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GENERAL INSTRUCTIONS FOR PRECISE AND SEC-

ONDARY TRAVERSE, U. S. COAST AND GEO-

DETIC SURVEY.

INTRODUCTION.

During the early part of 1917 the United btiiu-^ < un^t and (Jeodetic

Survey started work on a system of precise traverse lines in Georgia

and Florida, which have since been extended into other States along

the Atlantic coast. This work was called for by the Corps of Engineers

of the United States Army to give the necessary primary control for

various military maps in that section of the country. Traverse was

used instead of triangulation as the general lay of the land and the

prevalence of high timber would have made high scaffold signals

necessary to give clear lines for triangulation. The traverse lines

followed the railroads, and so required but little signal building or

cutting of timber.

Although traverse has been used in place of triangulation by the

United States Coast and Geodetic Survey at various times in the past

it has never been used on so large a scale as in the recent work. The
methods employed in the work were largely experimental at first,

but they have been gradually changed and improved until they have

become practically standard.

It has been thought advisable to publish these general instructions

in order to preserve the knowledge that has been gained, to standardize

any future field work as much as possible, and to prevent the continued

use of any methods which have been found inefficient or unwise.

Wlien a precise traverse is to be run over country roads or along

beaches, separate instructions supplementing these general instruc-

tions will be issued to the officer in charge of the general operations.

Changes iu these general instructions will undoubtedly be made
from time to time as better methods are developed. The members
of the field and office forces of the Survey engaged on the precise

traverse and its computations are invited to offer suggestions which

may make it possible to do the work more expeditiously without

decreasing the accuracy or increasing the cost.

5



6 TT. S. COAST AND GEODETIC SURVEY.

GENERAL STATEMENT.

Precise traverse will, in general, be done in those sections of the coun-

try where the topographic conditions make it impracticable to carry
on primary triangulation. The work will supplement the primary

triangulation in furnishing the fundamental control for the surveys and

maps made by federal, State, or other organizations and by private
individuals. The conditions which make it more desirable to carry
on precise traverse than primary triangulation are flatness of the

land and presence of timber. Under these conditions it is neces-

sary to have comparatively short lines in the primary triangulation, and
to erect high scaffold signals at the stations in order to make them inter-

visible.

These instructions are designed for the highest class oftraverse, equal
in accuracy to primary triangulation, and for secondary traverse com-

parable in accuracy with secondary triangulation. Should it be

necessary to carry on tertiary traverse for the control in local areas,

special instructions will be furnished to officers in charge of the field

work.

LOCATION OF TRAVERSE STATIONS.

1. In general the traverse will be run along a railroad track. The
stations should usually be at the intersection of two contiguous tan-

gents of the railroad. Occasionally when the tangent is particularly

long and the profile of the road between its ends such that it would

be difficult to get a line clear between the ends of the tangent, one or

more intermediate stations should be placed at the side of the road.

The profile of the road along the tangent will be the deciding factor in

the location of the intermediate stations. If the ground is practically

level along such a tangent, the stations may be placed almost anywhere,
and should be located near a crossroad, if convenient.

2. In general the stations along any tangent should not be more than

4 or 5 miles apart, as delays caused by observing longer lines will more

than offset the time gained by having fewer observations. It is also

true that stations should be placed fairly close together, so as to be

of the maximum benefit for public and private surveys.

3. A traverse station should be placed near each railroad crossing or

point where a branch line makes off from the line followed by the trav-

erse. Also a traverse station should be located at or very near each

town along the route of the traverse, and when at all practicable a

second traverse station should be located ^vdthin 2 miles of the town

in order to enable local engineers and surveyors to obtain an azimuth

with little difficulty.
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4. When curves are numerous for any given distance and the tangents

very short, it will be well to lay out comparatively long lines extending
over several curves in order that the azimuth may be carried forward

with greater strength than if it had to be carried through a number of

short lines. The distance between the ends of such a long line can be

carried by measurement and angles along the track. This latter work

would be considered in the nature of a subsidiary scheme of angles.

Care must be taken that each end of such a long line is carefully tied

into the scheme running along the railroad between its ends.

MEASUREMENT OF DISTANCES.

6. The lengths in the traverse will depend on measurements made
with 50-meter invar base tapes, standardized at the Bureau of Stand-

ards before and after use in the field.

6. The length should depend upon one measurement in one direction

only, unless a blunder has been made. There should be three primary

tapes in the party, two used in measurement and one used as a stand-

ard. About one-half of the measurement of any considerable portion
of the travei*se should be made with each of the working tapes. A com-

parison should be made of the three tapes at intervals along the trav-

erse in order to detect any changes that might occur in the length of one

or both of the working tapes. No tape should be used ior more than

15 kilometers of measurement without being recompared. The com-

parison of the three base tapes can best be made on the stakes used in

the traverse measurement between a point of tangency and a traverse

station, A distance of at least 100 meters should be used in making the

comparison. Metal strips should be used on the top of the stakes em-

ployed for the comparison to prevent parallax in marking. The com-

parison of the tapes with a record of temperatures, etc., should be

entered in the traverse record.

7. A tape should be sent to the office for restandardization if it differs

by more than 1 part in 75 000 from the standard tape.

8. As soon as a new tape has been received from the office a compari-
son of this tape should be made with the standard tape and the other

working tape or tapes. No actual field work should be done with the

new tape until such a comparison has been made.

9. Do not straighten out kinks in the tape. If such exist and the tape,

in consequence, can not be used for measurement, send the tape to the

office with a letter explaining in detail this condition, giving date on

which the injury or injuries occurred.
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10. The base tapes used in the field should have a tension applied
of 15 kilograms, and this same tension will be used during the standardi-

zation at the Bureau of Standards.

