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The e f f ec t s of t i n t e d o p t i c a l media , p a r t i c u l a r l y of hea t -absorb ing au tomo
b i l e w m d s h i e l d s , upon v i s i b i l i t y dis tances on the highway at n ight a r e ana
lyzed t h e o r e t i c a l l y . The loss percentages i n v i s i b i l i t y dis tances caused by 
r ep l ac ing c l e a r windsh ie lds w i t h t i n t e d ones a re ca lcu la ted as func t ions of 
the v a r i a b l e s i nvo lved , v i z . , t r a n s m i t t a n c e of the t i n t e d op t i ca l m e d i u m , 
isocandle p r o f i l e of the headlamp, angular s ize and re f l ec tance of the t a r 
get. I t i s found tha t the loss percentages i n v i s i b i l i t y dis tances a re f u r t h e r 
dependent upon the dis tance of the t a rge t i t s e l f , w i t h the losses inc reas ing 
w i t h decreas ing dis tances . Losses i n v i s i b i l i t y dis tances caused by c o m 
m e r c i a l b rands of t i n t e d windsh ie lds amount to between 9 and 15 pe rcen t at 
v i s i b i l i t y dis tances r ang ing between 1000 and 200 fee t . These r e s u l t s a-
g ree f a i r l y w e l l w i t h the data of B l a c k w e l l and w i t h data obtained e x p e r i 
men ta l l y i n the f i e l d by o ther au thors . The ana lys i s shows f u r t h e r tha t the 
losses i n v i s i b i l i t y dis tances a r e g rea tes t f o r t a rge t s so nea r ly matched to 
the background that they may be seen even w i t h c l e a r windsh ie lds only a t 
sho r t d is tances . Under these condi t ions the losses may be as h igh as 30 to 
45 pe rcen t . A r econs ide ra t i on of the 70 percen t m i n i m u m t r a n s m i t t a n c e 
r e q u i r e m e n t f o r windsh ie lds i n the A m e r i c a n Standard Safety Code Z26. 1 -
1950 i s recommended . 

# I N recent y e a r s the au tomobi le use r has been o f f e r e d v a r i o u s devices us ing t i n t ed 
o p t i c a l med ia w h i c h a r e designed t o a l l ev i a t e the d i s c o m f o r t of g l a r e and to reduce 
t r a n s m i s s i o n of rad ian t heat. T i n t e d op t i ca l media a r e p r e s e n t l y f i n d i n g widespread 
app l i ca t ion i n au tomobi les w h i c h a r e being equipped w i t h t i n t e d windsh ie lds by the m a n 
u f a c t u r e r upon opt ion of the consumer . I n add i t ion t o t i n t e d w indsh i e ld s , v a r i o u s o ther 
m a n u f a c t u r e r s adve r t i s e s o - c a l l e d " n ^ h t - d r i v i n g g lasses" w h i c h a re o f f e r e d as a s o l u 
t i o n to the g l a r e p r o b l e m on the highway. The i n t e r p o s i t i o n of a l i g h t - a b s o r b i n g m e d i 
u m between the eye of the d r i v e r and the highway, of cour se , poses the quest ion to 
what extent t h i s has an adverse e f f e c t upon seeing, p a r t i c u l a r l y d u r i n g night . V a r i o u s 
au thors have d iscussed t h i s quest ion (1., 2, 3) and e x p e r i m e n t a l s tudies i n the f i e l d have 
been c a r r i e d out by Roper (4) and, f r o m t h i s I n s t i t u t e , by Heath and F i n c h (5). I n the 
f o l l o w i n g an a t t empt i s made to evaluate f u r t h e r the w o r k done he re as w e l l as e l se 
where ^ by a t t ack ing the p r o b l e m t h e o r e t i c a l l y . 

T w o types of t i n t e d windsh ie lds a r e p r e sen t l y i n use: (1) l amina t ions having a u n i 
f o r m densi ty and (2) l amina t ions having a graduated densi ty w i t h a h o r i z o n t a l band of 
g r e a t l y reduced t r a n s m i t t a n c e (0 .18) at the top of the w i n d s h i e l d , designed to e l im ina t e 
g l a r e f r o m the sky . T i n t e d windsh ie lds a re g r e e n i s h w i t h the m a x i m u m of t r a n s m i t 
tance at 515 m|i.; a t y p i c a l s p e c t r a l t r a n s m i t t a n c e i s shown i n F i g . 1(A). " N i g h t - d r i v i n g 
g lasses" (e. g . , b r a n d A) have a s i g m o i d a l s p e c t r a l t r an smi t t ance f a v o r i n g the long 
wavelengths as shown i n F i g . 1(B) ; t h e i r t i n t i s amber . T i n t e d windsh ie lds having 
t r a n s m i t t a n c e s between 0 .15 and 0 .40 i n the 0. 8 to 6 - | i r eg ion , a r e f a i r l y e f f ec t i ve i n 
f r a r e d abso rbe r s . T h e i r o p t i c a l p r o p e r t i e s v a r y somewhat f r o m sample to sample ; 
r ep re sen ta t i ve t r a n s m i t t a n c e values of v a r i o u s t i n t e d o p t i c a l media used i n the au tomo-

