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GENERAL INSTRUCTIONS FOR PRECISE AND SEC- 
GEO- ONDARY TRAVERSE, U. S. COAST AND 

DETIC SURVEY. 

INTRODUCTION. 

During the early part of 1917 tho United States Coaat and Geodetic 
Survey started work on a system of prcciso trnveree linos in Georgia 
and Florida, which have sinco beon extended into other States along 
the Atlnntic coast. This work waa called for by the Corps of Engineers 
of the United States Army to give the necesssry primary control for 
various military maps in that eoction of the country. "rave& waa 
used inatead of triangulation as the general lay of the land and the 
prevalence of high timbcr would have made high scaffold signals 
necessary to givo clear lines for triangulation. The traverse lines 
followed the railroade, and so required but littlo signal building or 
cutting of timber. 

Although traverse has been used in place of triangulation by the 
United States Coast and Geodetic Survey a t  various times in the past 
it has nover been ueod on so largo a scale aa in the recent work. The 
methods employed in the work w r o  largely oxperimental a t  first, 
but'thoy havo bccn gradually changed and improved until thoy have 
become practically standard. 

It haa bocn thought advkblo  to publish these general instructions 
in order to prosorvo tho knowledgo that haa been gained, to standardize 
any futuro field work 08 muchas poasiblc, and toprovent tho continuod 
U80 of any methods which have been found ineficient or undse.  

When a precieo travereo is to bo run over country roads or along 
beaches, wparato instructions supplomonting theso general instruc- 
tions will be k u c d  to the officor iu chargo of tho general opemtions. 

Changue in those goneral instructione will undoubtedly bo made 
from time to time as better xuotliods aro dovolopcd. Tho niembem 
of the fiold and offic~ forces of tho Survey ongaged on the precise 
traverse and ita computationa are invited to offor suggestions which 
may mako it poesiblo to do tho work mor0 oxpeditioualy without 
decrosaing the accuracy or increasing tho cost. 

6 



6 U. 9. COAST AND QEODETIC SURVEY. 

GENERAL STATEMENT. 

Precise traverse will, in general, be dono in those sections of the coun- 
try where tho topographic conditions make it impracticable to carry 
on primary triangulation. The work will mpplement the primary 
triangulation in furnishing the fundamental control for thesurveysand 
maps made by federal, State, or other organizations and by privato 
individunla. The conditiom which make it more desirable to carry 
on precise traverse than primary triangulation aro flatness of tho 
land and premnce of timber. Undor them conditione it is neces- 
aary to havo compnrntively short lines in the primary triangulation, and 
to erect high scaffold signals at the stations in order to mako them inter- 
viaible. 

Them inatructionsare designed forthe highest claeaof traverso, equal 
in accuracy to primary triangulation, and for secondary traverse com- 
pnrabla in accuracy with secondary triangulation. Should it bo 
necesssry to carry on tertiary traverso for tho control in local &rem, 
special instructionswill be furnished to officers in charge of the field 
work. 

LOCATION OB TRAVERSE STATIONS. 

1. In  general the traverse will bo run along a railroad track. The 
stations should usually be a t  the intersection of two contiguous tan- 
gents of the railroad. Occasionally when the tangcnt is particularly 
long and the profile of the road between ita ends such that it would 
be difficult to get a line clear between the ends of tho tangent, one or 
more intermediate stations should bo placed a t  the side of the road. 
The profile of the rond along the tangent will be the deciding fact& in 
the location of tho intermediate stations. If the ground is practically 
level along such a tangent, the stations may bo placed almost anywhere, 
and should be located near a crossroad, i f  conveniont. 

2. In  general the stations along any tangent should not be more than 
4 or 6 mil@ apart, aa delays wmed by observing longer lines will more 
thau offset the time gained by having fewcr observations. It is a b  
true that h t i o n s  should bo placed fairly close together, so ICB to be 
of the maximum benefit for public and private survcys. 

3. A traverse station should bo placed near each railroad crossing or 
point where a branch line makes off from tho line followed by tho tmv- 
erse. Also a traverse station should be located a t  or very near each 
town along the route of the traverse, and when at all practicable 8 
socond traverso station should be located within 2 miles of the town 
in order to  enablo local engineels and surveyora to obtain an azimuth 
with little difficulty. 
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4. When c w e s a r e  numeroue for anygiven dhtance and the tangents 

very short, it will be well to lay out comparntively long lines extending 
over several curves in order that the azimuth may be carried forward 
with greater atrength than i f  it had to  be carried through a number of 
shortlines. The distance between the ends of such along linu can be 
carried by m e m e m e n t  and angles along the track. This latter work 
mould bo coilsidered i n  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 rnilroad between ita ends. 

MEASUREMENT OF DISTANCES. 

6;. The lengths in the traverse d l l  depend on mmremen t s  made 
with 50-meter invnr bme tapes, standardized at  the Bureau of Stand- 
iuds before and after use in the field. 

6. The length should depend upon one meaaurement in one direction 
only, unleee IL blunder has been made. There should be three primary 
tapes in the party, two used in menauremont and ono used ae a stand- 
ard. About one-half of the mensurement of any conaidernble portion 
of the traverse should be made with each of the working tapes. A com- 
paririson should be made of the three tapes at intervals along the tmv- 
ersc in order to detect any changes that might occur iu the length of one 
or both of the working tapes. NO tape should be used for more than 
16 kilometers of measurement without being recompared. The com- 
parison of the three base tapes can best be made on the s t n k a  used in 
the traverse memurement between a point of tangency and a traverse 
station. A distance of at leaet 100 meters ahould be used in making tho 
comparison. Metal strips ahould be used on tho top of thestakesem- 
ployed for the comparison to prevent parallax in mnrking. The com- 
parison of,the tapea with a record of temperatures, etc., should be 
entered in the traverse record. 

7. A tape should be sent to the office for restandardization i f  it differs 
by more than 1 part i n  76 000 from the standard tape. 

8. As soon aa a new tape hns been received from the office R compari- 
son of this tape should be made with the standard tape and the other 
working tape or tapes. No actual Geld work should bo dono with the 
new tape until such a comparison has been mnde. 

0. Do not straighten out k inb in  the tape. If such exbt and the tape, 
i n  conaequence, can not be used for meesurement, send the tape to the 
office with a letter explaining in  detail th% condition, giving date on 
which tho injury or injuries occurred. 
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10. Tho base tapes used in  the field should have a tension applied 
of 15 kilograms, and thia aamo tension will bo used during the standardi- 
zation a t  the Bureau of Standards. 

11. Two thermometers should be attached to the tape, one a t  each 
end, during measurement, and they should bo read and recorded a t  
each tape length. Special centigrade thermomotors, for use during 
traverse or base measurement, will bo furnished by the office on appli- 
cation. In  attaching tho thermometers to the tape suitable casea 
should be used which will insure good contact with the tap0 and p r o  
vent tho breaking of tho thermometer. They should be attached to the 
tape beyond tho ond gradustionsin order to y a r d  against any tendency 
to kink the working part of the tape. Tho cases can be fastened to 
the tape by m a n s  of adhesive tape, and this will mako it poeaible to 
detach them eaaily when the tape is wound on tho reel. 

12. A eecond measurement, with a primary tape, will be made over 
any section of the line of traverso which is to be used aa a base line from 
which to start an arc of primary triangulation. 
18. When measuring along a railroad, the distances along the tnn- 

gents will be measured with the 50-meter tape, supported throughout 
ita length on top of a rail of the track. Tho diatancca from tho points 
of tangency to the traverse stations a t  tho intorsection of tangenta, 
ahould bo mcasured over stakes especially set to support the tape. 

14. I n  measuring up to or away from a station tho 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. I n  thia connection do 
not me the word “tablet” for tho station mark, aa it is easily c o n b e d  
with the word “table.” 
16. In measuring tho offiet distance between the point on the rail 

and the station itaelf, for stations along tangents, the record should 
show whether tho memurement waa made horizontally or on an inclino, 
and in the latter cam tho diff orence in elevation must be givon. 
16. The record should also indicate clearly whether the traverso was 

momured to a rail station, to tho rail oppoaite a station, or to tho station 
itself. A rail station proper is one which is actually on the rail itself 
and is occupied with a theodolito for observationa of tho wino dogree 
of accuncy as for the regular scheme. A rail station is usually put in 
to aid in determining mmo point a t  mmo distance from the track. It 
is very rare that thore will bo another traverso station within one or two 
hundred meters of the rail station. 
17. While inemuring along the top of a rail, the position of the for- 

ward end of tho t a p  can bo transferred to tho rail with an ordinary 
cheap glass cutter. In  measuring over stnkeu, the forward end of tho 
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tape will be marked directly on the top of the stake by means of a 
knife cut or a mark with n glnea cutter. If tho top of the stnko iS badly 
battered, an ordinary pin may bo driven in  to m k  the end of the 
tape. 

18. The rear contact man must use the aame end of the mnll scmtch 
on the rail aa was used by the forward contact man. This will be 
brought about by the two conhct men always &ding on the same 

19. Great care must bo exercised in counting and recording the 
numbor of tap0 lengths in a section. At least one other man i n  tho 
party besides tho recorder should count the tape lengths entirely 
independently. It is suggested that a syetem of counting tape lengths 
similar to the one used in ordinary ~urveying be bid out by the 
taping party. Small tin or aluminum r i n ~  or harness rings two or 
three inch- in diameter could be used for the purpose. For each 
tape length one of these ringe could be Ieft boaide 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 tho ring will ennble the rear contact man 
to find it rondily. The rings can be carried by m w  of Bpring 
attached to tho handle of each of tho tape stretchers. 

20. To avoid gross errors, all fractiom of a tapo lenith less than 
nbout 49.9 meters, which enter into a section, should bo mwured as 
set-ups. The set-ups will be memured with a standardized pocket 
steel tap0 or metal scale, except I L ~  provided for in paragraph 21. 

21, When a frnction of a tape length is greater than 26 meters, it 
should bo measured IIB two set-ups; tho first one as half a tape length 
nnd tho balance as a set-up to be memured with the pocket steel tape. 
A half tape length can ensily be memured by placing a mark with a 
pencil or otherwiso near the center of tho base tape. Then the dis- 
tance from the stnke ending the last lull tape length to a point on a 
stake set approlcimatcly 26 meters can be measured twice, once with 
each half of tho tape, and tlio error in marking the middle of the tape 
can thus bo eliminated. 

22. In setting ehkea on tho prolongation of tangents it wil l  be of 
nxlvantago to begin at  tho station and work toward the rail in e i tha  
direction, for this will bring tlio minimum number of set-ups on the 
stakes, and all half tape lengths on tlie etakeg will be eliminated. 
When measuring by this method, all necessary large set-up Will OCCUI 
on the rnil, whoro thoy are ensily measured. 

Bide of the tape. 

11416'-18--2 



10 U. S .  COABT AND GIEODICTIC SURVEY. 

28. A railroad CUNC often occura in a deep cut, which makea it 
necessary to put the traverse station at the top of a high bank and 
renders the staking and taping difficult. If a aaving of t h e  can bo 
made, it is permifJsible to compute the distance from the stake, 
beyond which the taping would be difficult, to the station by meana 
of 8 triangle. A small bafle ahould be meaaured 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 etation. The 
anglea should be measured with such mcuracy aa to insure againat an 
emr as great as onohdf centimeter i n  the computed distance. The 
m e  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 Btstiom, water towers, section houses, semaphores, bridges, 
culverte, mileposts, banb of rivers, S t ab  and county lines, decided 
changca o f - p d e  and possibly some other objects, in ordor that the 
traverse may be properly connected with tho alignment of the mil- 
mad, and thus make it possible to utilize the railroad surveys in 
making maps of the country through which the traverse runs, These 
measurements will ale0 be utilized in making a determination of the 
geographic poaitiona of some of the objects to which distances are 
measured. The record must shorn whether tho taping is along the left- 
hand or right-hand rail. Instructions in regard to tho anglcrr to be 
mcasured to objects along the road are given on another page. 

26. The dcaignationa of the pointa of tangency and their distances 
from the initial station of the section should be carefully recorded; 
aa, for example, P. T. 42=24+4. (24+4 means 4 motera beyond the 
ond of the 24th tape length). In cnao the precise leveling precedes 
the taping, the designation of all permanent and temporary bench 
marks along the track, aad their distances from the initial station, 
ehould ale0 bo recorded, aa for examplo, 6+20=T. B. M. 116. 

26. No memurement should be made with the primary tape when 
the rail L wet, and when it is damp measurements should bo made 
with caution. It is the experience of those engaged on measurement 
along railroad tracks that the tape tends to etick to the rail when the 
latter is wet, and therefore errors will rwult. 

CHECK MEASUREMENT. 

27. A single check measurement will be made of each section of 
the traverse with a 300-foot tape. Tho best meam of recording the 
number of full tape length6 is to read and record the temperature each 
time. Only one thermometer need be used. Counters may be used 
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PB a check on the number of tape lengths. When 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 bo 
given to these stakes. Plumb linea should be used at  the ends of 
the tape, tho emno as in ordinary chaining, and the point marked 
on the ground with an iron pin. 

28. The 300-foot tape may be supported along tho top of the rail 
or on the ties close to the rail while measuring between tangent 
points. The position of the forwnrd end of the tape may be indi- 
cated on the top of the rail by a pencil mark. The locatioq of the 
pencil mark may be indicated by n cross mnde with chalk or keel 
on tho rnil or a tie. The distancee botwoen the points of tangency 
and tho traverse stations should bemeasured as in ordinnry chnin- 
ing without reference to the original stakos. 

