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For«word 

Lme-of-slght analysis is an teportant aspect of many geographic 
problems, particularly those relating to tactical, military planning. 
The standard procedure for solving auch problem» require# drawing earth 
profiles. Although it produces accurate results, this method t*>es « 
great deal of time. A device hae been developed which will produce 
equally accurate result» in conaid»rebly les» time. When the under¬ 
lying principle and the procedure for operating the device ar« clearly 
understood. It is a simple matter to «»ice the necessary adjustments tc 
solve a variety of problem». 
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A :F71 CE AND METHOD FOR ANALHING I. IN F OF 31 CHI 

1. Introduction 

An important aspect of w&ny ¡géographie investigations is line-of- 
3ight analysis. Heretofore, moot problems involving line of sight have 
been solved by drawing earth profiles, i.e., vertical, cross sections of 
the surface along a traverse. Although this produce# satisfactory 
results, it is a laborious procedure. 

The inefficiency of this method became acutely evident during a 
relief study which sought to determine the effectiveness of terrain for 
shielding troops from thermal radiation of nuclear or other weapons. As 
a consequence, a simple device was invented to eliminate the actual and 
repeated drawing of profiles and thus to miniraise the time required to 
study line-of-sight situations. 

This report serves as an instruction manual to accompany the new 
device. It ie anticipated that people with varying degrees of Knowledge 
and ability will make use of the Instrument. Thus, the author has 
written the text and designed Illustrative material with this assumption 
in mind. 

The meaning of the term "line of sight" is reviewed In this report. 
The new device, and procedure for operating it, are described. Appli¬ 
cations of line of sight to specific problems, by means of tbs device, 
are discussed. A person unfamiliar with the subject will find it 
necessary to study the entire report. A well-versed person need refer 
only to the description of the device and procedure for operating it. 
With a little practice, an individual should be able to use his own 
Ingenuity to adapt the basic principle of the device to suit his own 
needs. 

2. Line of sight 

a. Definition 

Line of sight is a term which denotes a straight line representing 
* line of vision, or the line along which light and other electro-aagnetic 
waves travel from a point of origin. An infinite number of lines of 
sight may originate from any point. These lines radiate outward in all 
iirections along aximuths and elevations. Such waves continue to travel 
in a straight line until they are refracted by the medium through which 
they pass, or wet an obstacle high enough or dense enough to obstruct 
‘-heir course. Figure 1 Illustrate# the line-of- sight principle. 

' k:U»JilnAiLitfUfeilllJül., ff.Ji JJH. JlhL-irUa aA k„1lW.Ä LIM U!tey*Ll¡miUMU!M L.'M L> L’L UV I "V Lflrf ! V l fVV ß. 1 -.. 
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UNES Of SIGHT 

Figur« 1. Lin«« of «i|^it 

Lin«« of sight (A C and A C) originat« at A. Th««« lin«» 
radiai« outward until «ncount«ring object» at C and C , Th« 
respective lin«« of sight touch B and B* in transit. 3 ob- 
scur«« the «urfac« below th« lin« of sight between B find C 
{»haded area X), BiaHarlJr, B' obscure« the surface between 
B* and C (shaded area X')* 

b. Aja^^atlons 

There ar« eany occasions or purposes for which it is desirable 
to determine the lin# of sight between or beyond two points. Any 
problem demanding precise knowledge of interference or lack of 
interference by objects to a straight line makes use of this principle. 
How much of an area can be kept in one's field of vision without being 
obstructed by higher land? Will certain terrain feature« interfere 
with radio waves? The answers to these and similar qusstions may be 
vital in such diverts areas ae military opsratlons and the television 
Industry. A quick method for analysing auch situations la necessary. 

e. Method of analysis 

Solving llne-of-aight problems requires knowledge of the heights 
of the objects which determln« the line, th« distance between these 
points, and the configuration of the surface over which the line travels. 
Aside from actual field observations, llne-of-sight problems are most 
practically worked out in conjunction with contour map«, since actual 
values for heights can be read from them, and distance* can be measured 
directly from these maps. Surface configuration can be most accurately 
reproduced with profiles on which lines of sight can be superposed. The 
technique for drawing profile» is illuatrated in Figure 2. A delated LgU 
description of this process can be found in FM 21-26, Map Reading 
or any standard introductory geography text. 
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Flf, ir« 2a, Section of a topographie map 

A profile is to ba constructed along line A B. 