11. Two thermometers should be attached to the tape, one at each

end, during measurement, and they should be read and recorded at

each tape length. Special centigrade thermometers, for use during
traverse or base measurement, will be furnished by the office on appli-

cation. In attaching the thermometers to the tape suitable cases

should be used which will insure good contact with the tape and pre-

vent the breaking of the thermometer. They should be attached to the

tape beyond the end graduations in order to guard against any tendency
to kink the working part of the tape. The cases can be fastened to

the tape by means of adhesive tape, and this will make it possible to

detach them easily when the tape is wound on the reel.

12. A second measurement, with a primary tape, will be made over

any section of the line of traverse which is to be used as a base line from

which to start an arc of primary triangulation.

13. When measuring along a railroad, the distances along the tan-

gents will be measured with the 50-meter tape, supported throughout
its length on top of a rail of the track. The distances from the points

of tangency to the traverse stations at the intersection of tangents,

should be measured over stakes especially set to support the tape.

14. In measuring up to or away from a station the record should indi-

cate clearly whether the tape was held on the station mark itself or on

the bench or table built over the station mark. In this connection do

not use the word "tablet" for the station mark, as it is easily confused

with the word ' '

table .

' '

15. In measuring the offset distance between the point on the rail

and the station itself, for stations along tangents, the record should

show whether the measurement was made horizontally or on an incline,

and in the latter case the difference in elevation must be given,

16. The record should also indicate clearly whether the traverse was

measured to a rail station, to the rail opposite a station, or to the station

itself. A rail station proper is one which is actually on the rail itself

and is occupied with a theodolite for observations of the same degree

of accuracy as for the regular scheme. A rail station is usually put in

to aid in determining some point at some distance from the track. It

is very rare that there will be another traverse station within one or two

hundred meters of the rail station.

17. ^\^lile measuring along the top of a rail, the position of the for-

ward end of the tape can be transferred to the rail with an ordinary

cheap glass cutter. In measuring over stakes, the forward end of the
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tape will be marked directly on the top of the stake by means of a

knife cut or a mark Avith a glass cutter. If the top of the stake is badly

battered, an ordinary pin may l^e driven in to mark the end of the

tape.

18. The rear contact man must use the same end of the small scratch

on the rail as was used by the forward contact man. This will be

brought about by the two contact men always standing on the same

side of the tape.

19. Great care must be exercised in counting and recording the

number of tape lengths in a section. At least one other man in the

party besides the recorder should count the tape lengths entirely

independently. It is suggested that a system of counting tape lengths
similar to the one used in ordinary surveying be tried out by the

taping party. Small tin or aluminum rings or harness rings two or

three inches in diameter could be used for the purpose. For each

tape length one of these rings could be left beside the rail close to the

mark on the rail by the forward contact man and later picked up by
the rear contact man. Twenty one rings could be used and 20 of them

passed to the forward contact man at the end of each kilometer. A
piece of colored rag tied to the ring will enable the rear contact man
to find it readily. The rings can be carried by means of a spring
attached to the handle of each of the tape stretchers.

20. To av(nd gross errors, all fractions of a tape length less than

about 49.9 meters, which enter into a section, should be measured as

set-ups. The set-ups will be measured with a standardized pocket
steel tape or metal scale, except as provided for in paragraph 21.

21. Wlien a fraction of a tape length is greater than 25 meters, it

should be measured as two set-ups; the first one as half a tape length
and the balance as a set-up to be measured with the pocket steel tape.
A half tape length can easily be measured by placing a mark with a

pencil or otherwise near the center of the base tape. Then the dis-

tance from the stake ending the last full tape length to a point on a
stake set approximately 25 meters can be measured twice, once with

each half of the tape, and the error in marking the middle of the tape
can thus be eliminated.

22. In setting stakes on the prolongation of tangents it will be of

advantage to begin at the station and work toward the rail in either

direction, for this will bring the minimum number of set-ups on the

stakes, and all half tape lengths on the stakes will be eliminated.

When measuring by this method, ail necessary large set-ups will occur

on the rail, where they are easily measured.

114585' 19 2
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23. A railroad curve often occurs in a deep cut, which makes it

necessary to put the traverse station at the top of a high bank and

renders the staking and taping difficult. If a saving of time can be

made, it is permissible to compute the distance from the stake,

beyond which the taping would be difficult, to the station by means

of a triangle. A small base should be measured from this stake to

another stake at some convenient point along the curve which will

give a triangle with a good angle of intersection at the station. The

angles should be measured with such accuracy as to insure against an

error as great as one-half centimeter in the computed distance. The
same method may be used in going ahead from the station.

24. During the measurement with the base tape, indicate in the

record the distance from the initial point of the section to crossroads,

railroad stations, water towers, section houses, semaphores, bridges,

culverts, mileposts, banks of rivers, State and county lines, decided

changes of grade and possibly some other objects, in order that the

traverse may be properly connected with the alignment of the rail-

road, and thus make it possible to utilize the railroad surveys in

making maps of the country through wliich the traverse runs. These

measurements will also be utilized in making a determination of the

geographic positions of some of the objects to which distances are

measured. The record must show whether the taping is along the left-

hand or right-hand rail. Instructions in regard to the angles to be

measured to objects along the road are given on another page.
25. The designations of the points of tangency and their distances

from the initial station of the section should be carefully recorded;

as, for example, P. T. 42=24-f-4. (24+4 means 4 meters beyond the

end of the 24th tape length). In case the precise leveling precedes
the taping, the designation of all permanent and temporary bench
marks along the track, and their distances from the initial station,

should also be recorded, as for example, 6+20=T. B. M. 115.

26. No measurement should be made with the primary tape when
the rail is wet, and when it is damp measurements should be made
with caution. It is the experience of those engaged on measurement

along railroad tracks that the tape tends to stick to the rail when the

latter is wet, and therefore errors will result.