It 
ie believed thnt five kilograms is sufficient. The object of having a 
light gull is to make it poasiblo to have tho measurement made with 
a very small party. A heavy pull would require the use of stretchers 
n t  the forward and rear ends of the t n p ~ .  The lengths of the tapes 
under the stnndnrd pull and temperature must bo known. 

80. During the chock meaauroment, distmcee ahodd be indicated 
in the record from the traverse station at  tho beginning of the section 
to the country road and rnilroad crossings, to bridgea, water tanks, 
mileposts, and other objecta, &a given in paragraph 24, in order that a 
check may be mndo on the determination of the distance of these 
objects from the traverse station. Designations of all pointrr of tangency 
and all bench m s r h  along tho track and their distances from the 
initial station should be cnrefully recorded; as, for example, lf236- 
P. T. 42, and 11+136=T. B. M. 115. 

81. Memurements with the dOO-foot tape may be made under any 
conditions of tho weather. 

38. If the temperature is not recorded for mch tape length, as sug- 
gWtd in pnragraph 27, the approximate temperature of the tape should 
be entered in the record at least once for each section. 

83. If the mensurement with tho 300-fOOt tape differs by more than 
a few decimeters in any section from the distance given by the meas- 
urements with the €%)-meter base tape, a second measurement with the 
300-foot tape will be made. If this second measurement agrm closely 
with tho first one made with tho 300-foot tape, then a second mensure- 
ment will be mnde with the 60-meter tape. 

29. A modernte pull only ehould be u s d  with the 300-foot tape. 
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ANGLE MEASUREMENTS. 

34. In general, the highest type of instrument will be used in meaa- 
uiing the angles of the main line of traverse stations. When a direction 
h m e n t  is used which is read by micrometer microscopes, the 
anglee will be measured in eight positions of the instrument. The 
initial settings for these positions are as follows: 

36. When the meaeurement of an angle in the main line of traverse 
stations is made with a 7-inch repeating theodolite, a suflicient number 
of observations ehould be m d o  to obtain the E B ~ O  degree of accuracy 
aa can be obtained by measuring the angle in eight poaitions with the 
direction theodolite. It is probable that about three seta, each con-. 
siating of mx repetitions of the angle with the telescope direct and six 
repetitions of the explement with the telescope in the reversed posi- 
tion, will bo needed to secure the degree of accuracy desired. 
38. A position for a direction instrument consists of a pointing on 

each object in the horizon, i n  both direct and reveme positions of the 
telescope, for one initial setting of the horizontal circle. 

37. Observations for angle mensurements a t  the principal statiomof 
the traverse should be made only when the conditione are favorable. 
To M inexperienced observer this can be determined only by experi- 
ment. It will be found that a steady signal does not always menn that 
observing conditions are perfect, for it is possible that there may be 
lateral refraction under the conditiom 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 i a  
moderately u n s k d y  when a number of repetitions of tho angle or 
direction ie  made. T b  amount of unsteadinew 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 noto the agreement in the angle or direction 
obtained under each condition. 

98. The 7-inch repeating theodolite should be used in moasuring all 
angles a t  subsidiary traverae stationa which are not used for carrying 
the main azimuth ahend. One set of six repetitions of the angle with 
the telescope in the direct position, followed by a set of six repetitions 
of the explemont of the angle with the telescope in  the reversed p i -  
tion, is sufficient. 

88. The instrument and the object sighted upon should bo accu- 
rately centered, or, if they are eccentric to the traverae stations, the 
eccentric diatanco and direction should be carefully measured and 
entered in the recorde. The direction from tho eccentric instrument 
station to the true station, or from tho station to the eccentric object, 
should bo entered i n  tho liat of directions and ahould be referred to 
the same initial station tu the other directions from that station. 
Confusion is caused by recording the eccentric as “2.5 centimeters 
right.” 
40. One of the greatset sources of error in triangulation or othcr angle 

measuromenta is what is known aa phase. This caused by uneven 
illumination of the object sighted on, thus causing the observer to 
point his croea wires to  the right or left of the center of the object. 
When the sun is shining, a round or s q w e  pole will always have 
phase unless the sun is exactly in lino with tho instrument and the pole, 
except that a square pole will not have phnse i f  one face of the pole is 
a t  right angles to the line to the observer. Phaae may be eliminated 
almost entirely by having a thin strip of board centered directly over 
the station mark. It is probable that the signal on which the inatru- 
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. Thia pole can be con- 
structed of two pieces of 2 by 4 inch materinl, and between the two 
pieces at the upper end can be placed the thin piece of board on which 
the obaervationa are to be made. 

41. At each traverae station observe directions to such objecta along 
the track aa milepoata, water towera, semaphores, railroad etatiom, sec- 
tion houses, and any other objecta that may be vhible. (See paragraph 
24.) With the angle or direction to them objecta and the distancw 
m-ed during the dotermination of the distnncos dong each soction, 
the geographic poaitiona of a number of objecta which may be of great 
geographic value may be determined. I t  ie particularly important 
that angles or directions should be observed to objecta distant from the 
railroad which may be determined by observatiom from sovoral tmverse 
&tiom. Each object of a more or lese permanent nature whoee p- 
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graphic position can be computed from the angles and diatsnce measure- 
ment made by the traverse i n c r e w  the engineering m d  geographic 
value of the work. 

AZJMUTH STATIONS. 

42. Owing to the fact that errors in anglo observations on a traverse 
tend to accumulate, it is neem to observe frequent astronomic 
azimuths. The observations should be made on Polaris. 

43. In general, an azimuth station of primary accuracy will bo 
mtabliahed 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 inatructions for each particular piece 
of work. 
44. The azimuths may be observed by tho method of repetitions 

with a 7-inch theodolite. For any instrument double the number of 
observations should be made for azimuth aa for a horizontal angle a t  a 
main traverse station. The probable error of a primary azimuth 
should not exceed f0.”50 and for a Laplace station should not exceed 
f0.“30. 

46. At intervals of about 10 traverse stations secondary azimuth 
stations should be eatablihed between the primary azimuth stations. 
The accumcy of the secondary azimuths should be that representod by 
a probable error of about ~ t 5 ’ ~ .  
48. In order that the geodetic azimuth may be carried along the 

traverse with a minimum error, 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 dktancea than between the regular traverse 
stntions. The azimuth can be carried through them extra stations; 
but whenever uaed, the extra stations should be connected in azimuth 
and distance with the regular traverse stations and should always be 
wed inatead of one of the regulnr stations for the azimuth observations. 
The anglee measured a t  regular stations along any portion of the line 
where there are extra statiom should be adjusted to the anglee meaa- 
ured at  the extra stations. The extra stations, rather than the regular 
atations along the m e  piece of traverse, will be uaed in determining 
where an azimuth station will be located. 

MARKING STATIONS. 

47. The standard trinnylation and reference marlca should be used 
in marking the traverse  station^. (See p. 42 of Special Publication 
No. 2G.) They should bo set into hcavy blocks of concreto or stone to 
insure pc~rmanency . 
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48. On the standard station and reference marks should be stamped 
the n m o  of the tnverse station, and, i f  the  station mark is  used as a 
bench mark, the letter and number designating the.bonch mark should 
also be stainped on the tablet. 

49. All traverse stations should be mnrkcd when each two contiguous 
stations are a mile or more apart. When tho track tllong which the 
trnvcrae is mnde has numerons curvcs and short tangents, somo of the 
tiworse atations need iiot be marked i n  a permanent manner. In 
general, thcre should be a permanently marked station at lcaet every 
3 miles along tho tmveme, exccpt, of course, whcn s section of the 
tnvcrso along a tangent is more than 3 miles in length. \\%en a sta- 
tion is markcd i n  a permanent manner, the  next station back of it or 
ahead of it must be mnrkcd also i n  a permanent manner, in order that 
anyone using the trnverao may bo nblo to obtain a n  azimuth. The 
station should be marked with an underground as well 88 a surfaco 
inmk. The untlerground nutrk may be 8 bottle or some other objcct, 
preferably act i n  a 8111nll block of concrctc. It M frequently the  cu9c 
that tho undcrground mark will be left intact when the surfaco mark 
is dcatroyed. 

60. At each station rnnrked in  a pcrmnnent manner thcre should be 
plnccd a reference mark. This reference mark should consist of con- 
crete or rock, into which b set a standard inscribed rcfcrcnce mark. 
Itshould be so accurately comicctcd i n  distance and azimuth with the 
station mark that it may be uacd na the station xnnrkif the lattershould 
be dastroyrd. It should be plnccd i n  such a poaition tha t  it will not 
be liable to be destroyed by tho eamc agency that might destroy the 
station mark itmlf. 

61. Trevcrse shtions which are iiot marked in  n pcinlancnt mmincr 
should be marked trmporarily with a suitnblc wooden or other kind 
of stake i n  order that  the station niay bo available for several y e m  
after its estirbliahment. Wood which rc&b dccay, such as cedar or 
Georgia pine, should bo usrd i f  it can be obtained cnaily. 

DESCRIPTIONS OF STATIONS. 

63. All stations of the truvemc, whether marked pcrmtmcntiy or i n  
atompornry manner, should be described i n  such a way that  they may 
be recovered easily. The descriptions should include the  distance 
from the nenrcst milepost and railroad station and also tho offset dis- 
tancefrom tho newest rail of the  railroad track. The station mark and 
the roferonco mark should bc dcscribed by notee, a8 given on pagee 42 
nnd 43 of Special Publication No. 2G. If a ncw typo of station mark 
is used which is iiot coverod by 0110 of thoso notm, a ncw noto should 
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be added and given a number. The Chief of tho Division of Geodesy 
should be notified that a new note is being wed, and the wording of the 
note and its number should be furnished him aa soon a8 practicable 
after ita 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 p k b l e ,  these distances should be paced, aa grose errors are 
often made in estimating, and erroneom distances cause confusion 
when the station is recovered. 

64. The descriptions should be made on the cards furnished by the 
office for the descriptions of triangulation stations. The writer of the 
dwriptione Bhould have in mind that the deecriptions will be pub- 
lished in the near future, and they should bc in such a condition, tliere- 
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 thme features of only a tcm- 
porary nnture ahodd not be mentioned in the description. 

INCLXNATION CORRECTIONS. 

66. I n  general, a line of precise levels d l  be run along the line of 
traverse at  the aame time that the traverse ia measured. This leveling 
will be connected with such points of the traverse aa d l  make it poe- 
sible to compute tho inclination corrections of the measured distances. 
Precise leveling will be csmed 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 aa may be modified by tho inatruetiom for car- 
rying on primary traverse. 

66. There will be determined by the precise leveling party the 
elevations of any pointe of decided change in grade along a tangent. 
There will also bo dotermined the elevation of tho rail opposite all 
mileposts, water towers, section houses, railroad stations, and over all 
bridgea and culverte. There will also be determined the elevation of 
all points of tangency which have been indicated by the traverse 
meaauring party or which may be indicated by tho leveling party, i f  
the leveling precedes the meneurement. Points of tangency should 
be marked on the rail or ties of the track by a e m ,  or otherwise. A 
deeignation or number should bo given to the point of tnngency-as, 
for example, P. T. 42 -41  order that there may be no doubt BB to the 
identification of the recorda of the measuring and leveling parties for 
any one mction. 
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67. The traverao stations which have been marked in a permsnelit 
manner will be used as the boncli marks on the line of levels. In  
addition, the lcveling party will establish bench marks in each of tho 
towns and cities through which the line passes, i n  order that the city 
surveyors and engineers may have sufficient bench marks to control 
the elevatioiis of their various public works. 

68. 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 clwo together aa a traverse station and its reference 
mark. The precise leveling done in connection with the primary 
traverse along a railroad should follow tho setting of the station marks 
of the trsverae stations. This will make it poseible to  use the traverse 
stations aa bench mnrks and will avoid the necessity for setting other 
bench marks. If the leveling party should bo held back a t  all on 
this account, the members of tho leveling party can assist the traverse 
party in any way that is possible and work on their own records until 
tho marking of the traverse stations haa been carried ahead. The 
traverse party should do everything that is possible to keep the 
stations marlccd ahead of the levcling, in order that the leveling party 
may not be delayed. 

60. When carrying the line of levels from the railroad into a town 
for the purpose of connecting with tho bench marks established on 
masonry, brick, concreto, or other structures, the place where the 
leveling left the track should bo indicated in the records. \%en the 
leveling hus returned to tho track, tho rod should bo held a8 newly 
as poseible on the aame turning point that wna last uscd when the line 
of lev& left the track and a propor noto 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 traverao is run, for use in computingthe 
inclination corrcctions. 

60. Two rod readingeshould be taken on the rail opposite each trav- 
o r ~ e  station or bench mark which hns been established OB the side 
of a tangent. One of them readings should be mnade from the instru- 
ment station juat before getting to the point opposite the traverae sta-. 
tion or bonch mark, and the second rod reading should he made from 
the first instrument station after paeaing the traverse station or bench 
mark. This will mako it possible for the computer to get R continuons 
profile between trnverso stations and also obtain a rough check on the 
meaaved distances. It should bo borne in mind that distances aa 
well 88 elovations are computed from the precise lovols. If the 

114685°-18-3 
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leveling ia done according to t h a e  instructions, groes errom i n  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 lettera F or B according to  whether the 
reading was taken in front of the instrument or bnck of it. 

68. There should be noted in the record thc pointe in the line of 
levols a t  which decided changes of grade occur. 
68. Care should be taken to show clearly in the record when 

readings are made opposite a railroad station i f  thcrc is a tmverae 
station near-by having the aanx name. 