3. New device 

a. Purpose 

alon(tA«^rnñ.'1í'^ÍMUOn*Kr**;rdln* ‘"'•'"-f*"-«"'« «nd >l»do» ar,„ f ny line of sight can be observed from earth nrofll«* tk«. 
profiles, as described in Section ? ^ The9B «r 
solution of l,n^ rV,r,^U- b? Thu., th. 

HOS. or .1Shtn^fc^*r.hî^irpro«^,.Î.1:TuÏ;.d:,k “ 

concBrninii the lin* nf .k«. • vi.® oomvion oí prohi«ns 
mg ene une of sight between or beyond two points. 
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ÜB9criptlon 

i.î'Uc^ Z'tjLZTn r^::T,:z^ usi* rr11^ 
a P«rp«ndlcuiAr lln« ar« "T1*8 of parallal Unas and 
»crlb*d on U. ply"’ M ÔÎ5* IV * ■ln*1, Un* ^ ln- 
»»•«nbl«) «id roady for op.r .tÍoÍ ÍiÍÍÍI /ÎStT .3K5h0", t''' ‘,'vlc' 
a.».*!«! Wd th. ™rlou^rtí“d«,tÍS2. ^ d*Vl<:e 

Figure 3. Device aaoenbled 

kbÍ¿L¿ÚklA&¿J Ji£j!!Sk!iafJ!*£JldJ!Jbl*?Jib^ itSt , "•T* ..fTaJl'iiJ?. Aj"\ iLff\ ikJ\ »L.J1 
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Flgw« 4. r»,ric« unass^bl^d 

(2) 

(3) 
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Th* dwric« oonidit* of throo portai Um boat, allda, and ■«<%»» 
A bolt conn^rta th* piwt witríL baaa. ' Uá%*« #*<*. 

" «tITÜi t0 ?SOUnt th* for lxith «d amalar 

joojr« to *>«1 the .lid. and to .aid. «».„t of th. 

^•ar{3MÍ^Ín.r,ÍT!,?f "^^«^«PMad par all al 
COTtWtiJ^PfíwiÍ P*n*ndtcular to (1) 
dSïTÎÎ L<1)* (1) (4) *•«**»*■ fom a parpan- 
(3)^ lin* ar* 4 Un# of rafaranca with raapIdTto 

ïtïIîitA lí the S1? ^ 4 lln# of reí arañe a straight lina usad to ra»iraaant lina of ni «ht 
•p.rtjw through Aich th. bolt conhwt.lhTplrot to 

•trçight lin. PM-01.1 to (1) «id p.rpmdlculmr to (3) 
;L*n,po:lc,n;.of •iid*bi* 

a)(2) ^ -11^ ^ 

’¡1 
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This iipparatu* s«.rv<ss as an aid to visualize » ---om» „f ik ,- 
dien« a lina of sight. It should be kept in mind o \ . I * Surface 
' r ' h' d.,lc. .r. substitutoi for ^ JL, t 
11 rrrtly on , contour asp so thst no profit Is sctusllj drs^ " '* 

-V* .7fo^rV^b“: niviAT.z: r ^.rinT1- 
t^itííurnVr^^Âí1^.'»^ z uar° —' 
dlculsr lins (8) is . substitut, for Tí * f’ri*r~ 

coníícuS tuo ’ m íh.«,^tí*Pr*rtrS íh” Un* °r sll<hl 

•kill lust ÍTÍ«.ln«ÍÍ ♦P^fll^Und*r cwl®id««tlon. However, scaae ^ a«»*lop#d to use the device properly. 

