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Effect of Tinted Windshields and Vehicle 
Headlighting on Night Visibility 

E F F E C T of TINTED WINDSfflELDS on NIGHTTIME-VISIBILITY DISTANCES 

Warren Heath, Automotive ESigineor 
California Highway Patrol 

and 
D. M. Finch, Associate Engineer 

I n s t i t u t e of Transportation and T r a f f i c Qigineering 
University of California 

IN the past several years there have been developments i n the glazing of 
motor vehicles that may affe c t the v i s i b i l i t y distances of roadway obsta­
cles. These developments have been made primarily to provide a glass which 
i s effective i n reducing radiant-heat transmission i n t o a vehicle. Chem­
i c a l compositions, usually u t i l i z i n g i r o n , are employed so the glass w i l l 
absorb a large quantity of i n f t a ^ r e d radiation. The clianges made to reduce 
the heat transmission of the glass also reduce the transmission of l i g h t i n 
the v i s i b l e region i f the glass i s to be at a l l e f f e c t i v e , since most of 
the heat of the sun i s radiated i n the v i s i b l e spectrum. I n general, the 
absorption of InfTa-red ra d i a t i o n causes the transmittance f o r safety wind­
shields t o be reduced from values i n the order of 875 to 89^ percent f o r 
standard safety plate to values i n the order of 71 to 73 percent f o r heat-
absorbing and t i n t e d safety plate when using a tungsten jdlament l i g h t 
source at a color temperature of 2,848 K. 

I n addition t o Increasing the heat absorption of the glass i t s e l f , 
other changes have been made i n the p l a s t i c sheets used to laminate the 
safety glass. Tinted colors are used i n order to increase the comfort of 
daytime d r i v i n g . Some of the t i n t e d p l a s t i c laminations have a uniform 
density while others have a graduated density with greatly reduced trans­
mission i n a narrow band at the top serving to reduce sky glare. 

State o f f i c i a l s faced vdth the problem of approval of saifety glass 
have had to appraise the ef f e c t of various glazing materials on the safe 
operation of motor vehicles. The usual basis f o r such appraisal i s tests 
made i n accordance with American Standards Association specifications ( 1 ) . 
The tests normally made on the glazing materials cover the physical factors 
of strength, s t a b i l i t y , q u a l i t y , and l i g h t transmittance. The t i n t e d and 
heat-absorbing glass produced by the p r i n c i p a l manufacturers and now on the 
market have been found to conform to the ASA Safety Code. 

The subject i n question i s the ef f e c t on v i s i b i l i t y distances of safe­
t y glass having a l i g h t transmittance that has been purposely reduced to ap­
proximately the ASA minimum of 70 percent. I s the present minimum an sule-
quate requirement, or i s i t so low as t o increase the hazards of night 
dr i v i n g when windshields barely meeting the specification are used i n place 
of presently available s£ifety glass having greater l i g h t transmission prop­
erties? 
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OBJECT OF INVESTIGATION 
I t has been the object of t h i s investigation to attenqjt t o establish 

actual driver test conditions which would indicate whether or not any d i f ­
ferences i n nighttime v i s i b i l i t y distances r e s u l t from a change i n the color 
and v i s i b l e - l i g h t transmittance of the windshield. 

Since the number of variables i n any t e s t of v i s i b i l i t y distances i s 
large and since the extent of t h i s t e s t program was necessarily l i m i t e d , i t 
was f e l t that the most si g n i f i c a n t type of t e s t would be one i n which d r i v ­
ers were performing under actual roadway conditions with as many of the 
roadway conditions controlled as possible. This method of attack was se­
lected i n l i e u of a laboratory t e s t procedure i n order to obtain a more 
readily acceptable evaluation of the effect of t i n t e d windshield glass on 
v i s i b i l i t y distances. Tests were not made against opposing headlanps since 
data of t h i s type were concurrently being obtained by the Automobile Manu­
facturers Association ( 2 ) . 

EXPERIMENTAL PROCEDURE 

V i s i b i l i t y distances were measured by a recorder mounted inside the 
vehicle. A drum driven by the speedometer cable through a gear reduction 
box of approximately 600 to 1 transported paper past a marking pen. The 
pen produced a continuous l i n e on the un r o l l i n g paper s t r i p . V/hen a con­
t r o l button was pressed, the pen moved l a t e r a l l y producing an o f f s e t l i n e 
u n t i l the button was released. 

The observer-driver momentarily pressed the hand-held button when the 
roadway object was f i r s t seen and then again at the time the object was 
passed. The distance between the l a t e r a l marks on the paper could l a t e r be 
measured with a calibrated scale to obtain the v i s i b i l i t y distance f o r each 
observation. The gear reduction was such that 1 i n . on the paper equalled a 
distance of 250 f t . traveled by the vehicle. Readings could easily be made 
to the nearest 5 f t . 

The vehicle used f o r the tests was the technical research u n i t of the 
California Highway Patrol, vrtiich had a two-piece, curved windshield. The 
l e f t half of the windshield mounting was modified so the clear glass and 
the green-tinted glass could easily be interchanged. The t i n t e d glass used 
i n the tests was B-Z-Eye Hi-Test LOF Safety Plate having a v i s i b i l e l i g h t 
transmittance of 71 percent,.neasured perpendicular to the surface. An upper 
4-in. shaded section gradually increased i n density tov/ard the top. Obser­
vations were made only through the lower part of the glass having uniform 
transmittance. 

The clear glass en^jloyed as a standard was Hi-Test LOF Safety Plate 
having transmittance of 89 percent. The l i g h t transmittance f o r the par­
t i c u l a r samples used i n the test was measured using a color corrected 
photocell and a l i g h t source at a color temperature of 2,900 K, The v a l ­
ues f o r the t i n t e d and clear glass slanted at 45 deg., as i n the vehicle, 
were found to be 69 and 86 percent respectively. Under these conditions 
the transmittance of the t i n t e d glass was 20 percent less than that of the 
clear glass. 
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The s i t e f o r the tests was a 2-mi. stretch on the newly coiq)leted San 
Lorenzo to San Leandro section of the East Shore Freeway near Oakland, Cal­
i f o r n i a . This four-lane, divided highway was paved with l o n g i t u d i n a l l y 
broomed concrete and had not been opened to t r a f f i c . The highway was un-
lighted and there was no l i g h t from opposing headlamps to i n t e r f e r e with 
vision. AH of the t e s t section except a portion at one end was located i n 
an impopulated area. At a fevf points luminaires fX'om distant streets came 
i n t o the f i e l d of view causing some disturbance i n seeing about three of 
the objects. 

Sixteen objects were used f o r most of the runs. The f i r s t tests were 
made with objects of d i f f e r e n t sizes and shapes, and the l a s t ones with a l l 
objects the same. No attempt was made t o place the objects i n exactly the 
same location f o r each observer. The car was driven at a speed of 50 mph, 
vdth the headlands on low beam and with the adjustable dash lamps at maxi­
mum brightness. 

At the beginning of the study, i n each of the f i r s t three series, a l l 
of the observations with one type of glass were jrun before the windshield 
was changed. During the l a s t four tests the glass was changed every s i x 
runs t o reduce possible effects of a gradual change i n ambient l i g h t i n g , 
driver fatigue, and other conditions with the passage of time. 

Two of the observers wore vision-correcting glasses, and one had nor­
mal v i s i o n without glasses. The observations were made vdthout the d r i v e r 
knowing vrtiat the numerical results of his observations were. The observers 
knew they were being tested, were concentrating on the seeing tasks, and 
had a knowledge of how the results were to be used. The observations are, 
however, considered t o be unbiased by such knowledge. The l o n g - v i s i b i l i t y 
distances obtained on low beam w i l l not normally apply under average d r i v ­
ing conditions where the dr i v e r i s less a l e r t . The r e l a t i v e distances be­
tween t i n t e d glass and clear glass should be reasonably the same. 