64. In  Canying on preciee 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 succoasive scctions no 
appreciable error will enter into the leveling, and in rnany cases tho 
work will be expedited. This method should bc used only i f  better 
progreea can be mado than by the usual method of having the same 
rod a t  a rod station for both the fore eight and the back sight. 

66. Except i n  special caws the inclination corrections for tho 
distance from the pointa of tangency t o  the travorse atatiom should 
bo determined by levels run especially for the purpose and scpnrato 
from the precise levoiing. The leveling over the stakes ueed have 
only such accuracy ‘w is necewry to obtain the grade correction for 
any one tape length with an error not in cxceea of one millimeter or 
one part in 50 000. There should be both a forward nnd bnckwnrd 
running with different inatrwnent stations. 

66. In  recording the levels over the Htakcs care should be used to 
give the stakes the eatno designation as in the traverse record. 

67. A leveling rod graduated to metera should be ueed for the Y 
lev& in order to nvoid the necessity for the conversions from feet to 
meters in joining tho Y levels with the preciso levels. It is rccom- 
mended that a Y level equipped with stadia wires bo used on this 
work in  order to give an additional chock on the distances measured 
over the stakes. The offset distance of each inatrument station not 
in tho line of stakes should bo paced and noted in the rocord in order 
that proper allowance. can be mado in computing the check distances 
over the stakes. 
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RECORDS AND COMPUTATIONS. 

68. There are givcn below eamples of records, nbstracts, computa- 
tions, and results in connection with primary traverse. These asm- 
Flee should bc followed unlew authority hm been given by the Super- 
intendent to deviate from them. 

69. The following eamples of records and computationa, with the 
exception of the computation of loop closure, are all for the anme 
section of the traverse, namely, from station North to station Douglne 
of the Savannah-Norfolk traverse line. This makes it possible for 

North 

FIG. 1.4oction of traverse Ilno. 

anyono dosiring to do BO to follow through the various stops of tho 
computation and see how oach vnlue is obtained. Tho section 
selected is a typicnl one with one station a t  the intersection of two 
tangents and the other an offset station on a long tangent. 

70. All angles of the traverse are meesured and recorded ae 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. 
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71. Traverse measurement.- 
From station North t o  station Douglrrs, forward moaaurement. 

44.0 
41.0 
39.8 
38.9 
38.0 
a8.6 
34.9 
30.4 
30.1 
35.9 
34.9 
30.9 

37.3 
38.4 
a9.0 
38 7 
39.8 
39.0 
41.0 
44.3 
44.5 
43.9 
42.9 

84.8 
35.1 
32.9 

87.1 

...... 

- 

DEPARTMENT OF COMMERCE 
U. 9. C O W  AND GEODETIC SUBVEY 

Form m. 

.................. .................. .................. .................. 

.................. .................. 

.................. .................. .................. .................. .................. .................. .................. .................. .................. .................. .................. .................. .................. .................. .................. .................. .................. .................. 
17.0585 ......... ......... 0.0445 

0.0110 ......... 
I-- 

.................. 

[Date, 6-11-18; time, 10.30 a. m.; tape KO. 552; bal. No. 288.1 

......I 17.0075 

Soctlon. 

0.0445 

From- 

I&ll-linnd mil. 

(o-+--o;~~ T. 13. 

1 ing). 

11-+7m.-W.R. 
X. (wagon- 
road cross 

.-G5‘ 11 r.$$& Ul.-t: 

Chlof of .trov- 
wse messur- 
ing subpsrty: 
J. Bmook. 

Rail North. 
1 
2 
3 
4 
6 
0 

e 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
18 
20 
21 
22 
23 
24 
24’ 
25 
28 

Means I 

TO- 

1 
2 
3 
4 
5 
0 
7 x 
9 
10 
11 
12 

14 
16 
10 
17 
18 
19 

21 
22 
23 
24 
24‘ 
25 
28 

TableDouglas 

1 totals.. .... 

ia 

m 

L 

For- 
ward 

C. 
43.5 
41.3 
40.2 
30.1 
37.0 
30.1 
35.0 
30.8 
30.0 
36.4 
36.4 
37.3 
1.0 
38.0 
38.4 
98.4 
39.3 
38.2 
38.5 
39.2 
43.5 
41.4 
40.0 
40.0 

37.4 
30.7 

- 

..... 

34.8 - ..-.. 
- 

. 

Temp. - 
Betup. 

Rear. 

- 

Setback 1 Remarks. 
port. 

a T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

3 
3 

a 

a A “T” in this column mesm that the tape Is supported throughout, a “3” or a 
“5” means the number of equally 8PSced supports. 
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34.0 
34.3 
24.1 
34.2 
34.6 
34.9 
35.2 
36.5 

72. Check measurement.- 

From station Douglas to station North, backward measurement. 
[Date, 5-13-18; timc, 9 a. m.; tapo No. 251 (300.foot).] 

- . . - _- 
I I I 

................ ................ ................ ................ 8+257'-W. R. X. ................ (wagon road cross- ................ Ing ................ l l+lkt-T.  D. M. 115. ................ 

1 30.5 1 +235'- P. T. 42. 
2 35.4 

P. T. 42 

25 
. 24' 

213 

3 
4 
5 

7 
8 
9 

10 
11 
12 
13 
14 

e 

Feet. 
1.04 . ....... ....... ....... 

4 

Fed. 
0.76 

...... ...... 

...... 

5 
8 
7 

Feet. Feet. Fret. ..................... 
8.89 -0.14 + o . i o  
6.80 f1.w -1.10 
e.16 -0.35 + o . a  

a 
9 

10 
11 
12 

1.38 
1.20 
0.83 
2.84 

.~ 
13 
14 

Rail north. 

............. 
-0.34 
+0.18 
+0.37 
-2.01 

4+4'-Mlorncter mark. 

....... 
...... ...... ...... ...... ...... 

3#54 +z.ei - 2-80 

2.45 +1.08 - 1.00 
0.43 +2.02 - 2 . 0 2  
0.80 -0.37 +0.37 
0.88 -0.18 + o i 7  
0.60 +O.N -0.35 

30.1 ................ 
30.4 I 284.8 I...... .. 1 

3.93 
0.52 

7.28 
7.12 

6.18 

I I I I I 

Totallongth-44S4.8 foot-1380.97 meters; orlginal mensuremont-1387.02 motcn. 
Tho ohwk measurement may bo recorded in the rogular traverse book, Form 680, by 

xnaking a few changas In the headings. 

78. Y levels over stakes.- 

-1.w 
-2.69 

-1.11' 
+0.17 

+0.34 

Station Douglas. 
[Date, 6-14-18; t h e ,  11.308. m.; Y lovel, 93.1 

1 
2 
3 

P.T.43 

Rod stat1on.a 1 I IDlffex-lI Rod statlon. 
Back Fore encool 
syht .  sight. olcva- 

tlon. 

....... ....... ....... ....... 

P. T. 43 
3 
2 
1 

Merk at Doug- 
las. 

Tablo a t  Doug- 
las. 
28 
16 
24' 

P. T. 42 

.- 

Backwerd running. I 

-I-l-l- 

o Y lovol readings should bo rocordod In tho samo order as tho polnts slglited on aOtu- 
ally occur aloiig the trevcrso llno, In tho dlroctlon of progross. 
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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 Iunninga ehould be recorded on different pages, 
separnted by a page or two in order to avoid duplication of errora by 
the recorder. A third running should be made if the first two fail to 
check. 

76. Precise levels.- 

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

Rail at T. B. M. 116 (B) 

P. T. 42 (P) 

1’. T. 43 (F) 

R a l l a t B . M . A , ! F )  

4888828710 
Dlfl. of slims- +20288 
Dill. of sums dlvided by 3- 
Dill. of e1ev.- +01@2.1 

o All numben in thls table marked with an “n” are not included in the total, BB 
they were put in the addlng machlne with the “non-add” key deprassed. 
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SAMPLE COXfPUTATXONS AND TABLES. 

76. The varioua steps in mnking a traverse computation are aa 

(a) Checking list of directions from the originnl angle records. 
(b) Computation of grade corrections and mean elevations of sections. 
(c) Computation of lengths on Form 689, including temperature, 

tape, and sen-level corrections. 
(d) Projection computation or computation of lengths between the 

true stations when the tape menaures were made to a point on the 
mil opposite the station at oither or both ends. 

(e) Closure of loops when the azimuth is carried through long linea 
extending pa& seveml stations. (See pnr. 48.) 

c/ )  Computation of geographic positions. As there is no check on 
this computation, it muat be m d e  in duplicnte. 

(9)  Final least aqunre adjustment to'mnke the tmverae linea con- 
sistent with ench other nnd with the triangulation 3 t h  which they 
connect. 

77. Vnrious tables which nro useful in mnking the computations 
nre given on tho following pages just after the computation in each 
case for which they ore needed. The first one of them tablea giving 
the inclination correction for different lengths of section and differ- 
ences of elevation will be found on page %. This is used for com- 
puting the inclination corrections when these corrections depend 
upon the precise levels. Following the computation of lengths on 
pago 33 nre s e v e d  tablea of tape corrections for tape No. 662 for 
various methods of support. Them tabla 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 uaed 
for any considerable length of time it will be found to eave much 
work in the long run to construct tabla similar to the ones published 
here. 

follows: 
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78. Computation of inclination correction.- 

From station North to station Douglaa. 
-. _- . ____ __-- - 

I I I I 

.... RatlNOrth- 
-Roll115 ....... 
RBil116- ....... 

--P.T.42 ....... 

86-80 ........... 
2+%a,.... 

P.-r..-"' .... .......... 

Dlflcr- 
Remarks. 

Metera. Nctns. Millimeters. Mt!m 
0.0 ...... b 

-0.01 18 0.0 103.05 
-0.GO 199 
-0.15 102 0.1 102.29 
+0.78 134 2.2 ........ 
+2.30 107 13.4 ........ 
+2.08 107 10.8 ........ +La 198 . 7.1 ........ 
-0.55 137 1.1 ........ 
-0.11 1s 0.6 ........ 
+&OS 60 0.0 ........ 
+O.ll 60 . 0.8  ........ 
-0.82 60 3.8 107.98 

I 

. *  

Totnl .............. 
I ....................... I 

Meanelovation.. 106.3 

1343~ 40.1 ........ 

Preclsi-lorel record, Vol. 15 
(XCC p3gO 22). 