Method oçoaxauga 

cissrir 

Sv.ppoee thst Hillsboro. Kentucky, is a umIois * T. . 
nscassary to pises sn obssrvstion post in ths srss froa^uhicb to ^ 
uír/^mf *’ln« ^ “O »«» «rw itaut TÎ ÍSTs^irt cr 
r^n if • yU lî0° ^ M«h uhleh is constdsrsd** “íLbís sit. 
for to. port. Howsssr. thsr. srs ssssrsl nssrtr hllls sni. r i i , 
■iglit obscure the roed fr*» »k«a .*«_ • \vf■%rejL~s* ®°®* of which 
not these hills seriously Interfere ii*^ í*t4mln# ^«ther or «r .s_k. i* ". ■wrioa>Af interfere with the view of the road • n_«_ 
™-TSi. tl0n “ •■t*bll,h«1 -It» to. .id of th. dÍílCÍ is 

4 . fh# iirï,t •'■•P toweräs solring this nroblee Is to locate th* 
^ ^Ittñí'o^t'be 

Kentucky, topographic sheet^^withTh5 i* * of th® Hilleboro, 
The prom.«i obleîvatlïrÎÎ* th! r4C4,SÄ»7 infomation recorded, 
hinrTî^s dob^rvation site le found and suitably marked. A. The 

■»rtid ?S “Jf B3C*T 1îi)rf,IrrnC*- flT* !" r, sr, sclsct^i „d 
* Cl » Cl’ 1 A,. 3; S( B5)\ “"•! Hnss of sight (A Cl, 
riss’hllls ;r* i*" * pssslng .cross such of th, 

fcUo. Ü .(C1,’ M* C3' Ci>- C5)- Dur1"* ,h« 
loiríífh , r*?d*r i# to consult Figure 5 

apyroprlate ^rts'of th* Í* .iN,®b#rB ln Parentheses refer to the 
p. ropriate oarts of the device as noted in Figures 1 and 4.) 

. WWU MX'm K::l£a v .1 . «.« 1 



«'Ll SHORO 

Kl-RTUCKY 

^ í rur* c T'ri 

c'>»ní^PÍ>^.,20 rírt1to’5Ôrfárt)nlUCl'T<7) <contour ‘'"■»rval 

B*i: fBT: ÎTm °rr ^ 
Ci - DO,.,. __/ f*“’* lo.torr.r-nc« «. C3, C4, C5 - poSlV;;-^ dÍ“?* ^‘«Tíronc. 

L,n„ , C1> „ ¿2i t cf” j1* “"Tf hill, ,.ly ,ha,ow 
A ^ * C5 - linea of «i,,» ^o h,r : 

4,1 b'is®¿lr;eii for profil«. 

linea of Si^M from hi ] i 
th«se I " *3 

*i'i V* 
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14 -^o:o,:,n,:t,^;f::rUdej:rru;Fwint3 «de„uflCÄll nr<* : ce • j . ,, 1 ltR «na the device w ,,. . , , ' * *ca> * on 

*. i«¿l T Vh' ^111 (3) to form « ,ell. ^ ^ v,lUBS 

' m ,nd b'*'Un* <’> ^ «, ÄioVÄ ^o’^,“111 

And device are held in thie ^ «uperposea point A The 
°P«ratlon. thU ^«tlon.Klp during the reet «?^ 

¡»h » 
SllHln® by tiSrtei^'bf^^8 then i^cked against ^•*ngthwl8e 

The slide is moved hoi-i «n..t . n 

In thi. C«Í,^T th* •lotion of Solí? ci1?: 
i’! •»low the third grid llnefwM1ht|.C5’ ’Pr^^Mtely 840 feet 

the value* 
of ffti mrui .. te moved eo that (6) colnri h«* P°®ttion de- 

»ïïâ-3!“5 œr»?“"”“ S^r-sir 
■ '••f—nt. the elnilated 11« 0f 

i? ¿•^^’th.^IítíinTf dTí:lb}h*fr0" *■ th" *’<* 
at thirj?ihAt (8) hm ¿HíTro^ I1 ábove* The 8lld® 

thle point. The elevation of BÇ <wi , * P®**P#n<llcular to (5) 
and 1* found to corresoond with ♦? ,^00 1# located on the sc*?» of fgi hHth dw , . ■P000 ''tth the fourth ktía ii«» Î n* scale 