CHECK MEASUREMENT,

27. A single check measurement will be made of each section of

the traverse with a 300-foot tape. The best means of recording the

number of full tape lengths is to read and record the temperature each

time. Only one thermometer need be used. Counters may be used



GENERAL INSTRUCTIONS FOR TRAVERSE. 11

as a check on the number of tape lengths. ^Tien measuring from the

P. T. point to the station the tape may be supported on the stakes

that were used for the invar tape, but no other regard should be

given to these stakes. Plumb lines should be used at the ends of

the tape, the same as in ordinary chaining, and the point marked
on the ground with an iron pin.

28. The 300-foot tape may be supported along the top of the rail

or on the ties close to the rail while measuring between tangent

points. The position of the forward end of the tape may be indi-

cated on the top of the rail by a pencil mark. The location of the

pencil mark may be indicated by a cross made with chalk or keel

on the rail or a tie. The distances between the points of tangency
and the traverse stations should be measured as in ordinary chain-

ing without reference to the original stakes.

29. A moderate pull only should be used with the 300-foot tape. It

is believed that five kilograms is sufficient. The object of having a

light pull is to make it possible to have the measurement made with

a very small party. A heavy pull would require the use of stretchers

at the forward and rear ends of the tape. The lengths of the tapes
under the standard pull and temperature must be known.

30. During the check measurement, distances should be indicated

in the record from the traverse station at the beginning of the section

to the country road and railroad crossings, to bridges, water tanks,

mileposts, and other objects, as given in paragraph 24, in order that a

check may be made on the determination of the distance of these

objects from the traverse station. Designations of all points of tangency
and all bench marks along the track and their distances from the

initial station should be carefully recorded; as, for example, l-t-235=

P. T. 42, and 11+135=T. B. M. 115.

31. Measurements with the 300-foot tape may be made under any
conditions of the weather.

32. If the temperature is not recorded for each tape length, as smg-

gested in paragraph 27, the approximate temperature of the tape should

be entered in the record at least once for each section.

33. If the measurement with the 300-foot tape differs by more than

a few decimeters in any section from the distance given by the meas-

urements with the 50-meter base tape, a second measurement with the

300-foot tape will be made. If this second measurement agrees closely

with the first one made with the 300-foot tape, then a second measure-

ment will be made with the 50-meter tape.
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ANGLE MEASUREMENTS.

34. In general, the highest type of instrument will be used in meas-

uring the angles of the main line of traverse stations. When a direction

instrument is used which is read by micrometer microscopes, the

angles will be measured in eight positions of the instrument. The
initial settings for these positions are as follows:

Position
No. Reading.

00 40
30 01 60
60 03 10
90 04 20

125 00 40
155 01 50
185 03 10
215 04 20

36. When the measurement of an angle in the main line of traverse

stations is made with a 7-inch repeating theodolite, a sufficient number
of observations should be made to obtain the same degree of accuracy
as can be obtained by measuring the angle in eight positions with the

direction theodolite. It is probable that about three sets, each con-

sisting of six repetitions of the angle with the telescope direct and six

repetitions of the explement with the telescope in the reversed posi-

tion, will be needed to secure the degree of accuracy desired.

36. A position for a direction instrument consists of a pointing on

each object in the horizon, in both direct and reverse positions of the

telescope, for one initial setting of the horizontal circle.

37. Observations for angle measurements at the principal stations of

the traverse should be made only when the conditions are favorable.

To^an inexperienced observer this can be determined only by experi-

ment. It will be found that a steady signal does not always mean that

observing conditions are perfect, t<Sr it is possible that there may be

lateral refraction under the conditions that obtain when the signal

appears steady that might be absent when the signal is tremulous or

jumpy. Excellent observations can be obtained on a signal that is

moderately unsteady when a number of repetitions of the angle or

direction is made. The amount of unsteadiness that will still permit

good observations to be obtained can be determined approximately

by the observer. He can observe some one direction under various
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weather conditions and note the agreement in the angle or direction

obtained under each condition.

38. The 7-inch repeating theodolite should be used in measuring all

angles at subsidiary traverse stations which are not used for carrying

the main azimuth ahead. One set of six repetitions of the angle with

the telescope in the direct position, followed by a set of six repetitions

of the explement of the angle with the telescope in the reversed posi-

tion, is sufficient.

39. The instrument and the object sighted upon should be accu-

rately centered, or, if they are eccentric to the traverse stations, the

eccentric distance and direction should be carefully measiured and

entered in the records. The direction from the eccentric instrument

station to the true station, or from the station to the eccentric object,

should be entered in the list of directions and should be referred to

the same initial station as the other directions from that station.

Confusion is caused by recording the eccentric as "2.5 centimeters

right."

40. One of the greatest sources of error in triangulation or other angle
measurements is what is known as phase. This is caused by uneven
illumination of the object sighted on, thus causing the observer to

point his cross wires to the right or left of the center of the object.

When the sun is shining, a round or square pole \^'ill always have

phase unless the sun is exactly in line with the instrument and the pole,

except that a square pole will not have phase if one face of the pole is

at right angles to the line to the observer.
^
Phase may be eliminated

almost entirely by having a thin strip of board centered directly over

the station mark. It is prt)bable that the signal on which the instru-

ment will be mounted can be made in such a way that a pole 4 inches

square can be set into the top of the tripod. This pole can be con-

structed of two pieces of 2 by 4 inch material, and between the two

pieces at the upper end can be placed the thin piece of board on which
the observations are to be made.