* R e p r i n t e d by p e r m i s s i o n of the J o u r n a l of the O p t i c a l Society of A m e r i c a . 
^ W h i l e t h i s paper was i n the p rocess of be ing pub l i shed , the r e s u l t s of a f u r t h e r s e r i e s 
of f i e l d expe r imen t s w e r e r e p o r t e d at the January , 1955, mee t ing of the Highway R e 
sea rch B o a r d by H . Doane and G. M . R a s s w e i l e r (Coopera t ive Road Tes t s of N igh t V i s 
i b i l i t y T h r o u g h H e a t - A b s o r b i n g Glass) . The e^qier imental setup used by these authors 
and t h e i r r e s u l t s a r e essen t ia l ly the same as those of Roper (4) so that the conclus ions 
d r a w n i n t h i s paper a r e not a f f ec t ed by t h i s new s e r i e s of f i e l d expe r imen t s . 
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T A B L E 1 

T R A N S M I T T A N C E S O F VARIOUS T I N T E D O P T I C A L M E D I A * 

L u m i n o u s 
t r a n s m i t t a n c e 
(equal energy 

spec t rum) 
T y 

L u m i n o u s 
t r a n s m i t t a n c e 

(CLE source A**) 
T A 

I n f r a r e d 
t r an smi t t ance 

(0. 8 - By) 

5. 

Safety p la te 
(c lea r windsh ie ld ) 
T i n t e d w i n d s h i e l d 
(brand I ) 
T i n t e d w i n d s h i e l d 
(brand n ) 
Nigh t d r i v i n g glass 
(brand A) 
Rayban sunglass 

0. 883 

0. 730 

0, 667 

0 .534 

0. 395 

0. 881 

0. 692 

0 .614 

0. 704 

0 .410 

0. 436 

0.153 

0. 636 

* In s t rumen ta t i on : Range 400-700 m | i : GE r e c o r d i n g spec t rophotomete r ; range 0. 8-6 | i : 
Beckmann spec t rophotometer . 

C I E source A was used to r ep resen t the s p e c t r a l d i s t r i b u t i o n of sea led-beam head
l a m p s , a l though t h e i r c o l o r t e m p e r a t u r e averages about 150 degrees K h igher . H o w 
ever vol tage d i f f e r e n c e s can be expected to p roduce v a r i a t i o n s g r e a t e r than t h i s d i f f e r -
ence. 

b i l e f i e l d a r e g iven i n Tab le 1 , accord ing to measurements made i n t h i s In s t i t u t e . 
A l though t i n t e d windsh ie lds o f f e r f a i r p r o t e c t i o n against r ad ian t heat and thus a f f o r d 

a m o r e c o m f o r t a b l e c l i m a t e ins ide a ca r 
d u r i n g the s u m m e r , t h e i r t r an smi t t ance s 
i n the v i s i b l e r eg ion of the s p e c t r u m a r e 
inadequate f o r g l a r e p r o t e c t i o n . A c c o r d 
i n g to F a r n s w o r t h (6) , sunglasses w i t h 
t r an smi t t ance s as low as 0. 25 f u r n i s h 
neg l ig ib l e g l a r e p r o t e c t i o n ; to be e f f e c t i v e , 
t r an smi t t ance s of not m o r e than 0 .12 a re 
recommended . On the o ther hand, t i n t e d 
windsh ie lds mus t have a t r a n s m i t t a n c e of 
not less than 0. 70 i n o r d e r to meet the 
r ecommenda t ion of the ASA Safety Code 
(7). These two s p e c i f i c a t i o n s , of c o u r s e , 
a r e i ncompa t ib l e , and the conc lus ion must 
be d r a w n that t he r e can be no t i n t e d w i n d 
sh i e ld that a f f o r d s g l a r e p r o t e c t i o n and 
s imul taneous ly meets safety s tandards . 