Traverso rocord Vol. 6 (see 
n 020) ,and w;o-lovelrword, 

bo5.1 (me pago 21). 

~~~ 

a Tho corrections in this column worn obtained from tho tnblo on ago 25, oxcopt for 
tho last part of tho 6eoti0nt shown in italics, for which tho corrwt&s woro obtaincd 
from tho tablo m ago 28. 

b Thomean oft&% two olovations was used In computing tho monn olovatlon for tho 
wholo @ion. 

c Duo to the use of a convenient but sll htly inaccurate d u o  of tho stadia constant 
for the precise love1 thls distance fails to  d e c k  the measured distanw. Tho porwntago 
of error is quto  &all, and by com wing sovoral sections its valuo mu bo obtntned 
qulto accurately and nllowance mna), for it. If tho proclso levellug has beon done 
according to  tho lnstructions in this ubllcntlon, thls chock on thc dlslanco should 
locsto any blunder of n lap0 length in 80 tape measuwmont. 

70. With regard to the preceding computation it should be noted 
that the table on pry0 25 differs from the one on page 28 in this reapect, 
that in the former the known meaaured distance, I ,  is the horizontal 
distance or leg of the right triangle, while i n  the latter it is the inclined 
dktance or hypotenuse of the right triangle. This distinction should 
be kept in mind in computing any values which fall outeide the limite 
of the tablee. 

80. In computing inclination corrections outaidu the limita of the 
table on pago 25 for the precise-leveling work it will bo found that the 
firat term only of the series formula a t  the top of the table, namely, 

i7, will give sufiicient accuracy. The same formula may also be wed 

for the Y-level work when the lengthe aro other than the 26 or 50 
mokm for which the table on pago 28 is computed and when tho 

h = 
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0.3  

mm . 
2.2 
1.5 
1.1 

0.9 
0.8 
0.6 
0.6 
0.6 

0.4 
0.4 
0.4 
0.3 
0.3 

0.3 
0.3 
0.3 
0.2 
0.2 

0.2 
0.2 
0.2 
0.2 
0.2 

0.2 
0.2 
0.2 
0.2 
0.2 

0.2 

............. 

grades are under 5 per cent . Of course h must be expressed in metera 
instead of feet . Other valuee outaide the limita of the tables can be 
obtained readily by actually computing tho right triangle . Barlow's 
tables of squares will be found useful in this connection . 
81 . Inclinstiou correction.- 

A s  l14 [Comtion-t- J p i i ~ . & + ~ .  .... (aliwys negstlve).] 

..- . _. . 

0 . 4  
- 
mm . 

4.( 
2 . . 
2.( 

1.c 
1 . . 
1 . . 
1.( 
0.s 

0.1 
0 . . 
0.7 
0.6 
0.0 

0.6 
0.6 
0.6 
0.4 
0.4 

0.4 
0.4 
0.4 
0.3 
0.3 

0.3 
0.3 
0.3 
0.3 
0.3 

0.3 

Dlffemnce of olovatlon In motors . 
of sen- 

0.0 

mm . 

10.1 

8.1 
6.8 
5.8 
6.1 
4.5 

4.0 
8.7 

3.1 
2.8 

2.7 
2.5 
2.4 
2.2 
2.1 

2.0 
1.Q 
1.8 
1.8 
1.7 

1.6 
1.6 
1.5 
1.4 
1.4 

1.8 

3.4 

1.0 
-- 

'rnm . ............ ............ ............ 
12.6 

10.0 
8.3 
7.1 
0.2 
15.6 

5.0 
4.1 

3.8 
3.6 

3.3 
3.1 
2.0 
2.8 
2.6 

2.5 
2.4 
2.3 
2.2 
2.1 

2.0 
1.9 
1.9 
1.8 
1.7 

1.7 

4.a 

10 ..... 
20 
30 
40 

....... 

mm . mm . mm . 
0.0 0.5 2.t ............ 0.2 l.! ............ 0.2 0 . ............ 0.1 0.1 

M) 
80 
70 
80 
Bo 

0.1 
0.1 
0 . 1 
0.1 
0.1 

0.1 
0.1 
0 . I 
0.1 
0.1 

............ 0.1 0 .. ............ 0.1 0 .. 

............ 0.1 0 .. 

............ 0.1 0 .. 

............ 0.1 0 .. 
1M) 
110 
120 

............ 0.0 0 .. 

................... 0 . : ............ I I ....... 0.2 

0.5 

130 
140 ............ ....... 

mm . 

0.2 
0.1 

...... 
4.5 
3 . 
2 . t 
2.1 
1 . I  
1 . f 
1 . I  

1.1; 
1 .A 
1.0 
1.0 
0.8 

0.8 
0.8 
0.7 
0.7 
0.7 

0.6 
0.6 
0.6 
0.5 
0.6 

0.5 
0.6 
0.5 
0.4 
0.4 

0.4 

150 
180 
170 
180 
loo 

0 . t i  

................... ................... ................... ................... ................... 

mm . 

e . 
4 . l 
3 . c 
2 . ' 
2 . c 
1 . F 
1 . t 
1.6 
1.4 
1.3 

1.2 
1.1 
1.1 
1.0 
0.9 

0.9 
0.9 
0.8 
0.8 
0.7 

0.7 
0.7 
0.7 
0.0 
0 . 0 

0.6 

...... ...... 

3 .e 
2 . ! 

- 

200 .....I 

0 . i 

.............. 

mm . 

250 .................... zao ..... 1 
270 .................... 
. 280 ................... 
290 ................... 
300 ..... (.............. 

...... 
H . : 
0.1 

4.6 
4.1 a . 
3 . I 
2 . i 
2.2 
2.0 
1.9 
1.7 

1.0 
1.5 
1.4 
1.4 
1.3 

1.2 
1.2 
1.1 
1.1 
1.0 

1.0 
0.9 
0.8 
0.0 
0.8 

0.8 

a . 4 

0.1 .............. 0.1 
0.1 
0.1 
0.1 

0.1 

. 
0.9 
. 
mm 

10 . : 
8 . ( 
6 . I  
5 . ! 
4 . 
4 . ( 
3 . f 
3 . : 
2 . b 
2.7 
2.5 
2.3 

2.1 
2.0 
1.9 
1.8 
1.7 

1.6 
1.5 
1.6 
1.4 
1.3 

1.3 
1.2 
1.2 
1.1 
1.1 

1.1 

... ... 

- 



26 U . 8 . COAST AND GEODETIC SURVEY . 
Inclination correction-Continued . 

1.2 

mm . 
18.0 

14.4 
12.0 
10.3 
9.0 
8.0 

7.2 
6.6 
8.0 
6.6 
6.1 

4.8 
4.6 
4.2 
4.0 
3.8 

3.6 
3.4 
a.3 
3.1 
8.0 

2.8 
2.7 

2.9 

2.6 
2.6 

2.4 

. .. 

Length 
of SCD 
tion in 
moton . 1.3 -- 

mm . 
16.9 
14.1 
12.1 
10.6 
9.4 

8.4 
7.7 
7.0 
6.6 
6.0 

6.6 
6.3 
6.0 
4.7 
4.4 

4.2 
4.0 

....... 

a.8 
8.7 
a.6 

a.2 
a.1 

8.4 

8.0 
2.9 

2 8  

40 .... 
bo .... 
60 .... 
70 .... 
80 .... 
go .... 

100 .... 
110 ..... 
120 ..... 
130 ..... 
140 ..... 
1EJJ ..... 
lW., ... 
170 ..... 
180 ..... 
190 ..... 
200 ..... 
210 ..... 
220 ..... 
230 ..... 
210 ..... 
250 ..... 
280 ..... 
270 ..... 
280 ..... 
290 ..... 
300 ..... 

1.4 -. 
mm . 

19.6 
10.3 
14.0 
12.2 
10.9 

9.8 
8.9 
8.2 
7.6 
7.0 

6.6 
6.1 
6.8 
6.5 
6.2 

4.9 
4.7 
4.6 
4.3 
4.1 

3.9 
3.8 

3.6 

3.8 

............. 

3.6 

3.4 

. 
1.1 1.6 

mm . 
22.E 
18.8 
10.1 
14.1 
12.f 

11.2 
10.2 
9.4 
8.7 
8.0 

7.6 
7.0 
6.6 
6.3 
6.9 

6.6 
6.4 
8.1 
4.9 
4.1 

4.5 
4.3 

4.0 
4.a 

3.9 

3.7 

mm . 
16.1 

12.1 
10.1 
8 .e 
7.6 
0.7 

6.0 
6.6 
6.0 
4.7 
4.3 

4.0 
3.8 
3.6 
3.4 
3.2 

3.0 
2.9 
2.7 
2 . 6 
2.6 

2.4 
2.3 
2.2 
2.2 
2.1 

2.0 - 

Difference of elovation in meters . 
1.6 

mm . 
26 . B 
'21.3 
18.3 
16 . a  
14.1 

12.8 
11.6 
10.7 
9.8 
9.1 

8.6 
8.0 
7.6 
7.1 
6.7 

6.4 
6.1 
5.8 
6.6 
b . 3 

6.1 
4.9 
4.7 
4.6 
4.4 

...... 

4.8 

1.7 

mm . 
- 
..... 
..... 
24.1 
2 0 . 8  
18.1 
16.1 

14.4  
13 . 1 
12.0 
11.1 
10.3 

9.6 
9.0 
8.6 
8.0 
7.6 

7.2 e . 9 
e . e 
6.0 

6.8 
6.0 
6.4 
5.2 
6.0 

o . a 

4 .a 

1.8 

mm . 
- 
..... 
..... 
21 . a  

18 . a  
23 . I 
20.2 

16.2 
14.7 
13.6 
12.6 
11.6 

10.8 
10.1 
9.6 
9.0 
8.6 

8 . I 
7.7 
7.4 
7.0 
6 . 7 

6.6 
6.2 
6.0 
b . 8 
6.6 

6.4 - 

1.9 

mm . 
- 
..... 
..... ao . I 
25 . a 
22.6 
20.1 

18.0 
16.4 
15.0 
13.9 
12.9 

12.0 
11.3 
10.6 
10.0 
9.6 

9.0 
8.6 
8.2 
7.8 
7 . b 

7.2 
6.9 

6.4 
6.2 

6.0 

e . 7 

2.0 

mm . 
- 
...... 
...... 

33.3 
2%0 
25.0 
22.2 

20.0 

10.7 
15.4 
14.3 

13.3 
12.6 
11.8 
11.1 
10.5 

10.0 
9.6 
Q.1 
8.7 
8.3 

8.0 
7.7 
7.4 
7.1 
6.9 

6.7 

in . 2  



QENERAL INBTRUCTIONB FOR TRAVERSE . 

2.9 

mm . 
46.7 

42.0 
38.2 
35.0 
32.3 
30.0 

23.0 
243.3 
24.7 
23.4 
22.1 

21.0 
20.0 
19.1 
1R.3 
17.5 

10.8 
10.2 

15.0 
14.5 

14.0 

15.0 

27 

3.0 
.- 

mm . 
50.0 

45.0 
40.9 
37.5 
34.0 
32.1 

30.0 
28.1 
20.5 
z.0 
23.7 

22.5 
21.9 
20.5 
19.0 
18.7 

18.0 
17.3 

10.1 
15.5 

15.0 

............. ............. 

18.7 

Inclination correction.Continued . 
. . -_______.__- ~ ~- 

150 ..... 
100 ..... 
170 ..... 
1x0 ..... 
180 ..... 
200 ..... 
210 ..... 
220 ..... 
230 ..... 
Ex0 ..... 
w) ..... 
2M) ..... 
'270 ..... 
280 ..... 
200 ..... 

mm . mm: 

..... 24.5 28.9 

70 ..... 31.5 34.8 
w) 80 ..... 127.el 30.2 

14.7 10.1 
13.8 15.1 
13.0 14.2 
12.2 18.4 
11.8 12.7 

11.0 12.1 
10.5 11.5 
10.0 11.0 
9.0 10.5 
9.2 10.1 

8.8 0.7 
8.5 9.3 
8.2 9.0 
7.9 8.7 
7.0 8.3 

100 ..... 
120 ..... 
130 ..... 
110 ..... 

140 ..... 

aao ..... I 7.3 I 8.1 

Dlfloronro of olevallon in meters . 
2.3 

mm . 
87.8 
33.1 
28.4 

28.4 
24.0 
22.0 
20.3 
18.9 

10.5 

14.7 
13.9 

- 

17 .e 
16 .e 

13.2 
12 .e 
12.0 
11.5 
11.0 

10.2 
9.8 
9.4 
9.1 

8 . 8 

io . 0 

2.4 
- 
mm . 
41.1 
36.0 
32.0 

28.8 
28.2 
24.0 
22.1 
20.6 

18.0 

16.0 
15.2 

14.4 
18.7 
13.1 
12.5 
12.0 

11.5 
11.1 
10 . 7 
10.3 
9.9 

9.0 

19 .a 
ie . 9 

- 

a . 5 

mm . 
39.1 
34.7 

81.2 
28.4 

24.0 
22.3 

20 . R 
19.5 
18.'4 
17.4 

15.0 
14.9 
14.2 
13.0 
13.0 

12.5 
12.0 
11.6 
11.2 
10.8 

10.4 

- 
..... 

28 . o 

18.5 

- 

. 
2.0 
. 
mm . 
42.2 
87.0 

83.8 
30.7 
28.2 

24.1 

n . 6 
21.1 
19.9 
18.8 
17 . 8 
16.1 
15.4 
14 . 7 
14.1 

13.5 
13.0 
12.5 
12.1 
11.7 

11.3 

..... 

m . o 

18.9 

- 

2.7 

mm . 
45.0 
40.5 

30.4 
33.1 so . 4 
28.0 
28.0 

24.3 
22 . 8 
21.6 

19.2 

18.2 
17.4 
10.6 
15.8 
16.2 

- 
..... 

m . 2 

14 .e 
14.0 
13.5 
13.0 
12.0 

12.1 

2 . R - 
mm . ..... 
49.0 

39.2 
35.0 
82.7 
30.2 

28.1 
24.5 
23.1 
21.8 

10.0 
18.7 
17.8 
17.0 
10.3 

15.7 
15.1 
14.5 
14.0 
13.5 

13.1 

43 .e 

m . o 

20 .e 

- 



28 lJ, 8. COAST AND GEODETIC SURVEY. 

82. Inclination corrections for 60-meter tape lengths.- 
[Cor. = -.01h' - .000001h4.1 

mm. 
0.0 

. O  

. O  

.o 

.O 

.o 

.o 

.o 

. l  

.1 

.1 

.1 

.1 

.2 .a 
.2 
.8 

.4  

.4 

.4 

.6 

.6 .e 
.6 
.7 
.7 
.8 
.8 

.e 
1.0 
1.0 
1.1 
1.2 

1.2 
1.3 
1.4 
1 .4  
1.6 

1.0 
1.7 
1.8 
1.8 
1. 9 

2.0 
2.1 
2.2 
2.3 
2.4 

.a  

.a 

Dinorenca in 
olevatlon. 

Mdns. 
0.50 
.61 
.62 
.63 

- 
Mdcrs. 

0.00 
.01 
.02 
.03 
.04 

.05 .oo 

.07 .os 

.oQ 

.10 
* 11 
.12 
.13 
.14 

.I6 

.10 

.17 

.I8 

.19 

.20 

.21 

.22 

.23 .w 

.2b 

.20 .n 

.28 

.2Q 

.30 

.31 

.32 

.a3 

.34 

.36 

.37 

.38 

.39 

.40 

.41 

.42 

.44 

.46 

.40 

.47 

.48 
0 49 

.30 

.4a 

mm. 
2.5 

2.7 
2.8 
2.9 

3.0 
3.1 
3.2 
3.4 
3.6 

3.0 
3.7 
3.8 
4.0, 
4 . 1 '  

4.2 
4.4 
4.6 
4.0 
4.8 

4.9 
6.0 
6.2 

6.6 

2.0 

6.3 

- 
Fed. 
0. Mx) 

.033 .m 
,098 
.l31 

.164 

.197 .m 

.262 

.2QS 

.328 

.394 

.4n 
-468 

.481 

.624 

.65E 

.601 

.6?2 

.w .a€ 
.721 
.7u 
.787 

.82[ .w 
.%e 
.918 . Q61 

.w 
1. O l i  
1.W 
l.W 
1.11; 

1.14t 
1.181 
1.214 
1.247 
1.H 

1.34l 
1.376 
1.411 
1.444 

1.47t 
1.501 
1.64: 
1.67: 
1. ea 

.a01 

1. ai: 