41. At each traverse station observe directions to such objects along
the track as mileposts, water towers, semaphores, railroad stations, sec-

tion houses, and any other objects that may be \isible. (See paragraph

24.) With the angle or direction to these objects and the distances

measured during the determination of the distances along each section,

the geographic positions of a number of objects which may be of great

geographic value may be determined. It is particularly important
that angles or directions should be observed to objects distant from the

railroad which may be determined by observations from several traverse

stations. Each object of a more or less permanent nature whose geo-
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graphic position can be computed from the angles and distance measure-

ment made by the traverse increases the engineering and geographic
value of the work.

AZIMUTH STATIONS.

42. Owing to the fact that errors in angle observations on a traverse

tend to accumulate, it is necessary to observe frequent astronomic

azimuths. The observations should be made on Polaris.

43. In general, an azimuth station of primary accuracy will be

established at intervals of about 30 or 35 traverse stations. Observa-

tions for azimuth should be made only at main line traverse sta-

tions (see par. 46). The locations of the Laplace azimuth stations

will be given in the special instructions for each particular piece
of work.

44. The azimuths may be observed by the method of repetitions

with a 7-inch theodolite. For any instrument double the number of

obsei'vations should be made for azimuth as for a horizontal angle at a

main traverse station. The probable error of a primary azimuth

should not exceed 0.^^50 and for a Laplace station should not exceed

0.^^30.

45. At intervals of about 10 traverse stations secondary azimuth

stations should be established between the primary azimuth stations.

The accuracy of the secondary azimuths should be that represented by
a probable error of about 6^\

46. In order that the geodetic azimuth may be carried along the

traverse with a minimum ewor, it will be well to have stations on or

off the road or railroad along which the traverse is measured which are

intervisible for much longer distances than between the regular traverse

stations. The azimuth can be carried through these extra stations;

but whenever used, the extra stations should be connected in azimuth

and distance with the regular traverse stations and should always be

used instead of one of the regular stations for the azimuth observations.

The angles measured at regular stations along any portion of the line

where there are extra stations should be adjusted to the angles meas-

ured at the extra stations. The extra stations, rather than the regular

stations along the same piece of traverse, will be used in determining

where an azimuth station will be located.

MARKING STATIONS.

47. The standard triangulation and reference marks should be used

in marking the traveree stations. (See p. 42 of Special Publication

No. 26.) They should be set into heavy blocks of concrete or stone to

iiasure permanency.
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48. On the standard station and reference marks should be stamped
the name of the traverse station, and, if the station mark is used as a

bench mark, the letter and number designating the bench mark should

also be stamped on the tablet.

49. All traverse stations should be marked when each two contiguous
stations are a mile or more apart. When the track along which the

traverse is made has numerous curv'es and short tangents, some of the

traverse stations need not be marked in a permanent manner. In

general, there should be a permanently marked station at least every
3 miles along the traverse, except, of course, when a section of the

traverse along a tangent is more than 3 miles in length. Wlien a sta-

tion is marked in a permanent manner, the next station back of it or

ahead of it must be marked also in a permanent manner, in order that

anyone using the traverse may be able to obtain an azimuth. The
station should be marked with an underground as well as a surface

m?,rk. The underground mark may be a bottle or some other object,

preferably set in a small block of concrete. It is frequently the case

that the underground mark will be left intact when the surface mark
is destroyed .

50. At each station marked in a permanent manner there should be

placed a reference mark. This reference mark should consist of con-

crete or rock, into which is set a standard inscriljed reference m'ark.

It should be so accurately connected in distance and azimuth vnth the

station mark that it may be used as the station mark if the latter should

be destroyed. It should be placed in such a position that it will not

be liable to be destroyed by the same agency that might destroy the
station mark itself.

51. Traverse stations which are not marked in a permanent manner
should be marked temporarily with a suitable wooden or other kind
f stake in order that the station may be available for several years

after its establishment. Wood which resists decay, such as cedar or

Georgia pine, should be used if it can be obtained easily.

DESCRIPTIONS OF STATIONS.

52. All stations of the traverse, whether marked permanently or in

a temporary manner, should be described in such a way that they may
be recovered easily. The descriptions should include the distance

from the nearest milepost and railroad station and also the offset dis-

tance from the nearest rail of the railroad track. The station mark and
the reference mark should be described by notes, as given on pages 42
and 43 of Special Publication No. 26. If a new type of station mark
is used which is not covered by one of those notes, a new note should
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be added and given a number. The Chief of the Division of Geodesy
should be notified that a new note is being used, and the wording of the

note and its number should be furnished him as soon as practicable

after its adoption,

63. It is often desirable in writing descriptions of stations to give

approximate distances to various near-by objects which are not impor-
tant or definite enough to justify an accurate measurement to them.

Whenever possible, these distances should be paced, as gross errors are

often made in estimating, and erroneous distances cause confusion

when the station is recovered .

54. The descriptions should be made on the cards furnished by the

office for the descriptions of triangulation stations. The writer of the

descriptions should have in mind that the descriptions will be pub-
lished in the near future, and they should be in such a condition, there-

fore, that the minimum amount of editing will be necessary in pre-

paring the manuscript for the printer. Any facts essential to the re-

covery of the station should be given, but those features of only a tem-

porary nature should not bfe mentioned in the description.

INCLINATION CORRECTIONS.

66. In general, a line of precise levels will be run along the line of

traverse at the same time that the traverse is measured. This leveling
will be connected with such points of the traverse as will make it pos-

sible to compute the inclination corrections of the measured distances.

Precise leveling will be carried on in accordance with the general in-

structions for precise leveling contained in Special Publication No. 22

of the United States Coast and Geodetic Survey, or in later leveling

publications, except as may be modified by the instructions for car-

rying on primary traverse.

66. There will be determined by the precise leveling party the

elevations of any points of decided change in grade along a tangent.

