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INTRODUCTION 


Early and reliable detcction of forest fires is the keystone of efficient 
fire control. It means the discovery of fires while they are small and 
results in 10w('1' suppression COBtS and damages. Pl'ivate, State, and 
:E'ederal fire-protection agencies througholit, the country, recognizing 
this fact, have spent considl'l'able time and efl'ol'l; plallnin~ IMkout, 
systems which will give the best coverage for the investment 111 towers, 
living qURl·ters, roads, trnils, and telephone lines. This work has been 
reported by Abell and BCCnUtll,2 Show and Kotok (27),3 'Show et al. 
(28), and othel·s. 

Detection time stnndnrds, which are arbitrnry discovery time goals, 
vary from day to day and season to season. "filCH the fire occurrence 
rate or fuel flnnunability is high, action must be fastel' and surer if 
fire losses are to be held down. Visuall'fillge 4 also fluctuates frotH dav 
to day or month to month and is a factor controlling the number of 
lookout mcn needed on duty to attain a given detection time standard. 
For example, Jemison (19) found that the smoke from a }k-acre fire 
could be seen at noon on the Cumberland National Forest in Kentucky 
an aVl'l'Rge of8.0 miles in September, but only 4.4 miles in November. 
Since, in this '{JRl·ticulal· fOI'est, the }~-acr{J fiI'e is con~idcl'ed the mmd­
mum allowable size on discovel'y for average bUl'ning conditions, 
lookout point,s during November need to be operated not more than 
8.8 miles apart, but the points manned could be 16.0 miles from each 
other dUl'ing September. In Septembcr, only about one-fourth as 
many lookout stations as are needed in November would have to be 
operated to COV()l' an tu·ea. This spa6ng would ordinarily be modified 
by topographic conditions. 

Studies Wl're started in 1932 5 to answel' two questions: 
1. How fal' can an object of small angular diameter, such as a 

sta.ndm·d-sized smoke column, be seen thl'Ough a hazy atmosphere? 
2. How can visibility distance be measured by methods useful to 

the the control agcllley'? 
A fundamental !l.PPl'oach has been followed thl'Oughout the investi­

glltion in Ol'dl'l' to estllblish the basis upon which the answers to many 
ol'firtieal deteeLion problems rest. Incidental to the main study a 
11llmbel' of useful devices have been developed, including an eye test 
for selecting keen-eyed ObSCI'V('l'S, a IULze-cutting filter, and goggles for 

lAbell, C. A., and neeman, R. M. Planning a lookout system. U. S. Forest 
Service. Appalaehillll Forest Expt. Stu., 44 pp. 1937. [Prilcessed.] 

3 Italic numbers in \)arentheses refer to Literature Cited, p. 43. 
• The "visual range' of all object is the distance at which it is barely visible. 

The term is slightly more gcncral than "visibility distance," used by the Forest 
8ervicl.', which is the dh;tance at which a smoke column of specified size and den- , 
sity can be seen und recognized US :l smoke by the unaided eye. These terms, us 
well ns certain othel'$, arc defined in:nore detuil later. 

6 Thesc studies were begun by R. :Eo McArdle at the Pacific Northwest Forest 
and Range Experiment Station, Portland, Oreg., and were later continued at that 
station aild at the Southeastern Forest Experiment Station by the senior author. 
Other forest experiment station workers lutye also been engaged in various phnses 
of visibility resenreh, but the discussion here concerns chiefly the work at the two 
experiment stations mentioned above. 
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lookout men. In addition, several principles useful in,fu'e detection 
hnvn been evolved. . 

It, was apparent tluoughout the investiglltions that Illthough the 
visnal rnnge of n small body of smoke (01' !lny othel' objcet of small 
ungulllr dillmet('r) wns dct<'rmined to n lnrgc extent by the scattering 
and ,Ilhsorptioll of light by the lower ILtmosphCI'l', the nntm'e of vision 
itself was equnlly impol'tnnt. It is not possible to derive the bnsic 
expt'cssion fOl' the visunl rnngl', of a small obj{·et unlcss the rdntion 
bctwel'n yisunl acuity 6 and suell fnclol's us brightness, object-back­
grollud contrnst" and stl'llctUl'O of the object is known . 

• 
VISIBILITY AND TIlE EFFECT 0.1" HAZE UPON I'F 

TilE EYE AS AN OPTICAL INSTRUMENT 

An undt1l'stnnding of some of the ll1echnnisms of Vision is bnsic to 
nny discussion of Lhe fundlullentnls of \>isibilily. Wlll'n light fl'om a 
distnnt object t'nl('I'S Uw ('ye, it is fo('usN\ b~r the opticnl systl'm of 
the e;ve so ns. to Conn nn inmge of the obj(>eL 011 Oil' I'(ltinn (fig. 1). 

c 

---~ 
F'IG~'IU; L.,Diagmlll showing tl1l' optical systcm of the eyc: C. codea; D, iris· 

dinphrngm; L, cryslllllinc Icns; 1\. posterior nodlll poin"; R, retinll. 

The rdinn ('OITl'Spon(\s to n photographic film, and, like a film, it has 
n chnl'nctl'ristic grniil. The I'(llinal grain consists of closely packed 
individunllirO'ht-sellsitive receptors which nre connected by nerve -fibers 
to the visun center of till' bl'nin. 

Unlike 11. photogl'nphic film, the retina is not equally sensitive over 
its entiJ'(~ slll'fnce. If the ('ye is ndnpted to dnyli~ht conditions, criticnl 
vision .is confined to a vel'Y smnH ccntrnl al'ea 01 the retina, known as 
thc fovell, whidA is less thnn 1.5 degrees in nngulnr diameter, The 
sensitivity of th(' outer I'('tina d('crenses rnpidly Witll increaSing disM 
tnnces from this ('('ntl'nl highly sensitive nren, This vnriation in the 
s(,l1sitivity of thl' retina has nn important ('(feet on the ability of an 
observcl' to d('tert smoke and nlso on his methods of obsel'Vu:tion, 

a j'Visual acuity" is defined as the reciprocal of some arbitrary angular dimen­
sion (usul\l1.\~ the angular diameter in minutes) of an object WhE)ll. it can just be 
resolved or identified, 
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ThN'O is mol'c to seeing than f,t study of thcvisual mechanisms would 
indi(Iale, and all efficient observer must possess eel'tain qualities in 
addition to good ·eyesight, Su('('essful seein~ IMy be I'egal'ded as tho 
'integl'ation of many difT(H'ent phase's of visual expel'ienec, Differcncc!'; 
in tIl(' illuminnJion, color, and shape between diO'crent pal'ts of tho 
retinal image aTC· meaningless until they al'l' intel'preted by ~he ob­
Sl'I'Vel', His a hility to mak/:' suutle distindions wlwn tlws(' difTel'en('es 
IlI'e small will th(,I'(,fol'e dl1p('nd not only on th(1 quality of his eYi~sight 
but nlso on his intt,lIigl'll('(' lind on his judg.ment built up from pl'eyious 
expel'iencc, A ke('n-eyed but untruine(\ OliSel'Yel' might find it difficult 
to distinguish II snmll smoke from dust 01' Ii smull pnteh of cloud, An 
expel'leneed obsel'vel' with (I}~('sight of the same quality would be less 
likely to IlI1"e this clifHculty Ilnd might (,v('n b(l able to give additional 
infol'lnntion from the mea get' dl'tnils (If thcI'otinnl imugc; fol' eXlUnple, 
he might be able to judge the t)1)e of fu('!l in. whiclltho firo was burning, 

HAze AND AJR-I,IGHT 

'rllP t('l'lll 1/ hnz('" mlw be ddined as thc luminous veil which obscures 
distn,nt, ohj('ds aild tnnkes th(,ln difficult to sec, This y('il is ea.used 
by t.ll('· Sl'nH('I'ing, refl'ndion, nlidn'f1edion of light by th(1 innumel'lt­
ble pal'tie\rs susp(,ll(le<1. in tl\(1 atmosph('l'l' between the obseI'Y('I"s cyo 
and the distnnt objeet at whieh 11(' is looking, Howevcl', the concept 
of hnz(',as n, Illminous y('il is not as simple as it might nt first nppeal'. 
'I'he v('il is nctua1\y three-dimensional, and its pI'('senee is a joint 
phenomenon betwepn the ('xistenct' of n light somee (01' sOUl'ces), prol'ti­
('\('S in the atmosphel'(', and tlll'il' n.bility to ('hnl\ge the dil'l,etion of some 
of the light coming thl'Ollgh tIll' ntmosphel'e. Haze deli ned in this 
ma.nne!' dOt,S not hnye quiLt, the snm(' menning as it. has in cCl'tnin 
othel' meteol'ologie'nl uses, but. this (lpfinition se('ms mQl'e compntibh 
with lhe onlinnl'Y use of til(' word nnd with its ['elation to forest fire 
detcdion, " 

'rlw ntmosphel'(, is IH'Vel' I\. p(,I'fedly tmnspn['ent nwdium even where 
tlw 1\ iris ex('('ptioHnlly ('\('nl', Psunlly it eontnins n suspension of small 
pnl'tiel(,H of man.,~ kinds, slleb liS smok(', dllst, sporcs of fungi, pollen, 
lind bnf'!el'in, whieh n hsod) n nel senU('I' light. EY(,11 the mol('eul('s of 
thr ptll'e gns('s comprising lilt' lI.tmosphel't" contr'ibute to the scnttet'ing 
ofli~hl. In (,(,I'tn.in I'('gions nenl' the scuconst., the nir mn.y contain salt 
plll'tlelps whit-It IIl'e Il'ft wbell droplets of o('cl1n spmy eVlrpOl'ate, 

PI'obn,bly most haz(' is eausNI by smoke. In thc castel'll United 
Stat('s, indush'inl smoke nnd smoke from dwellings scem to be the main 
SOUl'et's, nncl IH1Z~Y conditions il1 nny given region am determined to a 
In"ge extent b~T the population density, 

Aeeol'ding to th(' definition givl'n hN'e, hazc would not cxist on a 
completl'ly dnl'k night OV(,11 though the atmosphel'l' was londl'd with 
sCl1ttel'ing pnl'tie\('s. At night, particl('s interfere with fil'c detection 
b('cnus(' they rcchlce tl\(' nppnl'l'nt, bl'ightness of the flames, whieh an 
obst'l'yer s('es ns though 11(' wcrt' looking through It ncutmlfiltel', 
Nighttime ~Iet('etion of fires is mu('h \('ss important, howey'('I', than day­
til1lC'deteNlon. ] n the Nl(5h'!'n Fniled 8tH.il'S, for exnmplr, 94 percent 
of 10,131 fil'('s in 1042-43 stnl'tt'd during dnylight hOlll'S (i:31a. m, to 
to i:30 p, Ill.), und it is ('ons('I'Ya tiycly estimll t('d that about 90 p('rcen t 
of all fil'l's nl'e dis('oY('I'('(l during dn.ylight. In nOl'thel'1l Caiifol'1lia, 86 
percent of nll fires during the period 1921 to 1930 originated bctween 
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6:31 a, m, and 8:30 p, m, (27), , A de>tni1ed discussion of visibil ity of 

r fin's at night is not nttrmpted in this pn,p('J', n.llhough nighttime 
d('lrclion tlU\y ('ollstitut(' nn impol'tnnl pt'obh'1I1 t'egionaUy, 

"llllz(' bl'ightJH'ss" is a quuntitatiYe photometd'c lel'll1 anel can be 
expl'cssNI in nny of thl' ('ommon bl'ightness units, 

'I'h(' tl'l'l\l 1IIIIlze pnrtide" nmy c\(,l1ote Illl indiyid IInl plU'ticlo sus­
pendNI in t.he ntmosplll'I'{' which is cnpnbleof dUlnging the direction 
of u light l'lly, ]i'og 01' eioud pnrtie\es could pl'1'hnps be eallNl huze 
tHlrtieles, but it is probnbly Ilt'st to eonsid(,!,' tlH'l11 ns sepl1rnte, unci to 
r('sel'YI' the t('rm llhnzc pn,rlieic" fol' the smnii('l' nnd morc perll1llncnt 
part idl's, 

II Ail'-light"may be d(,finrd IlS t.he luminous flux which is ('mitted by 
lu\.ze. Ail'-light lWllrs the sllme 1'l,llltion to hllz(' IlS skylight docs to sky,
It is not possible to IlInl((' It ell'nr-eut distindion b('tW(,(~ll sky nnd bnze 
01' betwP('n skylight, Ilud nil'-light, Sky b!'('omes hnZl\ or skylight bo­
('Ol11t'S nil'-light whell nn obsl'I'yel' is looking in It 11101'0 ol'less horizontnl 
dil,(,etion. ~ 

The nir-Iil~ht is th(' I'esult of l'eSOlllUH'l' s('nttpring, difl'l'I1.etion, reflec­
tion, Ilnd .l'pl'metion of sunlight, sk~Tlight, PIHthlight, nnd I\, l'cpetition 
of Uw 51\,111(.' ,)1'0('('5S fOJ' til(' ail'-light itself, 'l'\1l' Illst phcnonwnol1 is 
known tiS m\lltiple sl'nttt'l'ing, lind til(' inclusive term "seattCl:ing" is 
g('ncl'IlUy I1SN'. to dcs(,l'ib(, tlH' t'C5lrltnnl I'ffct't of Ill! of the pl'OCCSSCS 
whie\t ClIn CIUVlg(' lhe <lil'(,(·tion in whieh light is tl'lwPling, 

If tIl(' slIspcndl'd pn..tidt's IlT(, Y('I'Y snUlti {'omplu'('(l with tho waye 
kngLh of light, s(,ttttpl'inf( is of til!' 1'('S0l1an('c type, In resonance 
seaUt.'ring, th,' ligh t scatt ('I'Pc! at right nngll's to tl1(~ OI'iginal beam is 
cOl11plptply plnIlP-polnl'iz(i,d lind has only hnlf the intensity of the UIl­
polnrizNI light senttpl,'l'(1 in. e'itlH'1' th(' fOl'wal'(l 01' I>n('kwal'(l dit'cction, 
For intpl'l11('dinh' directions the' scattt.'I'('(1 light is pn.rtinllyplanc­
polal'izcd, Kno\\'ledg~' of this plwnomenon of polnl:ization led to the 
dpY('lopmcnt of th(' haz('-pen('t;l'llting filtel', dest'I'ibpd Intel'. 

If til(' PI1.1'ti('\0S fLl'p large eompn,l'ec\ with the wave l('ngth of light, 
sueh as tll(' pnrtieles in fog 01' mist, s('altl'I'ing will. be duo mostly to 
l'('fleetion fLllli 1'('fJ'l\(·tion by th(' individlln.l p:utides fLnd only a ncgli­
lrible lunount of th(' seattel'ed light will be, plane-p01n.rized, Sil1ccthc 
din.nll'h'l'S of HIl' ptU'tieles n.I'(' distL'ibuted ov(,r n. eq,nsid('rn.blc range, all 
tyP('S of S('Mtl'J'ing IIsun.I1Y ('xist simultl\.ll('ouslv, TIre following tabu­
lation, modifi(,d fl'om n. iHngmm ginn by Dilvidson (15), shows the 
rn.ngc of dinlllctcrs of different kinds of pm'tieIes: 

f)iameter 
Suspel!soid (",1"erOIl8) 

~mok('s ~___ ________________________________ •_____________ -_ 0.001 to 0.3 
811l0k~$ (n \'('rll!!,(')_~________-- __ « __ ~ _______________________ •• 0.25 
l'('rll1!I)',!' J\ I at1Il0spheric illl pit rit ies _________ ._.«___ •__________ « 0.001 to L 0 
Dust c:tU!~ing llllig clulllllgC ________________ • _________________ _ 0,5 to n.on!lct('rlll________ _______ • ____________ ... _... ___ •• « _. ___ ___ _~ • 1.0 to 15l'lant spor('s. ___________ . _____ • _______ .... ______ --. _______ _ 10 to 30
Pollens ClluRing hay feyer________________ •• ____ • _______ - __ .-­ 20 to 70 
F()j! or cloud., • _____________ -- ___ .---------------- 5 to 50 
~lillt__ ._." .• _•." •.•• _._._ .• ______ • _________ ._.__• ______ _ to50 100 , Smok(' pnrti('If'l'l lU'(\ dropl<'tB of ll!.'!1l'ly tmnspnrent substlmcc of 
low \'npol' PI'(!55U1'(" fOl'm('d by the ('ondl'l1Sntion of the unbul'Iwd gll.sc­
ous fl'n<'lions of fu'.':s llu\'ll as wood, (,01~1, nll(l oil. Ineomplete eombus­
lion afton ('/lUS('S tIll' pl'{'dpi lntion of l'a1'bon pnrtieles n.n(\, to n small 
extNlt, !\Sh plu,tides, which m:o ncarly opaque. If such pm'~iclcs are 

. '" 
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presont in any gr<!at number, scattering will be accompaniecl by true 
absorption, n,nd the hfLzc will have a darker appearllnce than when the 
scattoring prOeesses only arc present, 

Thc)' jl.pI)Cl\rance of distant objects seen through thin smoko or 
through n hazy atmosphel'o is much difrercnt fl'om that of similar 
objects seon nel\l'hy, . In th{\ imml'lliatc lil.ndsel\pe, color I\ne! bright­
ness contrasts al'(\ high, Shadows arc dee-p and rle-al'ly defined, and 
the deepest shadows oeeasiotHLlIy have 0. bhlish htlo of mal'lwd satura­
tion, In tilt' distant 11\lldscl\pe, color and brigh tness cont.rl\sts arc 
gl'eatly reduced, a.nel the- distant s('elll~s IUlNe n mIlCh softor Il.ppel\ranco 
than those nOM'by, :Most ('olol's undergo 1\ chnnge of huo, I\nd with 
Uw ('x{:eption of the whites I\l\(l 'rrmys, the satur.l.tion of ~hc colol'S is 
gl'Oo.tly decrensl'd, The reds all( browns tuke on n purphsh hue, tho 
gl'l'('J1S appl'ltl' bluish gl'cen, ~ut bluish hues cht\nge little, 'l'he con­
tl'll.st b(·tWN'll tho decpest shadows I\nll tho brighter pl\l'ts of the scene 
is smnII, The bluish \Toil of ho.z(1 til.k(lS on considornblo l)J'ightness, but 
its eolol' is less slLtumted thl\n thnt of the Ilei~rby doop shl\dows, 'rhe 
npparont, ('0101' of distant colorcd objocts is discussed in considerable 
detf~il by .Middlr.ton (24), 

The brightness of n. distnnt object is decrcnsed by tho senttering and 
nbsOl'ption of light by the intervening I\tmosphcre, but is inC1'el\sed by 
the air-light froln th~ haze betwl.'l'n the. Obsol'ver and the object, The 
npptll'lmt bl,jghtlless of the objeet may be computefl by means of the 
Kosdlluiedereq \Intion which is dis(·lIssr.d in the Appendix, A detailed 
dcrivntion of this equation 1\8 applied to smoke column brightness is 
"iven by BrtJ(·(l. (3), . 
"" Although the ('0101' changes ctl.used by varying the distl\nce from an 
objf'ct arc velT noticcnblt1 

, their !'freet on the visuall'ange is negligible 
compll.rod with thll.t of the corresponding brightness and contrast 
cl1t\ugcs , 

THE VISUAL RANGE OF S~IALL OBJECTS 

DEF.INITIONS 

The "visunl range" of It given object may be defined as the maxi­
mum distllnce Rt which the object cun just b~ seen by an obsel:ver 
with n0I'111111 yision, For complex objects the val'ious parts of which 
arc to be l'esoived,7 thr. vislllli range is the maximum e!istRnce nt which 
I't'solution is just possible, 

The tel'll1 "visibility distnnce" is used to donote the maximum dis­
lance nt which R smnII smoke cnn be secn nnd recognized !lS a smoke, 
To simplif~T COllYCI'Sion fl'om one unit to the othel', it is al'bitral'ily 
nSSIUl1Ni thnt thll visibility distnnce of a smoke column is 70 pel'cent of 
ils visuuil'llnge, Such nn assumption is necessary, as will be brought 
Ollt Intl.'l'j in o I'(}(' I' to pl'o\'idl' R pl'tlcticlll snfcty fnctol' in detection, 

The wonl "visibility" is OYl't'wol'kcc\ und of ton vngue,~Iuch of 
the ll1enning of Lhe w(wd could be r('tnined and vugueness nvoided by 
introducing n mOl'll specific concept, the visibility !lngle, This term 
would be defined fiS the nngulnr distnnce between the direction of 
yision (binocuhu') unci the dircction of the object when it can just be 
detected, 11'01' exnmplc, nIl obsct·ycl' l11ightbc nblc to sce Ull object 

7 A complex ohj~'ct mny be defined ns one haying two or more part!!, which must 
be reiloh'~d or seen ns sepnrate, •. 
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plainly by looking directly at it. If the object were moved to one 
side (his direction of. vision being unchanged, and the distance of the 
object kept c:ollstant):, it,would finally reach a position whei·e it would 
be barely vh;ible. The visibility angle would be measUl"ed in degrees 
and fOt~ ~nny given object its numerical value would depend on the 
angulal· dimensions of the object, the contrast between the object and 
its back<Tl·ot.md, the background brightness, and the quality of the 
observOl5's eyesight. Illustl"l1tive test objects and their visibility angles 
when view/ad in daylight by an observer ,vith normal eyesight are 
listed in tho accompanying tabultttion. 

Appro.rimfl/e Illloular V/lfbilltu
,/lrllt,,./o,,& allole

Test ObjCllt: (111 ifI III..) (dtoret8)
'l'clcphcme pole (85 feel. distunt) viewed agaillst a baek­gl.'oulid of greell trees _________ • _____ ._____________ 34 x 700 40 

Gray IIlltolllobilc (200 feet <IisttlllL) viewed aguinst. t\ 


mot.tled background of green vl'getatiolland light soiL 100 x 240 37 

Dalldelion blo::;~om on green lawll____________________ 4, x 8 29 

I,arge, light-colored billboard ngninst background of
green '·cgetntioll ________________________________ _ 480 x 960 92 
FCIICC po::;t vil~wcd against grccll 1I\wll_______________ _ 15 x 90 51Black spot 011, yellow paper ___________ ___________ _~. 2x2 9 

The word "vi!:!ion" typed on yell!.)\\, paper. (~feet distant);
just, visible ••_______ • ______________________ •• _.__ _ 8 x 48 47 

The word "vision" typed on yellow puper (3 f(~cL distant);
just readllble ______________________ • ____ ._ _______ 8 x 48 2 

TIH' visibility !ttli'll'S fOI· blnek disks of. difrerent angular diameters, 
viewed agaillst a Wilit~ bnekgl"Qund in dnylight, ean be rendily deter­
mined from the curve in figure 3, (liseusscd luter, the ordinates of. 
which arc plotted in terms of the recipt·ocal of the angular diameters 
of the disks. 

The eoncept of tt visibility angle has a number of drawbacks, but 
wou1d be directly applieltble to many of the problems in which the 
position of the object, is unknown und It process of scarchingor scanning 
is inyolycd, ns in detcetioll of forest lil·Cs. Its application to scanning 
pwblcms will·requirc. infoJ"llHLtion on the relation between visual acuity, 
objecL-baekgroulld brightness contrnst, llnd background brightness 
for difrl~rQl\t zones of thl' outer retinn. Such information is not 
avuilable at the present time, hcnce the visibility problems discussed 
in this puper necessarily apply to foveal vision. 

Of a number of objects, all of which are located at the same distance 
from the observcr, those with the lut·gest visibility angles will usually 
have the gt·entcst visunlmnge if the objects are moved away from the 
observer. Owing to complex contrast relations, this is not always 
two and there is no simple direct relation between visibility angle and 
visual range. 

DETER)IINATION OF THE VISUAL RANGE 

'rhe answer to the questi()n, "How f.ar canan object of. small angu­
lar diameter be seen through a hazy atmosphere'?" depends on the 
solution of two problems: 

, , 1. The uetermination of the effect of atmospheric haze on tho con­
trast between tl distant object and its bn('kground. 

2. Tho. deyclopmcnt of u, gonem!. theory of visual acuity) and in 
pnl·ticular the determiulltion of the f.lUlction rclnting visual acuity to 
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tillY bl'ightncss ('on tI'!\st bctwel'll u. given t('st objt'l'.t ulld its backgrot~l1d, 
Tho lit's,t of th('so two pl'Oblcms hus been dis('ussed in consic\('l'Ilblc _. 

d(\tuil in otht'I' publkntions (3,7,8,18,24)) ·two of whieh (8,7J4) n1so. 
give some discussion bf tho s('('ond problem, The thcory of yisual 
Muity and its .l'l'ln.tion to ('olltrnst hilS be~~n invcstigllt('(1 'by B,Yl'Ilm 
(12, 18), The I'('sults of l'cel'lIt compl'l'h('nsiYl\ inyt'stiglltions of thl\ 
S(,COlI(! pl'Oblem, ineiuding studi{\!, of th(' Cf\'l't't of blldq~I'ound bt'ight­
ness, hnve b(I('ll published by Bll1ckwcll (2), '1'ho solution of problems 
('ol1et'I'niug the visultl I'nngc of smnll objects is n pl'oecss of combining 
tho two pl'oblNllS just melltioned, III genel'lll this is n compll'x [}ro­
('('dlll'(\ nn<i 11 cil'scription of the l11lltlWl11n.tienl ll1l'thods fOl' doing this 
is beyond til!' S(,OI)(' of this pnpl'l". 'HOWCV('I', I\. discussion of tho mni;ho­
mntienl t1wory of thl' visutll l'I\lIgo is given in the Appendix, 

'I'll('. visuul l'ulIgt· of smitH bbdi(,s of s1l10ko tUll undl'I' ('el'tltill c01\(li­
lions bl\ expl't'ssl'd itS n fundioll of n single vll.l'inble 1'(lpI'psellting tho 
dl'nl'n('ss of tl1l' IItmosph('l'l\ The e\enl'lless of tlw ntmosphCl'(\ can be 
('X I> I'('SS(,(\ in t(,l'lllS of till' mnximulll distam'.(\ !tt whi('h n itll'gl\ billCk 
objcl't, such ns u distnnt m.vuntniu ridge t'o\'cI'ed. with dIU'];: vegetn­
tion, ('un bt, st'el1. 'l'.his unit is sOIl1l'tinlt's 1'l'fel'l't'd to us the l11l'tt'O!'O­
logieul visulIl 1'lIng(', 01' dnl'k ridge visuul I'ungl', FOI' muny pll1'poses 
n smullpl' unit IlPIH'oximntt'iy onc-fomth us 1lll'gO liS t1l1\ dnl'k ridgo 
vislIn.l 1'l1ngc is 11101'(\ eonvcni('nt, 'Phis smnllt'r unit l'll.lI be meusUl'cd 
withinstl'tlll1l'lIts to 1)(' deseribt'd Intel', und is designnted us the huzt'­
llH't(ll' rending, Anoth(,I' uuit, t,hc menn fl'e(' photon path, is Hendy 
equnl to til(' hnZl'-nH't(,I' I'pndingj this uuit und its physical mcn.ning 
Ilre dis('ussetl in t\w Appendix, 

'PIll' visuni I'llngl' of Il smoke body en.n be l'XpI'('ssed in tm'ms of a • 
singh' ,rnl'inblt' only ",11('11 it is viewed ngninst n. <liu'k bnck~rotll1d or .. 
ngninst the hOl'izon sky, nnd only when Ull' seu.ttCI'ing funetlOH of the 
p~ll'tid('s t'omposing tlll\ smok(· body is idl'nti('nl to tllllt of the pltl'tieies 
susppnd('d. in till' 11 tmosphl'l'(' (St'l' ApPl'ndix, p, 50), Under sueh 
('ondi tions till' brigh tn('ss of till' smoke would be dil'('('t\y Pl'OpOl'tionnl 
to till' brightn('ss of tilt' horizon sky in the snme dircdion f!'Om the 
obs(,I'Y('I' uS thl' smoke, 'rhis should. be true regnrdlcss of the position 
of th(' sun 01' oth('l' somet'S of light, 

This ('ondition is sddom renliz{'<i, but on hnzy days the n.pproximn.­
tion mny b(1 fnidy good, It should be bl'st when tim haze pUl'tides 
IlI'(' similnl' to thos(I ('om posing the smoke body, This often ocelli's in 
tilt' W('sh'I'n Stflt('S wht'n tht~ pn'vniling hnz(: is enused by fort'st fire 
s1110k(', Thl~ n.pp1'oximntion is 11l'VN' good Wlll'll the tltmosph('l'c is 
eilonl', AnotlWl' ~Oll1'ell of (11'1'01' is the intl'insic brigiltness of Innd­
S('III)(' bne1,gl'Ounds, bu t this ('ITOr ('nn bt' pnl'tinlly compensntl'd fol' 
by tnking .I1uzl'-mt'tt'1' 1'('IHlings ugnillst bnekg!'Ounds which have n.bout 
tilt' Silm(' intl'insk bl'ightIwss ns the bucl:gounds ugninst which the 
sl11ol,t'g 111'(' oh::1l'I'Vl'd, , 

'l'h(' points plot tl'd in figul'l' 2 show the results of n· lnrge number of 
Qh~~'I'\'II(,ibns on till' \'isunll'j\.ll"l' of smull tl'st smoke columns of n.PPI'OX­
inutL('ly (~onslnnt SiZl', \'i('\\'('(\ u~!Linst dlll'k bnck~'TOll1lds, Tlw dn.i,n. 
n:r(\ ploLtt'd us n funeLion of th(' hnze-Illcter ren.ding in miles tllkell at 
till' l im('tlll' smok(1 WIIS obs('rved, TlIl'. smoke. columns were fUl'nished 
b,' burning spl'einlly IH'l'pnred cundles (sec figurc 8 und pnges 19 Itnd •. 
20 for d<'seription), .. 