W n .  
1.01 
1.00 

1.02 
1.M 
1.04 

1.05 
1.00 
1.07 
1.08 
1.W 

1.10 
1.11 
1.12 
1.13 
1.14 

1.16 
1.10 
1.17 
1.18 
1.19 

1.20 
1.21 
1.22 

1.24 
1.23 

: o m  1) Differoncain 
tion. elevation. 

6.0 
6.8 
6.9 
6.1 
0.2 

6.4 
0.0 
0.7 
0.9 
7.1 

1.26 
1.20 
1.21 
1.28 
1.28 

1.30 
1.31 
1.32 
1.33 
1.34 

.b4 

.66 

.68 

.67 

.68 

.69 

.Bo 

.I 

.64 

.65 .ea 

.07 

.68 

.08 

.70 

.71 

.72 
-73 
.74 

.7b 

.76 

.77 

.78 

.79 

.&l 

.81 
a82 
.83 
e 8 4  

.M 

.a6 
e87 
.ffl 
.89 

.Qo 

.91 

.92 

.83 

.94 

.96 

.96 

.@7 

.I% 
-88 

.ai . a2 

8.1 
8.3 
8.6 
8.0 
8.8 

FCd. 
1.640 
1.073 
1.706 
1.739 
1.772 

1 . m  
1.837 
1.870 
1.003 
1.830 

' 1.m 
2.001 
2.034 
2.067 
2 100 

2.133 
2.105 
2.1U8 

2254 

2.297 
2.329 
2.302 
2.395 
2.428 

2.401 
2.183 
2.620 
2.658 
2. bo2 

2.826 
2 057 
2. Goo 
2.723 
2.766 

2.789 
2.822 
2.854 
2.887 
2820 

2.953 
2.880 

2.231 

8.018 a. 051 
a. 084 

a. 182 

8.117 
3.1w 

3.216 
3.248 

1.40 
1.41 
1.42 
1.43 
1.44 

:orreo- 11 Dlffomnca In 
tlon. 010vatlan. 

-4- 

7.2 
7.4 
7.6 
7.7 
7.9 

1.36 
1.30 - .. 
1.37 
1.38 
1.39 

FCd. 
3.281 

3.340 
3.379 

a. 446 a. 478 
3.610 
3.643 
3.676 

3.008 
3.042 
3.676 
3.707 
3.740 

3.773 
3.Wl 
3. s39 
3.871 
3 . w  

3.937 
3.970 
4.003 
4.035 
4.068 

4.101 
4.134 
4.167 
4.190 
4.232 

1.265 
4.288 
4.331 
4.304 
4.3w 

4.42s 
4.402 
4.405 
4.629 
4.560 

4,683 
4. 0Z 
4.658 
4. G92 
4.724 

4.767 
4.7% 
4.8Z 
4. 
4.w 

a.314 

a. 412 

- - 
O m  
;ion 

mm. 
- 

10.0 
10.2 
10.4 
10. ti 
10.8 

11.0 
11.2 
11.4 
11.7 
11.9 

12.1 
12.3 
12.6 
12.8 
13.0 

13.2 
13.6 
13.7 
13.0 
14.2 

14.4 

14.9 
16.1 
16.4 

16. G 
16.9 

10.4 
10. G 

17.2 
17.4 
17.7 
18.0 

18.2 
18.6 
18.8 
19.0 
19.3 

10.0 
19.9 

243.4 
20.7 

21.0 
21.3 
21.0 
21.0 
22.2 

14. a 

la. 1 

io. 9 

m. z 



GENERAL INBTRUCTIONS FOR TRAVEltSE. 

Inclination corrections for 50-meter tape lengthe-Continued. 

mm. 
40.0 
40.4 
40.8 
41.2 

42.0 
42.5 
42.9 
43.3 
43.7 

44.1 
44.6 
45.0 
45.4 
45.8 

48.2 
40.7 
47.1 
47.6 

41.0 

48. o 

DifIcroncc in  
olovntlon. 

-- 
1wcra.  

2.60 
2.61 
2.52 
2.53 
a.64 

- 
A f i a  

1.6C 
1.51 
1.6i 
1.52 
1.64 

1.66 
1.50 
1.57 

1.59 

1.00 
1.01 
1.02 
1.03 
I. a4 

1.65 
1.00 
1.07 
1.08 
1.09 

1.70 
1.71 
1.72 
1.73 
1.74 

1.76 
1.70 
1.77 
1.78 
1. TB 
1. 80 
1.81 

1.83 
1.84 

1.85 
1. HB 
1.87 
1.88 
1.88 

1.80 
1.91 
1.92 
1.93 
1.84 

1.58 

1. n2 

mm. 
22.5 
22.8 
23.1 
23.4 
23.7 

2.1.0 
24.3 
24.0 
25.0 
25.3 

25.9 
28.2 
20.0 
28.0 

27.2 
27.8 
27.9 

28.6 

28.9 
2%. 2 
29.0 
29.9 
30.3 

30.0 
31.0 
31.3 
31.7 
32.0 

32.4 
32.8 
33.1 
33.5 
33.9 

34.2 
34.0 
35.0 
35.3 
35.7 

25. a 

a. a 

- 
Fed. 

4.92 
4.95. 
4.98 
6.021 
5.05: 

6.08: 
6.111 
6.161 
6.1& 
6.21; 

5.24( 
6.28: 
6.31: 
5.34: 
6.381 

6.413 
6.44E 
5.475 
6.512 
5. MC 

6.577 
6. 0 d  
6.043 
6. oic 
6.70'2 

5.741 
6.774 
6.807 

6.873 

6. Ow 
6.938 
6 .9 i l  
6. rn 
0.037 

0.070 
0.102 
0. 135 
0.1G8 
0.201 

0.234 
8. ?.no 
0.298 
0.332 
0.365 

5. ma 

&tcra. 

2.01 
2.02 
2.03 
2.04 

1 2.00 

Ii- 

30.1 
30.6 
30.9 
37.2 
37.0 

88.0 

39.2 2.48 
39.6 2.49 

2. a5 
2. oil 
2.07 
2.08 
2. @a 
2.10 
2.11 
2.12 
2.13 
2 14 

2.15 
2.10 
2.17 
2.18 
2.19 

2.20 
2.21 
2.22 
2.23 
2.24 

2.25 
2.20 
2.27 

2.28 

2.30 
2.31 
2.32 
2.33 
2.34 

2.35 
2.39 
2.31 
2.38 
2.39 

2.40 
2.41 
2.42 
2.43 a. 44 

2.28 

Fee. 
0.58: 
0.59' 
0.02; 
0.0M 
0.0% 

8.7% 
0.765 

0.8% 
0. a5; 

0.8W 
0. w 
0 . w  
0. Qat 
7.021 

7.054 
7.081 
7.11c 
7.162 
7 . m  

7.218 
7.251 
7.283 
7.31C 
7.340 

7.382 
7.416 
7.447 
7.48C 
7.613 

7.640 
7.679 
7.012 
7.044 
7. 077 

7.710 
7.743 
7.570 
7.808 
i. 841 

7.874 
7.807 
7.9.10 
7.972 
8. cQ6 

8.038 
8.071 
8.104 
8.130 

a. 791 

8. la9 

62.6 

63.4 
63 9 
64:3 I 

67.0 

60.1 
69.0 I 

2.55 
2. 60 
2.67 
2.68 
2.69 

2.80 
2.01 
2.02 
2. 03 a. 04 

2.06 
2.00 
2.07 

2.69 

2.70 
2. i l  
2.72 
2.73 
2.74 

2.76 
2.70 
2.77 
2.78 
2.79 

2.80 
2.81 
2.82 
2.83 
2.84 

2.85 
2.88 
2.87 
2.88 
2.89 

2.80 
2.91 
2.92 
2.03 
2.9i 

a. 08 

- 
Ful. 
8.20: 
8.23  
8.201 
8.30: 
8.33: 

8.3N 
8.381 

8.40. 
8.497 

8.63C 
8.60? 
8.5W 
8.025 
8.081 

8.884 
8.721 
8.70C 
8.793 
8.824 

8.881 
8.924 

8.989 

0.022 
9. w6 
9.088 
9.121 
9.104 

9.219 
0.252 
9.285 
9.318 

9.3m 
9.383 
9.410 
0.449 
9.482 

9.614 
9.647 
9.580 
0.013 
9. e40 

8.431 

8. sa 

n. 957 

9. 180 

29 

- - 
:orruo- 
tlon. - 
mn,. 

02.6 
03.0 

04.0 

05.1 
05.0 
00. 1 
OB. 0 
07. 1 

08.2 
08. 7 
09.2 
u9. 7 

70.3 
io. 8 
71.3 
71.9 
12.4 

73.0 
73.6 
74.0 
74.0 
75.1 

76.7 
70.2 
70.8 
77.3 
77.9 

78.6 
79.0 
79.0 
80.2 
80.7 

81.3 
81.9 
82.4 
8s. 0 
83.0 

84.2 
84.8 
I. 3 

$0.6 

87.1 
87.7 

88.9 
88.6 

03.6 

04. a 

07. o 

as. e 

RE. a 
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Ixiclinntion corrections for 50-meter tape 1ongtht t~ont inuc.d 

mm. 
w.1 

91.3 

92.5 

93.1 
03.7 
01.3 
95.0 
05.0 

8G. 2 
9G. R 
87.4 
OR. 1 
08.7 

99.3 
100. 0 
100.0 
101.2 
101.9 

80.7 

91.0 

DMerenco in 
clovnticnt 

M8-m. 
3.24 

3.52 

8.64 

3.51 

8.63 

- 
.Mm 

3. ou 
3.01 
3.02 
3.03 
3.01 

3.05 
3.M 
3.07 
3.09 
3. 09 

3.10 
3.11 
3.12 
3.13 
3.14 

3.15 
3.10 
3.17 
3. 18 
3.10 

3.20 
3.21 
3.22 
3.23 
3.21 

3.25 
3.26 
3.27 
3.28 
3.20 

3.30 
3.31 
3.32 
3.33 
3.34 

3.35 
3.36 
3.37 
3.38 
3.30 

3.40 a. 4 1  a. 42 
a. 43 
a. 44 

a. 47 
a. 48 a. 40 

3.46 
a. 40 

%:7 In. i 
124.1 
124.8 
125.5 

1%). 2 
12ti. 9 
127.0 
128.3 
129.0 

120.8 
130.5 
131.2 
131.0 
132.7 

133.4 
134.1 
134.9 
135.0 
136.3 

137.1 
137.8 

130.3 
140.1 

i3n. G 

Fed. 
9.812 
9.875 
9.908 
9.041 
0.074 

10.007 
10.030 
10.072 
10.105 
10.138 

10.171 
10.203 
10.23Ii 
10.200 
10.302 

10.335 
10.367 
10.400 
10.433 
10.460 

10.488 
10.E31 
10.501 
10.507 
10.030 

10. oca 
10. GOG 
10.728 

.10.701 
10.794 

io. un 
10.8rn 
10.802 
10.025 
10.058 

10. 881 
11.024 
11.056 
11.080 
11.122 

ll.lG5 
11.188 

11.253 
11.2RG 

11.310 
11.352 
11.384 
11.417 
11.460 

11.220 

I "E 
-11 

102.6 
103.1 
103.8 
1M. 4 
105.1 

105.7 
106.4 
107.0 
107.7 
108.4 

108.0 
109.7 
110.3 
111.0 
111.7 

112.4 
113.0 
113.7 
114.4 
115.1 

115.7 
110. 4 
117.1 
117.8 
118.6 

119.2 
110.9 

121.3 
122.0 

im. 6 

' 

a. 55 
a.5e 
8.51 
a. 5e 
3 . 3  

8. GO a. GI a. oz 
3. w 
3. M 

a. txi a. ti(] 
8. ea 3.67 

3.00 

3.70 
3.71 
8.72 
3.73 
3.74 

3.75 
3.76 
3.77 
8.78 

3.80 
3.81 
3.82 
3.83 
3.84 

3. E5 
3.80 
3.87 
3.88 
3.80 

3.90 
3. 01 
3.92 
3.03 
3% 94 

3.95 
3. w 
3.07 
3.08 
3.00 

a. 70 

Fed. 
11.4Y3 
11.61(i 
11.540 
11.5R1 
11.014 

11.647 
11.G60 
11.713 
11.715 
11.778 

11.811 
11.84,l 
11.877 
11.ooO 
11.012 

11.876 
12.008 
12.041 
12.073 
12.106 

12.130 
12.172 
12.205 
12.238 
12.270 

12.303 
12.336 
12.300 
12.402 
12.434 

12.407 
12. m 
12. h?3 
12.5w 
12.508 

12.631 
12. GG1 
12.607 
12.730 
12.702 

12.795 
12. an 
12.861 
12.804 
12.920 

12.050 
12.902 
13.025 
13. O S  
13.001 

142.3 
143.1 
143.8 

144. 6 
145.4 
146.1 
140.9 
147.7 

1% 4 
140.2 
1.50.0 
150.8 
161.0 

152.3 
153.1 
153. 0 
154.7 
155.5 

1%. 3 
157.1 
157.0 
188.7 
160.5 

4.01 
4. oi 
4. M 

4.05 

4.07 
4. Q 
4.m 

4 . ~ 1  

4. or 

4. io  
4.11 
4.12 
4.13 
4.14 

4.15 
4.10 
4.17 
4.18 
4.19 

4.20 
4.21 
4.22 
4.23 
4.24 

4. !25 
4.2G 
4.2i 
4.2.4 
4.29 

4.30 
4.31 
4.32 
4.8 
4.34 

4.35 
4.30 
4.37 
4.38 
4.80 

4.40 
4 . 4 1  
4.42 
4.43 
4.44 

4.45 
4.46 
4.47 
4.48 
4.40 

Feel. 
1% 1'3 
13. 1.5C 
13. 1x9 
13.222 
13.255 

13.287 
13.320 
13.353 
13.380 
13.410 

13.451 
13.484 
13.517 
13.550 
13.583 

13. GI5 
13.618 

13.714 
13.747 

11.780 
13.812 

13.878 
13.011 

13.044 
13.076 
14.000 
14.012 
14.075 

14.1M 
1 1.140 
14.173 
15.206 
14.230 

14.272 
14.304 
14.337 
14.370 
14.403 

14.430 
14.4U 
14.501 
14.531 
14.507 

14.600 
14. G33 
14.W 
14.IMl 
14.731 

13. rfii 

13.8.15 

- - 
:0rrOC- 
tlon. 
-- 
mm. 

l(io.3 
161.1 
161.9 
1g2.7 
103.5 

164.3 
155.1 
165.9 
166.7 
167.6 

188.4 
169.2 
170.0 
170.0 
171.7 

172.5 
173.4 
174.2 
175.0 
175.0 

176.7 
177. 6 
178.4 
170.2 
1w. 1 

181.0 
181.8 
182.7 
183.5 
184.4 

185. '2 
180.1 
187.0 
187. X 
188.7 

180.0 

101.3 
192.2 
193.1 

184.0 
104.9 
185.7 
198.6 
187.6 

IM. 4 
188.3 
200.2 

202.0 

im. 5 

mi. 1 
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Inclination corrections for 50-meter tape lengths-Continuud. 

mm. 
Z U . 6  
251.6 
252.0 
253.0 
254.7 

256.7 
250.7 
257.7 
258.’7 
258.8 

Diflercnce in 
elevation. 

I Nefcrs .  
I 6.50 i G.51 

6.52 
5.63 
5.64 

5.65 
5.54 
5.67 
5.58 
5.50 

- 
N&8. 

4 . m  
4.51 
4.62 
4.53 
4.61 

4.55 
4.50 
4.57 
4.58 
4.68 

4.00 
4.01 
4. 62 
4.63 
4.64 

4. 65 
4.60 
4.07 
4. 68 
4.08 

4.70 
4.71 
4.72 
4.73 
4.74 

4.75 
4.76 
4.77 
4.78 
4.70 

4.80 
4.81 
4. a 
4. R3 
4 . s  

4 . 6  
4.86 
4.87 
4.88 
4.88 

4.m 
4.01 
4.82 
4.83 
4.M 

4.85 
4.M 
4.87 
4.88 
4.89 

mm. 
202.0 
203.8 
204.7 
205.6 
206.5 

207.6 
208.4 
208.3 
210.2 
211.1 

212.0 
213.0 
213.0 
214.8 
215.8 

216.7 
217.0 
218.0 
218.5 
220.4 

p1.4 
222.3 
m.3 
P4.2  
2 a . 2  

220.1 
221.1 
m . 0  

Fee$. 
14. t b4  
14.707 
14.828 
14.862 

14.028 
14.UG1 
14.893 
15.026 
15.050 

1 5 . W  
16.125 
16. 157 
15.1W 
15.223 

16.256 
15.250 
15.321 
16.354 
15.387 

15.4m 
15.453 
16.4R6 
15.518 
l G . 6 5 1  

15.684 
15.617 
15. &W 
15.082 
16.715 

15.748 

15.814 
16.840 
16.878 

15.012 
15.845 
16.978 
16.010 
16.043 

16.076 
16.100 
16.142 
16.175 
16.207 

16.273 

16.538 
16.871 

1 4 . ~ ~ 5  

16.781 

io. 240 

1 0 . a ~  

Netera. 
5.00 
6.01 
5.02 
6.03 
6.04 

6.05 
6.06 
6.07 
5.08 
5.01, 

f ; ; :  
6.12 
6.13 
6.14 

6.15 
6.10 
6.17 
6.18 
5.10 

6.20 
6.21 
5.2‘2 
5.23 
6.24 

6.25 
5.26 
L 2 7  

2orrce j j  Dineroncein 
tion. elevation. 

220.0 
m.0 I 

-11- 

8.24  
6.28 

280.8 
201.8 
202.8 
263.0 
204.8 

2GG.8 

