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Second edlt1o11 19Gl 

PREJ'ACE TO REVISED (1959) EDITION 

Since tbe lut printtnc ot tbla manual in 1951 tbe specltlcatlons tor ftrst- and 
aecond-order t:rianlUlation have been made more enctins. Flnt-<>rder work 
bu been eeparated into three cla~ and second-order into two classes. Specl4-
~ttona ander these cl.aaes appear on paj:e 4 in the revi~ed table which has been 
copied at reduced scale trom Special Publlcation No. 247, "Manunl ot Geodetic 
Triancul&tlon." The only other cban1es in this edition, due to the re\'islon o! 
the spect4cat1ons, appear on pages 3 to 7. 
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MANUAL OF RECONNAISSANCE FOR 
TRIANGULATION 

GENERAL STATEMENT 

During the past few years, such progress has been made in tl\e 
methods of executing triangulation that it is desirable to revise some
what the treatment of the subject of reconnaissance as given in Spe
cial Publication No. 93, "Reconnaisnnce and Signal Building'' and 
Special Publication No. 1-"0, "}!anuiil of First Order Triangulation." 
It is with this in mind that the following outline of present practices 
is written. 

This manual is primarily a guide to engineers of the United States 
Const and Geodetic Survey, and, as such. presupposes some familiar
ity with triangulation methods of the Bureau. These methods arc 
fully covered by various manuals published by the Coast and Geo
detic Survey. 

The changes introduced by the u..~ of the portable steel tower 
signals and the multiple-unit observing parties, and by the closing 
in of the triangulation net, have made increasing demands upon the 
reconnaissance both in accuracy and in scope of information desired. 
At the same time. the use of new instruments, including the altimeter, 
has affected the methods employed. 

The use of the &~l tower signal, first introduced in 1927. has 
revolutionized control surveys in tint and timbered regions. I t has 
enabled the reconnaissance engineer to specify signals of greater 
heights without involving undue upense, and has resulted in the 
use of triangulation, to the e:tclusion of traverse. for nearly all hori
zontal control It has permitted triangulation to be carried into 
regions where this type of survey was considered impossible a few 
years ago. Since high signals a.re now readily available, the demand 
for signal height has rapidly increased and frequently the full height 
of the steel towers is necessary. In these regions, the clearance of 
lines over obstructions is about as small as formerly, and since the size 
and cost of steel-equipped triangub.tion p:irties s.re large, this makes 
accurate reconnaissance v.ery desirable. Also t.he use of the steel 
towers requires that greater attention be paid to accessibility in the 
selection of stations to guard against hauling difficulties. The econ
omy of the steel signal favors the establishment of many enr:i. or 
supplemental, points for local use and as ties t-0 surveys of other or
ganizations. The availability of steel to,l'ers and the low cost of 
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2 U. S. COAST .\....'!lfl> GEODETIC SURVEY 

additional stations make it possible to plan stronger figures than 
formerly, a.nd this results in better control of the area. 

Triangulation parties now consist of from two to nine observing 
units and the limit has by no means been reached. ~!onthly expenses 
of these parties run as high as $15.000. compared with ~1.500 t-0 $2,000 
for single.unit parties of several years a~. Hence. delay caused by 
an obstructed line. or other failure of the reconnaissance. is more 
upensive than formerly. It is now imperative that reconnaissance 
parties reduce such failures to a minim~m. .l'he rapidity of prog
ress of the triangulation parties requires that t.hey be furnished 'vith 
all information obtainable concerning roads and local conditions. 

With the completion of the major loop~ of trianj.?'Ulution hns come 
the process of breaking down the enclosed areas. first by arcs wit.h 
5Q.mile spacing. and then by arcs with 25-mile spacing. Th~ spac
ing has reduced the latitude for departing- from the ideal route to 
very meager limits. Formerly it was common practice to follow 
lines of least resistance by following valleys and keeping in cont.act 
with arteries of transportation. At present. trin.~"Ulation mu~t fol
low an almost strai~ht course be.tween termini. o'"erc.omin~ any ob
stacles it may encounter. ·on this nccoum .. it is often n~snry to 
cover areas that :ire conve:t in profile! or otheM\"ise difficult! for con
siderable distances. All of th~e fncto~ combine to requirl' a greater 
degree of accuracy and wider scope of information for the recon
naissance than was necessn.ry a few ·years a.go. 

The problems of reconnaissn.nce differ for almost every arc. and 
no general instructions cnn co,er all the peculiar conditions found 
in the field. In the follo"'ing" pnra1-rraphs an attempt will he made 
to consider and ~~plain the pri ncipl~ of rec.onnuissnnce and give 
some typical e:tnmples of the op~rations in"\'olvecl. 

To some readers the met.hods outlined mny appear unneces!'arily 
ela.borate and expensive for the pro~r requirements of the recon· 
naissance. HoW"ever. a rnreful in,esti~tion of the recorrl~ !'hows 
that when skill and energy are used in pro~utin~ the work. the 
costs nre no higher than were tho:o;e of earlier and le~s precise meth· 
ods. For many years before the stPel si!rnals came into use. it was 
the custom of the reconnaissance en:.dn~r to rely more on his O''"TI e:t
perience and native ability than ou instrumental ~·ork. Very ~ood 
results were thus ~ured and they fully met the n>qnirements of the 
time. HowrYer. onty a !'mall proportion of the tnan!!ttlntion e:te· 
cuted during that period was in difficult timlwrecl reg-ion~ . and r.he 
few men en~a~d on reconnaissance \\'ere thorouµ- ldy e~perienced. 
Also. the reconnaissn.nce eng-ineer customarily had charge of the 
signal buildin~. which wns done well in a<h ·nnce. of the observing, 
and therefore he had an opportunity to correct any errors that were 
found in the reconnaissance. 



Chapter L-FUNDAME~T.ALS OF RECONNAISSAl'iCE 

Reconnaiss:mce is essentially the desitrn of the trfanl?nlntion. A. 
proper reconnnissnnce should definitely select sites of main nnd 
supplemental st1ttions: test and determine~ with reusonnble nccuracy, 
the visibility of :ill lines; specify si~nal heights: collect information 
ns to roads, climatic conditions. and any other knowledge which will 
e~te the work of the building and observing pnrties ; and inter
view property owners. securing permission to enter on their premises 
:ind othermse generally pnve the way for the trinn~1.dation pnrty, 
so that it may pursue its work ''"ith a minimum of friction and 
lost time. It is evident that the term ·~onnaissauce." which im
plies only a preliminnry or general kind of information, is in reality 
a misnomer in this en..~. 

CLASSIFICATION OF CONTROL SlTRVEYS 

The basis of classification of control surveys is the nccurncy with 
which the length a.nd D:Zimuth of a line of the triangulntion or trav
erse ·are determined. Since it is impossible to ascertain the absolute · 
error in the determination of the length or nzimuth of each line of 
triangulation or traverse, indirect ~ages must be used. On triangu
lation the principal criterion is that the discrepancy bet~·een the 
measured length of a bnse line and its length as computed thronl?h the 
scheme from the ne~ prece<lin~ base shall not. after the side and 
angle equations hn"\"'e been satisfied, be greater than 1 part in 25:000 
of the length of the bnse for first-order work, 1 pnrt in 10.000 for 
second order, and 1 part in 5.000 for third order. Similar rntios are 
prescribed for the error of closure in position of traverse of the cor
responding orders of accuracy. Coupled with this ~nf!e of the length 
agreement between bas~ and almost coordinate in importance are the 
requirements limiting the error of a~le measurements. for the limits 
imposed on nn:,rular error.:; serre to maintain a uniform accuracy 
along the chain of triangles. 

The specifications for procurin~ a required accuracy make use of 
other criteria. such as tht> number and strength of the ~eometrical 
figures between .adjacent bases, the observation of an astronomical 
azimuth nt specified interrnls. and the accuracy of measurement of 
base lines. .ill these tests are subsidiary to the controlling tests of 
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4 U. S. COAST AND GEODETIC SURVEY 

A comparison of the three orders of borizonta!J<:ontrol ordinarily 
used by this burenu is readily obt:iined from the following tnble, 
which shows the limits for the principa.1 items of the spttitica.tions 
for these orders: 