Perhaps the mos t c r i t i c a l among the 
po ten t i a l hazards of t i n t e d windsh ie lds i s 
tha t they may cause a r educ t ion of v i s i 
b i l i t y dis tances on the highway at n ight . 
The ob jec t of the a fo remen t ioned f i e l d 
s tudies was to measu re t h i s po t en t i a l haz 
a r d . I n t h e i r s tudy. Heath and F i n c h (5) 
p l aced v a r i o u s ob jec t s of d i f f e r e n t s i zes , 
shapes, and s p e c t r a l r e f l ec tances on the 
r o a d and measured the distances at w h i c h 
each of the ob jec t s was f i r s t seen f r o m 
the approaching ca r when v i ewed th rough 
a c l e a r safety p l a t e w i n d s h i e l d and t i n t e d 
w i n d s h i e l d , r e spec t i ve ly . The t a rge t s 

900 aso 600 
wavthngm In 

7001 

Figure 1. Transmittances of tinted optical 
media used in the automobile. (A) Typical 
t inted windshield. (B) Sample of '^ight-

driving glass" 



47 

cons i s ted of v a r i o u s ob jec t s , such as road s igns , boxes of v a r i o u s c o l o r s , s takes , d i r t 
p i l e s , and the l i k e . Roper (4) appl ied essen t ia l ly the same method, but the t a rge t s 
used were i d e n t i c a l 1 6 - i n . square paper panels having a r e f l ec t ance of 0. 075. Rope r ' s 
measurements w e r e m o s t l y concerned w i t h de t e rmina t ions of t a r g e t v i s i b i l i t y dis tances 

' against the g l a r e of an oncoming au tomobi le . 

The r e s u l t s and conclus ions of these authors a re c o n f l i c t i n g . Heath and F i n c h found 
a r educ t ion of v i s i b i l i t y dis tances of up to 22 percen t when the c l e a r w i n d s h i e l d was r e 
p laced by the t i n t e d one. Roper , however , f ound an o v e r - a l l r educ t ion of less than 6 
pe rcen t f o r observa t ions w i t h no approaching v e h i c l e , and an average r educ t ion of 2 
pe rcen t w i t h the g l a r e of an oncoming au tomobi le . Heath and F i n c h conclude that " i t 
does not appear f e a s ib l e to ass ign an o v e r - a l l percentage va lue to represen t the d i f f e r 
ence between the two types of g l a s s , " even though they po in t out that a s i g n i f i c a n t r e 
duc t ion i n v i s i b i l i t y dis tance ex i s t s . Roper concludes that " the day t ime bene f i t s to be 
d e r i v e d f r o m the hea t -absorb ing g lass windsh ie lds o f f se t the s m a l l r educ t ion i n seeing 
dis tance at n i g h t . " 

B o t h au thors p o i n t out tha t t h e i r r e s u l t s exh ib i t g rea t v a r i a t i o n s i n the e f f e c t of t i n t 
ed w indsh ie lds on v i s i b i l i t y d is tances . These v a r i a t i o n s a r e due to the g rea t number 
of v a r i a b l e s having an in f luence upon the r e s u l t s , such as l i g h t sources o ther than the 
headlamps (e. g . , the moon) , v a r i a t i o n s of t a r g e t i l l u m i n a t i o n owing t o the m o v i n g v e 
h i c l e , the s ize , r e f l ec t ance , c o l o r , shape, and loca t ion of the t a rge t ob jec t s , and p h y s 
i o l o g i c a l and psychophys ica l f a c t o r s invo lved i n the p e r f o r m a n c e of the obse rve r . I n 
a d d i t i o n , i t can be shown tha t the l o s s percentage i n v i s i b i l i t y d is tance caused by t i n t e d 

I o p t i c a l media i n n i g h t - d r i v i n g i s a f u n c t i o n of d is tance , but the authors d i d not a t tempt 
to separate t h e i r data to account f o r t h i s e f f ec t . 

I n the f o l l o w i n g t r e a t i s e an a t t empt i s made to a t t ack the p r o b l e m by t h e o r e t i c a l 
ana lys i s w i t h the expectat ion of a r r i v i n g at a be t t e r unders tanding of i t s na tu re . The 
ana lys i s i s based on the f a c t that the b r igh tness con t ras t t h r e s h o l d r i s e s s tead i ly w i t h 
decreas ing l eve l s of the b r igh tness of t a rge t and background. T h i s r e l a t i o n s h i p holds 
ove r a wide range of luminances , m d a r k su r rounds (8) , l i g h t su r rounds (9) , and i f the 

' s u r r o u n d i s equal i n luminance to that of the background (10), at l eas t so f a r as l u m i 
nance l eve l s below 1 f o o t l a m b e r t (that i s , luminance levels encountered on the highway 
at night) a r e concerned. The luminance con t ras t between t a rge t and background i s de
f i n e d by the r a t i o 

C = (Bt - B b ) / B b , 

i n w h i c h B t i s the luminance of the t a rge t , and B b the luminance of the background. 
Obv ious ly , C i s independent of the i l l u m i n a t i o n . F o r a t a rge t of a g iven angular sub
tense , t hen , to become v i s i b l e i t i s r e q u i r e d tha t the i l l u m i n a t i o n be g r ea t enough, so 
that luminances Bb and B t a r e reached f o r w h i c h C becomes equal to o r g r ea t e r than 
the con t ras t t h r e sho ld . L e t us now assume tha t a t a r g e t on the noc tu rna l r o a d i s i l l u 
mina ted by the headl ights of the d r i v e r ' s c a r w i t h an i l l u m i n a t i o n s u f f i c i e n t to produce 
luminances c o r r e s p o n d m g to the con t ra s t t h r e s h o l d that i s v a l i d f o r the g iven angular 
subtense of the t a r g e t ; t h i s t h r e s h o l d c o n d i t i o n may be reached at a d is tance Oo- I f , 
then , a f i l t e r having a t r a n s m i t t a n c e of T i s i n t e rposed between the t a r g e t and the eye 
of the o b s e r v e r , the apparent luminances of both the t a rge t and the background a r e r e -