('111"'(' il is t.iI{'ol'l't.i()nl and is 11 plot of ('q!lI1,tion 11 in the Appendix 
whieh eXIH'('SS(,S the vistlnl rnngc of n. test object in the form of a vcry 
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long t,hil1 band or \'ectnngl(~. rl'his curyc gkcs the best, fit to the datia, 
although th(~ smokes t('ndNJ to ll1wl,' the fOl'll1 of skndel' inverted cones 
l'athl'\' thun long \'(Ielnngh's, UOWl'Ve\', tlw widcl' pn,I'Ls of the cones 
we!,e not n,s bl'igh t as tlw JlfLI'I'OW pllrls I and the, t.otnl1uminous flux given 
ofl' l)('l: unit length should hr. eOllsttmt, This is probnbly why clIrve .Ii 
agl'l'('s eiosl'lv wiLh tht:' plolted points, Curve B is nlso thcorcliicnl and 
is a plot of l~(llln'{'ion la ill thr Apprn<ii.x, If the srnokl'S had been ill 
the form of g obulm' putl's wilh np(Jl'OXillltLll'ly ell'culnr ('ross sretions, 
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l?IGUln! 2.-.M('nsur('Ill(.mt~ or tlw d,.;ual rnll'~(' of a 1illlall ;;'.Illldard smoke column 
plottrd a,; a fUllction uf the hazc-lIlell'r fl'/lding. Curve A is fhe theoretical 
curvdura long, thin rl~c{nllg\llnr t.est obj('ct; curve I:J the theoretical cur\'C for 
a tli"k tl'st ohj':'d; 11Ild curvl.· ('i" the tlll'orctil:al curve for n large bright object 
vit'w('tl :lgnill;;1 1\ dllrk h:ll'k,!!;rOIlIl(\ 01' It \nrp;(' b!nek objcct. ngniuiit, thc hodzon 
i;k \', 'rhe dols I'Cpl'OSl'nt. nct.ual obscl'ynl ions of lcst, smokes and apply to cllrve 
A'only, 	 • 
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the data should have followed a curve of this type. Curve 0 is theo­
reticnl and l'eprl~scllts the visllnll'ltngc of nlal'ge object eq Ull.! in bt'ight-
MSS to tlUtt of the horizon sky and viewed ngninst a dark hack~rotmd. 
It is assumed that the angulnr dinmeter of the object is sufhciently 
Im'ge thnt its size is not It fnctor nffecting its visunl range. CurVI) 0 
also represents the visuall'ange of a Im'ge black object viewed against 
the horizon sky. 

The scatter of the points in figui'e 2 around curve A probably hilS 
three diil'erent sources. One fnctol' etlusing. scatter is tho vnrin,bility of 
the test smokes which Wel'(} not always of uniform brightness and shape, 
Wind nnd vertical nil' temperntul'e grndients aO'ectecl their nppent'ancc, 
Also, the edges of the smokes were somcwhn.! hlurred, thus mnking it 
dimcult to assign definit,l\ vlllues to their angular dimncters. Anoth01: 
fnctol' is the l'ltlldom vllrilltion nssoeiltted wi'L1t visunl threshold dcter­
minlltions. 'rhe thil'd fl.tctor is probnbly the vnrintion in the position 

j of t,he sUll, ns no nttcmpt was mndc to control this vnriable. 
If thl\ smoke pm'tic1es and the lmze pnrticks hnd the same scatter­

ing function, Ute position of lhe sun should hnve no eO'oct., However, 
Bruee (4) shows definitl'ly thnt. the smoke-horizon brightness ratio in­
crenses somewhat with dN)rellsing nngultw distances from the sun, at . 
1l'llst fOl' Lht, ItI,t,ificinl smokes used in tests of this kind. It is probable 
thnt this is Itlso tl'Ul' fOl' acLunl smokes fl'mn forest fires with the pos­
sible exceptioll of thin l)lu(' smokes, which nre sometimes given off by 
fires hurning in yery dl'y nonl'esinous fuels, 

The inCl'cllse in the smolm-hol'izonbl'ightness ratio with decrensing 
!l.l1gular distl\.l\ces from tho sun is one, 1'el\sOI1 why smokes can be seen 
farther wlwn Ule obsl.'rYer is fncinrr n low sun, than when he is looking 
in the oti11e1' direction, On light l}nckgrounds, such ItS dl'ied grass 01' ~ 
light-colored soils, nn eyen mo\'(\ importlll1t fnctor contributing to good 
smoke column yisibility (ioward the sun is the Inrge decrease in the 
intrinsic bnckground-hodzon brightness rntio (sec Appendix) which 
OCClll'S nt smnll angular distnnc:es'fl'om the StUl. . 

Tho eITect of the angulltl, position of the sun on smoke visibility has 
been known for a lttllnbel' of yellr's, but hilS IIOt been understood and 
uccepted by mllny fire control specialists, In 1933, when inyestigating 
the eO'cd of the buekgl'Oll1ld-hol'izon brightness rn.tio on smoke yisibil­
ity, t,he senior uuOlor notiel.'d thnt smoke visibility was best townrd 
tbe. sun. The slllllepoint hilS been emphasized in n numbet, of papet'S 
(4-, 5, 6). The \risual rang<! of ol'dinnl'Y laudscape objects such as 
houses, trees, and landlllnrks, howeyer, is much less townrd the sun 
thnn away from it. 

ShnllenbergN' and Little (26) give nn equlltion for the visual rn.nge 
of conicill sUlokes (yiewed on dlll'k bnckgl'otmds) which rests upon 
entirely (Wl'erent assumptions thnn those upon which curve A in figure 
2 wus bused. They assumed thut a smoke at the limit of its visual 
I'ange had Ilnaugulnr dinmeter of 1 minute (at lClast for that pnrt of the 
smoke recognizable as n smoke), and that the bt'ightness conti'ast 
between the. smoke and its background wus constunt (about 3.2 per­
('ent), Neither of these ussumptiolls can be jUfltified on the busis of 
retinal image structure (12), ulthough their equation gives a relation 
between the visual range of a H('onicnl" smoke ml(l the yisual range of • 
a hlllck ddge which c10sdy rl'sembles Cl1\'Ye· A in figure 2. Smoke .. 
columns at the limit of t.lH~ir yisllul range mny hnye angulm' diameters 
which may be only a fmction of a minute, 01' they may be several 
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minutos, Similnl'ly, tho contl'nst betwecn tho smokcs and thoit' bile1\:­

r gl'ollllds Illny vltl'y ft'om some Im'go "nIuo (St'l<lol11 gl'elltel' than 40 01' 50 
pon'out) dow11 to pOl'hapsonly 2 percent, 

LUllTATIONS OF 'fUE VISUAL ItANGB TlIEOHY IN ACTUAL I'HACTICE 

11'1'0111 tho l'cnsonably good ngl'(\(~mont betwl'l'1l thcol'y l"tud t.llt' expel'i­
nll'ninl dlltn ill figUl'l\ 2, 0110 ntight ('oneludl' thnt tlte dett'I'minntion of 
th{\ \'isuull'llngt' of It Slllltll objeet WQuld bl' n simpll' nmtLcI' if the Iltmos­
phel'i(' viu'inbl(' is knO\\'IL Unfol'tllIHLt(,ly, Lhis is not so, In obtnining 
(,}W dntu, fOl' figUl'l\ 2, the OIJSl'I'Yl'I'S Iml'\\' j list wlwl'e to look fOl' tho test 
smokes, Ilnd tho l'f)'ccts of extl'llllCOUS details wcre minimized by using 
unifol'lll bncltgl'ollnds.

111 nmkillg yisUlllllcuity 1ll1.'IlSIIl'cmeuts, it is nImost 1I11cessnl'Y thnL 
the Ob8el'\tl'I' know whol'o to look for the test Objl\(\L so thnt its imago 
will fnIl on thl) f()\'CIl, Lhe Cl'lI tl'lll sellsitiyo Plll't of tho I'dilin, 

3,5r-=~~------~----~------'---------~'~----------~ 
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ANGuLAR DISTANCE fROM CENTER Of fOVEA (DEGREES) 

FlOlJRE 3.-'1'ho visual acuity for a blMk disk on a. white background when the 
ilUlIgc fnlls 011 Lhe outer fl'tiUUj visunlacuiij' is plott(ld 11-'1 a funotion of tho angu­
lar distanco of tho imago Crom tho ceuter of the fovea. Note that tho abscissa is 
a logarithmic scale, 
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j)'igll1~e 3 shows tho results of visual neuity measured for a bln.t'k disk 
when the imagt) fnUs nt difl't'l'cnt an¥,ultu' distn.necs from the centel' of 
the foven, Visunl Ileuity is defined as the l'e('iprocul of the angulllr 
dinnwtl'r of thl' disk in minute's wl\l'n it is jl1stvisible, TIll' sensitivity 
of tht' out('l'n~lina lil'Ops ofl' so mpidly tlmt tI}(\ angular distnncc of the 
imngl' from the cl'ntml foveft must b(l plottl'd on a lognl'ithmic s(,lllc 
in Ol'Cl('r to sho\\' Lhe trend of the curvt', If thl' 1'C'gion of (,I'itieu} vision 
is arbitnu'ily defined ns that arell about the fovea for ",hieh Itny pn,l't 
of the arelt eun yield visual Itcuity values (for the disk {('st objl'et) 
Itt h'llst one-hnH itS gn'u,t itS nl'e possible for the ccnt1'l11 fOVl'lt, then 
figlll'e3 shows tlutt HilS l'cgion is about 1.5 dl'grN's in angulnl' diftll1l'tel', 
'The datlt in figure awere obtninl'd fOl' binocul!tr vision in t:1C hOl'i­

7.ontnl pliu\(l, but if it is assumed thnt the rnte of dcel'cns(\ of retinal 
sNlsilidty is n])proxirna,t(lly the snme in all dil'eeLions, then el'itieal 
vision is l'onfin:N\ to It eon!,\ 1.5 degl'l'l's in an~ular diametl'I', In order 
to st'll II, smitH objl'eL whieh is neal' the limit of its visuall'ange, the 
direction of tho obs(,I'Yel"s vision would IIf\.Ye to PI1SS within 45 minutes 
of tlw di.t'l,<'tiou of the objeet, It is thus apparent why fl, smnll object 
811('11 flS n smok(', CV('1l on fl, ulliform bfl.ckgl'Oll1ld, is very diflieult to 
dcted unlt'ss llw direction of tin obsel'yol"S ga7.e is within a small 
angulfl.r distnllcc of t,ho ;1moke, 

It is for L1H'SI.' 1'~'tlSQ\lS that visibility distnncc is defined as 70 percent 
of th(' visunll'llllge. Sueh II, sttfot.y fnet·ol' is nN't'ssary in good detection 
pl'tH'Lit'(, bt't'nuse SlIIokt'S 1111l,Y Ol't'lU' at ('nndom OV01' much of all observ­
el"s tel'l'itol'Y, and he I\('ver knows eXfl.etly where to look 1'01' them, 
~ [olion is nlson n. impol'La,lIt fado\' in the identification of smokes, 

'I'hl.' dUYl'I'l'IH'(' betw('eu·the sl'llsitivity of the fovea n.nd the sensitivity 
of the' Out('I' retina fOl' deleetin~ motion is much less than the CO\'l'e­
sponding dif1\'I'('IH'l' fo\' ]w\'ceptloll neuity or resolving power acuity, 
It is l'vell somt'liInes stilted thltt tIl<' sensitivity of the outer retina for 
dl'll'l'tillg molion is gl't'H It'1' Hm\1 that of the fovt'a, and that fillObscl'ver 
is 1110l'e likl,ly to Sel' nn object move if he dOl's not look dit'ectly at it, 
This bt'1il'l' PI'Obllbly is ill('olTeet (at lenst for small objects viewed in 
di1,yli~hL) and 8(1l'1l1S to bl' based on the assumption that the sensitivity 
or'thl' retinn to motioll is closely l'e1a,tl'd to its sensitivity to flicker, 
At high ~I'ightness It'vl'ls, t'dUcnl flicker frequency is greater for the 
oulet' I'olma than for the, fovea (31), 

PRACTICAL MEASUREMENTS Oli' VISIBILITY DISTANCE 

Visibility distance, visual runge, and visibility angle are three quan­
tities nssoeiated with the seeing of smitH smoke bodies, The first 
two nrc dosely related, Silll'C the visibility distance of smoke is defined 
h('1'e. flS eq IInl to 70 pel'cen t of its vistHLl 1'tlllge. '1'he visualmuge is a 
Vl'l'y useful qUfl.n ti ty in expel'in1t'nlal work beeltuse measUl'ements made 
at the threshold of vision al'l' the most \'elinble. However, for aetual 
])mctico the Slllllllel' qunnt.ity, visibility distnllce, is more suitable 
bt){,lttIse it gives a certain safety factor by increasing the visibility 
ancrle. 

As stated earlicr, the efficient placement of forest fire detection 
forel'S requires CUI'rent, knowledge of fluctuations in visibility distance, , 
~[Ol't' lookout men ItI'e necded ns the atmosphere becomes ha:.'.y, fewer 
when it is clear, But experience showed long u.go that personal esti­
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Illates of visibility distanco W(,l'O fur too orratic to bo depondablt" 

flill(,o thl' visibility distanco of 5inoke columns is clos('ly 1'('\uJ,l'd t.o t1H' 

aLmosphCl'ic n.t.L('nuu tion ('ol'fneicnt, it is ('ssen tint thnt menns be 

ltYl1ilnble to mcnstll'e or ('stimatc this qunntity. 

'l'he (\('gl'l'(, of tU'eumcy d('mnndl'd in th(' m(,llsuromcnt or estimntioll 
of visibility disttul('o vtu'irs with valul's at stnl\l\ and rate of sprend of 
fil'o. )Vhfll'e fi !'l'S would (,lIlISt' gl't'nt dumnge to n vnllluble l'l'SOU rcl.' , 
ltu'go O1'1'ors in dotN'Illining visibility distuneo eould not be tolerated 
bt'l't1.USe un illndequll,t{\ cldl'ction systl'1l1 might be thll dil'eet cnus(\ of 
t'Xl'l'$sivo dnmng(ls. In fud types nnc! undl'l' flumllin.biliLy conditions 
eOlldurlve to mpid spl'end of 111'0, hugo (IL'l'Ol'S in visibility distnnco 
would. likewiso bo costly, 

}{('linble stnlldlll'ds of fh'c\Il'ney in ml'lIsul'ing visibility distnnco cnn 
b('st bo ddl'l'mill('(1 nftel' l'sb\blishl11t'nt of OY('l'-IlJl fire Pl'ot('('tioll stltnd­
Iuds ('01' It giv(,11 I'('gion, Oneo these stlllldnJ'(ls, induding 11, speed-of­
dl't("'tion obj(I(,ti\'C', hny!) bN'n Sl't up, tho sigllifieIUl('e of' aeeurnte 
vis~bility distance d,5'hll:millation OU!l be judg('d, Tn PU;I'tS of' C'n~tCl'1I 
Ulllted Statl's, n lo-mlllutt\ d'(ltretloll cuno stltlldn.I'd IS roeogmzcd, 
whieh mny 01' mny not ill' the most desirable, But on this basis it is 
bclit\Ved that (01' this I'<'g-ion visibility distnllce should be lllensured 
within ± 10 PCI'('(Illt bP(~tUlS(" in tht' high-l'ute-of':spl'l'u.d fuel types 
('ommonly found thel'l', s\l<,h nl1(,ITOI' is signifiennL ' AJO-per('ont erroL' 
in visibility disttlll('(l would n1l'nn, eonsel'Yntively, It 35-pet'cent increase 
in size of smolw 01' in si7.c of fil'(' ntdiseovcl'Y: (In enstorn fuel types, 
genl'L'nl obst'I'Ylltions indi('ntl .. thnt the size of It sll1oI{e is direetly pro­
portional to tlw dinl1leter of the fire,) hWl'enseR in the size of' smoke 
ne(,l'ssal'Y to eompensnh' fOt, I1n 1'1TOt' of estimnte in visibility distance 
cnn be determined from It family of CUl'V(,S which show the ('ffect of 
eitlwl' si7.l\ ol'lllllgnific-ation 011 th<.' visual muge, ECl'eet of si7.o of smokc 
and mngnifiention on till' visunll'ungl' b. discussed in more dctnil in the 
section "Pcl'iseopes, binoeullll's, telescopes, Imel filters," nnd in tho 
ApPl'ndix. 

'l'hl' signifi(onnt point to kl'ep in mind is thnt rdntive1y smnll errors 
in -visibility distnlll'c dl't('I'minution are ussocinted with 1m'go chnnges 
in si7.(1 of lil'O on discovery Itt those distnncl's, If 1'lttl'S of spl'end arc 
known, it is possible to uppl'Oximnte the eO'eet of nn elTOl' in visibility 
distnll(~t' 011 si7.e of fil'O nt dist'o\TcI'Y, assuming 11, detection network set 
up to opl'rMe ovel' tho mel1suTcd visibility distnll~es, 

VISIBILlTY METEItS 

, 
'l'11(' bl'st ]lwthod of estimnting the visunl mugo of smnll objects is 

by the usc of tl'h'photol11t'tt'rs which 11,1'('. instruments designed to 
ml'nsUl't' HlP nppnl'ent brightlless of 11, smnll distnl1t plI.rt of the 1nnd­
st'llpe or hori7.0l1 sky. .Middleton (24.) glYt'S a comprehensive summnry 
nnd disclIssion of tho sevel'l1l different typl's of tclcphotometers find 
empidcnl visibilih- meters, The photometric fields of the te1epho­
tOll1etl'l'S usunlly consist of two pnrts and nre of the bnlnnce or null 
Illl'thod tvpe; thnt is OilC pnrt of the fil'ld (,lin be made to appenr 
bl'ightel' or dnrkel' thnn the oth('\' pnrt of the field nnd n balnnce is 
obtllined whell both pnl'ts nppenl' cqunlly bright. 
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THE BYRAM HAZE-METER 

During the COlU'se of this sLudy a number of visihility instruments • 
were constructed and tried. Some of them are shown in figure 4. :Most • 

F-3BB352 

FIGURE 4'-bEl~1'1Y models of ViSibilfit:'1 instrument.s develoPled lin the ctourse of ~he. 
visi i Ity studies. Most ° t. 1e instruments Ilre te ep IOtome er5. .. 

of the instruments shown here are telephotometers. The standard 
model, called the Byram haze-meter (fig. 5) has been described by 

,
F-3BB341 

FIGURE 5.-The Byram haze-meter, designed for use in mountainous c0,untry. 
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Byram (7) and McArdle (20) and is designed for use in mowltainous 
country"

t '1'he instl'llluent, roughly L-shaped, is nbout 9 inches long with tho 
eyepiece ILt the small end, Lookmg through the slit in the eyepiece, 
an observer sees a small colorcd blu' superimposed 011 the field of vision, 
This bar is 60 pOl'cent as bright as the h01'izon sky, 'When the ob­
Sel'V~l' turns th(.\ knob in thc upper pnl't of tho instl'UlU,!Hlt slowly, re­
flections of topography are brought into vicw, ridge by ridge, When a 
rklge is refkcted that is 60 pcrcent as bright as the hod:;on sky, tho 
bill' ane thnt .ridge appctLr equally bright and the bar, in effect, disap­
peal'S, l':iC obscrver then notes the ridge aud scales off its distance 
from the observation point on a map, Visibility distallce may be 
determined by l'eferring the I'idge distance to the tnbulation on pnge 
21, pI'(\pal'ed from C\l1''''O A, figUl'(\ 2, Constl'llcti<.n details of the 
BYl'a,m haze-111cLI'l' a,I'O given in the Appendix, 

'rhcre 1\1n,y bo CNtain topogl'Hphic situations in whicll the Byr'lI.m 
hn?;e-llletcr CttllllOt be used stttisi'acLorily, such as statiolls where there 
fl.l'e not sev('l'lll suecessiv(\ ridges lo Sl'rve as tlu·gd,s. Sometimes, 111so, 
th(\ bar in the l11l'tet' will not exncUy 111ateh either of two adjltcent 
ridges, one bl·ing too far from, the other Loo close to the observer, 
Under such circumstaltc('s, the observer should be instructed to inter­
polate visibility distnnce bnsNt on IL point s0111ewhere between the 
two 1'idges. This (Ian b(', done Itccul't1tely with pl't1cticc. Probably a 
beLter proCl'dul'(', however, is to select lookout points topographically 
n.dnpted to the tnking of haze-meter readings, sill(:Q considel'l1ble selec­
tion is usually possible. The same npplies to other visibility meters, 
tv be discussed Intel', which also have limitations imposed by topog­
raphy, 

Some workers hltve criticized the Byram haze-meter because it has 
a· blue filtm' in the opticnl system. According to Shallenberger and 
Little (26) the use of a blue filter in 0. telephotometer introduces an 
eITOI' into pstimntes of visibility distallce if the objects are to be viewed 
without It filter, ItS is true of forestfir() smokes. Such au error would 
ordinudly be ypry s111all, :It ('au be shown that a bnze-meter reading 
for blue light is directly Pl'opo"tiollal to the reading for red light, 1'£1­
gnrdiess of the vnlups of the respective rendings, provided the selec­
thriLy of the haze pm·tieles remains constant. The selectivity of the 
pnrtiCles of 1'0 haze CltllSl'd by forest firc smoke is probably almost inde­
pendent of their density; hence only It negligible er1'or is introduced if 
t.hc hltze-meter ren.ding is determined for hlu,e l.igbt, Tables or graphs 
will then show visibility distance without filters as a flllctiou of haze­
meter l'endings obtained with a blue filter, Such tables should always 
be used with the Byl'llUl hnzc-meter, 

Two instltIlC.('s have been called to the attention of the writers in 
which the, biup fiih'!' fn.ded in use, Fading to 50 percent of its original 
int('nsity would cause errors of 0,2 to 0.3 mile at a 4-mile visibility 
distance 01' about 6 percent. This is an appreciable erl'or, but it can 
be avoided by keeping the instrument encased in the wooden box 
supplied for that purpose, . , 'relophotometel's do not require a blue sky at the horizon for accurate 
operation, as has sometimes been assorted, On a cloudless day, the 
horizon seen from most lookout points in the mountains is white or 
ncnrly so, '1'he hol'izoll woul<L appenr blue only where the lookout 
point was lower than adjacent topography so that the line of sight 
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to the hod7.on would s\tUtt upwards to an npPI:ecinble £legl'ce, Snch a 
lookout point would not be suitable for haze-meter readings with nny ,,' 
Lype of insLl'lunent. 

Clouds on the. hol'izon seen (I'om the usual mountnin lookout 
station change but little the brightness of the 'whitl' horizon, FOI' 
rJxamplo, on n,ll fl.Yel'llgl' IIny Wlll'll the hazl'-Hlekl' I'l'ading is 8 
miles, clouds on a lG-milp dislnnt hOl'izon would ('IWSt' all (11'1'01' of 22 
pel'cent in the I'Ntding, 1"01' a 24-mih, hOl'izon tho ('1'1'01' would be 8,5 
IWI'('cnt, and fol' !L 32-mil(\. hOl'izoll '2.5 1)(.'l'o('n t. Clouds on a 40-milo 
horizon would be invisible. It is good pI'aeti('(';', tht'I'e\'OI'(\, to choose 
lookout points with distnnt hOt'izons to minimize' this SOUI'CO of 1.'1'1'01', 
On I'niny dnys when whitt, clouds lie on t.op 01' lwnl'by mOlll1tairl peaks, 
the ('1'1'01' in B'yI,tun hnz('-l1wt('l' ['endings would be apPl'l'('ittbh', nlthongh 
\risibility disbmcl' llU'I1Slll'ements nrc not required with n high d('gl'ce 
of nct'lIt:fl,cy whcn fuds nl'o wet, 

'}'hc dl1rk ridge' systNn of l'stilllflting visibility distance dt'st'l'ibcd 
Itttet' hns till' sanle' type flnd mngnitmk of ('ITOt' if used undcI' conditions 
",ll(>n douds li(, Ol; thl' hOl'lzon, In till' northo\'ll lloekyl\fountn.in 
I'l'gion, howon'I', Rhnllpnbt'I'gt'I' nnt! Little (126), l'ccommt'IHla method 
of 1'nding Ol\(' l'idge ngninst iI, mort' distant ridge, wltit'h ('Iiminn.tes the 
1.'1'1'01' due to douds, This melhod is stn1Hilu'd pl'Hl'ti('l' in that I'egioll, 

THE PLAINS UAZE-lIETER 

An instrument similnl' to til(' Byrum metel', cI1lINI the Pinins hnze­
metCl' (fig, 6), WitS d('v('\ope(\ by BYl'Hlll (9) 1'01' usc ill flu,t or rolling 
('0 lll1 tl'Y. Although. d('signed pl'imnrily fOl' the Constnl ]>Iuin, it hns 
"'01'1;:.('(\ sntisfa('torily in mountain topogrHphy su('h ns the south('rn .~ 

F-388342 , 

F.HH'HE G,-Th!.' Plains lll\~e-Illl't ('r. m:('d for llI('lls!lrillg ,'isibility distance in !lnt or . 
rolling country. . 

http:lloekyl\fountn.in
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Applllndlinns. It is sim,pl('I' lll('('hnni('nlly lhlln till' Byram metel', uut 
is bnsl'd Oil the- snml' pI7in('ipl(',. 