llequireu1ent1 for Aori:orttal conh"ul 

-- -- -- --, ____ , .... __ 
~~~~~~~-+-~------·-
~--- Ir- - .._ _ _ All-····-·~- c:-- T_.... - --- ""-- -...... ...."99 ....... ....... __ ,,__ ........ , .. - -- ..... -. -..... _ _ .., --_,, .. u .._, ..... - -..._.,._ --- --,_.... 

a---..-.. ·····-·-·· · ···-•••• · ···••••••••·· · ··••••••••••• IOI •• ••• --. I& 

~ - · ·--··· · ··--······ 110.---···' ·=············1 ······- 171 

...... - .. .. . "--· "·---· "····-······ u .. 21.. 

~i--. :~:-~ ~~--=1· ~~--~:: ~~::::·1· ~:;-··· ~-
-- • . -. • . -. -.-. U0.0-. TS.-. ...._ ____ I-la 1.,..,. 1,.,.,. 1.,..,. 1.... .. I-la 

1.-.- 1.-.-. ··-- 1.-.- · ·- ---.......,._ 
·--.. --·••• I" • 1"--······I '"-··-- 1:1 ...•••...... , r ·- -·- S ... .._ _,. r .Ir--·--·· r . 1 .. _ ______ s" 1r 

... ..:::= - - l.L---- l.S·'-····-·· , ______ 2-4.·--·1 ···············I 1 ... 1. -·-·- .. -•.t••"• ... -·--· .... ~....._--., .... a..._._.._ O!•· ····--•·• r.•.·-·- ····· r.1 . . . • ·-·-· r.1 ... .••....•. ":-... -... --.. ---·-·· ..,_ ______ :. M. .... ·-- · ......... __ .. ... .......... _ ...... ......... - ! 10- : ; . .. .. , ..... l 1:-tl 
---·-·••••• t!1 ............ O"l . · · ••••• ••• O"l •• •• •• •• •••• O'l . .••• ••• - • • •l'l .. . ....... :-0. 

a.... 1• '-ti• ( ..... ,.... t ,.,. ht 1 ..,. I• I ,..r\ U1 t pW\ 1a I put in 1 ~ h9 
.._ - ___. o/1# .... -. W.UW. '!l,-. l0.llG8. IU.OOll. .i.-. ------..--..--- TltAVIRM; 

,,.,.,... ..._...., I .,....,,...,.. 

-·----~ 11s ......... . . ... ·--···'1 '!l····-················- .l l4. ....-. .. i.e....... i 

..:.-_-::_~:.:: ~::·:;::::~=·=·1 ::·.:::~·:~;·.::~:::-! :~ ~ .. u - ,. -"9....... u... c...o.. lloA. 

oe......-c.....,..... -.w. .... ... l ta l.1.C* ....... .... . .......... l 1n I.\ U'JO • ... ...... .......... . . : I •n :',.SOO. 
- - _ .. .._ .... .. O,Mft. ... Slwl o•U.-••••• 1 U H L,Sl .. t .a !O.- ·-·· -t ~ :ur .. , si ......... 

--.. .-. I 

It wi1l be noticed that the st:rnd:trds of accuracy prescribed above 
apply mninly to the Jiclrl observations. Other sl:imlarcls are used for 
the adjusted work. T11e process of ad just ing" obsen·atio11s by the 
method of lenst squares makes the resulcs consistent thro11~hout but 
does not remove nll errors. If the observ:itional errors are sm:ill 
and inciiscrimin:itely plus :tnd minus, then the ncljuscmcnt will prob
ably distribute them so th:it there will be but a !:light :iccumul::ition 
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and systematic errors of varying signs are not distributed correctly 
by the adjustment process. 

Under certain conditions the specified allowable error in the 
length of a line may be found to be e~ceeded even when the triangula
tion meets the other specifications for that particular grnde of con
trol. Where two points are close together, as compared with the 
size of the triangulation figure of which . they are a part~ the dis
tance between thqse points may be in error in ucess of that indi
cated by the class of triangulation of the scheme. The accuracy of 
the computed length of any line can be estimated by computing 
the Ul1 from the base to that line in accordance with the formula 
for the strength of figures as given on page 11. 

Triangle closure and agreement in length are not the only stand
ards for triangulation which should be applied. It is possible by 
a lucky balancing of errors to secure small triangle closures in a 
short scheme of triangulation even when the observations are below 
standard. It is also possible by omitting from the computations 
observations which differ greatly from the mean to reduce triangle 
closures greatly. It may also happen that a balancing of er.ors in 
computing a chain of triangles will result in a very small discrep
ancy in length on the nen filed line. The accuracy of triangulation 
is perhaps best indicated by the probable error of a direction, but 
since this gage of the work is not available until after the adjust
ment has been made, the triangle closure and the agreement in 
length, as given by the preliminary computations~ are the best a\ail
able field criteria. To· insure that the requisite accuracy is main
tained throughout the triangulation, it is essential to gfre c3reful 
considerations to the instrumental equipment and the methods of 
observing in order that the systematic and accidental errors may be 
kept within the prescribed limits and that no part of the triangulation 
will eilibit undue weakness. 

SPECIFICATIONS FOR RECONNAISSA.i."'iCE 

The general instructions for reconnaissance ns gfren in Special 
Publication No. 120, "~fanual of First Order Triangulation,~ nre 
still in force e.:tcept as modified on account of the p~nt shart spans 
between filed lines and the desirability of a more intensive control 
of the area covered. For convenience of reference, these instructions 
are repeated below. 

1. Character of firures.·-Tbe chain ot t:r14ngulatlon beh\"een base nea shnll 
be made up ot completed quadrilaterals and ot central-point figures. with all 
stations occupied. It must not be allowed to de~nerace eT"en !01· a single 
Agure to single triangles, e3:cept by speciJk permission by the Director. There 
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stations oceupied. It must not be allowed to degener:ite eYen for a sincle 
1!cure to single tl'inngles, except by spectlic permission by the Dlret"tor. There 
must be two ways of computing the lengths through each ligure.. On the other 
hand, there must be uo overlapping of ttgures nnd no excess of observed lines 
~ond those necffSary to secure a double determination of e\"ery lenstb, except 
u follows : In a !our·11lcled centr.il-point tt:;ure one of the diagonals ma1 be o~ 
served ; a dltllre used in expanding from a bnse often requires the ohserntton 
of nddftlonal lines ; and a network of trlnni,,"lllatton Ot"er a city or other wide 
a.rea may Tery pruperl1 contnin a few ot"erlapping ftcures to meet special 
conditions. 

%. Strength of flpres-In the (•hatn of tl'iungulatlon between base nets ln the 
baaic nen\"ork t~e vnlue of tbe qunntlty 

D-C 
R-'"[)': f 0"2 +&A&e+&rl 

(Sff p. 11) tor nny one ftcure must not in the ~lected ~t chain (e11ll It R,) 
6ceed 2:5, nor ln tbe second bt>st ( cnll it R,) exceed 60, in ullits ot the slxth 
place ot Ioimrlthms. The!'le are extreme limits never to be exceeded. Keep 
the qnnntltles R, nn<l R, rtnwn to the limits 10 nod 30 tor the best and second· 
best chains, respectively, whene\"er the estimated total cost does not exceed that 
tor a ch4in barely wlthl.ll the t-xtreme limits by more thllll 2., percent. The 
vain~ of R tor a ft;nre may be rt-ndlly ohtnlned by tbe use of the "table tor 
determlninlf relative strenirth of fl,:mres in triangulation" on pace 10. 

ID the abo\"e fortuuln the two terma 

D-C -r;- and: [&A2+& .. &e+&a2) 

de{M!nd entirely npon the ftint~ chown and are Independent ot tbe aCClJr&C7 
with "'hich th~ 1inglt'lt 1tre num~nred. The product ot these two terms is there
fore a meoimre ot the sttennh of tbe tigu~ \\"Ith respect to length, insofar u 
tbe strensrth depends upon the !!election ot stations and ot Imes to be obse"ed. 
over. The mtothod of computinJt the streni::th of li1:ur~ fs explained on pa~ 10. 

3. Length. of UnH.-lt l!t best that no line ot the first-order tl'lani;u!:itlon 
onti-hle of the bo.iae neu be le!'s than 3 kilometers in length. It it is to be 
used directly In <'nmln1t the leudb torward thronirh the scheme: that is, if 
it is opposite n distance an;;le U!'I~ in computlnc R ,. So t:ir u accuracy 
ot observntfon!'I is concerned, thtore is llttle ndvont:11r:e in ban ng the lines 
loni:er thnn this. .~bo'"e this mlnimnm lenl[tb tWo muln consldernttona a1fect 
the !'lize o! the ~heme: Flrsr, the combined coi-t per mile ot progt't>SS ot recon· 
naii-!'llnce. bnildlu::. and ohservin11:; and ~econd. the numl>er :ind accessiblllty 
ot the points dt!tennined. Since th~e two factors are opposed, the compromise 
scheme selected lfhonld hnve the stations close enough together to be used by 
enir:ineen without 91~i11l fn!'lttument!'I :ind ~l::nnl lo.mp.,.i 

4. Frequency of bases.-If tbe cho.r:u:rer ot the country Is sncll that a base site 
ctU1 be !ound nenr :iny dt"l'lire<t location, :a, htotwe-en bnse lines should be 
made abont 60. This will he !onnd to correl'pond to a chain of trom 10 to 
2:5 trlnns:les, nccorcllnit to the i1trenl[th ot the ftinires St>Cnred. 'Vlth stronc 

t Loar Uan aod hls:ll 1t4tloaa are no loni:cr dnlrabl• la tbe tri11nsulatloo oat, altboup 
ther were f~utatly uHd 111 the euller worlc wben the ha11tc framework w11:. belai: det.c•· 
mla~. Blirb 1t1.ttoa1 11nd loair lln111 e1.nuot b9 uHd connaleatlr br loc:al eairtaeers a11d 
tberetore llan loai;er lhllll 10 or 1:) mllH are now seldom determined. Of course, hl 
hlirh mouotalllooa ref1001. loncn llata are aomeUmn nen-rr to c:oordlnate 11ew won: 
with that pre.,toual7 exilt1nr 1.11d to turulall adequate cllatt1botloll of control aa ecoooali· 
eaJ11 aa pomible. 



7 

to secure 11 base !ite at the desired loentiou. :a, mnr be nllowed to approach 
but not el.'.ceed 110. There will be dnnger when this large1· limit is used 
that nn inten-ening bnse mny be u~ssary, !or 1.t the discrepancy betw~n 
adjacent ftrst-order bnses is found in nnr case to e.s:ceed 1 part in !!5,000 an 
lnten-enlng bn~ must be measured. 

5. Bue sites and base nets.-Iu selecting bnse sites it !hould be kept in mind 
that n bnse ron be mensured with the reqttired degree of accuracy on any 
site where the grnde on nur r'iO-meter tape length doe! ullt e~("l>(:'(l 10 percent, 
nnd thu.t nnrrow t'allers or ruT"lnes less thlln M meters wide iu the direction 
ot the base are not ln!'upentble obsrncles to meusurement. The length of ench 
ba8e la to be not less than 4 kilometers. In ench bruse net great cnre 5hoald 
be tnken to secure as good geometric conditions 11!1 po~ible. There should 
be no hesitancy in placing the base on rou:rh ground. pronded the roughness 
ls not grenter thnn thnt lndlcnted llbot'e, l! by doing so the ieometric condi
tions in the base net are Improved. ED.ch base net should not be longer thnn 
two ordinary ftgures ot the main cbllin between bases. The base net mnr 
also be strengthened by obserrtng over iu mnny lines between stntions of the 
net as can be made intervlslble without el.'.cesoi·•e cost tor building or ettttlng. 
Caution la necessary In thus strengthening a bnse net br obsen-lng enrn lines 
to a't'old mnking the ftgure so complicnted as to be e.s:cessively dltftcult and 
costly to 11djust. 

S.: Conneetiom to existing triangulation.-In starting from or connecting with 
either first- or second-order trinngulntlon. it ls essential that the connection 
be made to a Une ot proper strength. nod aL<s0 that obsen-ntlona be made 
trom the two ends of that line upon a third point ot the ensttug trfangulntiott. 
If the new ancles agree closely with the- old observations · the el.'.act recovery 
of the old stations ia assured. Et'en when connecting the triangulation of 
the third order it ls better lf po~sihle to connect with a line rtl.ther than a 
point, tor the comparison of the lengths of the line common to the m o !lystems 
ot triangulation mny gt't"e information ot great t'alue ln adjusting the weaker 
acheme. Connection in position alone, no.melr, to a single point. or in position 
and azimuth, namely, to a single point but with a direction obserred from 
that point to another old sto.tlon. may sometimes be lldt'antngeou.slr matle at 
lnten-als between the connections lo length. If the line used tor a connection 
la opposite n wenk nn&le ln the old triangulation the comparison In length 
will have Uttle T"aloe. 

CHANGES OF SPECIFICATIONS 

The following modifications of the above specifications a.re mainly 
to permit use of single trinn11les because of the relatively short arcs 
of new triangulation now required between junctions with adjust.eel 
arcs and to allow for the fact that the desirable mn:rimum lencth of 

""' line is now 15 miles, with a\ernge length o.nd breadth of quadri-
laterals about 10 miles. 

While single triangles are now sometimes permissible: it must not 
be inferred that t4ey mny be used indiscriminately. _.\. figure giving 
double determination of length must be employed whenever it is 
possible to do so without undue expense or delll.y. The limits of R1 

a.nd Rz of a figure have been reduce<l to 15 and 2ii: respecth·ely: and 
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their desirable limits to 10 and 15, respectively. The lengths of arcs 
between fixed lines are now so short that base lines are seldom needed, 
anc as the triangulation net is enended the time is- rapidly approach
ing when ~ey may be dispensed with entirely. Practicnlly all base 
lines a.re now measured on railroad tracks, and the base nets are 
usually less complicated than formerly. The special subjects of bnse 
lines lllld base nets will be taken up under those hendin~ ( 8ee pp • 
76 and 79.) 

Under paragraph 1 of the specifi~tions, the use of overlapping 
figures, th:>.t is, . figures requiring more than one 5ide equ:ition, is 
closely limited. However, such figures have always been used when 
necessary to cover a difficult area and to maintain the required figure 
strength. Such lntitude does not mean that comple~ figures may be 
chosen at will, but that the judgment of the ~onnniss:mce engineer 
is relied upon to select a superior scheme at the expense of a reason
able increase in office work. 

For seven.I years, a limited 1en¢h of line hns been specified in 
the instructions. This limit has varied somewhat with the chn.racter 
of the country and the purpO!e of the triangulntion. GeneraJly, the 
desired length of cross and side lines ho.s been between 8 nnd 12 
miles, with few diagonals exceeding 15 miles. This limitation is 
imposed for two reasons-to avoid hindrance to progress caused by 
eonditions of lo'" visibility, nnd to supply to other org:i.nizntions 
lines they can readily use. 

Azimuth marks, as · now established nt nl1 occupied stations, hnve 
lnrgely eliminated the second condition. As for the first, it is recog
nized that for different types of country there are different econom
ical lengths of line. In order to obtain the proper intensit} of con
trol, supplemental stations mny be established within the areas of 
the main scheme figures. · 8ince the requirements for these supple
mental stations nre only that each sha.11 form a part of at Ienst one 
well formed triangle, more accessible nnd useful locations can be 
found for them thnn when all the conditions of carryin~ forward the 
scheme are imposed. Genern.lly, instructions are issued authorizing 
the reconnaissance engineer to select the size of figures which he feels 
best suited to the areti. 

CLASSES OF TRIANGULATION 

Regul:lr reconnnissn.nce parties arc concerned with first- n.nd sec
ond-order trinngulntion only. 'Vhen the adjustment of the trian
gulation net is mnde, a number of the arcs a.re designated "second 
order," if that is the nccurncy actunlly obtnined for them. In prnctice, 
the angles for second-order triangulation are observed under the same 
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instructions as for first-order triangulation, but under the criterion 
that a direction need not be reobserved unless it deviates by more than 5 
seconds from the mean of the 16 positions and that stations are not to be 
reoccupied for closing errors if these do not e~ceed about 5 seconds. 
There is no difference in the requirements of the reconnaissance for the 
two classes except that for second-order arcs single triangles may be 
used somewhat more freely and figure strength may be reduced slightly 
for greater economy. The extent to W'hich these are permissible has 
been allowed to rest with the officer in charge of the reconnaissance. 
For all practical purposes, the requirements of the two orders may be 
considered the same. 

STRENGTH OF FIGURES 

The strength of a figure depends on the amount of variation of the 
sines of the distance angles per unit of change in thei angles them..~lves, 
multiplied by a factor, peculiar to the figure, which is a function of 
the number of observed directions and of conditions to be satisfied 
within the figure. In other words, with a given error in the observed 
angles, a strong figure is one in which the displacement of the loci of 
the intersections caused by this error ""ill be relatively small. 

Computation of strength of figure.-In the following table the 
values tabulated are for [o.l+o,oa+&.~. The unit is one in the sixth 
place of logarithms. The two :i.rguments of the table are the distance 
angles in degrees, the smaller distance angle being given at the top of 
the table. The distance angles are the angles in each triangle opposite 
the known side and the side required. cS_. and c5a are the logarithmic 
differences corresponding to 1 second for the distance angles .d and B 
of a triangle. 
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TabU for tkt.,-mining rdatiH strmgth of Ji.guru in trimsgul.atio1a 

109 ue 14• lr 1r 
I 

20" 229 :•·Ir 239 w/~ 40• I 44• I so- I I I ~ 
wrr.~r.a· .. ~ ao-lu·I QC)" 

- - -r- -- --- --- -
• 

10 4~ 359 
1% Ut 295 m 
14 315 2$1 214 181 
11 2S( m 117 Ul2 143 
11 ~2 204 1111 143 121 113 

20 2t$ lit 153 130 113 :ioo H 
::!2 ~ 177 142 Ut 103 91 11 74 
24 221 187 134 Ill ~ s.1 I 7• 87 81 
21 213 160 121 104 89 ':T M 81 ~ .51 I 
21 208 us 120 ·99 83 i2 &.1 57 51 47 43 

3111 19' 148 115 ~ 79 118 9 53 41 43 40 33 
35 118 137 toe !5 n II() 52 .. 41 r. 33 :r. 23 
40 179 129 119 :-; 8.5 54 47 41 36 ~2 29 23 19 111 

"' 172 124 93 ;4 eo 50 43 37 32 21 2.5 20 18 13 II 

ao Uli 119 89 ;o Sf 4i 3t 34 29 26 23 I I 14 11 9 a 
45 182 IU 86 .. .54 44 31 :t2 27 24 21 Ill 12 10 8 j 5 
to 159 112 13 M 51 42 u 30 2.5 2: 19 14 11 ' 1 5 4 4 .. 165 IG9 so 82 .. , 40 33 21 24 21 II 13 10 j 8 5 4 3 2 

;o 1'2 108 ;'8 80 u 31 32 27 23 111 17 12 ' 7 5 4 3 2 2 I 
73 I~ 104 ~ 51 48 37 30 25 21 I~ 16 11 a II 4 3 2 2 I I l 
~ 147 102 74 57 4.5 :ta 29 24 20 Ii IS 10 7 5 4 3 2 t I I 0 0 
II I" 100 73 u 43 l4 21 23 19 UI 14 10 T 5 3 2 2 1 I 0 0 0 0 

IO 143 .. 71 .54 42 33 'Z7 22 10 ta 13 ' 8 4 3 2 l I I 0 0 0 0 

N 140 98 ;o .\3 41 32 211 2: !8 18 t.1 ' II • , 3 2 1 I 0 0 ll 0 
100 131 95 118 51 40 31 :.5 n 17 14 12 a II 4 3 'l l 1 0 0 0 
105 136 ga 47 .m :!II 3tl 25 20 17 14 12 a 5 4 2 : I l 0 0 
110 134 91 8.5 4t 31 30 i-24 It II 13 11 7 5 3 2 2 1 1 I 

115 132 89 114 41 r. 29 23 19 15 13 11 7 5 3 2 2 l . 1 
l:.'O 129 88 82 ~ 36 ~ z: 18 u 12 10 7 5 3 2 : 

1 i 125 127 M SI 45 35 z; 
22118 14 12 10 . 5 4 3 'l ' 130 125 84 59 .. 34 :II :1 17 1 14 12 10 7 5 4 3 

13.5 12:? 82 58 43 33 2ll 21 17 I 14 12 10 ; : I . I 
140 tit 80 511 I 42 32 2.5 20 11; !4 I 12 10 8 
14.5 11 11 II .~.5 41 32 25 :?I 17 15 13 It ' 1-'0 112 ;'.5 54 40 32 'ZG Z1 18 18 13 13 

' I 132 lll 75 S3 40 32 29 :2 19 17 Ill I U 4 110 :'4 53 41 33 27 Zl 21 19 I tsa IOI ;4 54 42 34 21 2.5 22 I 
158 107 i4 54 43 35 30 'Z7 

I 160 107 ; 4 ~8 45 31 33 I I 
111: 107 711 ~ !) 48 42 I 

184 109 i9 e3 54 I 
I I 

1116 tt3 I 88 
71 

1(18 12: 91 I 170 143 I I 

U!E OP TABLE 

To compRre two alternative figures. either quadrilaterals or cen
tral-point figures. insofar as the strength with \Thich the length is 
carried forwnrcl is concerned, proceed as follows : 

{a ) For enrh ft~nre tnke ou t the ctlstance angles. to the nearest decree it 
posi;lb le. for the beist and St?cond·b~t cha ins ot trlnngles tbrouch the 6gure. 
T hese chains are to be se lected a t tlrst by estimation. and the estimate Is 
to be checked tater hy rhe re!lul ts ot compnrison. 

(bl For e'uch t r lani:le in t'nch chain enter the table with the distance 
angles as th~ two arguments and take out the tabular value. 

r 
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(c) For e:ich chnin. the best nnd seciJnd best, through e:ich ftgnre, take the 
eum of the tabular t"alnes. 

(<i) liultiplj ench sum by the factor 

D-0 
D 

tor that tigure. where D ls the number of directions obse?Ted nnd 0 Is the number 
ot condltions to be satlsJied in the ft~. The qwintities so obtained, DD.IDely, 

D-0 . 
Dz(a_.2+a"a.+ar] 

will tor convenience be culled Rt and Rt tor the best o.nd second-best chains, 
respectiTely. 

le) The strength of the ftgure ls dependent mnlnly upon the strenirth o! the 
best chain through lt. hence the smaller the R1. the greater the strength of the 
figure. The second-best clulln conn1butes somewhat to the totnl stttngth and 
the other weaker and progressively lei!s independent chains contribute stW 
amnller amounts. In deciding between figures they should be classed according 
to their best chains, unless said best cha.ins are very nearly ot equal strength 
and their second-best clul1ns dUfer ireatly. 

NOTES ON SJUPES OF FIGUllES 

It should be remembered that the strength of a figure as computed 
from the foregoing formulas and table is affected only by the line which 
is used to c:irry the length forward to the nen figure. It will be foWld · 
that a figure very short in the direction of progress, compared to its 
width, will give a very strong determination for the length of line 
used in carrying the computations forward. However~ the side line~ 
in such figures lie opposite weak angles, and are not satisfactory as 
junction lines for intersecting arcs of triangulation. .Also, progress 
with such ~nures is slow. 

Generally speaking, a rapid increase or decrease in the width of the 
scheme will introduce weakness~ although not necessarily so. Such 
variation in width may be necessary in passing from one area into 
another of greatly differing characteristics. The transition can usu
ally be made without great loss of strength by using acute and obtuse 
angles in combination ns distance angles. The succe5sive triangles are 
laid out ~o that the side opposite the larger distance angle in one tri
a.ngle becomes opposite the smaller distance angle of the ne:tt. Th.is 
principle can be carried e\en further by taking ad\antnge of the fact 
that the sine rl~re11ses as the angle increases in the second quadrnnt. 
Since the triangles are adjusted so as to close theoretically, an error 
which would make one distance angle too lnrge. should gile a similar 
ne!!ative residual in the other. Hence in a triansde in which one ang:le 

e ~ -
e:tceeds 90°. if the colog sine of the first is small the log sine of the 
!;eCond should be laqre and error~ will tend to compensate. By refer
ence to the table, it will be found that a triangle with ilistance angles 
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of 40° and 120° has the same strength as one with angles of 55° and 
60°. It will be noted that ~O'Ures eipanded by this method follow 
the law that strength is ga.ined by shortening the .figure in the direc
tion of progress. 

PEBXl.SSIBLE FIGURD 

(A) Simple qaadrilateral.-The simple quadrilateral (see A. ftg. l) ls the 
best ftgure. and lt should be employed wherever possible. It combines man· 
·mom stren&th and progres1 with a minimum of essential geometrical conditioas 
when approximately equilateral or square and therefore the square quadrilil.tera.l 
11 the perfect dcure. It has a strength factor. 

D- C -r;- of 0.8. 

(B) Four-sided central-point 81Ure with one diapnal.-Wben oue diaeonal 
ot the quadrllo.teral Is obstructed, a central point, which ls visible from the 
tour corners can be ln!!erted. (See B. ftg. L) This figure requires the solution ot 
two side equations and ftve anglf! t>quo.tlooa, and hence adds to the labor- of 
adjt11t1ng. Its strength factor ls 0.56. 

(C) Four-sided central-point figure without diagonal.-At times. neither di· 
agonal cnn be matle vis ible nnd the tlgure beeum~ u :simple !our-:1itlro <.'t'ntr:Ll
poiut quatlrilater:il C see C. HJ. 1 ) with a strength !actor ot 0.64. The central 
point ln this case should be c:m•fully locnted to m.11 lntalo the strength ot the R, 
cha in o! trtansles. Ao e:s:cell~ot l()('ntian ~ near "one slde line and· about mid· 
war along lt. It too nenr the side llne.. however, retraction errors m:iy be Ill· 
most the same tor the closely adjace"Dt lines. and furthermore the Rt value will 
be so large as to be ot lit tle value u a check on leni;ths computed through the 
B, trtanirles. 

(0) Three-sided central-point ftgure.-Thls ls a simple a.nd usually very 
strong l!gure. (See 0 . fig. 1.) It ls ott@n used to compensate tor a great ~ria

doo ln leni;th of the side lines ot adjacent qundrilaternl& nod to quickly cllnnse 
the direction of the schf'me. Its strength factor Is 0.60 and the equations ~ 
quired tor tts adjaatment are the snme as !or a regul:tr quudrilate-r:i l. 

(E) Ftve-sided ftcure with four diaeonab.-Thls figure ID1lY he considered a.s 
a tour-sided central-point figure wlth one dinl'Onlll, lo which the central point 
!alls ontslde the ftgure. (See E, ftg. 1. ) It Is aaed to afford a check when 
either a diagonal or a side line ls ob~tructed. I t has the snme strength factor. 
II.Mo u the above !oar-sided central-point figure with one diagonnl, ( B). :ind 
require1 the same adjustment equations and precautions agulnst llUlking 11ny o! 
the a.nsles too small. This flgure can often be used by the observlnr party 
when a slde llne o! a quadrilateral 11 !ouod to be obstrncted. 

(F) Ftve-sided &sure with three diagonalL-Thls ft!;1.lre is similar to the tour
lided ceotral·polnt 01Ure. ( C) . e:xcepc that the central point falls outside tbe 
Cgure. (See F. l!g. L) The strenirth factor Is 0.64. 

(G) Five-aided central-point figure with two diasonals.-Thls tignre Ls ao 
onrlap of a central-point quadrilateral and a simple qundrila rerul. and Is the 
most compllcated ficure emplored. ( See G. ftg. L> It has been used to carry 
the scheme o•er dUftcuit or convex areas. T his ft!;1.l re can i;enerall; be made 
very strong. Its strength !actor ts 0.50. 

(H) Five- and six-sided central-point 61Ures without diagonw.-A..ny polygon 
with a central polnt C see H . ft~. 1). havtng sepai-ate cha ins ot triangles on either 
side o! the central point. will give a double determination ot length, since it 
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11 perm.isstble to carry the two lengths through the same trian~Ie provided 
d11ferent combinations ot distance angles are employed. Howe'\"er. the ftT'~ and 
six-sided central-point poly;ons are the only ones that should rec1!i>e consider
ation. Wld they are Interior to the simpler quadril4terals. The factors ot 
streD&th are 0.61 tor fh·e sides and 0.68 tor six. 

A a c 

0 ECHO. I) E(N0.2} 

F G H 

J'tons 1.-DUfereat tTI>eS of dluns u.aed 111 ~latloll. 

UNOCCUPIED STATIONS 

In case an azimuth mark is not required, a supplemental station, or 
stntion of some other organization, need not be occupied but it should 
be determined by observations from three or four established stations. 
To secure a check, observations must be taken from at least three sta
tions, but if taken from more than four, the computations become 
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unduly complicated. Good intersections, satisfying the conditions 
of figure strength, should be secured. All intersections should be taken 
from adjacent stations in the main scheme which a.re preferably in a 
single figure. 

Circumstances sometimes arise which require the scheme to be offset 
to one side, under conditions unfavorable for ordinary methods of. 
changing direction. This may be accomplished by placing the adja
cent figure alnngside, so that a side line of one is common to a side 
line of the other. (See fig. 2.) The strength of the two figures is, of 
course, computed through the common side line. 

J'tauu 2.-Elbow ftf'lN. 

AREA TRIAJ.'iGULATION 

Area. tt·inngulation consists of a. seheme e::tpanded by o.dding tri
angles in all direct ions to form a spider web effect. This method 
ho.s replnced the method of wing triangles formerly used. Since the 
introduction of new methods of adjustment and new c:ilculnting 
machine equipment, the simultaneous solution of area triangulation 
is not a formiclnble problem. 

The :ire:i. method w:is initinted when it becnme necessa.ry to provide 
covera;:re o\·er areas completely bounded by arcs of triang-ulation. 
'\-Vhen rht'!'e areas~ which should not be elongated in :iny direct ion, 
a.re reduced to a. size of about four .tigures across, the :irea method 
of reconnni5~ance and tri:in~la.tion is employed. Single tri:mgles 
shoul'l be u5ed (~ee fig. 3) and a complete connection ma.de to :ill 
bounding :ires. In this figure the he:i.vy lines repre;eut the e:stab
lishe<l :ire tritin#'.!ulntion, the medium lines in<l ic:ne the mnin scheme 
:i.re:.i. reconn:.i.i:ssance, and the light lines are for supplemental stations. 
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as otherwise n serious discrepnncy mig-ht be found later in case a con
nedion were made between two stations fairly close together which 
had been established from different arcs. The adjustment of these 

FIOL'U 3.-:3.!oditled are:i trianlfUlation. 

cross arcs can be made by determining the positions, lengths, and 
azimuths in each intersection figure by weighted means of conYerging 
data~ and then adjusting the 5eparate short arcs between these figures. 
Since such arcs of triangulation \\"ill be short, a. more general u..--e of 
single triangles is permissible. 



Chapter 2.-FIELD PROCEDURE 

SOURCES OF INFORMATION 

The first operation in starting reconnaissance in a. new territory 
is to assemble all the existing data concerning the area that will be 
of help. Various types of maps may be secured from several Federal 
agencies and from State and county governments. The common road 
mnp distributed by oil companies is also a valuable source of informa
tion. Unlec-S the climatic characteristics a.re known, United States 
Weather Bureau records may well be consulted. The more useful 
information that is obtained before the work is started, the greater 
will be the ease in doing the field work. 

The best detailed maps for the purpose are the topographic sheets of 
the United Sta.tes Geological Survey, which now cover nearly one-half 
of the United States. These vary greatly in scale, usefulness, and 
accun.cy according to their age and to type of country covered. The 
older sheets are often broadly genera.liz.ed and show only main trends 
of drainage and dinding ridges but the more modern ones are ex
cellent maps. The reconnaissance engineer should realize, however , 
tha.t many of the contours a.re sketched by estimation and that, es
pecially in timbered country, many of the elevations at some distance 
from bench marks may depend on barometric determina.tions. When 
the profile taken from the contour map indicates a close clearance of a. 
line, it is ad·.-i~:l.ble to actu::dly check it on the ground. 

Ne:tt in orucr of importn.nce a.re the county soil sun-ey maps pub
lishe<l by the Bureau of Plant I ndustry, United States Department 
of .Agriculture. These maps. especially the later ones, are sufficiently 
accurate as to ronds, drainage, man-made features, etc., but do not 
give elevations e:tcept in a few C.'\...<=es in which the contours are copied 
from Geolo~ical SurYey sheets of the same area. Since certain types 
of soil are apt to be found on the higher ridges, especially in a region 
where the topography is due to erosion, because of the fact that the 
har<ler format ions naturally resist erosion and stand out as the higher 
ele'\"ations, the Soil Sun·ey m:i.ps c::in be used for considerable prelimi
nary laying out of the scheme as soon as these characteristics are 
learned. 

The county post-route maps compiled by the Post Office Department 
are nen in line of usefulness. They show roads with a fair degree of 
accur:icy, and the drainage sy~tem roughly. In sectionalized States, 
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these maps serve nt oncQ to locate the ~ection in which a station is placed 
and form a good base for plotting the reconnaissance sketch. 