I duced by the f a c t o r of T . T h i s r educ t ion causes the t a rge t to d ip below the t h r e s h o l d , 
and i t i s no longer v i s i b l e . Since the I l l u m i n a t i o n of the t a rge t and background as w e l l 

i as the angular subtense of the t a rge t a r e inc reased i f the c a r approaches the t a rge t , 
I t he r e mus t ex i s t a dis tance D t ( D t < Do), at w h i c h the apparent s i ze and luminances of 
t a r g e t and background a r e r ende red s u f f i c i e n t l y g r ea t to l i f t the t a rge t above the v i s i 
b i l i t y t h r e sho ld . I t f o l l o w s that Dt depends only upon the f o l l o w i n g quant i t i es and r e l a 
t ionsh ips : (1) the o r i g i n a l v i s i b i l i t y dis tance Do; (2) the t r an smi t t ance T of the f i l t e r 
i n t e rposed ; (3) the r e l a t l o n s h ^ ( f o r a c e r t a i n p o s i t i o n of the t a rge t ) between dis tance 
and i l l u m i n a t i o n (and depending on t a r g e t r e f l e c t a n c e , luminance) a f f o r d e d by the head
l i g h t s of the c a r ; and (4) the r e l a t ionsh ip between dis tance and angular subtense of the 
t a rge t . A d e t e r m i n a t i o n of D t , of course , r e q u i r e s i n f o r m a t i o n concern ing v i s u a l 
t h r e sho lds i n t e r m s of l uminance , con t ras t , and angular s ize . A l l o ther v a r i a b l e s can 
be neglected because t h e i r combined e f f ec t s mus t be assumed to be equal i n both cases. 
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Figure 2. Isocandlepower diagram of an Aiperican-made sealed-beam 
headlamp, upper beam. Values are in thousands. For deta i l s see 

text. (After Finch (11) and de Boer and Vermeulen (12).) 

Only i f a l l v a r i a b l e s a r e assumed to be equal , does a c o m p a r i s o n between v i e w i n g w i t h 
and wi thou t the f i l t e r become mean ing fu l . T h i s i s the reason why a t h e o r e t i c a l ana ly 
s i s of t h i s k i n d can be expected to y i e l d mean ing fu l r e s u l t s , p a r t i c u l a r l y s ince the 
many v a r i a b l e s i n v o l v e d cannot be c o n t r o l l e d s a t i s f a c t o r i l y i n e x p e r i m e n t a l s tudies . 

The r e l a t i onsh ip between t a rge t luminance and dis tance can be obtained f r o m meas
u remen t s made by F i n c h (11) on A m e r i c a n - m a d e sea led-beam headlamps. F i g u r e 2 
shows the isocandlepower d i a g r a m of the upper beam of one of the headlamps meas
u red . T h e s o l i d l i nes b r and b i a r e the pe r spec t ive images o f the r i g h t - h a n d and l e f t -
hand roadbank, r e spec t i ve ly , w h i l e the h o r i z o n t a l l i nes a re the p r o j e c t i o n s of t r a n s 
v e r s e l i n e s on the r o a d at the ind ica ted dis tances. T h i s k i n d of g raph was f i r s t used 
by de Boe r and V e r m e u l e n (12) i n s tudies of au tomobi le headlamps. D i a g r a m s of t h i s 
type f r o m two d i f f e r e n t b rands o f head
l a m p s w e r e used to d e t e r m i n e g r a p h i c a l l y 
the de s i r ed r e l a t ionsh ip between the l u 
minance of t a rge t s loca ted at the r i g h t -
hand roadbank and the dis tance f r o m the 
d r i v e r . A s s u m i n g a c e r t a i n r e f l ec t ance 
R of a t a rge t , i t s luminance can be r e p 
resented as a f u n c t i o n of i t s dis tance f r o m 
the c a r . The r e s u l t s a r e shown i n F i g u r e 
3 g i v i n g the d e s i r e d r e l a t i onsh ip f o r two 
d i f f e r e n t b rands of headlamps based on a 
r e f l ec t ance of R = 0.15 f o r the t a rge t . 
D i f f e r e n t t a r g e t r e f l ec t ances w o u l d be 
represen ted by iden t i ca l cu rves s h i f t e d 
p a r a l l e l to the h o r i z o n t a l ( luminance) ax i s 
by a co r re spond ing amount . 

