, distances, etc., taken from adjusted
results for use in new computations; also check figures carried from
page to page. '

Gross errors are sometimes made by using the sine when a cosine
is required, or by writing a product in the wrong column, as east for
west, in primary traverse computations.

Placing the decimal point in the wrong place is a common mistake.
This may in many cases be corrected by a mere inspection of the
quantity to see whether it appears of proper value.

Good judgment should be exercised in the degree of accuracy
sought for a given result. For the preliminary computation of
geographic positions, for example, six-place logarithms will probably
suffice; these can be taken from a seven-place table with only a
rough interpolation. A four-place logarithm can often be used to
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advantage. The accuracy of the results obtained should equal the
requirements; more than this involves a waste of time,

‘The foot, yard, and mile are the units adopted for all Geological
Survey field work, but for geodetic computations meters are used.
The best conversion tables for metric and English measures are
those published by the Bureau of Standards, edition of 1914. In
using these all changes from one system to another should be checked
by reversing the operation. The logarithms for the interchange of
these measures are given in ‘‘Geographic tables and formulas,’’ 2
page 301.

When computers are duplicating work and a difference is found,
each should recompute the result before correcting either, as errors
have frequently been made by changing the correct figures:

When two persons are comparing a copy with the original, if the

_reader occasionally -calls out a wrong figure or word intentionally
and notes whether the error is caught up, it tends to keep the listener
more intent on the work,

PRIMARY CONTROL.
GENERAL CONDITIONS.

The boundary lines of all regular United States Geological Survey
maps are parallels of latitude and meridians of longitude. In order
that these shall be properly located and that intermediate points
shall be placed in correct positions, some system of horizontal control
is required. The method to be adopted for linear control should be
fixed by the character of the country, the requirement being that
all control work shall be so accurate that no errors will be apparent
in maps several times as large as those to be published. In moun-
tainous regions or in hilly, partly timbered areas horizontal control
is effected by 2 system of triangulation, the whole area being divided
up into triangles whose apexes are represented by stations established
on prominent points several miles apart. The angles between each
station and all others visible from it are carefully measured with a

L'U. 8. Geol. Survey Bull. 234, p. 296, 1904; Bull. 650, p. 364, 1916, reprinted 1918.
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theodolite graduated to read angles by micrometer to two seconds of
arc or by estimation to fifths of a second. One side of one of the tri-
angles, called the base line, must be carefully measured with a steel
tape, account being taken of slope of the line, elevation above sea,
temperature of the tape, and other essential details, and for at least
one station the exact latitude and longitude, and also the azimuth of
one of the lines must be determined by astronomic obsecrvations or
by a connection with stations previously located.

In heavily timbered areas, where it is difficult to see from any
point more than a mile or two in any direction, horizontal control is
best obtained from distances actually measured on the ground with a
300-foot steel tape, a record being made of angles measured with a
transit at each bend in the line. Such control, called primary trav-
erse, must begin and end at points whose positions have been
previously determined and must be carried around the edge of each
quadrangle and once across its center east and west.

Because of the great expense involved in base-line measurements
and the fixing of astronomic positions, it is generally advisable to
connect triangulation systems or traverse lines with positions pre-
viously determined, even though they may be a long distance away.
There are now but few localities in the United States that can not
conveniently be connected with known positions and distances, and
therefore, before horizontal control work is begun, the records of the
Coast and Geodetic Survey, the Lake Survey, the United States
Army Engineers, and other Government organizations should be
examined in order to ascertain what positions in or near the area to
be surveyed have been determined and are available for use in the
work on hand.

Whenever possible, geographic locations should be based on the
North American datum (formerly known as the United States
standard datum), for there is often a considerable difference between
the standard and astronomic data.

The results of triangulation or primary traverse by the Geological
Survey can always be obtained by anyone having occasion to use
them by applying to the Director, United States Geological Survey,
Washington, D. C.
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PRIMARY TRIANGULATION.
FIELD WORK
PERSONNEL AND OUTFIT OF PARTY.

Each party usually consists of a chief of party, who acts as observer,
and a recorder; also a cook and a teamster (or packer) when camping
is necessary. Additional men are required for heliotroping, one for
each heliotrope station, and local laborers may be employed to clear
timbered summits or to erect large signals.

The following instruments and books are used in primary triangu-
lation: )
One 8-inch theodolite. with leather carrying case and shoulder straps.

Two pairs field glasses.

One prismatic compass.

One protractor (6-inch celluloid, full circle).

One boxwood scale, graduated to inches and tenths.

One 50-foot steel tape, meters on back.
Two electric hand lamps.
One 6-foot steel tape.
Heliotropes.
One plumb hob.
Triangulation tablets or posts, according to requirements of country.
Cement, cans.

. Signal notices, printed on cloth.
Climbing irons, for use in wooded regions.
Sun umbrellay For use in regions where improvised sun and wind shelters can
Wind screen J not readily be built.
Triangulation field notes (9-912).
Computation of gegdetic distances (9-901).
Computation of geodetic coordinates (9-902).
Computation book, blank (9-989).

Polaris positions for year.

Geographic tables and formulas.

Seven-place logarithmic tables.

A good watch must be provided by the chief of party.

AN

The following additional articles may be purchased in the field:
Ax, hatchet, sawe nails, tacks, signal cloth, guy wire, stone drills
(1%-inch bit), drill hammer, posthole digger, wire cutter, and
brace and bits.
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PREPARATORY WORK.

Amount of control.—At least three serviceable stations must be
established for each quadrangle and as many more as may be nec-
essary to afford adequate control. In addition, a number of sec-
ondary points—such as church spires, windmills, water tanks, trees,
and in high mountain regions some of the more prominent summits—
must be located by intersection and checked by angles from one or
more stations or by the ¢three-point method.”” Where no such
objects are available, at least two points should be flagged for inter-
section if practicable. These points are intended to afford supple-
mental control for the topographer and should be selected with
special reference to their usefulness in that connection.

The observer is also expected to locate, when practicable, either
by direct measurement from his stations or by the three- -point
method, conspicuous objects, marks on State and county boundary
lines, and township and section corners.. Especial attention should
be given to township and section corners hecause of their recognized
value in the control of the land-line net.

Reconnaissance.—Stations should be selected and signals built
before any observing is done, and to this end the triangulator and his
assistant should make a reconnaissance over the area to be controlled.
Such reconnaissance should disclose every practical scheme of trian-
gulation, the angles at each point selected being measured with a
prismatic compass and platted with the protractor so that the size and
proportions of the figures may be ascertained. All preparatory work,
such as the setting of tablets and posts, the erecting of signals and
scaffolds, the clearing of lines of sight, and obtaining consent of the

_owner, if on private land, should be completed during this recon-
naissance, so that the final observing may be performed with econ-
omy and dispatch. The reconnaissance affords the triangulator
opportunity to acquaint himself with the shortest routes of travel,
the best stopping places, the available camp sites, water holes,
pastures, and trails, and the best routes for scaling each peak to be
occupied; and it enables him to gain a familiarity with the special
character of each station and its signal which will be invaluable to
him in identifying the points when he sights them later on. As
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station names are to be published, efforts should be made to select
those which have local significance.

Figures.—The most desirable groups of triangles consist of either
quadrilaterals with both diagonals sighted or central point figures
with four to seven sides. The triangles composing these figures
should be well proportioned, angles measuring not less than 30°
nor more than 120° each. The scheme should not be allowed to
dwindle down to simple, unsupported triangles, and especial care
should be taken to connect the work done with other work by means
of well-proportioned triangles. Overlapping figures or an excess
of observed lines beyond those necessary to insure a double deter-
mination of each length are undesirable, although a diagonal through
some figure may occasionally be valuable as a check. Additional
lines of this kind only complicate the main scheme without mate-
rially adding to its strength, and the numerous observations made for
them are discarded by the computers as superfluous. Judgment is
to be used in this matter, however, for in many regions the atmos-
pheric conditions are exceedingly uncertain and the observer can
not always count on being able to see in both directions over every
line that may be essential to the main scheme. In such regionsitis
well to err on the safe side and to obtain too many data rather than
too few.

Angles should be read to all prominent points outside of the arca
for use in future expansion, eveun though they are mthout mgnals
or are not sharply defined.

Secondary points.—In cutting in secondary points for topographic
control it should be remembered that locations which depend on
two sights only, even if the angles are of adequate size, are likely to
be of doubtful value, because of the absence of any check on possible
gross errors in observing or computing, or because of mistakes in the
identification of the points. An endeavor should therefore be made-
to obtain at least three sights to every secondary point, even if the
triangles are not of the best shape. Observers are especially cau-
tioned not to slight the location of secondary points merely because
they happen to be of no importance in their scheme of figures. The
topographer may find it expedient to start his control from a second-
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ary point, so that a blunder in the location of such 2 point may result
in his starting with an erroneous base and having to make corrections
at a great cost.

Consent of owner.—Before a site for a station on private land is
selected, the written consent of the owner should be obtained, if
practicable, for establishing a pert#4gent station mark and erecting
the required signal. If a summit must be cleared of timber, or if
lines of sight must be cut, the value of the timber to be cut should
be definitely fixed and agreed upon with the owner before cutting
is begun. '

Where reimbursement is required on this account, cash payment
in full of the amount claimed should be made whenever possible
and a subvoucher receipt taken. The subvoucher should read ““For
timber used in connection with the construction of a triangulation
station at .................... J0b, $.....L..  If it is not prac-
ticable to make cash payment, a direct voucher (Form 9-012) in
which the same wording is used should be submitted.

"In order to protect the Survey against any further claims, a written
agreement should always be made with the owner according to the
following form, the signed copy to be sent promptly to the chief
geographer through the division geographer and to be retained in
the Geological Survey files as evidence of payment of the claim in
fall:

Post Office ...eovennnnnnn County .............. State ..............

Permission is hereby given to the United States Geological Survey (....c.......
............ , chief of party) to build a triangulation signal and maintain a station
mark on my property on .........-.... . mountain in the townof ..............
county of ...ooeiiiiiniiian, ,State of ...l

Tt is further agreed that no charge will be made except for timber ot other material
actually used or destroyed in building and maintaining said triangulation signal and
mark.

I hereby agree to accept -............. dollars ...... cents as payment in full for
damages sustained and material used by ...........oooooeel. . for the purposes
indicated above.

Signed ..oviiiiieiiiniiiiiainiiteienaas .

Witness ..... crsssesneracsianasacceanade
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When it is necessary to clear away timber and the owner or agent
for the ground can not be reached without great delay, three resi-
dents of the locality should be asked to appraise the value of the
timber cut and to sign a written statement regarding it. This state-
ment should be forwarded to the office of the Survey for consideration
if a claim for damage is filed, o

Station marks.—Primary triangulation stations must be perma-
nently marked by either standard iron bench-mark posts or by
tablets, each tablet to be set in rock in place or in the top of a concrete
or stone pier. (See Pl. I and also second paragraph, p. 100, for
instructions in regard to setting tablets.) When practicable, bottles
or other imperighable material should be left as subsurface marks.

Two or more permanent reference marks should be established
about each station mark. These may consist of holes drilled in rock
in place, spikes in roots of trees, or large stones set solidly in the
ground. The azimuth and the distance to each reference mark
must be duly entered in the field record.

When old stations are revisited and any of the marks are found to
be defective or to have heen destroyed, new marks must be estab-
lished in their places.

Signals.—Triangulation signals must be built with a view to their
permanence as well as to their visibility. They may be of various
forms, the form selected depending on the locality and the materials
at hand. Thus, a signal on a bare mountain peak may be a rock
cairn; one on a partly wooded summit may be a straight tree, the
surrounding timber being cleared away; one on cleared land may be
a tripod or quadripod.

Rock cairns should be not less than 8 feet high and should be well
put together, so that they will withstand strong winds and heavy
snows. A pole or asmall green tree placed in the top is of advantage
in sighting.

Signal trees are most satisfactory if stripped of their branches,
except a tuft at the top. They form the best of targets when sighted

against the sky, but if they are to be sighted against a dark back-

ground, they should carry two triangular targets 3 to 6 feet on a side, "

placed at right angles to each other and covered with white cloth.
Tripods or quadripods should be built of sawed lumber if such mate-
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MARKS USED FOR CONTROL STATIONS.
(See pp. 48 and 82.)
A, Tablet used in cooperating States. The State name is inserted at (.

A, €, and E, Tablets for stone or concrete structures.
F, \ron post used where there is no rock.
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rial is available. . For the legs and center pole 2 by 4 inch scantlings
may be used, for the cross braces 1 by 6 inch boards. The base of
the pyramid should be large enough to permit a theodolite to be
set up under the center pole. In order:to increase its visibility,
boards may be nailed across the sides.about a‘foot apart and cov-

- ered with signal cloth, and cross targets may be attached to the center
pole above the.apex of the pyramid. -The best colors for this cloth
are white and black or white and red. - ..

Most signals stand in exposed places and should be aecurely
anchored . to -prevent their being blown over. The legs of tripods
and quadripods. should be placed in the ground.at least 2 feet;
each should .be fastened to a ‘“deadman’ and the holes filled with
thoroughly tamped earth or rocks, or else a.stake 4 feet long should
be driven into the ground at an angle with each leg.and firmly
spiked to it, If the ground is too rocky to permit the digging of
holes, a 4-foot crosspiece should be nailed to each leg at right angles
flat on the ground and weighted down with rocks.

Scaffolds.~—If it becomes necessary to elevate the instrument, a
scaffold must be erected in the form of a tripod, capped with a thick
board 12.inches square to support the instrument. Around this
scaffold, but entirely independent of it, should be.built another, in
quadripod form, supporting a platform on which the observer is .to
stand. If very high, such-a scaffold should be composed of succes-

.sive bents, each 8 or 12 feet, with diagonal bracing. The outer
scaffold, further, is to serve as a signal, and for that purpose should
extend at least 6 feet above,the observing platform and be sur-
mounted by a mast bearing cross targets. Before fixing signals in
position the direction in which sights are. to. be taken should be
carefully ascertamed so that no woodwork will interfere Wlth the
observatxons

The size of the timbers to be used necessarily depends on the
height of the structure. The-amount of lumber required may be
determined by means of a rough drawing of the structure to scale. .

. Centering of signals.—Great care must be taken to insure perfect

centering of signal and scaffold over the station mark, the plumb

bob being used for this purpose. - Signals should stand over station:

marks wherever possible, 80 as to avoid the necessity of computing:
58137—18——4
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swings for the angles, but if this is impracticable, as it is with a tree
signal, then the distance and bearing of the signal to the station
mark must be carefully measured and recorded.

The permanent mark, tablet, or post must always be considered
as the station for which the geodetic position will later be computed,
and when observations are made for angles the theodolite should
be set up over its center if possible. If it is impracticable to center
the instrument over the station mark, the distance between the
point occupied and the station mark must be carefully measured
and recorded. Also one or more sets of angles must be read between
the station mark and the other stations, in order of azimuth, pref-
erably with the 0° 0/ 0/ for the pointing to the station mark.

Heliotroping.—The heliotrope outfit commonly used by the Survey
is either the Steinheil or a plane mirror with a screw hinged to the
back to give it universal motion and improvised diaphragms of tin
or wood with round apertures. The plane mirror is generally pre-
ferred to a heliotrope of the more elaborate form.

A heliotrope is usually set up by mounting the mirror on a stake
or board immediately over the center of the station and the dia-
phragm on another stake, 10 or 20 feet away, carefully lined in with
the distant station. The operator must constantly watch the
reflection from the mirror and keep it symmetrically over the
aperture. If the sun is back of the observer a second mirror, a foot
or two from the first, may be used to reflect the light into the first.

To the observer the flash should appear as a clearly defined point
of light; if of appreciable size it will be necessary to bisect it, and an
error is thus likely to be introduced. A good rule to follow is to
make the diameter of the opening in inches equal to one-fiftieth of
the distance in miles for work in the West, and twice this size for
work in the Fast, with a minimum opening of a quarter of an inch.

OBSERVING AND RECORDING.

Time of observing.—As a rule, the best time for observing is the
three hours before sunset; the atmosphere is then steadiest and
shows no “boiling.” The early morning hours are occasionally
good but are likely to be less satisfactory. Many cloudy or over-
cast days are favorable. As alast resort, observations at night may
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sometimes be necessary, but these require special night signals
and assistants to operate them, and because of the additional cost
involved are seldom warranted.

Preparation for observing.—Whenever practicable the theodolite
must be set over the station mark for reading angles, to obviate
reduction to center. In setting up the tripod the head-bolt thumb~
screws must be left loose until the legs are firmly placed and themt
tightened.

The instrument must be sheltered from both wind and sun. ' If
the region affords no material readily available for constructing;
wind screens and sun shelters, a folding wind screen and a sun
umbrella must be carried as a part of the regular outfit.

Before observations are begun at a station all adjustments of
the theodolite must be tested and such as are found in error must
be corrected, special attention being paid to the micrometers to
eliminate errors of run. The stations to be sighted must next be
carefully identified by means of the directions shown on the plat
or by means of angles previously taken with a prismatic compass.
If any of the distant stations can not be seen with the unaided
eye, some object in line with each which can be found quickly
must be selected, or, if necessary, the direction to each may be
marked by some object near by, so no time shall be lost in making
the pointings when the angles are being read.

Method of observing.—With micrometer theodolites either single
angles may be measured or circle readings (directions) may be
made. In using the latter method select for the initial point
some station that is especially distinct and easily sighted and use
it as the initial point for all sets of readings. The telescope being
set on the initial point, read both micrometers, then sight the other
stations in succession in the order of their azimuths (clockwise ro-
tations), closing on the initial point. Then reverse telescope, set
on initial point, and sight the stations in reverse order. This com-
pletes one set of readings with telescope direct and reverse. Now
shift the circle about 36° (examine the plate bubbles after this shift
and relevel if necessary) and begin another set. When pressed for
time, it is advisable to shift the circle when telescope is reversed.
No angle should be considered as well determined that has not been
measured on at least 5 different parts of the circle or 10 times in
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all, 5 with telescope direct and 5 with telescope reversed. When
the telescope is reversed, each end of its axis will rest in the same
Y as before. Reversals and releveling are of especial importance
when there is an appreciable difference in the elevations of the
points sighted. .

If the observations are made in the afternoon, it is advisable to -
take all secondary pointings before commencing the observations
to stations, and there should be at least two sets of such pointings;
the remaining time for observing can then be devoted to the accu-
rate measurement of the important angles while conditions are the
most favorable.

The graduated circle should never be placed so that when point-
ing at any particular station the micrometers will be set to even
degrees except, as before noted, while data are being obtained for
“reduction to center.”

Field record —The field record is to be kept in book 9-912. It.
must be written in a plain neat hand with a No. 4 pencil or in

“ink, and no part of it must on any account ever be erased. A single
line should be drawn through erroneous records, the corrected
figures being written above. If deemed necessary, an explanation
should be written in the column for remarks. The memory should
not be trusted for data of any kind; the record must be faithfully
kept in all particulars and be made so complete that it can be
understood by another person at any time.

On the flyleaf of each field notebook is a blank in which all
information necessary to identify the book may be recorded. This
blank should be filled so far as practicable on or before the first
-date of entry of field notes, and it must be completely filled hefore
the book is forwarded to the Washington office. Any failure to fill
4n completely the blank on the flyleaf of a field notebook should
be reported by the computer to the geographer in charge of the
division. One of the blank flyleaves must contain an index of the

- contents.

The date, name of station, time of observing, and names of cbhserver
and recorder should be systematically entered at the head of each
page. .

The position of the instrument with respect to the center of
the station must be clearly defined, and if it is set up off the center
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a full statement must be given of the distance and the angles
measured.

On the page immediately preceding the record of angles should
be written a minute and complete description of the station occu-
pied, the station’s marks, character of signal, nearest camping or
other stopping places, roads, and trails, also a statement regarding
the ownership of the land and such other information as will be
. belpful to the topographer. The description must be written before
the recorder leaves the station and should be accompanied by a
rough diagram showing directions to other stations and plan indi-
cating location of instrument or signal if it was not centered on the
station.

Reading and recording of angles.—When the micrometer wires are
set for a reading with the Geological Survey theodolites it is very
important that the last movement of the wires be toward the right.
The readings on the graduated head are then decreasing and the
spring attached to the slide which holds the wires is being com-
pressed. If the cross wires are moved the least bit too far to the
right they must not be turned backward merely to the setting, but
must be turned backward at least a half turn of the screw, then
brought forward siowly to correct setting. When the setting is
properly made a division on the graduated plate will appear exactly
midway between the two movable cross wires and an equal amount
of white space will show on each side of it. A part at least of the
micrometer adjustment errors can be eliminated by making the
settings with less than five turns of the screw; this can always be
done if the right-hand part of the comb scale is sometimes used for
comb-scale and micrometer-head readings, the 10-minute space
being taken from the left.

For all precision instruments where a tangent screw and spring
are used together, the setting should be made while the spring is
being compressed, otherwise the “slack’ of the screw may cause
an error. ° . .

The recorder should not only take down the readings called
off by the observer but should without delay compute the angles -
between successive stations and also the mean readings. The
following form is to be used for recording angles by the method of
directions:
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Opposite each angle record any necessary information as to visi-
bility of signals or atmospheric conditions.

Tield computations.—Angles at each station should be reduced to
center in the field in order to test the triangle closures, which for a
primary scheme should not exceed 57.

Arbitrary adjustments and preliminary computations of positions
should also be made in the field. Book 9-889 should be used for .
summary of angles and for miscellaneous computations. Compu-
tations for distances should be entered in book 9-901 and for coor-
dinates in book 9-902. For field computations of coordinates where
the lines are short, five or six place logarithms will give sufficient
accuracy and the computations may be shortened by omitting some
of the minor corrections, carrying results to tenths of seconds of lati-
tude and longitude only.

As soon as the preliminary computations are made the record
books should be sent to the Survey office by registered mail. The
computation books should also be sent by registered mail but on
another day.

Triangulation plot.—A careful plot of the work should be kept on
the scale of 8 miles to an inch, and each month a reduced copy, on
which angles measured are indicated by the usual] sign, should be
gent in on the monthly report blank. If this plot is carefully made
it can be transferred directly to the office State progress map.

In order to use the plot for finding the direction to distant stations
place the protractor on it with 0° in line with a station that can
be seen clearly, then read in turn the angle to each other station,
thus obtaining an observing list.

Azimuth observations.—There must be not less than two azimuth
stations in each triangulation scheme, but if the azimuth of any line
in a scheme can be computed from former observations then only
one azimuth station need be established for each square degree
controlled.

The azimuth mark should be placed at least half a mile from the
station. It should consist of a vertical slit one-fourth to one-half
inch wide and 6 inches long, cut in a small box containing a candle
or lantern. To illuminate the cross wires of the instrument and to
read the angles, an electric hand lamp is to be preferred.
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The observations should consist of not fewer than five direct and
five reversed measurements between the star and mark. As the
star is at a much higher angle of elevation than the mark it is impor-
tant that the horizontal axis of the theodolite be adjusted with care
and leveled. The ends of the striding level bubble must be read at
each setting on the star and a level correction computed if there is
an appreciable difference between them, as shown in the example
attached.

Observations on Polaris should be made immediately preceding
and following elongation, as any error in the time of observation hds
then the least effect on the resulting azimuth. The time of setting
the cross wires on the star must be recorded to the nearest second.
The watch error must be known, and to this end the observer should
compare his watch frequently with telegraphic time, which is sent
over Western Union lines once a day, usually at noon, Washington
standard time.

For azimuth observations between 2 a. m. on the last Sunday of
March and 2 a. m. on the last Sunday in October in any year use
advanced or ‘‘daylight saving ”’ time and so state on each page of the
notes, remembering to make whatever time correction is necessary
in taking positions or time from astronomic tables.

Ezxample of record of azimuth observations.

Station: Canada, Ky. 8&inch theodolite No. 434. One division of micrometer=2"",
One division of level=2"" of arc. June 11, 1910. Watch Cm 23sc0 slow, 90th merid-
ian standard time.a

Telescope direct.

Level. Micrometer.
Object. |[Timea,m. Mean. Angle.
‘West.| East. A, B.
H.m.s. | Div. | Div. | - ° *div. ° iy, e 1 e
Mark (1) .oeloameeecnaifoaed]eeon.s 352 54 09| 17253 21| 172 54 00
Polaris(2)..| 23050 11.0|10.0 | 2883524 | 108 35 05 | 108 35 29
9.0 |12.0 X
20.0 %2. {1 AR (R PR 64 18 31

o These observations were made before the “daylight saving’’ law was enacted.
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Ezample of record of azimuth observations—Continued.
Telescope reversed.

Level. Micrometer.
Object. |Timea.m. Mean. Angle.,
‘West.| East. A. B. .
H.m.s. |Div. | Div. ° Idip,| ° ‘div.| ° e
Mark (4) - cefecuieeeaea]vcaraafonnnnn | 172 53 04 | 352 52 13 | 352 52 47
Polaris(3)..] 23643 }11.010.0 ] 108 34 10 | 28R 33 27 | 288 34 07
9.0 ]12.0
20,0 [ 22.0 | ieiniiieie i e 64 18 40
—2.0
Mark (5) .. .eeeeneeeealoeiiaifonnnn, 202 41 13 22 40 22 22 41 05
Polaris (6)..| 24026 | 10.0 | 11.0 | 13822 24 | 318 22 06 | 318 22 30
10.0 | 11.0
2000 1 22,0 |ooeie e aaes 64 18 35
—~2.0

Telescope direct.

Mark.... .. jeeenenniiiionnaidoa 22 41 07 | 202 40 17 | 202 40 &4

Polaris. ... 274652100 | 11.0°| 3182220 | 1382213 | 138322 33
11.0 | 10.0 .
200 | 210 | vemeiea e 6118 21
0.0

Nozre.—Four other sets should be taken.
TRIANGULATION COMPUTATIONS.

Preliminary computations of distances from unadjusted angles
should be made in the field, as required by the rule on page 55.
The steps in the final adjustment and computation are as follows:

Closing the horizon.

Tabulation of angles.

Reduction to center.
Computation of azimuth.
Tabulation of triangles.
Computation of spherical excess.
Least-square adjustment:

Angle equations.

Side or sine equations.

Equations of condition.

Table of correlates.

Normal equations.

Solution of normal equations.
Computation of distances.
Computation of geodetic coordinates.
Tabulation of results.
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Operations are completed in books 9-912, 9-889, 9-901, and 9-902.
The results are tabulated on printed blanks 8 by 104 inches in size,
one blank for each station.

Closing the horizon.—In careful work closing errors will always be
small and may be distributed among the various angles in propor-
tion to their number. If any of the angles measured should equal
the sums of smaller angles, proper adjustments must be made before
the horizon is closed.

Tabulation of angles.—For convenience of reference a rough plot
should be made for each station on part of a page in book 9-889,
showing the relative size and position of the various angles with
names of stations sighted, and on the same or the following page
should be given a summary of all the angles at the station, in order
of azimuth, with the angles and distances to signals for eccentric
stations.

Reduction to center.—For eccentric stations the data for reduction
to center should be indicated on the plat and figures given for them
in the summary. An illustration of the method of procuring these
data is given below. (See also fig. 1, p. 62.) Two sets of angles
were read at Elk station (where an eccentric point was occupied),
with one of the micrometers set very nearly on 0°, when the tele-
scope was pointing directly toward the center of the signal. The
angle to each point in turn is given below. By measuring the angle
with this setting the computer is saved considerable trouble, and
the possibility of error is lessened. The measured distance between
the center of the instrument and the center of the station was 4.7
feet (1.43 meters).