The sectional aeronautical charts of the Coast and Geodetic Survey 
are of great aid in regions where no larger scale maps hu·e been made. 
These charts are compiled from all available data and show railroads 
and main highways, major streams, towns, air beacons. and zones of 
elevation. Their use by reconnaissance parties also a.ff ords an oppor
tunity to check the compilation. 

In addition to the above Federal maps, county and district maps 
can often be secured from State highway departments, Forest Service 
offices, county engineers. and commercial map compiling agencies. 
These maps vary from good to very poor and their utility will natu
nilly depend upon their quality. 

State maps are published by the Geological Survey, the General 
I.and Office, and the Post Office Depnrtment. The Geological Survey 
hue maps on a scale of 1 to 500,000 are available for all States and 
are very useful They show the projection in intervals of 1 °, county 
lines, townships, railroads, locations of all cities and villages, and the 
general drainage system. They are very useful as work sheets and, 
in the absence of more detailed maps, should be used as a basis in 
laying out the preliminary scheme. The Public Roads Administration 
of the Federal Works Agency publishes diStrict maps which show all 
the roads in the areas cov~red. 

lUP STUDY 

.After securing the available maps, the location of the scheme, as 
specified in the instructions, is laid out on the State map. A careful 

. study is then made of the drainage system of the nrea, since the 
divides between major stream basins should ordinarily be of the 
highest general elevation, although this assumption is not reliable 
in areas of ::,and dunes and glacial moraines. This gives a start in 
deciding the size of figures and the general plan. If contour mn ps 
are at hand, a tentative ~cheme is then drn.wn on them and the 
profiles of the lines are taken from the contours. If topographic 
maps do not P.rist, which is generally the case, a very rough tentative 
scheme is laid out t y judging possibili~ies from the stream dh·ides, 
and this scheme is marked on the best avai lable maps mth pencil. 
This is done a figure :.t a time, as r.crk prcgres..~s, and is only a guide 
in localizing the search for station sites. 

The map study, supplemented by a general knowledge of the ~g
raphy, will indicate to the observer what type of country he will find. 
)lore detailed information is secured by a preliminary inspection of 
the area in case the obseITer is not already familiar with it. This 
information will include the type of topography~ height of trees, 
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quality of roads, etc .• and will, of course, govern the detailed methods 
of reconnaissance. The types of terrs.in encountered include wooded 
and bare mountainous areas, rolling timbered regions, prairies, plain 
areas with breaks, buttes, and mesas, old lake bottoms a.nd coastal 
plains that are practic:illy fiat, and glaciated regions with e~tremely 
irregular topography. 

SELECTION OF METHODS ACCORDING TO TERRAIN 

Reconnaissance methods may be divided into two classes depending 
on whether lines are checked (a) by relying on direct visibility or 
( b) by instrumental profiling or "blind reconnaissance." ~nerally 
speaking, the first method is applicable to mountainous or very 
hilly areas and to open plains. The second method must be resorted 
to in level or rolling timbered areas, although many lines in such 
areas can also be checked bv direct vision. Actual visibilitv over & . . 
line is, of course, the most desirable and accurate test as no further 
effort need be expended upon that line. 

DIRECT INTERVISIBILITY OF POINTS 

Points intervisible from the ground will prevail in western moun
tainous regions, and to a Ci!rtain e:ttent in the Great Plains and in the 
eastern mountains. The reconnaissance is comparatively simple. 
First, select the line of e~isting triangulation that will best serve aS & · 

starting line for the new arc. Then visit the existing stations in order to 
recover the old marks. Should any of these be destroyed, select other 
starting points, the best that can be recovered. From each of these 
stations inspect the area to be covered for likely locations for new 
stations and make a notation of their descriptions and magnetic azi
muths in a notebook. Each possible location should be carefully 
studied so that it may be identified with certainty when seen from 
different positions. Each hil.l or mountain will have some individual 
characteristics, such as shape. size, peculiar formations patches of 
brush or snow, outstanding trees, etc., which should be impressed on 
the memory. In more inhabited regions, there will be fields, groves, 
buildings, and windmills to be noted. 

It is well for the reconna.issance engineer to adopt a system of notes 
that suits his own convenience. These should be complete. but not 
voluminous, and may often be supplemented by horizon sketches, with 
the azimuths of prominent features placed directly above them. These 
sketches are usually made with the aid of binoculars, and can be made 
to enggerate certain peculiarities or the vertical scale to advantage. 
Each observer '~ill soon find what notes and sketches a.re best adapted 
to his own needs. The purpose of these is to have a fund of informa-
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tion that will enable him to identify and find any point he has observed 
from some distance. 

The points that appear best suited to the scheme nre then plotted 
on the work sheet, which generally will be n State mnp on a scale 
of 8 miles to the inch. Distances must at first be estimated, but after 
the successive points have ·been visited and bearings taken, inter
sections can be plotted on the work sheet to give more. accurate 
positions and distances. The ~tions on the map will show the 
locations of the points with respect to the nearest settlements and 
'rill suggest a. route for reaching them. 

The foregoing operations require that the obserrer trnin his memory 
to retain details of what he sees. He should be able to remember 
topographic features without making an especial atte.mpt to do so. 
This knowledge will often mnke possible a quick solution of a diffi
cult problem. A. good plan is to sit dottn with binoculars and spend 
half an hour or more intently studying the entire area visible from 
the vantage point selected. He should never be in haste to leave a 
rtation, nor should he let anything interfere with his concentration 
on his task. Memory is mainly the result of concentration and is 
invaluable to the reconnaissance engineer. 

The map study will sug~t the best points for completing the 
figure under consideration. However, the observer must carefully 
avoid devoting too much attention to a predetermined plan to the 
exclusion of other possibilities. This is very important as even the 
best tentative scheme is sure to break down sooner or ltl.ter and require 
revision. If comprehensive data are not secured a.t each point it 
may become necessary to revisit the points to the rear. Also, factors 
such as inaccessibility of tentative points may make it desirable to 
alter the preliminary plan, and this can be done without loss of time 
if the proper notes are a.t hand. a great aid to progress and to the . 
securing of smooth, strong figures, is to acquire a knowledge of the 
country one or two figures ahead of the finally located stations. I t 
is often possible to shift a location without harm to the figure to r.ht! 
rear, and thus greatly improve the figure ahead. I t is not good prac
tice to definitely select stations solely to complete a figure wi.thout 
considering also the succeeding figures as this will often limit the pos
sibilities for the nen ~CT\lre, and may result in a complicated and 
rough scheme. The observer should ma.ke a practice of considering 
alternate plans carefully before adopting one. 

The obserrations made at the ht·o ends of the starting line will 
indicate the best tentath-e locations of stations for rapid progres 
und to maintain fi~1re stren~h. The~ tentath-e locations are nen 
found on the ground by maki ng use of the best road map available 
and by local inquiry when necessary. The operations are here re-
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peated in the same manner as at the first stations. It is well always 
to read the azimuths to the rearward stations both as a check, and 
to improve the accuracy of the subsequent sketch. · When a location 
is finally selected, notes are made describing it and the best routes 
of approach for use of the observing party. Such notes should be 
kept also for any promising point visited. even when it does not 
enter into the immediate plan, in order to a.void revisiting it should 
this point be selected later. 

By the continued application of these methods, the scheme will 
be developed. Considerable imagination and skill are required to 
select the best compromise to meet all the conditions. The require
menta for station sites are given briefiy on page 63. All stations 
selected should be visited and the best route of approach determined 
and described. When alternate routes may merit consideration, it is 
well to suggest or describe them briefiy. 

In approaching the connection to another fixed line, particularly 
if it is in old work, the reconnaissance engineer will do well to go 
forward and recover the necessary stations when still two or three 
figures short of reaching them. Frequently, the best placed sta
tions are not recoverable, or the plan for making the connection 
must be altered for other reasons. The distance thus allowed permits 
the diversion of the scheme to the new connection without abrupt 
bends and irregularities. 

Generally, the reconnaissance engineer will have little difficulty 
in finding the necessary lines of visibility to build up his scheme in 
mountainous or open country of prominent relief. His problem 
will be mainly one of securing stations of greatest accessibility, and 
his errors will most often result from mistaken identity. Too much 
emphasis cannot be placed on the certain identification of distant 
points. This may appear difficult to the beginner, but the ability 
ca.n be acquired by careful application. The main thing is to note 
the pertinent and unusual features of any landscape, and not to 
bother the mind with the commonplace. Just as a woodsman will 
pass miles of birch and poplar trees without notice, but imme
diately remember a lone pine, so the skillful reconnaissance man 
will glance over many uniformly wooded. ridges and instantly rec
ognize one hnving a. tree with a peculiarly forked snag. 

The reconnaissance engineer must remember that, as the archi
tect of the structure, he is in charge of the plan for the finished 
triangulation scheme, and that thoroughness and accuracy are re
quired to fulfill his duty to the observing party. 

HORIZON SKETCHES 

Horizon sketches give a very useful means of identifying objects 
or features which it may be desirable to refer to at a later ti.me. 
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In open country, an outline sketch of a considerable arc of the 
horizon may be made which may show also the outlines of inter· 
vening groves, hills, etc. These may be valuable later when the 
observer can verify his position by lining them up with features 
on the horizon. In areas of this character, the sketch may be 
made conveniently and with good detail by looking through tjie 
transit telescope. If this is inverting, the book may be held up· 
side down and the sketch drn wn as seen. When the book is righted, 
the picture will be true. Sketches are less used in wooded areas 
but are very convenient at times. They can be made from the tops 
of structures or trees with the aid of binoculars. 

A common use of sketches is to' aid in identifying a point the 
observer is leaving, from some distant point. Groves and buildings 
do not appear the same from close by as from a distance. It is 
customary. therefore. to drive some distance from the feature in 
the direction from which it will• be seen and make the sketch from 
there. 

Al. • ,,.,... IC' v &. • • J t AL• rrrt ti' 
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A considerable amount of detail is desirable, because outlines often 
vary greatly from slightly different angles of view. The positions 
of windmills in respect to buildings, chimneys and ventilators on 
roofs, etc., often clarify an object that would otherwise be doubtful. 

Overlapping vistas.-A short cut occasionally used in proving two 
points to be intervisible when they cannot be identified positively 
one from the other, or when the view is obstructed by haze, etc.! is 
known as "overlapping vistas.!! Suppose that from a gh-en point 
some object in the middle distance is visible with a distant horizon 
beyond it near the azimuth· of the point to which the visibility is 
in question. Then, if from this second point, the object is also 
visible, with a distaut horizon beyond it, the line of sight between the 
points is probably clear. Also, in times of low nsibility, if the vista 
is clear from ench st:ition for n distance -well in excess of one-half the 
distance between stations, it is probable that they are intervisibile. 

LA YING OUT THE SCHEME IN AREAS REQUIRING PROFILING 

Under conditions which prevent direct visibility over many or all 
lines! resort must be had to instrumentnl methods of investigating the 
various lines in order to compute the required heights of signals. Gen· 
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er.illy, the procedure is to select promising points for station sites from 
a study of maps and from views from points of vantage such as water 
tanks, buildings~ fire lookout towers, derrick!, trees, bald hills, etc. 
These tentative points a.re then plotted on a work sheet which may be 
an existing map or one compiled by the reconnaissance party for the 
purpose. The conditions aJfecting visibility along the lines between 
these points are nen investigated by the methods that follow. If any 
of the lines are obstructed, a. new tentative point is selected with the 
aid of information gained in testing the original point, and the lines 
are investigated as before. The ability of the reconna.iscsance engineer 
to pick his tentative points with accuracy, so that the great majority of 

· lines will be clear, is largely the measure of his skill llS attained by 
experience and application. 

The name "profiling" is given to the process of finding the relntive 
elevatjons of critical points along a prospective line, and determining 
the visibility from the two ends by analyzing the results. A complete 
profile is not mo.de n.s obviously only the highest elevations need be con
sidered, although considerable work is required at times to locate these 
critical points in flat country. As soon as a section of the line is shown 
to be clear, further investigntion of it is dropped. The elevations are 
obtained either by verticn.l angles, by altimeter1 or by a combination of 
these methods. (See pp. 32-43.) 

As was the case in mountainous regions, the first step is to lay out 
the general course of the arc on a State map, and to select and recover 
the best e~isting stations for starting the new scheme. The next step 
is to get a view over the country if it is possible to do so. This may be 
from a tall tree near one of the old stations, since they are usun.Uy on 
higher ground. or from a water tn.nk or oil derrick. The purpose is to 
get as nccuratt> n knowledge of the area within the prospective figure 
as feasible, and possibly to check some of the lines directly. Views 
from near the stations themselves are best., and a. special effort should 
be mn.de to get them. However, as these may be from tree tops under 
conditions that preclude the use of instruments the knowledge gained 
should usually be supplemented by instrumental measurements made 
from tanks and derricks. A good view from a. tree is sometimes diffi
cult to secure. If the timber is hardwood it. will be impossible to climb 
high enough to see over all the neighboring trees, especially when they 
are in leaf and the observer may have to be content with a narrow vista 
through a hole in the foliage, or he ma.y have to climb severnl trees for 
even a p11rtial view of the horizon. If the station is on a. wooded hill, 
an advantage may often be had by climbing a tree part way down the 
slope, in the direction of the desired view. as the slope will give it an 
advo.ntage over the trees beJo,v. P ine trees llre better for this purpose, 
as they can usually be climbed to the ~.l:treme top, a11d there is more of 
a tendency for occasional individual trees of this species to stand out 
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above the general level. Tree climbing is laborious and dangerous but 
good reconnaissnnce cannot be done in difficult, woodP.d regions 
without it. 

Assuming that satisfactory views mn.y be obtained, the observer 
should study the horizon, noting the prominence and relati vc distances 
of all ridge tops nnd any peculiarities on them thnt may be helpful in 
later identification. He should also note all gnps in intermediate 
ridges. If the aren is lacking in prominent features, dfatance may 
sometimes be judged by color and shading. This estimate may be 
made with ·very fair accuracy if some object whose distance is known 
can also be seen and compared with the one in question. Magnetic azi
muths should be taken to all prominent objects, natural and artificial, 
and to the horizontal limits of the more distant vistas; that is to points 
where the view of a more distant ridge is cut off hy a nearer one. It is 
good practice to take the azimuths of obstudes that hopelessly obstruct. 
the view, so that the "zones of obstruction" may be laid down on the 
work sheet. Horizon sketches can also be used to advantage. The 
study of the terrain will give the obserrer a good idea of what can 
and what cannot be done. Skill in rejecting the impossible comes 
with practice and is an important ability in carrying on the work 
economically. No time is lost in further testing the obviously 
impractical · 

In fairly open country it has been found of great advantage to 
"profile" the horizon from a selected station in the direction of the 
forward stations not yet located. This "profiling" consists of orient
ing the plates of the t:rnnsit in azimuth and sweeping the horizon in the 
forward direction of the scheme for vertical angles. These v~rtical 
angles are recorded as they apply to azimuths, and distances are esti
mated to various portions of the horizon. Allowances for safety should 
be made in coordinating verticals with azimuth; L e., the line of the 
vertical angle should pass over any obstruction in the azimuth range 
with which it is recorded. 

A sample set of notes might be: 

.u Station Eaule 

.utmuths I Vmtcal.• I Estimated distances and remarks 

' 
li'0-178 +i.s 1~12 miles, bare. 
178-189 +2.0 10 miles or sl!Jbt~ID. 
l8~1Gl +i.2 i-9 miles, high rt • 
m-m +.u ~13 miles. Some trees +&'.2. • 

etc. 

"Tt'ffS at utmutb 199 to 200. about 12 miles. 

These measurements require very little time in relatively open coun
try, and aid a great deal after tentative selection of the nen forward 
stations. Fairly accurate vertical angles from the back stations to the 
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new ones being selected an available from the notes. The impossible 
cases can be rejected immediately or the possible ca-c::es ehecked for 
signal heights. 

These notes are to be taken iu addition to others explained elsewhere. 
If no view of the surrounding terrain can be obtained from the 

station site, the ground work must start from knowledge gained from 
map study and from views obtained from tanks and other points of 
vantage. However, when this condition exists, it is probable that the 
country is so flat that computing signal heights will be reduced to 
determining the hei~ht of timber and Wring account of curvature, and 
there will be little advantage of one site over another. 

In any case the nm step is to climb some structure on which it is 
possible to mount an instrument with a vertical circle. There are, of 
course, localities in which no such structures exist, but fortunately, they 
are relatively rare. In the heavily wooded areas of the South, the 
towns are commonly built on high ground, and their water tanks, 
standing as they do on some local elevation, are nearly always available 
as vantage points. Oil derricks are common in the Gulf Coastal Plain 
and since their standard height is 121 feet they afford good points of 
view. The densely wooded regions near the Canadian border are per· 
haps the most diffiCl;llt in the United States. Howe'"er, the Forest 
Service has fire lookout towers in these areas which are of immense 
value to the reconnaissance engineer. It is thus seen that aids of 
different kinds are the rule· rather than the uception in d.ifiicult wooded 
areas. 

From these structures. the same observations are made as from tree 
tops (seep. 22), u~pt that vertical angles are taken on all prominent 
summits and more accurate measurements with a horizontal circle are 
substituted for magnetic azimuths. Some identified object, such as 
another tank, will serve to orient the directions. These directions, to. 
gether with distances either estimated or determined by intersections, 
and elevntions computed from the vertic:i.l _angles, will locate the points 
where the views are commanding and also the insuperable obstructions. 
The observations combined with those from other points will also locate 
many objects that can be plotted on the work sheet. It is well to 
observe many objects and to study the map for suit:ible combin:i.tions 
of lines. This may obviate the necessity for revisiting the point later. 
Sometimes se\"'eral ~ours may be spent to ad>a.ntage on a tank or tower, 
and the observer should not be a.n~ious to leave so long as there is any. 
thing he can learn. The observations will frequently eliminate other 
previously considered possibilities, and the selection of stations will 
thus be narrowed to a. few localities. 
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After securing ail possible data, the observer is confronted with the 
problem of using it to construct a good reconnaissance scheme. This 
is his hardest task, and also the one most difficult for a.n instructor to 
teach. 

EXAMPLE OF TYPICAL RECONNAISSA.'lCE 

There are so many variations in conditions encountered, that definite 
instructions cannot be given, and the observer must draw liberally on 
his ingenuity in handling- details. A brief outline of the operations 
followed by an experienced observer under typical conditions may aid 
by suggestion... 

Assume an area typical of the South, with a succession of rolling 
timbered ridges of nearly the same height with a few higher elevations 
not high enough to be intervisible in all cases. Although the country 
is from 25 to 50 percent cieared, the higher ridges are timbered and a 
view can seldom be obtained from the ground. Use of the '\"ertical 
circle, except from tanks or other points of '"antage, is not possible. By 
use of existing maps it is found that the proposed scheme crosses a 
drainage system of small creeks, converging gradually toward a main 
stream to one side of the scheme. From treetops or tanks it is seen 
that the stream divides are. of approximately equal eleT"ations, being 
the result of the weathering away of a plateau. These ridges become 
narrow and lower as the streams converge and have no very prominent 
elevations, but there are a few slight rises where harder materials have 
resisted erosion.. The cover is pine, with a mlltu.re of hardwoods on 
the poorer soils of the ridges and tall gums and cottonwoods along the 
streams. The gums and cottonwoods are on sufficiently lower eleva
tions do not obstruct lines, e3:cept fo~ a few groups near the center of a 
prospective quadrilateral, where curvature on the long diagonals will 
bring them dangerously close or may require lines calculated to avoid 
them. The general height of trees is between 80 and 90 feet. with a 
few between 100 and 110. These will generally be the culls left from 
logging and will be scattered and will seldom be on the higher ridges . 
.Although fairly large upland areas are cultivate~ any wide view will 
show a uni£ormly timbered horizon. 

OBSDV A.nONS A.T FIXED STAnO"iS 

The ~tablished station (1) on the side towa-rrl the main valley is 
first visited. (See fig. ~- ) From it a view is obtained across the 
lower, narrower divide to a hill (.A) at an estimated distance of about 
10 miles. This hill fits the new scheme so well and is so prominent 
as to warrant holding it as a controlling point around which to 
build the new figure. The starting line a.nd one side line are 
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therefore clear, and the new point appears high enough to see 
across the scheme to some point on one of the divides between the 
minor streams, especially since advantage can be taken of the con
cavity of one of the valleys. It also looks as if it would clear the 
diagonal which crosses the diminishing ridges, provided some of 
the above-mentioned belts of timber do not interfere. The diagonal 
from the occupied station appears to be on a grade line, since dis
tant bits of the horizon are visible but present no prominent features. 
If this line is not clear it can be broken with a central point, but 
that upedient should be used only as a last resort. 

• -I • 
1'tattn1 ~-Tnilcal recooaalua.Dce problem.. 

In searching the horizon in this direction, a water tank is found 
to the right of the proposed line, and reference to the map indicates 
that it is in a. town near the side line of a suitable prospective 
quadrilateral and ahnu: m~dway of the line. It appea.rs to be in 
flat country, a.lthlllifh the ;!·: ~:> : !:ows it to be on one of the minor 
divides. Th~: !:,:; w i •.J f t ! · ~ ~:-.nk ~r.:mds about the breadth of itself 
~bove the t r~·: , q ->- The stand.l: ~ tank is about 100 feet to the 

I 
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·· wall~ay, and the bowls are 20 to 30 feet in dinmeter, hence, the 
treetops are probabl~· about i.3 or 80 feet abm·e the ground. Since 
the currature at the center of the side line of ideal len~ h of 10 miles is 
about 15 feet. these trees are not insuperable, provided the forward 
point is located ou a faT"orable ele\ation. 

Se\ernl magnetic azimuths are taken. the entire horizon in the 
direction of the new scheme is carefully studied nnd a tnpe is low
ered from the tree which shows that the observer is 80 feet 1100\e 
the ground. .An estimnte of the height of the highest branches 
around him is l~ feet. The minimwn signal height is therefore 
90, but 103 feet mny be needed because of local obstruction. If the 
station is accessible by truck there is no advn.ntage in reducing the 
height, since the trinngulntion party in such country will carry 
either 103-foot or 116-foot signals. If the signal must be pncked 
in, the minimum height should be determined and the location of 
the highest trees should be. noted. If the !mes will a\oid the highest 
trees a 00-foot signal can be specified as sufficient for local ob
structions. 

The station (2) at the other end of the tiled line is then visited. 
From a tree top the water tank is readily visible but appears to be 
on the horizon, nothing beyond it being distinguishable. It scales 
6 miles distant and is 10° off the ideal side line which should be 
parallel to the tentative one selected on the other side of the ~<?Ure. 
Nen, looking along the diagonal toward the hill selected for its 
prominence from the first stntion, the tops of trees of a hazy blue 
color are just 'risible near the estimated azimuth. They appear 
well beyond any intervening trees. which in turn show up with the 
same color and detail as those near the water tank. Hence, it 
seems very probable that this is the hill (.A) seen from the first station. 
It was noted to be the only prominent hill in that vicinity, and 
it fits the calculated azimuth and distance. It now appears as a 
ridge of moderate length. but that is e~lained by the different 
angle of view. It is not safe to conclude~ however, that the identifi
cation is positi\e and that the diagonal is clear. The location of 
this point rt:sts on estimated distances~ and these haT"e not been 
checked. .A cnreful study of the ridge with binoculars shows that 
its only special feature is n square notch near one end. This is 
l'arefully sketched in the notebook. 

It ic; now desirnble to plot positions on a lnrger map, and~ as a post 
route map is the best nvailnble. the existing stations nre plotted by 
latitude and Jongitude, section lines or topographical features, and the 
tentatfrely selected forward point plotted by the intersection of the 
nzimuths taken from these t~o stations. It falls between two streams~ 
one of which~ a.ccordi.ng to the mo.p, makes a long bend around the 
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area. This is further evidence that the location is correct, and that 
the hill is one of the gravelly ridges found in such regions. 

S11JlVZT OP illi PROM WATER T..lNB: 

The observer ne~t goes to the water tank. From the walk of the 
tank, the location of which is accurately plotted on the county map, it 
is first necessary to select a tentative point for the fourth corner of 
the figure. Perhaps the tank it5elf will be the best location. It has 
been positively identified from the two rear stations. it stands on a 
slight local elevation, and it is readily accessible for our own pnrties 
and subsequent u_cers. I ts disndvantnge is that it is not sufficiently 
distant from the startin~ points to make a well-shaped figure with the 
hill already selected as the other forward point. A.lso. a study of the 
terrain.and of the map shows that the prospects of getting a long line 
ahead to square up the scheme are not fa vornble. The hill selected 
for the other point must be identified positively nnd so its azimuth 
from the tank is computed. A rid~ apparently lon~r and flatter is 
found in this direction. but a careful study with binoculars shows the 
notch seen from the preceding station. On the map the observed azi
muth misses the intersection of those from the rear stations by nearly 
one-hnlf mile. This is & reasonable discrepancy for compass readings 
from tree tops, and since no other hill has been visible within those 
limits from either of the starting stations. nor anything observed 
which might obstruct the view to such a hill from the tank. the identi
ficaion may for the present be considered posifrre. It cannot be con
sidered absolutely certain until the point itself is visited and the views 
checked. 

The observer now hns a completed qundrilateral, provided he decides 
to accept the distorted filltlre produced by plucin~ the fourth con1er 
near the tank. If be finds a better location for'\"\"ard, or if the nen 
figure demands a different location, the tank will make a good central 
point and can be u..ced to replace the doubtful diagonnl. 

A study of the horizon in the direction of the ideal locution shows a 
uniformly fiat area. By using a smnll theodolite with the telescope 
clamped in vertical motion, a gradually descending- grade will be found 
between this location and the other forwnrd station. as was e~pected 
from the map study. Part of this apparent <lt!<!line will be due to 
curvature because of the increasing distance but the possibilities still 
appear fa vornble. 

Reference to the map shows that a graveled Stnte hi~hway (?fo. 68) 
crosses a broad area between two streams, at n distance of about 4 miles 