V ) with the fourth arid line lie« h»i«~ ^~n®* The intersection 
. the 11„. of .f^t í^ü" (6)> hm B5 do.e n?? 
visible fro. peint A. *" * «• Thus the road 1, cl.aily 

Îilïîin the elevat 
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SO 
\ \ J4 i •Si coincidas «¡tí, ;ln. * c4'th!¡'■»d''!h"“ 1'' th” 14 

writ*, point *, 1^1 * ", r “P- h* intersactior, of (sj &• 1 

’1 -1. »nd pl.„t ,r. ^.JuilTlíTcót,.1^ abov” i» The 
"d of pointa A.^î ^ “íí” th" ■Üffrin* oi.vaUon, 
t POir,t“ * *"d CA bi ;6 ,Th.^„I,7 UnV°r 14 ostabi 1 shad 

íiaf.t:: (6h; ftri?-3^»- .i^ucr ^m r1™ ^ *re 
Pro. an ^ Hm wlU obtu^ tT^ W” 

For .ach ÏÎÜ" “nn*r aa U„.. A C5 and a C 

¿Z°r, “Z? *•"" « tl- Lrín^TJÜf“ *' ’llh th* ‘Wropcî.t 

thr^l^^î^*Cp^foîUÎLtLrtÎ?i' Pf «.uall.ln» th. 
santatia# al.vat ionaTTc^ ST^,* f"*'* ^ Pl«l^ th. 
,77, C*r*ful -ctutii^ of fltm^TéTíd1? rflî ** th" dr,lP* 

^ th.t » accurst a prom, can b. d.acribidíitho^^^^nr"" 
d. AdAr#l*f.4r™.. 

dlvldusi 1°,Tf?-1** fr?e*««r. da.crlb«! aboy. to fit in 

^l0n'^( •Ifd'.tlon. of t»”i h*^)1^ ^T"** ^ b* 
thi* lln« has bs«n dstsrirfr^i” to •■^»bllsh a line of 

lajsition Sion* thi. lina c„ b. 2¾¾ SaS^o"^^.*4 W 
TKasswA « a._ a. 

-- vw vu© XXJ1«. 

h“b«crcs«irîrin?ï' i°rJinMf'*ight M*v»is. 

ferring to lin. A C5 in slrtîL^ 7rtlcul*r point (figura g.) r*P" 

el«ratfin fJ0 th* rx>sltlon ^ qiisátion.C5 fro» point 
leTTf u k ** C? alonrth«‘liIïenfP°Î2*B5» the 

if xt position C5. ^ h 11 f “i«1*1» was «xasdned tc 

shadow fron J ^ dstermins the extent of 

particular point (Figurs ftf? In thiîit^f Jlght 0riglna’ ^ *t a 

The arel^îÏ^^Jj^hi^obJ^t t0 ^ ®W¿ct clûîi^ ãífÍL 
-uid than b. studied to ..c.ítaií ' 
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riw.6. D*vic* in operation 

,b"* "** ^,r* •••^to *h- .t 

r,w.‘ ^<A)' 
°!7“« « on th. „P (c)í of («) «Ith (5) 
.5 And a P°lnt sUfhtly below to th* intersection 
correspond, to the •levation ^ thlM *rid lln# ^ch 

6\S?T the line off,ïita!?f^OXl“t,ll^ ^ f«*t (C5). 
.. f® ) indicates the position P°ints A and C5 

Thlh°ilrTteri,®Ctlon of (ß) 1? 
^onTmll^r B^900 ^ti win Î« Jn5 ^ th® *P (b) 
hr!oí V • *, tJhr fourth ifrld Une (BÇ) tm. T h* #ca1® 

1 r wil1 indicate that hill n< 1 U* 
L f ^roai A* A Kraf#ilc illustrsM °*# not obstruct th* 
htf ro,1R^ In Pl/rure ?«. ^ illustration of this situation ..,f, 

r 
*. 

s 

(W„T 
Hw 
'1* « r, 

■■ 

lÜá'Wui« fljMl SL» Puk riikji.. J a 
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Figur« 7. Profilai Along linea of sig^t; Hillsboro, Kentucky^7) 

7e reconstructs lin«-of*sight conditions for line AC5. 
The ho ri sont el lines on the diegreet repreient the grid on 

the device. Elevation values are assigned to this sca^c a. 