;;I 2fiV.O 

271.1 
272.2 
273.2 
274.3 
276.3 

207.0 

5.60 
5.61 
6.02 
5.63 
6.64 

5.6.5 , 5.67 
6.6s 
5.69 

5.70 
6.71 
5.72 

, 6.74 

5.06 

1 5.73 

-. 

Fed. 
10. 401 
10.437 
10.470 
10.M3 
10.635 

16.W8 
16.601 

10.667 
10.699 

16.732 
10.765 
10.708 
18. tu1 
16.883 

16.600 
1u. 926 
lCi.UC2 
10. IM5 

17.060 
17.oR3 
17.120 
17.158 
17.182 

17.224 
17.257 
17.280 
17.323 
17.333 

17.388 
17.421 
17.454 
17.487 
17.620 

17.652 
17.685 
17.618 
17.651 
17.084 

ia.rn4 

17. om 

17.710 

17. ita 

17. 848 

17. oia 

17.748 

17.815 

17.881 

17.046 
17.070 
18.012 

270.4 
277.4 
278.5 

~ o r r c o  ! Dineroncoin 
tion. , elevation. 

i 6.75 I 6.76 
5.71 

-I,--- 

Zrn.0 
~ 1 . 8  
232.0 
233.8 
234.8 

235.8 
238.8 
237.7 
~ 8 . 7  
m9.7 

240.7 
241.7 
242.7 
243.6 
244.0 

246.0 
240.0 
247.0 
248.0 
a9 .e  

5.30 
6-31 
5.32 
5.33 
6.34 

5.35 
6.30 
5.37 
5.38 
5.30 

5.40 
6.41 
6.42 
6.43 
5.44 

6.45 
6-40 
6.47 
6.48 
6.49 

282.8 
283.8 
284.8 
280.0 

287.0 
2M.i 
288.2 
280.3 
201.4 

I 6.81 
’ 5.82 I 6 .B  
I 6.84 

I 5.85 
6.86 ! 6.87 

I 6.88 
j 1.88 

292.5 
283.5 
ZU4.0 

B0.8 

287.0 
289.0 
300.1 

302.3 

2 8 5 . i I  

ao1.a 

Fed. 
18.045 
18.077 
18.110 
18.143 
18.176 

18.208 
18.241 
18.274 
18.307 
18.340 

18.333 
18.409 
18.438 
18. 471 
18.604 

18.637 
18.670 
18.602 
18.635 
18.668 

18.701 
18.734 
18.766 
18.7uQ 
18.632 

18.865 
18.888 
18.930 
18.W 
18.9811 

19. om 
18.082 
10.084 
19.m 
19.180 

10.183 
19.220 
19.268 
19.281 
10.324 

10.357 
18.3W 
10.423 
10.466 
19.488 

19.621 
18.564 
18.S7 
18.619 
18.852 

’ 6.90 
6.01 
5.02 
5.m 
5.04 

5.05 
5.80 
6.87 

6.m 
s.88 

mm. 
303.4 
304.5 
3W. 0 
306.7 
307.9 

300.0 
310.1 
311.2 
512.3 

314.6 

318.0 
319.1 

821.4 
822.5 
923.7 

a13.5 

315. i 
a10.n 

320. 2 

a24. 8 

a2a. o 
827.1 
328.3 
329.4 
930. u 
331.7 
932.9 
994.0 
336.2 
836.4 

837.6 
938.7 
338. 8 
341.0 
342.2 

343.4 
844.6 
845.8 
346. 8 
348.1 

349.3 
930.6 
351.7 
852.0 
564.1 

855.9 
866.5 
w7.7 
w. 9 
860.1 
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Inclination corrections for 50-meter tape Ien~~hR-Continued. 

mm. 
424.3 
425.6 
426.9 
428.2 
428.5 

430.0 
432.2 

434.R 
4 6 . 2  

433.5 

437.5 
43R.8 
440.2 
441.6 
442.8 

444.2 
445.5 
440.9 

449.G 
448.2 

45n.n 

453.0 
452.3 

455.0 
450.3 

457.7 
4,iI). 1 
460.4 
401.8 
4w.2 

-. - 
M i l  

e. 0 
0.0: 

6. @ 

8. o! 
6.M 
6.0; 
8.01 

8.U 
6.11 
0. 1: 
0.13 
0.14 

0.15 
0.1c 
0.17 
6. 1E 
6 .  IO 

1;. 20 
6.21 
ti22 
ti. 23 
ti. 24 

0.25 
1;. 2G 
1 ; .  n 
ti. 28 
0.28 

(i. 30 
0.31 
(i. 32 
1i.33 
6.34 

n. 35 
li .  30 
11.37 
0. 38 
0.39 

0.40 
0.41 
0.42 
6.43 
0.44 

6.40 
Cj. 47 
6.48 
(i 49 

n . M  

(i. a 

e. a 

a. 46 

I .vetera 
7.00 I 7.01 1 7.01 

I 7.03 
1 7.04 

7.05 
7.W 

7.W 
7.08 

7.07 

! 7.10 
7.11 
7.12 1 7.13 

I 7.14 ' 7.15 I 7.10 
7.17 

: 7.19 

7.21 

1 7.21 , 7.24 

I 7.25 
7.28 

I 7.27 
: 7.28 

i 7.18 

j 7.20 

I 7.22 

I 7.29 

FCCf. 
19.f3' 
19.71t 
19.761 
19.78 
19.816 

19.845 
19.881 
19.015 
18. 947 
18.980 

20.013 m. 040 
20. 070 

m. 144 

20. in 
20.210 

20. nci m. 3on 

m. 407 m. 440 m. 472 

20. 571 

20.112 

20.243 

20.341 
20.371 

20. w5 
20.53R 

m.t3@1 
20.838 

20.689 
20. 702 m. 735 m. 7 f i ~  
20. 800 

m. 8(;0 
20. 

2o.m 

20.032 
20.865 

20.097 
21.030 
21.063 
21.080 
21.129 

21.194 
21.227 
2 1 . m  
21.283 

2 1 . 1 ~  

-__ 

307.4 I 
ao8.o 
309.8 
371.0 
372.3 

373.5 
374.7 
375.9 
377.2 
378.4 

379.7 
8110.8 
382.1 
3R3.4 
384.0 

mm. i' Mten 

0.52 

306.1 mi 0.M 

0.65 

0.67 
6.m 
0.69 

0.00 
0.61 
6.02 
0.03 
0.64 

0.06 
0.80 
0.07 
0.68 

0.68 

0.09 

385.0 
3137.1 

3R9.11 
390.9 

3R8'4 

0.70 
6.71 

6.73 
6.74 

I e'72 

Feel. 
21.325 

21.391 
21.424 
21.457 

21.489 
21.522 
21.6.5 
21.588 
21.021 

21.051 
21.080 
21.719 
21.752 
21 .7s  

21.818 
21.850 
21. E a  
21. Qlli 
21.940 

21. RR2 
n . O l 4  
22.047 

22.113 

21,358 

m.nm 

n. 140 n. 17n 
22.211 
22.241 n. 277 

22.942 
22.875 

22.441 

22.474 
22.507 
22.539 
22.672 
22.005 

22.838 
22. (171 
22.703 
22.730 
22.760 

22.802 
22.835 
22.807 
22.800 
22. Q33 

n. aro 

n. 4013 

4M.9 
408.1 
407.4 
408.7 
410.0 

411.3 
412.0 
413.9 
415.2 
410.6 

417.8 
419.1 
420.4 
421.7 
423.0 

11- 

1 0.85 
6 . S  
0 . m  

0.89 

0.90 
6 81 
8.92 
6.93 
0.04 

0.96 
8.90 
0.87 
0.98 

I 6.W 

1 0.88 

I 

477.0 

478.4 
470.8 
461.2 
482.0 
484.0 

485.4 

488.2 
489.0 
401.0 

4 w . n  

7.a9 

7.40 
7.41 
7.42 
7.43 
7.44 

7.45 

7.47 
7.46 
7.49 
7.50 

7.40 

Feel. 
22. O N  
22. WB 
23.031 
23. of14 
23. ff97 

Yj, 130 
23. llii  
23.195 
23.228 
23. u)1 

23.294 
23.327 
23.360 
23.882 
23.425 

23.458 
23.491 
23.524 
23.m 
23.589 

w. 022 
23.655 a. 688 
21. 720 
23.763 

23.780 
23.810 
23.852 
23.8&1 
23.017 

23.960 

24.010 
24.MO 
24.061 

24.114 
24.147 
24.180 
24.213 
24.245 

24. n8 
24.a44 

24.409 

24.442 
24.475 
24.608 
24.641 
24.573 
24. Goc, 

23. oa? 

2 4 . m  

24. a77 

mm. 
4w. 4 
493.8 
495.2 
496.0 
49% 1 

489.6 
m. 9 
502.3 
m. 8 
505. 2 

m. 0 m. 1 mi. 5 
611.0 
512.4 

513.8 
615.3 
610. 7 
518.2 
619.6 

521.1 
622.5 
521.0 
625.5 
5" 9 

523. 'I 
B2iL !I 

w2 .  )1 
534.3 

536.7 
637.2 
t38.7 
mo. 2 
MI. 7 

643.1 
G44.0 
G40.1 
647.0 
648.1 

650.0 
G62.1 
653.0 
665.1 
MI. 0 

Fl58.1 
550.0 
501.1 
M2.0 
m. I 
505.7 

rh?1.3 



s 

83. Compntation of Savannah to Norfolk traverse line.- 

Woodford to Miner.. .................. 
Millerto20 ............................ 
20M MillerA ...................... 
Wer A to Snmsea .\ ................ 
swansea A to Swmsra n... ........... 
SwanscaB to20 ....................... 

I I 

do ..... F 
do.. ... F 

May 16 F 
do ..... F 
do ..... F 
do ..... F 

North (rail)to20 ................... May 11 F 
a3 to Douglas. ........................ do... F 
Dough to Woodlor(! ............... May 13 F 

.. I 1918. I 
P to Swansm C.. ..................... do ..... F 
Swansea C t o  SU-ansea D ........ ..I... do ..... I F 

Uncorrected 
length. 

bpe - x 0. 
Tape 

84. Explanation of the cornputation above.Some of the sections between stations are computed in  two or more 
parta in the computation above, because the whole section was not measured i n  a single day and the temperaturce 
for the different days vary enough to make a separate computation for each day's work desirable. 

(a)  The temperature correction is computed as follows: 
Temp. cor.=(T-TT,)Xtcmp. cocf .~50XNo.  of tape lengths (see p. ,W), 

in which T=the mean temperature for the eection and T,=the temperature of the tape at standardization (2704 C. 
for this tape). The temperature coefficient is the change in length per meter for each degree centigrade change in  
tempratwe. The temperature correction given in the certificate on page 34 is per tape length and must be divided 
by 50 to  obtain the temperature coeacient. 
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( b )  For the tapo correction see tho 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 tho field in the same manner aa when standardized. 

( e )  For the inclination correction, see page 24. 
(d) Tho sea-level correction or tho correction for reducing the 

length to sea level is computed by tho formula, 

Ah Sea level cor.=-, 

in which A=the length of sertion in meters, uncorrected except ior 
sct-up or setback to the nearcst meter, h=mean elevation of section to 
neareat mcter (seo p. 24) and r=mcan radius of the earth. Log r is 
obtained from the tables on pages 55-GO of Special Publication No. 2G. 
The argumenb for we in these tables are obtained by estimating the 
mean latitude and azimuth for each part of the traverse lino in which 
the various sectione have the ~ 3 m e  general direction. For the com- 
putation above, log r waa computed for that part of the traverse line 
extending from the Savannah River to Columbia, the line i8  prac- 
tically straight for that whole distance. Log r=(j.80312. 

86. Certiflcate of standardization (invar base tape No. 662.)- 

DECEMBER 5, 1910. 
Supported horizontally at 0, 25, and 50 nlrter points under tension 

of 15 kilograms: 

(0 to 50 m.)=5O m.-2.815 mm.+(l-27.'4 ( I . )  0.0282 mm. 
(probable errors) f0.020 mm. f0.0008 rmn. 

Supported horizontally nt 0, 12.5,25, 37.5, and 50 meter poinB undor 
tension of 16 kilograms: 

(0 to 50 m.)=50 ni.+0.113 mm.+(t-27.O3 C.) 0.0282 mm. 
(probable errors) f0.019 mm. f0.0008 mm. 

Maw per meter=25.8 grams. 
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86. Additional oomputed values of tape oorreotions (hvar base tape 
NO. 662.)- 

A L = ~ ( ? )  n w a  18 

AL=the amount tho tape is shortened by supporting it a t  
equidistant intervals instend of supporting it through- 
nut. 

cquidisbnt supports. 
n=nunibcr of sections into which the  tape is divided by 

Z=lcngtll of such swtion. 

i=thc ~ ~ p p l i ~ c l  trnsion. 
u.=meight of tape per unit of length. 

supported throughout untlcr tcnsion of 15 kilogmms: 

(0 t o  50 m.)=50 m.fl.000 mn1.+(t-27.04 C . )  0.0282 mm. 

Supported horizontally ut  0 and 50 meter points under tension of 
15 kilogwns: 

(0 to 50 m.)=50 n1.-14.371 11im.+(t-27.~4 C.)  0.0282 mm. 

87. To obtain thc. bpr correction when a part of the tap0 is supported 
on stakes and the remainder is supported throughout, use combinations 
of the proper fractional p a r b  of thc corresponding correctione given 
above. For examplo, i f  the tape is supported horizontally at the  0 
and 25 meter pointa and throughout from tho 26 to 60 meter points undor 
a tension of 15 kilograms, the tnpe correction is computed na follows: 

Tape Cor.=) (-2.815 mn1.)+3 (+l.OGO mm.)=--0,878 mm. 

and the formula for the.lcngtli bccomrs 

(0 to 60 m.)=60 m.-0.878 mm.+(1-27.'4 c.) 0.0282 mm. 
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88. Temperature corrections, tape No. 662.- 

[C0r.-+(t-27.~4 C.) 0.00002fi2 meters per tnpo length.] 