E3CPERIMENTAL RESULTS 

The results obtained during the coiqilete series of tests are contain­
ed i n Tables 1 to 8. The number of runs, the arithmetic mean, and the 
standard deviation of the observations are given f o r each object viewed 
through the clear and the green-tinted windshields. 

The difference between the averages i s given both i n feet and as a 
percentage of the average f o r the clear glass. Underlined values indicate 
the green-glass readings were greater than the clear-glass readings. 

The difference divided by i t s standard deviation (D/c7d) furnishes 
an ind i c a t i o n of the probability of a si g n i f i c a n t difference between the 
two types of glass. Assumptions that there i s an actual difference would 
be correct 84.2 percent of the time f o r a value of D/CT^ = 1; 97,7 percent 
f o r a value of 2; and 99.9 percent f o r a value of 3. 

The probable error of the difference by standard s t a t i s t i c a l d e f i ­
n i t i o n i s 0.675 times the standard deviation of the difference expressed 
as a percentage of the clear glass average. This means that there i s a 
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50-50 chance that the average difference of a l l possible readings f o r the 
same object under the parti c u l a r conditions existing at the t i n e of the t e s t 
YdU f a l l vdthin the average difference of the observed readings plus or 
minus the probable error. 

The equations used f o r the standard deviation of the means were 

Cn = — f o r 30 or more readings, 
X 

X 
f o r 11 to 29 readings, and 

for 5 to 10 readings. 

The computed standard deviations of the differences are not too r e l i a b l e , 
i n most cases, due 'to the small number of observations. 

TABLE 1 

OBSERVER: W. U. Heath 
DATE: 6 December 1951 Half Uoon 

Object Nc Xc D D i f f . 
Probable 

Error 

1. § 
2. J3 
•a ; S A-, 

8 
9 
9 
9 

f t . 
304 
305 
305 
578 

28 
11 
11 
43 

7 
6 
6 
5 

"Tf. 
287 
290 
283 
511 

29 
15 
23 
43 

17 
15 
22 
67 

19 
10 
14 
35 

5?6 
4.9 
7.2 
U.6 

±2,2 
±3.1 
±4.1 

5. -a 

6. 1 
n o 8. n cd m 

9 
9 
8 
6 

534 
540 
440 
265 

74 
24 
17 
26 

9 
8 

10 
10 

474 
505 
409 
282 

40 
21 
35 
20 

60 
35 
31 
12 

34 
13 
15 
17 

11.2 
6.5 
7.1 
6.4 

14.4 
11.7 
12.4 
±4.3 

Underlined values indicate green average i s greater than clear average. 
Runs 1 - 1 2 inclusive - green glass 
Runs 1 3 - 2 2 inclusive - clear glass 
Objects: ( f i r s t dimension i s v e r t i c a l ) 
1. Dark-green board ( 2 | f t . by 1 f t . ) 
2. V/eathered planks i n inverted V (3 f t . by 3 i n . ) 
3. Weathered plank (3 f t . by 1 f t . ) 
4 . Ught pine box (3 f t . by 1 f t . ) 
5. Aluminum bucket (8 i n , by 8 i n . ) 
6 . l i g h t pine box ( 1 f t . by 3 f t . ) 
7. OHve-drab box (2^ f t . by 1^ f t . ) 
8. Dark-green board ( 1 f t . by 2| f t . ) 



OBSSRVIR: D. M. Finch 
DATE: 20 December 1951 

TABLE 2 

No Moon 

Probable 
Object Nc Xc Ng D D i f f . Error 

f t . f t . f t . f t . f t . % % 
1. 11 255 24 9 201 34 54 16 21.2 i4.3 
2. 11 386 44 9 325 22 61 18 15.7 *3.1 
3« "a 11 381 24 10 337 37 44 16 1L.5 i2.8 
4. 1 U 313 19 9 263 11 50 8 15.8 i l . 7 
5. ^ n 344 25 10 328 32 16 18 4.5 i3.5 
6. -g n 217 37 10 201 18 16 14 7.5 14 .4 
7. ^ n 403 20 ID 362 31 4 1 14 10.1 12 .3 
8. n 447 38 ID 400 25 47 16 10 .6 12.4 
9. n 393 24 8 339 22 54 13 13.7 12,2 

10. 11 316 IB 10 251 20 65 10 20 .4 12.1 
11. n 296 22 10 243 20 53 11 IB.O 12.5 
12. - n 345 20 9 291 22 54 11 15.7 12.3 
13. i 11 310 22 10 264 28 46 13 14.8 12.8 
14. Z n 323 28 9 252 23 71 14 21.8 12.8 
15. -g 11 265 13 10 208 19 57 9 21o4 +2.2 
16. a 11 389 21 9 349 22 40 12 10.3 12.0 

Runs 1 - 1 2 inclusive - green glass 
Runs 1 2 - 2 3 inclusive - clear glass 
Objects on drainage curb 
Vehicle i n r i g h t lane 
Objects: ( f i r s t dimension i s v e r t i c a l ) 
1. Dark-green board (20 i n , by 16 i n . ) 

Galvanized panel ( I 6 i n , by 20 i n . ) 
Red, white, and black sign ( 1 f t . by l | f t , ) 

2. 
3. 
4 . 
5. 
6. 
7 . 
8. 
9. 

10. 
11, 
12. 
13. 
Hf. 
15. 
16. 

Weathered planks i n inverted V (3 f t . by 3 i n . ) 
Aluminum bucket (8 i n . by 8 i n . ) 
Dark-green board ( 1 f t . by 2 j f t . ) 
Olive-drab box (3 f t . by 1^ f t . ) 
Light pine box ( 2 | f t . by 1 f t . ) 
Stake on shoiQder (3 f t , by 2 i n . ) 
Weathered plank (3 f t . by 1 f t . ) 
V/eathered planks i n inverted V (3 f t . by 3 i n . ) 
IVhite sign ( 1 f t . by ih f t . ) 
Light colored rock (approx, 8 i n , dia,) 
D i r t p i l e ( 1 ^ f t , by 3 f t , ) 
Green t o o l box (15 i n . by 8 i n . ) 
Aluminum painted drain grate 

Table 3 shows the results of tests made using green-tinted glasses. 
Hie observer i n the series of tests here reported normally wears visi o n -
correcting glasses, and on t h i s p a r t i c u l a r date he was wearing a green-
t i n t e d p a i r . I h i s fact went unnoticed at the time both by the observer 
cmd the passenger, so the results were not prejudiced by such knowledge. 
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TABLE 3 
OBSERVER: B. Andrews (green-tinted glasses) 
DATE: 3 January 1952 Quarter Ifoon during l a s t part of t e s t 

Xc 
Probable 

Object Nc Xc D D i f f . Error 
f t . f t . f t . f t . f t . % % 

1. 19 228 29 19 239 43 11 13 4.8 13.8 
2. 20 393 44 18 414 35 2 1 14 l i l 12.4 
3. -g 19 229 24 20 229 3 1 0 9 0 12.8 
4. :3 20 318 39 19 343 53 2̂  16 13.4 
c O 20 344 24 19 351 29 I 9 2.0 11.8 
6. n 19 412 46 20 430 44 18 15 4.4 12.4 
7. M 20 445 36 20 482 40 21 13 8ii 11.9 
8. 20 206 27 20 221 20 21 8 111 12.6 
9. 20 402 19 20 405 39 3 10 QjI 11.7 

10. 19 373 36 20 388 34 i l 12 4.0 l 2 . 2 
20 313 2 1 20 326 34 22. 9 12,0 
20 394 38 20 409 54 21 16 M 12.7 