from the tank. This point will serve nicely to complete a symmetrical 
figure, and has the advantage of accessibility and hence should be 
tested for visiblity. The theodolite is set to the approximate azimuth, 

.. 
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and a lmical a.ngle observed on the tree tops at the ne«' location which 
are found to be 10 feet lower than the instrument as calculated from an 
estimated distance and corrected for curvature. The height of instru
ment is found to be 105 feet and therefore if the trees are 80 feet high 
the ground must be about 15 feet higher at the forward point than 
at the tank. 

When ciimhing the ladder of the tank, it wns found that the tree
tops were reached at 75 feet , or about 30 feet below the instrument. .A 
vertical angle is now read on the stn.rting station directly to the rear 
and found to be minus 6 minu.tes on the treetops. The distance is 6 
miles and the notebook shows the trees at this station to be 85 feet 
high. Calculation shows the apparent elevation of the treet-0ps to be 
55 feet below the instrument which, corrected for the currnture at 6 
miles, gives a true relative elevation of minus 34: feet. The ground is 
therefore 119 feet below the instrument or 14 feet lower than at the 
tank. The curvature correction at the tank is nbout 14 feet. A line 
of sight from ground to ground between the two stations would there
fore pass 89 feet below the treetops, und 90-foot signals at both ends, 
allowing for the effect of the superstructure. would clenr the line. 

The estimated distance to the foI"W"ard point, the estimated height 
of trees there, and the visibility of the tank from there must be verified 
before the results are final. Since the line does not pass directly 
through the tank but about n mile to one side, the relative elevation 
of the trees at that point must be considered. A de~nt of the ladder 
.to the elevation of the treetops shows a distant horizon risible beyond 
the point where the line crosses. As u. distant horizon in this area 
is almost certain to be of minus elevation because of cUITature. the 
tops of the trees where the line pusses -nre no higher than those at the 
tank. .Additional check can be made with a. hand level~ by altimeter 
and e..i::timated height of trees a.t the point of crossing, or by \ertical 
angles on the tank if it is visible from the ground at that point. 

One more operation is necessary from the tank: that of in~estigating 
whether the second diagonal is clear. Vertical angles and directions 
are taken on two or three of the highest clumps of trees neur the mid
dle of this diagonal, and the le,eled telescope is swung ulong the 
horizon to see if there. are nny s;r-ells unnoticed by the eye. X one nre 
found. A \erticnl angle on trees at the first ensting station completes 
the obserrntions. Since the rearward stations are definitely selected 
it is not necessary to study the horizon in this direction. A calcula
tion of the height of obstruction along the diagonal~ based on the 
observed vertical angles and scaled distances. shows n possible obstruc
tion of se,eral feet, and fu.i·ther investigation of this line is therefore 
required. 
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TESTS AT FORWARD ST.ATIONS 

The po~sible forward site nenr the State highway is now visited. 
The speedometer is set to zero before lenving town and the truck is 
driven to the summit of the divide. The mileage makes it possible to 
plot the point rather accumtely on the map. If there is doubt ns to 
the highe~t S"'ell. reconrse mny be had to the hand level, altimeter. or 
theodolite. The ridge proves to be quite fiat, with cotton fields on the 
left of the road for n. distance of one-hnlf mile as the smnmit is 
approached. The rise in the len~h of this clearing is about 10 feet. 
The crest oi the ric4?e is covered by n dense gromh of pole pines. nil 
prnctically of the snme height. mnkin~ it impossible t-0 see out e:otcept 
across the cleared field. This view shows the wnter tnnk, nnd checks 
the calculations for the side line. The trees mensure 75 feet in hei~ht. 
No vieW' can be had along the doubtful diagonal nor the cross line. 
Knowledge gninerl from the tank indicates thnt these are probably 
clear and a rnn ahead with altimeter shows a grndual slope into a 
brond •alley \'t'hich the ne~t figure will spnn. 

It appenrs desirnble to locate a station here. at least tentat iYely. 
One side of the h i~hway is wooded and on the other side is a tenant 
hou...::e st:mding in the corner of the cleared field, with a bare yard '.n 
front. This tenant ho!tse itself is not permnnent. but ~\ good brick
line<l well and cistern will undoubtedly hold the site for n. long time 
to come. A location for the station is 5elected between the well nnd 
the rond. back from the property line. and \'t'here an azimuth mark 
nenr the distant encl of the field will be visible from the ~ro~md. Dis
tan<~es :n·e pucl'd. n cle&-ription written~ nnd the O\Yner's nnme. ns well 
:is that of the owner of the land across the highway, is secured from 
the tenant. 

A din!?'f)nal cnn h<' b1·oken. hut n cross line must bP clea r. The 
line bet\'t'~n this and the opposite ~tntion. A. is therefore next drawn 
on the map for Rtudy. It is found that the line cros~es bnt one mlley, 
intersectin~ thP !'treum nt an acute 1m;:le and there ~honlcl therefore 
be no intermediate rich.re. A post ronre roncl parallels the :;trenm. 
at some clistancP from it nnd P\·iclPntly on the h i~her ~ron n<l. nnd 
this road j!'; fnllowt>d to thP nppro:t imnrP poim of it~ intPr:--Pction 
with the li11e dmw11 nn the map. < >cca~in11a l yjp \ \ .!'1 ~how that a 
valley op<'ll~ 11p ht>.mn<l the road. F rom th<' tnp of a t ree. t he r i cl ~-re 
alrl'n<l\" tPtttatit·e l\· :-:el P<:tl'd l!' rrad ilY d~iblt-. Tlu.• oh~rYa t inrn; at . . . 
the rank !tad :-hown a _!!ra d 11ail,v dt>1•lin in.z ~radt> :don~ this l inP and 
so tht>rl' i=' 110 <'hanc-r nf it~ hein!! nh~t rm·t l•<l ar thE> poi nt of lt>nt· i n~ 
the ri<l::<' nr platl':ttt. H<'nCP. this li11t> may ~afe ly he consi<lerecl clear 
with s i!!nals at ea<'h PtHl alth<>t1,t?:h ~"me a<ldi t io11ul di fferences in ele
v:it ion are meu::-,m"t:d by alt imecer and recor<led. 



31 

The dingonal is the uen and last line to be checked. It passes over 
very flut country which can only be e~lored by altimeter. The 
line is drawn on the map and a route picked o\er the n\ailable roads 
for running the altimeter profile. The methods used for this work are 
described on p~"e 33. For a distance of three-fourths the length of 
the line~ the forward and buckwnrd altimeter lines indicate that the 
ridge tops lie in n uniform and gradually descendiug grade line. 
These ridges nre separated by shallow valleys of minor streams. .At 
the three-fourths point~ a larg-er \""alley is encountered. and from a fielu 
on the slope a view of the end station cau be obtnined. Therefore 
it is unnecessary to carry the altimeter line further e~cept to con
nect to the station. This is done by obsernng \ertical angles and 
scaling the distance. . The result shows that the station stands 40 
feet above the projected grade line. The line scales 14.6 miles long. 
At the midpoint, the elevation of the fi:t~ station gi\es the height of 
line of sight ab9ve ground to be 20 feet~ and the curvature correction is . 
31 feet. The ground to ground line will therefore pass 11 feet below 
the surface and signals must be 11 feet higher than the trees to give 
:i grazing line. 

The pines do not e:tceed 85 feet. but tall hardwoods have been noted 
that stand above the pines. The line is now retraced by road as much 
as possible, a.nd on foot when necessary. to inT"estigate the trees. The 
large trees are found in the shallow valleys and are in limited groups. 
One group of cottonwoods is found very near the plotted line. and as 
this line is subject to some error in location, they ·must be checked. 
A measurement gives their height as 112 feet. and the altimeter con
nection to the nearest recorded elevation of the previous run indicates 
the valley to be 20 feet below waund grade. thus making the effective 
height of trees 92 feet. The trees are 5.i5 miles from one end of the 
line, so that currature effect 1 at their location is 29 feet, nnd a 92-foot 
obstruction must be cleared. Becnuse of the 40-foot ele,ation l\t one 
station, 103-foot signals will meet this condition and the others already 
found, and so this height is specified for both ends of this diagonal. 

There remains a. visit to the last corner of th~ figure. 'vhich is the 
prominent hill selected ns the controlling point from the first station 
visited. The roads shown on the map a.re followed to its \""lcinity. 
The notch ob:5erved proves to be a smnll clearing for an old gr:i \ el 
pit, with passable roo.d leadin~ to it. nnd with open woods from there 
to the summit. .A tree in the edge of the clenring is climbed, and the 
view obtained ve1·i.fies all calculations. .A detailed location is made 
and marked by b·lazes, and the observer moves to the forward end 

1 See formula OD p. GG. 
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of the ridge to study the outlook for the ne~ figure. Trtts on this 
grnvel ridge are 75 feet high, and 90-foot signals are specified here 
u.nd at the other end of the diagonal A description of the best road 
to this station and the selection of any supplemental points required, 
complete the reconnaissance of this figure. 

To avoid confusion in this example, it has been assumed that the ob
server~s judgment was verified in nll cnses. This is not always true 
of course. and the obse~er should not be discournge<l if he is compelled 
to discard carefully la.id plans and try again. 

ALTlllETER PROFILL'4G 

The altimeter _is a hi~h grnde aneroid barometer. graduated in feet, 
and equipped with a :;etting device so that ele,•ntions may be read 
directly from the dial. Those in use by the Const and Geodetic Sur
vey are of two types : the direct rending and the staticnlly balanced, 
or P :\ltlin type. The first is essentially a cylindrical bellows-like dnun 
exhausted to•a. hi~h de~ree of vacuum with the heads or diuph.rngms 
held in position by a strong U-shaped spring. .-\.s the atmospheric 
pressure on the diiiphrn~1s increnses they press harder against the 
resistance of the spring and as it decreases the pressure aguinst the 
spring decreases. The resultin~ mo~ement is communicated. to the 
indicator needle by a suitable linkage nnd cnuses it to move along 
the scale. 

In. the Paulin type. the main part of the instn1ment is of precisely 
the :;ame construction but the method of imlicnting the mo'"'ement on 
the dial is different. Instend of a. direct linkage. there is n pair of 
au~iliury calibrated coil springs the tension of ''"hich is adjusted by 
turnin~ a thumb~rew on the dial. This thumbscrew is turned until 
the distortiu~ effect of the atmospheric pressure is just balanced by 
the tension of the nu~iliary sprin~. :md the scntic position of the 
diaplmt~1~ rt'stored. This point is sho~..-n by the centerin~ of ~ fine 
net'dle known ns the baluuce indicator nt'erlle. The needle by which 
the elerntion is rend is attached to the thumb~rew. and its mo,·ement 
o..-er rhe dial inrlirates how mnd1 the $Cre''" is rh:rn~ecl to restore the 
balance. Ir " ·ill ht.• !'t•t•n thar the fi~t t~pe is rend "·ith the diaphrngms 
in di~t<H'tl•d pn:"it inn. the cli:-:rnrrion rnr.Yin!! in de!!ree with rhe rhun~e 
in pr~snre. In the Pa11lin type. the remlin~ is nlwn~·s mnde with the 
dinphrn~ms in the ~ame posi tion. For this rt-a:-:on. the latter type is 
th~lreticall:y ~omew·hnt more i::ensiti,·e and accurate o\·er the whole 
rungt- of the !"Cale. It is also more clelicnte nnd n>q11ire~ !!n"ater ct!re in 
use. Both type~ nre quite espensi•:e, uud should be gi\en the care 
of delicate insrruments. 

• 
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These altimeters are so sensitive thd they will readily indicate the 
difference in elevation between a table and the floor! but elevations 
indicated by them are subject to all the errors of fluctuating atmos
pheric pressure. Air pressure is of course dependent upon other fac
tors than elevation, principally temperature, humidity, and atmospheric 
disturbances caused by winds and storms. Elaborate tables of correc
tions are available but, since atmospheric conditions are subject to 
continuous and irregular variation, these tables are not of great help 
unless another instrument is maintained at a fixed stntion as 11 standard. 
This is not practical on a reconnaisance pnrty, and so the accuracy 
is dependent upon running lines forward and back, or in loops, check
ing on dntum points with a minimum of elapsed time. The error in 
closure is then distributed in proportion to the time elapsed! and the 
elevation tnken as the mean of. the corrected readings. This method 
has been found to give fairly satisfactory results. 

TEST OP LINB BT ..U.TDIETER 

In testing a line by altimeter, the line is first drawn on the best map 
at hand, and a route !:elected over the avnilable roads which most nearly 
follows the line. The instrument is first read nt the starting station 
ILild recorded :with the time and speedometer reading. It is n:ot neces
ary to set the altimeter to read true elevation of the point even if this 
is known, although it should be so set that subsequent negative read
ings are avoided, as they are apt to cause confusion. Either the 
altimeter is read from approximately the same height nbove ground 
at all stations or a correction is applied for this height which is usually 
that of the observer seated in the truck. or of his chest when he is 
standing on the ground. The truck must be stopped but: with a 
smooth running motor, it is not necessnry to get out of the truck. 
Beadings should be taken on all summits or swells, unless it is definitely 
established by seein.g over a section of the line that no point in the 
section is of critical height. · 

If the aren is devoid of noticeable ridges. readings should be taken 
at intervals of about 1 mile: and at every plnce where the road crosses 
the line. If the truck cannot be driven directly to the line at a point 
where a reading is desired: the elevation may be read nt the road. nnd 
the difference in elevation from this point to the true line estimated 
with a hand level. In some cases it wili be necessary to carry the alti
meter by hnnd to the required points. If the obsen-er is accompanied 
by a truck driver, he may walk along the line from road to road. meet
ing the truck at intervals. If alone. he must run his lines as spurs, 
retrn.cing his steps to the truck. In either case. the altimeter is rend 
both when leaving the truck and when returning to it. On the return 
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trip with the truck. only these points need be ret1d~ and the elevatiollif 
run on foot are adjusted to them. 

For all altimeter readings the time is note<l. and at truck stations 
the speedometer rending is also r~orde<l. The best results will be 
obtained b~,. proceeding quickly from one station to another and by 
returning over the line as promptly as possible. This is because, in 
the simplified computations for this work. the altimt>ter rendiugs are 
considered to vnry as a. linenr function of time. This i~ only appro3:i
mately true. and the error is minimized by reducin~ the time interYnl. 
The cnrn• of the corrections to readings ri~es rapidly in the early 
morninl! and falls rapidly in the late eYenin~. and so these hours should 
be avoided. The best results a.re obtained on fof!gy or rainy days 
when the temperature and pressure are 11e1lrly uniform for long periods. 
Much altimeter profiling can thus be done on days when other cbservn
tions are impossible. 

The altimeter should be carried thron~h continuously from one end 
of the line to the other. and then back to the startin#? point. On the 
return trip. readings nt many points. shown by the first run not to 
be critical. are dropped. Closely a~eein1? results should be secured 
at all critical points u.nd in case of discordant rendin~rs a third run 
should be made or a round trip to ·the nearest point established with 
certainty. 

On completion of the return trip to the startin~ point. the results 
are adjusted according to the time elapsed between the readings. The 
elevations of all truck stations are adjusted first. and then the spur 
lines are adjusted to them. For e~nmple, on the forward run. the 
starting point A rends 100 feet and the time is recorded as 10 a. m. 
Point B is read as 110 feet at 10: 15 a. m. and so on to the end of 
the line. The return run is be!Zun immediately. nnd this time point 
B reads 138 feet at 11: 50 a. m. and point A. 132 feet at 12 a.. m. The 
closing error on A is 32 feet, and the total elapsed time 2 hours. The 
adjustment applies a correction of 32/ 2 or 16 feet per hour of time 
from the initial rending, which is used as the datum. The corrections 
to the readings at B are -4 feet for the forlt'ard run. and -29.3 
feet for the return trip. and the corrected readin~ are 106 feet nnd 
108.i feet. re~pecti'\"ely. As their mean is 101.3 feet. the adjusted differ
ence in elevation from _i\. to B is i.3 feet. 

'When a considerable delay occurs at any point on either run~ such 
as may be incurred by a spur line. an inspection trip. or n stalled 
truck. the altimeter is reaci both at time of arri'\"al at the point and 
departure from it. The difference in the t\'\"o readinm:. and the time 
elapsed between them are then deducted from the closing error and 
the total elapsed time, respectively, before the adjustment is made. 
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Notea for ty-pical altimeter projiZ

(Westher-:ool, o'l"ercut) 
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Station Tlme SPffdome- 1 l I C ter (set) ..\ tlmeter omictlon .\lfJnsted I Elene 
resdJDir Uoa 

A m--··--············-···· (Bl.·-··············-··-·· B (Fl---······················ (Bl··--···················· C CF) •••••••••••••••••••••• - •• 
(Bl·····-···········-····· 

'D CF>----··-···············--
Clll ------J-··---····· :z (F) ...................... .:. • • 
Sparfmm :Z: 

X (F) · ····-······-···· X (Bl---············-·· 
K ('P') • • •••••••••• -···-······· CB>----------···· 
1' <F>----······----·-···· CBl----·-·····---····-·-
G ~~·rr;,m·ci:---··---·-·· y (P'). ___________ _ 

(B) •••••••• - ...... 
Z (F) •••••• ·--· ··-··· 

0 (1'). ··········-·-··--·· 
(B) •••• •••••• -·---·-·· .Roed juDet!Oll. 

11 (P) . ····· ·-·-··---···-· (Bl········-·······-··-··· I CF>··--····-···--··-·· <F>------······-·-·····-(lt) • • - .................... . 1 (1') ____________________ _ 

(B) ·····-·---·-·-· 2Dd OCUDe. 

lO:OU. 
l :MP 

10: 10 
l : ~ 

10:18 
1 :4'1 

10:32 

1:31 
10:40 

10:55 
11:06 
11 : 15 
1:32 

11:!?4 
1:24 

11:38 

11: 48 
ll:M 
11:52 
12:0IP 
l:H 

12: 12 
1: 10 

12:18 
J 12:32 

1:06 
12:40P. 
12:~P 

on. 0 
39. 8 
2.8 

34.8 
4..2 

35..4 
a. 8 

33.0 
8.8 

-----·------
·······Tr 

30. 8 
11. 2 
28.4 
13. 5 

·-----······--·-·-···ii'r 
:e.1 
14.3 
25.3 
lll. l 
UL. l 
23.5 
19. 8 
19. 8 

863 
922 
860 
915 
864 
1115 
851 

m 
891 
881 
8QO 
900 
1112 
1114 

0 
-~. o 
-2. 8 
-5i. ~ 
.-..8 

- .'11\.3 
-8..5 

SQ •••••••••• 8& 863 
856 ····-···· S58 851 

859 •••••••••• 8.W 859 
'850 849 

8 

-M.2 8'9 855 
-10. 8 · ···--···· ···· -··· 
-3. 8 854 ••••• ••••• 
-5. 1' 854 844 

-18. 8 1129 ·····-··· 
-52.5 811 830 
-21. 0 825 ·-· · ····· 
--'O. 5 825 82S 
-2t. :z 823 ··-··· -· 

-:Z.8 gr. ----···· ·· .-..1 8i7 85.1 
-3.. T 881 Me 

-31. :z 823 822 .-.1. 8 822 .... ..... . 

-32. 8 845 848 
-'le. i Ma ·-----·- ·· 
-34.3 •••••••••... ·----
-:rt. 3 8.~ •••••• • ••• 
~5.4 8$5 854 
-38. 5 87'2 · ··· ·-··· 
.-. i. 5 87'2 87'2 

In the profile shown in the table, the observer started with nn initial 
reading at A and proceeded by indirect road t9 a crossing of the line 
at B, thence on to another crossing at C; thence to a.nother ac D, where 
it was observed that the road was in a 6-foot cut and a note is made 
that the elevation of the bank is + 6 feet above the point where the 
:iltimeter was read. The truck was then driven to E, where it was 
seen that the line crossed a swell about one-hnlf mile from the road. 
After taking a reading here the observer walked to X, where the 
altimeter was read at once. He then spent 10 minutes studying the 
area, re-read the altimeter at X. and returned to the truck at E, again 
talting a reading there. The truck was driven past F to G. where 
it was necesslll"Y to walk again to the line as from E. .After reading 
at Y, which is on the line, the observer saw another ridge one-fourth 
down the line and walked to it at Z. The altimeter was read only 
once at Z. The return was mude by way of Y, where a backward 
reading was taken; to the truck at G. At H was found an important 
road junction where it was desired to set an altimeter "bench mark," 
and the regular readings were ta.ken. The line was again crossed at 
I, where 14 minutes were spent measuring the height of trees, a.nd an 
additional rending was taken on leaving. 
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The end of the line w:is reached at J. Ten minutes were spent 
studyin;.r maps before starting the return trip. Since the points X, 
Y, and Z are tied into E and G by double runs, it · was not necessary 
to revisit them, and the truck was driven continuously to A, with the 
altimeter read at all truck stations established on the forward run. 

4.Dll1STMEMT 01' ALTDIETD PROFILE 

The total elapsed time was 236 minutes and the altimeter read 59 
feet higher on point A than at the beginning. The adjustment is ma.de 
·as follows : 

Total time-236 m.inutes 

Time out at E-35 
Time out at G- 30 
Time out at I -14 
Time out at J - 10 

Total-89 

Total closing error- + 59 feet 

Change at E-+s 
Cha...11ge at G-+ 7 
Change at r-+3 
Change at J - + 2 

Total- + 20 

Net time spent on main loop-147 minutes. 
Net change during running of main loop-+39 feet. 
Change per minute-39/ 147-0.263 feet. 
Correction to reading! to be applied per minute of elapsed time 
- -0.265 feet. 

This correction is applied to all forward runnings to point E , 
at "°hich it amounts to -10.6 feet. To this is added the change in 
the altimeter during the intervul in which the spur line was run, 
giving a correction of -18.6 feet to the reading made on leaving 
point E. This then becomes the new origin to which the regular 
corrections are applied up to G. The change is similarly added here, 
and the vnlue of the correction becomes -31.2. The same is done at 
I and J. The return trip, with a correction of - 41.5 feet to the 
rending a.t J, is continuous. and the regular corrections of 0.265 feet 
per minute !\re applied to the !'lttccessive readings. The final cor
rection at A. should. of course, equu.l the closing error of r;9 feet el.'.cept 
for a small tolernnce for dropped decimnls. TI1e means of the for
wnrd and bRckwnrd corr~ted reu.dings are then taken ns the elevations 
at the various points. 

The next step is to adjust the two spur lines which are handled in 
the same manner as the main run. At stntion E the elapsed time is 
35 minutes, of which 10 is time out between readin~ a.t X, leaving 
a net interval of 25 minutes. The closing error is 8 feet less the 2 
feet chan~e while the nltimeter wa5 not in use at X. or 6 feet. The 
correction is therefore 6/25~ or - 0.24 foot per minme and this gives 
a correction of - 3.6 feet to the first reading at X.. Beca.u..c::e of the 
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change of 2 feet. the second reading receh·es n correction of ·-~ .6. 
The return trip takes 10 minutes. and this gives a correction of -2..!, 
which added to - 5.6 checks the totnl change of 8 feet in the two 
readings at E. 

At station G, a similar ndjustment is made e~cept thnt there is no 
elapsed time nor altimeter change at Z to deduct. The time is 30 
minutes and the closing e1Tor is T feet. The corrections are therefore 
7/ 30 times the number of minutes elapsed since the first reading at G. 

It will be noted that these corrections are applied to the initial read
ings of the spur lines~ that is, to the first readiugs at E and G. In the 
case of point~ its mean corrected altimeter reacting is 85-l feet which 
is 14 feet higher than the initial reading nt E. The corrected elevation 
at E is given by the main adjustment to be 830. Hence, the elevation 
nt X is 830+ 14, or 844 feet. This can also be computed by adding 
algebraically the correction from point A to the spur's initial reading 
at E• and the correction from E to X. The sum subtmcted from the 
reading nt X gives the corrected reading at X referred to A.. In the 
above e:t.'1.mple, this would be -10.6+ (-3.6), or -14.2, which is added 
algebraically to the reading at ~ 858, giving the ele'\"ation of 844 as 
above. 

The method of using the net time and net change in the altimeter 
during the time it is in use on the main circuit is a refinement to reduce 
somewhat the error Ultroduced by assuming that the atmospheric pres
Slll"e varies as a linear function. If all the corrections were applied 
according to the time elapsed since the initial rending the results iu 
the eDmple given above would not differ appreciably from those 
shown. The correction would be -0.250 foot per minute nud would 
amount to -10.0 feet on the first reading nt E instead of -10.6. Two 
different elevations would be obtail1ed at such points as E aud G cor
responding to the two forward readings taken at different times. 

Directions for reading the different altimeters are furnished by their 
makers. It is good practice to bring the indicator needle of the Paulin 
altimeters to center and after rending to throw it off center and repeut 
the reading. Frequently, this repetition will seITe to detect anomalous 
readings. 

The finnl ele~ations as given by the nltimeter are subject to error::: 
larger than may be indicated by the computntions. In other words. 
the altimeter profile is not strictly reliable and, if possible, it should be 
given a fnctor of safety. It is the e::tperience of reconnaissance en
gineers of the Coast and Geodetic SuITey. howe\er, that lines deter· 
mined to be clear b~ careful nltimeter obserrntions nre verr seldom 

w w 

found to be obstructed. In many cases, it affords the only feasible 
menns of investigntinP" the line. 

If the elerntions of both ends of the line nre kuo,~11 from oth~!.' 
sources, the altimeter profile mny be bnsed 011 a single running~ pro-
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vided the results check reasonably well. The error of closure is ad· 
justed in the same manner as described above. Similarly, if the ob
sel"\er walks nlon~ a :rection of the line between two elevn.rions deter
mined by t.he truck profile, only a single running need be mude unless 
the discrepnncy is too large. 

SPECIAL USES OP .U.TIMETEB 

.An alert obseITer c:in find many short cuts in altimeter profiling. 
Connections to available bench marks will often save time ns well as 
increase the nccut't\cy. Coast and Geodetic Survey bench marks are 
available in almost nny locnlity, along highwn.ys or rnilron<ls. In some 
arens bench marks hn'"e been established by the Geological Sm·yey in 
advance of their topogrnphic surveying. Elevations of the trnck in 
front of rnilrond stations can usually be obtn.ined from railroad com· 
panies. By running short loops from convenient bench marks to crit
ic::i.1 points on the line. very accnrnte result-; are quickly obtaine<l. A 
sin~le running. if connected to bench murks, will often g-h·e reliable 
results with n. minimum of labor. 

Other snvin;zs mny he mi\de by usin~ tl'ie water leYel of n lnke ns n. 
dahtm and runnin~ short spurs from the shore to points in question. 
A S}>f'Ctal adaptation of this wns mnde alon~ the lower )Ii~sissippi 
Rh·er by usin~ bnckwnters from a flood ns datum. In this particular 
C:L.c::e. it would hn\"e been impossible to carry the line thron~h directly 
on ncctmnt of the flooded condition of the \"alleys. The rid~s were 
followed to the points "·here they were crossed hy the line bein~ t~ted, 
and an altimeter was then used to connect this point with theed~ of 
the hnckwnter. This method .!?n\"e the relatiYe eleYations of nil ri<l~s 
cro:-~l. The rh·er itself. or any lnrg-e strPnm of low-fall. can he used 
in the :;nme manner. The altimeter im·esti~tion often re~olYPS it~lf 
into clPtermining- the el~vations of one or two internwdiate rid~, 
instPnd of :l co11ti11unus profile. If relinhle eJe,·arions from nny so11rce 
can he fnmul in thPir \ic-inity. or a wnter lewl <latmn l'~i~t~. the alti
meter "·nrk is ~reucly simplified nncl the accura<'~· imprm·p11. 

It i~ oftrll rliAkult int\ wood1•d nrra to detem1inc the lii~hr~t elPvn.
tion in rhC' \tciniry or the hi!!ht'~r knoll nlon!! n. r irlae. Re:11lin!?S \\'tth 
thP alti111NPI' will ri11i1·k l~· in<licare rhe ~tqw rior elt·,·ar ion . Tf n tape 
is not arn ilal1lP. the height of n. trre may ht> fo1111 <.l by earryi11g the 
al ti meter to the top. 

YERTlCAJ.-A~GLE PROFILI~G 

Determinations nf ele,·a tio 11 alo11~ linPs of tria11!!ldari1ln <'a n ~orne
times lw madt• h.v the 11~e of n transit with \"ertil'n.l <'irc· lt>. The 
merhorl i;-; ::ll}Wl'ior in nccuracy to rhe altimetC'r mPthoci. hut it is appli
cable only to rat her open country and to wooded rr::ir,m; in which 
adn.ntage may be taken of tanks, towers~ ~cc. It is espe<:ially suited 
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to rolling prnirie :i.nd plains areas where only one or two intermediate 
ridges are critical. 

The instrument commonly used is a 4-inch theodolite with full 
vertical circle read by opposite verniers and carrying :i. sensitive bub
ble on the vernier frnme. In n region well supplied with roads, some 
observers prefer a 7-inch theodolite because it is more accurnte. Its 
disadvantage is its weight. .A special instrument could be designed 
which would combine the advnntages of both the 4-inch and 7-inch 
instruments. 

The method consists simply of determining elevations from vertical 
angles corrected for curvature. The combined effect of curvature 
and refrnction in feet is approximately 0.574 times the square of the 
distance in miles and is always of the sign to make the distant object 
appear lower than it actually is. .A. full discussion of curvature 
corrections will be found on puge 55. 

llKLATIVK BEIGBTS BT VDTIC.U.-ANGLE OBSEltV.&TJONS 

A simple illustration of this method is the determination of the 
height of signals required when it is found that the termini of a 
prospective line in quite open country are not visible over one inter
vening ridge. The line is plotted on the work sheet, and the theod
olite set up about on line on the intermediate ridge. The two ends 
of the line are visible from the ridge and are identified by natural 
objects near them! which have previously been noted. Vertical nngles 
a.re measured to both ends with telescope direct and reversed. The 
vertical angles should preferably be taken to the ground at the ends 
but if the ground is not visible the instrument may be pointed on 
the top of some object such as :i. tree, barn, or silo, the height of 
which is known or can be closely estimated. This height is intro
duced as a correction into the calculations for signal height. "Where 
the occupied ridge is smooth, it is not t'equired that the theodolite be 
exactly on line~ and it is often necessary to set the instrument off 
the line to secure visibility. .Any difference in elevation of the instru
ment and thnt of the point over which the line passes may then be 
applied as a correction. The vertical angles are customarily mell.Sured 
to minutes and their means cnrried to :30 seconds. The angles are 
measured as elevation or depression angles, above or below the hori