The formula for computing the swing in seconds for any line is—

Distance to signal ><Sine of angle between signal and far station,

Sine 177 Distance to far station -

The distance to signal will be a constant for each set up, hence
its logarithm may be combined with the sine of 17 and this con-
stant used throughout the computation. The distances to the
distant stations in logarithms of meters are derived from a pre-
liminary computation.

log 1.43 =0.15534
logsin1”  =4.68557

log constant =5.46977
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ELK STATION.

[S17:33003 5 SO, l Dick. Taylor. | Browming.| Tweedy.
1
éngle ............................. ' 23° 07’ 10”'] 68° 43’ 40"1109° 16' 54'!1206° 27’ 10"’
£ |
Log constant. .. 5. 46977 5. 46977 5. 46977 5.46977
Log single angle. . 9. 59400 9. 96935 9.97493 9. 64881
A, C, log distance... 5. 70154 5, 59196 5, 74781 5,63275
Log corvection...c.eeeennccanan..n ! 0. 76531 1, 03108 1.19251 0. 75133
Correction in seconds......ceeeenn I +5.83 +10.74 +15. 58 —5. 64

The sign for any correction is the same as that for the sine of the
angle, therefore for an angle over 180° it will be negative.

The correction for any angle will be the difference between the
corrections for the two lines bounding it, always taking the lines in
order of azimuth. Thus, for Dick-Elk-Taylor it will be—

+10.74
- 5.83
+ 4.91"
For Browning-Elk-Tweedy it will be—
— 5.64
—15.58
—21.22

The general rule is, change the sign of first correction (in order of
azimuth) and add algebraically to the second correction. The sum
will be the correction to the angle. The angles listed on page 64
have all been corrected.

The foregoing formula may be used also when it is desired to com-
pute the “‘swing” for a line, which is to be applied at a distant sta-
tion to change the pointing to the marked point—that is, the station
center—irom that taken to the signal. Whether the computed swing
is to be added to or subtracted from a given angle may ea.sllv be
found by an inspection of the diagram.
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Computation of azimuth.—The daily change in Polaris is'so slight.
that for the following computation no account need be taken of a
fraction of a day in computing its position: .

' Computation of azimuth observations.

Canada, Ky., triangulation station. June 11, 2.30 a. m., 1910 (civil date).
Latitude: 37° 35’ 46’’. Longitude: 82° 21’ 39",

Watch time of observation 2h 30m 50s a, m.=14b 30m 50 of the astronomic H. wi. s.

day which commenced at noon June 10........ JOTO, vesnesesscneaes 14 30 B0
Correction from seventy-fifth meridian time to 82° 21’ 39'' correction for
7° 217 39" (p. 124, “ Geographic tables and formulas)...c..ceevnunnnn.s —-29 27

‘Watch slow by telegraphictime.......c.eeuuuiaaene + 23

Local mean time (astronomic day)... cereneea.a 14 01 46
Correction, mean to sidereal time (p. 126, “Bulletin 650 ”? or Table III
“Nautical almanac”) ... coove.iiiiiieareiieiiaceiasecunesseaccnanans + 2 18
Right ascension of mean sun at Greenwich noon, Juae 10, corrected for
5h 29m 27s to change to noon at §2° 21’ 39/ west longitude (““Nautical
almanac,” June, Table II; change for longitude made hy Table I1J,

last part of almnac) .................................................. 5 12 44
Sidercal time of observation. ... ... .ciiiieniiiimiiiiiniiiiiiiaaa, 19 16 48
Right ascension of Polaris for nearest Washington transit—June 108
(“Nautical almanae,”” circampolar stars for June)............ [, 1 26 12
Hour angle of Polaris at time of ohservation......... PO 17 50 36
Hour angle of Polaris in arc=t (p. 125, “ Geographic tables and formu-
18877) o iecencanonannaan terbeaceananas tiecetssecnsacacacssecnansanannsas 267°39 007

The following are the formulas for azimuth and level correction:

esint . _ R
tan A =—g—orr a=sece cotd b=tan¢ cot
Level correction== ~—[(w +w') —( c+(’)] tan i

- in which—

¢=1latitude of station (37° 35’ 46'").
A==azimuth of Polaris at time of observation.
d==declination of Polaris at time of observation (88° 497 217).
t=hour angle of Polaris at time of observation (267° 39’ 15””) (both the sine
. and cosine of this angle are negative for this example).
d=value of one division of level (2.0"). .
w, w'=readings of west end of level bubble, direct and reversed. -
¢, ¢/=readings of east end of level bubble, direct and reversed.
h=angular elevation of star (at elongation this is equal to the latitude, nearly).

The level correction is used as a correction to azimuth A only.-
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" The following is the computation of the first of the plecedmg
observations (p. 57):

Level oorrection= T(2 X0.77)=0.77""

) 7CT- 8 71« SN 9. 88649

Logcot s... 8.31290

Logcost... 8. 61282 (negative).

Logbcosi.. S 681221 (nega,ti\;e).

BCOS e ceeeaaseane, ~—0, 000648 :

' ' 1

1-bCOStuunnnnnn.. . 1.000648

Log sec é... 0.10109

Logcots... . .- 8.31290

B LT3 1 S .- 9.98963 (negative).

T2 | 8.41362 (negative).

Log (1 =D COSE)eeuueeeuimmraeearciiisiiennnrannnn 0. 00028

Logtan A.oeeimeiiiiiaiinnn. s e C SO —8.41334

B S 1w oL

Level Corraction. .o enneeirieeeneneeanans e . +0.8
1 29 - 02.5

Add 180° to refer to the south ................... 180

Angle star to mark..... 4 aenieacuananans FEPTPR 64' 18 31

Azimuth of merk..........liioeeenne. R 25° 477 33.57

Each azimuth computation should be made in a single column and
for convenience the columns should be placed side by side in tabu-
lar form. )

Tabulation of triangles.—By an inspection of the field plat of the
triangulation determine what groups of triangles are so interrelated
that a change in one will affect the others and what groups of tri-
angles should be adjusted as a unit. For the triangulation by the
Geological Survey, which is not executed for geodetic purposes, it
is not advisable ever to include more than 15 or 20 triangles in such
a group, because the labor of solving equations for the adjustment
of any group increases rapidly with its size.

Four overlapping triangles form the simplest group that may be
adjusted by the usual least-square methods.
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Assume the group shown in figure 1 for adjustment. Tabulate
.the angles for each triangle, as shown at (a), (b), (c), and}(d) (p.
64). Any angle in any of these triangles may be consideredfas the
difference between the azimuths (directions) of its two sides.% For
example, angle Dick-Elk-Taylor, or 3.0.2, using for convenience the
figures assigned to each angle vertex, would be the azimuth or direc-
tion of the line 3—0 subtracted from the azimuth or direction of the
line 2—0. Azimuths are always measured in a clockwise direction.
Therefore this angle may be indicated as —38.042.0 or —38/042/0.
In the latter form the denominator is always the figure at thejvertex
of the angle and with the vertex pointing toward the observer the

Ye’z.ylor-2 L Brown ing
s ; g

F1GURE 1.—Diagram showing quadrilateral for adjustment by least-square methods.

left-hand direction is always given the minus sign. (Directions
will hereafter be referred to as sides.)

Computation of spherical excess.—For any triangle on the earth’s
surface the sum of the three angles, if correctly measured, will
exceed 180° by an amount varying with the area. For use in com-
puting distances the observed angles must be reduced to their plane
values by deducting one-third the spherical excess from each.
The spherical excess for any triangle between latitude 25° and
45° is approximately 1 second for each 75.5 square miles of area,
or exactly equals in seconds abm sin C, in which a, b, and C are,
respectively, the lengths of the two sides in meters and the in-
cluded angle of any triangle, and m is a constant depending on the
latitude.! In computing spherical excesses for any figure (as fig. 1,

1 Logarithms of m are given in Geographic tables and formulas, p. 271; andin U. S.
Geol, Survey Bull. 650, p. 294, 1616, reprinted 1918.



TRIANGULATION COMPUTATIOXNS. 63

for example) arrange the work systematically, the logarithms of each
of two sides in meters from a preliminary computation, the loga-
rithm of the sine of their included angle, and the logarithm of m for
the mean latitude for each triangle; place in a column. Give the
figures for the triangle at the head of the column, as 3.0.2, using the
angle 3.0.2 and the sides 3-0 and 2-0 in the computation.

Computation for spherical excess.

Triangles. 3.0.2 2.0.1
7T 2 (s VR 4.20846 4. 40804
Logside Deueeceeecanieeeneienenanaissecncaccsacacascnnnre 4. 40804 4.25219
D N 9. 85406 9.81304
LOZ M. iiiiaiiieieneteiatttetencasensonecaassecacssanans . 1.40475 1. 40475
Log spherical excess 9. 96531 9. 87802
Spherical excessin 0 T 0.92 0.76

Mean latitude, 37° 35’.

In the same manner compute the spherical excess for each of the
remaining triangles. Many such computations can be conveniently
made in the book (9-901) used for preliminary distances, in the left-
hand column adjacent to each triangle.

As the spherical excess for a given area is constant, the sum of the
spherical excesses for the triangles 2.0.1 and 3.0.2 must equal the
spherical excesses for the other two. This check should always be
applied to the results.

Least-square adjustment.—After deducting the spherical excesses
from the sums of angles for each triangle (a), (b), (c), (d) (see below)
the differences between the remainders and 180° will be the errors,
plus for remainders over 180° and minus for those less than 180°

The rules for determining the number of angle equations and the
number of sine or side equations required for the proper adjustment
of any figure are these:

L~ 8+1=angle equations

L—284-3=sine equations
where L equals the number of lines in the figure and S the number
of stations. A solution of these equations for a quadrilateral shows
that three angle equations and one side equation are required. In
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the present example it is immaterial which three triangles are used

for the adjustment.

Angle equations.
Corrected
. . Observed | Correc-
Stations. Side. A spherical
angle. tion. angle,
—_ o 7 ” ” Qo r ’”
ElK..ciceirieecnencancacens —2/04+1/0 | 40 33 19.17 +2.12 40 33 21.29
{a){Browning. —0/14-2/1 | 95 23 07.62 +0.71 95 23 08.33
05 10 SRR —1/24-0/2 | 44 03 30.52 +0.62 44 03 31.14
179 59 57.31 180 00 00.76
.76 Spherical
—_— excess.. 0.76
Error—3.45
) Eik. 45 36 34.90 —2.97 45 36 31.93
(b){Tayl 50 34 37.57 —0.40 50 34 37.17
Dick 83 48 53.156 —1.33 83 48 51.82
180 00 05.62 180 00 00.92
.92 Spherical
excess.. 0.92
Trror+-4.70
—3/0+1/0| 86 09 54.07 —0.84 86 09 53.23
—0/1+3/1 | 50 10 30.58 | —1.47 50 10 29.11
—~1/340/3| 43 39 38.99 —0.43 43 39 38.56
] 180 00 03.64 180 00 00.90
.90 Spherical
— excess.. 0.90
Error+4-2.74 | -
DICK. o eeereeraraearaanans —~2/3+1/3| 40 09 14.16 | —0.90 40 09 13.26
(d){Btowmng 45 12 37.04 -4+2.18 45 12 39 22
5041 94 48 08.09 +0.21 94 38 08.30
179 59 59.29 180 00 00.78 .
.78 Spherical

Error—1.49

excess.. 0.78

To select the sines for the side equation: Consider the figure.as a
pyramid with vertex at 2; by redrawing the figure with the line 3-1
dotted and the triangle 2-3-0 shaded, it will appear to the eye as
such a pyramid. Select for the first set of angles for the sine equa-
tions those opening to the front in going around the base of the
pyramid from 3 to 0 to 1 to 3; for future reference mark them with
solid arcs of circles; the remaining angles around the base make up
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the other set and are marked with dotted arcs. In selecting the
point for the vertex of the pyramid, as a general rule chidose theé one
which includes the smallest angles, but if all the angles are greater
than 30° either station may be chosen. Find the sines for each set of
angles, recording also the differences for 17 for each; call the first
set of sines plus and the second set minus, find the difference between
them, and give it the sign of the greater.

Sine equation.

Differ- | Correc- | Cor-

Sides. Angle, Sine. ence for | tion in |rection Cogggted
1. |seconds. | to sine. .

= o ’ ”
7 [—2/3+0/3 | 83 48 53.15 9.9974645 | +02.2 | —1.33 — 3| 9.9974642
+1{=2/0+1/0 | 40 33 19.17 9.8130350 | ~+24.6 | +2.12 +52 | 9. 8130402
—31+2/1 | 45123704 9.8510731 | 420.9 | +2.18| +46 9.8510777
(e) . 0.6615728 |.eievnit ceiaeirenfaannonis 9. 6615821
2/34-1/3 | 40 09 14.16 9,8094543 | +24.9 ] ~0.91 23 | 9. 8094520
3/0+2/0 15 36 34.90 9.8540576 | +20.6 | —2.97 —61 | 9.8540515
—-0/1+2/1 95 23 07.62 9.9980787 | ~ 2.0 | +0.71 ~— 1| 9.9980786
' 9. 6615006 9.6615821

Error —180
i

Equations of condition are now made up as follows: For triangle
(a), equation (f), error equals—3.45/; thisis made up of the errors in
the azimuth or pointing of the sides—2/0+1/0—0/1+2/1—1/240.2,
six in all. In like manner form equations (g) and (h). The sine
equation (i) is made up as follows: The error of the sines, being the
- difference between the two sets, is —180. To correct the sines
changes in seconds to be found for the angles must be multiplied
by the differences for 1’/ in column 4 of (e) for the given angle;
hence for the first sine this will be +2.2 multiplied by the corrections
to be given the directions —2/3 and +-0/3, or if expressed in a simple
form it will be —2.2 2/3+2.2 0/3. Treat each side and difference
for 17 in like manner, noting, however, that for the second set of
sines, which is considered negative, each sign given for the side will
be reversed; for example, the first one is written 424.9 2/3—24.9 1/3

53137—18—5
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It will be noticed that in the first form of (i) as.written, 2/1 appears
twice with like signs, 2/3 appears twice with unlike signs; combine
like terms algebraically, thus reducing the equations to the second
form of (i). For the convenience of thre computer and in order to
avoid the handling of large numbers, equation (i) has been divided
through by 100; this, of course, does not alter its value.

Equations of condition.

(D 0=—~3.45"—2/0+1/0—0/1+2/1—1/2+0/2

(8) 0=-+4.70""—3/0+2/0—0/2+3/2—2/3--0/3

(h) 0=-+2.74" ~3J0+1/0—0/1+3/1—1/3+0/3

0= —1.80"—.022 2/3+.022 0/3—.246 2/0+-.246 1/0—.209 3/1+.200 2/1-+.249 23

o — .249 1/34.206 3/0—.206 2/0—.020 0/1+.020 2/1

AN 0= ~1.80""4-.227 2/3+.022 0/3—.452 2/0+.246 1/0—.209 3/1+.229 2/1

—.249 1/3+.206 3/0—.020 0/1

There are now four equations to be solved and twelve unknown
quantities; the latter are combined and reduced to four in the table
of correlates. Column (j) contains the marks for the sides or direc-
tions for which corrections are required. Column (k) contains on
the proper lines the algebraic coefficients for the various sides from
equation (f); for example, —2/0, considered as a quantity, might be
written —1 (2/0), and +1/0 in like manner written +1(1/0); —1 and
-+1 are therefore the entries for column (k), lines 2/0 and 1/0.

.Table of correlates.

@ (@& Q {(m) @ Correlates after substituting computed values.

. 1 2 3 -4 Correc-| a;
Sides. | 1 | 2 [ 3| 4 0’9751 0/063 |~0.589 |-+3.007 | tioms. | Sides.
wo ! +1]..... +1|+0.246 [|+0.275 |........ —0.580 |4+0.740 [40.426 | 1/0
20 | —1 | %17...170.452 ||-0.275 |0.0637| ... Tras9|—1.607] 20
3j0]..... 23100206 || 10,063 [+0.580 [+o.619 |71 271 | 30
TR S 211500020 100875 | +0.580 | 0060 | 10254 | Gt
i 7
in
072
12
32
_ 0/3
Y : Y 13
23|00 B T P - F00083 7| nnne. 10,683 |+0.746 | 2f3
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The formation of normal equations from the table of correlates is
as follows: Column 1, line 1, of (o) (p. 67) contains the sum of the
squares of each quantity in column (k). Column 2, lines 1 and 2,
contains, first, the sum of the products of each quantity in column
(k) by corresponding quantities in column (1); second, the sum of
the squares of each quantity in column (1). Column 3, lines 1, 2,
and 3, contains the sum of the products of (k) by (m), (I) by (m), and
(m) by (m) (the.squares). Column 4 is made up in the same manner,
using the quantities and signs as given. If columns 1, 2, and 3 are
completely filled out by products found as indicated above, it will be.
found that the quantities from+-6.000 down the column are the same-
as those from ~6.000 along the lines to the right to column 4. But ast
the former are not needed in the solution they may be omitted;;
when retained, the equations in full will be as follows, the second
member of each equation being zero:

(o) Normal equations.

Absolui
1 2 3 4 term,
+6. 000 —2.000 +2.000 | --0.947 —~3.450

—2.000 | +6.000| +2.000| —0.%63 +4.700
+2.000 | +2.000 | +6.000] +0.122 | +2.740
+0.947 | —0.863 | +0.122| +0.51779 | —1.800

These are ordinary algebraic equations which may be solved by
the usual rules of algebra, but as the solution of 5, 10, 15, or more
equations is often required in Geological Survey work, the process
should be conducted systematically as shown.
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Solution of normal equations.

€]
’ Absolute
1 2 3 4 torm.
(p1) | +6.0001 —2.0001 +2.000| -+0.947 —3.450

(p) | (0.1667) | +0.333| —0.333| —0.1578 | +0.575

(ps) +5.333 1 +2.667| ~0.5473 | +3.550
(pe) (0.1875) —0.500 | -+0.1026 | —0.666
(ps) | +4.000 | 4-0.0800 | +2.115
(Ds) . (0.250) —0.0200 | ~—0.529
’ (p7) +0.31060 | —0.934
. ! (3. 2196) +3,007
(a)
Absolute
2 3 4 term.
gqlg +6.000 +2.000 | ~—0.863 +4.700
Q2. ~0. 667 +0.667 | +0.3157 —1.150
(qa) +6.000 | +0.1220 +2.740
(q4) —0.667 | —0.3157 +1.150
(as) —1.333 | +40.2737 —1.775
gq«s) +0.51779 |  —1.800
qr, —0.14044 |  +0.544
(qs) @ —0.05615 | -+0.364
(Qe) ~0.00160 | —0.042
(r)
1 2 3 4
(r) 40.575 | —0.666 | —0.520 | +3.007
(re) —0.475 [ +0.309 | —0.060
(m; +0.196 | +0.294
(rs —0.021 —0.589
—0.063
(r3) +0.275

The first normal equation is written in full on line (p,); parts of
the other equations are written on lines (q;), (qs), and (qg). The
reciprocal from Barlow’s tables of the first quantity (4-6.000, line
(py), column 1), is placed at the left. The product of this reciprocal
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(0.1667) by the quantities on line (p,), columns 2, 3, and 4, and
absolute are written immediately under each in turn; the quantity
~+0.333 (line (p,), column 2) is now used as a multiplier for line (p,)
(omitting column 1), and the products are placed in colurans 2, 3, 4,
and absolute, line (q,); in like manner the quantities —0.333 (line
(p2), column 3) and —0.1578 (column 4) are used as multipliers and
the products written on lines (q,) and (q;). The algebraic sums of
lines (q,) and (q,) are now written on line (p;), which is then used as
if it were an original equation. The reciprocal of +-5.333 is found
and used as a multiplier as before and the products written on line
(ps)- The next products are written on lines (q;) and (qg). The
sum of each column of lines (q;), (q,), and (qs) is carried over to (ps).
The process is repeated for each equation until finally the product
+4-3.007 is found, which is the value for unknown quantity numbered
4. This value and also the quantities in the column of absolute
terms, lines (pg), (p4), and (p;), are copied in the table (r), line (z,).
With -}-3.007 as a multiplier products of each quantity in column 4,
lines (pg), (Ps), and (p,), are found and written on line (r,), columns
3,2,and 1. Column 3 of (r) is then summed and the result (—0.589)
is the value of unknown quantity numbered 3. This is used as a
multiplier and products found with quantities from columns 3 and
2, lines (p,) and (p,), and in like manner values for unknown quan-
tities numbered 2 and 1 are found.

The solution of the normal equations and the values found for the
unknown quantities may be checked by substituting in the full
equations (p. 63).

The next step in the adjustment is to substitute the values for the
four unknown quantities in the tables of correlates (p. 66) and to find
the correcticn for each side. The method of doing this can be easily
seen by following the process through the right-hand half of that
table. For convenience, the value found for each unknown gquan-
tity is-written at the head of columns 1, 2, 8, and 4. Each of thesein
turn is multiplied by quantities in colurans 1, 2, 3, and 4 of the left-
hand part of the table and the products are placed in the right-hand
part on the same line with the multiplicand. The final correction
for any side is then the algebraic sum of the quantities, which are on
line with the side number in columns 1, 2, 8, and 4 (at the right side
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of the table). Thus the correction 1/0 is made up of +90.275, —0.589,
+0.740=-}-0.426; this is the correction in seconds to the side. 'The
correction for any angle, then, is the difference between the correc-
tions for the two sides bounding it. For example: Angle at Elk, tri-

angle (a), is:
--correction 2/0=+41.,697
+correction 1/0=+ .426

+2.123

The correction for any sine is the correction for the corresponding
. angle multiplied by the difference for 1”7 in the sine,

It is desirable to have triangles close without errors greater than
a hundredth of a second and sine equations close to the seventh
place of the logarithm, but unless the normal equations are carried
to three or four decimal places, there will possibly be residual errors
of two or three hundredths in some triangle closures. It ig, however,
considered allowable to make arbitrary changes of not over £0.03”/
in angles in order to procure consistent results.

The figures for adjustment will generally be larger than quadrilat-
erals, though they may be made up of quadrilaterals or triangles
which do not overlap and are therefore independent each of the other.
‘When they do overlap select for the first pyramid group (p. 61) the
one which takes in the largest number of triangles and set down (ac-
cording to the formula on p. 63) the number of triangle equations re-
quired to completely adjust it, remembering that the triangles used
must always cover the whole area once but not twice. Tor the sec-
ond group set down the number of triangle equations required by the
rule, as though they were from an independent pyramid group, but
omit from those selected all which would be adjusted in or by the first
group, the vertex of the pyramid being so situated that a base triangle
will not be included in a former group. In other words, as group by
group is added to the first, find for each a single sine equation and as
many additional angle equations as are required, including in the

‘number all triangles adjusted by a previous group, excluding those
which appear in each or which would appear in each if the vertex of
the pyramid were taken in a different place.

In any figure in which each station is sighted from every other one
no attention need be paid to the selection of triangles for use in the
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adjustment, which may be selected at random, provided the number
required by the formula is taken.

In order to adjust an extensive triangulation scheme, the strongest
groups are adjusted first; then if lines or triangles in them form
parts of other groups, their first adjusted values are given infinite
weights and thus left unchanged.

In connecting new groups of triangles with those previously
adjusted, if more than a single adjusted line is used a condition must
be introduced fixing the relative length of the adjusted lines. For
example: Let the solid lines in figure 2 represent an adjusted group
and the dotted lines part of a new group of triangles to be adjusted.
It is evident that the distance a ¢ and the angle a b c are fixed by the
completed adjustment; therefore in adjusting the new work a side
equation must be used in order to maintain the relative length of the
lines a b and b ¢. This may be taken from the quadrilateral a e ¢ d
with the central point b, infinite weight being given to the five
adjusted lines. .

The accuracy of figure adjustments will be increased if the #ines
of the smallest angles are used in forming the equations and each
figure used covers the largest possible
area; but on the other hand labor will
be saved if as few angles as possible are
involved. These conditions appear
when two figures overlap; in such cases
a sum angle can be used in adjusting
one figure, with a saving of labor, but
unless all the triangles are of good shape FIGURE 2.—Diagramshowing con-
it is better to take the triangles which  dition to be introduced in con-

necting pew triangies to those
cover the largest area. Whether the [/ oionacagiusted.
slight increase in accuracy justifies the ) >
extra labor involved depends on the quality of the work.

The angles to be used depend on the position taken for the pole
of the assumed pyramid.

' Weighted observations.—When the field notes show that certain
angle measures are incomplete or uncertain it is generally advisable
to introduce weights. These may be in the form of fractions or
whole numbers, but in assigning them the field observations and
records alone should be considered, not triangle closures. An
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infinite weight is given when it is desired to hold the value for a
direction, as when it is taken from a previously adjusted figure. A
weight of oo for a side reduces all correlate table products for it to 0—
in other words, eliminates its effect on the normal equations.

‘Weights are used in the table of correlates only. As an example
of their use let weights be assumed for directions in the table of
correlates on page 68, as follows:

The rule for forming normal equatlons from we1ghted correlates
is that each product for a given side is to be divided by the weight
for that side before combining it to form a term in the equation.
For example: The first term in equation 1 is made up as, follows
from column £ of the correlates:

Side 1/0, (+1) (+1)=weight 2=+1/2.
Side 2/0, (—1) (=1)+1=+1.
Side 0/1, (—1) (—1)+2=+1/2.
Side 2/1, (++1) (+1)+3=+1/3.
Side 0/2, (+1) (+1)+1=+1.
Side 1/2, (—1) (—1)+1/2=+2.
The sum of these quantities is 1/24-1+1/241/3+142=>5.833.
The fourth term of equation 1 is—
Side 1/0, (-+1) (+0.246)+2=+0.123.
Side 2/0, (—1) (~0.452)-+1=40.452.
8ide 0/1, (—1) (—0.020)+2=-+0.010.
Side 2/1, (+1) (+0.229)+3= +0.0763. L]

Combining these quantities gives +0.123-+0.4520.0104-0.0763==
-+0.661, which is the coefficient of the term desired. Each other
term of the normal equation is found in a similar manner.

These equations after solving by the usual methods give the
values at the head of columns 1, 2, 3, and 4 in the right-hand part
of the table of correlates. These values after multiplying by the
quantities in columns ¢, u, v, and w are placed in their appropriate
spaces and the sum for each line found as described on page 69.
Each sum thus found for a side is then divided by the weight for
the side, the quotient being the correction for the side, and the
corrections thus found, if applied to the triangles (p. 64) and the
sine equation (p. 65), will make a complete adjustment for the

figure.



TRIANGULATION COMPUTATIONS.

008'T— | @S¥'0+ {2Z30'0— | 78°0— | 199°0+
043+ | 220°0— | 009 F+ | 008 T+ | 000°T+
00Ly+ | PL3°0— | Q08T+ | 00S°¢+ | G0B'T—

0SF'¢— | 199°0+ | 000°'T+ | 000°T— | €88°¢+

ANOSqY [ [ 4 1

*SUOWDALISGO PApyHom 0f Suo1pnbs (DULION

/g | 1sao+ | 18x0+ | g8z0+ [ctctctett| 100°0— S /g
ST | 810~ | 80— |8380— 090+ | orvoot 1 e/l
e0 | 9630~ 4 2/0
glg | 100°0+ 1 44
g1 | 260°0— e~ [Tttt o/l 71
gl | sigot 9g gt |ttt 1 2o
/e | 0681— : 09 0— crrTeeeeeel 605 0— I /¢
Wz ) SiE0+ | SEIT+ | e8L 0+ trutioett oF8°0+ | 67270+ g 1/2
10 | 8310+ | <930+ | 630°0— | 0L9°0+ 9%€°0— | 020 0— 4 1/0
0/ | 68T+ | 68T+ | 01L0+ | 02970+ seomeesecl g0z 0+ I 0/g
0/ | €06°T— | EUBT— |8GT— ["TTecteeen 0580~ | 0S¥ 0— 1 0/
o/l | 2930+ |¥280+ |Si80+ | 6Lo0— g¥e 0+ | 955°0+ z o/t
B . i4 ¢ 4 . *SOpI§
“sopIg cowmé “swng :ﬁmi asmo ) :8%& Asﬁoi “S1uSroMm
Swug m 3 n

*81L009D0.12890 Paybram Lof $21012.4400)




74 TOPOGRAPHIC INSTRUCTIONS.

In the solutions of the normal equations on page 68 no method
was shown for checking the work before the final values of the un-
known had been found and substituted in the full equations. There
ig a simple method for checking a solution frequently, and as it
involves but little extra labor it should be adopted when a large num- -
ber of simultaneous equations are to be solved. The check requires
an added term for each equation, the numerical value of which is the
algebraic sum of all the coefficients and the absolute term of each
full normal equation. The check numbers should be given a sign
opposite to that of the sum, so that the equations will still have the
form of (a)-+(b)--etc.=o.