There will also be determined the elevation of the rail opposite all

mileposts, water towers, section houses, railroad stations, and over all

bridges and culverts. There will also be determined the elevation of

all points of tangency which have been indicated by the traverse

measuring party or which may be indicated by the leveling party, if

the leveling precedes the measurement. Points of tangency should

be marked on the rail or ties of the track by a cross, or otherwise. A
designation or number should be given to the point of tangency as,

for example, P. T. 42 ^in order that there may be no doubt as to the

identification of the records of the measuring and leveling parties for

any one section.
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57. The traverse stations which have been marked in a permanent
manner will be used as the bench marks on the line of levels. In

addition, the leveling party \v411 establish bench marks in each of the

towns and cities through which the line passes, in order that the city

surveyors and engineers may have sufficient bench marks to control

the elevations of their various public works.

58. None of the reference marks should be used as bench marks in

the line of levels, as it has been found in the Office, when making the

final computations, that the records are apt to be confusing when two

bench marks are so close together as a traverse station and its reference

mark. The precise leveling done in connection with the primary
traverse along a railroad should follow the setting of the station marks

of the traverse stations. This will make it possible to use the traverse

stations as bench marks and mil avoid the necessity for setting other

bench marks. If the leveling party should be held back at all on

this account, the members of the leveling party can assist the traverse

party in any way that is possible and work on their ovm records until

the marking of the traverse stations has been carried ahead. The
traverse party should do everything that is possible to keep the

stations marked ahead of the leveling, in order that the leveling party

may not be delayed.
69. When carrying the line of levels from the railroad into a town

for the purpose of connecting with the bench marks established on

masonr>', brick, concrete, or other structures, the place where the

leveling left the track should be indicated in the records. When the

leveling has returned to the track, the rod should be held as nearly
as possible on the same turning point that was last used when the line

of levels left the track and a proper note should be made in the

record. If this is done, it will be possible to get a continuous profile

of the track over which the traverse is run, for use in computing the
inclination corrections.

60. Two rod readings should be taken on the rail opposite each trav-

erse station or bench mark which has been established on the side

of a tangent. One of those readings should be made from the instru-

ment station just before getting to the point opposite the traverse sta-

tion or bench mark, and the second rod reading should be made from

the first instrument station after passing the traverse station or bench
mark. This will make it possible for the computer to get a continuous

profile between traverse stations and also obtain a rough check on the

measured distances. It should be borne in mind that distances as

well as elevations are computed from the precise levels. If the
114.58.5" 19 3
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leveling is done according to these instructions, gross errors in the

taping will be discovered in computing the distances for the grade
corrections.

61. At all times when an extra rod reading is taken it should be

indicated in the record by the letters F or B according to whether the

reading was taken in front of the instrument or back of it.

62. There should be noted in the record the points in the line of

levels at which decided changes of grade occur.

63. Care should be taken to show clearly in the record when

readings are made opposite a railroad station if there is a traverse

station near-by having the same name.

64. In carrying on precise leveling one rod may be kept ahead for

a whole section, and then for the next section the other rod can be

kept ahead. By alternating the rods for successive sections no

appreciable error will enter into the leveling, and in many cases the

work will be expedited. This method should be used only if better

progress can be made than by the usual method of ha\ing the same
rod at a rod station for both the fore sight and the back sight.

65. Except in special cases the inclination corrections for the

distance from the points of tangency to the traverse stations should

be determined by levels run especially for the purpose and separate
from the precise leveling. The leveling over the stakes need have

only such accuracy as is necessary to obtain the grade correction for

any one tape length with an error not in excess of one millimeter or

one part in 50 000. There should be both a forward and backward

running with different instrument stations.

66. In recording the levels over the stakes care should be used to

give the stakes the same designation as in the traverse record.

67. A leveling rod graduated to meters should be used for the Y

levels in order to avoid the necessity for the conversions from feet to

meters in joining the Y levels with the precise levels. It is recom-

mended that a Y level equipped with stadia wii'es be used on this

work in order to give an additional check on the distances measured

over the stakes. The offset distance of each instrument station not

in the line of stakes should be paced and noted in the record in order

that proper allowance can be made in computing the check distances

over the stakes.
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RECORDS AND COMPUTATIONS.

68. There are given below samples of records, abstracts, computa-

tions, and results in connection with primary traverse. These sam-

ples should be followed unless authority has been given by the Super-

intendent to deviate from them.

69. The following samples of records and computations, with the

exception of the computation of loop closure, are all for the same

section of the traverse, namely, from station North to station Douglas
of the Savannah-Norfolk traverse line. This makes it possible for

Fig. 1. Section of traverse line.

anyone desiring to do so to follow through the various steps of the

computation and see how each value is obtained. The section

selected is a typical one with one station at the intersection of two

tangents and tho other an offset station on a long tangent.
70. All angles of the traverse are measured and recorded as in

triangulation, instructions for which have already been published in

Special Publications Nos. 19 and 26. No samples of the angle
measurements are included in this publication.



20 U. S. COAST AND GEODETIC SURVEY.

71. Traverse measurement.

From station North to station Douglas, forward measurement.

Department op Commerce
U. S. COAST AND GEODETIC SURVEY

Form 590.

[Date, 5-11-18; time, 10.30 a. m.; tape No. 552; bal. No. 266.]

Section.
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72. Check measurement.

From station Douglas to station North, backward measurement.

[Date, 5-13-18; time, 9 a. m.; tape No. 251 (300-foot).]

Section.
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74. For convenience in printing, the backward and forward runnings
of the Y levels over the stakes are given together in the preceding table.

In the field the two runnings should be recorded on different pages,

separated by a page or two in order to avoid duplication of errors by
the recorder. A third running should be made if the first two fail to

check.