The r e l a t i onsh ip between the th resho lds 
of the t h r ee v i s u a l p a r a m e t e r s — l u m i 
nance, con t r a s t , and angular subtense — 
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Figure 3. Relationship between distance and] 
luminance of a target (of re f l ec tance R= 
0.15) located at the right-hand roadbank , 
(A) headlamp brand I ; (E) headlamp brand I l j 
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Figure 4. 
T* 

LOG LUMINANCE 

Graphical determination 
, for deta i l s see text. 

j f log 

has been d e t e r m i n e d by v a r i o u s au thors 
(3, 10, 13, 14); of these data those by 
B l a c k w e l l (JlTare the most sui table ones 
and w e r e used m t h i s s tudy. The r e l a 
t ionsh ip between the th ree p a r a m e t e r s can 
be r ep resen ted i n s e v e r a l w a y s ; the r e p 
resen ta t ion best su i ted f o r the purposes 
of t h i s study g ives cu rves p e r t a i n i n g to 
d i f f e r e n t con t ras t values (C) i n a c o o r d i 
nate sys t em w i t h luminance and angular 
subtense as axes. A g raph of t h i s k i n d i s 
shown i n B l a c k w e l l ' s paper . ^ 

The r e l a t i onsh ip between angular sub
tense of the t a rge t and dis tance i s eas i ly 
computed f o r any t a rge t of g iven p h y s i c a l 
s i ze . F o r the purpose of t h i s s tudy, how
ever , t h i s r e l a t i onsh ip mus t be expressed 
i n t e r m s of luminance of the t a r g e t r a t h e r 

than of dis tance. T h i s l a t t e r r e l a t ionsh ip i s eas i ly d e r i v e d by means of F i g u r e 3. 
The p r e v i o u s l y d e s c r i b e d condi t ions of a t a r g e t a t the t h r e s h o l d of v i s i b i l i t y a r e 

now represen ted by a po in t A i n the d i a g r a m of F i g u r e 4. T h i s f i g u r e indica tes how 
the p l o t of angular subtense agamst log luminance may be used to de t e rmine the e f f ec t s 
of apparent t a rge t s ize on v i s i b i l i t y d is tance. The s o l i d l i n e s def ine the combina t ions 
of angular subtense and luminance at w h i c h a t a rge t of some f i x e d con t ra s t C, C + A C , 
o r C - A C , w i t h i t s background, i s at the t h r e sho ld . The dot ted c u r v e ind ica tes the 
angular subtense of a t a rge t of some f i x e d s ize as a f u n c t i o n of luminance , the l a t t e r 
i n t u r n be ing a f u n c t i o n of d is tance as r epresen ted by F i g u r e 3. I f a t a r g e t of some 
g iven s ize and con t ras t r epresen ted by point A i s v i ewed th rough a f i l t e r hav ing a 
t r an smi t t ance of T , the apparent luminances of the t a rge t and the background a re r e 
duced by the same f a c t o r l eav ing con t ras t , C, unchanged. Since the luminance i s p l o t 
ted l o g a r i t h m i c a l l y i n F i g u r e 4 , the condi t ion achieved by i n t e rpos ing the f i l t e r i s r e p 
resented by a h o r i z o n t a l s h i f t f r o m po in t A by the dis tance of - l o g T to the po in t B . 
The po in t B , however , r epresen t s the condi t ions of a t a r g e t w h i c h i s be low the t h r e s 
h o l d of v i s i b i l i t y . The t a rge t can be made v i s i b l e again by m c r e a s m g i t s l uminance , 
w h i c h i n ou r case means by approaching the t a r g e t w i t h the ca r . However , w h i l e the 
c a r advances the angular subtense of the t a r g e t inc reases s imul taneous ly acco rd ing t o 
t h e i r mutua l r e l a t i o n s h i p , as i s r ep resen ted by the cu rve S i n F i g u r e 4. The cu rves 
S and C i n t e r s e c t at the po in t D w h i c h represen t s the t h r e s h o l d condi t ions f o r w h i c h 
the t a r g e t becomes v i s i b l e again when 
v iewed th rough the f i l t e r . Obvious ly the 
inc rease i n b r igh tness E D = +log T * i s 
r e q u i r e d to r ende r the t a r g e t v i s i b l e again 
a f t e r i t had been dipped below the t h r e s 
ho ld by the i n t e r p o s i t i o n of the f i l t e r . 