13. 5 19 400 50 19 442 48 17 10.5 12.8 
1̂ - S 20 287 23 19 291 23 k 8 11.8 
15. « 20 396 40 20 429 73 21 20 h i 13.4 

Underlined values indicate green average greater than clear average. 
Objects on drainage curb 
Vehicle i n r i g h t lane 
Runs 1 - 2 0 inclusive - clear glass 
Runs 2 1 - 4 0 inclusive - green glass 
Objects: ( f i r s t dimension i s v e r t i c a l ) 
1. Dark-green board (2^ f t . by 1 f t . ) 
2. Galvanized metal panel (16 i n . by 20 in.) 
3. V/eathered plywood (6 i n , by 24 i n . ) 
4. Weathered plank (3 f t . by 1 f t . ) 
5. Aluminum pan ( 1 f t . by 2 f t . ) 
6. Brown conposition sheathing (3 f t . by 5 f t . ) 
7 . Ught pine box (3 f t . by 1 f t . ) 
8. Dark green "boar^ ( 1 f t . by Z\ f t . ) 
9. Olive-drab box (3 f t . by 1^ f t . ) 

ID. Red, white, and black sign (16 i n . by 20 i n . ) 
11. V/eathered planks i n inverted V (3 f t . by 3 in.) 
12. l i g h t wood frame (18 i n . by 24 i n . ) 
13. Galvanized metal panel (20 i n . by 16 i n . ) 
14. Green toolbox (8 i n . by 16 i n . ) 
15. l i g h t wood ftrame (18 i n . by 24 i n . ) 

I t was f e l t the results i n Table 3 may also have been influenced by 
l i g h t from the moon which rose during the l a s t half of the runs, especial­
l y since a l l of the clear runs were made f i r s t , foUovfed by a l l of the 
green runs. I n order to determine i f there was an increase i n v i s i b i l i t y 
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distance with learning or with an increasing amount of l i g h t , the curves i n 
Figures 1 and 2 were plotted shovdng the v i s i b i l i t y distance versus the 
order of the runs. The objects selected were the two having the least and 
the most difference between the gresn and clear averages i n each d i r e c t i o n 
of t r a v e l . 
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^Details w rabl4> JET o 11 3 4 s ( 7 > s loiiii tsuis 
ObserverDMF.4/I6I52 °f Observation 

Figure 1. Ni g h t t i m e - V i s i b i l i t y Distances. 

A trend l i n e drawn through the points vrould indicate changes i n see­
ing distance with the passage of time. Straight-line trends were computed 
using the method of least squares and employing a moving average of three 
readings t o smooth out the extreme values. For purposes of comparison, 
Figure 1 i s shovm with data from Table 6 f o r a night i n which there was no 
moon and during which the glass was changed every s i x runs. I t can be 
seen that the trend lines are substantially d i f f e r e n t f o r each of the ob­
jects shovm. 

An examination of Figure 2 i n which the green-glass values were great­
er than the clear-glass values shovis no trend vMch v̂as consistent f o r a l l 
the objects selected. There i s no general increase i n seeing distance with 
the passage of time as would be the case i f the s l i g h t l y increased i l l u m i ­
nation due to the moon, or i f the driver's learning vrere to primarily ac­
count f o r the seeing distance being greater v/ith the green windshield than 
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with the clear when t i n t e d glasses were being worn. However, the green 
readings f o r the west-bound objects show an upward trend, whereas the re­
verse i s true f o r the east-bound objects. I n the west-bound runs the moon 
was s l i g h t l y to the l e f t and behind the observer, and f o r the east-bound 
runs i t was sHghtly to the r i g h t and ahead of the observer, although at 
no time v/as i t w i t h i n the normal f i e l d of view while making the runs. 
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Figure 2. Mighttime-Visibility Distance. 
Although a l l objects were the same f o r the data shovfn i n Tables 4 to 

7, there are considerable differences i n the v i s i b i l i t y distances of the 
16 objects f o r each observer. A major part of the differences can be traced 
to the sUghtly uneven p r o f i l e of the highv/ay. The pavement was not a per­
fect plane i n a longitudinal d i r e c t i o n but had a shallov/ wave appearance 
i n the daytime. The various objects were therefore lighted by d i f f e r e n t 
parts of the headlamp beam, depending upon the locations of the vehicle and 
object. 

An experimental error was introduced i n t o the results by the reaction 
of the driver vihen pressing the control button as he was passing the ob­
j e c t . The difference between the longest and the shortest recorded d i s ­
tance measured between each pair of objects varied from approximately 20 
to 50 f t . Although much of the error may cancel out, i t would be we l l i n 
juiy future tests to make each run from a fixed s t a r t i n g point. The exact 
location of each object could thus be fixed on the recording tape. 
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TABLE 4 
OBSERVER: 
DATE: 

B. Andrews 
5 February 1952 No Moon 

< ^ 
Probable 

Object Nc Xc < ^ D D i f f , Error 
f t . f t . f t . f t . f t . % % 

1. 6 251 — 3 240 — 11 — 4.3 + _ 
2. 6 243 4 216 — 27 - 11,1 + _ 

3- -a 6 287 33 5 243 26 44 27 15.3 16.3 
^- i 6 321 — 4 280 — 41 - 12.8 + _ 

5. 1 6 309 33 6 271 7 38 19 12,3 14.2 
6. 2 6 277 14 6 259 16 18 12 6,5 13.0 
7. ^ 4 316 — 6 284 — 32 — 10.1 + _ 
8. 5 270 23 6 283 41 29 4.8 17.2 

9. 6 281 38 7 289 28 8 26 2.8 16.3 
10. 6 240 19 7 245 43 J 24 2.1 16.8 
11, 6 333 35 7 317 35 16 28 4.8 15.7 
12. "a 5 270 — 2 223 — 47 — 17.5 + _ 

13. 1 6 337 70 6 290 24 47 43 13.9 18,6 
14. ^ 6 320 29 7 271 29 49 22 19.6 14.7 
15. S 6 290 25 7 247 32 43 22 14.8 15.1 
16. M 6 278 38 5 259 21 19 26 4.1 16.7 

Underlined values indicate green average greater than clear average. 

Runs 1 - 3 , and 1 1 - 1 3 inclusive - green glass 
Runs 4 - 9 inclusive - clear glass 

Objects i n center of r i g h t lane 
Vehicle i n l e f t lane 

Objects: 12 i n , by 11 i n , unfinished new boards 

Tests cut short because of ground fog forming i n patches on l a s t run. 

The f i n a l series of tests given i n Table 8 were made t o eliminate some 
of the variables present i n previous t e s t s . Each run was started from a 
fixed point as suggested above, the speed of the vehicle was reduced from 
50 mph, to 40 mph., and the objects used were covered with gray cardboard 
having a reflectance of 26 percent. The effect of better control of te s t 
conditions and an increased nuadber of runs i s revealed by the substantial 
reduction i n the var i a t i o n of percentage differences obtained f o r i d e n t i ­
c a l objects. 
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OBSERVER: B. Andrews 
DATE: 3 A p r i l 1952 

TABLE 5 

Quarter Moon 

Probable 
Object Nc Xc < ^ D D i f f . Error • 

f t . f t . f t . f t . f t . % % 
1. IS 299 36 18 295 23 3 11 1.1 ±2.4 
2. 18 298 36 18 286 38 12 13 4.0 ±3.0 
3. 17 325 32 18 319 34 6 12 1.7 ±2.5 
4. S 18 331 33 18 316 23 15 10 4.4 12.1 
5- 5 18 376 23 18 362 44 15 13 3.9 ±2.3 
6. ̂  18 358 27 18 353 28 6 10 1.6 ±1.8 
7. ^ 18 338 24 18 338 37 0 11 0.1 ±2.2 
8. • 17 312 40 18 309 72 2 21 0.7 ±4.5 
9. 17 384 38 17 365 26 19 12 4.8 ±2.1 

10. 13 354 36 17 339 23 15 11 4.3 12.0 
11. 18 375 46 18 380 44 1 16 1.3 ±2.8 
12. -3 18i 338 39 16 341 31 13 ±2.5 

18' a7 58 18 371 35 17 11.0 ±2.8 
18 365 43 18 329 29 36 13 9.9 ±2.4 
17 385 39 18 357 50 28 16 7.3 ±2.8 

.16. S 17 343 39 17 317 45 26 16 7.6 ±3.1 

Underlined values indicate green average i s greater than clear average. 