-0.000773 
744 
716 
BR8 
080 
e31 
003 
675 
547 
610 
401 
402 
434 
408 

-0.000378 

Tem- 
perature. 

"C. 
1.5 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
28 

-0.ooo3.w 
321 
293 
205 
237 

180 
152 
124 
BB 

. 08 
40 

-0.MMoll 

"C. 

31 
32 
33 
34 

2 0 8 %  
36 
37 
38 
39 
40 
41 
42 

ao 

- -  __ 

Corrrction. 

. .  - 

4 
5 
0 
7 

0 
IO 

+O.ooOo73 
102 
130 

186 
214 
243 
271 
20 
327 
35.5 

412 
440 
488 

+O. w88 

158 

3a4 

1 3  3 
2 0  6 
3 8  0 

11 12 
1 4  1 4  
17 17 
20 20 

8 2 2  w 
25 20 
28 20 

Correo- 
tlon. 

-1 

Areelera. 

. o m  
0582 

:Os72 
.05S 
.0504 
.0804 . W16 - .m25 
.oQ38 

. m57 

.OW8 

. m80 

.07M 

.0710 
,0721 
.I3731 
.0742 

.0763 

.0774 

0.0705 

0.0541 

. lW7 

.m78 

.0763 

.o789 

89. Tape corrections for tape No. 662 when supported throughout.- 

: Tape I lengths. 

I 
78 

I 77 
78 I 79 ' 80 

I 81 
82 
83 
84 
85 

87 
88 

w) 
91 ' 92 
03 
84 
06 

07 
88 

100 

m 

ao 

m 

m 

1 
2 
3 
4 
6 
6 
7 
8 
0 

10 
11 
12 
13 
14 
16 
I6 
17 
18 
10 
20 
21 
22 
23 
24 
26 

Correo- 11 T r  
tlon. len hs. 

Metma. +o. 0011 .m1 
.m2 
.m2 .w 
.m4 
. w 4  .cQm 

' .ooO6 
.01W 
,0117 
.ow7 
.0138 
.0148 
.0159 

.01w 

.0191 

.m1 

.0212 

.om3 

. m 3  

.m4 .m 
0.0286 

.on0 

-- 
Corroo 
tion. 

Metcrr. 
0. om . 0816 . OR27 
.0m7 
.oLutl . O W  
.0800 
.om 
.om 
.0w1 
.m12 .m 
.0w3 
.0w3 
.w54 
.ooi35 
-0875 .m 
.m 
.1007 
.1018 
. loa 
.1038 
,1049 

0.lW 
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00. Tape corrections for tape No. 662 for various methods of support- 

ntO 124 
md'Ud. 
points 
nnd 

through- 
out from 
26toM)  

m.c 

= 

Tape 
longlhs. 

at0 25 
and'37i 

m. pohk 
nnd 

throuxh. 
out from 
374to60 

m.d 

1 
2 
3 
4 
6 
6 
7 
8 
0 

10 

~ f c l n n .  +o.w . m12 
.0018 
.0023 
.w28 
.0036 
.OM1 . W17 
.m 

+O. 0058 

nt0 !25 
nnd 60 &. 
points. 

~~ 

Neteta. 
-0.0011 

nt 0,124, 
25 37h 

points. 
andtro&. 

Corrocllon, tnpo supported- 
- -... . - 

at 425 
m. 

poinisr 
37 and 

A f e i e r ~ .  
-0.0014 

.arm 

.0041 

.m54 

.0008 

.WI 

.m5 

.0108 . o m  
-0.0135 

nt 0 and 
26 m. 
points 

and 
tbrough- 
out from 
25 to M) 

m.b 

Alcfere.  
-0. ooo8 

.@I18 . 00% 

.m5 . (1044 .w53 . m1 

.W70 

.w79 
-0.00&3 - 

.. . 

at 0 nnd 
60 m. 

points. 

Netcrs. 
-0.014 

o Equivnlcnt to tnpo supported st 0 12) 25, nad W meter points. 
b Equivniont to top0 supported nt d nndG0 motor points nnd throughout from 0 to U 

c Equlvalont to tnpo supported at 25,374, nnd EO moter points and throughant from 0 

d Equivalent to Lnpo slipported at 124,25, and Wmeter points nnd throughout from 0 

motors. 

to  25 meters. 
to  124 motors. 

n o .  l.-D!ngrnm for projection cornputallan, on0 offset statim 
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91. Projection computation, North to Douglas.- 
(see a. 2.) 

log 7.169=0.8554586 

log dist. North to X=O. 8551199 

log 7.169=0.8554586 

log dist. Rail North to X=9.4518117 

log sin 9 2 O  15/ 45/’=9.9996G13-10 

log COB 92’ 15’ 45”=8.5963531-10 ~- 

Dbt. Rail North to X= 0.2830 meters 
Dht. Itail North to Douglaa=l366.9858 meters 

Dbt. Douglas to x=1367.2688 meters 

log. dist. North to X =0.8561199 
log. dist. Douglas to X=3.1358539 -- 

log tan a d .  7192660 - 10 
log ~ e c .  a-0. OOOOOGOa 

log diat. Douglas to X=S. 1358539 
~. 

log dbt. North to Douglaa=3.1358599 
Diat. North to Douglas--1367.2877 meters 

at., 
Fro. 3.-Dlagnun for proleation computation, bolh stations o5wt on same side of traok . 

92. If both stations involved sue offyet ironi the measured lino, a 
computation similar to the first half of the computation above must 
he  made for each end of the line. Tho diatance bctmeen the two 
“X” pointa can thua be obtained and will give the length of the baee 
of the long, slender right triangle by which the final length between 
stationa iS computed. The short side of this right triangle is obtnined 
by adding together the diatanccs from the “X ” points to the ststiom 

a It is not nwmsary to toko out the valtio of anglo a. Find in tho log tnblos the log 
tan a just computed, and thon on tho Bame psgo in tho corrosponding column M d  llno 
under the hading of cosho wt11 be found log cos a. The colog of this cosino is tho log 
socant a desired. Tho logarithm of the cosino and secnnt chnngo w r y  slowly for such 
small anglm and can be obtainod rosdily with little Interpolation. 
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i n  case the stations are on opposite sides of the track or by  subtracting 
the smaller distance from the larger in  case thc stations are on the same 
side of the track. (See figs. 3 and 4.) 

Fm. 4.--Dlagram for projoclion oompufotlon, stnllons offsot on opposlte sides of track. 

93. In making tho projection computations it is very caseutial 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 errore elimi- 
nated. As the offset dktanco small aa compared With the distance 
between stations, it is well i n  making these diagrams to exaggerate 
very considerably the distances a t  right angles to the track and also 
t o  exaggerate the angles when i t  is necessary for the Rake of clearness. 

Computation to close loops. 

04. AS stated i n  paragraph 4 ,  it iS dosirable i n  I d l y  or rolling country 
where the railroad has numerous curves and short tangente to carry 
the azimuth tlirough long lines, extending past several intormediate sta- 
tions which are necessarily near together, i n  order that the resulting 
azimuth may have greater accuracy. The loop thus formed givos a 
good clieck on the angle measurements. I t  also give6 a rough.check on 
the dbtance measuremonte, for if an error has been mnde i n  the tnping 
tho departures or perpendiculars for tho loop will not sum up to zero 
unless the error was made on a lino v ~ r y  nearly p a l l e l  to the long line 
tlirough which the azimuth is carried. The error will show up also 
i n  the Apsition cornputations i f  they are mado both through the long 
line and through the tlliort linea. 

96. The manner of computing the loop and making tho projections 
to the main line is shown i n  the following computation. See ale0 
figure 5, The computation of the departures or perpendiculars men- 
tioned i n  the pnrngraph nbovo is made in the same manner aa the com- 
putation of distance for the loop as shown i n  the table on'the f01lOVhg 
page except that i n  column 4 log sin azimuth should be used i n  place 
of log COB azimuth. The sign of the function must be taken into 
account. 
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Assumcd azimuth Livlngston-Sortli ............. 
Anglont Livingston.. ........................ 

~ z i m u t h  Llvlngston-LIvingm A . .  ............. 
Azimuth Livingston A-Liv pton.  .............. 

Anglent LivingstonA ....................... 

96. Computation of angle closure for loop.-- 

1 ’ 1 0 . 5 . - D i n g ~  for loop compulntioii. 
.... ..... _ _  - - - . --- - 

1 Anp,os nntl Iconection! ~ i m ~  1 nzimuths. 1 c l E r e .  1 seconds. corrected’ 

0 , ,, i ?, 

00 00 00.00 .......... (X). 00 - 8 07 19.09 I -0.74 20.73 

351 52 40.01 I.. ........ 36. n 
171 62 40.01 1.. ........ 39. ‘27 

-- 

222 04 M.30 I -0.74 I 65.56 

- -  
Azimuth Llvjngston B-Livingston C..  .......... 
Azimuth Livuiaston CLivinRston 13. .......... 

Angle nt Livingston C.. ................... 

Azimuth Ltvingsbn A-Livingston II  ............ 33 67 36.81 .......... 34. S3 

AngleathvingstonU ...................... 154 28 05.70 4 . 7 4  1 (M.UO 
Azimuth I,ivin,gston D-Livlnpton A . . . . . . . . .  213 67 36.31 1.. ........ 1 34. H3 

8 25 42.01 I.. ... .....I 39.79 

64.  w) 
188 25 4 2  01 . !9.7@ 
186 25 36. Bo 1 

.\zimuth Sorth-Livingston ...................... 
IWor of clouurt. ............................... 
Error of claruro per ugl r . .  .................. 

Azimuth Livingston C!Sorth. ................... 8.53 61 17.61 I.. ........ 14. ti5 
Azimuth Sorth-Livlngston C .  ................... 173 51 17.61 ........... 14. lis 

Annloat Kortli ............................... 0 08 40.10 1 -0.76 45.35 
I 

1?0 00 03.71 . . . . .  .Ioo.M) 
03.71 I.:::: ..... I .......... 
0.74 i ..................... 

I I __._ - -. __. . .. - -- 

97. Computation of distance for loop.- 

0 , , I  

351 52 39.27 

33 57 34.83 

8 28 39.79 

353 61 14.65 

--- 

9.9958214 3.0981873 

0.0187803 3.0311713 

0.8052&18 3. M115930 

9.0074808 3.7432041 

I 
~ ____ 

Alretrra. 

ComputLd distanco ,ivfnRston-Nort)l. ................................. 8770.7671 
Log clistanw Livhgston-Xorth ........................................ 3.0430370 

a These nro thc nzlmuths computed In the prccwllng computatlon. Thoy nro referred 
10 tho llno Livingston-Sora, wlllch w89 nseumod to hnvo tho nzimuth 0’ 00’ 00.00’’ 
nnd the convergonco of the meridlans wna not tnken into account. Consequontly thry) 
nre not truo nzimuths. 

- 
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GENERAL INSTRUCTIONS FOB SECONDARY TRAVERSE. 
98. Sccondnry trnverse will be used in those nreaa where secondary 

triangulation would ordinarily be carried on except for the configura- 
tion of the  ground. presoncc of heavy woods, and extensive swamps 
which make triangulation excessively expenaive. 

99. In general, secondary triangulation and secondary traverse or a 
combination of the two, depending on the country to be controlled, 
will be used instcad of primary triangulation or precieo traverse when 
the distance between terminal points of tho line or arc ia leas than 150 
miles. These CIUEWR of work must always be joined at each end of an 
arc or line with previnudy adjusted horizontal control. 

100. The probable errnr of the length of a line of secondary traverse 
should, in  general, be not greater than 1 part in 25 000. This accuracy 
will be obtained il the error of closure in position ifl lem than about 1 