75. Precise levels.

T. B. M. 115 to B. M, Aa (forward).

Rail at T. B. M. 115 (B)

42 3*
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SAMPLE COMPUTATIONS AND TABLES.

76. The various steps in making a traverse computation are as

follows:

(a) Checking list of directions from the original angle records.

(6) Computation of gi-ade corrections and mean elevations of sections.

(c) Computation of lengths on Form 589, including temperature,

tape, and sea-level corrections.

(d) Projection computation or computation of lengths between the

true stations when the tape measures were made to a point on the

rail opposite the station at either or both ends.

(e) Closm-e of loops when the azimuth is carried through long lines

extending past several stations. (See par. 46.)

(/) Computation of geographic positions. As there is no check on

this computation, it must be made in duplicate.

(g) Final least square adjustment to make the traverse lines con-

sistent with each other and with the triangulation with which they
connect.

77. Various tables which are useful in making the computations
are given on the following pages just after the computation in each

case for which they are needed. The first one of these tables giving
the inclination correction for different lengths of section and differ-

ences of elevation will be found on page 25. This is used for com-

puting the inclination corrections when these corrections depend

upon the precise levels. Following the computation of lengths on

page 33 are several tables of tape corrections for tape No. 552 for

various methods of support. These tables can be used only for this

one standardization of this particular tape. Each tape and each

new standardization requires new tables. Whenever a tape is used

for any considerable length of time it will be found to save much
work in the long run to construct tables similar to the ones published
here.
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78. Computation of inclination correction.

From station North to station Douglas.

Bench mark.
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grades are under 5 per cent. Of course h must be expressed in meters

instead of feet. Other values outside the limits of the tables can be

obtained readily by actually computing -the right triangle. Barlow's

tables of squares will be found useful in this connection.

81. Inclination correction.

^-
. ,'h*

[Correction=i Vp+^^= iT~+i7i (always negative).]

Length
of sec-
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Inclination correction Continued .

Length
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Inclination correction Continued.

27

Length
of sec-

tion in
meters.

Difference of elevation in meters.

2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.0 3.0

70
80
90

100
110
120
130

140.

150,

160,

170
ISO

190,

200,

210,

220,

230,

240.

250
260,

270,

280,

290.

300.

mm.
31.5
27.6
24.5

22.0
20.0
18.4
17.0
15.7

14.7
13.8
13.0
12.2
11.6

11.0
10.5
10.0
9.6
9.2

8.8
8.5
8.2
7.9
7.6

mm.
34.6
30.2
26.9

24.2
22.0
20.2
18.6
17.3

16.1
15.1
14.2
13.4
12.7

12.1
11.5
11.0
10.5
10.1

8.7
9.3
9.0
8.7
8.3

8.1

mm.
37.8
33.1
29.4

2S.4
24.0
22.0
20.3
18.9

17.6
16.5
15.6
14.7
13.9

13.2
12.6
12.0
11.5
11.0

10.6
10.2
9.8
9.4
9.1

8.8

mm.
41.1
36.0
32.0

28.8
26.2
24.0
22.1
20.6

19.2
18.0
16.9
16.0
15.2

14.4
13.7
13.1
12.5
12.0

11.5
11.1
10.7
10.3
9.9

9.6

34

31.2
28.4
26.0
24.0
22.3

ly.o
18.4
17.4
16.5

15.6
14.9
14.2
13.6
13.0

12.5
12.0
11.6
11.2
10. S

42.2
37.6

33.8
30.7
28.2
26.0

22.5
21.1
19.9
18.8
17.8

16.9
16.1
15.4
14.7
14.1

13.5
13.0
12.5
12.1
11.7

10.4 11.3

45.6
40.5

36.4
33.1
30.4
28.0
26.0

24.3
22.8
21.5
20.2
19.2

18.2
17.4
16.6
15.8
15.2

14.6
14.0
18.5
13.0
12.8

12.1

49.0
43.8

39.2
35.6
32.7
30.2
28.0

26.1
24.5
23.1
21.8
20.6

19.6
18.7
17.8
17.0
16.3

15.7
15.1
14.5
14.0
13.5

13.1

46.7

42.0
3<S.2

35.0
32.3
30.0

28.0
26.3
24.7
23.4
22.1

21.0
20.0
19.1
18.3
17.5

16.8
16.2
15.6
15.0
14.5

14.0

50.0

45.0
40.9
37.5
34.6
32.1

30.0
2<<.l

26.5
25.0
23.7

22.5
21.9
20.5
19.6
18.7

18.0
17.3
16.7
16.1
15.5

15.0
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82. Inclination corrections for 50-meter tape lengths. -

[Cor. = .01h2 .OOOOOlh*.]

Difference in
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Inclination corrections for 50-meter tape lengths Continued.

Difference in
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Inclination corrections for 50-meter tape lengths Continued .

::::

Difference in
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Inclination corrections for 50-meter tape lengths Continued.

Difference in
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Inclination corrections for 50-meter tape lengths Continued.

Difference in
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(6) For the tape correction see the certificate of standardization

below and the tape-standardization tables on page 36. The caten-

ary correction is included in the tape correction, as the tapes are

supported in the field in the same manner as when standardized.

(c) For the inclination correction, see page 24.

(d) The sea-level correction or the correction for reducing the

length to sea level is computed by the formula,

Sea level cor.=
r

in which J.=the length of section in meters, imcorrected except for

set-up or setback to the nearest meter, /t=mean elevation of section to

nearest meter (see p. 24) and r=mean radius of the earth. Log r is

obtained from the tables on pages 55-60 of Special Publication No. 26.

The arguments for use in these tables are obtained by estimating the

mean latitude and azimuth for each part of the traverse line in which

the various sections have the same general direction. For the com-

putation above, log r was computed for that part of the traverse line

extending from the Savannah River to Columbia, as the line is prac-

tically straight for that whole distance. Log r=G. 80312.