Runs 1 - 3» 10 - 15 , 22 - 27 , 34 - 36 inclusive - green glass 
Runs 4 - 9, 16 - 21, 28 - 33» inclusive - clear glass 

Objects i n center of r i g h t lane 
Veliicle i n l e f t lane 

Objects: 12 i n . by 11 i n . unfinished new boards. 
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TABLE 6 

OBSERVER: D. M. Finch 
DATE: 16 A p r i l 1952 No Moon 

Probable 
Object Nc Xc D D i f f . Error 

f t . f t . f t . f t . f t . % % 
1. 12 328 17 9 296 21 32 10 9.9 ±2,0 
2 . 13 317 29 9 295 39 22 18 7.0 -3.9 
3. 32 337 17 9 301 19 36 9 10.8 ^1.9 
4. -fl 02 335 19 9 297 23 38 11 11.5 i 2 . 2 
5» 1 12 326 32 9 303 17 23 12 7.0 i 2 . 5 

6. 1 32 347 32 9 332 24 35 14 10.0 i2.7 
7- S 32 331 27 9 314 39 17 18 5.1 13.7 
8. ^ 33 336 18 9 284 32 52 34 15.4 i 2 . 9 

9. 13 354 22 9 293 38 61 17 17.3 13.3 
10. 13 356 29 9 319 34 37 11 10.4 12.1 
U. 13 323 20 9 302 25 21 32 6.4 +2.4 

13 346 24 9 298 22 48 31 13.9 12 .2 
13. 1 31 403 33 9 353 19 50 33 12.3 l 2 . 2 

1 31 329 22 9 317 20 12 31 3.8 i 2 . 2 
15. 1 12 338 21 9 288 14 50 9 14.7 i l . 7 
16. 1 11 343 28 9 284 27 59 u. 17.1 12,8 

Runs 1 - 3» 30 - 15 inclusive - green glass 
Runs 4 - 9t 16 - 22 inclusive - clear glass 

Cbjects i n center of r i g h t lane 
Vehicle i n l e f t 3ane 

Objects: 32 in.by 31 i n . unfinished new boards 
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TABLE 7 

OBSERVHl: W. M. Heath 
DATE: 1 May 1952 Clear Sky, Quarter Moon 

Probable 
Ob.iect Nc Xc D D i f f . Error 

f t . f t . f t . f t . f t . % % 
1. 6 if09 22 7 387 26 22 18 5.4 13.0 
2. 6 408 38 7 393 29 15 26 3.7 i4.3 

6 420 56 7 385 37 34 37 8.2 15.9 
4. 1 6 432 25 7 443 43 10 26 2.4 14.1 
5. 1 6 431 21 7 425 42 "5 23 1.3 13.6 
6. ^ 6 a 9 32 7 413 30 6 24 1.3 13.8 
7. i 6 417 11 7 396 26 21 14 5.1 12.3 
8. ^ 6 418 22 7 418 37 0 22 0.1 13.6 

9. 10 564 55 11 526 44 38 25 6.7 13.0 
10. 10 407 30 11 392 34 15 16 3.7 12.7 
11. 10 474 48 11 457 52 17 25 3.6 13.6 
12« 10 405 30 11 396 33 9 16 2.1 12.6 
13. § 10 556 61 11 512 58 44 30 7.9 13.7 

10 442 20 11 421 44 21 17 4.7 12.5 
15. 1 10 448 28 11 414 35 24 16 5.4 12.4 
16. p£J 10 441 46 11 412 29 29 20 6.6 13.0 

Underlined values indicate green average greater than clear average. 

Runs 1 - 3, 10 - 15 inclusive - clear glass 
Runs 4 - 9, 16 - 22 inclusive - green glass 

Objects i n center of r i g h t lane 
Vehicle i n l e f t lane 

Objects: 12 i n , by 11 i n . unfinished new boards 
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TABLE 8 

OBSERVHl: W. U. Heath 
DATE: 24 October 1952 

Probable 
Ob.iect Nc Xc D D i f f . Error 

f t . f t . f t . f t . f t . % % 
1. 28 415 34 27 396 42 19 11 4.6 11.8 
2. 1 27 413 35 27 401 46 12 12 2.9 11.9 

27 409 40 28 395 82 14 10 3.5 11.5 
4. 1 24 414 52 28 385 61 29 17 7.0 i2 . 7 
5- 1 24 a 9 44 28 410 58 9 15 2.1 12.4 

6- -a 28 395 62 30 375 32 20 14 5.1 l2.4 
7. 1 28 417 21 31 391 38 26 7 6.3 11.2 

9:1 26 428 37 30 403 33 25 10 5.9 11.5 9:1 25 443 46 31 418 38 25 12 5o7 i l . 8 
10. g 

CO 
25 480 45 31 448 49 32 13 6.6 11.8 

Runs 1-10, 21-30, 41-50, and 61-64 inclusive — clear glass 
Runs 11-20, 31-40, and 51-60 inclusive — green glass 

Objects located to r i g h t of vehicle 

Objects: 8 i n . by 12 i n , gray cardboard having 26 percent reflectance. 

DISCUSSION 

The tests were undertaken af t e r a preliminary study made by us i n 1951 
showed a need f o r more extensive data (2). The previous experiments con­
sisted of two runs each by f i v e observers and employed three objects» The 
data gave changes i n seeing distance of from + 6 percent to -71 percent, 
depending on the object and the observer. The results were not considered 
conclusive, due to the wide variations i n readings and the small number of 
runs. 

The present study did not include runs against opposing headlamps as 
such tests using heat absorbing glass were being made i n Florida by the 
Automobile Manufacturer's Association ( 2 ) . Results of the Florida study 
show values f o r one of the objects conqjarable to those we obtained. Table 
9 gives data from the AMA report on the l a s t object approximately 1,700 f t . 
past the meeting point. 

The values of the probable error of the difference were computed by 
us. The l a s t object was picked as a comparison since conditions of no 
glare similar to the tests reported herein prevailed. Hie l6-in.-square 
objects used i n the Florida tests had a reflectance of 7.5 percent and 
thus were considerably darker than the unfinished boards used i n our tests 
which had a reflectance of approximately 36 percent. 



TABLE 9 

VISIBIUTY DISTANCE DATA FROM AMA REPORT* 

Observer \a ^ha D D i f f . 
Probable 
Error 

f t . f t . f t . f t . f t . f t . % % 
Devine 30 250 28 30 235 33 15 8 6.0 l2,2 
Boylan 30 310 34 32 280 33 30 9 9.7 -1.9 
Besch 30 288 33 30 270 30 18 8 6.3 ±1.9 
Wagar 31 283 45 30 266 34 17 10 6.0 ^2.5 

For explanation of other symbols see legend. 

The results I n the present study show great variations i n the effect 
of t i n t e d glass on v i s i b i l i t y distances as compared, to clear glass. The 
greater part of the data obtained showed considerable reduction i n v i s i b i l ­
i t y vdiere the green glass was used, although there are several instances 
where the t i n t e d glass gave higher readings than the clear glass. I t does 
not appear feasible t o assign an over-aU percentage vsilue to represent 
the difference between the two types of glass. 