'rIlt' Plnins hnzl'-ml'tl'l' r('sl'mbles lh(' HYI'fl.m hnzp-nH'tt'I' in n,ppt'IlI'­
1111('(', but it htis no moyin~ IHU'ls, Whe'n thl' ins\:l'uIHC'nt is dil'l'etNl 
10\\'11.1'11 n s('\l'dNI llu'g('t, la nlimL>(,I'p([ slits mlly UP s('('n in front of fin 

optienl wedgt,· of smok('t\ glnss, Thosl' opposill' llw lhi('k pn.rt of the' 
Wl'<igl' I\,PIWlil' to h(· lht' dnl'kpst. S\lcc'('ssiy(,\y, HIP obsl'rvPI' SlllH'I'­
impos('s slits Oil the tlll'gl'l wHil 01H' disllPPNlI'S, tlmt: is, is found to he 
of the- Slime- hl'i~hllH'sS ml lhp LUl'gl'L \'isihilit,\T dis(nIH'(' is blls('d on 
slit 11111111>('1' nnd lIngl't distll,nl't', Tltt' slmdNI sidC\ of dumps of 1I'('('s 
or ol.h(,I' Il 1,\.11 I'll I Uln~pls IlliW bp IIS(I(\. by lhl' OhSt'\'YC'I', 'rtlt'se mil. v bt' 
til nny dislllll(,1' lip 'to 4 OJ' ~~ InilN;, • ~ 

El'l'Ol's in yisllnl 1'lIng(' nssoeillt\'d with using tht' Plnins hn,zc-ll\et('I' 
on ('\olltiy dnys 111'(' inflignHi('nnt l.\l'enu:w llH' hOl'izoll 5('('n 1'1'0111 II, iook:­
out point in fln,t or rollin?!, cOllnll'.\' is ll.!wnys disf.trnt, Hnd till' borir.on 
sky npppn\'s whitp ('''(,1\ on dOlltllpss dn,Ys, Thl' PI'('SPIl('(' of dOlllb; Oil 
511el\ n distnnl hOl'izOll d(H'~ not ('hn.ngl' it~ hl'igillll(\sS Illnl('I'inlly, 

TIl<' Pin ins itilzP-JllPtl'I' should. not. bl' 1I~('d in tit<' mOlilltn.ins, Iinll'SS 
lHl'g('tS not mOI'(, LImn 2 dl'gt'('Ps \wln\\' I itt' I\ol'iwn Ill'(' Itynilnhle, rr 
\Il:wd in litl' .tnoullinins, (lI'I'OI'S ill I'(lndings oiJtuir\('d 011 11 ('IOlld" dn,y nn' 
of till' SHmp l1ln~llitlldl' flS tho::;(' ()btnin~'d W:Ul litl' BYl'iUIl hn.'r.c-lIlPt{'I', 
OI'paU'I' cldnil on lh(' optic-H,I dc-sigll nnd dil'C'('tions rOl' IIsilln' the meter 
111'(' giv(,11 ill lll(' Apl)('ndix, ' " 

'l'1l<'PlniIlS hni:p-lIl('t('l', us wl'll tiS til(' BYl'llJll I1WlPl', is photOllwtl'i, 
('nlly Ill'('UI'nip within about ± (i IH'I'C'('nt, Tn !Ill', hHnds 01' n. competellt, 
lookout mnn thpil' errol' should not l'x('('Nl ± 10 Ol' 12 1)t'I'l~(,nt, 

TIII~ NIUI \'ISIIIII.I'1',,{ ;l1E'I'EH 

Sltlll10n h('\'geI' n nd Li l! \P (2m hlWP dl'wlopl'd nn illstl'lImcnt cn.llpd 
the N]{.~r (01' NOl'UIl'I'n i{o('k)" ~rolllltnil:) \isibiliLy meter (fig, 7), 

, 
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!tis based on the ail'-light theory, but is not a balance type te1epho­
tOllll'lcr sueh as the BYl'Iun und Plains ha?t:!-mett'1's,. A small angle 
)1l'ism is plllt'ed over 011(' of the obj!.'(·tiws 6f a binoeul!tl, to form a double 
imll~e of thl' bOl'del' b(\tW(\ell a, distan t Q.lnek l'idgc and. its bllckgronnd 
(willeh mny be anQth(,I' ridge 01' the hOl'izon sky), By moving the 
prism 11('I'OSS the obj(\etly(', light fl'om on,' sieh' of thl' bordl'l' in one 
image is added to both sides of thl' bord('I' in tIll.' othl'l' imllge, By 
assuming that a eonstant eontl'Hst dif1'(,I'l'lltinl ('xists ",11('n this bOl'(lt~I' 
disnpp('lu'S, it is possibll' to eompute tlH' l)l'ightlll\sS rati.o bl'tween 
C:w ridge and its bn;:kground and hence obtain the nttenuntion coef­
fkient, 

n the black ridg(' is neal' tht-liulit of its yisulllrangc, about 50 01' 60 
mill'S on a fn.il'ly olelH' tIny, the aCelll'\l('.y of this instl'l\nwnt exceet.is 
thn,t of i1ny bnlnnt'(' tyP(\ tdephotollU't('l',ineiuding the :BY1'n.m ami 
Plnins huze-llwle\'S, nlthough in t,his situlltion IIll instl'llllwnt is hm:dly 
nl'Cl'ssnl'Y for ml'nslIl'ing th(' IlHt'IlIln.tion (~o!'flid('nt. If the l'idgl' is 
well within til(' yisunl rnngl' nnd 10C'ukd nt a distance COI'l'l'sponding 
to the visibility distnllC'(' of It smn,11 smoke, the elTor in the NRM llwt('r 
mil,)' be ±40 p('l'('~'nt, 5 0[' 6 tinws grt'ill(\1' lImn t.\w errol' associated 
wi til nny of tll(' billtlll('t' typ!' td('phot.omet(,I'S, 

l~ITOI~s in using the NRM n1('I('[' on doudy <lIlYS would be about th(\ 
sn lilt' ns with t.he Byram J1ll't!'I', but obSPI'YCl'S aTt.\ instTueted IlOt to 
usp th(' form('I' d(~vi('e Oil eloudy dn.ys, Estimn.tes of yisunl rn.ngc under 
slIeh conditions o.I'C made by using 0. ridge rnthel' thnn the horizon 
skY ns n r('[('n'lI('e

~\ yertienl gl'lldi'l'nt of hnze d(\nfAty, which usunlly exists in moull­
tninous eount!'y and is ('onunonly mnrJ{N! in the moming, intl'odu('('s 
an error in visibility distnn('('s obtl1illt'd by the NR~[, the Byrnm, and 
PIn ins hllze":m('tl'rs, Visibilitydistnnel's recorded al'e too Inrge under 
such conditions, . 

Th('('p nfl' liln\lv to bt' fewer ('nses with the NRM met('l' tlUl.ll with 
the otiH'!'s \\'h(,I'(\ 'topogrnphy is not well ndnpted to theil' use, Selec­
liOn of obs('ITation points should entirely eliminate difficulties IlSS0­
dated with tQPogmphy. 

THE ~nLLER VISIBIUTY ~rETER 

A visibilit)r met!'I', inn'nted by )'fillt,l',s has not been seen 01' tested 
by lhe 'writel'S, but fl.'om thea,\'nilll bit' description it seems to be based 
011 queslionabl(l prin6pl('s, 'I'll(' obst'I'v('l' using this d('vic(' focuses 
ont' <,y(\ on n phologmphic print mOlmted b!'hind an optical wedge, 
and the oUll'!' eye on n distant tal'gd 01' section of the landscnpe, 
Th(' m(\Hsur(\nwnt of visibility distllll('(\ is based on mntching the 
bl'ightness of thl' photograph nnd the tnrgl't, Since eaeh of an 
obse1'\'(\r's eyes ndnpts independently, it is difli('ult to understand how 
serious elTOI.'s ('1111 b(~ nyoided in mntching the brightness of objects 
s~en with sepiu'ate eyes. 

E)IPIRICAL INSTRU~!ENTS FOR ~rEASURING VISIBILITY 

A numb(,l~ of ('mpirieHl instruments have been devised for measuring 
the visibility of objects. 'l'hes(' instruments usmtlly employ one or 
both of tll<' following pl'incipl('s: 

$ Stnul<,), ~1i11{>r. tlw in\'l'l1tor, "'fiS employed by the United States Forest 
Ser\'iel', ~Ii$l'oula. ~Lont.. fit thl' time this instrulll('nt "'fiS developed, It wns 
pntcmtl'd ,July 22, 1941, Cnited StliLes Pnlent Office ~o" 2250333, 
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1, Nculml filll'l'S 01' WNl~l's de('l'l'I\sc the bl'igilbwss of the objedi 
Illld its bnekgl'onnll until tho objl'd fnell's Il'om vi(.I", 'l'hl'. rending of 
the wNlgc 01' nUlnbet, of (j[tl'l'S L'equil'ecl is tI UlcnSUL'C of the object's 
visibility, 

2. Li~ht is ndded to both till' obj('('t n.l1.d its bndq~l'Ou\1d until thn 
objoet fndes from vicw, The nmount of ndded light is n mensul'e of 
visibiliLy, 

The llcnul'tt-Cnsl'lln melt'L' (1) l'mplovs botlq)l'ineiph's nnd hns b('('n 
U~stNI in this COUlltl'y, It is not suitnbfe fol' l11etlSlll'ctnl'nt of visibility 
dislnnec, 

'1'11(18(' insiL'U11lC'llls mn.y bt' usC'ful for ('omplll'illg the vi,ibility of 
Ill'llrby objt·('ls, bUl SC'('lll to b(I of liUI(· vnlup in IH'Nli('ling how fnl' thl} 
obj('ds ('.Iill bl' St'(,11 thl'Ough II hl\~y ntmosphC'I'(', Visibility instl'u­
lIINHs of th(. l'mpirieul type IU'l' dis('uss('tl in ('onsi(iLo:.I'nbl.e det,niI by 
~Iiddl('loll (24.). 

TEST $)IOJ(E CANDLE 

'ell(' smola' eundlf', QI' smokt, pot us it is sotnC'tinlt's culled, wus 
dl'Y('loPNI ill tonj 1I1ldioll with thC' hnz(,-Illl'tl'I'S to Sl'I'Vl' ns the stllndul'd 
fol' tli('iL' eulib1'lllioll. In SLlldyillg the visibility of smull smok(·s it is 

• 


, 
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Flolnnr 8.-:\ smoke candle il.sed as the standard for calibrating haze-meters. 
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impol'lnnll() hnn' lhrlll uni[tmn in ('0101', si%(', nnd dpnsily, sOI1lC'lhing 
thnl ('nnllol lw l1ehil'Yl'd wilh fin's kindh·d hom ol'{lil1l1l'\' fu(,l. 

Th(' smokl' ('lIll(lIl' hns bN'!l us('(\ns n stllllc\nl'C1 with (llll I'cnli%ntioll Iof its vfll'inbility, Inl'g('ly ('(lllS(,(\ by ni!' ('ul'l'('nls, n dOl's not nlwnys 
hlw(I suflieipnt lll'nt to 11\1\1\(' its smok(1 ris(' in n ('ohunn, UOWPYCI'j il 
produ('l's, fI stnndnnl YOlunH' of S1110\;:(' of UIlYIII'ying ('0101', Nlllul'lIl 
smok('s nn' lllU('!J mOl'("'lll'inhll' in ('0101', II'PPNll'iug thin blue 01' blncI~ 
in tll'Y fu('I::; (llH.i IWIlYY lind whiU' in wpl ful'ls. ' 

'I'lip smolw ('lIndl(' ~\,IIS (\l'yl'IopNI by ~[('AI'lI)P (:21), in ('oopcI,t1.lion 
wilh n fil'l'\\'OI'l,::; mHlIllfll(·tUl'('I', to simulntt' til(' smokp PI'Odlll'l'd by 
fil'(1 ('on'l'ing 200 SqUIlI'(' f{,pl of Douglns-fir 01' pondpt:Osll pilH' dull', Oil 
n hot summl'l' <In.y, or nbo\lll;iO SqUlll'(' fN't of bU\'l1ing, dl'Y, hnnlwood 
1(,lIf liu(w, Ruth 1\ smokc' ('O.llll\lll ('(\·n b(~ Si'('n in \"PI'\' elNII' w('Ilthel' .. 
IIbout l;i miJr.s by 1\('('11-(',"('(1 Jookout nWll, 'l'lw SIllO),'(, ('HIldIe (fig, S) 
is n bOll t 1M ilw\t('s ill din lIWtc'l' 11 nd 7 in('h('s long, Illld bul'lls fl'om 4 t.o 5 
minott's. {'mil iing n thiel.;, hillish-\\'hitp smokp, 'I'IIl' smok(· gl'lIPl'nlly 
l.H'hll,Y('s nlwlli ns ilhlsl,'nll'd ill .(iguI'(' 9, Smok(' ('nndlps Hn' tlsdul in 
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l~la [ In! n,~ ·Tll<' lU1mke (rolll II :5il1!!;lp sllwk(' cllnrll(' appenr" similnr t.o, llmt from nil 
, netllnl Hr\:!. 

('IH;'ddng HI(' 11lpl'tllPss of lookout II1P)1 and mil.)" ht' uSNI in dry weuthel' 
with compnmt;iye sn.f('ly, whell uctunl fires would be too risky, 

~lE1'nOl)S FOil ESTDL\TI~G YrSlillLlTY D1STA~CE WITHOUT TilE USE OF 
INSTltlJ)IE~TS 

'I'h(' ViS\lnll'nngl' of !,\I11nll obj('('ts ('an bl' (,stimnlNI from obsl'I'vations • 
of tbt,visunl l'nngc\ of R IUl'gt' blilt'k objN't, such us il (huk mountain .. 
!'idgt" vi('\\'('d ngninsl tIll' hOl'i%o.l1 sky, Allhough not ns IIccumtc as 
U\stl'ulI\enlnl 1ll('thods, (he blnck tnrget 111elhod bns been used for a 
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nllml)(ll' of y('iIl'S by YnriOllf) ilrn'stign.(ol's, In 10:38 Gishol'nC' outlilll'd r in Ilnllliblish('d ('OITC'spondC'IIl't' to forrst suprl'visol's in Jdnho find 
~ronlnnn. II sysLI'm by whieh t1\(1,V eQllld usC' dal'];: I'it\gl' YislIn.ll·nngl' in 
pIllet, of hll~p-nll'tl\I' 1'l'nding8, J1(' points out lhnt this llwthod sh()luld 
Iw lIsl'd onl,\" wil('u n. good disll'iblltion of I'idg('s .is nYlliln,bLl' uI'otmd 
til(' lookout point Ot: wlll'1l thl' o\)st'I'Y('l' hILPP('ns to hlLYl' n, giY('n I'idgo 
just visihk ngnillsl the' hOI'i~ol\ sky. 

At PI't'sC'lIl it is eustollllll'Y to (\XPI'C'ss Uw visibility disLllnc'C' of n. 
srnokl' ns litC' dist.n 1\('(' nl whi!'h tit(' smn it slnndlU'd-slz('(\ smokt' en.n 
1.)(' Sl'(,ll und I'('('ogllh('t\. liS n. smoke'; this diHlnlH'l' is lI,bout .Iii mill'S on 
it ('omp'\.I'ut.in'ly e\PIU' dny, 'I'ht' ,dsunl rnll~(' of ~hl' sllIokp wO~lld be 
!Ibn lit 2 J \111\(,S nnd til(' ('OI'I'('spondlllg I\U l'k I'ldg(' "Ifluid I'nng/' would be 
nbout 1£) mill'S, 'J)('·('('lion prohlt'ms in dill't'l'('nl regions, hOW{,Vl\l~, 
('nil 1'01' othpl' SiZl'H of SllIok(' ns :;lu,nd!lnl. For illstnn('(" in 11H' S01l1 hl'I'n 
.\ppn\ll('hinlU1, llH' smokp j1I'od\t('('d by II \~-Il(,I'l' f1l'P is ('ol\sidpl'\,(!. ns tho 
lltlsis of 1'('fpl'l'!u'C' in c1l'lpl'lllining \'isihilily dislnnt'p,n Sl'l', pngl' 58 
in ApP(lndix I'm' InblC' of \-iRibilily dislnlH'l', 

'I'hp liSt' of n, shllldlU'd-si~('(1 Sinoin' is ('ollwni(lnt in l's(n,hlishing It 
visibility 8('I\Il', hUl it htls :W\'PI'nl. disn(\\'lln(ng('s, 'I'hl' SlnOkl'S dis­
('o\Tl'I't'd by lookout nH'n 1\.1'1' distl'ihutNI 0\-('1: It ('onsit\('I'n,hh- I'll,n(rp in 
boLlt siz(' 'and disinnN' fl'om lhl' lookout sln.lion, Hnd II, fil'l' hll~ no 
stnndHl'd si~(' Ill, t.h\' limp of its dis('ov('I'Y. T1H'I'l'l'orp, 111(11'(' might be 
somp ndYtll1\ngl' in ('slnhlishing II visibility s('al(' whi('h would 11Pply 
to slllllhs of nil sizl's, TIll' PI'l'sl'nt ('onN'pt of n. stn,ntinl'(l smoke 
would 1)(', 1'('jJIH('p(\ b,\' till' ('olH'ppl of II, pOjlulntion of SlI1ok('s YI1I'ying 
bOlh in Sl~l' and disllllH'l' fl'oll\ Ihl' ObSl'\,\Tl'l', 

'I'h!' sirnpll'sl (Ypl' of dsihilitv s('nl(' would bt' Olll' with \Tisihilitv 
distlln('(' ('xPI'(IRst'(1 ill LlH' fOI'In or' nn inde'x in(\l'pl'ndent of the sizC' ILn() 
Shl1l)(' of lh(' Slllokl', TIll' indt'x ('(luld bl' (\XPI'pssNlns it fUlletion t'itlH'l' 
of till' tln!"k I'idg(' \'isuI11I'nngl' 01' th(' hll~{'-\1H'\('I' I,('ttding if insll'lIll1ents 
111'(' tlsnt!. "isibil ity d isUu)('1' ('il n bl' l'Xl)t'l'SS!'l1 ns nn indl'x Iwady 
in(\('I)l'IH\Pllt of Sl\1O\(' sizt'o It is impossihll', ho\\'1' V(,I', lo rnnke the 
illd<'x indt,tH'I)(il'lIt or lIll' slllolw SlillPl', 'I'hus, it slIlok!.' l'oillmn l'C­

quil'('s It. ddl'PI'pnl indC'x senit' tlmn it globulru' smok(' body with n. 
('i r<'U IIII' ;:w{'\ ion IlI'PIl.. 'l'It(1 Ilt'('om pllllyill~ tnbuln I ion shows til(' vist­
bility dh;!luH'P indt'x fOl' both smokl' ('olumns tlnd smoke', pun's for 
difl"'I'pnl vnJm's of lhl' Ihu'k ridgl' \~isuill I'l1ng(', 

1'1,,;/JilitJl db/alice itllia 
-Slliol;e"""' --Sr;iok'c-

Dark ridge \'i"Ii:il range (mlles): CO/ILIIII,", plt!l. 
~~ _~_.100. _______ •. _•• _•• ____ • ____ ._~ _____ • __ ._._. 100 10070._. ________ - ____________________________________ _ 

78 83 
62 70

50. _____ ._. ____________ - ______________ •• __ .•.••• __ 

3G ••. _________ ' __ • " ••. -- •• ________ -._." __ _ _ 40 5824 _________________ __ .0 ..... 
37 47

113. ••.• _ •• __ ._ •• ___ ••• _•••• __ • _____ _ 28 38 

'1 

17 26 
4_~*_.~~~~~. ~~_~_.~._~ __ ._.~~._~~_~~~ ••• ~~_~.~~ __ _ 10.5' 18 
--~- ... "" ........ ", ... -......... " ........ -- ... .. ~ ....... "" ...... , .... ........................ -... ... 6,5 12.3 

S•• _. ____________ •___ ._ .. _. _________ .. , ___________ _ 

~ ,,~ .., 

ThC' Visibility disbl,l1N' illdC'x is nrbitrnl'ily IlSSUl1wd to hp ] 00 whC'n 
·tl!(, dnd\: l'idgeyislllli l'IUlgP is 100 mill's; !lily olht'l, dnrk l'idg(' vislIlLl 
rnngc- eouhL h:wC' bC'l'll sC'\(-rtet\ fQr till' 100 point on th~ index scnle. 

g ,Jrmisoll, n_ ,.\\. It('I'ltiOIl Of HYflllllIUl7.C rnetrr rrtHlillgS to snfr \'i~ihility 
di"t~UlcC of ";lIlokc from lUI ri~hth:ll('r(' fin'. r~~. ,,'or""\' Senrjce, Appalachiall 
For(.'st Expt. ~tn, Tl'ch. ~ot() !?S, 2 pp., Ul38, [1'1'o('e~~cd,1 



On exceptionolly ('1(,llt, dnys, tl\(' tlill'k ridgl' visllllll'llngt' cnll ('xcl'l'd 100 
miles in which ense the, ill(ll\x cnn (':\('('('([ 100, but this enust's no dis- • 
C1'l'Pll.llCY in the s('~k • 

'1'0 liSP tile YlsibiliLv distnnet' llIti('X s(,ttl(', 1Ill' obs('I'vPI' ('stimlllcs the 
(lilt'k I'idge visuul l'liil"'c nnt! 1I0Ll'S the (~Ol'l,t'spolldillg illdt'x, 11'01' 
oxmulrlp, if the dltd~ ridge \'isllnll'Hng(' is 50 llIiles, the visibility index 
is 62 1:01' smoke' eolullllls !Lilli iO 1'01' sllIokp pull's, '1'h('so two visibility 
distll/ne(1 indices ('nil lH' I'pudily eOllvPI'lr(\ to visibility distnm'ps in 
miles fOl' !tny elesit't'li si1.t·s of slllokt', If llH' smokt,s \\'('1'(' of such It size 
lhnt litt'S {'ou,ld b(' S('('ll ;W milt's whNI the visibility distnnee indict's 
Wt'rt', 100, lh('n Oil' smOkt'{'l)l\Ill\1I ('nn lw SPl'1l 62/100 of 20 mill's 01' 12.4 
mil('s whcn tht' indcx is 62. Himilol'ly, 01(1 smok(' purr enn bp spell 
70/100 or 20 mill'S ()l' 14 milt'S "'llt'll llH' illdt\x (fol' smokp pun's) is 70, 
'l'lllI dark I'ide,p \'isunll'ltngc would uP 50 milNI in both inslHlH't'S, '1'0 
COllV('I'l, "isihility distnnee indi('('g to milt'S, it is \H'epssnl'Y ollly to s('lpct 
It hypothHi('ul sinok(\ which ('Illl \.)(' $(I(ln ttt SOIlH' clPSil'l"d distt111(~e wl)(,11 
lh(;ind('x is 100, l\lultiplyin~ thtlt distnncl' by the nppI'Opl'il1tc index 
Ilnd dh'iding by H)O gh'l'S th~ ,'isibility disllUl(,(' ill milt's, 

As predousl)' poinU'd out, lh(\ mm;l likely SOIll'C(' of ('1',\'01' in It visi­
bility SCI\.l(\ not I'llquirin~ the llSP of instl'\lIlwnts would be in estin1l1ting 
tht' \'n!t\(\ of lht' dlu'k l;rdg(1 ,Tisull,1 rilng(' \\'1H'11 the I~idgt's 1,\1'0 too f('w, 
lu't\ poorly spt1l'('(I, 01' both, 'l'lllS probnblv could bl' ov('r('omp to il 
considN'nblt· CXll'nt by thp ust' of hilzl' silhOllt'll(ls similnl' to those 
shown in rigul'(\S 10 tlli'd 11. Eneh lookout mn.n could be furnislwd n. 
s('rics of I\,bout 10 of thes(' silhOll(lUes fOl' his lookout stnLion, Pilch }lrc­
ptll'NI fOl' I\, difl't'I'('lIt ,'isunl rnngl' of tl dnrk ridgl" He, could then 
choosl' Ilt nlly givcn tim!.' lh(' silhoUl'lle whieh most nl'Rdy fPsl'mblNI • 
L1ll' view from his stnlion, In thl' liSP of till' silholWLtl'S, the lookout- ... 

\\ 

,
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F'1(lUlU: lO.-A hU7.e silhollct,le for a <lurk lundseupe for which the haze-meter 
rending is (} miles. Starting with the first dark gray ridge, the distances to the 
difTerellt ridges arc l,2, 4, 8, and 16 miles respectively. 
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mnu would lulYl.' lo noll' lit(' dislnnC'('s of Ow I'idg('$ Il1ttl'k('(1 on tho r silholll'Ltl.'s Iliid OOSCI.'\rc how lheil: ('ontmsL with thl' hol'izon slq' nnd 
with oth(',' ddg('s compared with lhnt of ridgl's nL simillu' disbulces in 
his Inndscn pc, 

'1'he II~,' of IUlze. silhoul'tll's for cstimnting visibility without illstru­
Ill('nls ;,1Iows considt'.l'Ilble promist" but mOI'(' WOl'k will be required to 
dl'tl'l'mine how SU('(,l'ssful thl'Y will b(' in IwtUllil)J'tWti('(', 

~l'hl\ hnz(' silholJ('Ul'S showll ill figurl's 10 nllt! 11 Wl'I'(' pI'epnl'Ni ft'om 
llIixtlll'('S of bln('k fUld whitt, pirltwnts. '1'he hdghltH'SS of 111(' pig­
n1(~nts (l'l'intivl' to It whil(l litnnllllll dioxidp stnncin.!'d) WHS eomputNi 
from thp Hir-l igh t cq untion (8, '(', :84) fOl'n Ltl('ol'cti('nllv hlllek lnn.dsenpc. 
Simiilll' silhou('Ups {'ould b(' Pt'('pltI'NI fol' It lnndseni)(\ wiLh nny gi',ren
intl'insic bl'igh lIH'SS. . 