zontal. (See fig. 6.) 

------r-----------1 
A -----~---- ·----~----7~~-\~~~T-------~------~----7\_ 

I ------u• . ~·-----• c 

Ftcnu: 6.-Relatl\"a elevations by reciprocal ~ertical an~lu. 
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Suppose that ~ith instrument at B, the obseI"\·ed vertical angle, a, 
of the ground at point .d is -3 minutes. and angle c of the ground at 
C is -4 minutes. It is required to find the height of signals a.t A and 
C to clear the bare ridge a.t B. 

The !olution may be made in hvo ways. For the first solution (see 
fig. 6) e~end the line from A through the instrument to a point 
above C. The u.ngle y between this line and the line from the instru· 
ment to C will be fl. plus c or 7 minutes. The scaled distance from 
B to C is 6 miles. Hence the value ;,,, or height above C, at which the 
projected line will pass is 64.5 feet, which is the signal height at C 
necessary to see the ~ound at d through the axis of the instrument a.t 
B. The hei1-?ht of obstruction at B. h'. is in the same proportion to h 
as the length AB is to AC (in this case 5/ 11) and is therefore 29.3 
feet. Hence, signals of 29 feet would give a line of sight through the 
instnllllent height at B, which is about 5 feet above ground. I t is 
lllways desirable to clear the ground by at lenst 10 or 15 feet, hence 
the si~als required at d and 0 will be of the minimum standard height 
of 37 feet. 

The value of h may be computed by a simple approximate formula 
as follows : Since vertical angles in any country requiring such compu
tations will be v~ry small their sines may be considered proportional 
to the nngleS'. The sine of one minute of arc is 0.000291, and the chord 
subtended t\t a distnnce of 1 mile is 1.536 feet. h therefore becomes 7 
(minutes) x 6 (miles) x 1.536, or M.5 feet. The vnlue of the chord 
subtended by an M~le of 1 minute at a distance of 1 mile is commonly 
taken ~ 1.6 feet. and the calculations are made mentally. It -will be 
noted that no curvnture correction is made. This is becnuse the in
strument is berween the two points A and 0 and the effect of curvature 
Let therefore included in the values of the angles a and c. 

The second solution gives h'. the obstructing height at B, directly. 
In figure 6, the sum of the angles a' and c' is equal to the sum of a 
end c. By the approximntion described in the preceding paragraph, 
they mlly be considered proportional to the lengths opposite them. 
Hence 

or 

a' : BC :: c' : AB 
Sa'+ 6c' =0 

and a'+ c' =i minutes 
Solvin~ the~e t-q11ations ~i\·es a' == 3' .8~ 1tnd c' = 3'.18. h' == 3.82 

X 5 x l.:'>36 == 429.:~ f~r~ tht- same :L"' derin•d b.v t he rirst mt-thod. 
Similarly. h.' t•an })(' cht>eked by compntin~ it frn111 th~ ,·alue of c' and 
th~ leni:.rth BC. or () milt>S. 

NONRECJPROCA.L VERTICAL-ANGLE OBst-:KVATlONS 

This method niay be nsed when the interq~ning obstruction is 
timbered. inaccessible, or for another rea:-:on not con\·euiently occupied. 
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It may also be used in a preliminary study of an area. It gives results 
slightly less accurate than those of the method described above, as it 
requires corrections for curvature. It requires also thnt the same 
object be observed from both ends unless allowance is made for "least 
favorable condition" as discussed later. 

-t::·-- --:------~ -----If\; ------------ ___ -:.:. _____ *'-
. . ·- •-.U 

Ftot1D T.-BeJ&tlve eleT'&tiom by non~procal >ertical 11.Dilet. 

Suppose that with instrument at A. (see fig. 7) the observed vertical 
angle, a, on obstruction, B, is +4 minutes and at 0, the vertical 
angle, c, is + 3 minutes. It is required to find the heights of signals 
at A and 0 to clear the obstruction at B. 

The apparent value of h1. as seen from A (see p. 40) uncorrected 
for curvature, is + 4 x 6 x 1.536, or + 30.7 feet, w hlch added to the 
height of instrument, taken as 5 feet, gives +35.7 feet. Similarly, h2 

as observed from 0 , is +3X6X L036, or +2i.6 feet, which added to 
the height of instrument equals +32.6 feet. The two res'ults do not 
agree because A. and 0 are not of the same elevation a.nd are not the 
same distance from the obstruction. It is nen necessary to find their 
relative elevations and for this the curvature corrections must be 
computed. From ..4. the effect of curvature on B is approximately 
(see p. 56) :s2 x 0.574, or 14.4 feet. The curvature effect is always a 
positive correction. that is, must be added to the apparent elevntion 
of a distant object in order to obtain the true elevntion. 

The elevation of B above ..4. is therefore 35.7 plus 14.4 or 50.1 feet. 
If we assume the eleT"ation of .d to be 100 feet (to n void minus quanti
ties) , the corresponding elevation of B is 150.1 feet. In a similar man
ner, the curvature correction for B obserred from 0 equals a: x 0.5i4 
or 20.7 feet, and the elevntion of B nbove 0 equals 53.3 feet. The ele
vation of 0 on the nsstimed datum is therefore 96.8 feet. The relntfre 
ele,•ations of A, B~ and 0 nre nil that nre necessary to compute the 
amount of obstruction at B. 

J \ I . \ . !" ~ 
I ------· i ---------/ '-
~· ----------•....is---~------~---------------•"'"----~----

F 1r:nis 8.-Detennlnntlon ot oh11trUct lng heli;bt. 

In figure 8. the line i!O is the theoretical line of sight from A to (' ,
h' is the ele,ntion of B nboT"e this line. or nmonnt of obstruction: 
and A.A' is n horizontal grade line. The height of .d.d' o,·er ..:1.C 
'lnd B is in the same proportion to ..:1.'0 as ..:1.B is to _{ ('. ~e hn\e 
already found that .d'C, the amount that 0 is lo~er than..:!.~ is 3.:2 feet 
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and this multiplied by the ratio of distances 5/ 11 gives 1.5 feet 
as the divergence of the two lines at B. The curvnture correction 
at B as alf ecting the two points .-! and 0 is 5 x 6 x 0.57 4, or li .2 
feet. The elevation of the line AO at B is therefore 100 (elevation 
of A) - (US+ li .2) . or 81.3 feet. The elevation of the obstruction 
at B is 150.1 feet, and h' is therefore 150.1-81.3, or 68.8 feet. After 
making proper allowance for cleurance~ it is thus seen that ii-foot 
signals should be specified for .d. and 0 . 

The following simplified method for computinlZ the heights of the 
signals at .d and 0 to clenr the obstruction at B (~ fig. 7) hus been 

. devised by L. G. Simmons, Associate Geodetic Engineer. 
For two stations at the same elevntion, the Yertical n.ngle due to 

curv:iture of one as seen from the other (see pp. 40 and 56) is 

t 0.5i4:d:! 0 3• t J 
~ - 1.536d ,_ - • I~ 

where tis the vertical angle in minutes and d is the distance between 
the st.ati9ns in miles. t is the angle between the tangent at the one 
station and the chord between it and the other station. By simple 
geometry, the angle between the verticals at the two stations is twice 
this or 2t, which equals 0.748d. 

Since the distance from A to B i~ 5 miles. the angle between the 
two verticals is 0.748 times 5 or 3'.i4:. The line AB makes an angle 
of 4:' W"ith the horizontn.l at A. Therefore this line will make an 
angle of -4' -3'.74,_ -7'.74 with the horizontal at B. In a simi
lar manner it can be shown that the vertical angle at B on C is 
-3' -4'.49- -7'.49. 

In the triangle A.BC, the sum of the angles at A a.nd 0 is equal 
to 7'.i4:+7'.49,..15'.23. The angles themselves are inversely pro
portional to the distances between each of these stations and B, . 
since the angles are small. Therefore a.t A the angle is 

1~' .23 x l~ -=8'.31 

and at Bit is 

15'.23X 
1
5
1 

-6'.92. 

If signals of equal height are used at .d. and 0, the height of signal 
required for a grazing line is 

6.92 x 6 x 1.536 = 63.8 . 
63.8 + 5 (for height of instrument) -= 68.8 

as computed from O, or 

u computed from A. 

8.31x5x1.536=63.8 
63.8 + 5""" 68.8 

I 
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Should the relnth·e elevntions of .d and C be known from a.ny oth~r 
source~ such as maps or connections to bench marks, the \ertical 
angle obseITa.tions nt either .:l or 0 may be omitted and the e1e1"a.tion 
of B computed from the single nonreciprocn1 observations. 

COMPOUND PROFILING 

The term "compound pro.filing:1 is applied to profiling when a 
series of ridges obstruct the line between the two ends, and it is 
impossible to see from any one of them to both termini of the line. 

The procedure followed is to start at one end and determine the 
relative elevation of each ridge in succession until the farther end 
of the line is reached. This may be accomplished by either of the 
methods outlined above, or by a combination of them. 

For example, it is desired to test the line from A to E, which is 
obstructed by ridges B, O, an_d D (see fig. 9). Band 0 are accessible, 

../\".--i JfZ-: .. __ 71 "------7!4C---7t'-
& • • 0 & 

. -
J'tot1U 9.-EX&mple ot compound prollllDs. 

but D is a wooded summit from which th~ instrument cannot be 
operated. 

With instrument at B, observe vertical angles a and c. Elevation 
of B in feet is then obtained by the formula: (~evation of A) + 
[a (in minutes) x AB (in miles) x 1.536] - [AB:: (in miles) x 0.574:] 
- (height of instrument). The elevation of 0 in feet is ( elevntion 
of. B) + [c (in minutes) XBO (in miles) x L536]- [BC:: (in miles) 
X0.574 feet]- (height of instrument). The signs of vertical angles 
a and c are plus when the object sighted is a.hove the horizontal and 
minus when below. If refined values are not needed, the allowance 
for instrument height at B may be omitted. 

In a similar manner, the instrument may be set up at 0 , and the 
elevation of treet-0ps at D may be obtained. It is not necessary 
to observe the reciprocal vertical angle to B, but it should be done 
as a check. The profile is completed by observations on D from E, 
and the ele\ations of all obstructions obtained on the same datum. 
An inspection of these will usually show which is the critical one. 
The obstructing height is then computed. If there is doubt as to 
which ridge presents the grentest obstruction, several may hal"e to 
be computed. It should be noted that the comparison cannot be 
made until after the effect of curvature is introduced. A ri<Ure 
of lower eleT"ation near the middle of the line may need such a large 
cuITature correction us to require higher signals for clearance tha11 
a ridge of greater ele,·ation near one end. 

26316~"-"l----i 
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There will, of conrse, be any number of conditions encountered 
in compound profiling, and any suitable means of obta.ining the 
elevation of successive obstructions may be use<l. -Altimeter methods 
may sometimes be combined with vertical-angle methods as, for 
enmple, when the obstructing eleYation is a broad, leYel, wooded 
area. 

fi--------~--. .,. ,,_ .. ,, .. , ... ., .. ,;::-------~ 
a 

l'toau 10.-0batructiq belrtat determined by nrtical anstes and altimeter. 

Figure 10 illuStrat.es such ·a condition. From A. near the edge of 
a wooded tableland, BB' is visible. The other edge of the tableland 
can be seen from 0 , but Band B' are not intervisible. By vertical angle 
observed at A, the elevation of the tree tops at B relative to A is ob
tained. Similarly, the elevation of the tree tops nt B' is determined 
with respect to 0. B and B' are then connected by altimeter, cor
rections are applied for height of trees at B and B'. and the elevations 
of A, B, B', and(] are reduced to the same datum plane. The height 
of the required signals may then be computed as in the foregoing ex
amples. Any critical elevation between B and B' may be detected. 
with the altimeter. 

·Another method is to set up the insti"Ument at B and B' and observe 
vertical angles on A and 0, respectively. This concentrates all the 
instrumental work on the obstruction and is more economical espe
cially when BB' is of small extent or travel difficult. 

INDIRECT PROFILL'l'G 

In all the foregoing examples! it is assumed that the instrument can 
be mounted directly on the line, or very close to it. This is not alwnys 
the case. When direct observations along the course of the line are 
precluded, recourse mny be had to indirect profiling. This is Jone 
by determining the relative ele'\"ations of points nlong' the line by ob
serving on them from one or more points of vn.ntage, such us a fire 
tower, tank, or bare summit. 

The instrument is set up at the vantage point to one side of the line 
and the points where the line passes over obstructions are located by 
estimation or a combination of azimuths and estimated cli.-;tances. Y ~r· 
ticnl an1orles nre then observed on these approximar.e cro!'sings and their 
elevations computed. In figure 11 it will be seen thut considerable 
error in choosing the cr itical points \l"ill not greatly affl'ct the tlccura.cy·. 
and t.he error will be on the safe side. 

Suppose that it is required to determine c.he heif!ht of ~i~nals needed 
at A nnd D to clear obstructions at B and C unrler condition~ render
ing obserYations directly a.lung the lin~ imJ:>ructicaL (See fig. 11.) 
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Flccu 11.-Incllrect proftllng. 

The instrument is mounted on a lookout tower at I, which is plotted 
on the work sheet. V erticnl illlgles are observed on the ridges B and 
0 as well as on the end stations A and D. The azimuths to all these 
points are also observed. The intersections of these lines with the 
line i!1J give the dLc:tances from the inst1'1.llilent to the obstructions, 
from which the elevations can be computed. Howe\er~ the line AD 
crosses between the observer and the highest apparent elevation at B', 
and since the de.finite location of the crossing cannot be identified 
from I , the vertical angle is taken on B'. This. of course. gi\es an 
erroneous elevation for B. and the actunl obstruction nt B must be 
somewhat less than the computed value if the line of sight from I to B' 
is nearly level. In case the point I will not see all the obstn1ctions. 
some other instrument position must be found from which the ob
servntions can be completed. A.s in the preceding e~amples. the ele
vntions of all possible obstructions, referred to the Sllllle datum. are 
required. Parts of the line may be in\estigated by direct \ertical
angle methods or by altimeter. After the elevations are obtnined the 
signal heights are computed as previously e:tplnined. Work of this 
type will usually occur in wooded and brushy cocintry, and the verti
cal angles will be on the tree tops. The ele\ations must be corrected 
to ground level before computing signal heights. The obstructions 
are, of course, the tree-top elevations. 

---·~- 3--
----~ 1 

Ftctru: 1!?.--Checkinir; clennlllce ot line from side point. cue 1. 

In figure 12, the error from pointing on B' instead of B is shown 
graphicnlly. h is the true elevation of the obstruction crossed nnd h' 
is the computed elevation. 

Figure 13 shows the case in ""hich the highest apparent point B' is 
between the instrument n.nd the line crossing at B. It will be seen 
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FIGt'RB 1:?.-Cb~k.lar cleannce of llDf' from side polo!. cue 2. 

that ""hether I is higher or lower than the obstructiou the computed 
\alues of h' and Ii", respecth-ely, are still higher thun h. It should 
be noted. howe'"er. that if the distance between B and B' is ~at, the 
e::tcess ele,·ation of h' ~-m result in the specification of si~nls entirely 
too high. Sonw idea of. t.he true proportion may be gained by tree
top \"iews from .:1 and D (see fig. 11), nnd the nlert ob::erver cnn readily 
eliminate any gross errors. 

ELUIPLE OP INDIRECT PROnLING 

A specific eDmple of the solution of a field problem by methods 
similar to· the above may be of value. In the reco1mtti~!':\11c.e of n diffi
cult, hennly wooded area in Xorthen1 ~Iichignn. points A nncl C (see 
fig. 14) \l"ere found to be the only rem•onnbl~· acc~~ible locations for 
stations that ""ould cnrry the scheme forwnrcl t hroug'h an aC'ceptnble 
figure. The obstruction . at B figure U wus ,·isible from a lookout 

F IGt11£ i.a.-F.xnmple of lndlrPCt proftllnlf. 

tower at A and. through n narrow opening between trees. from the 
ground a short distance from C. Because of inaccuracies in the map 
u..c:ed as a work sheet, C wns plotted erroneously at C' . and the line 
investigated wns nctua.lly AC'. The lateral position of ricl;re B w113 

located by angle from Trout Creek Lookout, and was the1·efore accu
rate. Vertical angles from A , Trout Creek Lookout and the point 
near C gu Ye an elevation of B' too hi~h to be cleured by the highest 
signals available. However! it was noted that the obstructin~ ridge 
sloped down sharply to the north, and the distant horizon was visible 
in the vicinity of I from t.reecops nenr C. The u11r~liability of the 
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map was also known, so hope of clearing the line wns not definitely 
abandoned. A careful sketch was made of the obstructing ri~~ and 
all azimuths to controlling points were tnken. 

Nut, two alternate possibilities were studied, but these presented 
greater problems as well ns considerable difficulty of access. The only 
recourse, in cn..c::e dO would not clenr! was to a much weaker figure. 
Hence, a further study of the line AO was mncle. ·A burned-over hill 
was fow1d at I that would see A! B, Trout Creek Lookout, the trees 
near 0, a~d in addition a point to the south that was accurntely plotted. 
The position of the instrument was determined by a strong three-point 
fix from A. Trout Creek Lookout and this point to the south. The 
uimuth of 0 , which wns still thought to be at O' was scaled and laid 
off on the circle, and the trees thought to be near (', but not identified 
with certainty, were found to the left of the line, thus strengthening the 
belief that 0 'vns misplotted. The plotting of 0 was corrected to the 
observed azimuth and the line AO drawn. Nen the azimuth of the 
crossing of this line over the obstruction at B was scaled and laid off. 
It was found to miss the highest p11.rt of the ridge and vertical angles 
gave an eleT'ation which could be clenred by signals. 

The nut step wo.s to verify this fact. A careful sketch was made 
of prominent trees nenr B, and also additional ones on line between 
B and / . 'the ridge B was found to be located in a cut-over wilder
ness~ but was reached on foot in the late afternoon. By taking 
frequent compass bearings on A and Trout Creek Lookout, the trees 
at B were found, and the most likely one climbed. The identifica
tion wns verified by observing that the check trees were in line to /. 
B was also approached from the direction of 0, and, from near that 
station, an identifying tree approximately on line OB was selected 
and sketched. From the tree at B, repeated compass bearings on A 
and this tree, indicated the .observer was about 35 yards north of 
the true line AO. A hand level showed nothing mthjn 100 yards 
to the south to be any higher than the observer's position, and this 
verified what had been determined by vertical angles from I. The 
formerly computed obstruction, B', could now be seen to be at an 
elevntion 60 or 80 feet higher. It was now reasonably verified that the 
line AO would clenr with signals of reasonable height as might ha.ve 
been guessed from /. 

XETHOD OF "LEAST FAVORABLE" CONDmON 

Under certain conditions ordinarily requiring compound profiling, 
the following short cut may be used provided the relative elevations 
of the t"·o ends of the line an<l the distance between them is known. 
This method has been designated by some engineers as the "least fa-
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vornble condition" since it gh-es the ma:timum possible obstruction 
to be considered from l"ertical an~les ob~erYPd on the •isible horizon 
from the t\l"o end stations. This is a \·ery rnpid ·method in fairly 
open country for determining the heights of si~nls that will be 
certain to clear the line. 

The observations consist only of takin~ the \erticnl angles at 
the end stntions on the highest objects that mi~ht obstruct the line. 
With instrument set up at one station the azimuth to the other is 
laid off by compass or other menns. and the l"erticlll nn~le read on 
the hi~hest object on the horizon nenr this line. allowing of course for 
small errors in the azimuth. This process is repented at the other 
end of the line. The point where these two tines of sight, tangent 
to the horizon!', meet will reprt>Sent the· ~rent~t pMsible obstruction 
in the line. and if signals sufficient to clenr this point nre erected. 
they cannot fail to see each other. Howe•er, if the objects to which 
the 't"erticnl pointin~ are mn<le from the two stations are nt con
siderable distance from en<.'h other. the computed signnl heights may 
be greater than the prncticnl limits. T he nearer the two objects are 
together. the more nenrly will the computed signal heights represent 
those actually required to just clear the line. It m11y hnppen that 
the two \·erticnls are tnken on the same inten-enin~ ridge. hedge, or 
woods. TI1e obsen:er's judginent as to distance · nnd other factors 
~m of couri;e help him to e'l"n.lunte the re~mlts. It also happens very 
often thnt the signnl heights computed in this manner nre no higher 
than those known to be necessnry for other lines. nnd further investi
gation of the line in question is therefore eliminated. This mt-thod 
is particularly suited to two observers working on opposite sides of 
the scheme. 

EXAMPLE OF "LEAST FAVORABLE"" CONDITION 

The necessn~· computations are as follows (see fi~. 15): The line 
AB represents the grade line or what ~ould he the line of sight between 
A and B, in case no obstruction e~isted. Ii is the distance nbove dB 

,..--~·~-~~~~~~~~::::::'.:::::~~~~;;:;;;; ... ~ •• 
........ 

,__~~~--~~--------4-----------------------
ll'tr.c-nc 1:\.-Determlnatloa of ob1trui-tlnc hPh:ht hy mPr hnd nr .. lt'flsf fa~orable"' condltloa. 

of the intersections of the t'~o lines repre~ent iu~ the ub~en-ed ,·erticu.l 
u.ngles. t i and l: nre the vertical angle::i b~tween this line nnd the 
horizontal planes at .1 and B, respectively. Since they nre due to the 
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combined effect of difference in elevation of A and B, and to curvature, 
they may be computed by the following formula : 

(. . ) H-0.574 d2 
t m minutes 1.536 d 

in which H is elevation of distant station minus elevation of occupied 
station in feet, d is distance between stations in· miles, 0.57-1 is the co- · 
efficient of curvature, and 1.536 is the chord in feet subtended by one 
minute at a distn.nce of one mile. The angles are plus if abo'e the 
horizontal and minus if below. 

In the triangle A.OB, a' =a-ti 
and, b'=b-t2 

By approximation (small angles) 

a': OB :: b' :.AO 
and, .A.O+OB=d 
By substituting the numerical values of H~ d, ~ and b, and solnng the 
equations, the values of a', b' , .d.O and OB are readily fow1d. h may 
then be computed from the formula 

h=-1.536 a'X.AO, or 1.536 b'XOB 

The height of signals at both A and B to clear the maximum possible 
obstruction, 0 , is therefore h feet plus height of instrument. In cnse 
signals of di1ferent heights are desired. they may be adjusted in pro
portion to ..4. 0 n.nd 0 B a.s outlined elsewhere. 

The solution of this problem may appear rather difficult for field 
use, but it is easily done if n slide rule is used. "For e:nmple, in figure 
15, if a-+5 minutes, b=-+8 minutes, and d:alO miles, 

-100-57.4 10 ?"' • t 
t1 = 15.36 =- - ·-" mmu es 

t +100-57.4 I ? -• • t 
2 15.36 =- 7-·' / mmu es 

a1= (a-t1)= (5+ 10.25)=15.25 minutes 
b1= (b-t2)= (8-2.7i)=5.23 minutes 

((f x .d.0 ) - (b' x OB )-0 
.d.O + OB-d 

Substituting, 15.2.rs .A.0-5.23 OB=O 
.-!O+ OB=lO miles 

Solving, 

Check, 

A0=2.55 miles 
OB=i.45 miles 

h= (1.53G a') A0=59.i feet 
h= (1.536 b') 0B=59.8 fee t 
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All of the above multiplicn.tion and division may be done with suffi
cient o.ccurncy on the slide rule. 

DETERMINATION OF DISTA.i.~CE 

In the foregoing illustrations, it was assumed thnt the required 
distances are known. These may be found by a variety of methods. 

sc.u.ING ROM PLOTTED POSmONS ON MA.PS 

This is the s1;mplest method for points a.ctually visited and plotted 
or for those that a.re already l:lhown on a. good map. When a point 
is visited, the e~act locntion is plotted with reference to such adjacent 
topographic features as may be shown on the map. If the maps are 
inadequate in t.his respect, speedometer and paced distances or com
pass bearings and intersections from section.corners are often used. 
In nonsectionalized a.reas, recourse mtly be had to three-point ti:tes on 
t~ spires, etc., or a speedometer compass traverse may be run in 
from some known point. Sextnnt :in~les on objects known in position 
are sometimes taken, and even solar observations may be used to deter
mine a rou2h position. 

P.AJULL.\XING. BORIZONT.U. BASB . 
In fairly open country, when circumstn.nces permit, a method called 

"parnllu~iug' gives good results 'vith very little labor. This is a.n ap
plication of the solution of a concluded triangle with a short base. 
It has been developed and perfected by L. G. Simmons, A.$0Ciate 
Geodetic Engineer. The procedure is as follows: 

The distance and relative elevation of an object not more than 12 
miles or so away can be determined in 5 or 10 minutes with an accu
racy of nbont 0.2 mile :l.nd 5 to 10 feet of hei~ht. No mathematical 
tables are needed. All that must be known is that the earth's curva
ture in feet equals 0.574 times the distance squared (in miles) and that 
an arc of 1 minute is subtended by 1.536 feet at the distance of 1 mile. 

In figure 16 it is required to find the distance d from the instru
ment position at J/ to an object n.t P. (The :mgle at P in this figure 
is grPatly e=taggernted. ) Select a point .V nt a disrnnce of ., feet from 
JI and at about a right an~le from P. :\forumre an:zle .d ; then set over 
point .V and measure ani;rle B. Angle P is equal to B minus ..4.. In 
other words 11 dist.'lnce of s a.t the observation point subtends the angle 
P at the distance d of the object obser\"ed. The distance d then be
comes s/ 1.536 P, d being in miles, s in feet and P in minutes. The 
?rinciple involved here is, of course, very simple. Difficulties arise, 
however, in actually accomplishing this me11Surement in the field in & 

reasonable time and with an accuracy sufficient to make the result of 
any vnlue. It will readily be seen that the instrument must be very 
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accurately centered over JI and N a.nd in windy weather this takes 
considerable time. This centering difficulty may be overcome by se
lecting a. second distant object Q (see fig. 17) at least one-fourth mile 
distant. This object does not necessarily have to make a right angle 
with P but may make any nngle from say 35° to 146°. The nearer 
this angle is to 90°, however, t.he more effective will be the base. 

The instrument is now set up over M and sighted toward Q (see 
fig. 17) and the point N lined up with Q at a convenient distance, 
perhaps an even 100 feet. .Angle A is now measured by sighting on 
Q and P. Leaving the plates rending angle A. the instrument is set 
over N and the nngle B is "unwound" from P to Q. The angle 
remaining on the plates is angle P, negative in this case. If angle B 

J'tovu 18.-DlstlLllce 
det&rmlnatlor b 1 
"l>&railu.1ns." . 

d 

Q 

.. 
Frotn1JJ 11.-Dt1tance determJDa.. 

tion by "paralluing, ·• improved 
method. 

is measured first, then the vnlue Pon the plates will be positive after 
the mechanical subtraction. If a transit reading to. minutes is used 
and the distance d i.s very great, angle ..d. should be ;'wound up" three 
times at M and "unwound" three times at N, leaving a value of 3P 
(negative) on .the plates. The 100-foot base (JfN) is reduced to the 
effecth-e bnse a by multiplying by sin A with a slide rule. If d is 
about 10 miles, nn error in the bnse of 1 foot will affect the result 
only about 0.1 mile, and nn error of seYeral inches in the alignment 
of point N, if Q is at a considerable distance, will have no appreciable 
effect on the result. Point JI need not be marked on the ground at 
all! and 1'1 only with n rock or stick until the instrument can be placed 
over it. ~o plumb bob is needed, as the instrun1ent can be placed 
over M and N closely enough by eye. If one man is working alone, 
t.he point N can be occupied with the instrument first and JI then 
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lined up with N and Q by eye and the desired distnnce laid off by 
hooking the tape t'o the instrument over N and dropping a rock in line 
at this distance. · 

For distances d up to about :'> miles. nn accuracy of better than 
one-fourth mile cnn be determined merely hy setting up nt .11. mensur
ing A. picking up the instrument and pacing 100 feet toward Q nnd 
"unwinding" angle B at N. Points P and Q may be any object 
on which a fine pointing can be made. such as the top of a water tank, 
the gable of a house, a branch of a tree! or a rock on a hill. _.\ grenter 
accurncy can be obtained by incr~asing the length of the bnse. but 
100 feet is usua.lly sufficient for c.li~tances up to n bout 12 miles. and 
is convPnient to lay off with a 100-foot ta.pe. The relative eleva.
tion of P can easily be determined, of rourse. from the vertical angle 
to it. nfter the distance is known. Many times during the profiling 
of a line the ele'"ation and distance of nn int~~ening possible obstruc
tion are ch~~ired. These can be. determined with sufficient accurncy 
in about 2 minutes of time by the "pncing'' method mentioned above. 

Any object of known or closely estimated height ma.y be used as 
a \"erticnl base for rough determination of distance. This method 
is inferior" to the horizontal bnse method. but is sometimes made 
necessary by condit ions rendering a horizontal bnse impossible, as, 
for e~mmple. in n wooded country "Where the view is limited to a 
narrow- openinlZ in the trees. An object such as a barn, windmill, 
tree. tt-lephone pole. fence post. etc .• nt the distant ridge is picked 
out! and the vertical angles observed on the top and bottom of this 
objPCt. TI1e base may be assumed to be normal to the line of sight 
and the distance may be computed from the formula 

d= h, 
1.536 (a-a') 

in which rl is the disbnce to the object in miles, h is the vertical dis
tance in feet between top and bottom of object, and (a-a' ) is the 
difference in minutes in the verticnl antzles obse~ed . 

. A.s an E':t:imple (~ee fig. 18) snppo~e that from -4. the '\"ertical angle, 
a, on r he lm:-:e of the bnm :1..t B i:o --t'. th:it r.r.' , or. the comb of the 
barn, is -1', and that h is 40 feet. By using t.he formula we find that 

d 40 8 - ·1 = 1.536(4-1) = ·' mi es 

-!r:::::::::::::::~·~;~~~· .. ( i"Y . _.___ 

----------------~·------------------
J'touu 18.-Vertical &Dile '"perallutnr." 
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If the instnunent is equipped with a movnble vernier fr:.tme, the 
angle a-a' can be obtained dir~tly without subtrnction. Point the 
telescope on one extreme of the \erticnl bnse and with the vernier 
frame tangent screw set Yerniers to zero. Then point the telescope 
on the other extreme of the base, and verniers will read the '\"'alue 
of a-a'. 

The value of h can be nccurntely obtained only by preYions or 
subsequent measurement. Ho"·e\er, for rough results, e~timated 
heights sometimes may be used. A large hny barn is about 40 feet 
high and a two-story house 35. Windmills are usually of standard 
heights of from 30 to 60 feet, and may be closely estimated if the 
panels are counted. .i\n observer soon becomes acquainted with cus- . 
tomary heights of such features in the area through which he is 