86. Certificate of standardization (invar base tape No. 552.)

December 5, 1910.

Supported horizontally at 0, 25, and 50 meter points under tension

of 15 kilograms:

(0 to 50 m.)=50 m. -2.815 mm.+(i-27.4 0.) 0.0282 mm.

(probable errors) 0.020 mm. 0.0008 mm.

Supported horizontally at 0, 12.5, 25, 37.5, and 50 meter points under

tension of 15 kilograms:

(0 to 50 m.)=50 m. +0.113 mm.+(i-27.3 C.) 0.0282 mm.

(probable errors) 0.019 mm. 0.0008 mm.

Mass per meter=25.8 grams. ;;
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86. Additional computed values of tape corrections (invar base tape

No. 652.)

AL=the amount the tape is shortened by supporting it at

equidistant intervals instead of supporting it through-

out.

n=number of sections into which the tape is divided by

equidistant supports.

/=Iength of such section.

w;=weight of tape per unit of length.

f=the applied tension.

Supported throughout under tension of 15 kilograms:

(0 to 50 m.)=50 m. +1.060 mm.+(-27.4 0.) 0.0282 mm.

Supported horizontally at and 50 meter points under tension of

15 kilograms:

(0 to 50 m.)=50 m.-14.:^71 mm.-f(-27.4 C.) 0.0282 mm.

87. To obtain the tape correction when a part of the tape is supported
on stakes and the remainder is supported throughout, use combinations

of the proper fractional parts of the corresponding corrections given
above. For example, if the tape is supported horizontally at the

and 25 meter points and throughout from the 25 to 50 meter points under

a tension of 15 kilograms, the tape correction is computed as follows:

Taperor.= i (-2.815 mm.)+H+l 060 mm.)= -0.878 mm.

and the formula for the length becomes

(0 to 50 m.)=50 m. -0.878 mm.+(t-27.4 C.) 0.0282 mm.
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88. Temperature corrections, tape No. 662.

[Cor.=+(f-27.*'4 C.) 0.0000282 meters per tape length.]

Tem-
perature.
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90. Tape corrections for tape No. 552 for various methods of support.
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91. Projection computation, North to Douglas.

(See fig. 2.)

log 7.169=0. 8554586

log sin 92 15^ 45^^=9.9996613-10

log dist. North to X=0. 8551199

log 7.169=0. 8554586

log cos 92 15^ 45^^=8.5963531 -10

log dist. Rail North to X=9. 4518117

Dist. Rail North to X= 0. 2830 meters

Dist. Rail North to Dougla8=1366. 9858 meters

Dist. Douglas to X=1367. 2688 meters

log. dist. North to X =0.8551199

log. dist. Douglas to X= 3. 1358539

log tan a=7. 7192660-10

log sec. a=0. 0000060a

log dist. Douglas to X= 3. 1358539

log dist. North to Douglas=3. 1358599

Dist. North to Douglas=1367. 2877 meters

^ Raitxl^ ,8069.fl80 ffietera
J^

Rail Rlncpo

Fig. 3. Diagram for projection computation, both stations offset on same side of track .

92. If both stations involved are offset from the measured line, a

computation similar to the first half of the computation above must

be made for each end of the line. The distance between the two

"X "
points can thus be obtained and will give the length of the base

of the long, slender right triangle by which the final length between

stations is computed. The short side of this right triangle is obtained

by adding together the distances from the ''X" points to the stations

o It is not necessary to take out the value of angle . Find in the log tables the log

tan a just computed, and then on the same page in the corresponding column and line

under the heading of cosine will be found log cos a. The colog of this cosine is the log

secant a desired. The logarithms of the cosine and secant change very slowly for such

small angles and can be obtained readily with little interpolation.
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in case the stations are on opposite sides of the track or by subtracting
the smaller distance from the larger in case the stations are on the same
side of the track. (See figs. 3 and 4.)

Ra.iCievcianci

Fig. 4. Diagram for projection computation, stations offset on opposite sides of track.

93. In making the projection computations it is very essential that

a diagram similar to one of the figures 2 to 5 be made for each computa-
tion. Much confusion will thus be avoided and gross errors elimi-

nated. As the offset distance is small as compared with the distance

between stations, it is well in making these diagrams to exaggerate

very considerably the distances at right angles to the track and also

to exa^erate the angles when it is necessary for the sake of clearness.

Computation to close loops.

94. As stated in pars^aph 4, it is desirable in hilly or rolling country
where the railroad has numerous curves and short tangents to carry

the azimuth through long lines, extending past several intermediate sta-

tions which are necessarily near together, in order that the resulting

azimuth may have greater accuracy. The loop thus formed gives a

good check on the angle measurements. It also gives a rough check on

the distance measurements, for if an error has been made in the taping
the departures or perpendiculars for the loop will not sum up to zero

unless the error was made on a line very nearly parallel to the long line

through which the azimuth is carried. The error will show up also

in the position computations if they are made both through the long
line and through the short lines.

95. The manner of computing the loop and making the projections

to the main line is shown in the following computation. See also

figure 5. The computation of the departures or perpendiculars men-
tioned in the paragraph above is made in the same manner as the com-

putation of distance for the loop as shown in the table on the following

page except that in column 4 log sin azimuth should be used in place
cf log cos azimuth. The sign of the function must be taken into

account.
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96. Computation of angle closure for loop.

Liv^mgston A

L;vlo|ston ^-~ ^~ l^33'^5~7'36r3l

807'I9"99-^ ^C" "^^iS^'ae'DS.
/u

|65''2S'35"60

Livingston s'l^Wct^ra.T, /-"- \-

825'"0I-' Xivings+on C

311

!?^eO-3535l'l7"6l)

Fig. 5. Diagram for loop computation.