50-foot intervals with baseline (5) value of 800 feet. 
Vertical line A a represents (l) and (U) on the device, 

a is the intersection of (U) with (5V overl/^ hill A on the 
map. A is the position of the bolt end of (6) affixed to the 

scale at the elevation of hill A (1200 feet). 
Vertical line C5 c5 represents (8) positioned over point 

C5 on the map. c5 indicates the intersection of (P) and (5). 

C5 is the place at which the elevation of point C5 (approx¬ 

imately 8W> feet) is read on the scale. 
Line A C5 represents the adjustment of (6) to estabiisn 

the line of sight between hill A and point C5. 
Vertical line 05 bj represents '8) when it is moved to 

overlie hill B5 on the map. b5 indicates the intersection of 

Í8) and (5) over hill 35. B5 is the point at which the ele¬ 
vation of hill B5 (900 feet) is measured on the scale. 

The four additional diagrams are reconstructions of the 
other lines cf sight discussed in the hypothetical prcblerr. 
Variations in elevations and placement of points have c««n 

made in accordance with the different lines 

13 
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Ö. ArranfMMnt* for <11ff«r«nt Iin«-of-«lght situations 

A - point of origin ; B - position of Jblsct Ir, aussi 5 on; 
S - lin# of sight ; S* - lin# of sight continusd beyond object 
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Many protelem.« can b# 8olv*d by using ■ultipi« linee of si^ht, ii; 
various wb»nation# of these two arrangemente. For instance, it '-¿u, 
bcf determined whether or not a number of positions would be shadowed by 
any objects in regard to linas of sight originating from a particular 
point (Figure Sc). The ejt8ui»|il.e in Section 3c is a problem of this sort. 

Another combination Is to determine shadowed area» cast by various 
'tjj'ects by several linee of sight from an origin (Figure 8d). Here 

ntnemrou* line« would radiate from one point towards numerous objects. 
Positions beyond these objects would be studied to delirlt the extent 
of shadowed area. Military consideration* of thermal effects from 
nuclear or other weapons exploded at a particular point exemplify this 
1ine-of-sight arrangement which would reveal areas sheltered by terrain. 

The interference caused by surrounding objects to a particular 
position from lines of sight meanatlng from various origins can be 
disclosed by a number of Unes of sight directed toward one position 
(Figure 8e). To place a television tower so that a town is best 
served, a number of possible sltee could be selected on which to place 
the tower. Lines of sight would be drawn from these positions toward 
the town, and the terrain lying between the proposed sites and the re¬ 
ceiving area examined to find that site which presents the least 
Interference to reception. 

One other combination of Unes is to determine the interference 
caused by various élévations within an area from Unes of sight 
emanating from various origins (Figure if). A meteorological study 
of the amount of sunshine an area receives would illustrate this 
situation. One series of points would represent the tun's position 
at different times of the day and another serlos, those elevations 
which would cause shadow. A number of Unea of sight would be drawn 
connecting each point of origin with the appropriate elevations. The 
areas shaded, at différait hours of the day, would be outlined. 

«• Spoclal conalderations 

Additional coneidermtlons may be necessary for certain problems. 
In some instances, euch as placing of television towers or observation 
posts, the height of these objects should be added to the elevation of 
the surface before eotabUshing the line of sight. 

Although all the examples cited have dealt with topographic nape, 
th® device is not necessarily limitsd to surface observations. Any 
contour map may be used and It is conceivable that application of the 
principles set forth could he used with subsurface contour maps. t*-; If it is impractical to use actual values for elevations, angular 

I heights may be used and proportional heights calculated for the various 
^ objects. For meteorological studies, where the height of the sun above 
W the earth’s surface is too great to be workable at this scale, some 
i * 

15 



PffUMH 

ti 
».i 
pvi 
N 
rv 
l- 

ft 

i 

jdnapy calculatIon» are n««d«d. h height representing the ^ 
e 'i.-'terinined by the angle at which the eun*» rays fall to earth, 

put. at ions of this sort can be determined fro« the Air Almanac, ^ rmibilehe 
yearly by the U. 3, Naval Obeervatory. 