working. 

Range finders have been suggested at various times for use by 
reconnaissance pnrties. Howe\er. as now de\'"eloped, they are too 
bulky and expensive and too subject to injury to justify their tise. 
li a small convenient type can be developed! it will be very useful, 
especially in mensuring distances from treetops. 

LOCATING POSmONS ON WORK SHEET . 
A problem that constantly arises in the field is the locating or 

plotting of points on the map thnt serves as a work sheet. This 
must be done for all points in\estignted nnd for the points selected 
as stations. The necessary accuracy wilt \ary but for station plot
ting it is desirable that the error should not exceed one-fourth mile. · 
The following methods may be used: 

If the avllilable maps are accurate and show sufficient detail. the 
point in question may very often be located with reference to adja
cent topographical features. Section lines are '\"ery useful and a 
section line grid can sometimes be mnde up when no map e:otists. 
Positions mny be found by speedometer distances from se<:tion 
corners. On the compiled state mn.p of the United States Geological 
Sllr'"ey ! railroads! towns. and county lines are quite accurately 
located and afford fair points of reference when more detailed maps 
are not. a\ailable. The sectional airways maps of the Coast and 
Geodetic SnITey have mnny fen.cures, especially nir beacons, which 
are plotted with a hi~h degree of accuracy. These mnps are nni.ilable 
for the entire continental aren of the t"nited States. 

A distant obj~t may be located from the intersection of inscru
mentnl or ma~rnetic azimuths from two or more kno'\'nl positions. 
A.n adaptation of this method in sectionalized country is to use the 
section line road~ for buse lines and meo.sure the length by speedom-
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eter or to use known section and quarter-section corners as base end 
stations. Quite accurate work can be done in this manner when 
the base is of suitable length. 

Resection, or three-point fix, is the ii"rrerse of intersection, and 
when severnl objects of known position n.1-e Yisible it may be used 
to locate the ob~r""er:s position with a saving of time and truck 
tra""el. The solution is .Prncticnlly always n ~raphical one nnd is 
simplified by tukin~ the observations as azimuths, either mn~netic 
or true. Only two known objects nre required to ill n position, 
if their nzimuths are known. ..\.zimnth orientation cnn often be 
tnken from section line roads, buildings, etc. · 

SPEEDOMETER-COMP ASS TRAVERSE 

From a k-nown position on the map n fairly good po~ition may 
be obtained for an unlocnted point by measuring distances with 
the truck speedometer and directions with a hand compn..c:s. If the 
road consists of fairly long tangents the work is not laborious but 
in cases of ,·ery crooked roads it is apt to become so. The method 
ordinarily used is to stop the truck only at every second change 
in direction of the road and take formird and backward azimuths 
with the compass. It is necessary to wnlk 15 or 20 paces from the 
truck to get away from its mabrnetic influence on the compnss. 

.... Ill 

• 1 
c 

• 

In figure 19 it is desired to determine the position of G from the 
nearest known feature, ""hich is a road fork a.t ...:l. Starting with a 
zero setting: at .d., the speedometer is reud at B. the point· farthest from 
A from which .::l is visible. The truck is then driven 20 yards beyond 
the turn, and the observer walks back to B a.nd rends the compass 
back azimuth to .d. and to the forward limit of visibility at C. The 
truck is again driven ahead and the speedometer rend at C. At D , 
the limit of sight from C, backward and forward azimuths are read 
on C and E~ respectively, in the snme manner as at B. 'TI1is same 
procedure is followed until point G is reached. 



The notes may be kept conveniently ns follows: 

Polnc 

"'··-······-·-······-···························· 
B . ........... ... ·············-························· 

C.·-·-··-··-···-··-··················--······ 
0 ··---···--:. ..•.•...•..•........•......•..•....•.. . 

!: ________ •••••. ···-·· ··-··--·······-···-······ 

r .. ·-··--·-········ ·····-·············-······-
Q··--··-····-··-··-·-·······-··-······-·· I 

Speed· 
om er er 
rndiD( 

0 

0.8 

1. 2 

1. 8 

2. .s 
3.2}i 

3.1 I 

DIJtanee 

0.8 

•• 
. 5 .. 
• 7J.i 

· ·~ 
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Dack For-vii 
uimucll uimucll 

200 (80) 

lOll 

m (G3) 

ii 

215 (toe) 

160 

The forward azimuths shown in parenthesis are the reversed back 
nzimuths nnd are listed for convenience in plotting the courses of the 
various lines. 

CURVATURE EFFECT 

A factor entering into many field calculations is the correction 
introduced by the earth's curvature. Combined with the cur\ature 
effect is that of vertical refruction which is about one-seventh as large 
as the curvature effect and opposite in sign. Their approximate 
resultant is: 

h (in feet)=K2 (in miles) X 0.574 

'~here h is the height in feet that a line horizontal at the point of 
observation will be above il level surface at a distance of K miles. li 
h is the known quantity the formuln. mny be written, 

K (~miles)= -..'h (in feet) X 1.32 

The following table gh·es corresponding values of Kand h. 

Correction for earth' a curvafore and refractiOf\ 

Dis- I Corree
taaco I tion 

Mila Ftd 
1 0. 6 
2 2.3 
3 5. 2 
4 I>. 2 

II Dis· 
tance 

Co!Tl!e
t!on 

COTT'!e• 
r!on II ~~ I c~tr;:- II t~~ 

l,·-.,-n-1u_.,._ F_ttt _ _ I: .\tu11 ·--F,-«__.ll'---,f!-.. lu_,._F_t_tt_
1 

. 11\ 141\.9 I 31 .S.SI.-' "' l.2U. 2 
1: I 16.5.S i 32 58i.6 11 .f;" 1.211:. ; 

.S H.4 

., , 18 111.S. I> I 33 624. 9 'I 48 1. 321.1 
. 19 zr., 3" M'J ~ I ~ l.3:"i. ; 

8 33.8 ., : :~ 1' : :~ !I Sl ~::: 
T 2S. l 2:? r.7. ; 

1 
3
38
; :-8.5. 6 : ~ 1 • .S.Sl.8 

8 36. ; 23 303. 8 ti2!l. d .,.. 1. &lL 9 
9 ~ .S 24 330. S 'I 39 8:-18 I 5' 1. 673. 3 

10 SU ! 2.5 358.6 ii 40 IH!l. l I .s.s 1. :3.S.:i 

11 
12 
13 
u 
l .S 

119. • I 211 3SS. 0 I 41 I Yi ... ; 58 1. :"91>. 6 
82. i :!;' .fJ1'. 3 I .f2 I. 01:!. :! ,S: 1. 564. t 
9i. 0 !j ~ -H\I. 9 I °'3 1. Oril. 0 ,55 1. 930. t 

:~~ 1i ~ I ~f~: 1 ~ i tm:g 11 ~ i::I~ 
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· FORMULA. FOR CURVATURE AND REFRACTION 

The general formula for determinin:;r how much a line of sight 
between two stations will clear or fail to clear an iritervening obstruc
tion is as follows: 

in which 

h=rh1+(h,-hi)d1~d: -0.5i4did:: 

h -elevation of line nt obstruction. in feet 
h1 -E"lE'\ntion of lowE"r starion. in fei>t 
h:-<•11•,·ation of hi~her· ~tatinn. in f~t 
d1 -cli~tan<:e from lo\\1•1· ~tation to obstruction. in miles 
d2 -dh•tance from hi{.!ht!t' station to ob~trnction . in miles 

The first part of this formula is a :::olntion of :;imilnr triangles. 
The Inst term is the curvature (and rt!fract ion) eorre<'tion which has 
the effect of redncinz the heizht of the 1inE" of sizht. or com·erselv of ... . . " 
increasin~ the nppnrent ele,·ntion of th<' ohstntction. 

If it is a~sume<l that the two stntion:; art> at thE" !'nme eJ .. ,·ntion and 
that the ohl"tn1ction wilJ ~ clearP1l by the <'011:-t1'twtion of signals of 
equal height, then the abo\"e formula he1:omel" simply, 

h=O.;"i'i-1: tl : 'I~ 

It will ~ noted that for a ~ri'nm lE"n{.!th. K. bt-twPen stations the 
eJE>,·ation required at one station to ~ the other. nct-o~:; a IE"\"E"l sur
face sn<'h n~ water~ is K= x 0.5i-!. The E"le,·ntion ar onE" t•nd. rf><Inired 
to seen similar ele\"atiou at the otht•r i~ (Ii :1):: x u.:>i4. ur onl!-fmnth 
that requirt.>d nt one end only. The problem. rht>ref01-e, :;renerally 
resoh-es it!;*'lf into a detE"rmination of the hei~hr of equal si~m1ls at 
both ends of the line required to clear the ohstrnction. For simplicity 
the si:;rnal hei~hts are nearly always comp11ted in this way. aml any 
desired variations are then intro<.lure<l. Sometimes n hi~h~r si~:rnal 
must be specifie<l at one srntion for ~ome otht.>r line than for rht• lin~ 
tinder cou~ideration an<l this permits a lowi>ri11~ of tht> otlwr ~ iJ.!nal. 

When the obstruction is much closer to 011P :::tncion than the 01 her. it is 
more e<.:onomicul to buil<l a hi~her !!igmtl at r he sta cion nt>at· the 
obstruction, and a. lower one at ch~ ot ltt!r :si:;rual. ot ht"t' l'Onclit ions bt-in!! 
equal. The amount thut one :::i~nal may ~ l'~ 1 Hl'r<.l in ht.>iJ.dit fu1· a 
certain increase in the heiJ.!ht of the uther is proponio11ul to the uis
tances of the t\\"O stations from the 11b:;cruction. Acro~:o0 \\'ater. or 
other level surface, the obstruction 1l11e to curYnture is midway be
tween the t'vo stations if they are of e<i11al h~i~ht. 

The en~ often arises that a serie~ of ob~trnd ions occurs alou~ a 
line of sight a.nd it may not be pos~ible to pick om by inspection that 
one which requires the maximum hei~ht~ of signals to dear. A lo,~er 
elevation near the middle of the line, where the curvature df~t is a 
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maximum, may require higher signals to clear than a greater ele
vation near one end. The simplest way to determine the critical ob
struction is to compute the signal heights for each one in turn. The 
following examples will illustrate some typical problems: 

EUXPLES 07 COIUlECTIONS 

Two stations are at water level on opposite shores of a bny 18 miles 
wide. What is the height of equal signals to make the line of sight 
graze the surf nee of the "·ater 1 A.ccording to the formula on page 
56, h=-(K/2)% 0.574~ {18/ 2)2 0.574:=-46.5 feet. As seen in figure 20, 

Ftot"U 20.---Slcnal beJrhts tor llne ot>er water. 

h is the distance the theoretical line of sight from the surface level at 
the two ends passes below the surface at its center. Since the obstruc
tion is equidistant from the two stations, h will also be the required 
height of equal signals at the two ends needed to clear the line of 
sight. 

In actual practice it is generally necessnry to provide a certp.in 
amount of clearance over obstructions iu order to reduce horizontal 
refrnction. Over water, this clearance should be at least 10 feet. but 
the clearance required over other obstructions varies with their nature 
'and with the specific conditions encountered. No attempt will be 
made to specify the clearance in these e~amples. 

111.•tol 111.• tOI . ~ 

1:""'"_· ---· ~---;>_0_; _c------·-..u------7-;\ 
Ftotru 21.-Elfect ot eun-arore at lntermedlllce obstruction. 

In figure 21 is shown the problem when the two end stations are not 
at the same ele'\"ation and the obstruction is not at the point midway 
between them. In applying the formula. most obser,ers prefer to de
termine first the amount of cun-ature nt the obstn1ction nt B, nnd then 
add this to the true ·elevation at that point to obtnin an ;•effecti\e ele,a
tion" or ~lane elevation" of B. i. e., its ele'\"ation abo,·e the chord ac. 
The "effective elevation'' of the grnde line from the ground at ...:! to the 
groWld at O, where it passes through the \erticnl of B is uen com
puted by the principle of similar triangles, using the len~hs ..:l.B nnd 
BC. The '"effectfre elevation" of B minus the :oeffectiYe ele,ntion" 
of the theoretical line of sight gfres the nmow1t of obstruction at B. 
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From the numerical values ~ven on the diagram, the curvature at B 
is 4 X6X0.57-l=13.8 feet! the aeffective elevation:' of B ic; 80+13.8=-
93.8 feet, the "'effective elevation" of the "'ground to ground" line of 
sight is 10 + [ ( 00-10) x fa] = 42 feet, and the amount of obstruction 
at B is 93.8-42=-51.S feet. 

When nonreciprocal vertical angles are observed on a distant object, 
its elevation can be computed by tlie formula : 

H=Hi+ (aX 1.536K)+K2X0.574 
where 

H~elevation of distant point in feet 
H1=elevation of instrument telescope in feet 
K==distance of ·object in miles 
a=-observed vertical angle in minutes 

a is plus if the object is a.hove the horizontal plane through the instru
ment a.nd minus if below it. The factor 1.536 is the length in feet of 
arc subtended by an angle of 1 minute at a. distance of 1 mile. (See 
p. 40.) The eifect of curvnture is always positive, making the true 
elevation of the distant point o.lways greater than its apparent 
elevation. 

• 
rf\ t 

~ l ... _::-=.-:.~~~~~~~~~~~~-.-__ -.a--~--------------~~---:_~------T-~· 
l'tacu 2!?.-u.ct of cunatun OD apparqt h•la'ht of distant obj ect. 

In figure 22 suppose the elevation of the telescope at A to be 100 feet, 
the observed vertico.l angle on the ground at B, -3.5 minutes, and 
the distance from A to B, 8 miles. Su~~ituting in the formula above, 

H (of B)-100+ (-3.5X 1.536 X 8) + (82 X0.5i4) -93.T feet 

Conversely, if the elevation of the ground at B is given as 100 feet, 
and it is required to find the elevation of A, the solution would be 
as follows: The height of the telescope at A is taken as 5 feet. 

H (at .d.)-100-( (-3.5 x 1.536 X 8) + (82 x 0.5i4) ]-5=-101.3 feet 

REFRACTION CHARACTERISTICS OF LI~ES 

It is well known that some lines are affected by abnormal horizontal 
refraction and that good angle closures in the triangles of which they 
form a side can be obtained only by undue effort and e:icpense. if at all. 
The reconnaissance engineer should, therefore, endeavor to a'\"oid lines 
likely to give refraction trouble. 

Horizontal refraction is caused by layers or currents of unequally 
heated air along the line of sight. The varying densities of the air 
produces a. condition similar to that encountered by a be:>.m of light 
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passing thronl!h a series of l"ery flat prisms. The light is both re
fracted and dispe~ed. These l'ff ects cannot be fully eliminated, but 
the enreme cases can usually be recognized and a voided. The most 
pronounced c11use of this condition is the drainage of large quantities 
of cool air from hig11er to lo,~er ele;ations. Lines passing near the 

11'1011u 23.-Horisontal retraction due to air C1l1Tent1 trom rartoea. 

base of a mountain range or bluff will be affected by air currents ftow-
• ing down side canyons and raT"ines. A line passing for some distance 

near the slope of a large hill or table land will. show large horizontal 
refraction unless the wind is blowing directly agninst the slope. How
ever, if the slope is the face of a small local hill, or of a ridge narrow 
in the direction of the line of sight, little difficulty will be found. The 
kind of cover or vegetation, the range in temperatures between day and 
night, the direction and velocity of the wind, and the humidity, are all 
important factors. 

A. \alley through an open plain and bordered by bluffs on either 
side is a very easy route to span with triangulation but it will almost 
always giT"e serious refraction trouble. The valley of the Pfatte Ri\er 
i.u Nebraska is an e~ample of this kind. When such a condition cannot 
be avoided, the stations should be placed back on the table lands as far 
as possible. Lines between headlands and parallel to the valley will 
giYe the worst results and should be a voided even at the e~pense of 
additional signal building and stations. 

111"t:" "AL1.r., 

FIGl11l• 2-1.-Boruoatul retraction due to alr currents down slope of bUL 

Horizontal refrnc~ion is much greater in barren or open country 
than in wooded areas. Over heary timber! the effects of air currents 
are small! and since there is usunlly considerable difficulty in securing 
dear lines in such arens, the reconnaissance engineer may generally 
ignore these effects. 

26~16~·---..1---~ 
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On calm nights there is a tendency of the atmosphere to stratify into 
layers of different temperature and den~ity. This results in a coeffi
cient of vertical refraction much lar;..J?r than normal, and tends to lift 
distant objects above the horizon. This abnormnl nighttime refrac
tion is frequently as large as 3 minutes and occasionally may be as much 
as 5 minutes. ..\."refraction line" is one that is normally o~tructed but 
becomes visible at night. .A study of results indicntes thnt the direc
tions observed over refraction lines are not unduly affected horizontally 
and their use is sometimes permissible. They should be used only as 
a last resort, however. On stormy or windy nights the air str::i.tn. are 
broken up and thP effect of abnormal \ Prtical refraction may entirely 
disappeur. If the air strata a.re inclined, as is usually the case over 
slopinA' ground, there will be a horizontal componPnt of the refraction. 
Lines should always be kept well clear of b11re ground. 

CLEAL\NCE OP LINES 

The required clearance of lines of sight over obstn1ctions to avoid 
excessfre refraction and dispersion of the light will vary with the type 
of vegetation COl"er and with other physical conditions of the line. 
The determining factor seems to be the amount of heat transferred to 
the atmosphere by the ground O'\"er which the line passes. Regions 
combining a bare ground surface with a large diurnal temperuture 
range require the greatest amount of clearance and areas he1\ vily 
timbered and with a humid cJimate require the least. · 

Determining the amount of clearance required for a line is largely 
a matter of experience. The following are average minimum values. 

L ~r water surface9-10 teet. 
2. ·Over open plains where the sun ts hot during the day and the atmosphere 

dry-30 to . .W teet. This condition ls tound in the Grcnt Pluins area trom the 
Dakotu to Texas. 

3. Over cnltlnced land interspersed with wooded areas-l:S to 20 teet. The 
clearance over trees generally '°verm in such regions so that the helght above 
;round will uaually be ample. 

4. Over tree tops-lines ma7 be grazing. E.%J>(!rfence hns shown that Unes 
~ over tall trees, or even partially interfered with b~· the branches, gll'e 
no trouble. Such ~zing llnes nre. ot course, a('CfdPntnl and ln specltylng signnl 
helgha 10 !eet ls ortlinaril1 coosldered tbe miolmum proper clearance. 

The above figures may be qualified by specinl conditions. If the ob-· 
struction is a narrow ridge, with relatively small capacity for heat 
radiation, the above clearances may safely be reduced. Con'"ersely, jf 
the line is parallel to the ground practically the entire distance between 
stations, the clearances may have to be increased. E~tremes of he:it 
and drought give special problems. The usual solution under un
fa~orable conditions is to specify the hi~hest signal that the triangula
tion party is equipped to build ecouomictilly. 
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In computing signal heights reconnaissance parties customarily 
ignore the effect of the 10-foot superstructure and this gives a.n :idded 
factor of safety. .Another factor of safety is that in those regions 
requiring greatest clearnnce. the greatest vertical refraction is apt 
to occur. 

AVOIDAJ."ICE OF OBSTRUCTIONS 

It often becomes necessary to locate stations so that the lines of 
sight will not pass over obstructions thnt would require signals of 
impractical or uneconomical heights. In open country, these obstruc
tions will be visible and the remedy will be evident. In heavily 
timbered arens, there will oft~n be found blocks of unusually h igh 
timber left from logging operations or growing under especially fa
vorable conditions. These blocks must be plotted on the mnp nnd care 
taken to make sure that all lines miss them unless they are located on 
lower ground. Such areas nre frequently found in the sectionalized · 
parts of the United States. Intersections from water tnnks and sec
tion corners give the best positions of the obstructions. Quite accurate 
work can be done in thls manner, and there are many instances on 
record where lines hl\ve been carried through gaps in e:rtremely tall 
trees, often not over 50 feet in width, without there being any ob
structed lines. To have built high enough to clear these trees might 
have required signals up to 150 feet in height instend of the sign:ils of · 
moderate height actually used. 

·-
ltEASURING HEIGHT OF TREES 

In wooded regions it is constantly necessary to measure heights of 
trees. The simplest and most accurate measurement is secured by 
lowering a tape from the top of 11 representative tree. Since it is 
usually nece~a.ry to climb the trees for other purposes. the mensure
ment is often obtnined without enrn effort. A 100-foot steel tape 
is convenient for makin~ the measurements. If the tension on the 
reel is adjustable. this may be set to permit the tape to plny out by 
the weight of the descendin~ reel. The zero end of the tape is held in 
the hnnd. and the reel nllo,~ed to descend to the ground. The free 
end is then dropped. and when the obserrer renches the ~onnd the 
tape is read at the point where it enters the reel. Stninless steel 
tap~s :lre apt to snarl when rlropped in this mnnner. so that it is best 
to attnch a weight. such as n binocnlnr case. to the zero end ~ and plny 
out the tape from the reel until the weight touches the ground and 
then reel it in before descendin~ the tree. The height of thnt part 
of the tree which is aboYe the obser,er mnst he estimated and ndded to 
the taped height. The heights of trees may sometimes be obtained by 
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climbing ~me structure nenr them. :ind measuring the dist:mce to the 
ground nt the point where the distant horizon becomes visible over 
their tops. 

There a~ various instrumental and improvised methods of meas
urin!? the hei~hts of trees from the ground. The more practical on~ 
call for the u~ of a small instrument with verticnl circle or an incli
nometer. A celluloid trian~le m:1y he employed for rou~h mensures if 
instrnments nre not availn.ble. With the theodolite. the usual pro
cedure when the reconnaisi=ance engineer is alone is to fasten the end 
of a 100-foot tape to the base of the tree. back up to the 100-foot mark, 
and obsen-e the vertical an~le on the tree top. The hei~ht of the 
tree above the tel~ope a:ris will be 100 tan a, where a is the vertical 
angle. TI1is computation may be made on a slide rule or by using 
a table of natural tangents. The hei1?ht of the tel~pe n.bove the 
base of the tree is added to this computed height to obtain t;tie height 
of the tree. 

0 

The inclinometer is a hnnd instrument for measuring vertical angles. 
It may be used in the !'ame way ns the theodolite. Another convenient 
method is to set the inclinometer at 26°34' (or approximately 26° 
30') and back up from the tree until its top cuts the line of si~ht. The 
hei~ht of the tree abo\"e t~e eye, is then one-half the d istance of the 
obser,·ttr from the tree. This may be mea~nred or pnced depending 
on the accuracy rt'qUired. Of course. if th~ inclinometer is !=et n.t 
45°, the hei~ht of the tree 11bove the eye will equal the distance from the 
tree. This angle is somewhat too high £01· convenience in observing, 
however. 

If only a celluloid trian~le with a 4;1° or ~0° an~le is at hand. 
fairly n<-eut-ate results nre obtained by si~htin~ one ed~e at the bL.:;e 
of the tree. ancl walking back until the other point~ townrd the tree 
top. The tree hei;rht is then computed in the same manner as when 
a theodolite or inclinometer is used. Some ob~rvers lay out a 4.'>0 

an~le on the coYer of the record hook as a hancly means for estimatin~. 
Ground met hods hn n' the difficult ie~ that the actunl top of the 

tree i!' hard to oh..:t>r\·E' with certa inty and that in a <leni;e fot'el't it 
may bt> impm:i;ihlP to f'N> tht> top of a trt>e> at the nece~!'nry disrn.n<'e 
from its Im:--<•. In rlw til~r cai;e. the \'ert it·nl n11~ll' \vi ll prohnbly h«? 
tnkt•n 1111 a rnn;_Y(•nt to the trPe rop :uHl thi~ will ~ive an t>~CE'!'."lYP hei~ht. 
Of cont~l·. in n11•a:-011rin~ the di!'tan<·P from the tr~ the end of the 
t.ap<' :-h1111ld IMO pla<'1-< l \'l'rti<·ally 11ncl<'r rhe top of the tree to avoid 
n seri11 11~ p1·1·or. In s""a111py t'('~i1111s. a ,znod estimate of the hei:,rht 
of trt-1·~ 111:1.\· Ii<- 11hr:1i1wd h,\' m1•as11ri11:,r fal1P11 trt>e~. TrPt>:-0 are ~elect<><l 
which ha n• f:t 11 .. 11 from old a~c! as they represent about the maximum 
heigh t attained. 
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SELECTION OF STATION SITES 

The final selection of a station site is a compromise of several rP.
quirements which are principally: Intervisibility of stations, per
manence of murks. strength of figures, wishes of property owners, 
and accessibility. 

Intervisibility of stations is n '\"ery important requirement which 
hns alrendy been considered under the topics of cun-ature! clearance. 
refraction. etc. The possibility of securing visibility by signal build
ing at optional lO<'ations should also be investigated. Of course, the 
essential lines must be clear and this condition must first of all govern 
the selection of site. 

With regard to permanence of marks no one can accurately predict 
what changes will occur at a gi'\"en site over a long period of years, 
but it is the duty of the reconnaissance engineer to consider the pos~i
bilities to the best of his ability. He may be certain of a few thin~. 
All main roads will be widened, and the grades will be reduced and 
curves eased. Most cities will continue to e~and for some time at. 
least. Suburban areas will be enlarged and residences will be built 
on what is now· farm lan~. .All main road intersections are desirable 
sites for gasoline stations and other establishments catering to the 
motoring public and should be avoided as station sites. · 

The right-of-""ay fence of an established high""ay is a good loca
tion, provided the road is of full width. Since trfangulation stations 
are naturally placed on high ground, through which the highway 
may pass in a cut. the necessity of keeping well bnck from the center
line can be readily seen. ~Iost States are widening their roads. even 
the county roads. l-lichignn and Te3:as have laid out some boulevards 
with 300-foot rights-of-\\"ay. On the other hand~ most railroad prop
erty is fairly well-established, ruid the right-of-wny lines are quite 
permanent. The e3:ceptions nre branch lines and electric lines that 
may be nbandoned. 

Cultivated land provides a. fairly snfe location but involves prob
nble dnmages to crops each time the mark is used and precludes the 
use of a surface mnrk. Some landowners will permit the use of a 
surface mark in cultivated land~ hut advant.1ge of such permission 
should ne'\"er be taken as subsequent owners may think differently. 
Line fences between farms are often good sites for stations, and sig
nals can be built over them without trouble. Fences between fields, 
however, are seldom permanent and are frequently removed for 
tractor culfrrntion. Consulting the owner about his plans for the 
future de'\"'elopment of his property may be very helpful. 

In intensh·ely cultivated sections, some of the best sites are in the 
vicinity of the farm buildings, or in groves maintained for shade 
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and wind brenks. Over a large po.rt of the country the buildings are 
generally located on knolls or fairly high ground, so that these loca
tions are often suitable for st:\tion l;ites. Their disndvnntages are the 
greater danger when signals are erected close to buildin~~ nnd the 
difficulties often e:tperienced in placing the n.zimuth mark where it 
will be visible from the ground. Public parks &nd buildings '1re 
~nerally in permanent locations. The gronnclc; of city and consoli
dated schools are nlso e:tcelleut for permanency. The one-room 
country schools on the other hnnd are going out of use and their lots 
will eventually be. subject to cultivation. Small hills that may be 
worked a.s gravel pits should of course be avoitled. 

In mountainous country, it is usually the naturnl physical condi
tions that determine the permnnence of marks. TI1ese conditions in
clude the qunlity of rock, the amount of frost action, and the rapidity 
of erosion. Tops of sandhills are often blown awny, or marks a.re 
engulfed by "blow pits" which may be started by the mark itself. If 
such localities cannot be avoided, a long iron pipe mark should be 
5pe(' i fied. 

The reconnaissnnce en¢neer must give <'nreful considerntion to all 
the T"arious conditions thnt are apt to affect the stntion marks. In 
spite of all possible care. however, some of the marks will be lost. 
The judicious placing of reference marks will reduce the losses of 
stations. 

In the final selection of stntion sites, the reconnnissnnce engineer 
mn:"'t sometimes decide whether to nccept 11 \1"e:lker scheme in order 
to obtain u. better station site, or vice versn. Both are quite important 
but of course strength of figure must be muintn.ined within the pre
scribed limits. 

Lanclown£-rs frequently have preferences as to the location of sta
tions on their property b£-cause of future plnns, sentimentnl rensons. 
etc. Their wishes ~hould be re~pecte1l if possible both to promote 
good f~linf! nncl ;dso to obtain their cooperation in insuring the 
safety of the mark. 

Acl'l'~:'ihility is important hoth for the pnrty estnblishing the stn
tion nnd for all suh:-:t>q1wnt ll~<·rs of it. rn fnrttm:lt<'l!·· the most 
ucct':-:~il1le sit<'s are ofcen the 1110:-t t'xpn:-:1•1l. It i ~ ht• li<'Y<'d thnt ense 
of acct·~=- !'ho11ld hl' !"nhordi11atl'd :-11111cwhat to o lhl' l' cornl it io11s affect· 
ing the prubable life nf the m:u·k. 

I~RVIEWS WITH PROPERTY ow:-.:ERS 

The proper uppronch to the o\t'lll'r of n prn:'pt'<'ti,·e station site is 
one of tht.> mo:-;t impo1·tunt sen·ice!" time the r"conn:i i:::sance pnrty cnn 
render to the tri:tn!.!nlation party. Cncler ordinary l'ircnmstances. the 
property owner should always be contacted iu some manner. It is 
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a trait of human nnture to be inclined to grant a request but to 
resent what appears to be the taking of undue liberties. A. man 
who will readily give permission to enter his property may strenu
ously object to having that right appropriated without his consent~ 
o..nd once committed to that attitude he is likely to stick to it. '\Vhen 
first approached he is open to reason but after having suffered a feeling 
of injury he is apt to close his mind to aJI argument nnd to all 
attempts of repa.rntion. E:tcept in the mountainous. and wasteland 
arell.S of the United States, the great majority of stntions must be 
placed on private property, usually that of n farmer, who may ne\er 
have heard of control surveys and may never have hnd prior contact 
with Government agencies. In the snme way when public lmds such 
as parks, school grounds, rights-of-way, etc., are used it is necessary 
to see the proper authority, not only for permission but to leurn of 
plans for de\"elopment and of required safety regulations. 

By far the best contact is a personnl interview. liost landowners 
will readily give their permission after n frnnk and simple e~lnnn
tion of the '\l"Ork and how the \"arious operations will be conducted. 
The others may be divided into two genern'l c1asses; the ignorant and 
suspicious, and the acquisitive. In some cases, nrgument is useless 
and it is best to select some optional location. On the other hand, the 
use of ·simple explanation nnd avoidnnce of salesmanlike tactics may 
prove effective. The a\"erage person is curious nnd the prospect of 
seeing something unusual will interest him. He usually takes pride 
in owning the highest grotmd in the ncinity and feels a certain sense 
of importance in having a Government monument ou his property, 
especially if his name is stamped on it. He should be met as an 
equal and an effort made to impress him with the public vnlue of the 
marks. A full e~planation of the work of the triangulation party 
should be given and no effort made to conceal nny inconYeniences or 