In the following solution the check is used; the solution differs

slightly in form of arrangement from that shown on page 68, and
is in some respects simpler. (See p. 76).
. The check column is numbered 6; the first term, line (a), is the
algebraic sum of each quantity on line (a) with the opposite sign;
similarly lines(c), (g), and (k) contain check numbers found from
the sum of the quantitiesin each of the full equations; but as all the
terms of each equation are not written down they may be found,
because of the symmetry of the equations, from quantities given in
other equations. For example, for equation 3 add together the
quantities in column 3 of the normal equations (p. 73) and those on
the third line: -+1.004-1.50044.500—0.022--2.740=9.718, hence
—9.718 is the check number. The check numbers are to be treated
in the solutions as if they were absolute quantities.

Tor the first equation the reciprocal of the first coefficient (5.333)
with its sign changed is —0.1875; this multiplied by each term of
line (a) gives the quantities in line (b). +0.3750 (column 2, line b)
is next taken as a multiplier for all the coeflicients immediately above
it and for others to the right on line (a), the products being written
on line (d).

Products for equation 3, written on line (h), are found with the
multiplier. —0.1875 and the quantities in columns 3, 4, 5, and 6,
‘line (a). All the other numbers on line (b) for any set of equations
containing four or more unknown quantities, except those in the
absolute column 5 and the check column 6, are used as multipliers,
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and the products are written-under the equations to which they
belong. Lines (c) and (d) are next added algebraically and the
sums written on line (e). .

Line (e) now consists of a complete equation containing but three
unknown quantities, an absolute term, and a check term, and the
algebraic sum of all the quantities on the line should be zero, reason-
able allowance being made for slight errors introduced from the
dropping of decimal places beyond the fourth. This constitutes the
first useful applications of the check term.

The reciprocal of ®#he first term in line (j) with sign changed is
—0.2105; thismultiplied by each quantity in line (e) gives the prod-
ucts on line (f); these also if combined algebraically should equal
zero, and thus the work is again checked.

Products from multipliers for each unknown (—0.8947 and
-+0.1318) are next found in the same manner as for lines (2) and (b)
and written under the equations to which they belong (on lines (i)
and (m) in this example). The algebraic sum of each column under
equation 3 is next to be found and written on line (j). This is now
a complete equation with two unknown quantities, and the sum for
the whole line should equal o, this being the third use of the check
term. This eliminatios process is repeated and the check applied
until line (p) is reached, the absolute term then being the value of
the fourth unknown. This value is written on line (q), column 4,
and the absolute quantities from column 5, lines (j), (f), and (b), are
written in columns 3, 2, and 1, line (q). The numerical value of
number 4 i8 next to be multiplied by the coefficients of number 4
in column 4, lines (j), (f), and (b), and the products written on line
(r), columns 3, 2, and 1, respectively. The sum of the quantitiesin
lines (q) and (r), column 3, is —0.6692, which is the value found
for unknown number 3, and this value substituted in column 3 gives
products for line (s).
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Solution of simultaneous equations.

. 5
. 6
Reciprocals. 1 2 3 4 (abso-
Tute) (check).
+35.333 | —2.000 | +1.000 —3.450 | —1.544

=+5.500 | +1.500
+4. 500

¢ —0.874 | +4.700 | —8. 826
—0.022 | +2.740 | —9.718
+0.452 | —1.800 | +1.583

—0.1875 | +5.333 | —2.0000 | +-1.0000 A -+-0.6610 | ~—3.4500 | —1. 5440 (a;
-1. 0. 3750 —0.1875{—0.1239 +0.6469 | +-0.2895 | (b

45.5000 | -+1.5000 | —0.8740 | —4.7000 | —8.8260 gc)

+
4
>
=3
-

~0.7500 | +0.3750 | +0.2479 | —1.2038 | —0.5790 | (d)

—0.2105 © | +4.7500 | +1.8750 | —0.6261 | -+3.4062 | —9.4050 | (e)

1. —0.3047 | +0.1318 | —0.7170 | +1.9798 | (f)

+4.5000 | —0.0220 | +2.7400 | —9.7180 (2)

~0.1875 | —0.1239 | +0.6469 | +0.2895 | (h)

—0., 7401 ; +0.2471 | —1.3444 | +35.7122 (i)

—0.2799 +3.5724 | +0.1012 | +2.0425 | —5.7163 | (D)
—~1. | —0.0283 | —0.5717 | +1.6000

+0.4520 | —1.8000 | -+1.5830 | (k)

—0.0819 | +0.4275 | +0.1913 | (1

—0.0825 | +0.4489 | —1.2396 | (m)

—0.0029 | —0.0575 | +0.1618 | (n)

—3.5125 +0.2847 | —0.9814 | +0.6965 | (0)

. —1. +3.4471 | —2.4465 | (D)

+0.6469 | —0.7170 | —0.5717 | +8.4471 (@)

—0.4271 | +0.4543 | —0.0976 o)

+0.1255 | +0.2642 | —0.6693 . (s)

+0.0006 | +0.0015 (ty

+0.3459 ()

Adjusting lines to unoccupied stations.—An adjustment can be
made for the three lines to an unoccupied station as follows: Cor-
rect the observed angles to the unoccupied point to agree with pre-
viously adjusted angles at each occupied station; then form a sine
equation, making the unoccupied station the pole of the pyra mid
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The swings for the lines to the unoccupied station, which will be
the corrections desired, will be the products of the sine differences
for 17 (coefficients of the sine equation) by the absolute term,
divided by the sum of the squares of the former.

For each additional line more than three to the unoccupied station
an additional sine equation is required, all to be solved in the usual
manner.

Compudtations of distances.—These are to be made in book 9-901.
The triangles are arranged in order from a given base or known side,
one page or part of a page being taken for each new station. For each
triangle the adjusted spherical angles and the spherical excess are
given to hundredths of seconds.

Ezxample of computation of distances.

Plane angle. Lo
. Spherical | Spherical 08 SLes
Station. angle. excess. ?;;l%ed;s-
9.8853615

e s om e v o | 49984616
50 10 29.11 0.30 50 10 28.81 0. 1146385
86 09 53.23 .30 86 09 52.93. 9. 9990263
43 39 38.56 .30 43 39 38.26 9. 8390917
180 00 00.90 {.......... 180 00 00.00 |............
Miles, 11.106. < .o caieiiaieniannnnan. ceemeeaean . Browning to Elk. 4. 2521918
Miles, 16050 . v e acnnnieiin e ie e Browning to Dick, 4. 4121264

After adjustment of several overlapping figures has been com-
pleted, it is occasionally necessary to find the length of some line
joining two points which has not been included in the adjustment.
Such lines may usually be computed by the formula for “two sides
and the included angle.” !

1 Geographic tables and formulas, p. 8; U. 8. Geol. Survey Bull. 650, p. 8, 1916,
reprinted 1918.
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The rule for the solution of plane triangles for which the three
angles and one side are given is that the sides are proportional to the
gines of the opposite angles. By always arranging the angles in the
above form with the new station first, the solution is made somewhat
mechanical. The logarithms of the sines of plane angles are, of
course, used; that for the angle at the new station from which dis-
tances are required to the other two stations is written immediately
above the angle; its arithmetical complement (10 minus the sine)
is written to the right and on line with the angle. Each of the other
sines is placed on line with the angle to which it relates. Imme-
diately above the sines is written the logarithm of the distance in
meters between the second and third stations in the triangle; in the
example this is 4.2984616 for the line Elk to Dick.

To get the logarithm of the distance from the new station (Brown-
ing in the example) to one of the other stations, omit the sine opposite
the latter and add together the remaining logarithms in the right-
hand column. The distance to thousandths of a mile for each com-
puted line must be found and placed to the left of the names of the
terminal stations. The work should be verified by comparing dis-
tances for each line that has been computed from two or more
triangles. .

Computation of geodetic coordinates.—For this work use book 9-902
and check results by computing each position from two stations
which form a triangle with the new station. For convenience, only
one of the computations is here given:

o s ”

Azimuth 8: ElK-Dick..eeeeivrnennennnnencncnneniaseiassnasssncevanns 96 66 01.12
Spherical angle at Elk.....ccveecverrsccrcncecncrasanccasaneas 86 03 63.23+

Azimuth a’; Elk-BrowWning. ... eeeeeeieressenesereeanannaneecanas 183 05 64.35
P o 1 P P 180 00 24.02

Azimuth (a): Browning-Elk. . ..cccovvieiniiioiearerernmioisnenennnes 8 06 18.87
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Geodetic coordinates,

LATITUDE. LONGITUDE.
o s . o s
ree . 87 88 47.82 Elk. Nevesonee 8200 16.16
....... 9 38.88(+) AN, PPN 0 39.40(—)
........ 37 38 26.20 Browning. Neeoveoo. 81 69 36.76
Computation for latitude: Computation for longitude:
4. 2621918 10g 8. ceeennnns 4. 2621918
8.6110415 A are end sine 8.7828074(—)
log cos 8’... 9.9993647(~) (log 8)... —08 8.6091777
—_— (log V).. +00 0.101853¢
108 (I)...... 2.7625980(—) : - (=6
8.50438 108 (V)eunnoe. 1.6966295(—)
1.28943 39. 403—
log sin?a’... 7. 46661
s ——————— DNeverneann. 39.40—
log (ID)..... 7.26942
log D....... 2.3771 Computation for azimuth:
log [I+11]2.. 5.5252
8l —_— e log (V).ovienaas 1.595580(—)
log (III).... 7.9023 & S7—28—47.8 . (¢+¢'
. &8 43 244 log sin 5 9.785041
AP
log E....... 6.0528 7 117 log sec (‘é’) 0.000000
log s?sin?a’. 6.3309 LA ——
log (I)...... 2.9431(=) 37 36 06 log (VI).eeinrnns 1,880572(—)
Jog (IV).... 5.8268(—) —A2..einnnins 247.02(—)
~IVeeoaes .000(=) PN : TSP 24".08(+)
[€ 5 P . 877.126(—) Azimuth check.
(II)...... 004 + o r
(IID)..... 018 + {I+1I] 678.891 68 16 47.48
av)...... L000(+) | log [I411I) 2.762598 306 18.87
LAY SN 877.104(—) | log [I+11)25.525196 50 10 £9.11
s Spherical angle
Aperaes 14 87.10(+) at Browning 50 10 29.1%

Computation of Azimuth a, in Book 41505, page 26.
Spherical angle and distance s, in Book 41570, page 32.
Computed by D. M. E.

[Nore.~The signs (+) or (—) placed after logarithms are the signs of the cosines
or sines of the azimuth used in the computations.]

In this example the azimuth, 96° 567 0177.12, is derived from a
previous computation. The spherical angle is that at Elk from the
adjusted figure. Whether to add or subtract this can be determined
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very easily by inspecting a plat of the stations, but when for one of
the pair of computations the spherical angle is added, the other is
always subtracted. The latitude and longitude at Elk are also
derived from a previous computation. Logarithm s1is the logarithm
of the distance in meters between Elk and Browning. The constants
B, C, D, and E are from ‘‘Geographic tables and formulas” ! for the
known latitude at Elk. Cosine a’ and sine a/ are functions of the
azimuth Elk to Browning. The algebraic sign of each of these as
fixed by trigonometric rules determines the sign of the resulting
quantity. The signs of (II) and (IIT) are always positive; that for
(IV) isalways opposite to that of (I). The constant A’ and secant ¢’
in the longitudinal computation are for the new latitude, which re-
quires that the latitude computation be made first. These two fac-
tors will be the same for each of the pair of computations for the new
position. For short lines, corrections (I1I) and (IV) will usually be
less than 0.01”7 and may be neglected.

When the logarithm of distance s in meters exceeds 4.0000000, a
correction will usually be required for logarithm (V) for the differ-
ence between the arc and sine. The constants for computing this
are given on page 269 of ““Geographic tables and formulas,” ? the
arguments being log distance s and log (V). The difference between
the values found is to be applied, according to the sign of the greater,
to log (V) before finding the value of the latter in seconds.

Six places of decimals will usually give sufficient accuracy for

log (VI). The 1oga.nthm of secant ( T) may be taken from page

268 of the tables. When log (V) is large, say over 3.5000000, a cor-
rection in seconds ? will be needed for Aa expressed by the factor
(AN F. The logarithm of (V)is multiplied by 3 and added to the
logarithm of F, which is given in the tables; the value in seconds
for the resulting logarithm is always to be added to the previously
found vajue in seconds for (VI).

The latitudes and longitudes for each point thus computed in
pairs should agree within one or two one-hundredths of a second.

1 See also Coast and' Geodetic Survey Special Pub. 8, 1911,
2 See also U. 8. Geol. Survey Bull. 650, p. 292, 1916, reprinted 1918. .
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The difference between the two reverse azimuths should also agree
with the corresponding adjusted spherical angle within one or two
one-hundredths of a second.

The formulas for finding azimuth and distance between points
whose latitude and longitude are known and the form for 3-point
computations are given in ‘‘Geographic tables and formulas.”
Special blanks for 3-point work may be procured by application to
the Washington office.

Tabulation of results.—The final step in the computation of triangu-
lation is the tabulation of the results. A printed blank is used; on
it is written the name of the station, the State and county in which
situated, the kind of signal and the center mark used, a full descrip-
tion of the station (see p. 53), the latitude and longitude, the azimuth,
the back azimuth, and the logarithms of distances in meters and
corresponding distances in miles to all other stations from which it
ig visible; also a statement regarding the datum on which positions
are based. Whenever possible this should be the North American
datum (formerly known as the United States standard datum).

PRIMARY TRAVERSE.
FIELD WORK. -
PERSONNEL AND OUTFIT OF PARTY.

In primary traverse the party consists of an instrument man in
charge, a recorder, two chainmen, and two rodmen; also a cook and
teamster when camping is necessary.

The following supplies can be obtained on requisition:

One transit, graduated to 30 seconds and furnished with stadia wires.
Two 300-foot steel tapes, graduated to feet throughout.
One 100-foot steel tape.

Two red and white transit rods.

One stadia rod.

Two plumb bobs.

Eleven tally pins.

Three hand recorders.

Two electric hand lamps.

One tape-repair outfit, punch, and rivets.

Three tape clips, temporary repairs.

Two tape holders.

One set steel dies (figures).

One set steel dies (letters).

53137—18 6
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Three large book bags.
Standard bench-mark tablets or posts (according to the requirements of the
country).
Canteens.
Cement (in cans).
Drills, hatchet, hammer, and posthole digger.
Primary traverse field notebooks, 9-928,
Chainmen’s notebooks, 9-929.
* Blank notebooks, 9-896, or 3 by 5 inch pieces of manila paper.
Book of instructions.
Polaris tables.

The instrument man must carry a reliable watch.

PREPARATORY WORK.

Location of line.—Primary traverses should always be run in cir-
cuits or tied to points previously located. In 15-minute quad-
rangles, in country where routes can be readily planned, traverse
lines should follow as closely as possible the borders of the quad-
rangles to be controlled, not departing from them more than is abso-
lutely necessary to keep onroads. If there is a choice of roads, select
the one in unmapped areas. An additional line should be run to
bisect the quadrangle.

In areas where the country will not permxt this plan to be followed
economically and where the selection of routes for the lines must be
influenced by the location of highways, it will be necessary to plan
the routes to meet the specific requirements.

Permanent marks.—In regions where topographic conditions per-
mit, tablets or iron posts (see C and F, P1. I, p. 48) must be set as near
ag possible to each corner of each 15-minute quadrangle, one on each
side haliway between the corners and one in the center of the quad-
rangle, making nine in all. All such marks must be stations on
the line and should be stamped *Prim. Trav. Sta. No. —” (num-
bered consecutively) and also with the year of survey. In areas
which can not be traversed according to the regular plan, permanent
marks must be established at intervals not greater than 6 miles.

In cooperating States use the appropriate State post or tablet (4,
Pl I, p. 48).

- Where level bench marks have been established along the route of
survey, they should be tied to and stamped as above and thus made
to serve as permanept marks on the traverse line.
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At each station where a permanent mark is set, measure bearings
with the transit to two or more well-defined and fixed points, prefer-
ably 500 feet or more distant, to be used as azimuth reference marks
for future work beginning at that station, the bearings, distances, and~
descriptions being duly recorded in the notebook.

Secondary points.—Besides the permanently marked points, a
number of other points should be carefully located along the traverse, '
and these points should be specifically designated in the field notes.
Of special importance are the crossings of boundaries of States,
counties, and civil townships, and the locations of the principal
crossroads, of railroad stations when the line follows a railroad, and:
of township and section corners if the region is subdivided by public~
land ‘surveys. Note should also be made of less important land-
marks, such as road forks, mileposts, railroad switches, road and
stream crossings. These points should be so completely described
in the notebook as to be readily identified.

TAPING.

Duties of chainmen.—The front chainman carefully marks off each
tape length; if on a wagon road, with tally pins; if on a railroad, with
keel on the rail. Each time he marks off a tape length he registers
it on his hand recorder; each time the rear chainman reaches the
mark left by the front chainman he does likewise. When a transit
station is established the two chainmen compare their hand records
for check on the measurement. Should they differ, the course must
be remeasured.

Transit stations should be made at even tape lengths or even
10-foot marks, wherever possible, in order to simplify the work of
the computer. They should be selected at points affording not
only an unobstructed view back to the transit but also a clear view
forward. Each station is to be marked, if on a wagon road, by a
10-penny nail driven into the ground through a piece of paper on
which the front chainman has written the number of station and
distances; if on a railroad, by a keel cross on rail, with number and

istance on nearest tie,

Stations on main lines are to be numbered counsecutively, begin-
ning with zero; those on short spur lines to section corners or other
points to be computed are to be lettered instead of numbered. Sta-
tion numbers should never be duplicated in a single locality.
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The two chainmen must keep in book 9-929 separate records of the
number of stations and distances between them. At noon and at
night these records must be compared with the recorder’s notes, and
should there be a difference, it must be corrected before the line is
carried forward, the line being retraversed if necessary.

Inlocating transit stations the front chainman should bear in mind
that it is desirable for the instrument man to be able to sight the
bottom of the rod in each direction. This is especially important

" on short sights, for errors due to sighting the upper part of a rod which
may be out of plumb may appreciably affect the accuracy of the line.
 Method of measuring.—When measuring along a wagon road the
tape must be kept horizontal unless the grade is very slight; on
steep slopes a plumb bob must be used either to bring the tape end
vertically over an established point or to establish a new one, as the
case may be. Judgment should be used in selecting the proper
length of tape on slopes; no attempt should be made to use the full
800-foot length; about 150 feet is ordinarily all that a chainman can
hold horizontal with the proper tension and plumb at the same time.
‘On slopes that require ‘‘breaking” the tape into short sections, the
entire tape should first be drawn forward its full length by the front
rodman if convenient, or by the front chainman, who then returns
to help ‘‘break” the tape at the proper places, until the end of the
tape is reached. In this manner the distance is measured on the
whole tape and does not depend on the sum of the separate horizontal
measurements.

Some tension must be put on the tape, but the use of a spring
balance has been found by experience to be unnecessary.

Errors in taping.—The errors that most seriously affect the accu-

racy of taped lines may be classed under two heads.
* The errors of one class are due to failure to keep the tape horizontal
and to careless plumbing. The instrument man should impress
chainmen with the fact that the accuracy of traverses depends on
their work more than on the instrumental work, for the latter is
checked at every azimuth observation, whereas there is no check on
the taping until the circuit is closed.

The errors of the second class are gross mistakes arising generally
from carelessness in counting tape lengths. They may be eliminated
by checking the count of tape lengths by independent measurements.
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To do this, the instrument man should read each distance by stadia
on the red and white transit rod on'a special stadia rod carried for
this purpose. In case the distance is too great to be read by a single
sight, he should set up the transit between stations and read both
front and rear rods. Stations should in no case be more than 2,600
feet apart, which is about the limit of visibility of the rod. On rail-
roads an additional check on the taping may be had by counting
rail lengths. This should be done by both rodmen and by the re-
corder, or by the instrument man while moving from one station to
the pext. In other placesa check may be had by pacing.

OBSERVING AND RECORDING.

Deflection angles.—At each station, in reading deflection angles, the
instrument man should proceed as follows: Sight rear rod with transit
circle set at last reading at previous station, transit telescope, sight
front rod, and read both verniers. Turn instrument with the two
plates clamped, the vernier remaining undisturbed; sight rear rod
again and remeasure the angle. If the two results thus obtained "
differ more than 607/, repeat the operation.

When the transit is carried from one station to the next, keep the
upper plates clamped so as to retain the last vernier reading; after
setting up the instrument verify the reading and use it as the first
back sight reading at the new station. By following this plan a use-
ful check on the readingsisprocured without trouble, and it also
permits easy and quick computation of an azimuth at any station.
The approximate azimuth of a line must be known at a station
where daylight observations are to be made on Polaris in order to
determine the proper pointing for the star.

Computing azimuth.—If the foregoing rule has been adhered to, the
azimuth of a line at any station at which the deflection angle is read
twice only may be found as follows:

Find the difference between the A vernier reading for the Iast fore-
sight along a preceding course the azimuth for which is known and the
A vernier reading for the last foresight along any following course the
azimuth of which is desired; subtract the smaller reading from the
larger and divide the difference by 2. Adding the quotient to the
known azimuth when the later A vernier reading is greater or sub-
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tracting if from the known azimuth when the later A vernier reading
is less will give the azimuth desired.
Example:
At station 10 the last A vernier reading of foresight frosu station 10 to 11 is 120°
427 007,
At station 72 the last A vernier teadmg on foresight from station 72 to 73is 94° 20" 00"
The azimuth of line 10 to 11 is 167° 25 00"/,
120° 42’ 00’ —94° 20 00’/=26° 22/ 00"/,
3 of 26° 22 00/=13° 11’ 00"/,
Known azimuth 10 to 11 =167° 25’ 00"
~ 13 11 00

Azimuth of line station 72 to 73=151° 14 00"

The half angle is subtracted in this example because the second
vernier reading is Jess than the first.

Azimuth observations.—Observations on Polaris for azimuth must
be made each day if the weather permits. On a crooked line with
many short courses azimuth stations should be not more than 100
stations apart; on a traverse with long tangents they should fall not
more than 15 miles apart. When practicable an azimuth station
should be placed at each decided change in the direction of the line.
These requirements may necessitate going back over the line in
order to make the necessary observations, but if conditions are favor-
able it is possible to make azimuth observations in broad daylight.

Both the transit and the azimuth mark must be at stations in the
traverse not less than 500 nor more than 1,500 feet apart. Fach
point should be marked by a stake with a tack, or, if on a railroad,
by a nail in a tie. The azimuth mark may consist of a vertical slit
one-eighth inch wide and 6 inches long cut in the side of a box or tin
can containing a candle or lantern, which should be carefully
centered over the tack in the stake. In pointing the telescope use
the electric hand lamp to illuminate the cross wires, holding it
nearl¥ in front of the object glass, or allow it to shine on a piece of
paper fastened with a rubber band in front of the object glass and
having in it a half-inch hole.

. Angles should be read as follows: Set on azimuth mark, then on
star; reverse telescope, set on star again, and then on azimuth mark.
Each observation should consist of not less than three direct and
three reverse measurements, the circle being shifted for each set
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by about 60°. (See sample page of record below.) Observations
may be made at any time the star is visible, but preferably when at
or near elongation. The time of setting the cross wires on the star
must be recorded to the nearest second. Observations should be
made rapidly; not more than 15 minutes need be taken to complete a
set. The notes must be kept in the following form:

Date, Sept. 10, 1912, Line from Pikeville west to Dayton, Mo.

Azimuth observation 2.5 miles southeast of Dayton, Mo., evening of Sept. 10, 1912.
Mag. bearing sta. 327-328 N. 59° 30’ W. Lat. 39° 00’. Long. 92°15'.

Instrument at station 327. Mark at station 328. Watch 35 seconds fast, 90th

meridian time. *
. B P : Deflection | Azi- ;
Point. Vernier A. | Vernier B. Mean. angle. muth. Time.
o ’ " ° ? ’” o 4 7 o 7’ 7

99 05 00 | 27% 06 00 99 05 30 53 55 45
153 01 30 | 333 01 00 153 01 15 53 56 30
333 02 30 | 153 03 00 163 0245 |.ooveniennn.
279 06 30 99 06 00 99 06 15 |.oennrnnnnn.

352 02 30 | 172 02 00 172 02 15 |oeeooinnnl .,
45 57 00 | 225 56 30 | . 225 56 45 53 54 30
225 57 00 45 57 00 225 57 00 53 54 45
172 02 00 | 852 02 30 1720215 {..ooeene.is

220 54 00 40 54 00 405400 |.......co...
274 48 00 94 48 00 94 48 00 53 54 00
94 50 30 | 274 50 30 94 50 30 53 54 30
40 56 00 | 220 56 00 40 56 00 f.eeeneannn..

53 55 00
z Watch fast.......

Corrected time.....| 8 39 00

a Reverse telescope between each two readings on star.

The latitude and longitude of each azimuth station, scaled from
the best map available to the nearest minute, should be given,
together with the date of observation, on the page with the other
records, in order to enable the computer readily to convert standard
to local mean time.

Sun observations.—When it is impracticable to take observations .
on Polaris for azimuth, observations on the sun may be taken instead,
but such observations should not be taken within two hours before
or after noon, or when the vertical angle of the sun is less than 15°.
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With the transit in good adjustment and carefully leveled, set
cross wires on rod held at a station in the traverse line, read and
record both verniers, point telescope to sun, allowing the image to
fall on a piece of white paper held 3 or 4 inches from the eyepiece,
then focus cross wires on this image. By means of the two tangent
screws, move the telescope till the vertical and horizontal wires
bisect the image (care being taken to use the middle horizontal wire
and not the upper or lower stadia wire), read and record horizontal
and vertical angles. Repeat the pointing at least three times and
after the last pointing read egain on the rod. Reverse telescope
and repeat the readings as before.

Time should be recorded to the nearest minute at the first and last

‘pointing and the mean used.

In case unfavorable weather prevents the taking of azimuth,
leave adequate marks at a point selected, before proceeding with
the line, and return later to make the observations.

Watch error—The instrument man must carry a reliable watch and
keep it in good condition. He should ascertain its error daily by’
comparison with telegraphic time, which is sent over Western Union
lines once a day. In case he has no opportunity to make this com-
parison while running the line, he should do so as often as possible,
figure the rate of error per day, and record the proper correction for
each azimuth observation made. A watch error of 20 seconds or less
will not appreciably affect the accuracy of the determination. For
all azimuth observations between 2 a. m. on the last Sunday of
March and 2 a. m. on the last Sunday in October in any year use
advanced or ‘‘daylight saving” time and so state on each page of
the notes, remembering to make whatever time correction is necessary
in taking positions or time from astronomic tables.