F~39628 

FHH7l!E Il.-'l'his silhouettc jr;; the Slll1lC liS tho olle shown ill figure 10, except thnt 
tht' hnz(>-Illetcr rending is a miles. 

APPLJ.CA'rto~ OF FINDINGS TO OTHER l~IRE DETECTION 
P.HOBLI~MS 

'Lack of ll'n.nSpl1.l'('nl'Y of till' ntmospherc is one of the most impol'tnnt 
fnetors III COI'CSt fin' dell.\(~l.ion, but mnny olhcI' pl'obh'll1s nrcillYolYcd 
whkh must be cOllsid<'l'Ni in tlw design and (Iflit-icnt operntioll of a 
lookout syslein. '1'h(\ visibility studil'S hayo contl'il)lltcd to the solu­
tion of the following pl'tldieitl fin' detection problems: 

1. ~lethods. oC s('l\l'ching for foresl firc smokl's. , 2. 'rh(' quality of IIll ObSl'lTl;'r'S vision ns l'('llllNilo smoke detection, 
3. '['he usc or'specinl .fillcI'S to pCllelrute hnzl'. 
4.. Thl' USl', of tl'lt'scopes and hinoculnrs to ill~~rensl' tho ObSCl'\rer's 

Sel'infT power. 
5. J?n\\'('ntioll of fati~\l(' Itnd eypstl'ain. 
6, Opticnl considerntlollS in the design of Ow lookout houso. 
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~h;'\'uo()s (H' Sg,\IICIlli'iG FOil F()HgS'l'l"lIIl~ S~tO'''':S 

SI'Ul'('iJing It lnnds{'opf' [Ol' [Ol'l'st fil'i' Slllokl'S h118 bpPIl wilh'}v dis­
cussNI, hut BlU(1 hus bN'n ",!'iUrll on tlH' subjN't. 8i1ow et a/, (£8) 
dis('lIss n sYst<'mnlic method of setlnning n Inlll\sl'npc by chr('king on 
th(' \'isibilil,\~ of s('lp('t(l{1 Inll(\nllll'ks, Thp opPJ'nlion Ilsun.lJy J'<'quirrs 
5 l(liIlUtl'S, followed by 10 ml\lult's of \,pst. 'I'll1'sl' wriLl'l'S 'point out 
l hM If 11- q lIiek I'tlnning ~11l.Il('l' Ill(wing from I\l'l\1' ObjN'tS to distunt OlH'S, 
if it COY(II'S lhp g1'Ounil sysll'lll11ti!'nlly, J'ppJ'l'sc'nls nol only the minimum 
of oy(\8tl'iii1l but lhl' mosl ('11'('('lh'(' wny to lil't('d 81110k('," Whill'lhn 
PI'(\S('llt sludi(ls W('t'l' 1I0t plnl\llNI to):il'ld nlls\\'pI'S to lilp mnny q\1(IS­
tions l'l'glll'(Hng how IlI'si lo look foj, smoke', SOIlH' of lhtl })1'illC'lp!l'S 
d(l\'l'lop(ld ilpply to lht' pI'ob\C'm. Xo fiC'ld study hns bt'('1\ Illudl' by 
lht' Illllhol's 10 tl'St llH' 111l'lhotls sll~gpst('d.

H hilS bN'1l pointl'd out (hnt 511lokrs highly yisil.lil' nU1'Il('\; tht' pyo 
of tllt' obspl'v(,I': tlml jA, llwy (U'(,I'l' llllily S(,<'11 0\'('1l lhough the obs(,I";('1' 
mt\.~' not hi' looking dirN'tly 1I t ,I h,(\I\1. .~ f, Illl obs('\'\'('I' dol'S not know 
Whl'l'(' to look fOl' R ~\I1ol\('. 1\.1\d If Its pOSitIon ('/111 Ill' nllywhl'I'(' nL 1'lIn~ 
<10m in Som(' gin'" !11'l'!1 in his f\('ld of "il'W, Uwn tit(' pI'ohnblt' tinH' 
1'('qUil'NI fOl' him to find it Iw s('unning thl' 1\!'('n will be:' c!1'lc'I'min('(1 by
tl1l' ,risihility IWg\(1 of till' sniO\;:I\. ~l'l{l' plnlll't V('lIU::l ('1\.1\ sOIllt'tim('s 1)(' 
s(\('n in hl'ond dn.vlight, hut. is st'ldom Ilot.h-NI lll'lH'lIS(, its visibility 
fu\gl(' is Yt'lT smnli. 'li'ol' n, simillu' 1'l'!ISOn n, lookout mnn 111ny not St'(1 1\ 

smltll smol~e whkh is w(·ll \\'it hin lllt' "isun1 \"IUIg(' bl'l'nlls(' Iw hns n, 
lnl'gl' ill'('\I, to wn ldl nnd dol'S not kilO,,' Whl'I'(' 11 smokl' is likl'i,\' to 0('('\11'. 
'I'llf' si;w of (ht' smo\;:p mny lh(ll'l'fol'(' hoyp 10 iIH'I'1'I1Se:' ('.0Ilsi(\rmh1y bo­
fol'p· its Visibility n Ilgll' is liigh ('no ugh fol' him to s('e 'it" olll of t1H'I'()1'nl'l' 
or his pyt'." In tilt' dis('t1ssioll or figm'(' a. it WIIS shown lhnt tilt' Sl'IISi~ 
th'i\ y of lhc' out PI' .1'('\ inn, dl'ops on' S'o I'n pidly thnt (,I'iU('nl vision is (,Oll~ 
Ihll'd to It. ('01H' of (tboul U) dl'gl'(I('s ll.ngulnl' dinmt'll'I', An obs('\,v('I' 
would hilYp to look within 45 minutcs '(OIH'-hnlf of 1.5 dpgI'('('s) of 1\ 

smnll srnokt, 1)1'111' th(' limit of its yisunl l'llllgl' ill ol'd('I' to Sl'C it. 
'1'1)('8(' points slIgg('sl thnt. till' most ('lrN'U\'c ('O\'('I'ngp of n Inllds(~np(}

from n lookout slnt ion would bl' f1('e(Hliplisl«ld if lin O/)S('I"'('I' S('lllllWd 
lh(, ll'ITn.in in pill-shn\wd w('(\gI'S, ghring most nttt'nlion to the exll'em­
Hips of his It'ITilOl'Y, gVl'11 though h0 W(II'(I looking n,t mOl'C distnnt 
sN'lions ill' would \)(' ahle' 1.0 Sl't' Sll1ok('s dose to him reudily bl'{'IUlst> 
or theil' high yisibilit,Y IUlglc, 

~\II obsl'I'Yl'I"s tl'ITilon' ('o\ild hl' dh'idNl illto w('(1 g('s , 'l'lll' wl'dges 
('otdd hll 7.OIl('d tlnd II sdwduIl' of S('u,'('hing tim(' set lip fOl' {'neh 7.O1ll', 
g'I'('!1tl'I' lime lwing n1\o'\\"('(1 prl' unit I1rpII of e:'ll('h mOI't' distnnt zon(', 

SIllOkPS nl'(\ t\ifli('ult to s(le wlt('n t\H'il' bnekgl'ounds 111'(' not of t1l1ifol'ln 
bri~th tlll'SS. BI'II('p (.n hns Ill/Hlp pX{{'l1siy(' ObS(II'VH lions of tilt' visun.] 
l'llllge of sUlilll slllokt' ('olmnns vi(\wed ugninst 5('Y('\'111 difl'el'cl\t t)11pS 
of bnekgl'ounds, nnd ~HIS n lso isoln t('d th!.' ('II'l'('l: of thc nngulnI' }losi liOll 
of tht' SUll on til(' Ylstllll "llllgP of tIl(' t('st smokes. He found t1mt 
mottlNl bn('kgl'ollHds, whic-h Ill't' ('onunon in pn.l'ts of Cnlifol'llill'l hud n. 
P\'O\lotll\('(,d ('f\'('('l in 17cdueillg thl' yisUIII l'llng(' of smokc's WIW11 the 
llngulnl' dislllllC'l' bt'twet'n til(' S\l.11 nud smoke WfiS Inrgl' (grealcJ' than 70 
d(lgl'(I(,s). 

llis h'sts Olt light-vC'llow gl'llss bnd\:gl'ounds showl'd n similnl' • 
d('('rrnsl' nl lnl'gl' nngulnr distllJlCpS, but tlll'Y nlso ShQWNI n mnl'krd .. 
dN'I'(lnS('· for lm~h's IN,s thnn 35. (\<'gI'N'S. '}'hi8 is nil l'x('('plion to tho 
nile of good visibility tOWlll'dlhl' SUll, lind Brucc Iltlrihutcs the 
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d(l('I'(\I1S(\ to Ul{' shudo,,"s nnd hi~h li~hl$ whit-h Pl'oriU('P [L p('{'lrliul' 

moWing (,(J't.t'l fOl' nn obs('l'\'PI' fj\('il\~ n low SUI'i.PI'obnbly this 1)11('­
r IIOIIH'IlC;1I would 1I0t 0(,('111' on Iig-ht bl\('kg-I'OUI1(lsl whi('h IU'P good dill'lls!' 

!'t,f)P('(OI'S, but lIlight: ('xist \0 SOIlW ('xll'lll in IUll'dwood fOl'csts dming 

l\tp 1l'1If1l'sS Iwl'iod; tl1(\ glm:;s,\' hn 1'(1\\'00(\ 1(,1l\'(,8 on the fOI'('st !loOl' would 

\)(' fny 0I'll bll' COl' (htl £0 I'l1 IU lioll of Iti~h lights. 


A('('ol'fling to 131'11('(', it is (\\'idl'llt Ihn I bn.C'kgl'OlInd fn('tol's nfl\'('Ung 

('()UII'US! would IH'('('ssnl'ily lllodir,Y nil,\' S('III'('lting ~whp(l\ll{', If pnl'ts 

of fl. lookout mun's t(,ITitol'" \\'(11'(' light-('olol~('d, s\I(,h ns 111'('flS of dl'Y 

gl'n::;:;, mm'(' tilll!' should \)(1 idloltl'c\ fO\' s(,jll'('hillg UIPnl. Wh(,I'(' bn('l~­

grounds II 1'(' moUl('(l, liS n dl'y gl'ItSS,\' nl'('1\. ('o\'('I,,,d b," pn.b'll(ls of ('\'('1' ­


g'I'I'('1l \I'('PS, 1'(,!:'lOIlII ion of SllIok(1 is di iii ('II It , nlid mOl'" S('II I'ching Lime 

would Ill' Ill'Nll'(\. 


It hml I)(,PIl PI'(lyiOllSly m;'Il\.iOlwd Ulnt <II',\' flll'ls gi,'(' off (\11,I'k(lI' 01' 

1('8:;('1' IllllOIIIIlB of smolw whplI blll'lI ing- lhn II do wpt fIll' I!'!, 'l'lr<' hhw 

thin SIIHlk('s, IUlYing If'RS ('on tl'nst \\'i! h thl'i I' bfl('k~I'Oltnds, I\.I'P I(lS8 Yisi­

hit, nlid hlll'clt'I' 10 Sl'P, C'onSl'(I'H'Il! I,Y, mOI'(' !I('1l 1'('hilLg- tillW shollid h(, 

Illlow\'t.! frll' 11 I'('IIS Imowll ! () hll"(1 II "" II slIlola'lp!:'lslJ fll{lls SU('\I ns dI'Y 

gI'IIS;':;Y hillsidl's 01' soul It SIOPl':'l. • , 

, N,) \,\'idl'lH'(' is lI"ilillIblt· rl'Om thPRl' slll(\i('s to slrO\\' how lnl'g'p I,ll(' 

Will':; of lWIII'('h shollid hI' 01' how fl'('(ttlNllIy thl,y shollld bp sellnnNI. 

'I'll(' iIllPOI'IIlIH'1' of :;\:;It'I\U1lie lookillg fOl' Slllokl' :;hollld not; 1)(1 mini­

lI1izt'(\, 1'01' it is Iih\Y lhnt ('ill'P I'll I , lhol'OlIg-h sl'tu'('hillg- outl'lIl1ks in 

illlpOI'lnll('p f('ill,III'N; ii"{,11 l'onsid(ll'uhly mOl'p l'llIphn!:'lis hl'l'p, Rtlllly i!:'l 

IIP('(\(td to ('ompnl'l' l'II'(I('tiyl'IH'SS or dill'l'I'('nl JlH'1 hods of s('nl'ehing fOl' 

smok('s, 


'1'11(1 I1dYIII\{'(lS ill f1yitw ill "('('('lIl nnl's Il1llkl' lIw nil'pllllH' It pO\l'lItinL 

1001 whi('h IIlUY IH!l'!,'IItI~l\ nn imjJoi'lnnt pllw(' in lh(' c\('l('('tion s,Ystl'lIl. 

'1'11(1 liSP of pllllH':; ill dl'\t'dioll wor'k will PI'(,SPllt n, 1l1l1ll1ll'1' of pl'Ohll'IllS 

ill 8{'11l'ching ll'l'hlliqll('s whieh 1lI'(' 1101: nsso<'in ((ld wilh stntiolllll',Y delt'c­

liolls. SOIll(' of t hNH' prohlt.'ms 1\ 1'1' dis('us!:'lpc\ h,\' ~ 101'l'is (2tj) , 


gn~ TI~::;'I' FOHLo(lK(HJ'r M I~~ 

~rnnning It fil'() dt'\(I('tion n(·twork wHh lII('n hu,ying keen (\ypsig-ht 
hns two itnpot:lnnlndv!llItng-l's: (I) '1'\rl'Y (,0\,(,1' n g-I'('U\(1I' yisunl rnngll 
(hlln .IllPll wilh POOl' [',,('sight, Hilt\. t.hus f(lw('I' lookout slntions 111'0 
IWl'dt'(\; n IHI (2) SIZI' of s'lllokl' wi thin I h(l yisuul I'n ng-('is snulllpl' Oil dis­
I'OYP!',\' bN'nusp (h(,8(' IlIPIl 111'(' Ilbh· (0 sighl it 1lI1)I'P qlliekly, 

'l'hl'S('llinr UIIlhOl.' (\(\Y['lo))NI nn (',\'P lNll fOl' lookout oll$(,I'\'ol's l1,n<1 
det('l'lllill('d lhp IldYnnlllg('s nsso('int!.'d with it (10).10 '1'1\1.' dIWi('(' is 
no',+ in US(' Ihl'Oug-hout ttt(' FOI'('st 8('l'yi('<, nnd. hus hl'('n h'sll'd ('xl(,l1­
siwl Y. 'rltl' ol'igiIIIl1 For('St ~('lTiN' l'}'<' It'stwlls d<'Yl'lopNI by ~ [eAnllo 
ilnd 'BYl'nm (22) ill ('ol1lU'ction with othl'I' {,XjH'rilllt'nts, Its lIS(' wns 
Hlnit~'d 10 Slwdli(' lig-hUng ('onC\ilions nnd, IlS lht~, authors point(·d Ollt, 
"'liS not in finlll Conn fOl' URI' by t.hos(' who wish(,d to rllt(· lookoutilll('ll 
ill (II'IllS of distnn('(' thnl el1ch eOllld S('(' 1\ sllln.ll smo\;:(>, 'I'hl' In.tl'st 
('\1(' ll'st ~iYl'S l'n.linf,"S PI'opol.,tionnl to lin' distnlH'(' ul ",hidl lookout 
n'il'll ('nn SN' smllll smokes (nllowing fOl' n hnzl' ('()l'I'N'lion), giycs I'ntings 
hld('p(,IHll'n\. of light intl'llsily, Ilnd is su(fi('i('nlly simple. COt' Jidd. tlsc. 

• 10 BYrum, 0, M. An (l)"('-t(lilL for lookout 111('11. tr. S, ForclIt S('rvice, AppnJn-­
chinl) )"Ort'''( J·:xpl. R!Il. Tech, Note 57, 10 pp., illll';, 1944, [Processed,! 
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'l,'lw dl'sign of !t vision test, Iiko tho design of. uny tool, depends on 
tho uses {Ol' whkh it is intended, 'fho test desel'ibNI hero is dt'si~nod 
to mellSUl'O tho n,bilit.y of n.n ObSOryCl' to see smull, individtml obJects 
on bnekgl'oUlllls thnt [\1'0 fllirly uniform in bl'ight.ness, If un ObSl'l'VCI' 
were 1'1'qUil.'NllO rN50lve minute dctltils, then It l'esolvinO'r.-powor test, 
such ns n s(II'ies of pnmllollines 011 n, unifol'Ill blt(\k~l'Oll1l( , or even tho 
t1s11nl IcttcI'-typc ch!U'~, would perhups bo ll10l'O Slntltblo, 

The tlyo Ll'l3t (ng, 12) consists of mcusllring how fnl' nn individun.l Cllll 

seo n blnck spot H6 ineh in dinmetol' on n, white bnckgl'olmd 7 inches 

F·439629 

FIO\:ItE 12.-'1'hl: ~'y(~.!l'~1. Plltt('1'1I 	 rOl' Il''ltillg" ability of ouscr\'('l'i:l lo SCl~ smoke 
col UlIlllf;, 

sql1llro, The ('y('-tl'st pnttl'rn, mlllle fl'om glossy white photogmphic 
pnpl'r by n!l'IlIIS of n mllstcI' IH'gI1tivl' (see Appendix for description), 
is cemented to n stiff, inflexible bncking, A }{6-inch black dot is locnted 
on n dingo1Hll half wu.y betwl'cn It cenLml X-inch spot nnd one of the 
fOlll' dingonnl eOl'nt~r Skips, These strips nnd tho central spot arc for , 
l'ef('l'(,I1(:e plll'poses only, enabling tho observer to know where to look 
fQr the> spot tnrgl't, 

'1'0 Inko Ull' tl'st, all observer walks nway from the eye-test board 
HnW tho }{6-ineh spot b(1(lOIllCS Saint, Tho eye-test board is then 
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whirled by tho examiner and stopped so that tho small spot is up or 


I 
down, or to tho right or loft, rl'~H.' obsenrel'incii<.-Ittes tho position of 
till' spot antl,if eOl'l'l'ct, ho steps bltck about 5 f(,(IL, whel'o tho pl'oceduro 
is 1'('lwntcd, Sucet'ssi\'u cilltllgl's ill position tu'omndo until tho obsOl'vol' 
1ms I'('nehod the mltXimUlll distance at whieh ho can identify tho posi­
tion of tho spot. COllsistl'lltly, From this disLltllCO (his rntillg in feet), 
his ability to sec slllokt' columns is dotel'mined, 

l"igul'o 13 shows thl' (lft'oct of brightness on tho visual l'ltngo of threo 
diHl'l'ent types or (lye-lest targots. Tho bl'ightness of the while com­
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FlGUlu~ 13,-Tho visual rnnge of three diIT('rent target-backgroUlld combination!', 
plotted against the brightness of their white components. Curve A, black 011 
white; curve B, white on black; curve 0, white pn gray. 

ponent of the tltl'getis expressed in candles POI' squltre foot. Curve A 
is plotted from observations mucic with the new eye-test board undm' 
various light intensities, Only at low brightness levels are the ratings 
scriously IlfTectcd, For this l'('ason the tests should always bo given , oul of doors, whel'e even on rnther dark, cloudy days the brightness is 
high cnou~h (about 75 cnnclles pOl' square foot for a white sm'face) 
t.o giyt:' rl'lmblc ratings, On the other hand, the tnrget should not be 
in dit'cd sllnlight (about 800 ellndlt's per square foot for a white sur­
face) or ratings will be slightly lowered, 
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CurvQ B shows the relation between light intensity and the visual 
.range of a }i6-incit white spot on a bhwk background which had a re­
f1eetioll fttetor of about 6 percent. The visual range of the white spot 
is cOllsidl'l'fLbly a,ffected by light intensity. Curve 0 is a similar curve 
for a white spot on a light gm.y background. This type of tal'get 
would also be suitable for iL lookout eye-test, but it is diflicult to COPl.­
stl'lwt so tlmt the white and gmy components will always have the 
same bricrhtness mtio. 

'1'he1'e care a numbCl' of reasons why the eye test described here is 
superior to tht' Snt'Uen 01' otlwl' typt's of ct letter" chad,s for testin" n,bil.. 
ity to SOl) small, individual objects. '1'11t'1'0 is a definite limit to the 
distance at which a mn,n en.n sec I(·tters of a glypn size, and stilll'eeog­
uizo thom as letters, no mil,tt(~r how kee11 his eyesight. There is no def­
inite physieallirnit to the VIsual range of the blade spot on the eye-test 
ttwgl't or \,he visllol mnge of a smnll smoke. Oonseqllcntiy, lettOl'­
type ehnrl,s ll1tLy fnil to identify l'spedally keen-eYl,d obsel'vOl's; such 
identification is highly desirnble in selecting firc dett'ction mcn. 

It can be shown that the eye test; should give rntings dil'cetly pro­
portionnl to thl' distance thnt ObSCI'VCI'S cnn sec smoJl smokes. This 
was Y('I'ifiNI by In,bol'ntory experiments 011 smokelike targets. Field 
tests wore mnlie also on netual smokes with men of known but dif,· 
~el't'llt eyp-tpst l'Il,tillgs. "While. this wns n less satisfnctol'y meLhod, 
It showed Hmt til<' n1t'n who Wl'l'l~ l'llted POOl' on the. test could not 
soo smokes ns fn,1' os tho men who I'll-ted nVCI·llge. ~imilady, ob­
SOI'vel'S who mtt'd avel'nge could not sep smokes as far as m~n who. 
Tnted good. • 

Thp l't'lntiol1 between the eye-test rating and actual visibility dis-
tnIWt's, fOI' diO'erent lmze-mctt'L' readings, is given in tn.ble 1. It might 
np pPIL I' from this table that the yisufil range of a smnll smo";e is not 
dil'('('tiy pl'oporliOlml to thc0ye-test ratings. This apparent discrep­
nney is due to n hn,ze cOITPeli.on; mpn with high mtings will have to 
look thL'Ough 11101'(\ IUlze thfin nlPn with low ratings and this tends to 
dpl'rN1SP their sllpl'l'iOl: visual range. 

TABLE 1.-risibility dista,nc(' td .small smokesful' various eye-test 'ratings 
jor d(tferent lutze-meter readings 

-~ ...... 

Hnze-meter readings 

Eyp-h·st rutin!!; (fcct' 


• 2 4 6 8 10 12 14 1'16I I I 
-1--'----'--­

72 __________________ ;lfUcll Miles jlfi/e.~ ;lfiles lllites Miles I1me.~ Jlfiles 
3. S 6.2 8. 2 10.0 11.6 13.0 14.3 15.764 __________________ 

56__ • __ - ___________ 3. 7 6.0 7.9 9.6 11. 1 12.5 13. S 15.0 
3.5 5. 8 7.6 9. 2 .10.6 11.9 13.2 14.348·______________ .. __ .. 

40 __________________ 3.4. 5. 5 -I. ?~ S.7 10.0 11. 3 12.5 13.5
3 .., 5 ?~32 __________________ . G.8 S. 2 9.4 10.6 11. 6 12.6 
3. 0 4. S 6.3 7.6 8. 7 9. 7 10.7 1.1.6 

-- I -. 

• 
• 

• 
W 

From these clata it is n,ppnrent t.hnt differences in eyesight, although • 
slllnll in compo,rison with SOlllP Sadol's nffeeting visibility, are signifi- ,. 
cnut. It will be remembered (see page 13) that a lO-porcent enol' in 
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visibility distnll(,C', {'omplrl'n.bl(~ to it lO-p('I'ef'nt l'Nitwtioll due to POOl' 


r t'Yl'sight, would mC'IUl It 35-pt'1'(,l'nt itwl'Pllse in tho size of fl, fil'C' 011 

diseovi'l'y ill thi' high-I'nt:o-of-s[)J'('IHI ftwis in thC' t'tlsLel'll United Stittes. 
]ijyN,ight Itlrects visibility distnnee morc on elC'fl,r i1fl.ys than on hazy 
dfl,YS, III though tho pC'I'(,l'ntngc dill'prPIl{'p b{\hw\C'/l nv('t'ngo nne! Iweil 
vision is about tllt' Sltlnt', apPl'oximatC'ly 10 Pl'l·('(\nt. 1'h(\ (~yp-l('st 
mting aud the I'elnti VP smokc-seping auili Ly for dill'cl'cl1t q unlities of 
eYl'sight IU'C' giv('n fiS follows: 

/ie/ulil'e .wlOkc llis/llility

E.rC'sig;li(. qunlity: gUt·Wi rUIiIlI! (feet) ",/ill(l (mile.,)


Exc;ppj·jonnl •. _____ "" ___ • _____ _ 64 or more 11.0 or lIIore(lood . . • . . , __ • _. ______ •• 58-03 10.f) 
AvC'ra~t' •... __ ••. _________ _ 50-57 ~ 10.0,·'niL ~ _ .... ______ .. ___ ... ____ ... __ 4.4-40 !Ui • 

43 or Ip,~H 0.0 or Ipss 
Poor. ____________ • ___ •• _______ _ 

Jndiv;dunls hn,\'l' bN'1l found to Imye C'Yl'-test l'Il,Lings as high as 80 
I'('l't nnd as low ns 20 1'('('1. This mn~C' would I'('sult in n, difl\'I'cnce of 
nbout 3 mile's in \'isiuiiity distnnc(' (01' nbouL 20 pPI'el'nt,) dut' to cye­
sight alon(' 1'01' nOl'mn.1 hftzt' condiLions. The vlu·jations between 
typi('al groups of workers nre: 

A ""aut eue­
.Veule.,lell le.1 ralillg


Gr'oup: (11 uIIIber) (feet)

J:('gullll' ]i'or'l'sl: R('rvi('{' p...r~(}!IIJ{''-~ ______ • _________ • 
 .\9 57.0
('ct' cnrolll'l's•.. _.. __ '.' ._. _______ _ 15 55.5 
(,oIlC'l~c studpnts___ •• _ •••. __ •••. _••• ______ •• ___ _ U 54.3j,;"Jj-.;(cd 111('11, l-. K Army _____ • ___ • _____________ _ no 50.9\yPA relief \\'orkers_ •• ______________________ . ___ . 

9 43.4 

51. 8 

:Recent tC'sts with 110 AI'nw Illollcmphasiz('d lhe fact tlmt quickness 
to s('e a target is e\osl'ly flssoein,ted with kC(mness of eyesight. :Men 
who rH,ll'd high on tht' eyt' test WCI't' Itblc to identify the spot fnstcr 
wll(lt1 it wns wil,hin the visual mnge than others with less keen vision. 