The value T * w h i c h can be d e t e r m i n e d 
g r a p h i c a l l y m t h i s f a sh ion can then be 
used to d e t e r m i n e the dis tance Dt at w h i c h 
the t a rge t becomes v i s i b l e when be ing 
v iewed th rough the f i l t e r . T h i s i s done 
by means of F i g u r e 3. Since the l u m i 
nance values i n t h i s g r a p h a r e p lo t t ed 
l o g a r i t h m i c a l l y , the dis tance Dt can e a s i 
l y be r ead f r o m the g raph f o r any value 
of Do i n the manner ind ica ted i n F i g u r e 3. 
T h e r e l a t i onsh ip between luminance and 
distance i s not l i n e a r when p lo t t ed on l o g -

100 zoo 300 400 500 
DISTANCE Do (FEET) 

700 1000 

See Refe rence 3, F i g u r e 13, p . 58. 

Figure 5. Loss percentage of v i s i b i l i t y 
distance as functionof distance for various 
absorbing iredia. (1) Q e a r safety plate. 
(2) Tinted windshield brand I . (3) Tinted 
windshield brand I I . (4) " Night-driving 

g lass ." (5) Rayban sunglasses. 
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Figure 6. Loss percentages in v i s i b i l i t y 
distances as functions of distance,result
ing from replac ing c l ear safety plate by 
tinted windshield, brand I . Curve (A) and 
sol id dots refer to data by Roper U ) , curve 
(B) and open c i r c l e s refer to data by Heath 

and Finch (5^). 

l o g paper and consequently, the loss p e r 
centage L P i n v i s i b i l i t y d is tance , i . e. , 

L P = 100 [ 1 - ( D t / D o ) ] , 

becomes a f u n c t i o n of the i n i t i a l v i s i b i l i t y 
d is tance Do. 

F ^ r e 5 shows some represen ta t ive 
va lues of loss percentages i n v i s i b i l i t y 
dis tances f o r v a r i o u s t i n t e d o p t i c a l media 
as a f u n c t i o n of the i n i t i a l v i s i b i l i t y d i s 
tance Do assumed to ex is t w i thou t any i n 
t e rposed m e d i u m (the a i r , of course , i s 
assumed to be p e r f e c t l y c l e a r ) . The r e 
su l t s a r e v a l i d f o r a t a r g e t hav ing the 
mean l i n e a r d imens ions of t h r ee f ee t , and 
a r e f l ec t ance R = 0 .15 — that i s , the t a r 
get may rep resen t a d a r k - c l a d human f i g 
u r e . The graphs show that even a c l e a r 
safety p la te w i n d s h i e l d causes an appre 
c iab le r educ t ion i n v i s i b i l i t y d is tance , 
whereas t i n t e d w indsh i e ld s , n i g h t - d r i v m g 
g lasses , and n o r m a l sunglasses cause 
s i g n i f i c a n t r educ t ions . I n a l l cases the r educ t ion i n v i s i b i l i t y dis tance r i s e s m o r e o r 
less s teeply as the i n i t i a l v i s i b i l i t y dis tance Do becomes s m a l l e r . T h i s e f f e c t i s p e r 
haps the mos t s i g n i f i c a n t f i n d i n g of t h i s ana lys i s , because the loss i n v i s i b i l i t y dis tance 
due to a t i n t e d w i n d s h i e l d i s mos t c r i t i c a l under condi t ions o f s m a l l i n i t i a l d is tances . 
Take , f o r ins tance, a d a r k - c l a d pe r son p r o j e c t e d against a d a r k pavement: i n such a 
case the luminance values of t a rge t and background may be such that the i n i t i a l v i s i b i l 
i t y dis tance Do i s only 150 fee t . A d r i v e r of a c a r equipped w i t h t i n t e d windsh ie lds of 
b r a n d n w o u l d then detect the p e r s o n at a dis tance of only 100 f e e t (see F i g u r e 5) . 