Magnetic declination.—A careful reading of the needle for magnetic
declination should be made at frequent intervals and recorded
opposite the proper station number in the notebook. Such deter-
minations should be made at each azimuth station and at favorable
points along the line where the needle is not likely to be affected by

* rails, electric wires, or similar disturbing elements. At azimuth
stations determine the magnetic bearing of the azimuth mark at the
time it is established. If the line follows a railroad, magnetic
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determinations should be obtained from a parallel line at a distance
of 25 yards from the rails or wires.

Field record —Complete notes must be kept by the recorder in
book 9-928, to be written in a plain, neat hand with a No. 4 pencil.
The blanks in the title page should be filled in the first day the book
is used. A single line should be drawn through erroneous records,
which must never be erased.

The recorder must take down the vernier readings, as they are
called off by the transit man, and compute the mean pointings and
deflection angles, giving proper signs to the latter. He must keep
up with the instrument man in these computaticns, as they enable
him to note by inspection whether the instrument man has made
errors in his readings and to call attenticn to them before the instru-
ment is removed from the station. He should take special pains to
see that the degree and minute numbers for the two verniers are
consistent and are recorded in the proper columns.

The notes are to be kept in the following form:

Date, Sept. 9, 1912. Line from Pikeville to Dayton, Mo,

. : Deflec-
tv?eﬁagtcaetﬁa(;s Veﬂ:ier Vegner Mean. tio? Azimuth.| Remarks.
. : . angle. .
o r " o ’ ” o 4 ”n o I fl ° I3 2
316 51 30 (136 52 30 (316 52 00 2123 35 00
Sta.326:3tapes {275 06 00 | 95 07 00 (275 06 45 | 41 45 15
233 21 00 | 5322 00 (233 21 30 { 41 45 15 {euuuunnnn. Stadia 805,
O 414515 |0 81 49 45
® ¢81 49 47
233 21 00 | 53 22 00 (233 21 30 | 45 43 15 |cucenuennn. Sta. 327-328
Sta. 327:4 tapes N.59° 30’ W.
+120= 2790400 | 99 0500 279 04 45 | 4544 15 {.oovunenn. Stadia 1,330,
324 48 30 {144 49 30 324 49 00
PN +45 43 45 [b127 33 30
4.9 €127 33 34
Sta. 327490 feet, stream crossing.
Sta. 3274430 feet, crossroad at Tanbark P, O.
324 48 30 (144 49 30 324 49 G0 | 17 19 30
St2.328...0u... 342 08 00 |162 09 00 (342 08 30 | 17 19 00
359 27 00 [179 28 00 (359 27 30 |————— 1. ... u..s Stadia 260.
0 +17 19 15 {0144 52 37 .
70 . c144 52 43

e Written in red ink. b Written with black pencil. ¢ Written in black ink.
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The record must contain also a description of the starting and
ending points of the line, of each permanent mark established along
the line, of each point which is to be computed for the use of the
topographer, and of all crossings and other landmarks that may be
of value t6 him. Such descriptions should be concise, yet full
enough to leave no possible doubt as to the identity of the points
described. Each should be supplemented by an explanatory sketch,
if necessary. Commence the description on the next line after the
angle record.

Example of description of permanent mark:

Station 1025, bench-mark tablet stamped ¢ Prim. Trav. Sta. No. 4, 1912,” set in
sandstone ledge, top of Walden Ridge, 3 miles northwest of Dayton, Mo., at junc-
tion of Dayton, Pikeville, and Morgan Springs roads, 325 feet west of residence of
Johnt Neilson. Reference marks: Cross cut in ledge 60.25 feet N. 25° 30’ E.; spike in
root of white-oak tree 14 inches in diameter, 75.60 feet N. 45° 15’ W.

Examples of description of points to be computed and other
landmarks:
Station 6254730 feet [center of crossroads at Antioch Church].
Station 7204-320 feet, east abutment of bridge over Glade Creek.
Station 732 is road fork at Johnson blacksmith shop.
Station 926210 feet [center of track opposite semaphore, Lee station].
Station 9354-300 feot, road crossing one-half mile east of Sequatchie railroad
bridge. ’

Fach point to be computed should be marked with brackets in
ink immediately upon its selection by the instrument man.

As soon as the records in a field book are completed, it should, if
not needed for reference, be sent at once to the Survey office in Wash-
ington by registered mail. Chainman’s books should be sent sepa-
rate from other notes and on another day.

PRIMARY-TRAVERSE COMPUTATIONS.

The steps in primary-traverse computations are as follows:

Computation of azimuths from observations on Polaris.

Computation of the deflection angles.

Adjustment of closing errors.

Computation and tabulation of latitudes and departures which are the north
and south distances and the east and west distances, by two computers
working independently.

Computation of latitudes and longitudes.

Adjustment of closures in position.

Computation of diagonals.

Tabulation of results by atlas sheets.



PRIMARY-TRAVERSE COMPUTATIONS. 91

The computations are made in books 9<928 and 9-93i. The
abstracts of results are placed on long sheets of blank paper.

Computation of azimuths from observations on Polaris,—First find
the mean of times of observations and corresponding mean of angles
measured between mark and star (p. 87). Having given the ap-
proximate latitude and longitude of the azimuth station, compute
the true azimuth of star by the tables published annually by the
General Land Office.

Example of computation: The station (see p. 87) is in latitude
39° 00/ N, longitude 92° 15’ W.

H.m. s.

* Sept. 10, 1912, 90th meridian standard time of observation, p. m. (Correc-
tion having been made for Wateh €rror)ee .o eue e eeer e iieeeieeannans 8 39 00
Correction for 2° 15" longitude west of 90°....... ... ittt —9 00
Local mean time of observation.._....... ... ol § 30 00

The nearest upper culmination of Polaris as given in the tables is that for
September 11 at 2b 9.6m a. m., Greenwich mean time, civil date. The
correction, always negative, to reduce this to local meridian is:

354 (of the daily change (3.9m)=—1m 0¢)

H. m.

Local mean time of upper culmination (Sept. 11, a. m.)..c.ooeivean.nn 2 08.6
Hour angle, being the interval between tlme of observatlon and

time of culmination1.... 5 38.6

‘With this hour angle as an argument and the declination for the given date
(88° 50’ 157), find by double interpolation from the table of “Azimuths of
Polaris™ in the Land Office table the azimuth angle for the latitude ° /

and tiMe. L i 1 20.5
Since the star had not reached upper culmination, it is east of north, or, 180°
being added, has anazimuth of............o.o.ciiiiiiiiiii i, 181 29.5
Angle between mark and star (p. 87) (star eastof mark)......c..o.cvnanan 53 55.0
Azimuth at station 327 10 328............... e 127 34.5

A rough check on this azimuth may be found by comparing it
with the observed magnetic bearing, allowance being made for dec-
lination. To interpolate for hours angles near elongatlon use for
the latter 5» 55=,

1The hour angle will always be less than 12 hours and must be found from the
nearest upper culmination; when, as in this case, the nearest upper culmination
is in the following day, add 12 hours to its time before subtracting the time of
observation.
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Computation of sun azimuths.—The data required for the com-
putation of sun azimuths are the latitude of the place, which,
if not otherwise known, may be scaled from a map; the sun’s
declination for the day, from the General Land Office tables,
corrected for time west of Greenwich, and the observed altitude
of the sun corrected for index error of vertical circle and for
mean refraction. The refraction may be found on page 334 of
Bulletin 650, or its approximate value in minutes is equal to the
natural cotangent of the altitude.

The formula for the computation is:

(CotzvaimUth angle_sin of (S—latitude) Xsin (S—altitude corrected for refraction)
2 cos SXcos (S—polar distance)

in which S=%(latitude-}-corrected altitude-polar distance). The
polar distance is 90° —~declination when sun is north: 90°+declina-
tion when sun is south.

Example:
Aug. 25, 1917, at 9.45 a. m., 20th meridian time, latitude
42° 22/ 3477,
Observed altitude (mean of direct and reverse) ........... 49° 33 15
Mean TefraCtion . « .o oe it —49”
Corrected altitude.....o.............. P 49° 327 26
Declination Aug. 25, 1917, at Greenwichnoon........ic.c...... =10° 52’ 37"’ north,

Hourly difference —51.637.
Difference for 6h less 2k 15 before local noon or 3h 45= after

GreenwiCh NGOM . ... .oouuiii it i = 3 147
Declination requuired. . . .. o..o.eeuiiiiiiiiiiiaiaiaanas 10° 497 23"
Polar Aistance. .. ...t it 78° 10’ 377

Lat.= 42° 22’ 34"
Alt. 49 32 26
P.d. 7910 37

2 8= 171° 05’ 37/
S= 85 32 48
Log sin (S-~latitude) = 9. 83516

Log sin (S—altitude) = 9. 76928
A.C.logcos 8 = 1.10988
A. C. log cos (S—polar dist.)= 0. 00269
Log cot? } azimuth = 0.71701
Log cot % azimuth = 0. 35850
% azimuth == 23° 39’ 15"

Azimuth of sun 47° 18" 30/
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The sun being east of south this angle must be subtracted from
360° to get the geographic azimuth, which gives 312° 41/ 30,
Add (or subtract) the observed angle between the mark and the
sun and the result will be the azimuth of the line to the reference
mark.

Each azimuth computation is to be made in the field notebook
on the same page with the observations and the results written in
red ink in the azimuth column of notebook (see p. 89) on the line
with the station occupied. )

Daylight azimuth observattons.—On a clear day, if the approximate
pointing in azimuth and altitude are known and the telescope is
properly focused, Polaris can usually be seen at any time within
two or three hours after sunrise or before sunset and often near
midday. The proper focus should be found at night and a mark
made on the telescope tube as a guide for future reference.

Ficld computation of azimuth.—Azimuth notes must be computed
as soon as possible after observations are made and the results ap-
plied to the deflection angles. These computations must be made
at odd times when they will not interfere with other work. (See
p. 91.) Errors of closure in azimuth should not be distributed until
checked by a second computer either in the field or in the office.

Computation of deflection angles.—The mean deflection angle is
combined according to its sign with the azimuth from the preceding
station and the result placed in pencil opposite the deflection angle
used. This process is repeated until the next computed azimuth,
written in red ink, is reached. »

The last azimuth in pencil will probably not agree with the ob-
served azimuth. For any line not running due north or south
there will be a discrepancy between observed and computed
azimuths, due solely to convergence of meridians, which for lati-
tude 30° will be 0.5 for each mile run east or west. For latitude
49° the amount will be 1. For any latitude the convergence in
minutes of arc will be the difference in minutes of longitude between
ends of line, multiplied by the sine of the middle latitude. For
lines running east the computed azimuth should be less than the
observed. For lines running west it should be greater.

Adjustment of closing errors.—If no large errors appear in the results,
the discrepancy between computed and observed azimuths at theé
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“closing station is to be divided by the number of stations and a
" proportional correction applied to each penciled azimuth, the
corrected figures being written in black ink.

Computation of latitudes and departures.—Latitudes and depar-
tures are to be computed in book 9-931, as shown below:

Line from Pikeville to Dayton, Mo.

Station. Azimuth. tglié’;‘ Sine. | Cosine. | North. | South. | East. | West.
e 2 1} Feet.
326t0 327...... 81 49 47 900 | 0.990 | 0.142
3374-430.......] 127 33 34 430 | .793 . 610

3274430 to ézs. 127 33 34 890 | .793 .610

Natural sines and cosines for the azimuths given are written in
the appropriate columns. By means of Crelle’s tables the products
of these by distances are found and placed in the proper columns.
The sines multiplied by the distance give departures east or west.
When the sine is positive, the new point is west; when negative it
is east. Cosines multiplied by distances give latitudes north or
south. When the cosine is negative, the new point is north; when
positive it is south. The direction of the new point can readily be
determined by noting the azimuth, remembering that 0° azimuth
is for a line running due south, 90° for a line due west, 180° for a line
north, and 270° for a line east. In the example 81° 49’ 47/, being
for an azimuth between due south and due west, will be to a point
southwest. Four decimal places in sines and cosines should be
used when distances are greater than 1,000 feet.

When traverse tables for distances 1 to 100 for single minutes of
arc are available, the latitudes and departures may be written in
the north, south, east, and west columns direct for each azimuth
and distance.

Whenever a point is reached for which the latitude and longitude
are desired, as at 327--430 in the example, leave six blank spaces
for the computation. The data for the computation for such a

. point are found from the record on page 89, as follows: For the
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crossroad at Tanbark post office, which is on line between stations
327 and 328, the azimuth is the same as to station 328. The distance
by measurement is that given, 430 feet from station 327. In order
to make the computations continuous, station 328 is taken as
1,320 —430=890 feet from the intermediate point used, the azimuth
being the same for both points.

Computation of latitudes and longitudes.—The next step in this work
is the computation of latitudes and longitudes. These should be
determined for important points a mile or less apart. Assume, for
illustration, that for station 326 (p. 94) the coordinates have been
computed, and that 327430 is the next location desired. Each of
the four columns—north, south, east, and west—is summed, and the
difference between the sums of the north and south columns is
placed in the column of the greater. Likewise, the difference
between the east and west columns is placed in the column of the
greater. The computations of latitude and longitude and the
descriptions of the points are placed on the right-hand page of the
book opposite the group of stations.

The logarithms of the geodetic constants for metric measures,
called “the A, B, C factors,”’ are on pages 196 to 267, inclusive, of
“Geographic tables and formulas.”’? Factors A and B are used to
five decimal places only. These will be practically constant for a
distance of 10 or 15 miles north and south, the value for the middle
latitude being used.

For the example on page 94:

LOg diStance 134 (MOTEN). .. ..ueenenncensnnenemeemenneseensraaemeennennns 2.12710
1,0Z t0 18AUCE fe8T £0 MBLIS . e v e eeeeeierreaaaanceeaeaaaaannnnnnans 9.48402
L0g B 107 18HEUAL 39% 00/ « 1o neooeeeeeoeaneeeeeeceeeeeemeseeeeeneanns 8.51093

0.12205

The sum, 0.12205, is the logaritbm of change in latitude in sec-
onds between station 326 and 326-4430=1.32"/ (north).
For change in longitude:

Log distance 1,232 (Wost) .« uuernireiiiiieiiiriiiaiiieieetsrecintnceneacnnns 3. 09061
Log to reduce feet t0 Meters. ..uveneieeireniinreaeeiioncicaiesceannnas 9. 48402
Log A for latitude 39° 007 007 . e..cueearunetraseeseerseantasnncsaccnanacnnn 8.50914
Log secant of middle 1atittude. ...oeeeeereeoe e iie e ieeeereeeeaaanas 0. 10950

Log of change in longitude in SeCOndS..euoeeverrurerirarsrenaeeannanns 1.19327
NeW POINt West.uunee et iaai e ciaaeieeinaccasnsacarecacacaaenans 15.61"7

1 8ee also U, 8. Geol, Survey Bull. 650, pp. 219-290, 1916, reprinted_1918.
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Thesge differences are to be added to the latitude and longitude
. of station 326.

When the Survey tables of M and P f{actors, prepared by D. H.
Baldwin, are available, the computation of changes in latitude and
longitude may be materially shortened by adding log M to the log of
distance north or south for change in latitude, and by adding P to the
corresponding distance east and west for the change of longitude.

The foregoing computation would then be written as follows:

For the latitude change:

Log distance 134 (north)................ Secacinsisisssessaeseastcnansrrannes 2.12710
Log M for 1atitude 39° 00’ . . i vuiie it it e ceteaenenacccnsaanaansanaen 7.99495
Log of change in latitude in seconds 171 12204

For the longitude change:
Log distante 1,232 (West) . .. oveuneuiio i ieee e ase e creearaaaaan 3.09061
Log P for middlelatitude.... ... ... iaiiiiiis Geseasseeesacaaneanaann 8.10266
Log of change in longitude in seconds......cccaiveniveaieianieaaaa.. 1,19327

To check the plotting, the distance between successive positions
"must b€ coraputed. As the lines are seldom as much as 1 mile in
length and never over 2 miles, the latitude and departure can with
sufficient accuracy be taken as the base and perpendicular of a
plane triangle. The distance sought will then be the hypothe-
nuse and its square will be equal to the sum of the squares of the base
and altitude. For distance less than 10,000 feet Barlow’s tables
should be used in finding squares or square roots. The distance
should be written in red ink, inclosed in a circle, on the right-hand
page of the computation book in the blank space between the two
stations referred to. After the record is complete its accuracy should
be tested by computing a side from thie given distance (hypothenuse)
and the other side.

Adjustment of closures.—These operations are repeated for each
selected point until the traverse line closes back on itself or ties to
another point previously determined. The errors of closure for a

t The difference in the fifth place is the result of carrying forward decimals from the
sixth place in the first computation,
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15/ quadrangle, if net in excess of 17/ in latitude or 13’/ in longi-
tude, may be distributed proportionately between initial and closing
points.

Where so many operations are involved, errors are very likely to
creep into the computations. Therefore each step of the work
should be checked as well as possible. The azimuth computatlon
should be compared with the observed magnetic-bearings; but
because of the possibility of local variation little dependence can
be placed on this comparison as a check. If the computed and
observed azimuths for a line differ about 10/, look for an error of
that amount in the deflection angle or in the adding and subtract-
ing of deflection angles to azimuths. If the difference is larger, it
s very likely that a wrong sign has been used for a deflection angle.
To find the error, divide the difference by 2 and look for a deflec-
‘tion angle with an incorrect sign equal to the quotient. Errors of
about 180° occasionally result from the recorder placing the vernier
readings in the wrong columns. By a careful inspection of the rec-
ords it is sometimes possible to detect such an error. The latitudes
and departures, aa well as the other steps in the work, should be
computed by two persons working independently of each other; after -
each has completed his work the results should be compared and
differences corrected and verified. Errors are often due to incor-
rect multiplication by the distance, to the decimal point being in the
wrong place, or to the product being written in the wrong column—
in the north column when it should be in the south column, etc.

PRIMARY AND PRECISE LEVELING.
RESPONSIBILITY.

Unless specific instructions are issued to the contrary the topog-
rapher mapping a given area will be held responsible for the proper
conduct of the level work in that locality, and to this end each
topographer should be as familiar with the requirements as the men
who are actually running the lines. Such close attention should be
given to the work as will insure care and accuracy from the start and
prevent gross blunders due to the mlsmterpretatlon of the rules or to
a neglect to obey them.

53137—18—T
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TYING NEW WORK TO OLD.

It is essential that the initial elevation of a new line be derived
from two hench marks whose elevations agree within the limits of
error permitted by the formula. (See p. 104.) If the two at first
selected do not agree within these limits, continue the line until
‘two are found that are in accord. In order to facilitate such con-
nections a good secondary mark should be established near every
probable tie point.

A tie to one bench mark will be sufficient for the end of the line,
provided the closing is within limits; otherwise run to a second mark.

DISTRIBUTION OF PRIMARY-LEVEL CONTROL.

A sufficient amount of accurate spirit leveling should be done to
insure the placing of at least two standard bench marks in each
township or equivalent area surveyed, except in forest-clad or
mountain areas, where at least one such mark should be placed in
each township.

Permanent bench malks should be established along level lines
at intervals of approximately 3 miles, unless otherwise instructed,
and in no case should the distance between bench marks exceed
4 miles.

BENCH MARKS.

Permanent bench marks.—Bench marks should be established, if
practicable, at the township corners of the public-land surveys,
near all important lakes and reservoirs, at the crossings of impor-
tant streams and divides, in every city or town passed through, and
in the vicinity of important mines. They should be so located as
not to be liable to injury or disturbance, yet should be so prominently -
situated as to be easily found. Along a railroad or highway bench-
mark posts, if used, should be placed either outside of and close to
the right of way or on the right-of-way line. They must not be set
close to trees, telegraph poles, or fence posts.

Each levelman should have in mind plans for future extensions
and whenever practicable should place bench marks where they
will be conveniently situated for such extensions. A bench mark
placed near the corner of a quadrangle will serve as a tie point for
either of the three adjacent quadrangles.

Levelmen and primary-traverse men working in the same locality
should arrange, if practicable, to tie to each other’s permanent marks.
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Each should ascertain whether there are any marks already set by
the Geological Survey or other Government organization in the area
asgigned him for work.

Standard bench marks consist either (1) of tablets fastened with
cement into solid rock in place or into masonry structures, such as
the foundations of buildings or bridge piers, (2) of iron posts set in
the ground so as to project not more than 6 inches from the top of a
conical mound of earth about 3 feet in diameter and 6 or 8 inches in
height (see Pl. I, p. 48), or (3) of tablets set in the top of concrete:
posts.

Tablet bench marks set in rock in place or in latge boulders are-
always to be preferred to iron posts.

When there is a good-sized tree or building or rock in place within
a few hundred feet of a permanent bench mark, a secondary mark
should be left which may be used as a reference mark; all such
marks should of course be turning points in the main line. A copper
washer and nail in the root of a large tree or wooden structure or a s
cut on a rock will make a good secondary mark, .

Tablets set in concrete posts make durable marks. Suitable posts
may be made by contract in a town where materials are available
or may be made by the levelman at the place where they are needed.
They should be not less than 4 feet in length, square or round in
sections, the sides tapered, the top at least 6 inches across, and the
bottom about 12 inches thick. The post should be reinforced by
four or five pieces of heavy galvanized-iron wire. The concrete
should be 1 part cement, 2 parts sand free from loam or clay, and 3
parts coarse gravel or broken stone. The upper 12 inches of the
post should be made of a mixture of 2 parts sand to 1 part cement,
without adding any gravel or stone, and the tablet should be sct so
that its lettered surface is flush with the top of the post. The mix-
ture should be made up with only sufficient water to moisten it
thoroughly, but it must be well tamped in the mold. An excess of
water is harmful. The post, when completed, should be sheltered
from the sun for several days, and wetted frequently if practicable,

If made in a town concrete posts may be cast in wooden molds
and when well hardened transported to places where they are
needed.
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When built in place a square or round hole at least 4 feet deep
should be dug which will serve as a mold for the concrete and which,
after reinforcing wires are in place, should be filled within 1 foot of
the surface. Place on top of this a tapered section of sheet-iron pipe
6 inches in upper diameter and 20 inches long to serve as a form for
the cement, a piece being used for each mark and left in place until
it rusts off. .

Portland cement in air-tight cans is furnished from the Washington
office for use in setting tablets. If good clean sand is available, it
can be mixed with the dry cement in equal parts. The drill hole for
the tablet must be well cleaned and wet. The cement and sand, or
cement alone, if pure sand can not be conveniently procured, should
then be thoroughly mixed with water to a thick paste and the drill
hole filled with it. Into this the tablet should be pressed, the excess
cement being forced out, so as to completely fill the space under the
tablet face. In order that the cement may set well, it should be
kept damp and protected from the sun for at least a dav, and it must
not be allowed to freeze for 12 hours. Dry earth or a piece of sacking
will probably be suflicient protection. When a tablet is set in 2 ver-
tical wall, it may be necessary to hold it in place by a prop of some
kind for a few hours.

The intersection of the cross lines on either style of mark is the
reference point. Before a tablet is set the figures indicating the ele-
vation (to the nearest foot only) are to be stamped into the metal
before the word ‘‘feet.” Posts should be stamped (to the nearest
foot only) after they are in place. All such stampings should be
«checked by a second member of the level party. If a post or tablet
is wrongly stamped, the level-man or topographer who discovers the
error should immediately correct it by cutting out the erroneous
figures with a chisel and stamping in their place the correct ones.
The facts should be promptly reported to the chief geographer.

In cooperating States the name of the State must be stamped or
cast on standard bench marks.

If a tablet is inconspicuously situated, a mound of rock should be
erected mnear it, the rock about it marked with paint, or a near-by
tree blazed as a witness tree.

The steel tape instead of the leveling rod can often be usep to de-
vantage for determining the elevation of a tablet set in a vertical wall.
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All standard bench marks should be used as turning pointsin the
line, but where this can not be done the elevation of each must be deter-
mined by two readings from different set-ups from two temporary bench
marks.

When a levelman finds a previously established standard bench
mark broken orin bad order he should replace or reset it, after which
its elevation must be redetermined and immediately reported to the
chief geographer.

Intermediate or temporary bench marks.—Intermediate or tempo-
rary bench marks must always be turning points in the main line
and should be set at intervals ranging from half a mile to 1} miles.
They may consist (1) of chiseled marks on solid rock or masonry, or
(2) of copper nails (with washers) or spikes driven in telegraph poles,
mileposts, fence posts, or trees. The copper nails with lettered
washers must be used when practicable. Where there are no natural
objects for temporary bench marks, pieces of iron pipe about 20
inches long may be used. Select a place where the mark will not
be likely to be disturbed and yet can be readily found, preferably
near a road junction, so that it may afford a convenient tie point for
other levels or traverses. The location should be conspicuously
indicated by large figures in white or red paint, thus:

Us
[elevation]
BM

A substantial mark should be placed near every important post
or tablet and its elevation accurately determined.

Useful elevations.—Besides the bench marks a number of inter-
mediate elevations are required for the use of the topographer, and
these also should be selected with a special view to their usefulness
in topographic mapping. The levelman should bear in mind that
his work is not an end in itself but a preparation for the work of
others, and that the accuracy with which his circuits check, though
of paramount importance, is not the only thing that determines its
utility.

Ground elevations (to the nearest foot only) should be painted con-
spicuously along the side of the road, on fences, telephone poles,
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trees, or rocks. If practicable, they should all be marked on the
same side of the road, preferably on the north or east side.

The points at which elevations are particularly desired are the top
of the rail at railroad stations, junctions, sidings, and crossings, the
ground at crossroads, road forks, and bends; on summits and ridges;
near schoolhouses and other public buildings, lone houses, and im-
portant mines, quarries, and oil, gas, and artesian wells; on some
permanent part of a bridge other than a wooden floor; the water sur-
face of streams under bridges, at stream crossings, and above and
below dams; and water surfaces on lakes and reservoirs. Where
water-surface elevations are recorded, always give the date.

The number of these elevations should be varied with the nature
of the country and the contour interval; thus in rugged regions
mapped with 50 or 100 foot intervals relatively few elevations are
required (mostly on summits and in hollows); but in areas of gently
rolling relief they should be more numerous. In flat areas where
5 or 10 foot contours are used, each contour crossing should be
marked with a stake or otherwise. This is important, as in such
areas a difference in elevation of a {few tenths of a foot may mean a
difference of several hundred feet in the location of a contour.

Descriptions of bench marks and useful elevations.—Complete de-
scriptions of all bench marks and useful elevations must be made in
the notebook and copied in the description book (9-916) at the close
of each day’s work. A sketch must accompany the description of
each standard bench mark, showing directions and distances to
near-by objects.

Descriptions should be written with items in the following order:

1. Name of the nearest post office, town, village, or other well-
known locality, with direction and distance from it to the bench
mark in miles and tenths; or township, range, and section in which
bench mark stands, with direction and distance from nearest corner.
When changing to a new reference name give the distance to the
former point as well as to the new one, thus affording data for total
mileage. -

2. Position with reference to buildings, bridges, mileposts, street
or road corners; if along a road state on which side. Always give
compass directions, do not use ‘‘right” or ‘““left.”
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(Ytems 2 and 3 should be written in direct form of speech.)

3. Description of object or which the bench mark is placed—tree,
boulder, bridge, etc.

(The above three items answer the questions where and should be
followed by a semicolon (;) and by item 4, which answers the ques-
tion wheat.)

4. Nature of the bench mark—copper nail with washer, bolt, mark
on rock, tablet, post, etc.—and how marked or stamped. Old bench
marks which are tied to must be fully described.