'l'ests of this same group showed that competition increases ability 
to pl'rt'l'ive smH.Jl obj('clS. This It'n,ture was ['eported by Hayes and 
Byt'lHIl (17) and wns llwnlioned by Show et ai. (28). Somo ill(hviduals 
hfl,Ye bN'1l abl(' to inel'('ns('. th('i1' seore 15 to 20 percent 11n<lt'I' the stimu­
lus of (!ompt'Ution. Expet'icnee nnd pl'uetice also seem to impl'ov(' the 
ability to p(,l'et'ive small objects. A group of 13 experiencecl a.rtillery 
obs('I'Yl'I'S nYl'rngNl 20-pl'l'ccnt keener ",is ion, when tested, than the 
group of llO 1111:'1\ flS il whole. 

The frl'queney distl'ibutioll cui'vo of eye-test ratings approaches the 
nonnal (~ul'v(' ns shown in figure 14. If the normallll,w is valid for high 
ratings of tht' eye test, one mnll .in about 1,500 should be able to see 
th(' X6-ineh spot consistently n,t 90 fC'et or mOre. Because of the large 
fluctuations in visunl tbl'esholds, lI how(\vcl', a man who rates 75.01' 80 
fect mny o('cnsiollnlly get a glimpse of the spot at 90 feet, although he 
GlUll10t see it that far ordinarily. 

" Byram, G. i\f. Vis\lnl (hrc:;;hnlds nnd the quantum nature of light. (Unpub­
lished mUllu;;cripC] U. S. Porest Serdce, Southeastern Forest Expt. Sta. I 

http:omplrl'n.bl


18 

I 

30 TECHNICAL B,,('LLE1'IN 0[>·1, U. S. DEPT. OF' MmIClfLTURE 
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OL-~2LO---2L5---3LO---3L5--~40~~45~~50--~55~-6~O---6~5~-7~O~~~~~~ 
EYE-TEST. RATINGS (FEET) 

FlGUIU: 1<1.-Frequency distrihution of eye-tc,,~ ratings for 110 men compared 
with the nonnal curve. 

Contained' in the Appendix arc specifications for the eye-test target, 
specifieations for its master negative, and condensed instructions for 
using the eye test. 

The vision test described here and the letter-type charts are inade­
quate in one importnnt respect. They measure the visual acuity only 
for the central Coven" but give no information about visual acuity Cor 
the oulm' retinal zones, which are also important in detecting small 
objects WhOIl their locatioll is not known. 

HAZE-PENETRATING FILTEIl 

Probably from the, very beginning of forest fire detection activities, 
men have wished for some device that would enable them to see 
through lutze. A great deal of thought and. efl'ort has gone into the 
development of haze-cuttinO' or haze:'penetrating filters. Tests show 
that ordina1"y (~olored filters llUve little or no value for smoke detection 
except to redu('e glnrc or intense brightness that m,ay illterfere\vith the 
comfort of till' observer. 

'rests mude by the senior author showed that n neutral polarizing 
screen, or one combined with a I'ed filter, penetrates haze much farther 
than colored Iilters used alone (11). The use of this screen is limited 
to directions approximately at, right angles to the sun's rays and to 
sunny days, but, even so, it has considerable practical value. 

The haze-cutter, as the device is called, is based on the principle that • 
the ltir-light is pllrtially plane-polnl'izedill directions at right angles to ,. 
the sun. (See dis('ussion of seaUl'ring of light, p. 5.) Therefore, a 
polarizing screen

l 
ol'iented lo exClude polarized light, will reduce the 
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HAZE-METER READING (MILES) 

FlGl'ln: 15,-l'erC:<'llt of polul'izutioll of air-light ill din'('tiolls Ilt right, ulIgleg lo 
Lhr dircetioil of the Sllll, ploUed IIgnillgt, haze-lJleter readillgs. 011 hazy days, 
the IOIl~er II'lIve IClIgthtl (r('(l-linc A) are more strongly polarized than the 
shorter wl\\'e lellgths (blllt~-Iillc B). 

apparent intl'nsity of ail'-light and iller'case the contrast between a 
smoke lind its bn.ek~rotllld. l~igUl"c 15 shows the percent of polariza­
tion of huzt, illrplntlOn to visibility ('ondilions. On hazy days the air­
liglll. is it'S8 strongly polul'iz('(1 thnn 011 el('IU~ days. This fact tends to 
l'etitl('p th(\ prneti('nl utility of lhe dl'viee for fire detection. 

Best results wit h the poillrizin~ s('.r('('n nre obtained 011 white smokes 
be('ullSl' Ihest' give on' unpo\nnzed light. It, is of little value for 
smokl'S, thl' light from whil'h is polnrized to nbout the sume degree as 
till' lIir-light. 'l'lw light from some thin blue smokes is ulmost com­
pldt'ly plnllt'-poinrizl'd, lind the \Tisuul rlUlge of such smokes can be 
lU('l'ensl'<1 sOIlH'whut by using the huze-cutter in reverse (orienting it 
to tmnsmit poillrized li~ht), 

Visibility distlllll'(' is Illel'('jlSNI from 20 to 50 percent at right angles 
to the sun with tlll' huze-euller, dep('ndin~ on 11tmosphcric cleRl"lwss. 
Approximnldy 4 milt's is gained 011 dRYS W11t'11 the limit nt whieh small 
wb Ito ~mokl's ('nll be Sl'Cll is 10 miles. Figlll'C 16 shows this l'ellttion 
between visibilily t\istnnce with and without the filter, for thin blue 
smokes nlH\ white OIll'S, :E'igure 17 indicntes thut the uddcd area that 
can be covered with It hllze-clitter fOl' assumed conditions alllolmts to 
50 percent. Th(' ('Ul"vt'S in both figw'es 16 and 17 are theoretical and 
weTe not oetermilH't\ by field tests. 

An l'xpl'l'imentRI model of the haze-cutter consisted of a sheet of 
polarizing film. lllounted between two circular pieces of plate glass 4 
mc11es in diameter, This glllss was fastened in the center of 11 dark 
metal shield to exclude stray light. Some models had a red filter 
mounted with the polurizing film between the glltss. 

In 1941, Som(' preliminul'y field tests of the device were made at 12 
10calit1('s in Cillifornia, Oregon, Idaho, and Montana. Of the 12 ob­
servers, 6 thought thut the instrument had value as 11 fire detection aid, 
1 thought it hud no value, and 5 were noncommittal. 
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A - White smoke 
B - Thin blue smoke 

0-- 2 4 6 8 10 12 14 

VISIBILITY DISTANCE OF SMOKE WITHOUT HAZE-CUTTER (MILES) 


FIOUltN IG.~('urve .,1 I::; lhe d':ibility distance of a ~mall whit,e smoke viewed 
through (,ho haze-culler; B the visibility of a thin hluc smoke viewed through 
the haze-cutter reversed or oriented to trllnsmit polarized air-light. Value:; on 
both CUf\'('S Ilre plotted against. the visual rIlnge of the smokes as Bcen with t.he 
unllided l'ye. 

In 19,12, It more extensive field trinl was made in 7 States the results 
of whieh nl'e shown in lnhle 2. Of 140bsenT ers, 10 recommended con­
tinued use of the hnze-eut.ter, 3 thought it had no value, nncL 1 was 
I1Ql1eol11miLtnl. Of the 176 fires reported in table. 2,85 (01' 48 perecnt) 
could bl' St'('11 better with tht' haze-~uttt'r than with the unaided eye. 
This may be bight'l' than the lrue propOI'lion b(ICIHlSe a tendency was • 
110ticed on the l'eport forms to favor the haze-cutter, .. 
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SOUTH 
I?JOt'll~; 17,-('lIrv('" eompu(C'd for S Il, m" ,\u~ust 21, lntitude 3liD

, $howil1~ visi­
hilit~' di:-;lllllt't' of n iltllllll white smoke, The eircle is for smoke viewed with 
ul1nidl'd l',rl'; the l'llipse, for smoke vicwcd through ha7.l'-cuttrr, Long radii arc 
(ll'rpPl1dkulnr to Ihr dirl'cliol1 of thl' sun. The ellipsc expands unW it becomes 
ullllORt r,irClIl:lr ut, noon, and tlwn rr;(Ull1rs its clliptieal form during the afternoon, 
Theshort IIxif' alw/lYs points townrd the SUI1, • 

Of t.he 176 smokps listpd in thp table, 13 were fu'st discovered with 
thp hU7.('-euttl'I', Wbill' 1:(,(,OI'(\S IU't' not complete, some of this number 
w('rt' SPl'll l hl'ough thl' hU7.I'-eutter but not at n.ll with the unaided eye, 
Olh('l's w('n' dis('()\'C'n'd 5 to 10 minutcs sooner than the eye alone per­
millc'd, R\I('h sndngs in dis('ovel'Y time' urI' significant and of prnc­
ti('nl \'nh((' in fnst-buming fupl Lypes, 

, 
lL is signifiennt. to note thnlll1nny ObSl'I'\Tel'S have stressed the vnlue 

of lll(' lUl7.('-('utt('I' in idl'nWying qllPstionn,ble smokes or topogmphic 
fl'Mun's partially obseured by hn.7.!!, The l'('sult is fewer fnlse alarms 
and mo!'(' UC\'Ul'n.tc' loention of fil'l's, Thus tilt' lut7.c-cutter may sel've 
ilS n u~cful net'l'ssOlT [or (OI'('St fin' dl'tl'('tion. A mounting arl'll.nged 
80 that lh(' polnri7.ing 8(:('('l'IIS may \)(' CiLtl'd over tbe ends of binoc­
ulnrs nIlll rolntl'd for ol'ientn.tion hn.s been widely recommended, bllt 
hn,s not yet been tI'il'd l'xlcnsi \Tely. 

10 
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'J'ADLE '2.-}l~elcl test oj ha.ze-eutfer, 1942 

...... ­ c' .-. -.-.---,~., ·-'1' "Tot:t- !Fires scc'n 

I.oentio.n of ohst~rvers fir(>:': 'b(>tt(>r wit·h 

,...••,_ •. _ ' rrcor(\('(l lhnzr-cu! IC'r 

;\lontnIlR~ , NUIII/J('r Number 
. 13Helcun Nntiounl ForC'~t •••.• - .... - •••• - ••••. - 3 

Lolo Xntionnl ForC''iL..",... 5 3c' ,-' " ••• ". 

Oregon:
D('schlllcs Xnlioll1l1 I~on'<;t '" " 7 5 
Mt. Hood Nlltionul For('R{,._ 10 6 

l\l'ntucky:
(\II11berlnnd Natiollnt Forrs!. 4 3 

l\!ii,sis:;ippi: 
lloll~' Rprinp;s National I?orrst: 

Obl'l'I'vl'r A _ ' Hi 11 
ObSC'r\'('r B. ' , 29 11 

DeSoto NnUonnl Fort';;l 21 10 
Louisiana: 

Ki'lntehic Nationnl \i'nr('''! ,. _____ ._ •••.••• 13 13 
North Cnrolinn: 

Cronlall N utiOlml FOfl'sL, ".. • __ ."" _ . __ •••• 9 2 
Routh Carolina: .. 

Sumtl'r Nntionnl Forl'st.: 
Ob~rrvl'r A .•••__ •________ •••••••••••• __ , 1 
Oh!"('n'pr B • "" •• __ • ___ • • -- ." • _•. - - -' !) 

State Porl's! ~pn'ic(': i 
Ob~l'r\'('r ,\ , .' •.., __ •• , .• - - _ .•••••• -. - -. .! 1 
Ohl'l'f\'l'r Il. .." _. ___ •• __ •. , .. -. '........ 7 

8.') 

TIl(' hlLz('-<'ultt'1' may lw of ('onsi<i('l'tLbl(' valtl(' in lands('ll.pc or I\('rial 
photo!rl'i\ph~, ,For distant work, Iwg-atin's al'o obtnin('c\ Ol~ ordinary 
pl\nC'llI'onu\tl(' him nlmost us shn.rp n.ncl delll' as those rcg-tStcl'ed on 
infl·/\I'l'(I-st'nsitiye. ol11ulsions. An {'xl\mpl{' of whnt enn be done with 
th(' IlItzc-('utter is shown in fig-mc 18, whkh bl('iu<i{'s one photogrll.ph 
obtl\inl'fJ lbroug-h n red filt('r. ~fOllntnins 130 111i1('s 1\\\'l\y hl\ve bl'('11 
r('~ist('l'NI on pnn('\rl'omatie film by Ilwans of 1\. ('11.111('1"1\ ('quipP(1d with 
1\ haz(l-eul l<w. Tht' hn.z('-l'ut l('I' ('ould 1.)(' adapted to th(' photo-t('('on\­
ill!r tmnsits uscd on w{'stl'I'n natiOlml forests to photog-I'aph pl\nomml\ 
fl'om lookout points. HOWlw('r. sueh photog-l"I\phs obtn.ir1l'd with the 
haz(\-('uLl('1' would IU11;0 no pnrti('uinr n.dvllntn.ge over those ml\dc on 
infrared film I\lHI would be mon' difIieult to obtl\in. 

:PEIlISCOI'ES, UINOCUI,,\IlS, TELESCOPES, AND FILTEIlS 

The ust' of Pl'I'is('op('S ns nil !lid ill fon,'st fil'(' c\('h'dion WfiS thought of 
'20 Yl'lHS ngo ",111m 1\.11 IlITnng(,11l!'llt of min'ol'S WfiS h'st('d on tIl{' Uo~s!' 
Niltionni :For('st in Idaho. Vnl'npl' nnd ~i('hois (30) I"(\pol'tl'd thnt 
mil'ror imng('s of smok(', und!'r t~('rtnin ('onditions, npP('ul"('d mUt'h 
sillup(,1" thnn smok('s yi('w('d dir{'ctiy, TIl('Y e\nirn('d thnt in somc 
t'us('s mirrol' l'l'fl('dions wel'(' slml'Jl when direct obscl'yn,tion of smoke 
wns Illmost impossibl('. 

Tests W('I'(, continucd bv Vilmel' nnd Nichols in 1936 with It nnYlll 
p('I'iscope eqllil)j}('d with ':fll'ious ('OIO.1'NI filt.(~I·s nnd h.'d to the conelll­
sion thnt the ( ovicl' ennbll'd detection of some smokes illyisiblc to the 

http:n.dvllntn.ge
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r 


, 
F·. 13628, 413629, .13630 


PIOl7RH IS.-Three photographs taken on pallchromatic film from Mt. Pisgah, 
N. C. All Wcre takcll \\-ilhill a few miuutes of one another. A; taken with 
no filter; B, with red Wrattcn filter; C, with haze-cutter. 
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nukell eyC' 01' wilh Il binoC'ulul' of equul 01' gl'('ut('I' mngnifi,'nlion, 
1/ 8('Y(,1I tlifl\'I'('IlL m«.'I'S of C'xtl'C'llll' Yllhw" \\,PI'(I d(,y('loPNI from llwsc 
t('sts. Till' ('Xpt'I'im('nl(,I's impl,\' lhnl lhes(' filll'I'S lIsl'd with Lilt. Pl'ri­
$('OP(' pl'oYid(' 1\ nll'tlns of s('Ping l,llllokl's thl'ough IInZl', 

Till' Wl'ill'I'S ngl'N' with ftll'thl'I' ('ont\usions of \'nl'l\(,1' tlnd Ni('lIols; 
1lI11lH'h., thill!WI'isc'O!H'S U1'(' of vu hw in fin' d(ltl'etion bl'etllls\': (1) Adckd 
height ('onlribul('s lo tiH' IlI'PIl visiblp frolllulookolll point, l'S!H'l'inlly 
in flnt (,OlllltI'Y; (2) llwlr mngnificution bl'ings out d('tnil of distnnt 
objN'ls; (3) tiH'I'(' is lik('ly to bl' less ('),l'stl'llill nssoeilltp<l with pel'i­
SCO]>(I US(' lhn Il with bino(,lIllll's 01' tpl('scopcs. b('en lise 1II'IllIH'SS of 
moullting pliminlltt's motioll ill LlH' fh'l<l of vip\\,; lind (4) views ul'e not 
O\)Sll'Ul'll'(\ by stl'll('llll'llll'I('llwnls of thp lookout hO\H;;c,. . 

'I'h(' WI'i(PI'S dislIgl'I'(\ wi til llw Stll tplllt'IIL of Vn 1'11('1' nnd Nichols, 
1I0wcn'!', Uw t tile filtl'I's IU'l' of extl'l'nll' vnlll(' in vipwing slllok('s, 
'I'hpsl' lilll'l'S W('I'P ('xnmilH'd nnd, lilw nlly Otlll'l' ('olol't'd glllSSl'S, do not 
inc't'NHw f~ppl'('{'itlbly til(' nppnl't1nt eonll'llst betw(,l'1l II smoko lind its 
bne),gl'ollnd, 

TIH' ulltilol's !-IN' no 1'('11SOn wily mitTOl' imng('s of smoJ,.(,s should 
11P!)('1l I' Sllll I'J)('I' [lin n til(' dil'pet Yi(~ws of Sl1lok('s, This brlil'f on th(' 
])l\l't of Vnl'lH'I' nnd~i('hols WIIS pl'o1>l1hl), tim' to the nlllWlifielltion by 
til(> p('I'is(,OPll nncl to till' sll'ndiIll'Ss of 1111' insll'lllllenL nnd In,(,1. of l'Yl'­
stl'tlin in using it. 'r\H'S(1 IU'P signifi('nnt ndvnntll~l's, ns pointed out, 
butsllould not 1.H' mislnkl'n fOl' hnzt'-lwnetJ'nling nbilitics of the 
pt'I'is('OIH',

13inol'uilu'S l1.n<1, o(.'('l\sionnlly, tt'lps('op('S un' ('ommon lookout stntion 
l'(luipmt'nt nnd IU'P ynlunblp u{'('('ssories fOl' ('fl'pctiyl' Ht'c dptpetion, 
'1' Il'Y II id in Y('I'ifknlion of q ll('stionnblt, SiYLOkes nnd bring out topo­
gl'llphi(' dl'tni\ ('nnbling lH'l'Ul'nlp locntion of fil'l's, C'ml'Y (14) diS(~llSS()S 
in d('lllilllll' usc' of bino{'ulnl'S in fOl'l'st fin' d(,LP('lion and I'ceonunpnds 
for lookout stntion lise n 6- 01' 7-powl'I' instl'llll1ent with 30-mm, objec­
tiYl' nnd n ('\el1l' fi(lld of ut 1('Ilst 120 Yllrds nt 1,000 YlIl'ds, Such nn 
instrUIlll'nt, of tIll' prismn tic type, is stnndn 1'(1 fol' the FOl'cst Scryice 
(29, p, 13-4). 

A widt'-fit'ld bino('ullll' is SIlP(,I'iol' fOl' lookout obsl'rYel' use, 'Vidth 
of fi(,lll dl'lwnds in pnl't on Illngnificntion, the nppnl'.-'nt width of lipid 
b('illg llll' prod lIet of mngnifiention nnd the nt'tllul fidd: Since the 
npplll'l'nt fi(,It! is limitl'd LO nbout 45 d('gl'ees (14), a 7-poWQJ' billoculnl' 
hIlS 11 mnximulIl ut'lunl IIl'Id of nbollt 6,5 degr('cs, an ungle cOITespond­
in!! to nplll'oximnll'I'y 120 ,YIII'ds nl 1,000 ),1I1'<lS, 

If it Wl'I'e possibll' to rt'tnin lhe SIlm.C upparcnt field (at lcast 45 
d!.'!!r('l's) in n lower po,\'('r binocuIuT, then n ~- 01.' 4-power instrunwnt 
wOllld probubly' bt' 11101'(' l'fl'('ctiv(' thnn th(' ])I'c!wnt stunc\1I1'(1. 'l'Jic 
ll1njol'incl't'lls(' in Ihl' visunll'lIngf' of slllohs vipwcd with t('\es('opl's or 
binocuInl'S ('0111(':'\ dill'ing lilt' IIl'st 3 01' 4 dillllll'tPt'S of mngnificution IlS 
shown in figul'l' 19, ).[ngnificntion n('lunlly hns It'ss ('ff('ct'on tIH'visuul 
run!!" tllnn fi~lIJ'(' 19 indicu lc>s; smoke columns bn \'e bhllT('d l'dgcs llu<I 
too much Illllgnifiel1tioll sprl'uds out thl'se ('dgllS until the bOl'd('1' efleet 
1'('Spollsibll' for eonlrnst 1'('('o~lIiUon is lost (1~), Howcyl'l', the, design 
of It: low-powl'l' binot'ulnl' with Il wid(' fi('ld pl'esents diflieult oplieul 
problpIlls, nnd for (lqunl nppnl'ent fields, !l 3-power binocuIIlI' would 
tl()t hllY(' ns ('\l'111' ddinilion Ilt the edge of the field ns would a binocullll' 
of hil~hN' pOWl'I',

1'1~(' I1bilHv of the Py(' to r('cognize detnil and to dctect bordl'1's of 
sIUnU contrllst d('pcnds to II Inrgc extent on small rnpid mOyelllcots of 
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lilt' l'Yl'bnll (/S). Any motion of lht' whole fif'ld of "iC'w inl(ll'fC'J'(ls 
s('I'ionsl" with lIll' b(\lwfils of t.\H'st' snll\ll (IV(I mO'·C'IlH'nt.s. }fOI' this 
l't'IIS011 ~\'Nl low-powPI' bino(,11 III I'S should btl ~pi'lCNI on a slplldy mOIIl1I.­
ill~, if ilt 1111 possiblt', \\"11('11 bpjllg mwd. 

'l'l'lrs('OIH'S. IlllholJ~h sOlll('wlml jpss ('xp('J]sin', hnvl' no ndvlllltngl\ 
O"C'I' bino('1I1nl's, 'rh(T tll'l' mol'(' diHicult to lISC', Illle! UH'il' gt'l'nlel' si7.o 
is It sli~ht disnd"nnlllge,

H should bl' pointNl ouL t1I1lL mngnifirtllion is I11I1('h mOl'l' pf)'l'ctivQ 
fOl' I'('soldllg distllllt IlInIl8('III)(' dptnils Ihnn fOI' d(\tt'cling individ\11l1 
sl11l1l1 objl'eis 011 It fnil'ly unifol'lll bnl'kgl'ound. 
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OL-----~2~----~4------~6------~8----~IO=-----~12~~--714· , HAZE-METER READING (MILES) 
~'ml'inl In.··-C'un·p$ showing the reIn! iOIl bet w('('n the magnification 11f, vil;ual 

mll~i', lind haZl'-meter readings. These clln'C$ are theoretical and are based 
011 the lLo;SlImption tim!' thc .smoke column hIlS slJarp borders. Jf the borders 
are blurred, then a given change in magnification would pr,oduce a smaller 
change in the ViSllSI runge; 'fhe cu> ve for M = J is idelltical with ql1rv~ .4 in 
figure 2. 
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Us I, 010' GOCGJ.J;;S UY LOOKOll'f ()lIslm\,I~Hs 

Lookoll t, ObSN'Y('I'S SOllll'tiUl{,S SIII1't'I' from ('y~'st min n Lhigh l('vds of 
il\um.illll lion comlllon o.n mo.uulnin pl'llks Wht'l'l' 1IIl' nil' is ('I<'Iu', 'J'his 
('ondition is l'xlIgg(,I'lIINI bC'CIlIIS(' IIbo.ullwo-lhirtis of nil fil'f.'s dis('o.,'el'('d 
by lookouts 111'(' sighlNI. in tlH' <iil'PCtio.lI of till' SUIl (21), 1kAl'llll' nllt! 

BYl'itllfl (23) d(;\r(\IOPINilgoggll'S fo.r 1o}okout III ('11 to edi("'(' th,l' ,discom­
fort 0. ('yt'sll'llll1 lUll t nlS 1'('1Il0Yl' I l{\ ('111!S(, of d('('I'('lIsl'd ('III(,H'II('Y, 

SmokNI glllss WIIS found to bl' mor(' sntlsfndol'Y tllnn bltH' 01' ItIuiH'l' 
b('CiLllSl' it l'('(lu('('s light inlt'nsily IIppl'oximnll'ly t!H' SIIII1P 1I11101llll fo.l' 
nll WI\V<, 1<'11"1115 (fig. 20), Th(' smokl'd glnss filllllly s('l('etNI n.ftl'r 
nUIIH'I'OIlS Ht'fd tl'sls lrnnsmils 2(j ])('t'('('nL of til(' visiblc I'ndilltiOll, 
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VIOLET - "BLUE GREEN YELLOW ORANGE RED o
4C() 450. 500. 550. 600. 650. 70.0 

WAVE LENGTH I MILLIMICRCNS ) 

FIOl'1I1:l 20,~LighL-trull:!I1\i$tiiOI\ qunlit.ie:; of .slln~lnl;s()S of dilrcrcn!; colors, After 
:'.lcArdle und Byrum, 

Tlwse O'oggll's nre opti(,ll11y em'l'pel Ilnd therefore. musculnl' stmin 
nnd fntig~e nssocintN\ with fnully 1l'\UJ('s 1l1'1' n.voidl'd,. Specificntions 
for, t1~e rC('OllUlll'IHled tyP(' nl'e giWll il1, the ApPl'ndix,

It IS doubtJul wileth(>I' pcllll'i7.ing sp~Jetnel('!, shculd be. used by look­
out m('n to reduct' (>ycstrnin unless the polnl'i7.ing glnsses nrc I'otntnbly 
mounted, in which <~nse th('y could be uSl'd ns l1lt7.c-cuttcl'S. If the 
polnrizing glnsscs Wl'rl' rigidly fixcd, tll(.'y would cxnggel'n te. thc l'e1l1­
tiYe hnze bl'ightn('ss in ('el'tniu dil'e('tions nnd net\lnlly mnke, smokcs 
less yisiblc in tho$t' dit~('dions, SOl11e new('r typ('s of spectncies, 
contnining two. polnl'i7.ing glns$Cs for eneh eye, would not be suitnble 
fcr use by looko\l~ men. 

http:qunlit.ie
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OI'l'lCAL 1"1I0/lL"~IS IN TUI~ DBSICN O}' TIIB LOOKOU'l' HOUSE 

r 'l'he'I'~\ n1'(' H. nUllIbl'I' of fHelol's in the' dl':;i~1l of tlw ('nbs of 10okollL 
toW('I'S whkh nulY ('illH'I' (lontl'ibut(1 to 01' d(ltl'l1t't fl'om the lllllximulH 
visuill l'f1il'il'IH'\' of lhl' lookout mlln, 50n1(\ of tll(,s(\ fndol's ill('l'('t\sc 
tht' UiS('Olllfol't, of the' ObS(II'Yl'I' by ('nllsin~ fll ti~Ul', lind {lyestl'llin, 
Oll\('I' f('ll tUf'(IS of (,lib dN:lign mil)' not bt' besL suit('d to mllximlllll yisual 
lH'uiLy, . 