Angles and
azimuths.

Correction
for

closure.

Assumed azimuth Livingston-North .

Angle at Livingston

Azimuth Livingston-Livingston A . . .

Azimuth Livingston A-Livingstou. . .

Angle at Livingston A

Azimuth Livingston A-Li^ingston ]> .

Azimuth Livingston B-Livingston h .

Angle at Livingston B

Azimuth Livingston B-Livingston C.
Azimuth Livingston C-Livingston B

Angle at Livingston C

Azimuth Livingston C-North
Azimuth North-Livingston C

Angle at North

Azimuth North-Livingston
Error of closure
Eri-or of closure per angle

- 8
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GENEBAL INSTBUCTIONS FOR SECONDARY TRAVERSE.

98. Secondary traverse will be used in those areas where secondary

triangulation would ordinarily be carried on except for the configura-

tion of the ground, presence of heavy woods, and extensive swamps
which make triangulation excessively expensive.

99. In general, secondary triangulation and secondary traverse or a

combination of the two, depending on the country to be controlled,

will be used instead of primar>^ triangulation or precise traverse when
the distance between terminal points of the line or arc is less than 150

miles. These classes of work must always be joined at each end of an

arc or line with pre\'iously adjusted horizontal control,

100. The probable error of the length of a line of secondar>' traverse

should, in general, be not greater than 1 part in 25 000. This accuracy
will be obtained if the error of closure in position is less than about 1

part in 10 000 of the distance run.

101. The general instructions for precise traverse will apply to

secondary traverse. ox<"opt whoro thoy conflict \vith the following

considerations,

102. One measurement will ])e made of each section of a line of

traverse with a 50-meter invar tape under the same conditions as

obtained during standardization, except as to temperature. It may be

found desirable to read and record the temperature for each tape length

in order to keep count of the number of tape lengths. Otherwise the

temperature will be read and recorded three times on each section

once near the beginning, once near the end, and once near the middle

of the section. These readings are nece8sar\' to avoid uncertainty in

case one temperature is erroneously read or recorded.

103. The temperature may be read from only one thermometer; but,

should this be done, the thermometer should be carefully examined

and be compared with a standard thermometer once each day in order

to detectany break in the thread of mercury which might have occurred.

104. When measuring along a country road, the forward end of the

tape may be marked by a nail driven into the ground or by a wooden

peg, on which the end of the tape may be indicated by a small nail

driven into the peg. A piece of paper laid on the ground and weighted

down, by a stone or earth, near the peg or nail will enable the rear tape
man to find the nail or peg easily.

106. If any part of the tape is unsupported, a note to this effect should

be made in the record book and a correction for sag or catenary will be

computed and applied when the office computation is made.

106. For measurements along a rail of a railroad no inclinations will

be computed for separate tape lengtlis where the slope is approximately
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the same from one end of the section to the other. Under this condition

the inclination correction for the distance mil be taken from the

inclination correction table which follows. There will be computed
for each tape length the inclination correction for portions of a section

which are measured over stakes. This is necessary because the grade
is frequently steep when measuring from a point of tangency on a rail-

road to the station at the end of the section.

107. Inclination correction (see p. 25).

Distance
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Inclination correction Continued.
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110. Factors for inclination correction.

rCorrection=D (1 cos A).]

Angle
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111. When measuring distances of a secondary traverse along a

country road, slopes may be measured as angles of inclination with a

small transit or theodolite, or the differences in elevation of the tape

ends may be obtained by a single line of ordinary leveling. In order

that there may be no uncertainty as to the identification of the tape

ends, it may be advisable to have the leveling follow just behind the

measuring party.

112. ^^^len measuring over a country road where the ground is nearly
level or where the slopes are low with very small changes in grade, it

will not be necessary to determine the difference in elevation of the

ends of each tape length. Under such conditions it will be best to

measure inclinations as angles.

113. A second measurement must be made of each section of a sec-

ondary traverse with a 300 or 200 foot tape. This measurement made
with a tape of a different unit from that of the tape used in the first

measurement will make it reasonably certain that no tape length has

been dropped or added in the first measurement and will also guard

against a blunder in measuring a set-up. The second measurement is

made only as a check, and no grade, temperature, sag, or other correc-

tions will be made to the distance measured. A second check meas-

urement should be made with the foot tape if the first check measiu*e-

ment does not agree within one part in 1500 with the measurement,

uncorrected for grade, made with the meter tape. If the error was

made in the meter-tape measurement, a second measurement should

be made with that tape. The record must indicate clearly the

accepted length.

Measurement of angles.

114. In general, the angles of the traverse will be measured with a

7-inch theodolite, using the method of repetitions. The requisite

accuracy will probably be obtained if the angle is measured by 6 repe-
titions of the angle and 6 repetitions of the explement of the angle.
The telescope should be reversed in the middle of the set to eliminate

the effect of the coUimation error. If the angles are measured with a

direction theodolite, three or four measures, with the initial readings

equally spaced on the circle, will be sufficient. The angle should be
measured clockwise from the back station.

116. The greatest care should be used to make sure that the pole on
which the angle observations are made is straight, accurately centered

over the station, and vertical. If the line is of such length that the

pole can not be distinctly seen, one face of the signal pole or of any
target used should be placed at right angles to the line of sight to avoid

the effect of phase.
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Azlmutli stations.

116. Azimuth stations on secondary traverse lines will be estab-

lished at intervals of from 15 to 20 traverse stations. These azimuths

should have an accuracy represented by a probable error not greater

than 1/^5. This accuracy can probably be obtained by making
double the number of observations that is used in measuring a horizontal

angle of the secondary traverse. Instructions for azimuth observations

will be foimd on page 14.
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