The values p resen ted i n F i g u r e 5 a re r e l a t e d to no w i n d s h i e l d at a l l as a base l i n e . 
I n o r d e r to make the t h e o r e t i c a l r e s u l t s comparab le to e x p e r i m e n t a l f i n d i n g s , cu rves 
mus t be d e r i v e d w h i c h compare a c l e a r w i n d s h i e l d w i t h a t i n t e d one. I f , f o r ins tance, 
a c l e a r safety p la te i s r ep laced by a t i n t e d w i n d s h i e l d of b r a n d I , the base l i n e mus t be 
represen ted by v i s i b i l i t y d is tance Do obtained i n i t i a l l y w h i l e v i e w i n g th rough a c l ea r 
w i n d s h i e l d . The expe r imen t s p r e v i o u s l y ment ioned (4, 5) , w e r e c a r r i e d out by c o m 
p a r i s o n between these two types of w indsh ie lds . Figure~6 shows the e x p e r i m e n t a l data 
obtained f r o m the appl icab le tes t s e r i e s i n both expe r imen t s (e. g. , t e s t s e r i e s wi thou t 
ex t e rna l i l l u m i n a t i o n and g l a r e ) . The t a rge t s used by Roper ( s o l i d dots) and by Heath 
and F i n c h (open c i r c l e s ) , r e spec t i ve ly , w e r e grouped together a c c o r d i i ^ to t h e i r Do 
values f u r n i s h i n g a t o t a l of 4 and 10 po in t s , r e spec t ive ly . The range of the p robab le 
e r r o r s i s ind ica ted i n a l l cases. I n the case of the expe r imen t s of Roper , who used 
t a rge t s u n i f o r m as to s ize and r e f l ec t ance , a t h e o r e t i c a l c u r v e ( (A) i n F i g u r e 6) can 
be d e r i v e d w h i c h represen t s the e x p e r i m e n t a l r e su l t s . I n the case of the expe r imen t s I 
of Heath and F i n c h , who used a v a r i e t y of t a rge t s of w i d e l y d i f f e r i n g s izes and r e f l e c 
tances , no s ing le t h e o r e t i c a l c u r v e can be d e r i v e d w h i c h w o u l d be comple t e ly r e p r e - , 
sentat ive of a l l the t a rge t s used. However , by use of a mean va lue of t a r g e t s ize ( m a 
j o r d imens ion : 3 fee t ) and ava i lab le data on headlamp p r o f i l e s , a t h e o r e t i c a l cu rve ( (B 
i n F i g u r e 6) was d e r i v e d that cor responds to t h i s set of expe r imen t s . I t appears f r o m 
F i g u r e 6 tha t the e x p e r i m e n t a l data of both Roper and of Heath and F i n c h agree f a i r l y j 
w e l l w i t h the t h e o r e t i c a l r e s u l t s , c o n s i d e r i i ^ the d i f f i c u l t i e s of c o n t r o l l i n g the many 
v a r i a b l e s i nvo lved i n the e x p e r i m e n t a l d e t e r m i n a t i o n of the Do and D t va lues , as shown' 
by the r e l a t i v e l y l a r g e p robab le e r r o r s i n both sets of e}q)er iments . i 

The expe r imen t s cove r only a f e w i so la ted , spec ia l cases of the seeing task of the ' 
d r i v e r d u r i n g n ^ h t . These cases a r e c h a r a c t e r i z e d m a i n l y by f o u r v a r i a b l e s : the 
spec i f i c b r a n d of (1) t i n t e d w i n d s h i e l d and (2) headlamps, and the (3) s ize and (4) r e 
f l e c t ance o f the t a rge t s used i n the e x p e r i m e n t a l s tudies . The h igh ly s e l ec t i ve c o n d i 
t i ons of the expe r imen t s a r e a lso c h a r a c t e r i z e d by the f a c t tha t the m a j o r i t y of the tar-< 
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gets a r e conf ined between the l i m i t s Do = 250 f ee t and Do = 400 f ee t . I n p a r t i c u l a r , no ~ 
e x p e r i m e n t a l data ex i s t f o r Do values s m a l l e r than 200 f ee t , w h i c h cou ld v e r i f y the mos t 
c r i t i c a l r educ t ions i n v i s i b i l i t y dis tance caused by t i n t ed o p t i c a l media . 

I t appears d e s i r a b l e , t h e r e f o r e , to analyze t h e o r e t i c a l l y the r e l a t i v e impor t ance of 
the a fo remen t ioned f o u r v a r i a b l e s . T h i s was done i n t h i s study by choosing f o u r p a i r s 
of v a r i a b l e s , name ly , (1) two windsh i e ld s , b r a n d I and b r a n d I I (Wi and W2); (2) two 
headlamps, b r a n d I and b r a n d I I ( L i and L2); (3) two t a rge t s assumed to be d i sks 2 f ee t 
and 12 f ee t i n d i a m e t e r , r e spec t ive ly (Si and S2); and (4) two va lues of r e f l e c t a n c e , 0 .15 
and 0 .075 , r e spec t ive ly (Ri and R2). I t i s f u r t h e r assumed that a l l t a rge t s a re loca ted 
at the r i g h t - h a n d roadbank and that the background r e f l ec t ance does not v a r y w i t h the 
distance between Do and Dt- The precentage r educ t ion of v i s i b i l i t y dis tances was then 
ca lcu la ted f o r f i v e combina t ions of the 8 v a r i a b l e s l i s t e d i n the f o r e g o i n g ; the c a l c u l a 
t i ons a r e based upon o r i g i n a l v i s i b i l i t y dis tances Do as they w o u l d r e s u l t f r o m v i e w i n g 
th rough a c l e a r w indsh ie ld . I n o ther w o r d s , the r e s u l t s a r e r ep resen ta t ive of the l o s s 
es i n v i s i b i l i t y dis tances as they w o u l d r e s u l t when a c l e a r w i n d s h i e l d i s r ep laced by 

a t i n t e d one. The f o l l o w i n g combina t ions 
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Figure 7. The ef fects upon v i s i b i l i t y d is 
tances caused by varying: (A) transmittance 
of the f i l t e r , (B) brand of headlamp, and, 
(C) s ize of target. For detai ls see text . 

of the 8 v a r i a b l e s l i s t e d p r e v i o u s l y w e r e 
taken: 

(1) W2 - L i - Si - R2, 
(2) Wi - L i - Si - R2, 
(3) W2 - L2 - Si - R2, 
(4) W2 - L i - S2 - R2, 
(5) W2 - L i - Si - R i . 