All the above described procedure» will work satisfactorily and pro¬ 
duce accurate result* on any contour «ap reganileee of «tap scale. Scale 
is not a limiting factor since one la daaling with relative, rather than 
absolute, values of distance and height. The parallel lines on the grid 
are evenly spaced and unnurtered; hence any value can be assigned. The«« 
values can vary fro« «ap to nap and proble« to proble«. 

These methods will work eatiafactorily at relatively short distances 
where curvature of the earth is not a liantinf factor, or where the slight 
earthward bend of high-frequency radio wav»« ia not restricting 
(TM 11-673).V3) Beyond that distance, an operator would still be able to 
utilize the device but would have to compensate wentally for the apparent 
lessening of heights due to earth curvature. Tilia can be accomplished 
with the aid of a table which show» the emit of apparent diminishing 
of heights at specific distances fro* point of origin. This amount is 
then subtracted tram the actual height as preseifted on th* map. Table I 
Indicatea th* amount of apparent disdniahing which occur» at various 
distances away fro« a point. 

TABLE I 

APPAÜZXT LESS Hi MG OF HEIGHT DUE TO EARTH CURVATURE* 

Distance Divergence Dietanc# Divergence 

(mile«) _(feet) («11—)_(^) 

5 
10 
15 
20 
25 

Ik.k 
57.4 

129.1 
229.5 
35H.6 

30 
35 
40 
45 
50 

516.4 
703.0 
916.1 

1,162.0 
1,434.6 

«SeeHRÏbliography, number 6 

If only one map scale were to be used, however, a base could be 
designed with curved, rather than horisontal, lines and so compensais 

for earth curvature without these calculations. 

f. Areas of possible uss 

The examples cited to illuntrat* th# operation of the device have le 
dtcated that its use is not limited to any one field of sixty. ArtuaUL^ 
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I 
•.t>fM »v«r H 18 n«»cw*ímry to d«t«mln® line of sight m-l *h*-!'>,iM ,:,.,,.-- 
by trregul»rille» of terriln, thl» device cun be used effectively. 

Military »dance 1» on* of the major «reas of study In which the 
tevici can find application. Probleme of visibility (FH ?I-?6),( • 

which heretofore were solved by drawing profiles, now can be worked not 
wire quickly. Planning for operstione, auch as positioning of tro-.-p- 
and supplies tc receive maxima protection from the terrain, or local - 
log area» of defilade and enfilade will be facilitated. Additional 
llne-of-elght situations are discussed 
Requirement a (HuniUtO Technical Report 
device alsocould be applied to these. 

The device can be useful in the field of coimrunicat Ions. High- 
frequency radio wave« trayai by lina-of-eight transmission (Van Rostrand’s 
3dentiflc. Bncrclopadla).'"' The device can be employed to determine™ 
suitable location* for VHP and UHF transmitter and receiver towers, and 
to indicate thoee regions where portable VHP and UHF transmitters can be 
used most favorably (ÎK 11-673), 

Other fields where the dairies could bs an asset are: geology, to 
work out problems requiring knowledge of the location and extent of ore 
bodiee, or the dip and strike of strata) civil engineering, as an aid 
when planning underground oonatmotion euch as tunneling or excavating 
where it is necessary to determina the extent of hard and soft strata; 
and meteorology, for problema requiring precise knowledge of Illumination 
including solar radiation, evaporation and precipitation studies. 

4. Conclusion 

The above-described device has proved a distinct aid tc simplify 
the process of line-of-sight analysis. Its greatest advantage ovar 
previous methods, Is that of a time-and labor-saving device. It is also 
flexible and movable so it can be easily adapted to suit a variety of 
problems. It* small, compact sita render* It ueeful in both laboratory 
and field situations. The operation of the device is comparatively 
»imple and, once understood, can be applied quickly to make accurate 
déterminât lone for numerous problems. 

Application for patent is on file at the U.3. Patent Office under 
»erial number 694,6fl6 dated 5 November 1957. 

‘"(TO 43) he principle of the 
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