When the o r i g i n a l teats were made, i t was thought at f i r s t that the 
differences i n percentage reductions were due to the size, color, and con­
t r a s t of the d i f f e r e n t objects. The l a t e r t e s t s , however, shorn the same 
extreme variations i n percentage differences f o r a given observer, even 
t h o u ^ a l l objects used were p r a c t i c a l l y i d e n t i c a l , A study of the data 
f a i l s to show a consistent relationship between percentage difference and 
any of the other recorded variables to account f o r the variations. 

The use of t i n t e d windshields appears to cause a reduction i n v i s i b i l ­
i t y distances i n night d r i v i n g . Though the percentage difference between 
the types of glass appears small i n some instances, the measured difference 
i n seeing distance should not be l o s t sight of. Distances of from 10 t o 
70 f t . might easily mean the difference between s t r i k i n g an object and 
avoiding i t . 

I t i s recommended that the 70-percent-^nLmum luminous transmittance 
requirement f o r windshields i n the American Standard Safety Code Z26.1-1950 
be reconsidered i n view of the present data. 

The tests reported upon above were made under the best of roadway con­
ditions and further tests are believed necessary t o indicate the effect of 
t i n t e d glass under adverse weather conditions. E f f o r t should be made i n 
future tests to r i g i d l y control a l l known variables i n the hope that r e ­
producible results may be obtained on I d e n t i c a l objects viewed by the same 
observer. 
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LEffiND 

X = v i 8 i b i 3 i t y distance i n feet 
N = number of observations 
X = arithmetic mean of observations, i n feet 
^ = standard deviation of observations, i n feet 

N 
D " difference between arithmetic means of clear 

glass and t i n t e d glass v i s i b i l i t y distances, 
i n feet. Data are underlined where t i n t e d 
glass values were greater than clear glass 
values. 

CT'd" standaxxl deviation of the differences between 
clear glass and t i n t e d g3Lass v i s i b i l i t y dis­
tances. 

subscript c " values f o r clear glass 
subscript g = values f o r green-tinted glass 
subscript ha = values f o r heat-absorbing glass 
Percent 
Difference - 2_ x 100 

Xc 
Percent 
Probable Error = 0.675 H_ x 300 

Xc 
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N I G H T T I M E S E E I N G through H E A T - A B S O R B I N G WINDSHIELDS 

Val J. Roper, Illuminating Qigineer 
General Ele c t r i c Company 

SYNOPSIS 

The glass used i n heat-absorbing windshields currently a v a i l ­
able transmits 18 percent less l i g h t thtm ordinary windshields. 
This reduction i n l i g h t transmission l e d to concern about the pos­
s i b i l i t y of a serious reduction i n nighttime-seeing distances, 
irtiich are barely s u f f i c i e n t , at best. 

Tests were conducted on an a i r s t r i p , using two i d e n t i c a l cars 
equipped with sealed-beam headlamps. Ordinary and heat-absorbing 
windshields were interchsmged i n the two cars. Observations were 
made while driving at 40 laph,, h a l f with each type of windshield. 
Seeing-distance observations were made both against the glare of 
an approaching car and Trfien the road was clear. 

A summary of these observations shows an average reduction 
i n seeing distance of not quite 6 percent f o r d r i v i n g with no ap­
proaching vehicle and an average reduction of 2 percent when ap­
proaching another car on a s t r a i g h t , l e v e l road over a distance 
of almost a mile. 

For the most c r i t i c a l portion of the seeing-distance curve, 
the l a s t 500 f t , before meeting an approaching car, results show 
the same seeing distances through ordinary and heat-absorbing 
windshields. This may be explained by the s l i g h t reduction i n 
brightness of the approaching headlands as o f f s e t t i n g the reduc­
t i o n i n brightness of the obstacles under observation. Both re­
ductions are caused by the 18-percent additional absorption of 
l i g h t by the heat-absorbing glass. 

As a re s u l t of these data, i t may be argued that unless the 
driver does p r a c t i c a l l y a l l of his d r i v i n g at night, the daytime 
benefits to be derived from the heat-absorbing glass windshield 
off s e t the small reduction i n seeing distance at night. This 
reduction averaged 3 percent over the entire seeing-distance 
curve obtained i n the tests reported as a re s u l t of the i n v e s t i ­
gation. 

TIVO types of heat-absorbing glass windshields are available f o r i n s t a l l a ­
t i o n on motor vehicles. The lov.-er portion of these vdndshields, through 
wliich one normally views the road, i s essentially the same i n both types. 
The heat-absorbing glass has r e l a t i v e l y high i r o n content which effects an 
approximate 50-percent reduction i n heat transndssion, as compared to or­
dinary, clear glass windshields. The l i g h t transmission through this lov;er 
portion i s reduced approximately 18 percent, as compared to that of clear 
glass windshields (see Figure 1). 

This l a t t e r factor, the reduction i n l i g h t transndssion of 18 percent, 
caused some state administrators and others to express concern over the 
p o s s i b i l i t y of increased hazard i n nighttime d r i v i n g behind heat-absorbing 
windshields. They feared that seeing distances would be reduced materially, 
without compensating reduction i n car speed. 
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Figure 1 . Spectral transmittance L.O.F. laminated plate glass t h i c k ­
ness = 0.233 i n . 

Fortunately, the reduction i n seeing distances i s much less than the 
reduction i n l i g h t transmission. Study of data from previously conducted 
seeing-distance tests ( 1 ) , using headlamps of varied l i g h t output, i n d i ­
cated that the average reduction i n seeing distance through the currently 
available heat-absorbing glasses should not exceed 5 percent. This i s 
based on the assumption that the reduction i n l i g h t transmission would have 
exactly the same effect as an equivalent reduction i n be£im candlepower from 
the headlamps. 

Because of the general int e r e s t i n the matter, i t vias decided to run 
some seeing-distance tests i n the spring of 1951 to coopare results with 
clear and t i n t e d windshields. These were conducted at the General Motors 
Proving Grounds i n A p r i l of 1951 by General Electric and libbey-Owens-Ford. 
Six observer-drivers were used. The resultant data showed essentially the 
same seeing distances through heat-absorbing and clear glass windshields. 
However, i t was admitted that an i n s u f f i c i e n t number of observations were 
made to be certain of an accurate s t a t i s t i c a l comparison. That i s , the 
probable error i n the observations was greater than the apparent difference 
i n seeing distances through the two d i f f e r e n t types of windshields. 

The increasing genersil in t e r e s t of the public i n the benefits of day­
time d r i v i n g i n cars equipped with the heat-absorbing glass, the s t i U - n o t -
f u l l y - s a t l s f i e d concern of state administrators over the effects of higher 
l i g h t absorption, and the desire of car manufacturers and the glass manu­
facturers to resolve the issue, a l l combined to point to the d e s i r a b i l i t y 
of conducting additional and conclusive tests. 

I t was decided that such tests should again be made using observer-
drivers and with technique and instrumentation previously employed by 
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General Ele c t r i c i n seeing distance tests (2) with various types of head-
l i g h t i n g equipment, tests similar t o those conducted previously but w i t h 
more observations. This parti c u l a r t e s t procedure makes i t possible to 
p l o t seeing-distance curves f o r the condition of approaching, meeting, and 
proceeding beyond another car on a s t r a i g h t , l e v e l , two-lane road. To elim­
inate a l l Influencing variables, excepting that of the windshields (and 
seeing distances), the tests were conducted on a moonless, clear night with 
two i d e n t i c a l cars, operating at i d e n t i c a l speeds (40 mph.), equipped with 
i d e n t i c a l , sealed-beam headlanqjs, and operated by the sans two drivers 
throughout the tests. 