I f case (1) IS taken as a r e f e r e n c e case, i t 
i s seen that i n cases (2) th rough (5) only 
one v a r i a b l e has been changed. A s a r e 
su l t of the compar i sons between these cas 
es, i t was found that v a r y i n g the t a rge t 
r e f l ec t ance between 0. 075 and 0.15 d i d 
p r a c t i c a l l y not change the r e s u l t s , so that 
a t o t a l of t h r ee c o m p a r i s o n s , namely (1 ) -
(2) , ( l ) - ( 3 ) , and ( l ) - ( 4 ) w e r e obtained. 

The r e s u l t s of these compar i sons a r e 
shown i n F i g u r e 7. Graph (A) of F i g u r e 7 
shows the e f f ec t of changing the t r a n s m i t 
tance of the f i l t e r ; as expected, the losses 
i n v i s i b i l i t y dis tances decrease w i t h i n 
c r ea s ing t r a n s m i t t a n c e of the f i l t e r appl ied . 
Graph (B) of F i g u r e 7 shows the e f f ec t of 
changing the b rand of headlamp; here the 
r e s u l t s indica te that the losses i n v i s i b i l i t y 
dis tances a r e p a r t i c u l a r l y sens i t ive to 
changing the isocandlepower d i s t r i b u t i o n 
of the headlamp. A l a m p , f o r ins tance , 
hav ing a steep angular g rad ien t i n i t s i s o 
candlepower d i s t r i b u t i o n ( F i g u r e 2) , w i l l 
cause a steep increase of the losses i n 
v i s i b i l i t y dis tances f o r dec reas ing D o - v a l 
ues. T h i s f a c t , namely the pronounced 
in f luence of the type of headlamp upon the 
losses i n v i s i b i l i t y d is tances , may a lso ex 
p l a i n the d i f f e r e n c e s i n the e x p e r i m e n t a l 
r e s u l t s obtained by d i f f e r e n t obse rve r s . 
Graph (C) of F i g u r e 7 shows the e f f ec t of 
changing the s ize of the t a rge t w i t h the r e 
su l t that the losses i n v i s i b i l i t y dis tances 
inc rease w i t h i nc reas ing t a rge t s i ze . 
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The r e s u l t s of t h i s study indica te that t i n t ed o p t i c a l media , p a r t i c u l a r l y the d a r k e r 
brands of t i n t e d windsh ie lds con t r ibu te s i g n i f i c a n t l y to the haza rd i n n i g h t - d r i v m g , i 
p a r t i c u l a r l y under condi t ions of low luminances and, consequently, s m a l l v i s i b i l i t y ' 
d is tances caused by p o o r l y r e f l e c t i n g t a rge t s and backgrounds. S i m i l a r l y dangerous 
reduc t ions i n v i s i b i l i t y dis tances w e r e obtained by B l a c k w e l l (3) f o r t w i l i g h t condi t ions , 
tha t I S , when the d r i v e r has not ye t t u r n e d on h i s headlamps — a condi t ion w h i c h i s not 
cons idered i n t h i s s tudy. F u r t h e r m o r e , because of t h e i r r e l a t i v e l y h igh t r a n s m i t t a n c e , 
the e f fec t iveness of t i n t e d windsh ie lds as a p r o t e c t i o n against g l a r e d u r i n g the day i s 
neg l ig ib l e . T h u s , t h e i r only advantage seems to be t h e i r a b i l i t y to absorb rad ian t heat. 
A s can be seen f r o m Tab le 1, however , the c l e a r safety p la te a lso absorbs up to 50 
pe rcen t of i n f r a r e d r a d i a t i o n between 0. 8 and 6 v - , i nd ica t ing that the advantage of the 
t i n t e d w i n d s h i e l d over a c l e a r one, i n t h i s respect , does not seem to w a r r a n t i n c r e a s 
i n g the hazards m night d r i v i n g . The best c o m p r o m i s e appears to be the use of d a r k 
sunglasses f o r g l a r e p r o t e c t i o n d u r i i ^ the day, and c l ea r windsh ie lds of the highest 
a t ta inable t r a n s m i t t a n c e . I n c l o s i n g , the author wishes to endorse s t r ong ly the r e c o m 
mendat ion made by Heath and F i n c h (5) , namely that the 70 pe rcen t m i n i m u m t r a n s 
mi t t ance r e q u i r e m e n t f o r windsh ie lds i n the A m e r i c a n Standard Safety Code Z26 .1 -1950 
be r econs ide red . 
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