Descriptions should be keptin the orderin which the bench marks
occur. If standard bench marks are not established when the line
is first run, spaces should be reserved in description books for them
in their proper order. A brief description of the line should be given
at short intervals, especially when changing direction. When cir-
cuitsare closed, complete descriptions of closing points, closure errcr,
old and new elevations, and page reference to connecting points
should be given. A plot of all lines or circuits must be made on a
page near the back of the description book for each group of circuits
and the names of enough places to identify the line readily should
be added. Boundaries of quadrangles should be shown, and also,
if the area is covered by public-land surveys, the position of the line
with reference to township and section lines. Alongside of each line
reference to the page of the description book where the record is made
should be entered. The records in this book are incomplete without
this diagram. .

. PRIMARY LEVELING WITH Y LEVEL.
Personnel and outfit.—A primary-level party consists of 2 level-
man, one or two rodmen, and in some cases a bubble tender.

The instruments required are as follows:

One 20-inch Y level.

One or two New York rods.

Omne or two plumbing levels.

Two steel turning pins.

One set dies (figures and letters).

Omne 25-foot steel tape.

Bench-mark tablets or posts.

Copper nails and washers for temporary bench marks.

Cement in cans.
Paint can,
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Level notebooks 9-903 (those in black covers to be used Dy levelmen; those in
yellow covers by rodmen).

Bench-mark description book 9-916,

Two book bags.

Other accessories to be purchased in the field:

One or two hatchets.

One drill hammer.

One posthole digger.

Stone drills (14-inch bit). .

Character of lines.—Primary levels should be run as single lines
in circuits wherever practicable, otherwise checked by rerunning,
preferably in the opposite direction. No work is completed until
it is checked in some way. Lines should be connected with near-by
bench marks of railroads, cities, and other organizations.

Accuracy.—The closure error of a circuit in feet should not exceed

0.05 /Iength of circuit in miles.

If it is greater than this, the facts must be reported to the geog-
rapher in charge immediately.

Check leveling.—When a line is rerun in order to locate an error
of circuit closure and a discrepancy between the new and old work
is found, this part of the new line must be again rerun in order to
make sure that the new work is correct.

Adjustment of instruments.—The adjustment of the level must be
tested daily and corrected whenever it is found in error; the adjust-
ments of the line of collimation and of the level tube are especially
important. '

The triped clamping screws must be loosened before the instru-
ment is set and tightened after the legs are firmly placed. After
setting the target and before the ‘‘all right” signal is given the level
bubble should be examined, and if found to be away from center
it must be corrected and the target reset.

Equalization of fore and back sights.—In order to eliminate instru-
mental errors and errors caused by curvature and refraction, it is
very important that the length of fore and back sights be equalized,
but when this is impracticable because of some obstacle, enough
unequal sights to balance should be taken as soon as the obstacle is
passed, provided this can be done before a readjustment of the level
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is made. When the adjustment of the level is changed, further
attempts to eliminate instrumental errors by the balancing of
previous sights are useless. The failure to balance sights is one of
the principal sources of error.

Mazimum length of sight.—The maximum length of sight permis-
sible under the most favorable conditions is 300 feet, except when
crossing rivers or deep ravines. In such places proceed as follows:
Establish a turning point on each side; set up the level about 20 feet
from each point in turn, taking in the first position a back sight to
the near point and a fore sight to the distant point; then cross the
stream or valley and take a back sight to the distant point and a
fore sight to the near point. For very long sights several readings
should be made on the distant rod; the mean of these determina-
tions of elevation may be accepted as correct.

Measuring of distances.—Distances may be measured by stadia
readings on the rod, by counting rails if along a railroad, or by
pacing. The distances in miles or feet of both fore and back sights
must be recorded in totebooks in the proper columns.

Unfavorable conditions.—Work on primary lines should not be car-
ried on during high winds or when the air is bolling badly. During
very hot weather an effort should be made to go to work early and
remain out late, rather than to work during midday.

Inspection of rod.—When the rod is lengthened heyond 6.5 feet,
both the rodman and the levelman must examine the setting of the
target as well as the reading of the rod vernier. When the rod is
closed they should see that the rod vernier indicates 6.5 feet, not
depending on the abutting ends to bring it back to place. The lower
end of the rod and the top of the turning point must be kept free
from mud and dirt.

Plumbing levels must be tested at intervals and kept in adjust-
ment.

Turning points.—The regular steel turning-point pin should be
used wherever no rock or other suitable points are available. A
marked point on the top of the rail may be used when running along
railroads, but care must be taken to use the higher edge of the rail.

Reading of target.—DBoth the levelman and the rodman must read
each target setting independently and keep separate records. They
must not compare figures until their respective records for a given
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sight are completed. If the difference exceeds 0.001 foot, each
must read the rod again before comparing anything but results.

Records.—All level notes must be recorded directly in book 9-903.
Under no circumstances should separate pieces of paper be used for -
figuring or for temporary records. Use ink or No. 4 pencil, make all
figures distinct, and do not crowd them. When two important
bench marks come close together provide ample room for placing
their written descriptions opposite the appropriate figures by drop-
ping the figures for the record one or more lines down the page.
For a given H. 1. (height of instrument) the rodman’s notes must be
at least two lines lower down the page than the levelman’s and they
must not turn over a leaf at the same time. Erasures with rubber or
knife are not permissible under any circumstances; a single line
should be drawn through an erroneous record and the corrected
figures written above it. The fiyleal of each notebook must be
properly filled in when the book is first used. .

Both the levelman’s and the rodman’s books must be balanced
daily. At the bottom of each page and at the end of each day’s
work the difference between sums of columns of fore and back sight
readings must be determined and recorded, and this difference
should agree with the difference of elevation previously determined.
The sums of the distance columns should also be recorded for each
page of notes. This check must never be omitted. Side sights
which are not a part of the continuous line should be recorded in an
extra column or within brackets.

When field work is completed notebooks should be forwarded
promptly to the Washington oflice of the Survey by registered mail,
the levelman’s books in one package and the bench-mark book and
rodman books in a spearate package and on another day.

PRIMARY LEVELING WITH YARD ROD AND PRISM LEVEL.

Personnel and outfit.—A prism-level party consists of one levelman,
two rodmen, a recorder, and an umbrella man.
The instruments and outfit consist of the following:
One prism level.
Two yard rods, each to have plumbing level and thermometer attached.

One steel tape (25 feet).
Two steel turning-point pins, hollow head,
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One Locke level. N

One umbrella with stafl.

Onmne set dies (figures).

Bench-mark tablets or posts.

Copper nails and washers for temporary bench marks. -
Cement, paint can, keel, and other accessories.

Two book bags.

Prism level notebook 9-940.

Bench-mark description book 9-916,

Charocter of lines.—Primary levels executed with a prism level
need be run in one direction only, but must be in circuits or other-

. wise checked.
Accuracy.—Circuits must close with an error in feet not exceeding

0.04 length of circuit in miles,

which is equivalent to

0.056 +/distance between bench marks in miles

for forward and backward lines. If errors greater than this limit
occur report the facts to the geographer in charge immediately.

Graduation of rod.—The rod used is graduated to yards, tenths,
and hundredths, and is read by estimation to thousandths. FEach
yard has a différent and distinctive color, which must be recorded
for each reading. One edge of the rod has also graduations in feet
and tenths for use as a check on yard readings.

Locke level.—In a hilly country time can often be saved by supply-
ing each rodman with a Locke level, by means of which the rodman
can select the places for setting up the level and for turning points.

Ratio of wire intervals.—The rod is read for each of the three
horizontal wires in the instrument. The mean of the two wire
intervals in thousandths of a yard as read upon the rod should equal
the distance to the rod in feet, but this should be tested. As the
upper and lower wires are not always equidistant from the middle
wire, the ratio of the wire intervals must be determined from the
first day’s level notes for use as specified in the next paragraph.

Methods of reading.—The program at each set-up is as follows:
After the tripod is firmly set and the clamp screws tightened, level
approximately by the circular level, which has been adjusted by
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comparison with the long level. Point the instrument toward the
rod and clamp; bring the level bubble to the center of the tube by
means of the micrometer screw. Read on the rod, and first call off
the color initials for the lesser and greater extreme readings; second,
call yards and tenths for each wire, taking the smallest reading first;
third, repeat and read yards, tenths, hundredths, and estimated
thousandths; fourth, for additional check on the yard number,
read the middle wire on the tenths of feet scale on the back of the
rod. Before the level is moved the recorder should first see that
the color agrees with the yard readings; second, he must compute
the two wire intervals and if their ratio one to the other differs more
than 1 per cent from the true ratio (see preceding paragraph), the
levelman -must repeat the readings; third, he must compute the
mean reading in feet by summation, and test units and tenths by
mentally multiplying the middle reading by 3, also by comparing
with the reading on the scale on the back of the rod. An agreement
must be reached before the next sight is taken. The temperature
must be recorded for each hour.

Level adjustment.—When the work is commenced, and at least once
each day thereafter, the adjustment of the level must be tested by
the ‘‘peg method” as follows:

At some convenient set-up, after the usual back-sight and fore-
sight readings have beenrecorded, copy the fore sight on a separate
line as a new fore sight apart from the leveling record, leave the
fore-zight pin in place, and set a second turning pin about 30 feet
back of the instrument; read rod on it for a new back sight; find
from these the mean readings in feet as usual. Move the level for-
ward to a set-up about 30 feet back of the fore-sight pin and take
readings on the fore-sight pin and then on the back-sight pin. The
constant ““C,” which is a factor of the adjustment correction, must
then be determined thus: Sum of readings on near rods minus
that on far rods, corrected for curvature and refraction in feet,
divided by three times the difference between the sum of the greater
and that of the lesser rod intervals in yards.

The rod interval for any sight is the difierence of extreme wire
readings.
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Ezxample of computation of C.
[To be made in the field, ]

Determination of C, 8.20 a. m. August 28, 1910.

Thread Thread %ﬁfga%f oﬁgftlrlg Sum of thread | Thread | Thread
reading. interval. reading ment reading. interval. | reading.
1.515 | 0.013 0.105 0.357
1.528 .014 ) .104 . 462
1.542 | ™ g0z 4,585 1.385 -209 -566
2.252 .105 012 1.276
2.357 | .105 _-.013 | 1988
2.462 | 910 7.071 3.865 025 | 130t
: . 209 1.385 4.585 025
.419 8.456 | 8. 450 .027
.052 —0.0005 8.4555 052
.36; yds. | 8.4553 1.101)—. 0035— (0. 005
1.101 1.
419
The Iractl;)n-m2=210 feet=sum f;)r far-rod: cilstance.
!

For correction to be applied to the sum of readings on distant rods
for curvature and refraction, see table in back of field book 9-940.

When the sum of the readings on the near rods is the greater, the
sign of C will be plus, and vice versa. Great care must be taken in
pointing off decimals and in giving proper signs.

Adjustment of bubble.—If the resulting value for C numerically
exceeds 0.005, an adjustment should be made by changing the posi-
tion of the level bubble only, as follows:

Point to a distant rod with the bubble in the middle of the tube
and read; move the telescope (by micrometer screw) 8o as to raise
the middle cross wire by an amount which in yards is equal to
C times the extreme wire interval. While holding the telescope
in this position, bring the bubble to the middle of the tube by
raising (or lowering) one end of the level vial with the adjustment
wrench; if C is negative, the middle wire must of course be lowered
on the rod. After the adjustment has been made, its accuracy
should be tested by redetermining the value of C.

In case the cross wires break and the level-tube adjustment has
not been disturbed, insert new spider threads and determine value
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of C, as above directed. Compare with the last determination
of C, and adjust for the difference by changing the position of the
cross-wire ring only—not the level bubble.

When both level and cross wires have been disturbed the latter
can be put in proper position by means of improvised wooden wyes
in which the telescope is turned while watching a clearly defined
point through it, the operation being the same as for the collima-
tion adjustment for a Y-level.

Care of instrument.—When the level is on the tripod, be sure that
the central tripod clamp screw is tight. Keep the telescope off the
micrometer-screw bearing while carrying it between stations. Leave
the three tripod wing nuts loose when carrying; clamp tight when
tripod isin place for work. The micrometer screw should be cleaned
and oiled slightly every two or three days.

The level must be shaded by an umbrella when in use and by a
cloth hood when carried between stations. In rough country the
place to set up the rod or level can be quickly found by means of a
hand level.

Leveling of insirument.—The length of the air bubble in the
graduated level vial can be regulated by means of the air chamber
in one end of the glass tube. There is a small passageway in the
lowest part of the tube between the air chamber and the main
level tube; when one end of the telescope is held considerably lower
than the other, with the leveling screws uppermost, if the air
chamber end is then the lower, bubbles will be seen rising through
the liquid; these added to the large bubble will malke it still larger,
but if no bubbles appear and the large bubble grows smaller, it
indicates that the air chamber is in the upper end. Note the effect
at the first trial and act accordingly in future. When the level is
being carried from station to station, if the tripod is held nearly
vertical the bubble will not change in length.

When leveling up at the beginning of a day’s work, set the tele-
scope parallel to two leveling screws and level; turn it 90° and
again level. Turn the level 180° and then 90° and test in both
positions. If the bubble moves away from the center, bring it
halfway back by means of the leveling screws and the remainder
by the micrometer screw. When the leveling is perfect adjust the
circular level to agree with the other level and note the reading of
the micrometer head. The reading should be maintained for the
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day as nearly as possible to that thus found. The instrument
should be so carefully leveled with the leveling screws at each set
up that there will be no matarial difference between the readings
of the micrometer head for fore and back sights; a failure to observe
this precaution may introduce uncompensating errors.

Care of rods.—The rods must always be kept covered when not
in use. The painted sides must never touch the ground. Should
difficulty be found in holding a rod steady because of wind, two
pieces of bamboo or other light poles, 8 feet long, may be held by
the rodman against the rod, so as to make a triangular brace against
the wind. Plumbing levels must frequently be tested and kept in
adjustment.

Testing of rods.—At the beginning and end of the season and at
least twice each month during the progress of the leveling the
intervals between the metallic plugs on the face of each level
rod must be measured carefully in feet to the nearest thousandth,
always with the same steel tape, kept for that purpose. The tem-
perature must also be recorded and the number of the tape.

Length of sights—The length of fore and back sights must be
equalized with the prism level ag with the Y level. The maximum
length of sight with the prism level is 360 feet except at river
crossings. Sights across broad river crossings should be taken in
the following manner:

Mount the instrument and place stakes so that the center wire
will fall near the middle of each rod; if the distance is too great to
read the three wires, use improvised targets of cardboard held in
place by rubber bands or other simple device, and make severa 1
settings by raising and lowering them an equal number of times.
Rodmen should be provided with field glasses if necessary to read sig-
nals. From bench marks on each bank the elevation of the adjacent
water surface should be determined as an additional check.

Record.—The notes are to be kept in ink in book 9-940, as for
precise leveling (pp. 116-117), except that each H. I. (height o
instrument) and level should be computed. No erasures are per-
mitted, either with rubber or knife; a single line should be drawn
through erroneous records. Extra fore sights when made should be
recorded in the special column on the right-hand page, opposite the
H. I., and recorded with “backward,” ‘‘forward,’”’ ‘‘right,”- or
““left”” added to show the direction to the rod from the instrument.
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Check computaiions.—The check of the means of columns 3 and 6
and of their sums for each page of notes must be made each night,
or oftener if convenient, by both levelman and recorder independ-
ently. At the bottom of columns 2, 3, 5, and 6 the total sums for
the page are required, but for columns 1 and 7 find the sums of
the center-wire readings only. At the bottom of column 1 it must
be shown that three times the sum of the center-wire readings plus
the algebraic sum of the excesses of the lower over the upper thread
intervals in column 2 is equal to the sum of the mean feet readings
in column 3. A similar computation must be shown at the bottom
of column 7 with respect to columns 6 and 5.. No other computation
than these need be made in the field except those required to carry
forward the elevations of temporary and standard bench marks.

The difference (column 2 minus column 5) should be written at
the bottom of column 4 and should equal the difference obtained
by subtracting the first from the last elevation, which should be
written in the upper space at the bottom of column 4.

C is the constant which results from the ‘‘peg method” test of
adjustment. The formula 3 C (column 2—column 6), etc., at the
bottom of the right-hand page is for computing the correction to
the elevations for combined etrors of level and collimation. This
computation need not be made in the field. By ‘‘(column 2—col-
umn 6)’ is meant the difference of the continuous sums of the rod
intervals of columns 2 and 6.

On primary work the algebraic sum of the page excesses of back
sights or fore sights for each day should be written in the lower
right-hand corner of the right-hand page.

Double graduations.—The foregoing instructions for the use of
vard rods for primary leveling are to be modified if the rods have
two sets of graduations of single and double yards. The two col-
umns marked ‘“Thr. int.”’ are used for the double-yard readings—
back and fore sights. The single-yard readings are to be entered
in the columns “Sum t. ».”” Only a single-thread reading is to be
made on each graduation, and before moving the level the recorder’
must check each entry by multiplying double-yard readings by two;
the product should not differ more than a thousandth from the corres-
ponding single-yard reading. Detailed instructions for the double-
yard check method are given in the back part of level book 9-940A
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Distances are to be determined by stadia while the instrument
is being leveled, and colors must be recorded as usual. All entries
in the middle column of the left-hand page of the notebook are in
yvards. Computations of bench-mark elevations in feet are to he
placed on the right-hand pages.

PRECISE LEVELING.

Observations.—For precise leveling the instrumental outfit and the
number of men in the party are the same as for primary leveling with
prism level, but the following modifications of methods must be made:

Lines must be run independently in both the forward and the
backward direction. The allowable error in feet is

0.017 +/ distance between bench marks in miles, -

and when this limit is exceeded on any section the forward or back-
ward measure is to be repeated until a pair run in opposite directions
is obtained between which the divergence falls within the limit.
It is especially desirable to make the backward measurement in an
afternoon if the forward measurement was made in the forenoon, and
vice versa. The observer should make the two measurements under
atmospheric conditions as different as possible without materially
delaying the work for that purpose. At alternate stations the fore
sight is to be taken before the back sight—that is, always take read-
ings on the same rodman first.

The maximum allowable difference between a back-sight and the
corresponding fore-sight mean thread interval is 0.033 yard (33 feet
distance). The continuous sums of rod intervals for the section
between bench marks must not be allowed to differ more than 0, 132
yard (66 feet distance), and they should be kept as nearly equal as
possible.

The last set-up of one running must not be copied nor used as the-
first set-up of a return running—that is, the instrument must be:
moved so that an independent reading can be obtained.

If any measure over a section differs more than 0.02 foot from the
mean, that measure must be rejected: No rejection shall be made
on account of a residual smaller than 0.02 foot.

Whenever a blunder, such as a misreading of 1 yard or one-tenth
or an interchange of sights, is discovered and the necessary correc-
tion is applied, such measure may be retained, provided there are

53137—18——8
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at least two other measures over the same section which are not
subject to any uncertainty.

-When commencing work for the day and at the beginning and ending
of each section, record the time. Record the temperature for each
set-up also, using thermometer readings alternately for each rod.

It is not necessary to complete the H. I. and elevation column,
but the difference of elevation for each section should be computed.

The field abstracts for precise leveling must be made as the work
progresses; on form 9-932a, provided for this purpose. When original
records are completed in the field send the books immediately to the
chief geographer, Washington, D. C., by registered mail, retaining
the corresponding forms, which are to be forwarded by registered
mail on another day.

Records.—The following special instructions are necessary in
regard to the use of prism-level notebook 9-940 when used for pre-
cise leveling record:

The blanks on the flyleaf must be filled in the first day the book
is used.

The blanks at the head of each page must be filled in each day.
Bench marks run between must be indicated by their letters or
numbers.

Each horizontal space between two red lines is for a single set-up
of the level.

_The notes for each section of line on precise work must be com-
plete in themselves and commence on a new page. Every primary
iine record must begin on a new page, and the initial bench mark
must be fully described.

The columns being counted from the left, each is used as follows:

Column 1 is for the readings on the rod in yards for the three
threads, each set of readings to occupy a separate space between red
lines, the first recorded reading being for the wire giving the smallest
value. The color letter is to be placed beside the first and last
readings. The recorder should notice whether the color as recorded
corresponds with the unit called out by the levelman. Each day
the levelman should verify the comparison and, if a discrepancy
exists, rerun the section.

Column 2 is for the thread intervals for the thread readings in
column 1, the upper ones being the difference between the lowest
readings and the middle ones, the lower being the difference between
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the middle and the greatest readings of each set. (See also next
paragraph.)

Column 3 is for the sums of the three-wire readings of each space
in column 1, between the horizontally ruled red lines, these sums
being equal to the mean in feet of the three readings on rod.

Column 4, with the exception of the last line, is not intended for
use in precise leveling but can be used to compute approximate
elevations, being filled out only at bench marks. On primary work
the first entry on the page at the left of the words ““Elevation brought
forward from page —’ should be the elevation from a previous page
or from another book. In the latter case, give book number and
page, and always carefully verify the copying. The second entry
below the red line and above the short black line is the height of
the instrument as found by adding the first entry in column 3 to the
first elevation in column 4. The third entry in column 4 is the ele-
vation computed by subtracting the first fore sight from the H. I,
In cach case the H. I. will always be above a short black line and the
elevation always just above a red line.

The records in columns 3 and 5 should be placed on line with the
H. L.

Columns 5,.6, and 7 are for fore-sight readings, corresponding with
3, 2, and 1 for back-sight readings.

Column 8 is for the record of temperature and time.

Column 9 is for the correction of curvature and refraction for un-
equal sights and need not be filled out in the ficld.

Column 10 is for extra fore sight at points which are not turning
points, also for their sum.

Column 11 is for description of bench marks, for clevations from
extra fore sights, for transcripts of bench-mark elevations, and for
general remarks or explanation.

In columns 2 and 6 write next above the red lines the continuous
sums of the rod intervals for the section. The mean of the last pair
of continuous sums in columns 2 and 6, multiplied by 1,000, will be
equal to the distance in feet for the page; its equivalent in miles
and tenths can be obtained from the table in the back of the book.
The total mileage from the beginning of the section on precise work
and of the line on primary work must be given at the bottom of each
right-hand page.

A sample page from a field book follows:
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COMPUTATION AND ADJUSTMENT OF LEVEL CIRCUITS.

General corrections.—In the computation and adjustment of level
circuits the notes are first examined for errors in field computations
or records. Corrections are next made for rod errors, including those
due to changes in temperature, these heing products for each differ-
ence of elevation by the rod error. Corrections are applied if re-
quired for curvature and refraction for unbalanced sights; also for
systematic errors for which the law is known.

Orthometric correction.—On long lines at high elevations a correc-
tion is required to take account of the fact that level surfaces along
meridians at different altitudes are not parallel curves except at
the quator and at the poles. This correction, which depends on
meridional distance, Jatitude, and altitude, may be found from the

following formula: !
_(pn—os) SID (dn-t+6s)

¢ 559,000

in which
C=correctiun in feet.
hw=mean height of line in feet.
¢ and pn=the latitudes of the south and north ends of section, respectively.
{(pn—ps)=difTerence of latitude in minutes of arc.

In applying the formula the lines must be divided into sections
of not over 100 miles each, and a division should be made where the
general direction changes materially. The corrections thus found
are applied to the several sections so as to lower the elevations at
successive division points going northward. Although orthometric
corrections may at times lead to apparently absurd results, such as
giving a lower elevation for the north end than for the south end of a
large lake having no outlet, yet in order to insure agreement between
different lines and to obtain results of the greatest theoretical accu-
racy, they must be applied when appreciable.

After all the foregoing corrections are made to the original results,
the remaining closure errors are those which are to be removed by
adjustment.

Adjustment of precise leveling.—Weights are first assigned for each
class of levels, and observation equations are formed and solved by

1Coast and Geodetic Survey Rept. for 1899, p. 875, 1900.



COMPUTATION AND ADJUSTMENT OF LEVEL CIRCUITS. 119

““Jeast squares.” In this manuner every line helps to establish the
elevation for each junction point. When all the junction points are
fixed the corrections are distributed over the lines in proportion to
distance. .

Adjustment of primary leveling —The Geological Survey in adjust-
ing primary levels has adopted a method which may be described
as follows:

All adjustments are to be made in the bench-mark description
book 9-916, in which abstracts from the field books, which include
the description and elevation of each point as determined by the
levelman, are written by him in regular order for each line as run.

All the level lines associated with one another should be con-
sidered at one time, and in order to better comprehend their arrange-
ment they should first be platted on the office progress maps as
accurately as possible and from these tracings should be made on
paper, to be used in the adjustment and later filed with the descrip-
tion book as part of the record. The plat should show the approxi-
mate relation of all the lines, including the precise or previously
adjusted lines forming the base of the system, and the work of differ-
ent grades or different men should be represented by differently
colored inks or pencils or in some other manner, a suitable explana-
tory legend being attached. The names of a sufficient number of
towns should be given to identify the location readily, and heside
each line reference should be made to-the page in the description
book where the bench-mark elevations for that line arc given. On
each.line a > is to be placed to show the direction in which it was
run. Forsmall areas the diagram of routes prepared by the levelman
in the description book will prohably answer in place of the tracing.

The field notes should be examined to see whether the work wasin
accordance with the instructions; whether fore and back sights were
equalized, rod readings properly summed, balances checked, and
elevations properly copied from page to page.  The entries in the
description book should be systematically checked to see that all
elevations, including those at starting, junction, and closing points,
and all breaks and second runnings are properly copied. Where
two runnings of equal weight are made over one course, the mean
result should be accepted for adjustment and written in red ink
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with the appropriate statement in the ‘‘unadjusted elevation”
column, the divergence being given in the margin.

At each junction point on the diagram should be written the
difference between the recorded elevation by some one of the lines
and those recorded in the description book for each of the other lines
for the same bench mark, with an arrow alongside and plus or minus
signs added to indicate that the elevations as brought by these lines
are greater or less than the assumed one. Also, as an additional aid
in the adjustinent, the closure error for each circuit should be written
in the center of its plat on the diagram, each amount and sign being
computed in counter-clockwise order. Next ascertain by inspection
of the diagram which of the unknown junction points may be deter-
mined with the greatest apparent accuracy or by the greatest num-
ber of independent lines. From two or more lines connecting this
point with the points of known elevation obtain two or more possible
corrections to the assumed elevation. FEstimate and record velative
weights for these corrections, the weights to be based on length of
lines (usually in inverse proportion to their length), class of leveling
instrument used, number of times leveled, and, in rare cases, on rela-
tive standing of observers if two are involved. Weights should not
be influenced greatly by closure errors. Where corrections from
different sources have a line in common, the length of this line
should be doubled in fixing the weights of each.

Trom the weights adopted compute the weighted mean correction
to the assumed elevation of the new point as follows: Multiply the
correction computed for it through each of the independent lines
from known points in twn by the weight of the line; divide
the algebraic sum of these products by the sum of the weights.
The quotient is the correction to apply algebraically to the as-
sumed elevation; it should be written in the diagram at the proper
junction point in a small loop or rectangle with the letters “Cor.”
and the plus or minussign. In complicated netsit may be necessary
to assign a preliminary correction to & junction point in order to
carry a correction from it to some other point; after fixing the
-correction for the second point from its various lines a final correction

"is determined and substituted for the preliminary value of the first
point.
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In this manner weighted values are found for each junction point
in turn, and between the points thus fixed corrections are distributed
in proportion to the distance. A line or point once thus adjusted
should not be readjusted unless readjustment is required by new
field data.