There appears t o be no reason t o expect any difference i n the r e l a t i o n 
of seeing distances obtained behind the two d i f f e r e n t windshields with d r i v ­
ers having less than normal vi s u a l acuity as compared t o drivers having 
normal vi s u a l acuity. However to check t h i s point the two drivers were se­
lected as having 20/20 acuity by the AMA chart (one with spectacles). And 
additional observations were made with two passenger-observers who had 20/40 
acuity. 

The t e s t obstacles were l 6 - i n . squares of painted paper board having a 
reflectance of 7.5 percent. They stimulate the hazard presented by a small 
animal. Twelve of these were dis t r i b u t e d ahead of and behind the meeting 
point, Just o f f the r i g h t edge of the travelled roadway. Eleven of the ob­
stacles on each side were gray i n color. The tw e l f t h ( l a s t ) was red but of 
essentially- the same reflectance (Figure 2). 
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Figure 2, Spectral reflectance curves f o r l 6 - i n , square ob­
stacle t e s t on heat-absorbing windshields. 

Seeing distances were recorded by means of a paper^tape recorder (2) 
driven by a power takeoff from the transmission. The recorder had three 
marking pens, one connected through a relay to the horn r i n g , one to a 
switch held i n the hand of the passenger-observer, and one t o a switch held 
i n the hand of a monitor r i d i n g i n the back seat with the recorder. 

The two cars were started at opposite ends of a 1,2-mi, stretch of the 
roadway. They started upon signal, accelerated t o 40 nph, and held that 
speed f o r the entire t e s t run. The drivers used the upper beams from t h e i r 
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sealed beam headlamps u n t i l the two cars were 1,500 f t . apart, then depress­
ed to the lower beams and continued to use the lower beams f o r the balance 
of the test run, even a f t e r passing the meeting point. IMs was done to 
effect a more c r i t i c a l seeing condition and to obtain lower seeing-distance 
values. 

Upon peiroeiving each obstacle, the observer-driver depressed the horn 
r i n g , thus marking the tape on the recorder. (The horn was disconnected). 
Also, upon perceiving each obstacle, the obsex^er-passenger pressed the 
switch which he held i n his hand and which actuated a second pen on the tape. 
When the driver came abreast of each obstacle, the te s t monitor i n the back 
seat pressed the switch he held i n his hand, making a t h i r d impression on 
the tape of the recorder. The linear distance between the "pips'* made by 
the driver and passenger and that made by the back seat monitor i s the see­
ing distance. Twelve such seeing distance observations were recorded upon 
each i n d i v i d u a l t e s t run, f o r each observer from each car. After s i x t e s t 
runs, the windshields were changed. The purpose of changing so often was 
to avoid any possible influence of fatigue a f f e c t i n g readings through one 
of the windshields more than the other. 

I n order to pl o t the data i n curve form as a function of the distance 
between the two cars, i t i s necessary to know exactly the distance between 
the two oars at the times of making the observations. This required main­
taining uniform speed. A good check as to whether or not the uniform speed 
wsis maintained i n any given t e s t run was iriiether or not the two cars passed 
at exact3y the half-way point. When they did not pass w i t h i n appro3dmate3y 
a car length of the half-way point, t h i s test run was ignored. 

Hie t e s t location was an A i r Force a i r s t r i p near Orlando, Florida. 
The time was l a t e i n February 1952. The surface was concrete i n excellent 
condition. Two center lanes were used: the width of the two lanes was 22 
f t . 4 i n . The t e s t obstacles were positioned at the outside edge of each 
lane. That i s , they were j u s t to the r i g h t of the travelled roadway. A 
t o t a l of 60 acceptable t e s t runs were made, 30 f o r each windshield condi­
t i o n . This gave a t o t a l of 30 seeing-distance readings f o r each of the 12 
obstacle positions with each windshield and f o r four observers: two drivers, 
two passengers. There were a t o t a l of 2,880 seeing-distance observations: 
1,440 observations f o r each windshield condition (See appendix f o r sample 
procedxire guide.) 

A l l of the i n d i v i d u a l readings taken i r e plotted on Figures 3 through 
10. Each of these figures also includes a single average curve drawn 
through the calculated s t a t i s t i c a l average f o r each obstacle location. 

The 30 observations of each observer at each obstacle location were 
plotted on prob a b i l i t y charts, from which the s t a t i s t i c a l averages were ob­
tained. The average seeing distance of each obstacle f o r each observer and 
with each windshield i s given i n Table 1. The standard deviation f o r each 
i s alio included. Table 2 gives the percentage seeing distance of each ob­
stacle i n terms of 100 percent f o r the clear windshield. 

A composite picture of the comparative results i s given i n Figures 3L1 
through 34 f iirtiich have the average curves f o r the heat-absorbing and clear 
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windshields plotted together on the same graph. I n terms of seeing throu^li 
the clear glass windshield as 100 percent, the seeing distances through the 
heat-absorbing windshield varied from 90 to 104 percent. 

TABLE 1 
AV5RAGE DISTAI-ICS OF PERCEIVING OBSTACLES (X) 

AND STANDARD DZVIAnON OF SUCCESSIVE TRIALS ((T) 

Driver Passenger 
Devine Boylan . Besch V/agar 

* X X 0" X a X 
C I . 391 55 599 75 473 58 436 56 

20A 
H.A. 382 57 572 72 477 63 402 61 
C I . 405 29 580 62 468 53 412 49 

15A 
H,A. 403 45 568 60 468 54 400 42 
C I . 331 32 548 83 429 69 422 83 

lOA 
H.A. 317 39 526 64 415 66 410 76 
C I . 332 27 474 54 381 46 370 42 

6A 
H.A. 328 29 460 42 373 37 337 47 
C I . 251 37 286 47 276 49 244 28 

3A 
H.A. 246 27 278 36 278 41 234 26 
C I . 221 21 250 23 247 18 21U 15 

2A 
H.A. 208 15 246 29 247 20 209 21 
C I . 189 31 2 U 37 333 32 225 32 

I B 
H.A. 170 25 255 33 333 22 240 39 
C I . 217 26 227 25 246 l6 215 21 

3B 
H.A. 208 ?2 236 21 244 14 221 19 
C I . 274 46 307 36 303 36 260 28 

6B 
H.A. 252 39 299 31 291 32 246 36 
C I . 291 24 337 37 334 45 279 30 

lOB 
279 

H.A. 273 322 35 303 36 262 31 
C I . 269 26 320 38 300 33 270 35 

15B 
H.A. 252 31 306 33 287 36 265 37 
C I . 250 28 310 34 288 33 283 45 

20B 
H.A. 235 33 280 ?3 270 30 266 34 

•is-Himdreds of feet ahead and behind meeting point. 

There appears to be no si g n i f i c a n t difference i n the comparative re­
sults vfith the driver-observers and passenger-observers, although the data 
do show a considerable v a r i a t i o n i n the a b i l i t y of the i n d i v i d u a l .observers 
to see at night. 
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TABLE 2 
SEEING DISTANCES PERCENT HEAT ABSORBING OF CLEAR WINDSHIELD 

Averages 
Devine Boylan Besch 

20A 97.7 95.5 100,8 92.2 96.55 
15A 99.5 97.9 100,0 97.1 98.62 
lOA 95.8 96.0 96.7 97.2 96.43 
6A 98.8 97.0 97.9 91,1 96.20 
3A 98.0 97.2 100.7 95.9 97.95 
lA 94.1 98.4 100,0 97.7 97,55 
IB 89.9 104.5 100,0 106.7 100.28 
3B 95.9 104,0 99.2 102.8 100.47 
68 92.0 97.4 96.0 94.6 95.00 

lOB 93.8 95.5 90.7 93.9 93.48 
15B 93.7 95.6 95.7 98.1 95.78 
20B 94.0 90.3 93.7 94.0 93.00 
Avg. 95.27 97,44 97,62 96.78 96,78 
^Hundreds of feet ahead and behind meeting point. 