In \'xp(II'inWIl till ('nbs now b('in~ dt'siglwd by t.\U' ]i'on~st Service, 
most of the' 1ll'obl(,l11s thnl 11/'(' di!wtlsst'd hnYl' nll'(>lIdy bN'1l I'(leoglli~()d 
IIlId (nkt'n into ('ollsiill'l'll HOII, 'I'I\(' objl'(·tioIHLblC' opti('1I1 felttul'Cs of 
Uw PI'llsl'nt enbs will l)(l gl't'lttly 1'('(llIl'NI in lh(, Ill'\\' design, 

WINnows 

Tht' onlinlllT gl'lIdl' of window glllss (pn'ssl'<l ~Inss) is noli slIitnbln 
fol' thl' l)(Ist yhHllI1 Il('ui!,\'. Tht' flllws !tlld distoltions in t:his liYPl' of 
glnss HillY ItiSO t'onll'ibul(' to l'y('sll'llin, although this IIlls not been 
dl'lIlolls(rll.!<·d. dir('('\ I",. 13iIlO('ulll.I'S Hilt! t(·lpseopps of l'yen the lowl'st 
I)OWI'\' ennllot br uSNI to nd\'nl1tng(' thl'ou~h PI'('ss('(1 glnss windows, 
1)111 l(' glnsR would ht' IHueh mOI't' d('sh'll blp fOl' 1I1l' en.\) windows than 
111'('8$('(\ ~11l8S, It hilS \')l'('11 groulld nnd polislwd so thnt its opticnl 
qlllllilil's ItI'l.· good, Its ~I't'n t, IhieklH'ss !lnt! stl~Pll~th would 1H'l'Init the 
1I::;(\ of In I'gt' I' pilIit'S, thus I'l'l.\twing till' l1umbl'\' of supporting stI'ips 
whieh obsll'ud vision, Binoculars n,nd tt'h'sCOIll'S of molil't'nte POW(\I' 
(5- to I O-dillltwll'rs mn~lIifi('n tion) ('lin be dil'l'ct('(1 thl'ou~h pln.te glnss 
willdows withouL sC'riolls loss in c\t'finition. 1Iow\,\,el', ('Yell with pInto 
glnsR Willt\OWS, lin instl'UIIlt'n t wi t h 11 m!l~ni(jell tion gl'en.tl'I' thn.n 10 
difl.llH'Il'I'S should hl' clil'('('\I'd thl'Ough nn open window 01' rise used out­
sidt' thp ('lib. 

'I'h(' \'(·fl(,(,\ iOlls ill en.b windows probnbly 11.1'(\ not S('\'iOllS as Cn.t' n.s 
('~'N;ll'itin is ('0 ll('t'I'1H'd, bull tllI.·S dN'l'l,'ItS(' th(\ \'isibiJ.Gy of distl1nt 
smol\l's, \i'm' PXlllllp\(', if un Ob8('I'\'(,I'i$ looking thl'ough the en.st 
windows lip will sC't' II. 1'('(\I.'('tiOIl of the W('St('I'11 In,ndscape su'j)crimposed 
oti th(' Nlst('l'l\ \I\II(\S(,UP(" The n'sullil1~ loss of contmst between 0. 
dislllnt smok(' I\nd its bnekgrollnd may be ItS much n.s 30 percent, 
nllho\l~h lht' ('OI'I'('sponding pet'cent of loss of visibility distance 
would 1)(1 ('onsit\('l'IIblv \c'ss thn,n this, 

H('(\l'('tions 11\'(' pndi('u!nrly tl'oubll'S()Il1(' wll('re lookouts arc r('quil'ed 
to 1'('pOI'lli~htnin~ slt'ikl's whieh O('('UI' HI ni~ht. It is nlmost impos­
sible· COl' II. lookout to (('II wlH'1 hpl' Ill' is sl'('ing Il I'enl strik(\ 01' the reflec­
tion of n stJ'ilw ON'lIlTing.in th(, opposill' tI i rt'('\ ion , 

"'indow PII.lI(' \'('{\{'('tions ('illl bl' nliminll.lc'd ('ithel' by using panes 
('ontNI with lloll1'(lfll'ding films 01' by tilting th(' pltlH'S at the proper 
an}~I(', '1'1\(' nOlll'l'Ikc\.ing .f1IIllS ('nil. b(' mndl' comph,tl'ly ('fl'cctive for 
li~ht of on1y Oil(' WtlYl' !t'llgth (Y('llow gl'('en is lISUu.lIy dIOS{'Il) so they 
will I'('ll('('t SOIl1(, l'l'sidl,lIll Ii~h t 'of otlwi' wnn' \('ngths, Also the films 
nl'(' il1l'fIki!'nt fol' li~hL pnssin~ obliquply thrOlJO'h llll~ windows, This 
mi~bt not b(' Hll obj('('(ionllbl(' f('I1.IIII'(I, ns til(' obs('I'\'('1' is lIsunlly 100k­
in~ tlJl'ollgh thl' ~lllss nl iUlgll'S whieh do not depllI't appreciably from 
thC' PC'I'IH'lltiieulnl'. 
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At the pl'l's('nt time it appt'Ill's that tilting the windows is the most 
pl'udical method of eliminating l'l,f\ections, If they are tiltpd in Ilt the 
top, th(' nngl(' of tilt IH'('l'SS/UY to l'limillatt' lnnc\s('npe.l'dlediolls prob­
nbly wotlLd'be nbout 12 01' 15 degl'('es, If tillNI in nt the boUom, tho 
1'('<]lIil'('d lingle would p(lI'hnps bl' 20 degre('s 01' oyen mOl'e, 'l'ilting the 
windows in nL lh(' bottom w01lld l'l'Cluil'e a Stl'l']WI' tilt;, b1l t thoro would 
be no dangel' of sunliL patches on t wHool' being l'('f\l'ctt'd in the win­
dowa, Such 1'l'/IoctiollS mi~ht o('ctll'in windows tiltl'd in at tho top 
unlt'ss sunlight WN'O exclulwd from the cub by ndcqullto awnings or 
shutters, , 

Glnss wi th a ]ll'onolllwNI bluish till t would enuse n sligh t loss in the 
visibility of dislnnt, smoke1s b('(,l1l1s(' it would l'xnggl'I'ate thc' brigiltnpss 
of lh(' bluish lIa1.(', Ul'cl glnss 01' nmb{,I' glnss would not, <ll'('I'(,l1se the 
yisibilily of slIlokes, but, on th(1 olhel' IlIlnd, they would llOt produce 
any noticcnbll' inel'cnse. in visibility. 

PAINT 

Visual at'll ity l11('aSU1'<.'ll1l'n is have shown tlmt vision is keenest wlH'n 
all pllI'ls of tlw fi('ld of dsion UI'C' npPl'oxi'mnt.<,ly of thC' snme lwightuess, 
'rhis condition cannot bl' md if til(' intt'l'iol' of thl' ('ilb is painted dnrk. 
Also, It dnl'k ('0101' <:ollid possibly cnnst' l'y<'stl'ain because of the. high 
COlltl'Hst b('tw('l'1l tiH' dlu'k int:('l'ior nnd till' hl'illinnt exterior landscape. 

Il'l'om til(' physit'nl standpoint titt' wboll' intl'riol' of the cab (,dth the 
possible' ()x('oplion of Uw floors nnd 10we1' wn 11s) should be pain tNI 0. 

bl'illinllt whitl' to obillin t.h(' optimllm visual acuity, The bl'ightness 
of thl' intwiol' would tlll'n most, IH'Ill'ly mntch the brightness of the ex­
tel'iol' Iunds('npl', Howl'vel', the most sl'riol1s clluse of eye fntiguc nnd 
eYl' il'l'itu.tion n1l10ng lookout lllt'll.iS un l'X(,('SS of light, and painting thl' • 
intl'l'iol' of tlH' eab whitl' might nggl'llvnte this condition, The excrss .. 
light ('ould bl' t'limilllltl'd, however, eithel' by neutral sll1oked-glnss win­
dows (of pln,te glnss qutllity), or pel'illlps (Wen better by Ilt'utrul smoked 
goggl('s, Till' ll'nnsmissiOll of ('itllft'l' the goggll's or windows should be 
nbollt 25 or 30 pel'Cl'ut, A tl'nnsmission highel' thnn this would not 
give' adl'quatC' PI'ott'('tion, and if the tl'Hnsll1ission W('I'e too low (6 or 8 
pt'I'C('t'lt) till' lookout might. have SOI11(' diIlit'ulty in seeing such things 
as <it'tnils on his nmps Ilnd S(,ltlPS on his instruments, 

Ikellns(' of till' adnptntion ll1echnnism of the ('ye, visual acuity in 
V{,I'Y bright dnylight is Itlmost ind('pendent of t,hc dt'nsity of goggles 
or windows, provided tlll'Y tI'lwsmit, at lettst 2 or 3 TH'I'C('Ilt of tho in­
('oming light., Howcyt'r, this is not tl'lH' in faint; light, in which cnse 
thl' tTl' needs all the light. it cnu get, This condit:~m in itself might 
bl' suflieient l'enson for not using Sll10kNI glnss in the ('nh windows, as 
vision would b0- impnin·d during the night nnd twilight hours. 
Goggit's, of course, would not bo worl1 nt tlH'SC times, 

Esthetic and psychological fnctors should be considered in choosing 
the color of intl'rior paints, A pure white interior could be monoto­
nOllS, in which cnse a very light (I cool" color sllch ns green or blue 
gl'N~ll might be more dt'sil'l1bl0, The color should be very light, nnd 
its reflection factor should not be much lt~ss than that of pure white 
paint, 

'l'I1('l'c nrc somc pltrts of thl' cab, such as the floors and lower walls, • 
from which it is it not possible to t'xclude sunlight even with the .. 
bt'st shuttl'r Itrl'llllgeuwnls, 01lu'(\ pntches could be avoided only by 
using da,l'k pnint Ol! the 11001's and lower walls. 
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A glossy paint would probahly be mow suitable than n fll1t 01' nOIl­

r glossy p,tlnt. It is much {'nsil'!' to kl'C'p clenn and is more durable. 
1\. glossy pttint gives It smnlllullou.llt, of glan' by direct reIl<'clion, but 
since nn oil film hilS n, reflection factor of only 4 percent, glnre duo to 
this eituse would be smnll. 

]>I'omin<'nt obj{'ds, sueh as catwnlk l'l1iling and nearby buildings 
outside tho (,lib but plninly visibln hom im~id(', mn,y pl'Od II C() It trouble­
some rlnl'(\ unle-ss lh<,y nre pnintl'd some dark color luwing Itbout the 
SltmQ llrighl..lless !lS. their SU1'l'Olll,l(lillb"S, 

SIIU'fTEHS 

1f l'om the opticltl stnlldpoint Ih(' HUlin vnlue of shut,ters is in ke(lping 
out dil'('t!. slInli~ht whi('h would othcl'wi:;w ('1\.\11\1' glnre pntc1H's 
on U10 flool's !l1l(1 IOWN wnlls fwd illuminn,l(,~ slllnll dust pn rliclt's 
on Lhe windows, Tht) 11101'0 Sl'l'.iOUS pl'obh'm of tht' two is tlll' illumi­
Illliion of Ow dusL pIlt'tklcos, E"('ll 011 11 1.'1('1111 window t.lw light scn,(;­
t("I'('(1 by tho pn.l'!i<:)('s whi('h ('nn It('c'umulnte in n few hours" may bo 
(Iquivnknt to nil l'Xtt'lt milt' 01' two of IIHzy a(mosphl'I'P, 

SineI.' sunlight. cnllllO! stl'ikl' til!' und!'I' sid('s of t.h!' shUtt,l'I'S, th",y 
should lH'obnbly bt, pnintNI lhe SIlIHC color as the c<"i1ing of the cnb­
0. bright while 01' light gl'l'cn, 

SUMMARY 

Dnmngl's ('o.usNI by forC'st fires lWei the costs of RUPPI'Pssing UH'l1l ('nil 
be Iwld to It minimum by ql)iek action tlmt l'xtinguislH's UWlll bl'fOI'O 
thl',V bN~ome .htrg(l, l~nr)y detection of smoke i~ It lil'st 1'I'qllisitp of 
sl1.tisfnetor,Y .fin' ('oull'Ol. FOI' t.his renSOH, considerable emphasis has 
bel'n plnced 011 improvillg fire dl'tl'CtiOIl S,VSt;c,lUS, 

'l'hl' studi('s di~CllsSl'd 111)1'(' hltd ns th('il' pl'ima.ry objective the devC'l­
op,mynt. of wn)~s of detpl'mi!ling visulIl l'l1ugP, a m('nsmc useful in .the 
dltcll'n t op(I['n bon of dl'h'chon systems; bu t n numbel' of other deYICeS 
nnd pl'indpl(~s uSl'Cul in firp dl'tl'ct,ion Wt'I'l' nlso dCY(lloped, 

VislIn.lrllllgl' of 0. smn.ll obj('et, defined ns the mnximum distance I1t 
"which it clln just be seen, is shown to del)l'lld upon 11 compll'xity of 
yisnnl, physicnl, und IUl'teorologienl .fllctors, Howl'vcr, by mnking 
cel'lllin ItpPl'Oximutions tlll' vi,;unl 1'Ilngc of smoke bodies cun he ex­
pl'essed in terms of lhe dlll'k ridge visunl mnge 01' in terms of thehnzc­
mCh~I'l'('ltding, Thl' ('fIl'et of size und shnpe of smoke, color, atmos­
ph{'ric htl.?e, Itnd OtlWI~ fnctol's Oil visunl rnnge Itl'e discussed, 

'rho most Jlmcticnl method of determining atmospht'ric aLtC'l1uation 
is with bnlnncl'-type tl'll'photometl'rs, 'fwo such dt'vicl's were 
deYelopedj nmuply, the BYl'lllll b!lZe-lllet('r fol' USc in mountainous 
couutry nnd tho Plnins hllzc-metl'r for usc in flat or rolling tCl'rn.in .. 
Other types of visibility mctl'l's, tbl'il' ncivnntag('s nnd disadvantages, 
are discussed, , When instl'ull1l'nts al'e not aYniln,bll', visibility distnnce mny be csti ­
mntl'd by menns of 11 visibility scnle fol' columns nnd cil'(mlltl, pufl's of 
smoke. 	 Such n scnlc is basl'd on estimntes of dark ridgl'. visual range, 
Under ('crtnill ('onditions the usc of hnzl\ silhouettes for estinmting 
visibility hilS shown conside1'tlble promise, but has not been ti'icd 011 an 
extensive s('nle. 
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Some of the pI'inciples of seeing and visibility of smoke bodies con­
tribute to defining the bl'st method of sl'lH'ehing an al'ea, for smokes, 
No field test was made of the suggestions arising from the theol'Cticn.l 
aspect of t.he stUdy, 

Thl.' basic principles of visibility Wl.'1'e used in the development of an 
eyesight test fOl'lookout ObSCI'vet'S, With this test the Il;bility of look­
out men to sec small smokes can be rated, By scleetlllg keen-eyed 
men as ObSC1'YCl'S, the visuall'llnge may be increased t1bout 2 or 3 miles, 
or 30 Pl.'l'CNlt, undc]' Hormnl haze conditions, An increase of 10 per­
cent in visibility distnnce is nssociated with keen vision compared to 
Iwel'n·ge. vision, 

A Imzc-}lenetrating filter which improvcs visibility distance about 
20 percent under some conditions is described, Its use is limited to 
denr days and to dircctions at l'ight angles to the sun, It has proved 
to be a distinct advantage in the identification of questionable smokes 
nnd is of vnlue in photO~~1'!1phy, 

A dis<.'lIssion of pel'.iscopes, telescopes, and binoculnrs shows binocu­
1n.}'s to be the only instrument of materinl aid in smoke detection, 
l)el'iscopes have no haze-penetmting cnpabilities, as has been claimed 
h{'retofOl'c, Telescopes arc imprncticnl to usc because of their size, 
The idenl binol'ulal' for smoke detcction should have a magnification 
of 3 or 4 dialnetel's and an apparent field of at least 45 degl'eesj the 
design of such an instl'lUllent would present difficult optical problems, 
Colored fUters are thought to have little or no value in incrensing 
visual range, 

Neutral goggles which transmit about 26 percent of visible radia­
t,ion elimina.tc much eyestmin and discomfort caused by the high 
brightness levels encountered by lookout men, 

Structurnl featurcs of lookout houses that will eliminate eyestrain 
and loss of efl'cctiveness of obscrvers working at different brightness 
levcls nrc dis<.'lIssed, Reconuncndntions include painting the intet'ior 
of hOllsl's white) with lower wnlls and HOOt'S a dark color, and using 
pit-Ltc glass at eye level, slightly tilted to improv,:e visibility and elimi­
nate glare, Lookout structure designers in tho :Forest Service have 
made plans for tcsting some of these features. 
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APPE:\DIX 

TIII~ ;\I'\'I'IIE~IA'I'IGAI, "'II EOtlY O~' Tllg VISUAl, RANGI;; 

I It lltl' nnnlysis 1>I'(,8('n tNt in til is sl'l'lion, th(' symbols all(l lIot!LLioll 
IH'{' fl·<> follows: 

IInppal'('lIl bl'i~hlll(,5s of i~ di5lalli 1)lLt'kgl'ollnd 
ff.nPPlLl'<'nl hl'ightn('liS of IL distnnt, obj('('l 
lib intrinsic 11I'ightlH'Sli or It distnnllmekgt'ollnd 
l'f, intrinsic' l)I'ighltH'sS of It disLnnL ooj('('t
li,l ' 'hl'ighllHIss of hOl'i;r.oll sky 

L'~-=IlPPIL('('1l1 ('Onll'ILl'll lwlwN'lI It distllnL oi>jpet nllll its l)atk­
<'I'Olll1<1 

1/," tlll':;'s!toid 1'<,(if1ld illlll\1if1ILlIon ('01111'l\st .ill LllI' l'ol,if1111 illlngc 
of til!' ohj('<'lILf1!l its bll('k~I'QlIllll 

a "·'allgulal' dinll\('(pl' of' obj{'('(' 
[)-;-: lillPnl' din.Illl'l<'I' of objl'c!; 

1\f" nll\gni(j('I~tion 
,I: -, \'iSllld mng\' of ohj(,(·t 
11"" \-iSlial 1'1 LlIg<' of It bla('/\: ridgo vh'wt'd nglLil1st tilt' hOl'izou sky
d~-':.hf~Z(,-Ill(ilpl' 1'f'lulirw 
u= ILl lIlosp!t('I'i(' nth'1I7mtiOIl ('odli('it>nt 
A= WIWP ll'ngth 
p= f"ll.elioll of fLir-1 iglt t POllLl'iziLLion 

')'11(' bl'igittnpss 1I lind'11Q fL/'(1 gin'll by the Koscluuicdm' equation
(S, 24), tLiid llUL)' 0(1 Wl'ittPlt in the fOl'ms 

11,"" IIh (1- car.) +IIbe-a" (1)!\nd 
llil '''' llh (1 - e-al

') +f:l ,e-(f:r: (2) 

TIl(' contI'lLS!;/) b(,tw('(,1l It distant oojN'l 1m!! its baekgl'olllld mlly be 
([('fiUNl by the oq nation 

(3) 

i1t whid\ v is alwnys ('onsidt'J'('<1 positiyc roglmHoss of wJiet\wl' Bo>Tl 
01' Jlo<lJ, 'Tilt' I'dinld thJ'('shold l'ontmst 1/'t iSl'elated to the objed­
bl~{'kgl·otllld conlmst by the NlllILlioll (J:8, IS) , 
 1l,=l'J(a) , (4) 


whel'o f(a) .is SOI1lt' fUlwtion of tltn ILngu\al' dill.lllnter of the objeet, I\nd 
its fQl'm d('pt'lHls 011 lhe .nallll'(' of the objl'(,t. III general, '1"'- depends 
on the backgl'ollItd bdgiltness Il, but the nature of this reJati(;)/1 is such 

45 
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that fOI" observntiolls III daylight U 1 is nellrly incit'pcndent of fl, In 
mdinn 1l1('I\Sllr(' titH appurcnt iUlglllllr dilLmotcl" of the test objol't llllLy 
bo writton to IL ('loso ILpproximnlioll ILS 

a=l\lD/x. (5) 

:If bino(,lllnrs 01" t('\('s('op('s m\' not uSNl, tlw mngnificl\lion ilI is St't 
l'qllld to unity. 

11'01' ILlI obj(,(·t in tIll' fOl'mof a long thin blLnd Ol'l'eeLnnglll,j(ct') mlty 
bo written ILpproxill1lLLeiy (13) ILS . 

f(a)=.Aa 

=A(AfD/x) (6) 

whel'(' A is U (·OllstlLnL. . Substituting equations (I) awl (2) in, oquntioll 
(3) and simplifying gi\'('s fOl' the cOIltrast D 

(7) 

Eliminnting'V lLnd a b('twoen oquntiolls (4), «j), and (7) gives ILS tho 
ViSlllLll'llnge equution fOI' 1\It obje(·t in t.IlC fOl'm of a long rectangle 

±(H,_11b) 
__ Hh llh =('1!:JX~) (8)

lJaz_( 1 _ }~:) A jl1D 

FOI" a disklilw objoeL, tht' flllwlion.f(a) js approximately (13) 

j(a)=13a2 

=B(MD/x)2 (9) 

whero B is a constant. 
Eliminating L' nnd a b('twocn t'qllutlOns (4), (9), ILnd (7) gives ns the 

visunl rango equaLion for a disklike, object 

±(Fl'_Hb)
·eaz·l(f~ l~t)=(]jXl';DY (10) 

llh.. 
Equations (8) and (10) can be used to estimate the visual range of an 
obJcct if all of the other variaples in the equation are known. They 
('an also be used to estimate the effects of color .filters, polarizing .filters, 
and magnification on the yisual range. Color filters exert their effects 
in a rather complex mnnner. The transmission properties of the filter 
dctemune the nppropriate value of IT to use in equations (8) and (10), 

http:f(a)=.Aa
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since (T is a function of wave length. 'rhe rntios H,/Hh nnd Hb/H" will 

be nf1'ccted by the tmnsmission propedies of the filtCl' because therer am usunlly difl'crences in the dl\;.omnticities of the object, its back­
gl'olmd, and the hOI'izon sky. Color filters nlso afl'ect the vnllle of the 
constants A and B in equations (8) and (10) becausc wave length 
dt,termines thc size of the bnsi(' difl'mctioll paltCl'n in tht' I·('tinnl image 
(12); this efl'eet plll'tinlly ofl'sets the efl'cct of tlw colol' filtCl' on the 
vulue of (T. Compututions fl'01I1 equutions (8) and (10) show that even 
1'('(1 filtel's should make but slight ('ontr-ibutions to the. visual range. 

'I'll(' theoretical effect of mOlloehromatic colol' filtCl's on the vislln.I 
rilllg'e of test objects in til(' fOI'm of disks nnd long' thin \,lands is shown 
in figUl'l' 21. ('ulTes A, .A', and A" represen t thc visual rnnge of nn 

SO~-------r-I-------r-I-------~I-------~I-------T-,--~ 
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FH1l'HE 2 I.-Curves A, A', and A" show t.he visnal range of a long rectangle as a 
funct iOll of filter IVave length. Curves B, B', and B" show this relation for 
disklike test objects. Curves G, Gf

, and G" show the corresponding values ot 
l!crA. ~rhe visual mnge of a black ridge viewed (without filters) against the 
horizon sky is approximately 4. times Ijcr.5M. It was assumed that bot,h objects 
were viewed agninst dark backgrounds and that their brightness was equal to 
that of the horizon sky. 

, 
object in the form of a long band,3 feet in dinmc.ter,for filters trans­
mitting difl'erent wave lengths. Curve A represents the visual range 
on a vcry clear duy, cUI've A" for n very hazy duy, and curve A' for 
intermediate conditions. Curves B, B', and 13" are similar curves for 
n disk test object 10 feet in diameter. It is nssllmed thnt both objects 
are vie.wNl agninst a blurk background and thnt both have an intrinsic 
brightness ('qunl to that of the hOl'izon sky in the direction in which 
the object is viewed. It is also assumed that the chromaticity of the 
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obj(\ets is the SIUlll' us thnt of the horizon sky. CUI"Vl'S 0, 0', find 0" 
ore plots of til(' qunntily l/(Jx which, os will be shown in the IH'xtseetion, 
is Llll' nH'1l n fl"(,(' photon pnth. Since th(' visun1 rnng(' of fi blnel. l"iclgl' 
is npproximotl'ly 4 lillH's till' llH'nn "I"N' pholon pllth, till' C ('llIT(,S IUn)' 
bl' I'('glll"dt'd liS ,·t'pt"PSt'l1 ling onL'-fomlh of til(' ViSllfl I I'n nge of n huge 
billek ridg(' vit,\\"('(l ngn inst t lIP hOl"izon sky. 'rhe reln,tion b(,tw('en 
(J iU\d }. wns compuled fWIll til(' NlltH Iion 

( }. )-r
(J =(J" ' >. .o.)n .5,')1') 

wh~re u>.is the n.ttenunJion ('o('fTiC'i('nt 1'0.' some "'Iwe l('nglh }. nnt! 
(J.55l; the ILttelluiltion eO(,m('il'nl 1'01' fi ",nye h'ngth of .555/l. 'l'he. l'XpO­
Ill'nt 7' is nol ('Ollstnnt bu t dplwnds on (J. 1\ fiddl('!on (24) pl'esl'nts 
dUtfi showing tI\(' I'(,lntion bl'lwl'l'n .,. find thc ml'illl vnitH' of (J 1'01' wn·Yp 
Ipnglhs of .,150J.l, .528J.1, find .H8G/l, I·espectivel.y. lIoweYPI', it is mon' 
('onv('nil'nl to show thi:; I'l·lnlion in h'I'ms 01' (J,555inst('nd of U\{\ nyet'ngp 
YflltlP of (J. 'I'IIC' ('om'PI'sion ('lUI be lnlHl1' by lIlenns of the equntion 

:i (Jar. (. f);,){j)-' 

(J.ss;' l(,45n)-r+(.fi2S)-'+ (.030)-'j 

'rhe 1I11'l'e YIIIII('s of (J,555 l1sl'd in figul'p 21 1'01' ('omputing 1/(J.555 Wl're 
0.711, 0.192, OA55. 'I'll(' (,Oi'I'l'spolldin~ YIl\tIl'S ofr fl'om Middleton's 
clltta IH'(' 0,82, L26, Ilnd 2,09, It nm~T be Ilssumlld thltt till' efredin' 
vn.lt\l' of (J for obsl'I'Ylttions !Hnde without filtt'l's is Itpproxinmtcly equnl 
to (J .555. 

Polllrizing SCI'N'ns eXl'l't th('il' dl't'ets in an entirely difl'cl'ent WfiY 
from thnl ('xt'l'ted by color flltprs, oncl the I'esulting chnngl's in the • 
\'isutLl rungp firp Illu('h (,!lsi!'1' to compute. If poln.I'izing set'cens fil'l' ... 
uS(ld, tbl' qunnlity Ilh in efjun.tiOlls (8) nnd (10) should bel'eplllced by 
(l ± p)lTh WhNt' P is th(' fl'l1dion of ail'-light polat'izfition. The 
I\egntiv(' sign is uSl'd if the (mel' is oril'nted so IlS to cxelude the polfi­
rizl'cl li~ht (it is usunlly uSl,d in t.his wn.y). The positive sign is uSNl 
if tht' filt('r is ol'iPlltC'd so us to tl'ltIlsmit the polnl'ized light. The only 
IHh'nnlng(' of using till' liltPl' in this mnnn(,I' is with oecfisionfil thin 
blu(' smoke eolumns which sonll'times give off light thfit is more 
strongly polfil'ized than thl' n.ir-Iight. 