Figure 3 is given as an illustration of the method of adjusting a
level net. By inspection of the diagram, junction point E seems to
be the most favorably situated for adjustment first. The line run
from A via B and E to D closed at D 0.250 foot low; from HviaIto E
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FIGURE 3-—Diagram showing method of adjusting a level net,

0.500 foot low. The correction to the recorded elevation for E on the
line from A is 0.00 by that line itself, 4-0.250 computed from D by
reversing the closure, and —0.500 from H. The distances to be used

in assigning weights are taken as A via B to E=1§0+8=13 miles

(A to B being a double-run line must be given double weight,
which is done by dividing the length of the line by 2); D to E,
5 miles; H via I to E, 10 miles. - The weights to be assigned
should be in inverse proportions to the length of the lines, or nearly
so. To determine the weights, divide a convenient number—as 13
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in this example—by the computation distances 13, 5, and 10 each
in turn, obtaining 1, 2.6, and 1.3 for the weights of the respective
lines. These weights are each to be multiplied by the corre-
sponding assumed corrections 0, +0.25, and —0.50, giving prod-
ucts of 0, +0.65, and —0.65. Divide the algebraic sum of these
products by the sum of the weights (4.9); the quotient will be the
weighted correction; this is 0 for the point in question, but as there
is another line to this point which has not been considered this
correction must be accepted as preliminary only. The foregoing
data may, if desired, be assembled in tabular form, thus:

[ ! ;
NI : '+ Weight

1 From e D WA Correc- >

| Poini— Miles. * Weight. | tion. rgiz tcl((;xl-]-
- ! e
Ao 3. L0 | 0.000 ; 0.00
D... 5 2.6 | +.250 | 4+ .65
H..... 10 ] L3 | —.300 ; — .65
SuUm. e ; 49 |l .00

Junction point B may be considered next. The preliminary cor-
rection for this point is taken as 0, as found from three lines, two lines
from A and one from E. A preliminary correction of +0.1 foot for
I can be obtained by taking a proportionate part of the closure error
at E (one-fifth). Junction point I' depends for its elevation on
values from several lines. The corrections from E, B, and I are, re-
spectively, 0, —0.32, and —0.18; the corresponding distances are 12,
10, and 26; the weights 2.2, 2.6, and 1.0; the resulting preliminary cor-
rection for F is —0.18. A final value for E may now be found from
B, D, I, and F; this is necessary to include the effect of F, and by the
foregoing method it is found to be —0.03. G is found from lines from
BviaC, ¥, FviaC, F viaJ,and I, with the computation distances 38,
7, 44, 28, and 38, respectively;in this case the distances C to G and J
to G, which are common to two lines, should be doubled in order not
to give them undue weight. The final corrections to the assumed ele-
vations are now found in a similar manner, the computations for B,
I, and F being repeated to obtain the effect of the additional lines,
and are as follows: B, 0.00; C, —0.30; E, —0.03; F, —0.18; G, —0.38;
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I, +0.09; and J, —0.18, two places of decimals only being used for
junction points. Each of these corrections is placed in a rectangle
on the diagram near the point to which it belongs.

After the corrections for the junction points are fixed, corrections
proportioned to the distance’are found for intermediate points along
the several lines. .

Lines on which the closure error is much over the permissible limit
must be omitted in adjustment; they may be tied in afterward, but
in publishing the results a statement must be made cautioning
engineers against dependence on them. If gross errors are evident,
the results must not be published until the lines are rerun.

For high altitudes the orthometric correction should be applied.
(See p. 118.)

The computer should report to the division geographer in writing
any failure on the part of the levelman to comply with instructions; .
he should also report all circuit-closure errors in excess of the allow-
able limit. (See pp. 104, 107, and 113.) These data should also be
written on the last inside page of the hench-mark book.



SECONDARY CONTROL.

PLANE-TABLE TRIANGULATION.
GENERAL INSTRUCTIONS.

The projection of the sheet under consideration should be made
with the utmost care and the points platted thereon tested in every
way possible. Both the projection and the platting of the triangu-
lation points should be carefully checked by another topographer.

Before the projection is made a thorough study of all the positions
available for the control of the area should be made and the position
of the projection on the paper arranged so as to include the greatest
number of desirable points.

In the field it is often necessary to construct a projection without
the use of a beam compass. A substitute for this is readily made
with a wooden strip, into which is inserted a needle large enough to
be rigid and a section of pencil.

Seasoned double-mounted paper, attached to the board by brass
thumbscrews or tacks, should be used to'reduce to a minimum the
unavoidable expansion or contraction caused by climatic conditions,
and while in use all sheets should be protected with cover paper.

‘When practicable, the projection lines and as many located points
as possible should be platted on the traverse sheet before the work
is begun, thus enabling the traverseman to check his work by three-
point location or otherwise.

Before commencing work the adjustment of the alidade for colli-
mation and parallax should be carefully inspected. If the hill is
high and the weather is at all windy a weight should be suspended
from the head of the tripod to steady the plane-table and to prevent
accidents. The use of a large umbrella if the sun is bright greatly
facilitates the work and protects the eyes and paper. The instru-
ments and the paper should be clean from sand and grit.

Substantial signals, of whatever material is in the vicinity of the
stations, should be erected on the main triangulation points and on
other prominent hilltops. Unbleached red and white cotton make

124
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the best all-around flagging. - While placing the signals every oppor-
tunity should be utilized to learn the topography of the country, to
pick out the best subsidiary stations and to locate them on the guide
map, and to fix in one’s mind the peculiarities of objects most likely
to be seen from the stations thereafter occupied.

CHOICE OF STATION.

In choosing the first station to be occupied it is best to select one of
the most prominent triangulation stations, located preferably in the
southern part of the sheet, so that when the majority of the sights are
taken the topographer will be looking away from the sun. In this
way objects may be more clearly seen and peculiarities noted. Clear
atmosphere is essential when the first stations on the sheet are
occupied.

Where topographic mapping is carried on simultaneously with
plane-table triangulation, the availability of vertical control should
be considered in the selection of the initial station. In the prosecu-
tion of such work the topographer must necessarily locate a sufficient
number of points for the control of the contours. The character of
the country, the amount of supplementary plane-table traverse, and
the scale of the work must be considered in determining the number
of points to be located.

OBSERVING AND RECORDING.

After leveling the table place the alidade on 2 line connecting
the station occupied with one of the triangulation points farthest
away (the other end of the base) and revolve the table until the
farther signal is bisected by the vertical wire of the alidade and
clamp table. Verify the orientation by sights to additional visible
triangulation stations. Now make the circuit of the horizon system-
atically and take fore sights to a definite point on prominent
objects, such as signals, cupolag, towers, chimneys, flagpoles, monu-
ments, church steeples, schoolhouses, dwelling houses, barns, wind-
mills, trees, hilltops, spurs, etc. These sights and descriptions may
be entered in notebook, and brief descriptions should be noted on
the sheet itself, along the lines of sight. Draw the lines of sight
with a chiseled edge of 9-H pencil at considerable length along the
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square edge of the alidade, being careful always to hold the pencil
at the same angle and see that the contact of the rule and paper is
perfect. Get azimuths of long, straight stretches of road and railroad
wherever possible.

After all the sights have been made adjust the striding level and
read the vertical angles to objects whose elevations are desirable
and necessary for vertical control. The stadia rod may be used for
obtaining distances and elevations in the immediate vicinity of the
station. TFrom time to time, while making observations and upon
completion of the work of each station, check original orientation
to see if any movement of the table has occurred. In mountainous
or hilly sections the topography of the top of the hill should be
sketched on the plane-table sheet for identification. After the work
on this initial station is completed repeat the operation on the sta-
tion at the other end of the base. ,

All triangulation stations should be occupied. Other stations
may be made by setting up the table on a foresight, getting orienta-
tion by sighting back to the station from which the fore sight was
taken, and resecting from another station or located point. This
Jocation is checked by sighting to some third located point. All
identifiable objects to which lines were drawn from the first station
are sighted and intersected. All intersections should be verified by
a direction from a third point. A signal should be erected when
necessary to mark place of station for future reference. Extreme
care should be used in prolonging a short line for orientation.

In areas of great relief and of difficult access advantage should be
taken of every opportunity to contour, even approximately, topo-
graphic features, such as bottoms of canyons, rock exposures along
canyon walls, ground surfaces in heavily timbered, inaccessible
mountain gaps, and indefinite slopes of mountain masses which
practically can not be occupied.

The stations should be designated by roman numerals I, II, III,
etc. Each sight should have a number. All the sights to the same
object from other stations should retain the number, and the object
shotld be known by this number during the progress of the work.

After completing the first station the numbers of the sights taken
from the second station should follow consecutively and not dupli-
cate those taken for the first station.
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After an intersection has been made a crogs (X ) should' be placed
opposite its number in the book and its elevation computed. Verti-
cal angles should thereafter be measured to this located point at
every station from which it can be seen until its elevation has been
satisfactorily determined. It should be remembered that vertical-
angle elevations have relative values dependent on the size of the
angle measured and the distance between the points.

In areas where the plane-table triangulation is independent of
and precedes the mapping the system of symbols provided for
plane-table traverse should be used.

THREE-POINT METHOD.!

A plan frequently adopted for the location of plane-table stations
is that known as the ‘three-point method,” which can be advan-
tageously followed when three or more previously located points
properly. distributed are visible. When making three-point stations
a compass should be used for approximate orientation.

In figure 4 (p. 128) the triangle formed by the three fixed points
is called the great triangle and the circle passing through them the
great circle. When the table is imperfectly oriented, the lines
drawn from the projected points will not intersect at one point
except when the table is on or near the great circle but will form a
triangle of error.

When the new point is on or near the circle passing through the
other points, the location is uncertain. (See fig. 4, case 2.)

When the new point is within the triangle formed by the three
points, the point scught is within the triangle of error. (See fig. 4,
case 1.)

When the new point is without the great circle, orient on the
most distant point, then the point sought is always on the same side
of the line from the most distant point as the point of intersection
of the other two lines. (See fig. 4, case 4.)

When the point sought falls within either of the three segments
of the great circle formed by the sides of the great triangle, the line

1 For mathematical solution of the three-point problem, see U. S. Coast and Geo-
detic Survey Rept. for 1880, appendix 13; idem for 1897-98, appendix 13; Geographic
tables and formulas, pp. 9-10; or U. 8. Geol. Survey Bull. 650,pp. $-10, 1916, reprinted
1918
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drawn from the middle point lies between the true point and the
intersection of the other two lines. (See fig. 4, case 3.)

The point sought is always distant from the lines to the three fixed
points in direct proportion to the distance of the three points from
the point occupied, and, except for case 1, when facing the three
fixed points, the true point is always either to the right or to the left
of all the sight lines.

When the true point has been estimated and marked on the
sheet a new orientation is made. If the lines from the three fixed

. -

e
4

FiGURE 4.—Diagram showing graphic solution of three-point problem.

points now intersect at that point, the position is determined. If a
new triangle of error is formed, the operation must be repeated.

PLANE-TABLE TRAVERSE.
METHODS.

Traversing consists of much more than getting direction and dis-
tance, though these are absolutely essential features. All the essen-
tial topographic features on each side of the line are to be obtained
at the time the traverse is made.

Accuracy of plane-table traverse depends on two factors, namely,
the obtaining and platting of distances and the orientation of the
plane table.

Distances are obtained by stadia, wheel, tape, or pacing, and the
orientation is made by magnetic needle, by back and fore sights,
by the Baldwin solar chart, or by other approved solar apparatus.
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When the needle is used, the accuracy of orientation is dependent
on the freedom from local attraction and the length of needle. For
these reasons it is well to avoid the use of the compass near rail-
roads, electric-transmission lines, large bodies of steel or iron, and
in volcanic regions. No platted line should be greater than the
length of the needle.

The method employed in determining distances will be governed
by the character of the country and the scale of the work. Traverse
lines should be run along roads, ridges, streams, or at intervals in
timbered country when necessary; the method in general practice
when the needle is used is to set up at alternate stations, using
intermediate stations as turning points. Sights should be taken from
these stations to prominent hilltops, spurs, houses, windmills, lone
trees, and other conspicuous objects, and these should be intersected
at subsequent stations. Following this plan, the traverseman should
locate all railroads, roads, trails, houses, churches, schools, and bench
marks, all State, county, township, and city boundaries, also all cul-
tural features as listed on page 146.

Streams should be mapped near the roads as accurately as the
skill and experience of the traverseman will permit. Especially
should streams crossing and recrossing roads traversed in ravines or
gulches be located and junctions shown with side streams.

In traversing railroads, frequent locations by three-point method
should be made if possible and the line extended by means of fore
and back sights. If thisis not practicable, and it becomes necessary
to rely on the needle, it is important to set up the plane table a
sufficient distance from the rails to prevent their influence on the
needle. The distances can be obtained advantageously by measur--
ing a rail and counting the number of rails between stations.

Where traverse is extended along roads over which levels have-
been carried, note elevations marked on fences, at summits, bridges,.
corners, ete., and record same on traverse sheet. Names of villages,.
streams, hills, etc., should be obtained in the field as far as possible—
especial care being taken to get correct spelling—and be written
plainly on the traverse. .

Traverse should not be made to close, but should show the two
tie points by a double arrow between them; such junctions should
never occur in towns or villages. '

53137—18——9
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Traverses should extend a sufficient distance beyond the edge of
the sheet to overcome any possible error that may occur in the
adjustment. )

Single-mounted paragon paper is ordinarily used, though celluloid
may be substituted to advantage in wet weather. Before using the
.sheet the name of the State and quadrangle, the date, the name of
-the traverseman, and that of the chief of party should be written
-in the lower left-hand corner.

The proper method of plotting is to place the fractional scale divi-
sion on the old point and prick the new location with the needle at
the even division at end of the scale. This operation should be per-
formed with the greatest care, as more closure errors are to be attrib-
uted to careless platting than to any other cause. When aneroids
are used the elevations should be recorded on the sheet at road
and stream crossings, divides, and traverse stations. To insure accu-
racy the aneroid should be compared and corrected with bench-.
mark elevations whenever possible.

STADIA TRAVERSE.

In stadia traverse instrumental measurement of distances and
elevations gives sufficient control to permit considerable sketching
to be done on either side of the line.

Determination of elevations.~—If the elevations are determined by
vertical angles, ground elevations may be carried by using a mean
height of instrument (44 feet) as a turning point on the rod, or ordi-
nary level notes may be used with H. I. computations. Accurate
distance readings are essential, and sights for turning points should
n0% be over 1,000 feet, unless under exceptional circumstances. In
large-scale detailed work 300 feet is a better limit. When the lower
hair comes near the ground on long sights serious crrors are liable
to occur at certain hours of the day through refraction. -The Ander-
son or Johnson stadia tables are probably the most satisfactory for
computing differences of elevation and horizontal correction. On
scales of 1:48,000, or larger, the horizontal correction can be readily
shown in platting. On larger scales it becomes important. Angular
measurements exceeding 15° should be avoided.

Whenever possible, asin regions of low relief, elevations should be
determined by using the alidade as a level and the rod as a level rod.
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Beaman stadia arc.—The use of vertical angles may be avoided by
the use of the Beaman attachment to the telescopic alidade. This
attachment consists of a stadia arc, which isscrewed on the outer side
of the old arc and which carries two separate double scales having
coincident zero points marked 50 and 0, respectively. Either scale
is read by reference to the common adjustable index, which, when
the telescope is level, must be set at zero point of scales before the
stadia arc is used. The two scales are:

To the right, next index, a multiple scale, with zero point marked
50, which indicates multiples for obtaining differences in eleva-
tion. To get desired multiple, subtract 50 from scale reading and
use algebraic remainder; for example, if scale reads 56, multiple is
56—50=-6. If scale reads 47, multiple is 47 —50=—3.

To the left a reduction scale, with zero point marked 0, which
gives percentages of correction that may be used, if desired, to
reduce observed stadia distance to horizontal.

To determine differencesin elevation read the distance subtended
on rod and express in feet (for example, 8.7=870 feet). Clamp tele-
scope and level. Set index exactly at 50, by means of the tangent
screw back of arc, and do not touch this tangent screw again.

Then, by means of the customary clamp and tangent mbvement,
raise or Jower telescope until there is brought exactly opposite the
index such a graduation on the multiple scale as will throw the
middle stadia wire somewhere on the rod, it does not matter where.
The arc readings, minus 50, multiplied by the observed stadia dis-
tance gives the difference in elevation between the instrument and
a known point on the rod—that is, the height on rod indicated by
middle wire. Settings of both index and arc should be made care-
fully under reading glass.

Example: Suppose observed stadia distance is 6.3 (630 feet) and
that telescope is so inclined that multiple scale reads 58, at which
exact setting the middle wire on rod reads 7.2 (7.2 feet above base
of rod), then multiple is 58 —50=+8, and computation for a fore
sight would be 6.3

+8

+50. 4
- 7.2

+43. 2 feetebase of rod ahove H, I,
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If middle wire were set on H. I. or top or other fixed point cn rod
and the arc were read by estimation (for example, 54.2) to obtain
a multiple, the result would be approximate only; therefore this
method is not to be used with this attachment.

If the half-wire interval is read and this reading is then doubled
to get the stadia distance, it occasionally happens that no even mul-
tiple arc setting which will throw middle wire on rod can be found.
In this case make arc setting that will throw the lower wire anywhere
on rod; the middle wire will then be somewhere above the top of
the rod. Then take multiple as read on arc, but compute position
of middle wire above base of rod by adding one-half the expressed
stadia distance (in feet subtended) to the reading of the lower wire.

Example: If the half wires subtend 7.2 on rod, the distance would
be 7.2X2=14.4 (1,440 feet). If the lower wire cuts the rod 8.7 feet
above its base, the computed middle wire reading would be
8.7+7.2=15.9 feet above base of rod. Then compute as before.

The reading of the left-hand arc from the same arc setting, used to
obtain the difference in elevation, will give the correction, expressed
ag a percentage, needed to reduce observed distances to horizontal.

Example: If amultiple arc setting of, say, 70 has been made for dif-
ference of elevation work, the reading of the reduction scale would be
4, or 4 per cent. (Reading to nearest per cent is usually sufficient.)

If the observed distance were 12.0 (=1,200), then 4 per cent of
1,200=48 feet; 1,200—48=1,152=corrected horizontal distance.

Stadia arc notes.—Form 9.913A has been prepared especially for
Beaman stadia arc notes. The arc reading or multiple (expressed
as above or below 50) is placed under appropriate heading, as in the
example below, and all sights are to be regarded as foresights except
those taken to determine H. I. Column headed ‘‘Product” is for
multiple times distance; for example, 4X4.2=16.8. Column
headed ““Rod correction” is for final reading of middle wire on rod.

Date, April 29, 1916, Traverse from Takoma to Slige.

Beaman Rod Diff
Distance.| arcor - Product. | correc- elev. H.I. |Elevation.
sSteps. I tion. N

TR TN ISR OO S KR SO SRS 654.7 B. M.
2... 4.2 34or4 — 16.8 + 8.2 - 8.6 646. 1

3... 6.3 48 0r 2 — 12.6 — 4.9 ~=17.6 [caeeennnnn 628, 6.

4... 9.2 44016 + 85.2 + 4.3 +359.5 688, 1

S..e 15.8 37017, +110.6 —13.8 +96.8 jiaeeeaaaon 784.9,
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~ The sign to be affixed to “Product” and “Rod correction” are
determined according to whether the observationisa B. 8. or F. 8.,
by following a rule of universal application, namely:

Rod cor-

Product. rection.
B.S. Opposite sign to that indicated by arc reading............ +
F. S. Same sign as that indicated Ly are reading. .ccceeeeceraceas -

Arc reading 54 indicates +; therefore here the sign of product is
— fora B. S.and + foran F. S. Note that sign of ‘“Red correction™
is same as in leveling. When line of sight is level arc reading is 50,
and therefore only entry is rod reading, entered as ‘‘ Rod correction,’
whose signs follow above rule.

Micrometer eyepiece.—A. micrometer eyepiece for the telescopic
alidade has been used for- determining distances, and under some
conditions, on small scale or reconnaissance work, it has proved of
great value. The principle of this attachment is that if two angles
and one side of a triangle are known, the remaining parts may be
found. The length of the base is known by previous measure-
ment it being a known space on a stadia rod, or the distance between
two signals left on the ground. The micrometer is used to measure
the angles between the lines of sight to opposite ends of the base,
and the result is in divisions of the micrometer head. Constants
for each instrument are determined ! and tables prepared to show the
number of turns of micrometer head on different bases to give dis-
tances in feet or hundredths of a mile. These tables and constants
should be tested on measured horizontal bases of different lengths
at beginning of season.

Base.—In establishing a base its bearing should be placed on the
sheet for future reference. At mew station (fig. 5) if the line of
sight is not perpendicular to the established base, orient as closely
as possible, and draw a line to one of the signals. Plat the base as
long as paper will permit. Erect a perpendicular to the line of sight

1 8ee formula for computing these coﬁstants in Geographic tables and formulas,
p. 10, or U. S. Geol. Survey Bull. 650, p. 8, 1916, reprinted 1918.



134 ) TOPOGRAPHIC INSTRUCTIONS.

at one end of base (a). Draw a line parallel to the first line of sight
through the other end of platted base (b). Measure the distance
of the perpendicular from (a) to intersection with line through (b)
on the same scale as base was platted. This distance (a-b’) is the
corrected length of base to be used; then a-b’==ab sin y. The solu-
tion depends on the fact that the angle between the lines of sight
to opposite ends of the base is so small as to be disregarded, and
angles V and W are practically 90°, A protractor may be used to
make the angle y between the platted base at (b) and the line (bb*)
the same as the supplement of the angle V+z between the platted
base and the perpendicular erected at (a).

The same principle applies to a vertical base which may be above
or below the station occupied.

’

[
U
V.

a
FicurE 5.—Diagram illustrating correction of base line.

Instruments.—The instruments needed for stadia traverse consist
of a telescopic alidade, with compass attached, plane table not
smaller than 15 by 15 inches, with Johnson tripod, and standard
stadia rod. Establish magnetic north line on the sheet at the
beginning of work for future orientation.

It is necegsary that the stadia wires give the correct reading on
the rod. Therefore, before work is commenced they must be tested
on a measured base not less than 500 feet in length, and if an error is
found a correction must be applied to each distance measured. It
is not desirable to graduate rods to fit the peculiarities of individual
instruments.

Correct adjustment for collimation and striding level must be
maintained. The eyepiece should give a clear-cut image, free from
parallax. To obtain this throw the object glass out of focus and
adjust the eyepiece so that cross wires are perfectly distinet and
stationary at every position of the observer’s eye.
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WHEEL TRAVERSE.

Revolutions of the wheel may be used for obtaining distances
along the traverse line. Tables are furnished to facilitate reduc-
tion. A hand recorder may be used as a check on long sights. A
record of distances should be kept until closures are made as a check
on plotting.

TAPE TRAVERSE.

In some parts of the country dense forest and undergrowth make
it impracticable to carry stadia or wheel traverse, and the lack of
open tops puts a narrow limit on triangulation methods. TUnder
these conditions a form of tape traverse depending on aneroid ele-
vations has been devised for obtaining the topography. It is appli-
cable only to scales of 1: 48,000 or smaller.

A plane table 9 inches square, with compass attached, and Bum-
stead tripod are best for the work. A sight alidade, 528 feet of
linen tape or cotton rope, and a pocket compass are the instruments
required. The tape or rope should be marked at 100-foot intervals
with red ink in a manner to he clearly understood. It should then
be run through hot paraffin, and the rear end stiffened to avoid
catching and tangling in the brush. It will be necessary to paraffin
the tape frequently, especially the rear end, and it should be thor-
oughly dry to have the best effect. Knots and weak places should
be promptly mended with needle and thread.

The chainman should carry a pocket compass, light ax, and mark-
ing crayon. He blazes one or more trees at the end of each tape
length, and the topographer occupies the point as his next station,
thus setting up at every station instead of alternate ones. The sights
are taken in the direction shown by the tape and the signal of the
tapeman. It is well to number the stations to avoid error in making
closures. Lines should follow natural features, such as ridges, val-
leys, and spurs, rather than gridiron the territory. The greatest
error of the lines comes through the tapeman not keeping a straight
course. : :

Adjustment of aneroid elevations should be made daily and the
contours altered to agree, care being taken to preserve topographic
shape and detail. Adjustment of horizontal errors should not be
made on traverse sheets.
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FOOT TRAVERSE.

The method of obtaining distances by foot or animal paces is
resorted to in timbered countries and mountainous regions without
roads. Careful measurements of the average pace of an animal or a
traverseman on a level or a slight incline should be made, and a tahle
brepared in hundredths of a mile.

USE OF ANEROID,

In certain classes of work in various parts of the country the aner-
oid, properly supported by level and vertical angle elevations, is
’ used to great advantage in the completion of topographic detail.

In order to obtain the best results from its use, however, the topog-
rapher should realize its limitations as a result of its delicate mech-
anism and its susceptibility to meteorologic influences.

Aneroid readings should be checked by previously determined
elevations whenever opportunity is afforded, as well as at the begin-
ning and end of each day’s work. Whenever a station is occupied
for a considerable length of time, the usual record should be supple-
mented by an additional reading made just before departure, for a
possible correction. The uncertainty of the aneroid is increased in
unsettled weather and it is practically useless immediately hefore
and after a thunderstorm.

The aneroid should always be transported and handled with care
and should be protected from all sudden jars. It should be carried
preferably in a closely fitting vest or small pocket secured by a string.
The transportation or shipment of aneroids across country, the ele-
vation of which is beyond theé limits of the aneroid range, should be
avoided whenever practicable.

USE OF BALDWIN SOLAR CHART.
EXPLANATION.
The chart (PL. II) consists of elliptical lines indicating the sun’s
path for different latitudes from 30° to 90° N.,! intersected by straight
sun-time lines at 5-minute intervals; the hour lines are heavy and are

marked by their respectivehour figures. The intersection of these
time lines with latitude ellipses are called sun-time points. Fig-

! A separate chart is provided for use in latitudes 0° to 30°.
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TO CONVERT STANDARD TO SUN TIME FOR USE ON THIS CHART APPLY CORRECTION FIXED
BY LOCATION OF DATE POINT OF THIS DIAGRAM (SEE BELOW), AND ALSO ADD QR SUBTRACT 1
WMINUTE FOR EACH éﬂEGHEE OF LONGITUDE OBSERVER IS EAST OR WEST RESPECTIVELY OF
. CENTER OF STANDARD TIME ‘BELT USED X

i

DATE POINTS. IN'THIS FIGURE AND IN FIGURE 2 ON THE CHART (PLATE i), THE DATE.
POINT ON ANY MONTH CURVE IS FOUND AS FOLLOWS:
BETWEEN LONGITUDES 0% AND 45° EAST OR*WEST OF GREENWICH (AND BEFORE 1929) USE:
- DURING FIRST YEAR AFTER LEAP YEAR, DATE-LINE INTERSECTION:
"DURING SECOND YEAR AFTER. LEAP YEAR, A POINT 4 DAY SPACE EARLIER:
DURING THIRD YEAR AFTER LEAP YEAR, A POINT S DAY SPACE EARLIER;
DURING LEAP YEAR, JANUARY AND FEBRUARY, A POINT 3 DAY SPACE EARLIER;
DURING LEAP YEAR, MARCH TO DECEMBER, INCLUSIVE. A POINT /4.0AY SPACE LATER
-AN ADDITIONAL CORRECTION MUST BE MADE THUS:
BETWEEN LONGITUDES 45° AND 136°,%4DAY SPACE' { EARLIER IF EAST
BETWEEN LONGITUDES:186° AND T180°,/5 DAY SPACE \ LATER IF WEST
BETWEEN ‘YEARS 1929 AND 1961,% DAY SPACE LATER
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ure 1, Plate II, represents the portion of the chart not completely
shown in the sections between 5 and 7 o’clock. It is an auxiliary
diagram to aid in finding sun-time points between these hours. Itis
divided into before and after 6 o’clock segments, on each of which
the latitude is to be interpolated between the radial lines and the
sun time between the circular curves. A supplement to this chart
for use in latitudes below 30° is available.