damnges that may arise. It is better to stre:5s these rather than mini
mize them. The Gove~ent regulations relnring to dnmnge claims 
should be clearly explnined when necessary. A good plan is to esti
mate the damnges for the o'mer but denrly to mnke no promises 
that might be considered binding on the triangulation party. If the 
owner is not inclined to be fair it is better for the reconnaissance 
party to find it out and ·thus avoid trouble later on. It is assumed 
that the contact man of the building pnrty will a~l'llin interdew the 
owners before anything is done. 

A printed form to be signed by the landowner is not considered 
advisable on account of the reluctance of the a ,·ernge man to sign 
any paper presented to him by n stranger. It is better to impress 
the owner with the fact that he is entering into a gentleman's ngree
ment and that he may e~pect to be treated as one grnnring a favor. 
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Di fi'erent individul\ls should be- appronched by different menns and 
the ~nc<.'t.>SS of the reconnaissance engineer in this field will depend 
on his ability to aclapt his method to the circumstances. 

LBTTEltS TO PtlOPDTT OWNEJtS 

In the case of nbsentee o'Tilers thnt C!\nnot be renched in pe~on, 
or tho~ not nt home when called upon, :\ letter e.xplnininJ,? the work 
and nskin~ consent should be addres..c;e<l to the property o"-ncr. An 
addresst.>d return em·elope should be enclosed to fadlitate the reply. 
It ~hould be remembered that it is natural for tlw o\\·ner to ne~lect 
to reply. hence he should be asked to state any objections he may 
ha,·e rather than to give his permission, the implic-J.tiou bein~ that 
a failure. to reply will denote consent. In practil-e. the ~rt>at majority 
of lettt>rs are answered. and amnvere<l satisfactorily. The n~ of 
official stationery and the evident consideration of his ri~ht~ create 
a feeling of confidence on the part of the owner. The letters should 
not be fom1 letters but should denl 'vith the indh·i<lnal case. Pam
phlets or other literature covering the wo1·k of the Coust and Geo
detic Sm"Tey may be enclosed. .A sample letter is g i,·eu below. 

Denr Slr : The Coast and Geudettc Survey vlnni:s to extend un arc o! trt1111~
ltltion betwffn - nud - - . durinJ: thf' coml~1i: ,.ttnuuer. This 
work Le tlllrt ot the Gol'f'nuuent's program of prortdlnir pn!e~ i111M"PY monu
mrnrs a.r !niqneot lnterT:llA throngbout thta Stntf' tor t\94" In nuiklnir; mnp:t nnd 
tn tmpro'111g the :icenrncy nod {>f'rmn.nence of exlstlnir Gol'ernment S11M"eys tn 
your l'iciuity, with wblcb you may be familiar. 

In carryinic ont tbla work lt ls n~~llT to select nnd murk permnnentlY .i 

number of obfiervution stations locnted on high ground from which orber dis
tant smtlons m1a:v be> n~n-etl to complete the sun-.-y. I lU\T"E" tf"flr:ith·ely ~leeted. 
~abjl"Ct to yonr wish~ one mch station on your lnnd. on whut np{M'n ric to ~ 
the hil[best i:ronnd In your neti:boorhood. I did not ftud you at home when I 
~llf'<t and I nm then>fore WT'ltiug yon this lE"tter. 

The point I have selected is un the snmmit of the wooded knoll. about oue
foarth mile north ot your hou~ nod :?00 ynrdi! eust of the la..oe nlong the west 
side ot the grain fteld. The exact poslc1011 ls In the sm.ull openins. Just west 
of a lao;e ook. lllld sonth of the fence C?'Ol'lsing the hill 

The ptormnnent mnrb wp wt~h ro leal'e on yonr proPf'rt.V are of cont'r--tP.. 
about 14 ln<'ht"S sqanre, projeetinir nbont 6 lncht>A nbove irruand. and beartni; 
the srnndnrd Gm·ernment sun·ey tnblt:ts. One ot th~ would I~ ut the point 
mentioned uud rwo would be lo ne1trb~· t'ence Uucs nt roch poi11ts ll:i may be 
sntL<1fncr11ry to you. On nct'Onnt ot the tlmher, It will be llt-<"f'l'!llllT to erec: :i 
tempor:iry stt"f'l shmal re!len1bllng a windmill tower, 11hour 00 !l-et hi$tb on top 
ot the hill. Its purpose t .. to elevate the obse.n-er and bis instruments so that 
be may i.ee out over the tr~ in all <ll~tions. a. .. ~n 11!' th .. o~n·ntion. .. 
ue completed. It will be entirely remon•d.. It will prohnhly stand tor 1 week 
or le!s. Its erection will require thP. digging of three hole:t. about 3 t'Pet !141Ullre 

and 3 feet deep, t'or the a..nchor.J. Th~ hol~ will bf> tilled Whf'n thf' :!iJmnl 
is remo~ed. and notblnir wtll he left on the property except the concrete mark.tt 
which we wish to be perm.:uient. 
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It will be nect>S.~nry to bani' this !lfgnal to and from the stntton by truck which 

wonld ha'\'e to follow the fence east trom the lane about 100 r:irds across th~ 
grain deld. Should our ~u?Tey pnrtj :irrt"'e before ba?Test some damage wo•tld 
be done to sour ('!'Op. It so, you mnr e:"tpeet just and rensonnble payment. De
fore an.ythlng ls done. a foreman ot the signal-building pnrcy wtll call on yon 
11.nd enter into nn n~ment with you a." to the amount of the dumages. At 
nrlons times while the signnl stands other men will visit It. some of them at 
nisht. These men will be instructed to close your gntes, watch out for llvestoclc. 
and cause no nnnornnc:e. 

I will greatly appreciate an early reply trom you lllld. lf this location c:on41ct~ 
with any plans or wishes rou may hnve, we shall be jflnd to chnnge it. I enclose 
for your reply an addressed envelope which requires no potUlge. 

Tbanldnr you. I am. 
Very truly ,ours, - - . 

The good will of the public i.s essential to any enforprise and partic
ularly to one maintained by public funds. All operations, including 
the final removal o1 the signal, should be conducted in a courteous 
manner but the first contact by the reconnaissance party is probably 
the most important. 

DESCRIPTIONS o ·F STATIONS 

The description of station is one of the most important parts of the 
work of the reconnaissance engineer and represents his finished prod
uct, to be ·passed on to the trinngulation po.rty. The modem use of 
multiple observing parties demands a greater amount of detail and 
accuracy in station descriptions than was formerly thought necessa.ry. 

The description should specify locality, landownership, directions 
for reaching station, signnls and supplies required, and any special 
in.formation. There :ire two general forms in use, the straight de
scription, or word picture, and the more recently introduced tabular 
form. Both ha\e certnin advantages and little, if any, preference has 
been e~ressed by triangulation parties. The advantages of the 
former type are that it is more easily read, it fonns a mental picture 
of the site which is more easily retained in the memory, and it is gen
erally more concise than the other. The advantages of the tabular 
style are thnt it is more systemntic, it gives a double check on mileages, 
and it is more easily scanned for important directions. 

Either type of description should include the following data: 
General locntlon wlth respect to Stnte and county and distances and cllrec

tions from lar;er towns or other well known and easilr found featur@IS. 
Locntlon with re!lpPCt to locnl fentures. namely townships, hl1hwnys, topo

grnphic fl:'atures, section corners with tier and range, etc. 
Landownership and whether con~nt of owner bas been obtained wltb speelal 

agreemt>nts, I! any. 
Directions tor reaching stntion starting trom siznble towns 3.lld ndequntel; 

d~rib!ng roads and junctions aud st.atlug mileages aud including delSCriptions 
of alternate routes, 1t ndmable. 
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Detnfled Iocntlon, with reSJ)f>Ct to road~ !en~ llnf>I'. builrlln~. trees, etc.. 
including paced or men.~ur~ dlstnnces nnd dirt-etlons and noting ~al mark
ings :\II ll~'!nry. 

SJ)t!Clal iutormntion such as stnte ot ~nltlt':tt1on, armn~ment! about crop 
damages. amount ot cle21.ring itnd speciul type ot mark required. season'11 or 
wet Wf'nther ~trlct1on11. etc. 

Hei1ht and trpe ot s igna.l required. ond ltw-ntion ot mtppllt"S. . . 
In mountainous or desert country, information should also be sup-

plied as to camping sites, water supply. and facilities for lightkeeper. 
Brevity is desirable but should not be emphasized at the · e~nse 

of clarity or accuracy. Lightkeepers and sometimes other members 
of the observing party must frequently J!O to stations in the night, 
when people residing in the locality are in bed. The description 
should make it possible to find the station without recourse to local 
inquiry. Not only should speedometer uistunces be given! but forks 
and junctions should be identified by.reference to some Jocni feature 
such as a house, tree, bridge, etc. To avoid errors in direction o.t 
turns, both the direction of the turn nnd of the ne,,· course should 
be given, as "thence left (west) at crossroads." An error in direction 
is a frequent source of trouble which is often caused by ~ording the 
data on the return from the station1 instead of on the approach. To 
a.void such errors, some systematic check should be used in the notes, 
such ns to invn.riably face town.rd the station while recording the 
d.U-ections. 

Another source of error is a mistake of an even unit , usually l mile, 
in recording a speedometer distance. It can be detected by comparing 
the sum of the distances along all courses with the difference between 
the first 1111d fina.1 readings of the speedometer. This error is par
ticularly troublesome in sectionalized country, where the roads are 
usually 1 mile apart. Many of the trucks in service are not provided 
with trip odometers, so that a.11 mileages must be obtained by sub
tracting the accumulated odometer readings. With a trip odometer 
that muy be set to any desired reading, a check is readily obtained. 
In recording speedometer distances, the effect of errors for speed
ometer variations over long distances mtLy be minimized if the dis
tance to the station from the nearest fi.l:ed detail, such as crossrou.d 
or bridge, is given. 

A. final verification should be mn<le by proofreading the description 
and checkin~ it n;..ruinst the reconnaissance sketch. If the roads on the 
latter are dr.iwn to scale, as they should be, a reversed direction can be 
readily detected. 

Under certain conditions. such as are usuully found in mountainous 
or sparsely settled areus. some parts of the description mu.y be stressed 
or modified. In mountainous re~ions a de~cription of the adja<'ent 
topography, such as u. reference to the highest peak, to the end of a 
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long sharp ridge, or to some other natural fenture is sometimes very 
helpful. It is well to give a brief description of the appearance of 
the selected point, and to record its azimuth nnd distance from some 
acces&ble point. 

Pack stations require enrn information ns to the availability of 
pack animals! time required for the trip and recommendations ns to 
back-packing or horse-packing. Pack horses are usually not needed 
unless the distance e3'.ceecls 3 miles and if the way is too rugged they 
cannot be used at all. Such conditions should be noted by the recon
naissance party! together with the estimated time! distance! nnd differ
ence in elevation of back packs. For some stations, the amount of 
clearing required, the value and size of trees, and the tools needed 
~ould be stated and recommendations should be made as to the desira
bility of using signals of native timber. A note regarding availa
bility of rocks for marks mny be helpful. 

Adequate descriptions of stations in wilderness areas are very de
sirable, but often very difficult to write. These stations are frequently 
on forested hills or ridges that have no outstanding characteristics 
to distinguish them from others. The means of approach are generally 
indirect.and-directions are easily confused. Under such conditions the 
reconnaissance party may sometimes resort to trail cutting and blazing. 
Such work is laborious. but· may save the triangulation party much 
wasted effort. · In some very difficult areas, transportation by canoe 
may be resorted to! and stations may be described by gh-ing the courses 
along streams or across lakes and by sketching the shore line at land
ing points from which trails nre cut to the stations. 

TEMPOLUlT MABJtINGS 

The reconnaissance party should be sure that nll station sites can 
be recognized wit!iout question by the building party. In well 
settled districts. this mny be done by reference to nenrby buildings, 
fences, trees, etc. Ynrious mnrkings may be used if conditions r~
quire them. ln the woods. the customary mnrk is a triangular blnze, 
which is used to mark the station site and important poinrs along the 
route to it. On mountain summits, small rock cnin1s are usually 
erected. Since many persons visitin.g mountain pen ks build such mon
uments! they should ha•e some peculiarity. such as a triangular form, 
and shouid be adequately described. In prairie regions. n good mark 
is a triangular trench about 4 feet on the side, cut through the sod, 
with the soil piled up into a mound inside the trench or beside it. Such 
mounds and trenches have been found in good condition nfter a lapse 
of several years. They 'rill not be confused wirh an ordinary e~carn.
tion and the mound will usnnlly be visible for some distance. Some-
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~es posts and signboards may be used but they are more apt to be 
destroyed than :>.re the other types of marking. 

It has been suggested that all reconnn.issance parties adopt some 
standard form of marking, such as a painted or inscribed stn.ke. Such 
marks have not been used bttause they are conspicuous and are more 
apt to be destroyed. It seems best to use local mD.terials that will 
not invite destruction by the curious. The number and type of marl~ 
should, of course, be such as to insure against loss of station through 
operations like cultivation, clearing, etc. 

It has also b~n sug~ted that reconnnissnnce parties should select 
locations for reference and azimuth marks. Under certain conditions 
this appears advisable, but since the azimuth mark must be seen both 
from the ground and from the tripod head nt stntions requiring 
high towers. it is well to awnit the erection of the signal. Conditions 
in the vicinity of the station may undergo considerable change, par· 
ticularly if a period of yenrs elapses between the reconnaissance and 
trinngulntion observations nnd these may make necessary entirely 
ditf erent locations for the various marks. It is belieYed thnt, gen
erully, the placing of azimuth and reference mo.d's should be left 
to the triangulation party. 

RECONNAISSA:-ICE SKETCH 

The working reconnaissnnce sketch will contain considerable in
formation beyond the lay-out of the scheme. such us the location of 
ronds to be used hy the trinngulntion party. location of principnl 
geographical points. projection lines. hei~hts of si~als. and some
times rough elevntions. It is desirable that the fini~hed sketches be 
standardized to some e~tent ns outline<l bt>low. They should be mu.de 
on tr-.1.cing paper or cloth with the ai<l of clrnftin~ instruments. 

The maximum size of sketches for crHn-enience of drawin~ and of 
use in the field is about 5 ~nare feet. or lfl by 48 inches. For use 
by trian:.rulation parties. laq.!ely on hi~h sia-1wls. n !urger :>ize would 
be ohjeccionnble. :)lost trinn~nlation arcs of the Coa~t and Geodetic 
SurYey are appro~inrntely ea:-t and "·c>st or north and ~onth and are 
~o nt>arly stra idn that a narrow willth of skNrh will mma.lly suf
fice. For :in oblique arc. the :;ize 1uay bt- r!:>iluceu by skl'win~ the 
bor<ler to 11 djre<.:tion parallel to the arc. If this is clone. how~\·er, 
it i:: b~t to hn•e nil IPttPrin!?'. scale:>. etc., oriemc<l with the pro
jection instead of with the border. The 1,~11gth of 48 inches will 
gi\e room for an arc about 115 mi Jes Ion~ on the 11~11al scale of 
4 miles to 1 inch. An arc this Ion~ betwct•n fixed connections will 
not oecur oftPn. and the fi~c1l points nre con,·en ient limits for the 
sketch. If t't\"n or more sh~er =- are rerptired to cuYer a.n ;ire, it is 
ad,· i::able to make them upproximately e411ul. 
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The scale mny \nry in specinl cnses. btft for the usual scheme, with 
figures from 6 to 2;> miles across. 11 ~ale of 4 miles to the inch is best. 
TI1e scale should be such as to show necessary detail without crowding 
and to gi\"e lines of sufficient length to use for sighting lnmps and 
heliotropes but not to make the sheet so large a.s to be unwieldly. 
The scale should be in units of miles per inch to facilitate scnliug the 
spherical e:tcess. In cases where the standard sc:ile is not suited. it 
is usual to select one of 2 miles to the inch or 8 miles to the in~h. 
With the latter scale, the Geological Sun·ey stnte mnps may be used 
in mnkirig the pencil . sketch and the construction of a special 
projection a.voided. 

Reconnaissance sketches do not require n precise projection. For 
sketches long in nn east nnd west direction, and relatively narrow, a 
Mercator projection is generally used. I! the north and south dimen
sion is the longer one or if the arc is nn oblique one nn approximnte 
polyconic projection may be used. Precisely dr:i wn projections are 
not necessary and would be difficult to construct with the drafting 
:facilities available. 

Tables nnd instructions for laying out polyconic projections will 
be found in Special Publication No. 5, and for the )Iercntor projec
tion in Special Publication No. 68. Sometimes a projection mo.y be 
copied from an e:tisting map. 

The locations of all roads that may be of use to the triangulation 
party hnve been shown 011 reconnaissance sketches during the past 
few y~rs~ aud this information has been found to be very u..~ful. 
The roads are indicated by relath-ely thin dashed lines. If ensting 
maps cu.n be copied or the reconnaissance notes contain sufficient in
formation! these roads should be quite accurate as to scale and ulign
ment. Besides being a distinct help to the triangulation party! the 
road locations serve as a check on the accuracy of the written de
scription. Wb.ere there are a!ternate routes to a station, showing them 
on the sketch will save detnile<l reference to them in the description . 
.A symbol should be placed at intervnls along the plotted roads to 
indicate their type. Initial letters may be used. such as ;'p" for paved, 
"g!' for gravel, ;'d" for dirt, ·•sc:' for sand clay, etc. Other informa
tion such as "heavy sand," or '1mpassable when wet" may properly 
be noted on the sketch. Straight roncls are drawn with a ruling pen 
lllld straight edge, und winding rout.ls with n fine pen, free hand. 

During the course of the reconnnissn.nce the observer will note 
a great many oQjP.Cts such ns tanks! spires, stacks, etc., which the 
triangulation party will later locate by intersection. Very little 
enrn lnbor is required for the reconnaissance party to locate nnd 
identify these on the ~ketch and to sh~\ short lines toward the main 
scheme stations from which they are visible. If this is done the 
observing party ''ill be able to include all important intersection 



i2 u·. 5. co.urr ASD G'EODETIC SURVE"Y 

stations, even under ronditions of low visibility, and to re~orcl thP.m 
under the proper name. The naming of these stations is of especial 
value when several ob~erving nnits observe on a station simulta
neously, ns they will then record it under its proper name. This 
avoids confusion and the difficulty of identifying intersection sta
tions which are named according to appearance from a distance. 
The increasing use of u.ir-photogrnphic methods of mapping makes 
it very desirable for the observin~ units to locate as many objects 
as possible. The re<:onnu.issa.nce party can be of considerable aid in 
:iccomplishin~ this end. 

Since the co~tion for reduction to sea level becomes appreciable 
above an elevation of 1,500 feet, it may be necessary at times to deter· 
mine roughly t.he elevations of high stations. Formerly, this was 
done by trinngulnt.ion pnrties by observing vertical angles at all sta
tions but this method is now seldom used because of the time required. 
It frequently happens that the reconnnissnnce party can. supply elevn
tions of sufficient accuracy which have been obtained by profilin:2". 
The protil~ mny be cnrried out on sea-le\"el datum if ties can be mnde 
to bench ma.rks or other known elel"ations. The resulting elevations 
should be noted on the sketch near the station names. Specific instruc
tions will be issued when elern.tions a1-e required. 

In open country. relative elevations · of all sta.tions can eflSily be 
determined from prominent objects such as water tnnks. grain ele
vators. hills, etc .• and in sectiomllized country~ where all points can 
be plotted nccnmtely. distances nP.ed not be determined but only 
the vertical angles. One reconaissance party h!\S recently been sup
plying elevntions of all stations after making ties to known sea
level elt!\·atiou~. A t times it l1a..-; bPen as much as 200 mil~ hetween 
ti~, but the elevations ha.\"e failed only once to check better than 
25 feet, and in that <'ase it was only 40 feet. 

STA.'l(l)ARD SYMBOLS 

It is cir~irnhle that the !=kPt<'hes and the. symhols nsed on them be 
standnrdi?.C'd so far as practh:able. An equilateral trian~le tlbout 

three-~ixt~nrhs in<'h on the side is 11~Nl to indicate ot·rn piM:l ~tn
tions. A tri:rn~.dt> with tl circ1m1~<:rihNl rirrle i~ ns+><l to dPnote a.n 
~tabli~hecl ~tarinn. A ~ration of a11otlll'r or;:unizarion ronnected 
or incol'pol'a.ted in rh<' sdwme is indicated by the initials of the 
o~po"1lnizati1111 a fr1•r th<' ~tation namt>. If an t>xi :::tin!! ~tarion mnst 
be ocl'upi<'d e<:<:t'tltric·ally. I hr ahhrM· inrion '"e1-e.1

• i ~ :.rin•n nfter the 
nt\me. I ntf' t":"1•t·ci1111 !-!t:tcions that arC' to lw markecl an- i111liratC'<l hv a 
tri:m:;rl1• and oth1•r i lltC't~ .. 1·tion ~tat ion.-. hy ~mall <' i 1·des. • 

TowHs und citit>~ ;ire shown by rirl'I~ ,~nr:· in!! in i'l1.f' to in<lirnte 
the .size or imporcance of the place. Small vi l l:igl'~ are usually desig-

. , 
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nated bv a circle about one-ei2'hth inch in diameter; towns up to 
10,000 ~pulation, by a heavier clrcle three-silteenths inch in diameter ; 
cities up to 50,000, by two concentric circles ; and cities up to 100,000 
by a similar symbol except that the inner circle is solid. Cities o\·er 
100,000 population are shown by cross hatching. A recurring fea
ture, such as n. fire lookout tower, may be gh·en a special symbol 
which should be explained in the legend . 

Different orders of triungulation are ~ndicated by different weights 
of line. In any case. the weight should be snffident to cnuse the 
scheme to stand out boldly on the blue print, which must often be used 
at night with poor lighting. The proper weight for main-scheme 
lines is about one-thirty-second inch nnd for secondary lines about 
one-sixty-fourth inch. Projection lines are usually mude about as thiu 
as the ordinary ruling pen will permit. The projection lines ai-e 
customarily placed at intervals of 15 or 20 minutes of latitude an<l 
longitude and may be shown merely as crosses at the intersections, 
consisting of lines nbout 1 inch long, or they may be clrnwn con
tinuously from borcler to border. The ad\nntage of the latter is 
that they readily permit scaling the· azimuth of any line with a pro
tractor. The lines are numbered only around the border. 

Lettering may be free hand or mny be clruwn with some type of 
lettering guide. Reconnaissance sketches need not be elaborate exam
ples of drafting but should be complete, legible, accurate, and neat. 
The letter guides are a g1-eat help with the titles but probably are 
not worth while for smaller letters! particularly if the draftsmnn has 
11 fairly. neat freehand style. Station names should be in capitali; 
about one-eighth inch high placed neal' the station and always parallel 
with the parallels. Yames of towns should be in lower case from one
sixteenth to three thirty-seconds inch high according to importance. 

The title should if possible be placed in some open area so u..c; not to 
increase the size of the sketch. The customary form is ns follows : 

UNITED STATES COAST AND GEODETIC SURVEY 
LEO 0. COLBERT, DffiECTOR 

RECONNAISS.A.i.~CE SKETCH 

FIRST ORDER TRIAl~GULATION 

PROJECT G 
MICHIGA-'i 

BILLSDAl.E TO SA.GINA. W 

•••••••••••••••••• . ••••• CHIEF OF P.UTT 

··----········-········· ASSIST.LN'T 

1ULY. 1930 
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All the lines are in rapit:Lls, and are usually mo.de with LEROY 
lettering guides ~ os. 280 to 120, according to the spnce available ll.Ild 
the judgment of the draftsman. 

A graphical scale of miles should be drawn in a convenient place. 
It is usually made about 6 or 8 inches in length. An arrow indi
catin~ magnetic north ma.y also be added and the ma~etic declina.
uon should be given, especially in mountainous and open arens. The 
comptlSS is not ~ed to any great enent on steel tower work. A 
border of the sm:ulest dimensions required to enclose it completes 
the sketch. 

PARTY ORGANIZATION AND OUTFIT 

The most efficient reconnaissance. party is one mn.n equipped with 
t.he proper instruments and a light truck. An e::tpnnded program of 
triangulation, however~ muy necessitate trniniug new men, many of 
whom may ha\e bud no previous uperience in geodetic surveying. 
In gen~ral the ine:icperienced men should be kept with an older engi
neer and !-'Tadually :issigned duties of increasing responsibility until 
they appeur cupuble of carrying on regular work un<ler supervision. 
They are then sent out iLlone with their o'm equipment but required to 
report daily to the chief of party. As soon as they demonstrate ability 
to work '"'ithout supervision~ they :ire assigned a section of the main 
IU'C and made fully responsible. · 

In some sections where mountain climbing or tree climbing :ire apt 
to be pa1.rticulnrly dan~rerous. au assistant may be assigned because of 
the liability of uccidents. However, the ability of a mn.u to t~e c:ire 
of himself alone should be carefully considered before giving him a 
recon11uissance 11.SSignmcnt. 

The following items of equipment should be provided for each pnrty : 

INSTJlt1)1.ENTS 

l theodolite. 4-lucb or equ!T"alent. 
l altimeter. 
1 binocular, prismatic. 8-power with wide Geld. 
1 compuS!i. azimuth. 
1 hlllld leT"el or deellnometer (Abney lenl) . 
1 drnw t~l~pe. 3(). to 35-power. 
1 tape. steel or metnlUc. 100·.foot. 
l slid~ rul~. 10-lnch. Pulypbnse. 
l enifnecrl'I· i:ical<'. 12-lncb. 
l protractor, 6-lnch. toll <'lrcle, ~llulold. 
l set drn winir in~crnmen ts. 
1 T-squa~ or strali;.llt edge, 24-lncll. 
3 trinnJrlel'. celluloid. 
l drawintc honrd. 24 by 30 inches. 
l book. ;'j-plnce lotr:iritJ.uns. 
1 sex tun t (optional) . 

I 



GENEUL PROPERTY 

l trnck. ¥.:· or ~-ton c11p11ctty, enclosed body. 
l palr lineman's climbers. 
l ax. small. or hand ax. or both. 
l sbonL D handle. round point. 
1 proddloc bar, 3 feet lone. 
l 0-bac (canvas bac tor record book. small lnstrumeuts, etc.) 
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The nbove list may be modified for specific projects ns, for example, 
one in open country where such. items us tree climbers nre not needed. 

The type of truck usually employed is the lf:?-ton panel delivery or 
the sedan delivery. The former has o.bout twice the loading capacity, 
costs less to buy, and costs about the same to operate. The sedan de
livery is somewhat neater and easier to drive. Its disadvantages a.re 
small loading space and low clearance. A party working in well 
settled country and living in hotels cnn make good use of the sedan 
type. For more remote regions, or where camping is necessary or 
desirnble, the panel truck will be found preferable. 



Chapter 3.-SPECIAL PROBLEMS 

BASE LINES 

A base line can be me:isured o,·er any ground where the muimum 
grade between tape ends will not be more than 10 percent. Since the 
introduction, in rnao, of the four-point tllpe support for t:iping on 
railroad rails, base lines hnve been. loc-.ited on rnilro11d tangents where
l!Ver possible. This method of support permits the required accuracy 
by eliminating the tendency of the tafie to cling to th~ rail and thus 
not be subject to the proper tension. Prior to i:s introduction, many 
ba...ce lines bnd been located to one side of railroad tangents in order to 
tak~ 11dvnntage of the cleu.red right-of-wny. An importunt nuvn.ntage 
of the rail bBSe is that it eliminates the necessity for clearing and sta.k
tng, except for short sections near the end stations. The disadvantages 
of the rail bnse are that its location and length are fixed by the track 
1md that in hilly or rolling country it is usually situated in a. valley 
thus tending to complicate the e~pan!=ion figure. Another disad
vantage is that the rail base usually requires offset end stations, but 
with proper care these will introduce little, if :iny, error in the length. 
The bad refraction conditions along a. rnilroad track are lnrgely elim
inated by the use of hlgh steel signnls which may safely be erected 
adjacent to the roadway. Careful study on the part of the reconnais-. 
s:ince man will overcome most of the disndvantages and therefore the 
railroad ba....:e should ordinarily be selected i£ possible. 

RAIL B:ASES 

The track for bnse measurement should be well-surfaced :ind 
aligned. A well-kept mllin line is e:\:cellent unless traffic is very 
heavy. A track ''"ith badly battered rail joints :o:hould be avoided i£ 
possible although e~perience has shown thnt good resulrs mny be 
obtained on it by the use of proper precautions. Imperfect nlign-

. ment usually takes the form of long drifts or bows from a true tan
gent. The errors introduced by them are snrprisin:;rl~· small. ...\. bow 
with a middle ordinate of a.bout 30 ind1es in t\ kilometer '"ill cause an 
error of only one part in l million and this error c:an be lnr~ly 
eliminat~d by computing :in approximate correction based on the 
nn~?le of deflection. Howe\"er, a trnck thnt is full of zigzag kinks is 
un!Satisfactory for base mensurement. 

If alternate sites are a\"ailnble. it is well to con5i<ier nll factors 
such as physical condition of tr:ick, number and speed of ~rain mo,·e-
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ments during dnylight hours, and accessibility of the line at fre-
quent intervals, but the actual conditions impo~ by the scheme of 
triangulation seldom permit of much laticuc.le of selection an<l the 
reconnaissance engineer will generally be forced to take the only 
acceptable location a vnilable. 

Since n base-end station cannot be placed on or too nenr the rail. 
it must be located either on the extension of the tangent or on a nor
mal offset from the rail or from the rail t-nendetl ut u curYe. Ob'°i
ously the two base ends may be of different typ~. When it is locat~l 
on the ~nension of the tangent, the men~urement and compntntions 
are more simple and less subject to accidental errors and the station 
muy be placed at a safe dist1mce from disturbances due to new track 
work or on some elevation more easily obsen-ed from the main scheme 
stations. The enension off the track mu~t be carried on stakes nnd 
this is an additional expense. but this extra e~ense should be dis
regarded if a material imprO\·ement can be secured in the base and 
the ba."le net. At times the enension on stakes is of such length that 
the base is said to be a combined rail nnd staked base. 
If the base end is on the extension of a tangent, the reconnaissance 

engineer should carefully project the line and locate the e.l:act spot 
for the station which should be dearly described. · This is important 
becuu..i::e the triangulation is u.swdly <lone nhead of the base mensure
went. If the trinngulntion building pa1ty foils to set the base stn