part in 10 000 of tho clistancc run. 
101. The geneid instructions for preciso trnversc will apply to 

secondary trnvcmc, except where they conflict with the following 
considerations. 
102. One meneurement will be muck of each section of a line of 

traverse with u 50-nietcr invur tape under the same conditions sfi 
obtained during standardization, except n~ to temperature. It may be 
found desirablo to read and record the temperature for each tapu length 
in order to keop count of the  number of tape lengths. Otherwise the  
temperature will be read and recorded three times on each aection- 
once near thc beginning, once nenr the end, and once near the middle 
of the section. These readings arc ncccesary to avoid uncertainty in  
case one tenipernturc i H  erroneously read or recorded. 
103. The tempcrclturc: niny bc read from only one tlicrmonicter; but, 

should this be done, thc thermometer should be carefully exruniilcd 
and be conipared with a standard thermometer once each day in order 
todetect any breakin the thread of mercury which niight have occurred. 

104. When memuling 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 bo indicated by n small mil 
driven into the peg. A piece of paper laid on the pound and weighted 
down, by n stone or earth, nenr tho peg or nail will enable the  rear tape 
man to find the nail or peg easily. 

106. If any part of the tnpc is unsupported, a note to tliie elfoctshodd 
be made in the  record book and a correction for @ag or catenary will bc 
computod and npplicd when the offico computation is mudo. 
106. For ~neaaureincnts dong a rail of n railroad no inclinations will 

be coinputod for separitn tape longths whore the slopo approximately 
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the ~ a m e  from one end of the section to the other. Lnder this condition 
the inclination Correction for the distance will be taken from the  
inclination correction table which follows. There will bc computed 
for each tape length the inclination correction for portions of a section 
which are meaaurcd over stakes. This is necessary because the grade 
iR frequently steep when measuring from a point of tangency on a rail- 
road to the station a t  the end of the section. 
107. Inclination oorrection (eeo p. 25).- 

40 
27 
20 
10 
13 
11 
10 
9 
8 .... .... 

.... 

_- ............ . ~. .- 

1)lfforenco of olovatlon in motors. 

........ 
02 
42 
31 
25 
21 
1s 
10 
1 4  
12 
11 
10 

........ ......... 
I .... ........ ........ 

........ 

- 
nrm. 
m 
lh7 
101 
1 4 1  
125 
112 
102 
94 
86 
110 
76 
70 
Bo 
02 
69 
60 

__ 
mm 

213 
1R3 
100 
152 
128 
110 
107 
98 
e1 
85 
UO 
76 
71 
07 
84 

.... 

1)istnnco 
111 meters. 

. . .  

1 
.- 

mm 
6 
2 

.... .... .... .... .... .... .... .... .... 

.... 

.... .... .... .... .... 

.... .... 

.... 
_. 

__ 
8 
- 
inm. 

107 
80 
0.1 
53 
40 
40 
30 
32 
29 
27 
26 
2.3 
21 
10 

.... .... 

- 
9 
- 
m 

35 
01 
81 
67 
58 
51 
45 
40 
37 
3 .L 
31 
29 
27 
23 
21 
22 
21 
20 

.. 

- 
10 
- 
znr. 
... ... 
... 
1 '2-5 
100 
83 
71 
63 
50 
50 
45 
42 
38 
30 
33 
31 
29 
28 
20 
25 

- 
11 
- 
im. 
.... .... .... 
161 
121 
101 
80 
70 
07 
60 
65 
50 
40 
43 
40 
38 
36 
34 
32 
30 

- 
12 
- 
im. .... .... 
.... 
I RO 
144 
120 
Lo3 
Bo 
80 
72 
65 
Bo 
56 
51 
48 
45 
42 
40 
38 
30 

.. - 

. . .  - 
I 

13 I 11 

sm. jmm. 
....... - 

2 / 3  

.... 
0 

::::I ..... 
.... 1 ..... ......... 
......... .......... 
........ ......... 
......... ......... ! ....... 
.... I::.. ..... I .... 

0 
- 
nm 

90 
80 
46 
30 
30 
20 
23 
24 
1R 
10 
15 
14 
13 

... 

... 

... 

... 

... 

7 
.- 

nm 

R2 
01 
49 
4 1  
3j 
31 
27 
24 
22 
20 
19 
18 
10 
15 

... ... 

... 

... 

100.. ..... 
200 ....... 
300.. ..... 
400.... ... 
500.. ..... ooo.. ..... 
700.. ..... 
800.. ..... 
0.. ..... looo.. .... 
11 m...... 
1200...... 
13 @I...... 
14 W... ... 
16 00... ... lrn... ... 
17 OO... ... 

... ... ... ... 
190 
103 
140 
123 
109 
98 
89 
82 
76 
70 
65 
01 
68 
64 
62 
49 
- . 

- 
27 
- 
nm. .... .... .... .... 
405  
884 
331 
304 
260 
2GO 
243 
228 
214 

192 
182 

m2 

- 

.. .. .. 

.. 
till 

.41  
121 
in6 
91 
81 
77 
70 
05 
00 
60 
63 
50 
47 
41 
4 2  
- 

19 
i n  

.._.I 17 

........ 
.. - 

ISM).. .... 
1 0  ...... m...... 
. . . 

.... I. ......... ....I , .  .......... 
.... ___ I_ ..I:.::;::-:. .. ..... 

I ~ i f f c r e ~ ~ m  of elcviitlou In motcrs. 
1)lstnnce In 

metoru. 
1R 
- 
mm. 

270 
231 
303 
180 
102 
147 
135 
1% 
110 
108 
101 
95 
80 
85 
81 

.... 

- 

19 ' 20 I 21 

.... 1 .....I .... 
-1- - 
am. mm. mm 

l i  
- 
7nm 

25 1 
208 
181 
101 
144 
131 
120 
111 
103 
90 
80 
Rs 
80 
70 
72 

.... 

- 

22 
- 
mm .... .... .... 
303 
200 
242 

202 
180 
173 
101 
151 
142 
134 
127 
121 

220 

- 

600.. .......... 
OOO ............ 
700.. .......... 

.... :.....I ......... .... j ..... .... .... .... 
331 
284 
204 
240 
220 
203 
169 
176 
105 
158 
147 
139 
132 - 

800.. .......... 
800.. .......... 
1m.. ......... 
110.. ........ 
1m.. ........ 
1300.. ........ 
1400.. ........ 
1600.. ......... lrn.. ........ 
1700.. ........ 
1800 .......... 
1800.. ........ 
2ooo.. ........ 
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__ 
37 ! 38 
- 
mm. mm. 

,....I :: ... 

Iiiclination c.ol.recfion-Contiiiued. 
. . . . . . .  ............... _ _ _  .. .... ___ . . . . . . . . . .  _ _  - ...................... _. . .- .......... .- 

39 40 
- - 
mm. mm. ................. : ......... 

1)lstnnce In __ 
metcrs. I 2s 

l- 

I 

- 
20 
- 
nm. 
420 
382 
360 
323 
300 
280 
u13 
247 
234 
!E1 
210 
- 

Dlfferenco of rlovotlon In meters. 
.... 

35 I 311 

mm. :.:.I- mm 

610 640 
471 498 
438 403 
408 432 
383 405 
3eo 381 
340 300 
322 341 
808 324 

........ 

108. In taking the inclination correction from the tables the difference 
in elevation of the two points of tangency of a section can be obtained 
from tho Y leveling oyer the stakes a t  the ends of a section. The 
record Hhould show clearly what arq the differences in elevation between 
tho ends of tho section and the points of tangency, and there ehould 
bo no doubt whatever aa to the sign of each differonce. Them differ- 
ences applied to the difference in elevation of tho ends of the section 
asfurnished by tho preciao leveling will give the differenco in elevation 
of tho points of tangency, which is one of the argumentr, in obtaining 
the correction from the table. The other argument ia the diatance 
between tho tangent points. In most cues tho grade corrections 
obhined from the table will be too small, owing toirrrylarities in the 
s l o p  of the line, but the error will in nearly all c m a  bo lese than 1 part 
in 100 000, and therefore may be neglected. 

109. Should tho grado change decidedly in R section, the distanco 
of the change or changes from one of the ends of the section should be 
noted in the record of tnpc mcmurcment, and thc Elope may be meas- 
ured by a small tmusit or theodolitc. Tile correction wi l l  bc 

D ( 1  -cos A), 

where D is the mensurd clietnncc and A is tho angle of inclination. 
for Various slopes. The following tablo gives values of 1-COB 
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110. Factors for inclination correction.- 

(Correction--D (1--009 A).] 

O.Ow(P0 
4315 
4401 
1488 
4676 
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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 levoling. In order 
that there may be no uncertainty aa to the idontificntion of the tape 
ends, it may be advkahle to  have the leveling follow just behind the 
measuring party. 
112. When 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 bo neccuaary to dctermiiiu the difference in elovation of the 
ends of each tape length. Under such conditions it will be best to 
meamre inc*linations m anglee. 
118. A aecontl 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 firat 
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, rag, or other correc- 
tions will be made to the distance memured. A second check meas- 
urement should be made with the foot tape i f  the first check measure- 
ment does not agree within one part in 1600 with the measurement. 
uncorrected for @e, made with the meter tape. If the error waa 
made in the meter-tape meaeurement, 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 
?-inch theodolite, ueing the method of rcpetitione. The requieite 
accuracy will probably be obtained i f  the angle ie measured by 8 repe- 
titions of the angle and G repetitions of the explement of the angle. 
The telwcope should be reversed in the middle of the set to eliminate 
the effect of the collimation error. If the angles are measured with a 
direction theodolite, three or four meaauree, with the initial readings 
equally spaced on the circle, will be sufficient. The angle ehould be 
measured clockwise from the back station. 
116. The greatat care should be used to make e m  that the pole on 

Which the angle observations are made straight, accurately centered 
over the station, and vertical. If the h e  is of such length that the 
pole can not be distinctly seen, one face of the signal pole or of any 
%et used should be placed at right angles to the line of Bight to avoid 
the effect of phaee. 
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Azimuth stations. 

116. Azimuth stations on secondary traverse lines will Im ostab- 
lished at intervale of from 15 to 20 travereo stations. These azimuths 
shodd have an accuracy represented by a probable error not greater 
than fl.”. This accuracy can probably be obtained by making 
double the number of observations that is used in meamring a horizontal 
angle of the Becondary traverse. Instructions for azimuth observations 
will be found on page 14. 
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