If the sky is lien rly ('loudlt'ss, polllrizing flltcl's fire. much mOl'e 
('fl'ediv(' limn ('0101' filters if tlH' dil'('(~tion of view is fipPJ'oximlttPly at 
right nngl£'s 10 the dil'('('lion of the snn. On hfizy dfiYs w1H'n (J is 
lUl'gl' , It poln.l'izing s('r('t'n n.nd red filtl'r combination urI' morc. ellieil'nt 
than n, polnl'izing S('l'('(,1l nlone. Wht'n used with n polarizing screen, 
u ret! Hh('l' be(,0ll1l'S ('fl'l'etivl' by bringing about fin 111(,1'eIlSl' in p ruther 
tlum nll~T nppreeitlbk dC'en'nsl' in (J. 'rhl' vnl'intion of 1J with wave 
kl1gth is mOl'p pronounced on hfizy c1u.ys. On elml' dnys whpn (J is 
smull, ]I is less dependent on wnyc kngth and is compnmtively high 
1'01' nil WIWP l(.'1lgths, 'rile ('ombinntion poltuizinO' s('reen find red 
filtel' is l'spl'l'inlly dl't:'ctiy(' fol' photogrnphs or visunf wod{: when lfind­
senpe detni! is desired; it is not so l'fl'ectiv(> for columns of smoke fiS the, 
polnrizing sCl'een nlone. }'igure 22 shows the relntioll of the yisllfil 
rnnge of the pl'('vious two tl'st obj('cts plotted fiS n. funetion of the • 
fl'l1etioll of nit'-light polnrizn tion. On hnzy dfiYs Ilt low eleyutions • 
this frnelion mny drop ns low us 0.3 ('Y(,11 in directions PPl'PCtHliculfil' 
to thp direction of thl' sun. On cIenI' dfiYs at high elevntions the 
frnction mny exceed 0.8. . 
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I?IGl'IU; 22, Cur\'(' A sl1(l\\'s thl' lhl'on'Iil'1l1 rl'lu(ion bl't\\'l'ell lilt! vislial Ilulge of 

I~ long- r('('tangll' Ilnd·lIll' fraetion of air-light polarization. Curve U !ihow~ t.he 
('Orr!'l;ponding relalion for a disk ll'st object. The qlllLutity Ita WIlS 10 miles 
for both ('urvcs. 

TIH'I't.'lIS('S in the visunl rtlnge' l'l'sulting from mngnifying d{'viees. 11.1'0 
eompn,I'u,liv('ly slllnii. An optielllly p('I'fp({ binoeulnl' 01' telescope on 
iii stpHd,Y mounting ill('I'PIlSt'S thl' ViSlIII.l I'ungl' mOl'e thltn do eitiwl' 
('0101' filters Ot' poituizillg S('I'('('n5 but n(;{'omplisll('s this nt, the expense 
of field of view, The bl'lIPfit from mngnification is not tilt' snmc for 
nil tpst objpets, ~Ingnifielllion is most pfI'l'ctivl' fot' I'()solyillg ddn.i1 
in n. <1istull t Innds(,ll.pe objl'd, nnd mn.)' ill('r('IIS0 Itppr('eiu.bly the distnnec 
Ilt whit'll SUt'll detltil (such us gl'nting stl'll(:tUl'('S 01' Othl'l: fine detnils) 
cnn bC' 1'C'soh-ed, It is \Pss ('fl'(,etiy(' fot' in('rellsing. the yisunl I'unge of 
disklikp Objl'ets sueh us W(>I'(, l'(,(,Plltiy discussed by Hnrdy (16), and :;;till 
I(lss l'U'('('tiVl' fot' objl'ets 1'('sNubling long, thin l'octnl1gles, .Mnguifi­
Ciltion is o( no benefit whatever for objl'ds so Inrrre thnt rea) ~ 1. 

By I~ s('ri('S of limllll' tl'!lnsfOl'mations eq untiolls (S) nnd (0) cnu be 
redu('cd to fOI'l11s tlmt 1H'l'mit tlw ('nleuitltion of thn visunl range x by 
mellllS of slide rult's. Howovl'l', ('von sueh (~omputillg dpviees 'j'('quil'o 
mor~ information thall is usually Iwniln ble to lookout obs(\!'vel's, so in 
tiwir pl'l'sont forms equtl.tions (8) Imd (10) nro not suitable for fiold uso, 
By HlIlking (,l'rtain approximations, tiJ(,SO equations cun be simplified 
('onsidembly, although some Ill'CurllCY must b(' sacrificed, 

~[ost forost firl' smokes nr\.' scen ngainst bnekgI'Ounds of durk vcgc­
tlLtion so till' first npPl'oximn.tion is to sot llb ('qUIll to Z('l'O, The ncxt , npproxillllltioll is t.o assum(' thH t the al1 (rulnl' s<'~l\tt('ring fUl1(:tioll is the 
51\111(' fot' the part.idl's in srnn.ll bodios 0 rsmok\.' ns it is fOl' hn.ze pnrti­
des, hl'l]('(' II, would lw dinwtiy proportional to llh rl'gllnlh,ss of til(' posi­
tion of till' sun 01' otlH'r SOUI'('OS of light slH'h ns the sky 01' sUI'fnen of 
thl' Nlrlh. Fortullntl'ly this ILppl'oximil.tion is bost on vory hnzy days; 
th/) ('1'1'01' mny be cOllsiti('mblo Wl)(~ll the nil' is very clenl', 
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On plndng l1~=O, nnd nssuming that 

Whl'I'O C is 1\ ('onslnnL, ('qunt-ioll (8) ('ll.Il bC' I'educed to lho fol'lu 

ITx=log (t +]{'/.c) , (11) 

Thl' (,Ollstnn t [(1 is 
(12) 

If lh(\ snnw assumptions nrc' Il1l\dC' fOl' disklike 'objcds, cquntion (10) 
l'l'lim'l's to the Conn 

X= lo~ (1-.[(2Iil), (13) 

whC'l'(I tho ('onstnllt I{~ is 

(14) 

CUI'Vl' A in figm'C' 2 is Il plot of equlttion (11) with n. ynlne of 42,1 
fOI'[(,. For thl' pUI'POS(1 of {'ompnl'ing lhl' two em'VOS, ('\II'VO B WI\S 
mndl' to ('oiudd(' with (,UI'yt' A WhNl tht' hILZ('-nll'tcr 1'(lfHling was 10 
mill's, '['his l'l'quil'('d 1\ ynlu(1 of 617 fOl' J(2' The abs('issll. l'l'n.dings in 
figm(' 2 11.1'(' ('xpn'ssNI in ll'I'\l1S of lhl' hnz('-ll1ett'r 1'(·nding d mthl'l' than 
iii terms of IT, '1'hose two Yll.l'illbl{'s 1L1'l' }'(.In.ll'd by·the cqun.tion 

1 
IT= ~"-llo(l' .40c '" 

'l'hl' qUl\lllilil'S [(I iUHlK2 ('itn be ('ollsidl'I'Nl (·onstn.nt only when the 
1'('st of tIll' qlmnlit.i('s in ('qulltions (12) iLn(\ (14) I\l'e ('onstnnt. For 
smok('s of (bw(l. dinnH't('1' ILI1(1 with 1\ giv('n mngnifi('ation, the only 
SOUl'C'(' of vn.l'itLtioll in J(, and K'l. would b(' in the quantities A, B, and 
c. The qUtlntitil's A ILIl{I B ('un be ('onsidol'ed ('onstIUl.t as long as the 
n.nguln.r ditllll(lt(,I'S of the obje('ts lwe 11'sS than the angular diameter of 
th(' (1(·ntriLl ueighli disk in tlw difl'rn.rtion patt~rn of the retinal imn.ge 
of n point SOU\'('(' of light, Thl' tlpproximation of f(a) given by equa­
tion (9) ap!H't\l:s to b(,. better t1mn on(' ('ould expect considering the 
('imng('s whidl take pltl.(~l' ill tilt' 1'etinnl imllge of n diskliko object for 
ill('1'(.o.sing valut's of a, . 1'his means that UI is not constant fOl' this 
obje('li, but vn.ri('s ill sueh n. way that the !'Iltio Blul is nearly constant 
for values of a up to 301' 4: minutes, "~h('n a is less than 0.35 minute, 
1Ll is approximntely 0,10 for disk test obje('lis. 

For ll\rg('l' valtws of a, 'IL t in('ren.ses slowly n.nd approaches a constn.nt 
valut' us. a b('('ol11es very large, 'rile most likely source of vn.riatioll in 
/(, and /(z is in the qunntity c, sillec its value depends on the anglilar 
s('uU('ring funrtion of both the hnz('.pn.rtides and the particles compos­
ing tilt' smoke bodies, Be('ause of the predominantly forward scat­
t(,l'ing in slllokC's there is a lcnden('y for c to in(,l'l'llse when the scatter­
ing n.ngle is small. This l'('sults in !!I'Cllter yisUl\1 mngcs when the 
observer is looking into a low sun, l[o\\,(\vol', the vnrintion in c is less 
on. hn.zy da)'s tlum on denr ditys, 

• ... 

• 
.. 

http:constn.nt
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For smok(\s "h\w('d agf~insL Lh(\ horizon sky, <'q uations (8) I\nd (10) 

r tnk(' simplifiNI fOl'ms, 1n litis sit\ll~tion fl b is pllwt'll (lq unl to I1h' 
Equation (8) lhl'n UCCOl11l'S 

o-x::::-; -log (:1'/[(3) (15) 
whl'I'O 

[(3= ± (e-l)iU[[)!U/ (16) 

,(,111.\ posilin' sign is uSNI if fldl1h> I, IlIHI till' I\(\gathrn sign. if 
IIdl1h< 1. Silllill~r1y equMion (to) b('('om('s 

(17) 

(18) 

If lit(, size' of lIIP slllolw bodi('s is ilH'I'(,llsl1d wit.hout I mli t" both 
oqun.lions (8) and (10) npproll('h til(', SI\I114' Conn, 'I'll(' approximations 
in ('(Ilmtions (6) I~nd (9) 11I'(' no longer \<Idid IllHI the fUlwLion f (a)-'l>l. 
li'I'OIll ('([lmlion (4) it follows that,' 1'01' 11~I'g<\ ohjl'ds-1Lt=L'; lienee tbe 
"ight 1I111llbprs of ('(Iuations. (8) lLlld (10) in this ('ase hll(,OllllJ t'qual to 
1t"E'OI' ltu'gl' smokes vi(\wed ngltinst dark bllckgrounds, equations 
(11) nnd (13) b('colllo 

(19) 

If t1w smok~s 1\):(\ yi('wNI ngi~illst n horizon sky blwkgl'Olllld tho visual 
mngo cqtmllOll IS . 

·ll,/ ]I (20)o-x= - og [ ~:Hc"=Y) 

, . '1'hl' simpl(~st of thl' yisunl rnngt' equfI lions is thnt for a huge billel\: 
obj.(\eL vicwed IIgninst th(\ hol'izon sky whieh is. ~ 

u:z:=-log 1/./ 

TIll' th,'('shold ('ontl'tlst 1/,/ is USllltl1y nssigned It ,\:ltl\1(' of ,02 for high 
brightll{,ss [Py(\ls, bul il. is probably hight'I' lhltn this fo'r Inrg(\ bodi(\s of 
smok(1 whieh sddom lUlYe shn!'ply dP11n('d boundm'ics, Also, lltrge 
brightness dW'PI'eIlc('s in thl' fidd of view mllY PI'oeluce IlegatiYe fl,ftcr 
s(\nsations whieh may illcrt\ltsl' the value of 1/, / (13), 

'rile Yl1lidity of the Kosdllnicdel' equl1tion hns been sometimes 
qUl\slioned Itnd it is pI'obltbl" thnt it mltY be in P)Tot' COl' many field COfl(li­
lions, Vlll'inlion ill thl' r('f1ecti\Tity of tIl(' ('I1rth's suril1c<', HIld pllI'tinI 
eloudiness of th(' sky lu'e both fn<"tors which limit the npplicntion of the 
<'qunlion, Also, its <\(>rivntion is bns('d on the nssnmptiol1 that the 
('tHtll's SlIl'Citc(' is tiat, 'I'h(' curvature of lh~ CUI'tll'S sul'faco would 
result in l1; horizon sky brightlll'ss slightly I('ss thnn for 11 flat Cll1'th, , • Computnbons of 0- made from photometric meltsUl'en1l'uts of a black 
tm'g<'t,';ewed Hgninst the horizon sky would giyl' yalues of 0; slightly 
larget' tillln thl'Y should bl' and would show It spurious dl'(,('t III lhnt 0­

would ItPP('IU: to iBen\IlSe with the distance of th(\ tm'g('t, Ordinllrily 
this ('l'l'or would be ll('gligible but; might be llotic(\abl(' for obsprvations 
mndc nt high nltitudes in 'Tery clear weath('r, 
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'I'll('. ynlidily of tbt' Kos('hnwidC'l' ('(ltlntioll (\C'lwnds nlso on lht' 
\'nlidity of thC' ('xpollC'nlinl Inw o( light dC'gl'n.dnlionin till' ntmos- • 
ph!'I'(',· 'I his Inw is dis(,llssl'd in till' next sl't'tion. • 

TII~; D"GIL\l)\TIO~ (W 1,11:11'1' P·\SSI~G TIIHOl'GIl 'nm A'I\\I0SI'IIEln:; Tim 
.\II~·\~ FHlm PIIOTO'\' 1'.\'1'11 

If It bC'lulI of lHlI'nlh,1 light I'Il)'S is pnss('d through l\'s('nttpl'illg lind 
Ilbsol'bing lIll'dillll1, SHeh liS It htl:-,y n(l1losphl'I'(" ils int(,lIsily cI('('I'I'tlS('S 
with til(' distnllN' 1('[l\'t'I'Sl'<1. Thl' difl\'l'pnlilll P(llliltioll desetibing 1I1is 
dlllngl'is 

d j,,, -~ ul11.r (21 ) 

"'1\(In inll'gl'nll'd this (\((Untinll gin's till' inll'nsily J ilL n, disllllll'l' 
X IlS 

(22) 

WIH'l'll f. is thl' initilllillll'ltsity, and u till' nU('lluntion ('o0fIieil'nL 
l'l'IH'('Sl'n ling till'" toUt! cOl'(\1eiPll t fOl' both scutlC'ring Ilnd nbsorption 
Pl'l)('('SSl'S,

Eqlllttion (2]) 1.'lInnO! bt' I'l'gtu'dpd 11S sdf t'vi(\Pllt nlld some ilw(lsti­
gil IOl's hll \'1' fl,lt it nN'pSSl1J'Y to tl'st til(' ('xpOIH'n lini lltw 0xpt'I'i­
nwnlitlly, As lI1i~ht. bl' l'XIW('tNI, thl' l'l'SUltS nl'(' in dos(' ng\'('Pllu'nl 
with e<\1l11tiol1 t22), Pl'J'hnps SOIll(' of tlH' misgivin~s n,bollt (Iqllntion 
(22) couid hI' UyoidNI by dpl'iying it fronl II mOrl.' busie leyel using 

stnJistienl l'ut\tPl' tbnn tht'I'modYllnmie ('OI1('('pts, ' 


1I'h(, photoll!' in It long eyJindl'ieni ('\t'nwlll in a. light benm mny be 

I'l'glll'tled ns Ol'iginltling 'on nn ('l(lml'nt of 111'('11 dB on S0111(1 lu'bitl'ul'Y 

1'('((,I'('nN' pinnp Illlt! ('XIWIHlillg tiH'il' PIl(,l'gy on n simillU' (,1 (1111 ell t of 

IU'NlOll It I'('('l'i"illg pinllP nfll'l' ll'nnlillg n tiisltmel' X Lwtwel'l1 till' two 

pitllH'S, }'Ol' ('olwl'llil'ne(l, both pillIH'S mny bp nSSllm(ld pPl'pendieuiHl' 

to liH' lio'ht hl'lllll. IlOWPYl"I' th(,l'(' 11 1ll1111bpl' of ('ycnts which ('nil 

])"('''(,Ilt tIll' photons fl'om BUlking thdl' (llll'I'gy ('onlt'ibllliol1 at the 

nppropl'intt' dl'llwnt of 111'('11 011 (Itt' I'('el'iyillg pltUll', TIll' din'diol\ 

of tm"pi of n photon mny bt, ehilllgpd by I'pfl('('tion 01' I'('fl'llction by 

int(ll'ypning pIIl'tiell's, its 1'.IH'I'gy mny bl' ('onn'l'tt'd into ht'nt by I1bsol'l>­

ill~ plll'lil'lt's. 01' its ent'l'f,ry mn.y bt' tnk('1l lip by n erns mok(,lIie nnd 

1'('-(Il11itll'{l nftpl' II bri(lf tinl(' ns n nt'W photon with n. (1\CI'('I'('nt dil'l'('lion 

of tl'lwl'l, 


Th('s(' ('v('nls mny be 1'('gnl'ded as o('('ul'1'ing nt I'andom and will be 

1'(I[('IT(,(\ to ns If a('('idt'nts," Th(l pl'obnbility of a photon l't'nchil1(r til(' 

('knw1\ t of UI't'll Oil til(' l'P('(·i\'ing plilllt' will b(l til(l pl'oba bili ty U~nl it 

ll'lw('I'S('S thl' di::;tmH'(, :1.' without tl('ci<iC'nt. 'l'his pl'obnbility mny b(' 

<il'signl1.lNl ns P(.r) which is nsslll1lNI to b(' n COlltinuOlls function of :I:, 


'I'llI.' pl'obnbiJi ty t hnt n photon will bl' lI'nnsmi tted thl'ough n, distnll('e 

x+t!.r is P{J7+dx), Jlo\\,('\'('1' 


P{.r+d.r):::;'" P(.r) ,P(d:/') J (23) • 

wiH'l'l' P(d.t) is tht' conditionnl pl'obnbility thnt. th(l vhoton \\ill tl'uv('1 
It disfnncc d.r pl'oyitkd it hns nlt'('ndy trnvl'1(1d a dislunc(':p, • 
Till' pl'obnhUily thaL it will SUfl'!'I' nn l1('ddl'ut ill thl' distnnc(' d'J' is u .. 
d;,; Wltl'J'(I ([ is n. (,OIlStiUlt. ~l'h(' pl'obnbilily P(dx) mny thc1'('fol't' be 
writtell us 
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PCeI./,) ud.c 

; r 
 'J'hl' pI'obnhilih' P(J>J..d:J') IHI'" 1,1<, pxpllmh'd ill 1\ 1'nyI0\, s('l'ic's nbollt. 

lhl' poin! X'.c wflidl gins • , 


. , P" (J'l(d,l') 2 
l)(J'Hh)- P(.r) t' P' (,I')d.l'~ . ') 1", , , , , (25) 

",1\(.'1'(' P'(,),) nnt! /)11(,,.) Ill'!, lhtl lil'~l nnd st'('Olld d{ll'iYntiv('s 01' P(,1') , 
Substituting l'qllHliollS (2.1) t1ud (2;j)ill t'qulItion (2:n gh'!'s IIfl(II' sim­
plifying Hnd omilling h'I'IIIS (.'olllninillg [lOW(II'S of c!J; hight'I' thull lile 
Iii'S\' 

IdP 
Pd.,' 

\\,1\1'1'(' P(,,.) is !lOW \\'l'iltl'n Ill' I). Inll'gl'nling' ('((lIUtiOIl (25) giyl's 

I' l\e aZ 

Sil\('l' I) ('1111 tnh on Ilny ,'jLltH' bl'l\\'('('ll 0 nlld I, it follows thnl f{ =1, 
Il(IlH'p 

(2()) 

1r lhpt'p lIl'(' 1\ 11I1'gl' nlltlllwl' of photolls ill till' hl'Ulll till' l'XIW(' II'd nllml.)('I' 
.\' ttt'l'king Ill. IIII' t'1l'1lll'llt of HI'PII tI,~ ill lht' (lIIlIH' IWI' S('l'otld is • ," 

(27) 

\\'h('('p ~Y" is tllp 1I11(111)!·" It'tldllg Ill!' 1'1('llINlt of tll'(lll d,~ in tlll' 1'('[(,I't'nt'(' 
plnnp (H'I'St'I'OIHI. .ll'owt'n'I', lhl'illitinl lind tpJ'lllinnl intl'lIsilil's i.llnd 
I nt'(' dil'('dly (ll'Oportiolllll to Xu nlld X. 11(11\(1(1 

[. /,,1' 'aZ 

This I'n(hp!' I'ollntin.bout dC'I'kntion of (I«ulltioll (22) hns tht' impOI'­
(nllt n(knll!.ng(~ of showing thnl ~~"r lllUY 1)(' II:pn{(lt! n~ It. (ll'o\)nhilily, 
'l'h(1 ('X(>t'('lC'(\ 01' lllt'nn fl'(lll pH.1 h .!' of n photon III tllP n(l\lospll('I'e tUllY 
tlWlI hI' eotn(H1l(·d ft'Olll till' (·qulltion ' 

:r- J'''',I',Pd.,." (''''J'r-,xdJ;•0 .10 

x- l,Ier (28) 

'I'll(' H\'Pl'ngt' photoll pHIl! is lht'l'pfol'p Nlunl to l/u tLlIO is Uw dislllll('O 
Lhnt w,:! t'(~dlH'l' lhl' illlt'IlSil.Yof thp lighl bf'llllllo Ill'ofils inilial "nlut', 

Tht' d,1tnnc'C' :r is lIcndy Nllwl to lilt' hnZ('-IlH'\('I' 1'C'udillg rl which is 
the· llislllnN' Ihnt willl'('(luc'o till' inl('lIsity of Illi~ht bC'1l1ll to 0.40 of its 
initinl ynIut', It is l'l'('ommpn<iNI lhnt iu till' ll1stt'Ullu'n(s l11nl1UfllC­
lUt'Nl in the' futtll'l\ (hp ll'nnsmission of tlw fill('\' in liH' hnze-llwlC'I' be 
d('(,I'('lIs('(1 slightly so liS lo mnkt' d ll11d J: nUll1c'I'knll,Y (·qunl. '['his 
would 1'l'{1uct, by'OlW thl' IIUml)('I' of vlII'iubll's 1I1Yol\'NI in visunll'lll1gtl 
wobll'ms, The tinrk ridgcI yisunl I'nngp 11 is t'elnlNI to x by !the ('qult­

I 
lion 

11 j-logt (.02) 

=3,\)] 21 

http:n(knll!.ng
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The stntistienl del'ivo..tion of <'qlll1tion (22) is vnlid only if it, cnn be 
Ilsslinll'd thnt lhl' photon. necidenls l'\J'e in(\opendl'llL in Lhe sLo..Listicnl • 
Sl'I1S{I. 'rhe fuitUl'll 01' Sllecess of one photon to tl'llVel'se t.he distnnce • 
x must 1m\'e no eft(lct on tho Pl'Obltbility of the S\lCCN,s 01' fnilUl'e of"other 
photons to tm,Yl'I'SC this distltnce, 'l'his condition would be I'calized if 
tho. 1IlimbOl' of OPPOl'tuniti(ls fOl' aecic\o.nts WitS v('I'y ll1l'ge in compnl'i­
son to the numbel' of o..ccidcnls uettUllly oeQul'l'ing, COlllputlt,tions for 
Itll ntmosphlll'(\ consisting of pUl'C gllscs shows thnt tho numbcl' of mole­
('ult's pl'l' unit volume of the nLmosplwl'c is very 1lll'gP ('ompnl'cd to the 
photon dNlsity fOl' lUI ntmosplWI'l,in bright sunlight. This l'onditiOll 
should noL be dl'l't'tiv(lly cluUlgcd fol' an atmosphel'C cOlltninill~ pnt,ti­
eh's endl of which ('ollsisLs of a eOllsidl'l'll,blc numbO!' of mOlecules, 
ApPlu'('ntly th(' olll.y situation in whieh thc eXP.OIH'lltinllaw could be 
questiollNI would be fOl' l'iHlilllion fields fill' mOl'C intense than those 
nssociatcd with vislial pl'Oblems, 

ADDI1'IONAL Il'n'OHlIIA'l'ION ON TUE nYHAlIl HAZE·M.ETEIt 

Thll brllss case of tho haze-motm' is nn L-sht\pod box (fig, 23) about 

9 inches IOllg, 1%. indws SqlHl\'O Ithmg tho slumk of the L, and 1% by 3 

ilH:hcs at tho loot of til(' L, Tho bl'ightnnss of any purt of tho hmdscapo 

~'I\ll be eomplu'ed with tho horizon brightness by llleu ns of the niil'l'ors 

111! lll\d ill~, Tho silvcl' is l'omovl'C1 from the loft side of tho lower 

mil'l'01' ilf2 l\l\d from a sl'eLioll ill the C'l'lItl'r of this minor to mltko a slit 

S projl'etillg into tlHl silv(\['()(l portion, A neutml filtol' F! is placod 

dirodly in fl'Ont of this slit so tlmt objects socn through the slit will be 

60 percent as bl'iftrht as when they Ilre seell in the silverod portion of A12• 


The small end 0 the motel' is the oye end, • 

Lookintr through the instrument, the obsorver has a diroct view ... 

through the ldt sido of 1112 and also through tho slit in tho contor of this 
mirror, Objcets Sel'll in the right side of .1\12 0.1'0 refledcd dowll from 
the rottttnblc mirror Alt , If the obSl'l'yel' dirocts tho slit at the sky 1 or 
2 detrrocs above tlw horizon and slowly rotntcs tho mirror }.tIl, ho can 
soe (fifl'm'ont parts of tho landscar,e l'cflectod in the silverod part of 'U2 

n,nd sUlTounding tho slit, Whonn, ridge which is n.bout 0,60 as bright 
as the horizon. sky is l'l,flocted opposite tho slit, the slit will disn.ppcnl', 
The distall('C of this ridgo from the observor is the hnzl'-motcr rending, 
When no ridgl) hnpPolls to Ilmtdl tIH' slit exn,dIy, tho observer must 
intol'polntn tt) dch'rmino tho clistmwc of a mutching ridge, This 

I 

I 

II 
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};,WRE 23,-Workillg parts of the Byram haze-meter, 
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l'l'C(ULt'Plllt1Ilt is n SOUI'('!! of Ol'I'OI' for tho BYI'IIIH moLol', but 011{) t.hnt ('nil
lH' l'lIndily ininimizod by nd('qllltto iru-ltl'ltetioll, 

A no.l'l'ow slit; $1 nL t.lH' oyo (lnd of the instl'umont 11100k('s liho slit in 
tho mi.nol' j\f'2 shlLl'ply ill fo(,tlS o\'on ",h(,11 t1H\ Oi.>!:'ll'I'VOl"S (1y~1 is fO(lllsod 
Oil tho horizon, A bltw JilLOl' F2, I\S widl' ItS lhe minol' bal' iR long, is 
pll\('(l({ in tho hHZ(1-IlWtOl', as shown in tho figlll'('., 'rIlis filtor makos it 
ol1si('l' to mMeh tho slit with tho imng('s IWOUlHI it, . 