The average loss i n seeing distance with the heat-absorbing windshield 
i s somewhat less for that portion of the curve involving an opposing ve­
h i c l e , especially w i t h i n the l a s t 1,500 f t . before meeting. This may be 
explained by the 18-percent reduction i n brightness of the opposing head­
lands viewed through the heat-absorbing windv/hield as compared to the reg­
ular windshield. This reduction i n glare, a l t h o u ^ too s l i g h t t o be notice­
able, does counteract to some extent the reduction i n obstacle brightness. 
For vrtiat might be termed the most-critical portion of t h i s seeing-distance 
curve, that portion providing the least seeing distance, there i s l i t t l e 
reduction effected by the heat-absorbing windshield. The average reduction 
fo r a l l obstacle positions involving opposing headlan?)s was 2 percent. The 
average reduction for those obstacle positions involving clear road driving 
was 5.7 percent. The over - a l l average of a l l the readings through the 
clear windshield was 325 f t , , of those through the heat-absorbing shield, 
315 f t . A single composite graph of the average of a l l observers i s given 
i n Figure 15. 

These data prove that the difference i n nighttime-seeing values through 
the heat-absorbing windshields currently available and standard glass wind­
shields i s , indeed, much less than the additional l i g h t absorption of the 
heat-absorbing glass. 

You w i l l observe a break i n each average seeing-distance curve at the 
point where the two cars are 1,500 f t . apart. This i s the point at which 
both cars s h i f t e d from the sealed-beam upper beam to the sealed-beam loner 
beam. I t was somewhat i n advance of the optimum point f o r depressing the 
beams, which according to previous data {Ij) i s on the order of 1200 f t . 
vdth sealed-beam headlamps. This explains the immediate drop i n seeing-
distance values. 

I n actual practice, the seeing distances would be considerably less 
than those obtained i n t h i s t e s t . These observer-drivers knew the test 
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obstacles were there and where to look f o r them. Therefore, they were d i s ­
playing more than nonnal att e n t i o n , and obtained seeing-distance values 
higher than those which would be normal i n ordinary dr i v i n g ( 1 , 2 ) . I t 
follows that state administrators were properly concerned about any change 
idiich reduced nighttime-seeing distances. For at best, these are none too 
good. The car manufacturers were, of course, equally concerned about the 
s i t u a t i o n and, from the information available at the time of introduction 
of heat-absorbing glass windshields, were of the opinion that the reduction 
i n l i g h t transmission was not s u f f i c i e n t t o o f f s e t t h e i r daytime advantages. 
The results of the Orlando t e s t can be interpreted t o J u s t i f y t h i s position. 

VISIBIIITY ON LEGHTED STREETS* 

Direct measurements of r e l a t i v e v i s i b i l i t y , comparing windshields of 
regular, clear glass and heat>absorbing glass, were made on lig h t e d streets. 
There were 3 observers, S. K. Guth, A. A. Eastman, euxl R. C. Rodgers, a l l 
of the Lighting Research Laboratory at Nela Park. Ihese observers took 
readings simultaneously from the f r o n t seat of a tes t car, using Luckiesh^ 
Moss V i s i b i l i t y Meters. The t e s t object, of vrtiich r e l a t i v e v i s i b i l i t y 
measurements were made, was a 12-ln, disk, of 8 percent reflectance, i n a 
v e r t i c a l position at street l e v e l , 200 f t , i n f r o n t of the t e s t car. This 
technique of measurement had been en;>loyed by Reid and Chanon (^, 6) i n 
ea r l i e r studies of factors a f f e c t i n g v i s i b i l i t y on l i g h t e d streets? 

Measurements were made under three s t r e e t - l i g h t i n g systems. These 
l i f t i n g systems conformed to standards of the American Standard Practice 
f o r Street and Hi^way Lighting (2) f o r street classifications of l o c a l 
t r a f f i c , l i g h t t r a f f i c , and medium t r a f f i c , respectively. On each street 
were four test stations, uniformly spaced between street lan^s. At each 
stat i o n measurements were made f i r s t with one type of windshield then w i t h 
the other. The sequence was reversed at successive t e s t stations. The 
test car, with readily replaceable windshields, was provided by H. C. Doane 
of Buick. 

^-Contributed by Kirk M. Reid, Illuminating Qsgineer, Lamp Division, General 
El e c t r i c Con^wny, Cleveland. 
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The average of a l l measurements showed a r e l a t i v e v i s i b i l i t y vdth the 
heat-absorbing windshield approodmately 2 percent beloir that with the clear 
windshield. Measurements under each of the l i g h t i n g STstems conformed t o 
t h i s average, w i t h i n reasonable variations. 

The heat-absorbing windshield with a darkened s t r i p near the top gave 
best results when the darkened s t r i p reduced the veiUng glare from one or 
more of the nearby street lamps. This took place at some stations, dependr-
i n g on the height and posture of the observer. At such stations the v i s i ­
b i l i t y with the heat-absorbing windshields was f u l l y equal to that w i t h the 
clear windshield. Under other conditions the differenti«J. i n favor of the 
clear windshield was sometdiat greater than the overall average of 2 percent. 
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APPENDIX 

Heat-Absorbing Windshield 
Orlando (Fla.) Tests 

Procedure, February 26, 1952 

SIGMALS - Control Car A signals by turning upper beam on and o f f twice. 
Then t u r n l i g h t s o f f and wait f o r reply signal. 
Car B uses same signal i n reply. 
Car A turns l i g h t s on and st a r t s . 
Car B does likewise. 

SPEED - 40 mph, 

IJGMTS - Cars s t a r t on upper beam, 6,000 f t , apart. Depress beams at red 
lantern when cars are 1,500 f t . apart. Continue to end of run on 
lower beam. Raise to upper beam and tu r n around f o r next run. 
Turn l i g h t s out at s t a r t i n g point, 

TEST RUNS - Each run to be numbered consecutively. Bad runs t o be noted on 
log sheet (no signal to other car). Run numbers to be put both 
on the t e s t tape and on the log sheet. Also note car number on 
each, lilhen run i s rejected, note and explain on log sheet. 
Each car to report at north end whether runs are good or bad, 
and reason. Controller at north end w i l l note and advise time 
f o r windshield change, 

MATERIAL - Start with clear glass and make enough runs to get six good ones. 
Change to heat-absorbing glass (no t i n t i n upper part) and get 
six good runs. Repeat. 

RECALL SIGMAL - Spotlight flashed i n a i r . 
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DEVELOPMENT of the GUIDE "AUTRONIC E Y E ' 

G. W. Onksen, Research Engineer 
General Motors Corporation 

SYNOPSIS 

Headlan^) glare has been a problem since headlaii?)s have been 
used on automobiles. Over the years, headlamps have been stand­
ardized and improved u n t i l now the glare problem i s largely a 
matter of inproper usage. Many drivers use t h e i r headlamp beams 
improperly; some do not depress to the lower beam when meeting 
another car; and others drive continuously on t h e i r lower beam. 
I t has not been possible to get drivers to use t h e i r beams prop­
e r l y . 

An automatic headlan5)-control device offered p o s s i b i l i t i e s 
f o r solving the glare problem. However, the variations i n the 
brightness of headlamps between upper and lovrer beams made the 
outlook very discouraging, but the promise of r e a l iii?)rovement 
i n the glare s i t u a t i o n forced the development i n spite of d i f ­
f i c u l t i e s . Early i n the development, the problem was to make 
something sensitive enough to Him fo r lower beams at a safe 
distance. As s e n s i t i v i t y was increased, other problems i n the 
f i e l d s of e l e c t r i c i t y and optics had to be solved. Gradually, 
the desirable characteristics of an automatic headlamp-control 
device becfune apparent. 