tion accurately, n troublesowe offset 'rill be required when the base 
is measured. 

Offset hnse-end stntions are placed npproximntely nt right angles. 
or normal to the base line. at the termini of the length measured 
on the rail. The offset should be as short as possible without seriously 
affecting permanence of mark, clearance of signals. etc. \ ery fre
quently the station mark is placed in or nenr the right-of-way line. 
but care must be taken thnt the offset measurements do not present 
unusual difficulties. The grade on the offset can e:tceed somewhat 
the 10 percent muinium set for the bnse line proper hut it should not 
be e~cessive e\en though it mny be necessary to locate the station un 
lower ground nnd specify a higher signal. 

When nn offset station is used. n stnke<l line. enending from the 
station mark to the base line nt n distance of tlu-ee or four tape 
lengths from the station, is usually measured by the bnse line party. 
It pro-rides a closed triangle, nll sides of n-hich are meo.sured, nnd is 
a valuable check on the nccuracy of the connection. The reconnais
sance engineer should note the possibilities for such n shunt line and 
should so loc~te the base end us to permit this men::uremem to be 
made. • • 
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Conditions along n railroad sometimes preYent the mensnrement of 
a base as a single strnight line nnd a. broken bnse similar ton traYerse 
line between the two etllls must be useu. The breaks should be kept 
as . few as possible in the interest of nccurncy nnd simplicity. The 
ma:timum deflection permissible is 15° hut it should be kept well be
low thnt if possible. The points of tleflection must be visible from 
those adjacent or from the bnse end stat ions without the u~e of high 
signals in order to gh·e a closure in nzimuth. The breaks in direc
tion will usually be at the points of intersection of cun-es. If the 
currature is ~li.ght the poi11t:; may fnll near th~ rail. or e'"'<'n be
meen the rails, in ~hirh en~ the~· must, of com~. be ~isible without 
the aid of signals. The t-ecmrnuiss:mce en~ineer ~hould locate the 
breaks in direction, or A stu.tions ns they nre called~ n<ljacent to the 

. base-end statioru; so that the triangulation party can murk them nnd 
mnke obsen-ntions on them. 

In railroncl location. curres are much more fre<1ttent in crn~sin~ 
valleys thnn in c~in~ ridges. To obtain a tan~nt of snffic-ient len~h 
for a ba5e. it is often necessary to plnce the bn5e·encls on relnth·ely low 
ground and haYe the midllle of the buse hi~lier than the two entls. 
Genernlly, this presents no great problPm as the line of si~ht follow~ 
the cleared ri~ht-of·,l'ay and it is only nt>Cessnry to ~pt-<·ify ~i:znali:: hi~h 
enough to clear the ground leYel and to ~Ye sufficient ·deamnce to 
minimize effects of heat radiation and refraction from thl· rails. If 
the ba....::e ends are offset stations they muy be plnce<l nn oppo~ite sides 
of the track to advnnta~. Care must lil' C'Xf'n-i:-ed to a mid i11terft:?r-
ence from telegraph liues along the ri~ht-of-wuy. ·· 

STAKED BASES 

Prior to the adoption of rail tape supports. many bnse lines were 
meusured on stakes driven nlon:-~ide raih-oncl tracks. The ri~ht-of
wn.y provided a. straight, cleared line with no damaf_res to crop:-o. This 
method cun still be used where track conditions render the rail uppa
ratus unsatisfactory and it cnn also be used alon:r a hi~hway. The 
stakes mny he dri,·en from 4 to i feet away from the nearest rail or 
in position to be out~ide of switch po!"ts but in~ide of huihlin~ lin~. 
Occasionally <l ~ood line can be found nenr the edge of the rii;ht-of
wny! but n!;uully this is blocked by bnil<lin:,..rs or <:ut up by dirches and 
borrow pits. .Along hig:iHr-ays. stnte laws ~nerally prohibit the driv
in~ of stakes within the limits of the shoulders. 

Railrond safety regulations in regard to clearance are quite rigid. 
The loadin~ width5 and permissible distances of fi3'.ed oLjec:t:-; from 
the rail are usually fi3'.ed definitely by the individual routls. In general, 
no ohjt•ction is ntnd<• to stakes or hlock!-i on the t ies which are not 
higher than the rail, e.:tcept at stations and through switching yards. 

• 
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Generally, a 2-foot. stake is permissible within 4 feet of the rail nnd n. 
higher structure at a minimum clistance of 10 feet. .Arrangements cnn 
sometimes be made to stake and measure through a restricted area. 
in a single day and to remoYe all obstructions before night. The recon
naissance engineer should in\ariably interview or W'rite to the proper 
railway official. u..qially the dinsion superintendent, and explain fully 
the plans for the proposed bnse. Consent to use the right-of-way 
mu practicnlly always be gi°\"'en. 

Under some conditions, it ~ill be fotmd necessary to locate a base 
line away from railroads or highways! where it must be measured on 
stakes. The maximum allowable difference in elevation between suc
cessive 50-meter tnpe ends is 5 meters. The center support must not 
be above the grade of the tape ends. Since modem tapes are gradu
ated at 5-meter intervals, any convenient :fraction of a tape length. in 
multiples of 5 meters, may be used. Rough ground, if it will permit 
these limits to be maintained, is no serious drawback, nor are nn·ines 
that may be spanned by a single tape length. Staked ha..i:e lines are 
generally straight although breaks are permissible under the same con
ditions as for rail bases. In locating a staked ba..i:e. the reconnaissance 
engineer should actually fpllo"" the line throughout its length in order 
to note any obstructions and to be able to make suggestions regarding 
any unusual problems that come up. He should estimate the a.mount 
of crop damages, if any, and investigate the nature of the soil as 
a.ffecting the driving of stakes and their stability. The alignment 
should be tested carefully where obstructions occur along the line 
and the base ends should be so placed as to a void these obstructions 
if possible. It is desirable that the bnse line be easily accessible by 
truck at several places. .\ road pa.ralleling the line or a series of 
cross roads is very desirable. 

BASE NETS 

The allowable accumulation of the quantity R1 between bases or 
other fi1ted lines~ as stated elsewhere, is 80 for first-order triangulation. 
Th.is corresponds with 12 to 16 figures, including the base connections, 
under ordinary conditions. The figure or figures connecting the base 
line to the main scheme is known as the base net. It is evident that 
i111Y appreciable loss of strength in this net will re<lnce the e.ffectfre 
permissible distance between base lines. 

The ratio of the length of the base to that of the line of the main 
~heme, to which the base net is connected. is known u.s the e~ansion 
ratio. It should seldom e~ceed 3. Severn! factors! including the 
infie:cible condition of inter\isibility~ go°\"'ern the selection of stations 
for it base net. The location of the ba'!e line is usually fixed "°ithin 
rather nu1-ro'' limits and frequently will lie in an area difficult to 
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rench from the main ~heme stations. On the other hnnd~ the figures 
ue less restricted as to economical prot-'1-ess throu~h the !"Cherne. over
lnpping in area. or surplus lines than are regular- main-scheme fig
ures. The expansion should be mu<le as simple :ind ~ith as great 
strength as possible. 

Since the controlling conditions imposed by nature are so different 
nt e~ery base site, it is impracticable to recommend theoretical ex
pan!iion fi~'Ures. .Advantage mu.y be rnken of the method of length 
expansion by distance angles in combinations of ncute and obtuse 
angles. (See p. 11.) The table on p11ge 10 shows thut the length 
of a triangle, one of whose dist.ance a.ngles is within the range of 

.. 
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"1ouu 2!5.-Stronc e:r1>1uuafon 11,url!W. ratio 1 to 2. 

35° to 50°, is almost constant with the other distance nngle va~ 
over a. r.i.nge of 90° to 130°. For e:tample. a tri~u1gle with distance 
angles of 36° a.nd 124° has an expansion r-.i.tio of a.bout 1.U and a tabu
la.r value of 6.6. Two such triaugles in ~ries will double the length of 
the measured base and have a strength of 7.9 if they are combined to 
form u. quadrilateral. There are seYeral ways by which this may be 
done. (See A. B . l\nd D, fig. 2:S.) C in fi~'Ure 25 shows a stronger 
expnnsion of the snme ratio gained by placing the base at right 
angles to the line to which it is connected. I t is believed an obsen-er 
will be be:-:t 1Li<led by sugg~tions found in actual applic:u ions to field 
problem::; similar to his own, and seYer:il such are shown in figure 26. 
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The reconnni~s:m<'e engineer should estimnte the approximnte posi
tion of the base requiretl to keep the !R 1 within nllownble limits 
''"ell before reaching it. Axnilable mnps should be studied for pros
pecti\e sites nnd e:tpnnsion figures. "1)en the site is reached! the 
uet is worked out on the ground e~nctly ns nre the main figures. It 
is sometimes necessary to mm-e the ba~ along the nrc some distance 
in order to find n suitable site. In other cases. nn outside figure or 
short spur to the bnse site is required. The possibilities of site nnd 
the required strength of the net ''"ill diet ate the e.xpansion rntio and 
l~ngth of base. A long base usually results in a simplified net and 
is generally to be preferred. The cost of a railrond bnse 5 miles long 
is about the snme ns that of one trinngulntion station! although an 
additional stntion for the base net mny not cost as much ns a regular 
main-scheme stntion. 

lfost present-day nrcs of triangulation nre nbout 10 miles in width. 
There is little renson for having a base less than hnlf thnt length. 
For larger schemes, nnd espednlly where a strong net cnn be worked 
out. a.n e:tpansion ratio of about 3 to 1 will be found economicnl. 
Occasionally, on a small or modernte sized scheme one of the lines 
of the regular scheme can be measured as n base and thus eliminate 
tJ1e expansion net entirely by having a base somewhat longer than 
the ordinary one. 

RECOVERY OF OLD STATIONS 

One of the duties of the reconnaissance engineer is to recover 
uisting stations to which to connect his work. These are frequently 
stations of early surveys mnrked in a variety of \lnys and the de
scriptions mny be inadequate or out-of-date. 

If the original marks nre \isible, people in the locality can usually 
point them out. If the stt~fnce indications are gone, the recovery 
often requires much patience and lnbor. Triangulation stncions are 
ordinarily placed on high ground and in n. country of de.finite relief 
the highest hill will usually be the site! the immediate ncinity of 
which can be located from the original description. If the type of 
soil permits. ='Ystematic sounding with n. prodding bar may locate 
the subsurface mnrk or fra~ments of the surface mark. When ref
erence and witness marks are noted in the descriptions, some trnce 
of them may be fot1ncl e'\"en for very old stations. .A lnrge tree noted 
in .the original description may sometimes be evidenced by a rotting 
stump or log or . by dis~olored ~oil. Old signnl foundations may be 
indicated by slig-ht depre5sions in the surface, by softness of the 
subsoil. or by penetration of top soil into the subsoil. ~o dig~ng 
should be done until all snrface indicntions ha\e been studied. Dig
ging for n sub:-urface mark O\er n large aren is a !urge tusk and 
there may be objections by the 1nndomler. 
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~metimes directions to tanks, chimney~, windmills, church spires, 
etc., which were observed when the station wns established, can be 
duplicnted by trial at the site and a close appro.mnacion to the 
station position thus found. Several subsurface marks ha \e been 
recovered by the writer by this method after all surface imlicntions 
had disappeared. In one instance, the directions on four church 
spires 6 to 15 miles away were duplicated with a -l· inch theodolite 
and the subsurface ma.rk wa.s found w-ithin 18 inches of the point 
thus determined. If solar observations are used to obtain the 
azimuths of the lines, it is possible to use this method when only 
two distant objects are visible. 

If a reference mark can be found. not too far from the station. 
the distance cnn be taped and the direction determined by magnetic 
compo.ss. If the distance is fairly lnrge. it can be determined by 
men.surin~ a short bn.se and two angles as explained on page 50 and 
the direction can be obtained by a solar observation. 

Many old stations were marked mth tiles or pottery of various 
forms. If these marks have been broken. frngments of the materials 
remain in the top soil almost indefinitely and nre of much aid in 
the recovery of the station. ....\.t many old stations broken tile, glass, 
churrotll, ashes, or other foreign substance was mued with the soil 
at the ~tntion site. This was an e~cellent practice and should be 
revived. · 

.uiy <liA"~ing required to locate a station should be done with 
care. The subsurface marks nt old stntions nre usually small and 
frngile, and can be ensily broken or displaced by careless digging. 
For this reuson. some e~perienced mnn should do the work. Dirt 
of one depth of the shol"el should first be removed and the new 
surface inspected for foreiA'?l mnterinls. voids. soft spots, and dis
coloration. An old e:tcavntion below plow depth will remain soft in 
most ~oils for mnny yenrs, nnd topsoil penetration into the subsoil 
is a sure si~ of previous disturbance. Such indications will often 
locnlize the di~gin~- at once. If ir be necessary to go deeper, another 
lnyer is tnken off nnd investignted in the same manner. Each 
shovel full of enrth should be broken up to s~ if it contains nny 
frag·ment!" nr other evidence of the ma1·k. ~igni; will often be found 
w-hirh w-ill mnke it unnecessary to excavate the entire nrea under 
in,·esti:zntion to the fnll depth. If there nre many rocks in the soil 
it is neces~nry to inspect each one before remm;ng- it to a \oid acci
dentally d~troyin!? the subsnrfare mark. Sometime~. a little in
vesti~tion with n knife blnde nn•l whisk broom "°ill save a. great 
amount of cli~~nS?. Some know-1Pd~e nf the methods used by the 

• party that estn.blished the station will ~ently nid the reconnaissance 
engineer n.nd it is also useful to lenrn if possible hnw the station w:is 
destroyed. The loss of surface markings may be due to local devel-
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opments, to a fill over the original surface, or to a thorough destruction 
by vandals. 

Cases arise in which it is impossible to recover a station with any 
reasonable expenditure of effort on the part of the reconnaissance party. 
It is then permissible to call for a test station in the immediate vicinity 
of the lost .QW'k. If it appears probable that the subsurface ma.rk may 
still be in place, the position of the test station muy be determined by 
the triangulation party from the nearest recoverable stations and the 
distance and direction from the test station to the old station may be 
found by an inverse computation. The station can almost always be re
covered in this manner if there are any remnants at all of the original 
marks. 

A regular reconnaissance description should be written for each 
recovered station, including a statement rega.rdiug the condition of 
recovered marks, a note covering any irregularities or displacement of 
the mark, and a recommendation for re-marking if that is necessary. 
A recovery card should be submitted for every established station 
visited even though it is not used in the proposed scheme. 

CONNECTIONS TO llARKS OF OTHER SURVEYS 

Reconnaissance engineers are instructed to make adequate ties to 
surveys of other organizations in the S:lllle area.. Such sun-eys 
include those of the United States Geological Survey, Corps of 
Engineers, United States Army, (including }fississippi and :liissouri 
River Commissions, and Lake Survey), General Land Office, Reclama
tion Service, State Geodetic Surveys, cities and private organizations. 
The 1Lmount of labor and expense to be incurred is left to the judgm~nt 
of the reconnaissance engineer. 

Connections to the surveys of the United States Geological Survey 
should include on~ or more position ties to traverse within the the arens 
of each 15-minute quadrangle sheet, and length, position, and azimuth 
ties at intervals of ~ to 10 figures to their triangulation, '~ith int~r
mediate position ties if convenient. Since triangulation of the Geologi
cal Survey is found only in mountnin or open arens. nil required ties 
can usually be made by incorporating their stations in the mnin schem~ 
or using them as supplemental ·stations ~ithin the figui-es. · 

Connections to triangulation of the Corps of Engineers should be 
made in length, position, and azimuth at poL"lts of crossing or inter
section. If the new arc is to overluy or parallel triangulation of the 
Corps of Engineers specific instructions will usually be issued but, if 
not, length, position, and azimuth ties should be made at interval'i 
of 6 to 10 figures with position ties at intermediate points if co11\e11ient. 

Connections to surveys of the General Land Office may consist of 
occasional position ties to section corners to be made by trnxerse. 
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Position ties should be m11de to any special monuments such as those 
marking base parallels or ~ide meridians. In some in..~nnces special 
coopernth-e work has been carried on with the Gener.il Land Office. 

Surreys of the Reclamation Service are confined to projects. If they 
are of sufficient enent and are monumente~ a length, position, and 
azimuth tie should be made to them. 

During recent yenrs. locnl control surreys hnve been carried out in 
many States under Work Projects ... .\dministrntion auspices, gen
erally by menns of tra\"erse. On account of the great vnri:ition in 
quality of these tra\"erses, a position nnd azimuth tie should be made 
nt intervals of about 10 miles along :my line of trn\"erse that lies 
within reach of the tri:mgullltion scheme. Since most of these trav
erse lines are in the vicinity of cities, where · n forge number of control 
stntioni:; i~ net-tlt><l. the 10-mile interv!tls shoul<l not be con!-iidered too 
costly. Spt-cific instructions will ustmlly be ~:meu concerning 
connections in this class. 

Any city triangulation within the reneh of the new arc should have 
at least one strong connection in length, position, nnd azimuth. The 
number of additional connections should be ~'erned by the e:ttent of 
the city survey nnd by the ease of accompfo;Jrment. Control surveys 
of private orgnni7.ntions, if of proper accuracy~ should be connected in 
about the same way as city surveys. The desire of the orgnnization 
for data and its willingne~-s to cooperate should be considered. 

If additional stations are needed for connectiom, the reconnaissance 
party should consider the signal building requirements, not only from 
the ~tandpoint of the time required by the building ptirties to erect 
the si~rnals but also as to the availubility of si~als when needed. If 
more signnls are required for any given position of the observing pnr
ties than it is possible to build before they are needed, the progress 
of t11e observin~ party '"ill be slowed up. In metropolitan areas, the 
value of suppltomt.>ntal stations is such thnt some delay is justified, and 
in other areas the value of the enra stations will e:tcee<l their cost, 
including the cost of resulting delays. Under aYerage conditions, 
howe,·er. all necessary connections can be mucle without overtaxing the 
Luildi11g parties if careful plans are made. Proper distribution and 
~implification of the ties will generally gh-e the desired economy. Sup
plemental and tie stations should preferably be connected to the sta
tious of the main scheme figui-e within which they lie. 

CON:"lECTIONS TO TRAVERSE 

Where'"er a line of traverse of the Const and Geodetic Sun-ey is 
cros..--ed by the new arc of trian~lation~ a connection should be made 
to it. The minimum permissible connection is a single position and 
azimuth, that is, one station of the traverse incorporated in the triangu-
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lation and an azimuth obset'Ted from this stntion to another tra\erse 
station. The fom1er may be either a main or supplemental station of 
the triangulation nnd the azimuth station preferably one adjacent to 
it in the trave1-se! although not necessarily so. (See fig. 27.) 

The most desirable connection consists of two tr:n·erse stations 
incorporated in the triangulation with the line between them obserred. 
The two stations need not necessarily be adjacent traYerse stations 
but. if not, on adjacent station should be obsen-ed for the azimuth 
connection. (See fig. 27.) 

I 

c 

Since trtn·erse lines usually follow \alleys and consist of short lines 
as compared with triangulation, the abo'\"e method is often imprac
ticable. as a substitute, two tra\erse stations may_ be used as supple
mental stations on opposite sides of the triangulation arc, with adja
cent stations observed for azimuth connection. This has the advan
tage of spreading the connection over a considerable length of the 
tro. verse ttnd of mnking a rigid tie in length, position, and azimuth. 
In case one or both of the nzimuth connections cannot be made, the 
two position tie:s will orient the tr:n·erse in azimuth. (See fig. 27.) 



86 U . S. COAS'I ASD GEODETIC SURYEY 

It frequently happens that signals cannot be built directly over trav
erse stations on account of their proximity to roilron<l tracks, telegraph 
wires. etc. It then becomes nec-e::sa.ry to use an eccentric point which 
complicat.es the accurate connection in azimuth. If proper care is e:ter
cised, however, in measuring the eccentricity the connection will he sat
isfactory nnd should not be omitted on this account. In any case where 
the ndjncent trnversc• st:ition is lost, any other one that can be made 
visible may be substituted. 

Sl,,PLDIE:\"fAL STATIO~S 

Supplemental ~tntions form an important part of a triangulation 
:ire and will proLubly rt>Ceive more and.more attention in the future. 
Such stations are no'"' called for in all to-n-n~ and cities of over 3.000 
population. on the cnmp1tc;es of nil en~ineoerin,!? colleges nnd universiti~ 
nenr state hi,!?lm·nys. and on county lines. Any station est<\hlished to 
connect to another survey may be considered a supplemental station 
for these n~. 

An a7.imuth ma.rk is require<l at all mu.rked supplemental stations 
and this requires that they be occttpied. A sin~le do~d trinn~le is a 
permissihl~ connection for a supplementary station nlthou~h n third 
line is dc-:-ir:tble. If possible. all ~uppk•mental stations should be con· 
nected to one fi~1re only of the mnin scheme or to iuljuct>nt lines only 
of t""o adjoin in~ fi~ures. Intersection stations mar he con nt>eted to 
nonndj:H-ent stations and depend on an im·e~e po!-iition compmation 
pro\"'idt:•d no better tie is possible. 

Ordinarily the loc:ition of the additional stations depends on the 
judgment of the reconnaissance en~neer. The same conditions gtl\ern 
their sel~tion as for main scheme stations. It is desirnble to obtn.in 
a fairly uniform distribution of the stations over an area e~cept where 
special con<liti1ms or needs mnke addit ional st<\tions desir:ihle. In · 
sections not COYered by quadrn11~le ~heets. a supplemental stntion 
phu:e<l neu.r the corner of four future quadrnn,!?les will ~atly aid in 
controllin~ the topo~1phic mappin~. 

Since supplementul stations will &!ldon1 be 11~·d for carrying for
ward len~th and position. 50me,~hat WC'uker fi~u~ than those of the 
main scheme are permitted for ren:0ons of econouw. The R, for an\ 
supplemental fi~re should ~l<lom e:tc:~ 15, hu,~·~n~r. a11u stron~r 
figures are, of course, desirable. 

STATIONS ON Bt:ILDl~GS 

Occasionnll~· it is found desirnble to place either n mnin scheme or 
supplemental station on the roof of a building-. E:cperience indicates 
that observations taken from good solid structures 11.1-e fully satisfac-

• 
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tory. The~~ of buildings is often necessary in carrying tri:mgulation 
through a metropolitan area where the height of obstructions e.~ceeds 
that of available signals and in enending spurs into the business dis
tricts of cities. In some cnses the building site may be of great con
·venience to local engineers. 

The disadvantage of stations on buildings is principally lack of 
permanence. The life of a. city stn1cture of the best class is seldom 
over 50 years and during its life it is subject to alterations and repairs 
that may destroy or obstruct the station mark. On the other hand! it 
is often possible to transfer the position and azimuth to street level 
where they will be reasonably safe. A building affords u point of 
vantage for extending city triangulation and city surveyors mll often 
take considerable care to protect and preserve such a station. Build
ings should usually be nvoided as sites for stations of the mnin scheme 
but nre quite satisfactory for stations primarily for use in the control 
of a city area. 

The best type of structure is the modern steel-frame office building. 
Modern buildings generally have roofs of sheet lead or of concrete 
covered with asphaltum. The roof is nearly always surrounded by a. 
parapet wall 4 feet or more in height and there mil usually be super
struchm!s such as elevator houses and chimneys. The station must be 
carefully placed if it is to clear all lines and one or more eccentric 
set-ups will sometimes be necessary. On roofs of the sheet metal type 
the regulation disk mark cannot be set and the station is usually mnrked 
by a small cross in the metal and referenced to standard reference 
marks set in the para.pet coping. This is easily done if the coping 
is of stone but if of terra-cotta some smaller type of reference mark 
should be specified. Permission can usually be obtained to set the 
standard station mark in n. drill hole in concrete roofs. It is then 
sealed by pouring melted tar over it nnd mil usually be good for the 
life of the building. Refe.rence marks mny be set in the same mnnner 
on the coping. lien.surements to walls, angles, etc., will make it easy 
to recover the marks hidden by the tnr. 

In selecting the location of the mark on n building. consideration 
should be gfren to the problem of trnnsferring it to ground le\ el sinct' 
only in that manner can the position be used for starting traYerse. 

The parapets and superstructures on some buildings are such as to 
require scitffolds to secure visibility. TI1ese should be nT"oided if 
possible both on nccount of <lamnge to the building n.uJ of the 
danger of objects falling oT"erside. 

BOl~DARY SURVEYS 

Triangulation is being used to an increasing enent in the sm'T'eys 
of boundary line:;, and when triangulation control points become n\ail-
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able in :ill locnlities it is probable that this method will supe~ede older 
methoJs entirely. The triangulation method consists in determining 
the positions of points along tm est:iblished line or in clemarking on 
the ground a giYen geocl~tic line. For the lattet·. tria11'-rt1lation sta
tions :ire placed near the line and, :ifter their positions are determined, 
computed offsets are measured to the true line. The reconnaissance 
party must determine a. rnnclom line sufficiently close to the true line 
to make these offsets of convenient size. The stations near the bound
nry may be either main scheme or supplemental stations. TI1e main 
scheme arc may .be made to strn.d<lle the boundary with supplemental 
stations at intervals along the line inside the main figures, or if con
ditions permit the stations on one si<le of the main arc mtlY be placed 
along the boundary, with addit ional supplemental stations in the 
intervals between them. A snving up to 25 percent may be m:tde by 
the latter method~ and the nccurncy will be improYecl. In some cnses 
the main a.re may follow a line of least resistancr on one side of the 
boundary nnd the supplement:il stations needed to control the bounclnry 
will then be outside the main scheme. 

NAllING STATIONS 

The reconnaissnnce pllrty assigns n. name to each station selected 
in order to identify it. Although the triangulation party is authorized 
to change the name. it seldom does so. Ca.re should therefore be used 
in selecting a suitable name. 

Perhnps the best n:ime is that of some geogrnphical fenture or 
politic:ll subdivision at or nenr the station. If the station ·is on the 
summit of some well-known mountain or hill of reco~nized name, 
it may be given that name. If it is on a blutf O\"erlookin~ n. river 
it m:iy be given the n:ime of the river. ~imilarly. it may be ~iven 
the name of some nearby town. church, or school. or of the township 
or county in which it is located. Duplicate names mnst not be used 
within a county and preferably not within a State. ~£any ~~rnph
icnl names are too long and unwieldy for use. but abbreviations for 
brevity are not •ery satisfactory. TI1e bf>~t name is ont! which will 
inst:mtlv a~socinte the station with a. well known feature in its Yicinitv 
and an ~bbre\"iared name usually fa ils to rlo this. -

In mnny cuse~. the name of the landowner is .zi•en to thf> station. 
The ach·antatres nf this a.re that it narnrullv ::timnlarec: interest on the 
p:!rt of the owner. pro\·ides Rntficienc \"ar i1:>ty to arnid d11pli1·at ion. and 
sen-es to make the 5tntion ettsy to locate quickly from inquiry in the 
nei~hborhnocl. Th~ cl i:'advnnta~re~ ar<' that if rhe land ch:tll!!"~ h:m1ls 
the name will differ from that of the new O\\"ner aml that in :-ome ca!"es 
a pa.rt of the marks "·ill be on adjacent prnp1• rry~ the owner of w·hich 
will ha •;e a di.tf~rent name. This ma.y ::e~w of minor im portauce, but 
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jealousy ~tween neig-hbors frequently results in a request for change 
of narnt>. A tenant may claim ownership and arouse resentment in the 
landowner when he finds the mark named for his tenant. In a grea.t 
many cases, however, the owner's name is the only suitable one that 
can be found and it must be used in spite of the disadvantages. Often 
a farm will have a reco~nized local name derived from some former 
owner, as the "Old Bradley Place.'! In this cn_c::e, the name "Bradley" 
may properly be gh·en to the station if the present owner does not 
object. · · 

Facetious n:tmes should be avoided. The use of names of men on the 
party, particularly informal or nicknames, should be avoided for 
obvious reasons. lfonosyllnbic nnmes with.out meaning, especially 
when in a seri~ formed by the variation of one letter such as "Don," 
"Dot." -Dow.!' etc .• serve as poor identifications. Irrelevant names 
arisin~ from some minor incident. such as " Flat!t for the name of a 
station at which the reconnn.issa.nce truck had a fiat tire, or "Mud" 
~ause of a strictly temporury condition, should not be used. 

The name should serve not only to identify the station but also to 
suggest its location. Brevity is desirable but if a longer name is 
required properly to sel"TI! the purpose it should be used. Care should 
always he ta.ken to see that the name is spelled correctly. Geographical 
names should be ac.-curately derived and personal names should be 
verified. Many proper names of the same pronunciation are spelled 
quite differently. as ~Schneider" and "Snyder." A Il1Wpelled name is 
apt to cause confusion. 
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