Vislbililiy distn,n(,I' in milos of a slllall slnndiml smok() IlS l'(llntod to 
hnz(I-llwLOI' ]'('filllngs fl'om 1 Lo 15 lIIilf's is g'iY('n in the' (lI'S!; l.mIt' of tlLble 
3, This small shtlldlu·d smolw is I'oughly N1l1ivnlllnt. to t.hat; gi\T('11 ofl' 
by II. 12- by 12-1'00L fin) ill dl'Y IlImlwood h'\WNI. Vnltws of visibility 
dlsbu)('(, 1'01' this tnblo 1'01' Hlly gi\T(11l hnzP-Il1(1l,PI' l'(\Itding' WOI'(\ obtnino(t 
by lIIultiplying tIw visl1nll'ilug'(' vnlups fl'OIl1 ('11]'\'n L.I ill figul'o 2 by 0.70, 

'1'11(\ so('olHlludf of tltblo :3 givps simillLI' inflwllHLLiol1 f(lI' n smoko fl'om 
n. }k-ntl'l' fil'P, lL wns assumed tlmt; it SIllOke, ('Ollllllll fl'om n, fh'o of this 
siz(\ would luw(I 11 ditullot(ll' about G tin1('S ItS gl'('itt ns tlmt of tho small 
stnll<inl'{1 smoko, 

'l'Alll.l'~ 8.--1 "isibilitll dis/cwce of small sta.ndol'd ,~m()l;t' (/./ul .q'liwkt~ from 
M-(l('re ,/ire) (IS re[a/eel to m.eier I'('(u/il!{ls in I'L'I'II tt'lIfhs oj lm:les . 

HMA 1,.1., H'I'.A NllA ltD H~IOI\~: 

l\(etel' I'endill~ (Iliilcs) 0.0 0.2 0.4 O,G 0,8 
"'.>_...- ­ .~--

Mllt,.~ Mll('.q Miles Mlies Miles 
1~••• _••••• _.,.".,_, •••••••• _ 2. 1 2. 7 2. 92____________ ••••.• _••• ______ 2. " 3. 2 

3. .( 3. 7 3. 9 4. 1 4. 3 
3.,•• _........ 10""'" , .................. "" .............. 4, 0 .1. S 5. 0 5.2 5. 4·1. ___ • ___ • _• _ ..., .. ,,, '..... "" .. il, G 5. 8 (i. 0 Ii. 2 6. ,1

"e _~""'"

5 ••••••• ___ .••••.•• __ . _____ ._ n. 5 6. 7 6. 9 7, 1 7. 2 
6_ •••••••••• _••. : ••••• _•• _.". 7. .[ 7. 6 7. 7 7. 8 8. 07•• _•• _ ..• ___ • .. "' .. --- ...... ,~ .......... -... S. 2 8. 3 S li 8. 6 8. 8 

8....... "''''..- ........... '110"'''''''.,." ....... ". 'lid \11- .... .,.,.,.._ 8. 9 9. 0 9.2 9. 3 9. 5
9••••• _. ___ • _____ ••.• _._ ••• _ n. 6 9, 7 n, 9 10.0 10. I 

~~~~."P~~.~~~~-~10..... , .• 10. 3 10. " 10. 0 10. 7 10. S1L. __ ••. ____ "" '0'" .•• __ ."_ 11. 0 II. I 11. 2 11. a 11,512.• ____ 
~.~~--~~~~.~~--~.- 11. Ii II. S 11. \) 12. 0 12. 1 

, .•• -4~_~ .~~. ___ ww~~.~la ....... 12.2 12. ·1 12. 5 12. 6 12,7

l,l.. _.. "" ...... _ '" ........ __ ...... _ .. _ ..... I') \) 13. 0 13. 2 13, 3 13.4
15_. __ ~~_~_ •• *~_~~_~. __ ._u~~~~ ~. 

13..5 -.. ------ ... _------ ... _-- ... _-- -------­
..---(---.,,...,,~....,.. _.....,,_._. 

~"_''''"t"i~'''''''''_ 

R~IOKg FROM ~~-ACIU} lo'IIUl I 

'"''-''---~-''''' -~.. ---"',,,....... • ...e.. 

1 _______ ~._._. ___ • __ •••• _._._ 3. 1 3. 6 4. 1 4. 6 5. 0
,)
3.__ ._. ________ •• ___ • ________ 5.5 5. 9 6.3 6. 7 7, 1~--~---~.---.~-.~~~«~.~~~-"~-

7, fl 7. 8 8. 2 8. 5 n. ()
5__________ . _________________ 9.3,,~ .......................... ~ ................. .,. ... -..... .,.~, ...... -""'- 9.6 9. 9 10.3 10. II 


10. \) ] 1. 3 11. 6 11. 9 12. 2 0__ ••• __ • _____ • ___ • ___ .... ____7_____________ . ______________ 12. 5 12, 8 13. I 13.4 13,7 
14.0 14. 3 14. 6 14,8 15. 1

S.... "..,~_ ........ """ .. _... _ 15.4
D•. ______________ ••• _________ 15. 7 16.0 16.2 10. 5,< ""~,~ ... ,.. ........ ---- ­

16. 7 17.0 17. 3 17.6 17.9 
10_._._._~, _._ .,. - ... .,. ... ....... - 18. 1 IS. 3 18. (i 18. \) 19. I 
lL._ ..... " •. , 

--~~ 

... '" ... ... 10. 4 19. 6 19. 9 20. 2 20. '112. _____ •. ____ ... __ . 
~ 

-~. _..... "' ... 20. 7 20. D 21. 1 21. 4 21. 7 
~- ~.~~~~~.~ ~-

13.... _.. ..... ... 21, n 22. 2 22. <1 22. 7 22. 9 14.________ . ____ ._ •••• _______ 
23.2 23. 4 I 23. 7 23. 9 24. 2..15...,. ... _............. _................ _-_ ....
0'" oj - • ... .2·.1.4 .. -----'""'-'------ - ... -- ...... ---- --------

I Applicable to. tires in hardwoo.d lenf litter fuel t.ype, when fuols nro dry, 
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Anl))'I'IONAT, INFORMATION ON TIlE PLAINS IIAZE-METEH 

The working parts of tlH" PInins haZl'-ll1eter (fig. 24) aro all optical -. 
WNtgc of smok(ld glass 11'; It blu(\ fllt(lr F; i1 11i1I'J'OW ho1'izontal slit S, 
cut 111 n. thin lll(ltnt strip Itt tiL(' (lY(' ('11<1 of Lhr.mpt('1'; two Pltl'ltllel 
min'ors jMt Iwd 1\[2; and i1 st'l'ips of slils numbered fl'OIll I Lo 1.:3 which 
IU'O cut ln ilia silVOl' of mirror M 2 • 

n
• 

w 
'--- ­ -r-7L:---IL­

f-ol...o---------- 8" 

FIGUIt1'l 24,-Workin~ part.s or Lhe Plains haze-meter. 

A light [)(111m coming fl'ol11 till' horizon sky passes thl'ourh th(\ optical • 
w('(lgl' , \\'IH'I'(' its original intc~nsity is diminished and tIlt: whole beam ... 
is dl'fl('('l('d slighUy upwltrd. Thus the wedge also serves as a prism 
to bL'illg down It slllttll s(lctioll of tho 110l'izoll sky so thnt its brightncss 
Cfin be ('olllpm'(I{! with Uw brightness of nlandscape tfirget. 

TIH~ bl'I\1I1 lH'xt pnss('s thl'Ough the slits in the lower mirror ]1'[2 and 
tholl through tho eyepiece slit. The pOL'tioll of the benm which pnsses 
till'Ougll till' tltic'k part of tho w('dge will sufl'cr a greatl'1' loss in intensity 
Uwn thnt Pl\I't of the bo!tm pnssing through the lower thin pnrt, hence 
the slits in 1\[2 Ilppcnr progl'cssivciy darkpl' from No.1 at the bottom to 
No. 13 ltt thc top. A light beam from a lanclscapG targot is l'efleeted 
clown from the upper minor All to the lower mirl'or A12 nnd then into 
the cy<'pioee slit. Each slit in tho lower mirror serves ns a photometric 
unit by which it 1S possible to compal'e tho brightness of a target with 
th(\ horizon brightnoss; for instttnce, if slit No.2 disappears when I:!uper­
imposed on a distant targpt, it is known tIlnt tIle tnrget is 60 percent 
ItS bright as the hOl'izon sky, and if slit No. 13 disnppears, it is known 
thnt till' tm'gpt is 14 porc'eut itS bright ns the horizon sky. The bright­
ness mtio for slits between 2 nnd 13 will be between 14 pm'ccint and 60 
pel'epnt. Ho"rovPI', the meter is so construeted that this ratio docs not 
appell.r in the visibility measuroment nnd the observer needs to know 
only thc tnrget distnllcc and the number of the disnppeal'ing slit, Tlle 
(,yppie('e slit m!l.kps distfint targets nnd the slits in the low~r mirror 
nlwnys appNtl' fO('lIsed. 'rhr blue Hiter eliminates color diffpl'ences in 
the Iimdscnp(\ nncl sllbcllll'S the brightness of horizon clouds, , 
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nmgCl'IONS FOU USE 

r '1'0 ostilllltto 1\ visibility ~listal1co with the Plains haze-metor: 
1, S('loct a natll1'1t1. tltrg(~t, suell flS the shaded sicie of a dump of trees ab 

tIlC' edge of a dClll'ing, ,This clump of tl'PPS must be in the dil'oction of 
tho Still, hOllCC di11'cn1nb tUl'gets must be used fol' diITOI'ent times of day, 

2, Stltl,ting with slit No, 1, dil'ed first one slit Ilnd then ILnothcl' I\t 
llll' tnl'goli until It s1th is found whieh disappeal's, Tho ntllnb(lI' of tho 
slit whieh dislLppelLl's ItIlt! tlu; distlLnc'p fl'OIll tho obsorvel' to the tlll'got 
in miles ILnd tonths ILTH tile two readillgs I[('('ded to obtn.in the visibililiY 
disllHll~c hom tabln '1. Fol' insLILIl(,C', if slit No, 7 disaPPl'ILI'S on It clump 
of tl'lWS ILt 1.1 mitos ILwa,Y, the vi~ibility distanee is 4,2 miles, 

In soloeting natural targots nnd in making 1llt'lLstll:pml'nl,s with tho 
hILzo-llwtpl', tlHl following points should bo ('ILI'(,fuUy obsOl'vod: 

1. AlwfLYs splo<'t tnl'gets in tire dirtl(,\:ion of tho Gun, The shaded 
side'S of dUlllps of LI'(I('S Itt the Nlg(·s of dOlLl'ingslllake good tllTgcts, 
Tn slighUYl'ollillg C'OUlltr-y, dlt!'k wood(·d c'onifl\l'ous sIOI}('S mILy be used, 
'rhe Illost, impori.ttllt Iwttliroment fOl'1L suitnblo targ'(\t is that it be dark, 

2, Sc,I(1('(; ttLI'~('tIH thlLt 111'(' as fltl' away ILS possible', YI't l.ltrge ollough Lo 
eO\'(lI' fulli /LII([ sUITound allY givell slit wh('n view(ld through Uie iH­
stl'lllll(lll t. H fI tnrgot is too fILl' u.way, iii willnppenr smaller than the 
hILzt'-rnetcl'slits, In this,ease it is lweessiU'y to scLcet u lurger target 
or 0110 It('IU'OI' the obsOl'vell ; " 

~{, Selpet tl1l'<r('(.s t,llat are !'l('on 11.I'ltillSt the horizon 01' within 1 dO('1'eo 
of Clip hOl'izon, t'I If this eondi tioni; Sid isfipd, the position of the s(l(:OIl£1 
slit ahove. tho slitwili('h is dil'l,l't('d at tho'target will bo above the hori­
zon, For iustnll('e, if slit No, '1.is poillt<'d at Il. bltnk of tr~~s 01' any 
othol' dlLl'k spot 011 the hLlHlselLp(l, t1wn sliL No, 6 should be nbove tho 
1Iol'i7.0ll, Fol' thisl'('ILSOn mCI1Slll'emollts (,l1n somotinH's be mndo to 
gl'PlLtel' ndvantnge f!'Om tl)(1 gl'ound Lhl1n from the top of n. tOWOl', On 
VCt'y hazy dlLY,s it, is possible to lISI' tl1l'gots nen.rCl' the observer than 
('ould be us('d If thH dlty \\'01'0 elpal', 

4, Always k('('p tho front window glass of the hlLze-moter shaded from 
din'et sunlight wlwn using Uw llwt(,I', The fl'ont willeLow glnss should 
I\lso he Iwpt e1C'im, Novel' tlLlw nmdings through winelow panes, 

It is possibl(rtllllt on cl'rtitin days thol'o will be no slit which disnp-
POItl'S on somo givOll tl1l'get) J01' two possible reasons: 

1, '1'IH1 fLii' is too !ritzy, 
2, 'L'llI' ail' is too ('(ear, 
If till', ail' is too ha7.Y, all of tho slits will appoar dark: This indicates 

that It largot n('IWeI' LitO obsot'Yol' should be selected, If the air is too 
dl'nl'J 11.11 of the slits will n.ppcar light, This indiel1tes that a mol'C dis­
tant tal'got should be seleeted, If this is not possible, l:ccord the visi.­
bility distall('c IlS thnt distance corresponding to slit No, 13 and tho 
distlmeo of the tal'get us(~d, 

, 
The ])Iains hll,zo~m('tcr: can also be used for cstimn.ting visibility in 

mOllntainolls l'('gions, In this caso mountain ridges a1'O used Jor tar­
g(It.S, As b('fOl'(., the soeond slit above the one llllder considCl'atioll 
should be kl'pt just I\bovo the hol'izon, For instn.nce, if slit No, 3 is 
point{'d directly at·n. ridge, then slit No, 5 should be n.bovo the hoi'izon, 
It is nlso d{'simble to keep this second slit n.s ncar tlw horizon as pos.:. 
sible yet still [lbo\'o it, If reaciings IWO taken with any of the slits 
above No, ~, the readings should always be in the direction of tho sun, 
Slits Nos, 1, 2, and 3 llmy be used in any direction, 

N (lVel' tako tllo hlLze-lllctOl' apl\~-t, 
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TABLE 4.-Visib'ility distance in miles as determined from target distance and haze-meter slit number IIi z 
~ Haze-meter slit numbers t"' 


Target distance (miles) I t:I:! 


t"' 
__________I_l__2_1_3__4_1_5_1~-7-1-8-1-9-1~1~1~1~ 
C 


~ 
0.5_________________________________ _ .... 

0.9101.21.5 1.7 2.0 2. 2 2.5 2.93.23.64.0 4.4 Z0.6__ • ______________________________ _ 
1.0 1.2 1.5 1.7 2. 0 2. 3 2.6 2.. 9 3.33.84.14.6 5.0

Q 7 ____________________________ _ <:l5.51. 1 1. 4 1. 7 1. 9 2. 2 2.6 3.0 3.4 3.84.34.75.1 CtQ 8 _________________________________ _ ,;:.1.21.51.82.1 2.5 2. 9 3. 3 3. 8 4.24.75.15.6 6.1
O. 9_________________________________ _ 1. 4 1. 7 2. 0 2. 3 2. 8 3.2 3.7 4.1 4. 6 5. 0 5. 5 6. 1 6. 7
1.0___________________________ - _____ _ 

.1.1__________________________________ 1. 5 1. 8 2. 2 2. 5 3.0 3.5 3. 9 4. 5 5.05.46.06.6 7.2 ~ 
1.6 2.0 2.4 2.8 3. 3 3. 8 4.2 4.8 5. 3 5. 8 6. 5 7. 1 7. 71.2_________________________________ _ r"8.11. 7 2. 1 2. 5 3. 0 3. 6 4.0 4. 5 5.0 5. 6 6. 2 6. 8 7. 61.3_______________________________ -- ­
1.82.22.73.2 3. 8 4. 3 4.8 5.3 6. 0 6. 6 7. 3 8. 0 8.6 '=' 1.4_________________________________ _ l":l1.9 2.3 2.9 3.4 4.0 4.6 5.0 /.i.6 6. 3 6. 9 7. fj 8. 4 9.0 "d1.5_____ - ___________________________ _ 2.02.53.03.6 4.1 4.8 5.3 5.9 6. 7 7. 3 8. 0 8. 8 9.5 !"'l2.0_________________________________ _ 
2.5 3.1 3.8 4.4 5.1 5. 8 6. 5 7.2 8. 0 8. 8 9. 7 lO, 7 11. 6

2. 5_________________________________ _ 2.93.84.55.2 6. 0 6.8 7. 6 8.5 9.310.311.412.3 13.4 ..,o 
3.0_________________________________ _ 

3.34.35.26.0 6. 8 7.7 8. 7 9. 7 lO.6 11.712.814.03. 5 _________________________________ _ 11. 7 12.9 14. 2 1______ '_____ _3.84.85.76.7 7. 6 8.6 9. 7 10.7 ~ 4.0__________________________________ 12.8 14. 2 ______ , _____ _
4. 2 5. 3 6. 3 7. 4 8. 4 9. 5 10.7 11. 8 ::::J

4.5_________________________________ _ (34.65.86.88.0 9. 2 10.3 11.6 12.75.G_________________________________ _ 
5. 1 6. 3 7. 3 8. 6 9.8 11. 1 12.3 13.6 13.9 ------ ======j======C==== c: 
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ADDITIONAl, INFOIUlATrON ON I,OOKOUT EYE TEST 
:~, 

r SPEciFICATIONS FOIl LOOKOUT EYE-n:ST TAUGET 

Eyc-t(,'st target to consist of a black and white pattern mounted on 
a 7,O-inch squnm bnck, in the center of which is mounted It handle for 
I"Otating the target, 

The cye-test pnttet'n to be pl"inted from It brass master negative on 
doublo-woight, high contrast (No, 4 or 5), smooth, glossy, photogl'aphic 
pllpl'l', 'rho bl'llss ne~i1tive must be plnccd with tho upper or bovclcd 
sUl'fltco away from tile pit per whon pl'ints are mnde, Tho mnstCl' 
n<'glttivo 01' plnte is to be cut Crom smooth, flat, 22-17age hnlf hard 
Shl'llt I,,'nas to the pnttcl'l1 shown in figure 25 and dr'illod on It dingonnl 

1------------- 7.07"-------_---;:--->1 

. .... 8 
<:)

r.: 

BQIIINtI~ , FIGURE 25,-Master plnt.e und cnlargcd cross scction showing how holes A and B 
nrc to bc bcvcled, 
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at the two point~ in(licnted. Hole A. is }{s inch ill diameter ±O.002 
inch; hole B is X in('h in dinllH'tC'r. Tloles A. nnd R ItI·('. to be Iwvrlcd 
to n distnll('r of olH,-thinl til(' thiekn('Ss of thl' m('lill fl'om lilt' bottom 
01' lhe' plntc ns shown in thl' CI'OSS seetion, '1'he uppc'" edges of the 
('orl\(~I' slots llI'e b('voled in thr snme mnllll('I', On tl\(l bottom (un­
bewlNl) sltrfnCl', pI'int }llninly: peT THIS side of plntl' l1Pxt to pn PC'I' 
",IH'n mnking photogl'llphi(\ pI'ints from THIS MAR'l'RR PLATE. 

~I'I\(' l'y('-trst bn.cking 1l11l\rl'inl to be hnrd fib(,I'bonn\ (Mnsonit('. 
IrrnpNNI ]>rcsdwood) 01' cqllnl) of nbout ~-inch lhieklH'ss, Ylu'nishNI 
on both sidrs,

Afl('I' Vlll'llish is thorollghly dl'y, pn tt('rll to he ('elllPn It'll with shdlnc 
to ~mooth sid(\ of fihNbon I'd buek. 

Roth Ill'int nnd fibl'rhonI'(I bll('1\: to 1)(1 i\ t Ipllst 8 ine\ll's sq IU\I'r to 
insure good eontnd {Hound till' rc\gl's of tIll' pnU('I'Il, lllld 1.0 lI.llow Spll(~(\ 
fOl' \I'imming, Eyp-tl'st bonl'c\ to bl' tl'imm('tl on hlllek-whitl' bordel' to 
}ellye smooth NIge, COI'!H'I'S to bt.l trirnnwd, 

A SqUIlI'l' 01' ein'1I1ar bloek, IIhOIlt;I}4 inehl's in dil1llwleI' and %indl 
thkk, und dl'ilkd thI'Ough lhl' ('entl'I' t.o I'l'c('ive Il X"~-in('h dowel hnndle 
3 int'ill's long in 11 tight fit, is to be glul\d to C(I[lt('(' of cye-t(lst back. 
1I1lndk is not tQ \)(' gltH'd in block. 

A smull hllle·k spot is to b(\ pninted on back of eyc-test target directly 
behind thp }{s-iJ\('h spot, 

Illstr'udions fOl' use of (lye-test arc to be pI'intcd 01' pasted on front 
of nil PHvl'lOIW 7X by lOX in('lws, ill which nyc-test is kept when not 
in usC', 

INSTHUCTIONS .'OR USE OF FOHBST SERYICE BYB TEST FOR FrnE I.OOKOUTS 

r:J'IH' lookout t'ye-tpst is n d('vi('p designed to 1l1pnsUI'C tim I'l'lativl' 
nhilily of lookouts to SPt' smitH smokps, The eye-tl'st tn.Tget consists 
of fL SqUIlI'(' whill' bonnl with 11 ltugP bluek spot; in the center, black 
hilI'S on till' dingollills, and 11. small blnek spot midway hetween the cen­
tC!' 11Ild onl' dingolllll bar, '1'11(' Jl\l1ximum distftnc<' thllt n. mnn r:an Sel\ 
this small spot is II; nWnsul'l' of his pOWCI' to SN' smnll columns of smoke 
nt long distnncl's. The P,YI.' (pst is giv('n ns follows: 

Splcet Il suitnhlp pln('(' Mit-oj-doors. Eitll('r n. sunny 01' cloudy day 
will do, A dur\;: fOI'pgl'otIl1d, such ns gr('l'n gmss or enrth is necessnl'Y, 
Ayoid bl'ight fOl'('grounds, such as dusty 01' gI'll.veh·d I·oads. 

Insl'l't the round lwg in till' b10('1\: on thl' bltek of the bOllnl to fOl'm 
n hnnelle. Hold t'Yl'-lest; bonnlin full light of open sky but shadN\ 
fr'om direet Tays of sun, Avoid g('tting undel' eaves of buildings 01' b'ee 
('I'O\\'IIS. 

Hold eye-tpst bonl'd upright so that one diagonal blllck bar is vl'l'ti­
(~I1I, the oth£'(' hoI'izontnI (the sma.ll spot will b£' up, down, to right, or 
to l£'ft), with white side of eye-tl'st bonn\ facing towllrd pel'Son being 
tested. 

Have mnn bl'ing (('Sled bllck aWIIY from ey(·-test boftI'(l until small 
hlnek spot nlmost disnpPcl1,rs (usually 35 01' 40 fect,). He should not 
fnel' sun. 

'Whil'} l'yc-tpst bonnl several till1l's so the small blllck spot may ns­
sump n new position, ('ithN'UP, down, tight, 01' 1dt, Havc obsel'ver 
signlll 01' stnt£' nl'W position of the small spot, Ii eOI'I'ed, have him 
st.ep bnck 2 or 3 feet, Hcpeab procedurc until the obsc1"l'"er indicates 
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position of $mall blnck spoL incolTectly. Hnye him gness whon he is 
no 10ng!'I' ('erlnin. lie llU'ty r('st his eyes if hl' 'wishes. 

R('('or(\ t11(1 obst'I'VPI"s ruling as tIl(' distnn('(' .in f('ct from. eYf-te8lt boal'd to lite /Cl8t point from which he can indicate p()8ition of the smail 
black S]lot correc·lly. TIl(' dislltl1('(' n\" which this smnll spot c/tn be spen 
is clt'fillill'lv 1'(·ln.l('(I to lhl' distnlU'p nt whi('11 smnll smoke' eolulllns enn 
b(' ('Ilsily {(ptt·etNI. TIll' following tu,bululion indicate1s qnulity of ('y('­
sight in n'lntion to <''y(·-h·st ruling in ft'('t: 

.VUr/lliUlII dblllliet ut which $ntull bluck '1'0/ CUll II~ "te/l ([(el) Quality 0/ tVtslyht
64, or OVl'r _______ • ___ ••.•.•.•..•••• , •.• _•• ______________ EXl'l'pliollul.
58-U3 _• _•• __ • _. _• ___ ••••••• _. ___ • _______ .• _______ •________ •• Gooel. 
50-57•••.• __ • _____ • _ ••.. _••• _... _.. _•.•. _.. ____ • _________ AVl'l'lIge.
44 .. 41>. _" __ • _______ •• _.• __ ••• _____________ • __ • ________ • __ " • _ Fllir. 
43 or tltHler_______ • __________ ••• c Poor.________________________ ._. 

SPECIFICATIONS Fon GI.Anl~·HEDUCING GOGGLES 

Ollll'(I-redu('ing go~gl('s to b(' IllIHlt' of el'own glass, optienlly finished 
to l'liminllt(' 1111 dislortio.ll. GlllsS to bp of n!'lIlml tint, giving n.ppl'oxi­
I1lIl,t(~ly ('Onslll·nl absorption 1'01' nil visilllr rlldintion. (Th(,l'p must not 
btl 1\ <iN'!> s('kdiv(' nbsorption blind within tll(, visiblt, 1'II.ng(\ of Ull\SPPC­
tl'llln.) The' ll'llnsmission of visiblp I'lIdintion to 1)(> fmlll 20 to 30 1)('1'­

('('nti til(' two lpns('s in one pill!' of goggl!'s must II'Hnsmi t, approximately 
the SHnl(' Itl1101lnt of light, not vlll'.ving in this I'('S'wC't 11101'P than 4 pel'­
('ellL 'l'h(l iPnsps Hnt! frnllws to b(' of til(' I}('Hr-shnpc'c\ ("sport") typl', 
nppl'oximn1(·ly 2}k inch!'s in gl'Cllll'st width Iwd 2% inches in gl'clttest 
It'nglh. 

'l'h(' ft'HIIH'S nrc to b(' of 1I01l('olToding mp\nl. Thp bows 11.1'0 to bo 
flt'xiblc' lind ('Ilsily adj ustn.blP withon t tools 1.0 individunls' rrq uil·pments. 
Goggh's musl bl' hingc'd Itt thc bt'idgl' to p('nnit ndjustnwnt to individ­
ual t'('(luil'(\nwllts fOl' fitting. A brolld, t'olUforill.hlc noso rcst shull be 
[)('o\'idNI. EAch pnit· of goggll's to be provided with a motnJ case to 
r('(lu('u possibilily of bl'('llkllgl" 
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