Figure 2, Blate I, is a diagram for finding daily the pivot points on
the arrow, the positions for which vary according to the sun’s decli-
nation and the latitude. Figure 3, Plate II, is a diagram by means
_of which local mean time may be converted into local apparent

time. Below it is the factor required to convert standard to local
mean time. S

To use the chart some form of stylus or gnomon that will cast a

good shadow must be provided on the alidade. ’

OBJECT OF THE CHART.

The chart is designed to supply a means of obtaining true north in
regions where the local conditions will not permit the usual deter-
mination by compass. When it is turned so that the proper pivot,
point on the arrow and the sun-time point on the latitude arc are
on a line parallel to the shadow cast by a plumb line upon a level
table the arrow will point true north. The chart is intended to be
used with the plane table, which may be oriented by its aid.

PREPARATION OF CHART FOR USE.

T'wo methods may be used to adapt the chart to local use:

1. It will be found convenient in surveying an area of small
range in latitude to emphasize, by drawing in pencil or colored ink
on the main diagram (P1. II), the curve for the middle latitude of the
area under survey, proditcing the cirve so as to complete the ellipse
to the 6 o’clock point. “Draw the same latitude lines (radiating
from A and 6, respectively) on figures 2 and 1. In Plate II such
lines are drawn for latitude 43° N.; new lines should be provided for
any material change in latitude. A convenient device may be pro-
vided for fixing the daily positions of pivot points by sticking a nar-
row cardboard strip on the chart with one edge directly on the center
line of the arrow, using shellac-alcohol adhesive.. The strip should
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be placed on the outer side of the arrow for use in spring and winter
and on the inner side for summer and autumn, astronomic seasons.
Mark on the strip in the form of a scale the positions of pivot points
for-the latitude of the sheet for selected dates, so that the points for
any intermediate dates can be found by interpolation. Cut away
the portions of the strip for all elapsed dates and use the corner of
the card at the proper date as a stop against which the alidade is
placed. When the chart is to be used on the west edgaof the plane-
table sheet it may be more convenient to turn the chart 180° from
its regular position (that is, point the arrow south), so that the arrow
will be over the border. The pivot points as found in normal posi-
tion apply in this position also, but the relative position of pivot
point and sun-time point will be reversed.

2. Plate I1I, upper half, is a working chart constructed from the
main chart by drawing only the portions essential for immediate
use. It consists of the ellipse for the latitude of the area, the hour
lines, and the north-south arrow. As the chart is designed to be
used with local apparent time and to provide for daily change in
declination, figures 3 and 2 on the main chart (P1. IT) will be used
for converting standard time to local apparent time and for fixing
from day to day the pivot points ¢ and a*.

Plate III, lower half, is a special chart constructed from the main
chart to illustrate the use of the figures. In figues 2 and 3, Plate III,
the day lines intersect the month’s curve at date points correspond-
ing with noon values of declination and equation of time, respec-
tively, for the year 19138 at Greenwich, England. For other years
and places a date correction must be made, as tabulated on the face
of the main chart (P1. II). Figure 2, Plate III, is used to obtain
pivot points on the arrow, two being required for each day. The
north one is the a. m. pivot point and the south one the p. m. pivot
point, when the day is one included in the half year between March
22 and September 21, inclusive (that is, when the position of the sun
is north of the Equator), the relative positions being reversed during
the other half of the year. The a. m. pivot point is always directed
toward and the p. m. pivot point away from the sun with respect to
the sun-time point.

Example: On July 28, 1913, find pivot point (a) and sun-time
point () at 10 a. m., latitude 43° N, longitude 97° W. Atlongitude
97° W. the local noon date point on .T uly curve (fig. 2, PL. II) isabout
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a quarter day space from the 28th toward the 29th day line (97°
falling between longitudes 45° and 135° wes} of Greenwich). From
this point project a vertical line to intersect the diagonal latitude
line 43°. Draw a horizontal line from thisintersection to the arrow.
The point of intersection of this line will be the a. m. pivot point
(a). The same distance below point €' will be the p. m. pivot poirt
a'. Transfer these points to Plate ITI (upper half) if the work chart
is to be used. Note that if the date had been between September 21
and March 22 following the first pivot located would have been the
p. m. pivot point. To find the sun-time point at 10 o’clock a. m.
follow the hour line 10 to its intersection with the latitude ellipse
43° as shown at b (P1. III); this is the sun-time point.

To find the sun-time point at 6.30 o’clock a. m., same latitude,
use the auxiliary diagram (fig. 1, PL. 1I). Follow the sun-time
curve for 6.30 o’clock to its intersection with latitude line 43°.
Project this point horizontally to the ellipse and its intersection is
the sun-time point for 6.30 o’clock at (¢) on the diagram.

Figure 3, Plate II, is used to obtain the correction necessary to
convert local mean time to local apparent time. This, combined
with the correction for longitude, gives the total correction to con-
vert standard to sun time. To convert standard time to local mean
time a correction of 1 minute must be made for each quarter of a
degree of longitude east or west of the center of the time belt in
which work is situated, to be added if east or subtracted if west.

Standard-time meridians ordinarily are multiples of 15° of longi-
tude east or west of Greenwich, England. Those crossing the
United States proper are at longitudes 75°, 90°, 105°, and 120° W.,
znd are the central meridians of the eastern, central, mountain, and
Pacific standard time belts, respectively. Hawaiian standard time
meridian is 157° 30/ W., and there are some other exceptions.

To convert local mean time to local apparent time, locate on this
figure a date point by following the proper day line to its inter-
section with the proper month curve, and the corresponding time
correction can then be read on the minute scale at the top.

Example 1: Plate IIT (lower half), July 28, longitude 97° W.,
find the correction to convert standard time to sun time. Longitude
97° W. is 7° west of the center of the central time belt 90°, and this
interval equals a correction of 28 minutes to subtract. The July 28
date point on the July curve is opposite 65 minutes to subtract.
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The combined correction is therefore 343 minutes to subtract from
standard time.

Example 2: On November 15, at longitude 106° 15 W., the
correction would be 5.minutes to subtract and 15 minutes to add,
on account of longitude and date, respectively, a combined cor-
rection of 10 minutes to add.

Standard time can be obtained at most railroad stations or tele-
graph offices. The watch used should be set each day to apparent
sun time by applying the constant correction for longitude and the
daily correction for equation of time.

ORIENTATION OF PLANE TABLE.

To orient the plane table by use of the chart, attach the latter to
the plane-table sheet so that the arrow will be parallel to the line
on the sheet representing the local meridian. The plane table
being leveled at a station, select the sun-time point for the instant
of observation, place the edge of an open-sight alidade at the sun-
time point and the pivot point, and revolve the plane table until the
edge of the alidade lies parallel to the shadow of a plumb line, or
the shadow of some other gnomon placed on.the alidade. The
gnomon must be perpendicular to a level line transverse to the
alidade edge. -

Example: Plate III (upper half), at 10 o’clock, July 28, latitude
43° N., longitude 97° W. Place the edge of a sight alidade at pivot
point (2) and at sun point (b), using the open sight as a gnomon to
cast a shadow on the ruler. Revolve the plane-table board until
the shadow of the sight is bisected by a line on the alidade parallel
to the edge; then clamp the board. The arrow is now in its true
north-south position.

To obtain best results it is necessary to use accurate time and
to carefully plumb the shadow plane.

In using a telescopic alidade and separate gnomon with the solar
chart it is essential that the telescope sight line be parallel with
the ruler edge; this may be tested by means of a metal sight alidade
or two pins placed against the ruler of the telescopic alidade. The
open sights (or pins) are set on a point about 1,000 feet distant;
if the cross wires in the telescope also cut the point sighted the line
of collimation and the edge of the ruler are parallel. If an appre-
ciable error is found, in order to correct it place the arrow line of the
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chart parallel to the line joining the pins, then shift the alidade over
the chart till the telescope cuts the point sighted and draw a meridian
line on the chart along the alidade edge, which will in use be placed
parallel to a meridian of the field sheet.

The length of sight on the field sheet should not exceed the dis-
tance on the chart between the sun-time point (b) and the pivot
point (a), or the length of the shadow of a vertical gnomon. This
will vary with the time of day and the season of the year.

ERRORS.

The error in azimuth caused by errors in latitude, time, and level
can be found graphically upon the chart for various conditions, but
it is important-to observe that the error in azimuth due to error in
time is most apt to be serious. At the pole 4 minutes error in time
causes 1° azimuth error. Elsewhere, if the sun time .used is not
over 3 minutes in error, the error in azimuth will usually be less than
1° before 10 a. m. and after 2 p. m.; the error at low latitude being
least, but near these hours the error at low latitudes changes more
rapidly than at high latitudes and at and near noon is greatest.
On June 22, at latitude 30° N., 3 minutes error of time at noon will
cause about 6° error in azimuth, but at 10 a. m. and 2 p. m. it will
cause only 0.5°. At latitude 40° N. the error at noon will be less
than 2.5°, whereas at 10 a. m. and 2 p. m. it will be about 1°. To
obtain good results with the chart in secondary traverse, time error
should not exceed 3 minutes in most cases, and near noon in low
latitudes it should not exceed 1 minute. Fast time increases the
measured azimuth of a course, and since the error is greatest at noon
a straight course run throughout one day would appear as a slight
reversed curve, the morning curve to the right and the afternoon
part tothe left.

TIME CORRECTION.

Sun time can be found as described in the foregoing text. It can
also be found directly from watch time (whether that be fast or slow)
if the plane-table can be reliably oriented each morning by known
points by placing the alidade edge against the proper pivot point
and toward the sun. The edge of the alidade will then cut the true
latitude curve at sun time and by subtracting the watch time its
correction will be obtained.
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_ FIELD WORK.
GENERAL CHARACTER OF ATLAS SHEETS.

Quadrangles.—The topographic mapsof the United States Geologi-
cal Survey are designed to constitute a topographic atlas of the United
States for a geologic base. To that end they are issued in standard
sheets approximately uniform in size (173 inches long and 12 to 15
inches wide according to the latitude), representing quadrangles,
each bounded by meridians and parallels.

Projection.—All atlas sheetsare based on the polyconic projection.

Each sheet is laid out independently with respect to its own
medial meridian.

Scales.—Standard field scales are 1:192,000; 1:96,000, 1:48,000,
1:31,680, 1:24,000, 1:21,120, 1:20,000, and 1:12,000,

Contour interval.—The relief on all atlas sheets is expressed in con
tours. The intervals adopted are 5, 10, 20, 25, 50, 100, 200, and
250 feet.

Contents of the map.—The data shown are essentially the same for
all maps of the topographic atlas and differ only with the limitations
of the different scales. They comprise all habitations, routes of
communication, and other works of man that are permanent in char-
acter; the boundaries of civil divisions, reservations, and grants, as
well as the lines of the public-land surveys, accurately determined
useful elevations; water features, swamp and marsh land; relief
features, and the names of all features, cultural and natural.

PRELIMINARY INSTRUCTIONS.
PREPARATORY WORK.

Preparation of field sheets.—Before starting for the field, the topog-
rapher should prepare his field sheets in the form best suited to the
conditions under which his work is to be carried on.

Drafting of projections.—Coordinates for projections should be
taken from the polyconic projection tables.! Whenever convenient

1 Geographic tables and formulas, pp. 38-94; U. S. Geol. Survey Bull. 234, pp. 37-93,
1904. Also Coast and Geodetic Survey Special Pub. 5, 1910.

142
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the platting may be expedited by the use of the Bumstead projector
(1: 48,000 and 1: 96,000). Whether this device be used or not, each
projection must be subjected to a thorough test by some person other
than he who did the platting. It does not suffice that he merely
repeat the plattings of the first draftsman with the figures used by the
latter. A true check consists of independent computations and
measurements throughout. The verifier should therefore enter the
tables anew, replat the coordinates, and, as a final test, measure the
over-all dimensions of the projection and compare the length of its
diagonals.

The platting of primary-control points should, sirnilarly, be
checked by independent measurements.

Data from other surveys.—Existing map material of Federal, State,
and municipal surveys and other authenticated organizations
should be diligently sought. Maps of the General Land Office, the
Coast and Geodetic Survey, the Hydrographic Office of the Navy,
the Corps of Engineers of the Army, the Mississippi River Commis-
sion, the survey of the Great Lakes, the national boundary surveys,
State boundary surveys, boundaries of national parks, forests, monu-
ments, game and bird preserves, Indian and military reservations,
land grants, surveys made by the Reclamation Service, Forest Serv-
ice, and Bureau of Soils should be obtained and such of them as
prove, on field examination, to be adequate, should be incorporated
in the field sheets, with proper recognition. (See p. 180.)

All such material will, upon requisition, be reduced by photog-
raphy to the field scale.

Sheet borders.—It is of prime importance that contiguous atlas
sheets shall join perfectly, so that when they are laid edge to edge
the lines on them shall pass without break or offset from the one to
the other. In order to insure such perfect joining, compliance with
the following rules is necessary:

Betore beginning field work on a new sheet, the topographer should
procute a border strip from each adjoining sheet already mapped,
such border strip to embrace a width of at least 1 mile and to be
photographed to the field scale. : )

Should it appear in the progress of field work that the older sheets
contain inaccuracies, or are not up to date as regards developments
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in culture, the new work shall be considered as standard and .the
older work be revised for such a distance over the border as may be
necessary to effect a good adjustment (generally not over a mile),

Should the older sheets prove so deficient in quality or so far out
of date as regards culture that radical revision would be required to
make them join to the new work, the topographer must at once
report the matter to the division geographer.

Border corrections to be applied to sheets already published should
be submitted on tracings upon completion of the inking of the new
work.

Wherever the adjoining sheets have not been mapped, the field

work should be carried across the border of the new sheet for approxi-
mately one-half mile.

Identification of field sheets.—It is of the utmost importance that

every field sheet, whether plane-table or traverse, should be marked,
before work is begun on it, in a manner that will insure its ready
identification. Accordingly, each should bear on its margin in
indelible black ink the name of the State, the name of the quad-
. rangle, the scale and contour interval, the name of the person re-
sponsible for the mapping, and the year in which the work was done.
The latitude and longitude must be clearly marked in pencil at each
of the four corners of the projection.

NAMES., ' ’

Names to be shown.—The map should show the following names:

Cities, towns, villages, and other settlements, including all coun-
try post offices and railroad stations. (Where the name of a rail-
" road station differs from that of the corresponding post office, both
names should be shown, the one most widely known being given
the greater prominence and the other being followed by “P O’ or
““Sta,”” as the case may be.) .

Country schoolhouses.

Country churches, when used as locality names.

Isolated ranches constituting important landmarks in sparsely
settled districts. -

Important public institutions, such as universities and colleges,
State hospitals, asylums, and penitentiaries. :
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Railroads (steam or electric). In addition to the name of the
system, it is desirable, as a rule, to give the name of the branch,
line, or division. .

Highways, turnpikes, and boulevards.

Bridges, ferries, and fords.

Through trails.

Important steamboat routes on large lakes.

Important canals, ditches, aqueducts, etc.

Tunnels, dams, lakes, reservoirs, and other public works.

Lighthouses, lightships, and life-saving stations.

Parks and cemeteries, if scale will allow.

Isolated mines, quarries, prospects, and oil wells.

Isolated furnaces and smelters.

Civil divisions.

Reservations.

Hydrographic features.

Springs, wells, and tanks, especially in arid regions where these
features are of vital importance.

All relief features.

Authority for names.—The topographer should utilize local oppor-
tunities for obtaining the correct names and spelling of all features
shown on the map and not resort to correspondence on this subject
after his return to the office. The general policy should be to con-
form to local usage.

New names.—In unsettled or sparsely settled regions it may often
be found desirable to give names to the more important land and
water features as a means of reference. Such names must be sub-
mitted through the geographer in charge to the chief geographer
with full particulars showing their appropriateness for final action.
The selection of new names should not be a mere matter of whim
but should be made with due consideration of their geographic
value and significance. TFollowing are some of the principles
adopted by the United States Geographic Board:

(a) Names suggested by peculiarities of the topographic features
designated, such as their form, vegetation, or animal life, are gener-
ally acceptable, but duplication of names, expecially within one

53137—18~——10
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State, should be avoided. The names ‘“Elk,” “Beaver,” ‘“‘Cotton
wood,” and ‘““Bald” are altogether too numerous.

(b) Names of living persons should be applied very rarely, and
only those of great eminence should be thus honored. No personal
names should be attached because of relationship, friendship, or
personal interest.

(¢) Long and clumsily constructed names and names composed of
two or more words should be avoided. :

(d) The possessive form of names should be avoided unless the
object is owned by the person whose name it bears.

(e) The multiplication of names for different parts of the same
feature, such as a river or mountain range, should be avoided. Only
one name should be applied to a stream or mountain range through-
‘out its length.

Such names as ‘‘East Fork” and ‘“North Prong” for branches of
a river should be avoided unless there is a special reason for their
adoption. Independent names should be commonly selected.

MAPPING OF CULTURAL FEATURES.

Features to be mapped.—The following cultural features are to be
shown on all topographic atlassheets by conventional signs, as shown
on pages A-X:

.

Aqueducts, water and oil pipes. i Locks.

Bench marks. | Mines and quarries.

Boundary lines (civil). . Oil tanks.

Boundary monuments. i Oil wells.

Bridges. ! Power lnes.

Buildings © Primary-traverse stations.

Canals and ditches. - Prospects.

Cemetleries. ' Railroads.

Coke ovens. ' Reservoirs.

Dams. ! Roads.

Ferries. Steamboat routes.

Fords. ! Trails.

Land corners. | Tramways.

Land grants. ' Triangulation stations.
Land-survey lines. | Tunnels.

Levees, cuts and fills. ' Unpited States location monuments.
Life-saving stations. i United States mineral monuments.

Lighthouses.

Wharves, docks, jetties, ete.
Lightships. )
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Roads.~—Under roads are included all streets and roads, public
and private. Distinction is to be made between first-class and
second-class roads, the former being shown by solid double parallel
lines, the latter by broken double parallel lines. Metaled roads,
further, are to be distinguished on the engraved map by having
one of the two lines accentuated. On the field sheets it may be
convenient to represent roads by single lines, but it is nevertheless
important. that the class of each road shall be indicated on them in
some way. A simple method of marking consists of placing a figure
or letter on each stretch of road, thus—1 standing for first class, 2 for
second class, M for metal. This should be done promptly as fast
as the road traverses are run.

The classification of roads is governéd by the following criteria:

First-class roads include all State, county, or other public roads
in such condition as to be available for travel; all main or through
roads in sparsely settled mountain or desert regions, regardless of
condition; all city streets and park and cemetery drives.

Second-class roads include all public roads which through disuse
or neglect have become impassable or can not he traveled without
risk (through roads in sparsely settled regions excepted in accord-
ance with the foregoing paragraph); all neighborhood roads in rural
districts (except those of sufficient importance to be regarded as
through roads); all private roads, lanes, and stub roads to farms and
country houses.

Metaled roads include those first-class roads which are paved or
have a dressing of macadam, telford, gravel, or asphalt. -Even a
thin layer of gravel or broken stone applied without specially pre-
pared subgrade and covering cnly a strip wide enough for one vehi-
cle is held to constitute ‘‘metal.”

In areas where public highways generally follow the section lines
of the land survey the classification of roads is to be made with
reference to ownership and permanency of location, rather than
condition or amount of travel. Roads which are considered per-
manently located include those along section lines and those which
leave the section lines for short distances to avoid natural obstacles.
Roads thus permanently located, when following a section line for:
one-fourth mile or more, are to be classed as first-class roads. Diag-
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onal roads following section lines here and there are to be classed as
private, unless they constitute the main through routes of travel.

Lumber or wood roads generally are to be omitted, but any prin-
cipal through lumber roads which may be properly considered
permanent cultural features are to be shown by the second-class
symbol.

On the 1:3}92,000 scale no distinctions are to be made between
roads of different classes. They are all double parallel lines. -

‘Buildings.—The map must show all buildings of a permanent char-
acter, such as dwellings, public buildings, shops, factories, and
other industrial establishments; it should be reliable not only as
regards their location but also as regards their orientation—that is,
the way each building is set with respect to the points of the compass.

Uninhabitable dwellings, whether farmhouses or miner’s or lum-
berman’s cabins, are to he shown only when they constitute impor-
tant landmarks in regions of sparse culture.

The conventional black square is to be used for all buildings
except those of larger structures whose dimensions platted to scale
actually exceed the size of the symbol. These should be shown
with their individual plan outlines. On large-scale maps all houses
may have to be thus shown.

On the 1:192,000 scale only isolated houses in the country should
be shown; those in towns and cities should be shown by a conven-
tional symbol giving the outline.

Houses should not be shown conventionally contiguous to the
roads unless the actual distance that separates them from the edge
of the right of way can not be platted on the scale of publication.

Detached houses in residence portions of cities, suburbs, and
villages are to be shown separate wherever possible. When the
:scale does not permit individual houses to be shown (see p. 172),
indicate the group by a solid block.

Churches and schoolhouses.—Churches are to be distinguished by
- cross and schoolhouses by a pennant; such cross or pennant should
bz attached to the house symbol, so as to point at right angles to-the
roadway and not necessarily to the north. In centers of dense
culture these distinctive symbols should be omitted. Buildings
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used both for schools and for religious services should bear the
school symbol.

Railroads.—Under railroads should be included all bteam and
electric railroads. Steam-railroad lines are to be shown by the
regular railroad symbol; electric urban, suburban, or interurban
lines, and tramways by a symbol on which the crossties are placed
closer together; and aerial tramways by broken black line with
name. .

Double tracks, railroad yards, spur tracks, and switches should
be shown so far as the scale will permit. Separate railroad lines in
juxtaposition and parallel tracks belonging to the same road should
be differentiated by placing the crossties as shown on the symbol
* chart.

Railroads within a roadway should be shown by fine cross lines
not extending beyond the road lines; suburban electric lines, tram-
ways, etc., should be differentiated from long-distance lines by
closer spacing of the symbol.

A railway-station building is to be treated like other buildings,
except when its symbol is carried conventionally across the tracks
to indicate a station locality not otherwise clearly indicated by the
position of the station name.

Bridges.—The following classes of bridges should be shown by
symbols: All road bridges across double-lined streams; all road
bridges .across single-line streams in sparsely settled regions or
wherever the existence of the bridge is vital to the use of the road;
all road bridges over canals and ditches not crossable otherwise; all
important viaducts over railroads, railroad yards, roads, or streams.

Drawbridges on roads and railroads should be shown by a separate
gsymbol. Ordinary bridges and trestles on railroads are to be omitted.

The bridge symbol should further be omitted wherever in centers
of dense culture its presence would tend to confusion or impair the
legibility of the map; also on reconnaissance maps except where
it indicates important structures over streams otherwise difficult to
Cross.

Ferries—F erries are to be shown by symbol wherever the stream
is wide enough to permit; where it is too narrow (this applies espe-
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cially to the smaller scales), the ferry is to be indicated by the word.
Names of ferries must be put on the map.

Fords.—The symbol for fords is similar to that for second;class
roads. "On large-scale special maps the route of the ford, if difficult
to follow, .should be shown, with its characteristic windings.

Trails.—In mapping trails the topographer should consider their
relative importance as a means of communication. Thus, in moun-
tain and desert regions, especially in the far West, where travel is’
largely by trail, he should take pains to map every trail in use,
giving its name, if known; in the more densely populated districts,
where railroads and wagon roads are plentiful, he should show only
such trails as lead up mountains or through unimproved areas not
readily accessible otherwise. A mere ‘“way through” not regu-
larly traveled does not constitute a trail.

Steamboat routes.—Only those steamboat routes on lakes and
rivers are to be indicated over which a regular public service is
maintained by ferries or passenger boats.

Canals and ditches.—Canals, whether for navigation, irrigation, or
drainage, should be shown by double-line symbol only when. their
actual width can thus be indicated on the scale of pubhcatlon
otherwise, by a single blue line.

The mapping of irrigating ditches is to be restricted to the main
feeders; laterals are not to be shown except on large-scale special
maps. On smaller scales only those ditches which constitute im-
portant landmarks in regions of sparse culture are to be mdlcated

Canal locks.—The lock symbol should point upcurrent.

Aqueducts; water and 0il pipes.—Only the more important aque-
ducts and pipe lines should be mapped.

Tunnels.—Tunnels of all kinds, whether on railroads, roads, or
canals, should be shown by the tunnel symbol; the route of ‘the
tunnel should be indicated by double broken lines (black for rail-
roads and roads, blue for canals).

Dams.—Permanent dams on streams, lakes, or reservoirs should
be indicated by a heavy black line. Where a wagon road follows
the top of the dam, the road is to be shown in its correct place, the
road line on the upstream side being thickened to represent the dam.
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Reservoirs.—Artificial reservoirs surrounded by dams on all sides
should not be inclosed by the dam symbol but should be outlined
in blue like lakes or ponds: .

Levees.—Levees and cuts and fills should be represented by the
hachure symbol only if they are too small to be shown by contours.

Cuts and fills.—The rule as to hachure symbols for levees applies
also to cuts and fills.

Mine dumps.—All mine dumps of sufficient size to deserve map-
ping should be hachured. Larger ones should be contoured but
should also be hachured, so they may not be mistaken for natural
hills.

Wharves, ete.—Wharves, docks, jetties, breakwaters, and similar
structures should be indicated by heavy black lines with such detall
as the scale of the mapping permits.

Lighthouses, ete.—Lighthouses, lightships, and life-saving stations
are to be shown by their respective symbols on all ‘maps, whatever
the scale.

Cemeteries.—If of sufficient size, cemeteries should be shown with
their actual outlines; if too small for this, by a square outline in-
closing a cross. Small private cemeteries should be omitted.

Mines, quarries, and wells.—Maps should show the location and,
wherever practicable, the elevation of all mines, quarries, open pits
of clay, marl, or other material of commercial importance; all min-
eral prospects exceeding 10 feet in depth, and all country coal banks;
and all deep wells, whether drilled for oil, gas, or water, except '
where such wells are so abundant as practically to be indistinguish-
able, in which case only the approximate outline of the pool is to
be shown, ‘

These are to b&recorded in red on the original sheets but are not
to be engraved cn the topographic maps unless they refer to com-
mercial mines of coal, iron, clay, manganese, or bauxite, to stone
quarries, or to exceptionally important and permanent metalliferous
mines. Their commercial character may usually, though not inva-
riably, be judged by their possession of railway switches or docks
to facilitate transportation, or of equipment permanent in character.
Lack of these would exclude from the engraved maps prospect pits,
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shaits, or drifts and coal mines or clay pits worked only to supply
neighborhgod demands.

In sparsely settled regions, where there is little culture to be rep-
resented, isolated mines, quarries, and even prospects which consti-
tute important landmarks and are widely known should be shown
in black with their names and should be engraved.

The above rules apply only to standard-scale maps. On special-
scale mining maps all mining features may have to be engraved,
even prospects and oil wells, It is for this purpose that the special
mine symbols, such as shafts, tunnels, drifts, etc., are provided.
On the standard atlas sheets only the crossed pick and hammer
symbol for mines and quarries and the sawbuck cross for prospects
should be_used.

Furnaces and smelters.—No additional conventional sign is con-
sidered desirable to represent furnaces, and in many cases it will not
be practicable or desirable to name them. In sparsely settled
regions, however, the furnaces are frequently the most important
and persistent landmarks. They have well-recognized names, which
cling to the localities even after the practical disappearance of the
furnaceitself. In such cases, therefore, it is desirable that the names
be given, even if nothing remains but a ruined stack. The same
rule applies to smelters, except that those located may be restricted
to smelters in active or prospective operation.

Coke ovens.—Only coke ovens connected with mines in operation
are to be shown on the engraved maps. Those attached to perma-
nently closed or abandoned mines are to be omitted.

Civil boundaries and boundary monuments.—All civil boundaries,
whether national, State, county, district, civil township, reservation
(national or State parks, forests, bird and game preserves, Indian,
military, or lighthouse), land grants, corporations (city, town, or
borough), parks, and cemeteries, are to be shown on the map by their
respective symbols. Special effort should be made by field parties to
locate such boundaries with accuracy and directly from triangulation
or primary-traverse stations if practicable.

Necessary descriptions, survey notes, and plats of all lines of
importance should be consulted or procured. Data on national or
State reservation boundaries should be obtained at or through the
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Washington office prior to the beginning of the field work. Data on
minor civil subdivisions can best be procured locally, while the
survey is in progress. Many boundaries are obscured or obliterated
by natural causes or artificial works; some are indifferently marked
to begin with; others have lost some or all of their marks. Infor-
mation from local settlers may often prove of value and save time
and effort in the serach for such obliterated lines. The topographer
will do well to avail himself of it; at the same time he should bear
in mind that the word of a resident is not to be taken as authoritative,
but merely as an aid supplementing information from official sources.

All monuments on national and State boundaries must be located
in the field and represented on the map with the appropriate symbol.
On other boundaries it is desirable that monuments occupying con-
trolling positions, such as corners or important crossings, be located.

Where lines are found incorrect in azimuth and distance as the
result of field errors, it is a fundamental principle that the line
marked on the ground is the de facto boundary, and is to be shown
on the map in its actual position, regardless of what the statute calls
for. This may necessitate in some cases the accurate locating of a
number of monuments so that each error in the alinement may be
designated at the particular 'spot at which it exists.

Some civil boundaries are defined by statute to follow natural
boundaries, such as streams or divides between watersheds. Those
following large rivers should be given special attention, as they may
be valiously defined as following the ‘““middle” of the stream, its
main current, or one of the banks.

Public-land surveys.—All public-land survey lines must be shown
on the topographic atlas sheets, and to this end it is necessary that a
number of ““corners” on them be accurately located in the field and
shown on the engraved maps by a black-cross symbol.

In order to expedite the work of locating corners, party chiefs
must provide themselves, before taking the field, with copies of
plats of the land surveys of the assigned areas. These plats should
be assembled in the form of a combined plat, reduced to the scale
of mapping, on tracing paper or linen. A detailed description of
important corners may prove valuable in recovering them.
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The topographer should be familiar with the system of rectangular
land surveys and the various intricacies peculiar to it. The more
conversant he is in these matters the more intelligently will he be
able to make use of land-office data. Acquaintance, further, with the
standard monuments used for the various classes of land corners,
their marks, and their bearing trees, as well as with the manner in
which blazes on trees become overgrown with bark, will prove most
useful both in searching for corners and in determining their authen-
ticity where this is in doubt. (For a discussion of the public-land
survey system see p. 196.)

United States mineral-locating monwments ——Monuments erected as
permanent reference marks for the location of mineral and other
claims (often designated as USLM’s or USMM’s) are important
and should be located with the same accuracy as land-survey corners
and be shown on engraved maps with their designating numbers,

Triangulation and monumented primary-traverse stations.—Trian-
gulation and primary-traverse stations should be indicated on the
topographic maps with the open-triangle symbol only (without
name). Wherever practicable, the elevations of these stations should
be determined, either by levels, stadia, or vertical angles, and be
stamped on the tablet or post that constitutes the permanent mark.
If vertical angles have been used, the letters V. A. are to be stamped
below the elevation figures.

Bench marks.—All permanent bench marks must be accurately
located in the field and shown with their elevations on the engraved
maps. Topographic field parties should not rely upon finding bench
marks by search simply but must locate them systematically with
the aid of the descriptions furnished by the level parties.

Temporary bench marks and other elevation marks.—All temporary
bench marks (see p. 101) must be looked for in the field with a view
toward their inking in on the final office drawings. Temporary
bench marks will be inked with a large red location cross and with
black figures of elevation and will be engraved, but whenever inter-
fering with map legibility they may be shown with red figures of
elevation and not be engraved. Besides the permanent and tem-
porary bench marks it is desirable that the engraved maps should
carry a number of other reliable elevations distributed over the
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entire area mapped. They should be spaced at intervals of about 1
mile on the 1:62,500 scale and about 2 miles on the 1 :125,000 scale.

In selecting elevations for publication on the maps, the topog-
rapher should bear in mind that it is the policy of this Survey to
publish only such elevations as have a definite working value.
(See p. 101.)

All elevation data must be assembled on an oversheet tracing in
the field, as the small elevation figures which have been placed on
the field sheets themselves are ever in danger of being erased or
80 obscured as to be illegible. On such an oversheet distinction
between the different classes of elevations may readily be made by
using different inks.

Locations which are to carry names, the letters “I3. M.,”” and ele-
vations, should be designated by an X on the map as heretofore;
the figures of elevation and the name should hoth be placed on the
diagram furnished for Jettering and neither should be inked on the
sheet by the topographer. By this plan the letterer is enabled to
arrange the names and elevations properly on the sheet.

MAPPING OF HYDROGRAPHIC FEATURES.

Features to be shown.—The hydrographic features to be shown on
all topographic maps are

Shore lines. . Lakes, ponds, and sinks.

Tidal flats. _ Intermittent lakes.
Tidal (salt) marsh. . Dry salt lakes.

Perennial, | Fresh marsh.
Streams Intermittent. Submerged marsh.
Dry stream courses. ;. Wooded marsh.
Springs. i Glaciers.

Wells, tanks, and reservoirs.

Shore line.—COn all topographic maps of the Geological Survey the
line of mean high tide is considered to be the shore line.

Changes in shore line.—Reported changes in shore lines should be
verified by independent field measurements before being adopted.

Tidal (salt) marsh.—Tidal marshes on low coasts are as a rule
traversed by a network.of tidal channels. Unlike the rills in mud
flats these channels are fairly permanent in location and should be
mapped individually so far as the scale permits.
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Large rivers.—Broad wvers which arc to be water lined on the
engraved map offer a perplexing problem to the topographer, as,
owing to their periodic fluctuations, their width often varies signifi-
cantly with their stage. The general rule is that the width shown
should correspond to the normal stage. :

Bars should be ‘“sanded” on the final map and the limits of the
sand area indicated in pencil on the field sheets.

In areas where the flow of streams, though active for brief periods,
dwindles or ceases altogether for many months, the normal or pre-
vailing stage is very low. Thus, rivers like the Platte are normally
braided streams, and should be represented as such on the map.
Many rivers in the desert regions present nothing more than broad
sandy washes and should be shown by strips of sanding.

Mapping of river banks.—If the contour interval is too large to
permit the delineation of river banks by contour lines, hachures
should be used, a single row being sufficient.

Doubled-lined streams.—No stream should be double lined unless
its actual width can thus be shown on the scale of publication without
need of exaggeration. '

Perennial streams.—The topographer will show on his field sheets
all perennially flowing streams that the scale of publication will
permit; to prevent confusion in inking, his field drafting should
clearly distinguish between perennial and intermittent streams.

Intermittent streams.—Intermittent streams are those having alter-
nating pools and dry stretches, or those flowing for only part of the
year. ‘

On his penciled field sheets the topographer can not show too much
of the intermittent drainage. For the engraving, to be sure, only the
more important drainage courses are to be inked, but for the construc-
tion of the map all drainage lines are of value. They constitute a
controlling element of all normal-erosion topography, and serve as a
natural skeleton for the construction of the contours. Indeed, the
systematic tracing out of the drainage net can not be too strongly
recommended; the earlier the topographer begins to cultivate the
habit the more successful he is likely to be in his work. Even in
volcanic, sand-dune, or glaciated areas, where the topographic fea-
tures have been shaped by agents other than running water, the
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drainage lines will often be invaluable to the topographer in making
clear the real nature of slopes and u-regular surfaces that are in them-
selves deceptive to the cye.

_ Disappearing streams.—Many streams in limestone regions abruptly
sink into caverns and continue their courses for long distances
through ‘subterranean channels. Special care should be given to
the mapping of this type of drainage; the points of disappearance
and reappearance should be accurately located.

Springs,—The importance of springs is dependent on their relative
usefulness as g part of the water resources of the region in which they
occur; and that is the criterion that should govern their mapping.
Thus, although it would be entirely proper to omit springs in large
numbers from maps of well-watered regions, it would be manifestly
improper to omit them from any map, even the merest reconnais-
sance, of desert regions. There, springs are literally of vital impor-
tance, and their omission or erroneous location may have the gravest
consequences to those dependent on the map. In such regions it
is further desirable to indicate the name by which each spring is
known. Intermittent, alkali, or undrinkable springs should be so
designated on the map.

Wells and tanks.—The importance of wells and tanks, like that of
springs, depends entirely on their relative usefulness as a part of the
water resources of the region. In semiarid regions both wells and
tanks must be shown. Wells, if artesian, should be so designated.

Lakes, ponds, and sinks.—Wherever doubts arise as to the limits of
lakes, ponds, or sinks, the line of the permanent land vegetation
should be mapped as the boundary.

Intermittent and dry salt lakes.—Shallow lakes and ponds which
are dry for many months each year and dry salt lakes are a physio-
graphic feature typical of some regions, and all those not too small for
the scale must be shown.

Fresh-water marshes—Fresh marsh and swamp land is defined as
that not suitable for eultivation without first being drained. All
. lands of this class should be shown on the published map with fresh-
marsh aymbol. )

Submerged marsh.—Marsh lands that are partly submerged for
many months each. year are to be differentiated from ordinary marsh
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and represented by a special symbol comhbining water and marsh
tufts. » ¢

Glaciers.—The area of each glacier is to be outlined by a dotted
(blue) line, and its surface is to be contoured (with blue lines on the
final map) with the same contour interval as that used for adjoining
land surface, and with the same degree of accuracy.

MAPPING OF TOPOGRAPHIC FEATURES.
COXNTOURS.

For the cartographic representation of land forins several systems
are available, but that which has proved most useful and has become
the standard in Geological Survey work is that of contour lines.
The superiority of this system lies in the fact that not only is the
vertical interval between the lines capable of being regulated to suit
the character of the relief, but each contour, being a line of constant
elevation lying wholly within a “level surface’ parallel to the
spheroid of sea level, projects upon the plane of the map with a min-
imum of distortion. It appears for all practical purposes with its
true length and true deflections, and consequently represents the
contour of the ground at a given level with exactness.

DELINEATION,

Uniformity in practice —Uniformity in practice in the delineation
of topographic features is essential if harmonious results are to be
obtained, and although much of the divergence in style of contour-
ing arises from a deficiency in training of eve and hand in the artistic
phases of the work, some of it may be attributed to a lack of recogni-
tion of basic geometric and physiographic principles. The following
suggestions may assist in obtaining the required standard:

Methods of contouring.—In regions where the principal control is
obtained by different kinds of traverse generally extended along
public highways, the usual procedure is first to contour the country
along the route of a given circuit and then to complete the interior
of this particular circuit, subdivided by additional control which
will be a sufficient base for the accurate delineation of all essential
features required by the scale and contour interval. This subdi-
visional control may consist of one or more of the several kinds of



MAP CONSTRUCTION, 159

traverse, of intersections obtained from plane-table stations, or of
such a combination of methods as will in the judgment of the to-
pographer produce the most accurate and economic results.

The method of contouring regions of bold relief, where all the
features are plainly visible, is that of delineating one feature at a
time; of drawing all the contours on one land form before commencing
on the next. To apply this method with best effect, the topographer
should learn, in the first place, to parcel the landscape into its con-
stituent masses or unit forms. The simpler and more easily con-
ceived their conformation the more readily and surely the delineas
tion will proceed. He should therefore deal with each mountain,
hill, or spur as a unit. He should, after sufficient control has heen
established, segregate if from its neighbors by locating the drainage
lines that form its natural boundaries, and should, wherever it is
practicable, trace out the crest lines and divides. These and the
drainage lines together constitute the natural skeleton upon which
to place the contours. The skeleton outline once prepared, it is a
relatively easy matter to locate the contours themselves. The in-
dividuality of each unit should be kept in mind and all the lines
expressing its form should be drawn in succession in their correct
relations to one another. Tach spur on a hill or mountain side should
thus be delineated with its own characteristic shape.

It is best, as a general rule, to use convex forms as units, the inter--
mediate drainage lines being used as boundaries.

Use of form lines.—It is realized that practical difficulties often
prevent the topographer from adhering rigidly to the method out-
lined. Incompleteness of control is a common interfering factor.
The upper parts of a hill or mountain may be ready for mapping
while nothing is as yet available to determine the foot of the slopes.
In such cases it may be advisable to extend the sketch beyond the:
control points and to indicate provisionally by ‘‘form lines” the-
configuration of the lower slopes.

In regions of moderate relief, where each feature takes but a few
contours or where the mapping is done at short range, this mode of
provisional sketching by ‘‘form lines” is unnecessary, but when
dealing with intricately sculptured mountains it is often an absolute:
necessity.
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Topographic expression.—The topographer must possess, in addi-
tion to his qualifications as an engineer and surveyor, the ability to
delineate topographic fgatures with such fidelity as to produce a
map which will clearly indicate the physiographic character of the
country.

It is most desirable, therefore, that the topographer should have a
thorough grasp on his subject. The features of the land must be
something more to him than a meaningless jumble of hills and hol-
lows. He must recognize the system that runs through them and
understand the significance of their individual shapes. The smaller
the scale he is working on the more important will such physiographic
knowledge be. Large-scale maps, on the other hand, are less of a
problem, as all features not insignificant in size can be adequately
shown on them. But in delineating even large-scale maps with
abundant control, physiographic knowledge is necessary. Such maps
are usually regarded as equivalent to engineering plats in accuracy
and are therefore bound to be correct. But, however numerous the
iocations controlling a given contour, it is always possible, so long
as they are an appreciable distance from each other on the paper, to
give the line different significant shades of meaning, each equally
justified by the control. That line is likely to be nearest to the truth
that is drawn most intelligently, with the fullest comprehension of
the character of the feature expressed. Geometric knowledge, essen-
tial though it be, clearly is not alone sufficient: the most accurate
geometric concept of a land form is likely to appear ‘‘wooden’ or
lifeless on a map unless it is vitalized into its real significance by an
intelligent insight. It is therefore important that the topographer
have sufficient knowledge of physiographic and geologic structure
to understand the type of land form with which he is dealing and to
reahze wherein its peculiar character res:des

MAPPING OF LAND- CLASSIFICATION DATA.
GENERAL REQUIREMENTS.

Each topographer when engaged in mapping in the States of Min-
nesota, Nebraska, Kansas, Oklahoma, New Mexico, or in States west
of them or in areas containing public lands, national forests, or
national parks in the States east of them, must make the field obser-.
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vations and local inquiries necessary to enable him to submit to the
land-classification board a plat and written report containing such
land-classification data as will indicate the possible uses of the lands
which he maps.

Such reports will be based only upon facts personally observed
by topographers or their assistants or obtained by them through
inquiry from known and reliable sources. Both graphic and written
reports must be signed and dated by the person or persons preparing
them, and must bear the names of the chief or chiefs of party, the
names of assistants engaged in collecting the material on which it
is based, and the date of the field work.

The general character of the information desired by the land-
classification board will appear from the following list of subjects on
which it is required to report to the Director for his submission to
the Secretary of the Interior: '

(a) Designations of (1) areas which are not susceptible of successful
irrigation at a reasonable cost from any known source of water supply
and which can therefore be entered under the general provisions
of the enlarged-homestead act (as suitable for dry farming); and (2)
lands in certain arid States which do not have an available supply
of water (either surface or ground) for domestic purposes such as to
make continuous residence on the land possible.

(b) Recommendations as to withdrawals of lands for Wa,’cel power,
reservoirs, and public watering places.

(¢) Recommendations for the protection of mineral resources and
{or other public uses.

(d) Reports on the valuable power-s1te and reservoir possibilities
involved in (1) applications for rights of way for railroads or for canals,
ditches, reservoirs, etc., included in power and irrigation projects:
(2) proposals for alienation of tracts of land in Indian reservations
and in the public domain under any of the laws providing for such
alienation; and (3) designations by Congress for special alienation
or use of whole Indian reservations and other areas.

The board should be notified of the presence of any deposits of
coal, oil, gas, or phosphate, the topographer bearing in mind that it
is much better to report knowledge already possessed by the Survey
than to fail to report facts not on file. The land-classification mate-
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rial thus submitted will be filed with the other records for the area
.covered and with them will become the basis for recommendations
to the department.

For the purposes of the land-classification board it is essential that
enough‘]and corners be identified on the ground and located on the
map to enable the best possible adjustment of the land-line net to
be made. The land must finally be classified by the smallest legal
subdivisions, and the immediate availability of the classification

" data reported depends on its

GREEN definite application in terms of
the land-office surveys to the
Ft land described.

AGRICULTURAL DATA.

A sheet must be prepared that
will show the classification of
the land in accordance with,

: the general outline and sym-
Fs Fb bols described below. The
base for this sheet will be the
topographic map of the area
covered, but the classification
will be inked on tracing cloth,
on which all projection lines
should be fully shown and
numbered. When transmitted to the board it should be attached
to an undersheet, either a photolithograph or a photograph of the
topographic map on the same scale.
An accompanying written description should explain and amplify,
_where necessary, the information given on the classification sheet and
should include all facts which can not be clearly shown graphically,
including the character of each examination. The description
should, when practicable, be arranged in the order followed in the list
of symbols given below and should he arranged in paragraphs, with
headings corresponding to those there given, including the index
letters. This description should include a discussion of the usual
money value of the different classes of land in the locality, so far as
known. The description should be appropriately headed and each

FIGURE 6.—Pattern and symbols for designa-
tion of forest land.
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page should be so designated that if separated from the others it
could be quickly restored to place.

The outline and sets of symbols (shown in figs. 6, 7, and 8 and
described below) should be used in preparing agricultural data for
submission to the land-classification board. The system permits
the overlapping of different classes of lands to be shown. For
example, land bearing merchantable timber may be good summer
grazing land, and these facts may be indicated by vertical lining

RED
A

FIGURE 7.—Patterns and symbols for designation of arable land.

and the letters “F t’’ in green and by horizontal lining and the
letters “G s”’ in yellow.

The boundaries between the four principal divisions as listed below
should be inked in black. The boundaries between the subdivisions
of a principal division should be inked in the color of that division.
1. Forest land (fig. 6; green ruling):

Bt Mexcha,ntable timber.
Fs Small or stunted timber which may be used for posts,,
firewood, etc.
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1. Forest land—Continued.

F b Burnt areas. .

- The kind of timber should always be described in the accom-
panying text, and where possible its kind should be indi-
cated on the classification sheet.

L 2. Arable land (fig. 7; red ruling):

YELLOW G Caltivated-land:

i C1i With irrigation.

. Cd Without irrigation.

I TLands not irrigated but which may

R .. «béirrigated: ) _

G ' Is . Irrigable directly from

T ' . streams or springs. State un-

) _ ] appropriated water rights™if

ey : . .known; if unknown, so state.

_ 1T Irrigable from. possible

Gs | . s . 'storage reservoirs. :

3 : * . Iw Irrigable from wells. Give

’ © geologic source if known.

Vol & p  Irrigable only by pumping

Gw, © from any of the. preceding .

] ' ‘three (msert “pto other

e . :  letters; as, Isp).
FIGURE 8.—Pattern and ; D Lands cultivable without irrigation
symbols for designa- (dry farming). N
tion of grazing land. - 'S Swamps: SN
~-Se- Easﬂy or readily drainable. - -
S d-» Drainable with difficulty.
3. Grazing and natural hay land (fig. 8; yellow ruling):.
H Lands with sufficient natural grass to cut for hay.
G Grazing lands not included under «gL Indicate on
. classification sheet where practicable the character of
the vegetation and the duration of the range:
Gy Yearlong. . . R
Gs Summer.
G w Winter.

¢



MAP CONSTRUCTION, 165

4. Barren or waste lend (no pattern):
B.a  Alkali flats.
Br Rock wastes, escarpments.
Bs. Sand wastes.

; B.x Other barrenq

Outlmes and symbols for deszgnatwn of agriculiural waler supply

Wells : . oo . :
Character:
. Flowing.
O Nonflowing.
. ‘Description: . o ‘ '
Dug or drilled. -
: ,Diameter and depth, indicated-thus: 37 X 168’.
po Yield, where well is pumped or where well flows.
Quality of water: ,
m: " Mineralized. ,
du Suitable for domestic use.
" st Stock use.

2. t1r Railroad use. ' ﬁ
.Ownership. _ .

Springs and watering places:

t Location.
Description.
Quality ofswater.(as for wells).

. Uses (domestic, stock, ete.). ) : .
Ownership, public or private. If private, name of owner or

occupant, ' ' -
) Alea. of range controlled

. L ', g WAI‘LR-EUPPIY DATA.
River surveys in regula) topographic mapping.—In connection with
or.as a partiof all regular topographic mapping on field scales of
.'96,000 or 48,000, river surveys of-all important streams will be
made on. a uniform scale, both in field and office, of 48,000. For
this purpose important streams may, in general, be defined as those

adapted to the development of power by low or medium heads of
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20 to 100 feet. It should be noted that when interpreted on a
48,000 scale the requirements as to detail which it is possible or
desirable to show become automatically lessened.

The field traverse sheets when carefully inked should serve as
final copy for assembly on the plan-sheets and for data from which
corresponding profiles may be made on separate sheets,

‘When regular field work is executed on 31,680 or 24,000 scale, the
river surveys and profiles should be made on the same scale.

In connection with field work executed on the 192,000 scale, only
written reports will be required as to water-supply data. Such re-
ports should be based on such general observations and local inquiries
as can be made without materially delaying the regular field work.

Written reports.g—Signed written reports, accompanied by photo-
graphs when practicable, must be submitted iu general conformity
with the following instructions, except that map references should
be made both to the plan sheets and to photolithographic copies of
the quadrangle sheet. Note, therefore, that many desirable facts
pertaining to small streams can receive all necessary attention in
the written reports.

Special river surveys.—Special river surveys involving the delinea-
tion of alinement, water-surface contours, and adjacent topography,
and the construction of a corresponding profile will be executed on
the scale of 1 to 31,680 (2 inches to the mile). The plane-table
method with stadia will be employed.

Topography in all river surveys.—The contour interval on' water
surfaces will be 5 feet. In addition, the elevations at the head and
foot of all falls, rapids, and dams and at the mouths of all important
tributaries must be determined. When the stream slope increases
8o that a 5-foot interval can not be readily shown, the water-surface
contour intervals will be increased.to 25 feet; beyond this the in-
terval may be increased to 100 feet, but only when demanded by
legibility.

The contour interval on land along river stretches will be 25 feet,
but wherever a 25-foot office interpolation can be accurately made
hetween the 100-foot contours the 25-foot contours will be omitted
and 100-foot (heavy) contours only will be drawn.



MAP CONSTRUCTION, 167

The land features, including all culture usually found along
.streams but excluding large valleys or cities, must be accurately
and completely surveyed by additional set-ups, intersections, or
side traverses. The work must be executed in such a manner that
the data can be readily incorporated in topographic sheets when such
areas are regularly mapped.

In the absence of special definite instructions the topography as
outlined above should be mapped to an elevation of 100 feet above
the stream and sketched for another 100 feet or more if such higher
sketching can be done without additional set-ups. Mapped topog-
raphy should be indicated by full lines and sketched topography by
daghed lines, thus enabling them to be clearly distinguished.

Exceptions to the above are (1) wide valleys with low flat floors
in which the general height of the floor should be indicated clearly
by auxiliary figures of elevation and the general relief features
beyond sketched so far as possible without additional set-ups. (2)
Resgervoir and dam sites. (See below.)

The more important tributaries should be shown with topography
for about one-fourth mile and then be sketched as far beyond as
possible; for this one or more additional set-ups may bhe taken if
practicable.

Penciled figures of elevation must be placed on the field sheets
whercver they will be legible, and frequent contour numbers should
be placed on light as well as on emphasized contours.

All gaging stations must be located and the elevation of the zero
of the gage given. The ownership, whether United States Geological
Survey, Weather Bureau, Army Engineers, or private, must be stated.

Rapids should not be indicated by means of a conventional sign.

Long azimuth linesshould be drawn on each separate traverse sheet.

Reservotr and dam sites.—The relations between possible reservoir
sites and possible dam sites should be frequently observed as the
work progresses in order that these two counterparts when surveyed
may serve to illustrate to the fullest the natural storage possibilities.
In considering the practicability of a reservoir site the character of
the improvements and industries and the amount, kind, and distri-
bution of the timber should be noted and the land values estimated.
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The contours within reservoir sites must be accurately determined
on a 25-foot interval up to the height of the possible dam. Five-
foot intermediate contours must be surveyed (and drawn in close-
dotted lines and numbered) wherever an office interpolation would
otherwise seriously affect an estimate of storage; that is, wherever an
irregular spacing of 5-foot contours extends over a considerable area.

Special surveys of dam sites favorably located in regard to reser-
voir sites whose existence has been previously ascertained by survey
should be made on a scale of 1:31,680, with 5-foot contours up to the
height of practicable dam or storage. Depth of water at dam site
and character of bottom and abutments should be noted wherever
possible.

" Land lines.—In sectionized country it is imperative that the land
net be placed upon the sheets with an accuracy suitable for 40-acre
references. Hence the best judgment must be used before giving up
the search for land corners. As aiding toward this accomplishment:

Party chiefs must procure reproductions of land-office plats, which
preferably will be photographs furnished on office requisition. They
must also obtain a statement if any such plats are under suspension
by the General Land Office and must also make inquiry and procure
copies of the notes of all such retracements or exterior notes of town-
ships not sectionized as fall within the limits of the river survey.
General inquiry should also be made whenever practicable at the
local United States land offices.

Existing maps or plats showing corners previously found, such as
those of railroad, power, irrigation, and other companies, must be
systematically looked for and procured whenever possible.

Diligent inquiry must be made through deputy mineral surveyors,
county surveyors, and local engineers as to the existence and loca-
tion of known corners or ties, and diligent search must be made on
the ground for all corners believed to exist near the line of survey.
Likewise a reasonable search must hbe made for such others as fall
near or within the work. The time warranted in search for obscure
corners will be generally determined by the probable regularity or
irregularity of the net and the proximity of corners already found.
If no local information is at hand, obviously the greater the necessity
for pioneer hunting for the needed land ties.
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Stream flow.—An approximate estimate of stream flow should be
obtained a short distance below the mouths of all important tribu-
taries. The date of observation and the stage of the water should
be noted. Measurements should be made, if possible, at a straight
and uniform stretch of water about 200 feet long, free from rapxds
and cross currents.

The velocity of the current in lincar feet per second should be
obtained by timing floats (chips) over a measured (stadia) course
and using an average of two or more floatings made in or near mid-
stream and nearer shore.’

The mean cross section in square feet may be assumed to be the
mean of the cross sections at the two ends of the stretch. The indi-
vidual cross sections are obtained separately by multiplying the
local width (stadia or 1ntersect) by the corresponding average esti-
mated depth.

The desired stream flow (discharge) in second-feet is obtained by
multiplying the velocity in linear feet per second by the mean cross
section. Example: Course, 200 feet; floats average 100 seconds in
transit; upper and lower cross sections are 300 and 400 square feet,
respectively; 2 by 350=700 second-feet of stream flow.

Estimated flow of all important tributaries should be obtained as
above.
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