The device should: (1) switch t o the lower beam promptly 
when subjected to s u f f i c i e n t l i g h t and should switch back to 
the upper beam promptly when l i g h t i s removed; (2) r e t a i n the 
lower beam vrtien the approaching driver dims; (3) dim f o r cars 
on curves and should not dim excessively f o r extraneous l i g h t 
at the roadside; (4) not be affected by variations i n the re­
f l e c t i v i t y of road surfaces; (5) function under conditions of 
adverse weather, such as r a i n , snow, and fog; (6) provide the 
driver w ith a means of obtaining a lower beam fo r use i n the 
c i t y and when following another car, when there i s i n s u f f i ­
cient l i g h t to r e t a i n the lower beam automatically; (7) pro­
vide the driver with a means of obtaining an upper beam f o r 
signaling and at dusk, when there i s too much l i g h t f o r the 
device t o switch t o the upper beam automatically; (8) function 
with normal variations of car loading; (9) provide the lower 
beam during warnv-up; (10) not be impaired when operated i n the 
daytime; (11) be insensitive to changes i n battery voltage; 
(12) use a minimum of current t o avoid exceeding the generator 
capacity; (13) withstand the abuses of automotive service which 
includes heat, cold, v i b r a t i o n , and moisture; and (14) be easi­
l y adjustable i n the f i e l d . 

The Guide "Autronic Eye" complies with a l l of these re­
quirements and experience during the f i r s t year of production 
demonstrates that i t offers r e a l p o s s i b i l i t i e s f o r solving the 
glare problem. 
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HEADIAMP glare has been a continuing problem ever since e l e c t r i c headlamps 
have been used on automobiles. A be£un which illuminates the road f a r ahead 
for safe driving i s too b r i g h t f o r the approaching driver. At f i r s t we had 
only one beam, and a resistance was switched i n and out of an e l e c t r i c c i r ­
c u i t to make the beam dim f o r approaching cars. I ^ t e r we had headlamps 
wi t h two beams: an upper beam designed f o r clear road driving and a lower 
beam designed to reduce glare vrtien passing. As the years passed, headlamps 
were standardized and lii9>roved i n accuracy, and inspection and service f a ­
c i l i t i e s were developed u n t i l now the glare problem i s largely a matter of 
improper headlamp usage. However, conditions change so rapidly during open 
road driving that the correct choice of beam calls f o r rather careful a t ­
tention on the part of the d r i v e r . A l l drivers are not w i l l i n g to devote 
that much attention to the Job, A few drivers do not dim u n t i l they are 
signaled, and many drive constantly on t h e i r lower beams t o avoid using the 
foot switch. Both habits are dangerous. Experience indicates that i t i s 
hopeless to get drivers to pay more attention to t h e i r d r i v i n g , either 
through education or law enforcement. 

Even 15 or 20 years ago i t was obvious t h a t automatic headlaBq)-control 
devices offered p o s s i b i l i t i e s f o r solving the glare problem — I f they 
could be made t o function properly. The outlook was f a r from encouraging 
vthea we consider that the brightness of an oncoming upper beam would, of 
course, be many times that of an oncoming lower beam, not to mention the 
added va r i a t i o n due t o deterioration i n pre-sealed-beam l a n ^ . Even so, 
the promise of r e a l improvement i n glare was so obvious that the idea of 
automatic headlaiiq}-control could not be ignored, no matter how hopeless i t 
m i ^ t look. 

At the s t a r t , the problem was t o develop something that vas sensitive 
enough — something that would dim f o r lower beams at a safe distance. Sat­
i s f a c t o r y s e n s i t i v i t y was achieved by using a m u l t i p l i e r phototube, which 
i s capable of about a m i l l i o n times the s e n s i t i v i t y of standard vacuum 
phototubes. As s e n s i t i v i t y was increased i t was found that extreme varia­
tions i n brightness of oncoming headlands was not nearly as serious as an­
t i c i p a t e d , because very few roads are s t r a i ^ t and l e v e l f o r any great dis­
tance. However, as s e n s i t i v i t y was increased, other problems i n the f i e l d s 
of e l e c t r i c i t y and optics had to be solved. Gradually the desirable charac­
t e r i s t i c s of an automatic headlamp-control device became apparent and were 
incorporated. 

Figure 1 shows the c i r c u i t diagramicf the "Autronic Eye" ("Autronic 
Eye" i s Guide's trademark f o r an automatic headlamp-control device). En­
ergy i s provided by the car e l e c t r i c a l system through the standard l i g h t 
switch. This voltage i s applied through the fuse and the b a l l a s t tube to 
the primary winding of the transformer and then through a vibrator to the 
ground. The trtuisformer has two secondary windings, one producing approxi­
mately 1,150 volts AG and the other approximately 150 volts AC, The higher 
voltage i s r e c t i f i e d to produce approximately 1,000 volts DC across a load-
resi s t o r network. A high-voltage control i s adjusted to supply the neces­
sary voltage f o r the phototube u n i t , A s e n s i t i v i t y control i n the photo­
tube unit adjusts the high voltage to compensate f o r variations i n photo­
tubes. The voltage i s applied t o the various dynodes i n the phototube 
through a voltage divider network. 



33. 
^ S E N S I T I V I T Y CONTRoin 

II HIGH V O L T A G E 
C O N T R O L 
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Figure 1. Circuit diagram of Autronic E^e. 

The 150-volt secondary winding of the transformer supplies power f o r 
the aiiq>Iifier tube and the sensitive relay. I n the absence of l i g h t on 
the phototube, the amplifier tube passes enough current through the sensi­
t i v e relay to close i t . l i g h t causes the phototube to pass a current 
through a load resistance irtiich develops a negative bias voltage on the 
anpHfier-tube control g r i d . This causes the amplifier tube to reduce the 
current through the sensitive relay. V/hen the current i s reduced s u f f i ­
c i e n t l y , the sensitive relay opens. When the sensitive relay opens i t 
svdtches a much larger load resistance i n t o the phototube c i r c u i t and, i n 
t h i s way, causes the device t o be about 10 times as sensitive i n the lower-
beam position as i t i s i n the upper-beam position. 

I'ftien the standard dimmer foot switch i s i n the "Automatic" position, 
the sensitive relay opens and closes the pov/er relay which sviitches the 
headlamps between the upper and lover beams. 

Iflien the push-button-type a u x i l i a r y foot switch i s depressed, i t 
closes the sensitive relay through an added section i n the amplifier tube, 
and overrides the automatic control to provide the upper beam, even vrfien 
bright l i g h t i s on the phototube. 

V.lien the standard dimmer switch i s depressed and released, as i n 
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changing from upper to lower beam, the power relay i s closed d i r e c t l y from 
the l i g h t switch and holds the headlamps on the lower beam regardless of 
the position of the sensitive relay. 

Figure 2 shows the o p t i c a l design of the phototube u n i t . A condensing 
lens focuses l i g h t through an amber f i l t e r and through an opening i n a mask 
to a m u l t i p l i e r phototube. The condensing lens i s corrected f o r spherical 
aberration and focuses the l i g h t from approaching headlamps to a point i n 
the plane of the mask. The v e r t i c a l and horizontal angles through which 
the device responds to l i g h t are l i m i t e d by the size of the opening i n the 
mask, and the s e n s i t i v i t y cuts o f f abruptly yjtien the point of focused l i g h t 
passes the edge of the mask opening. 

C A T H O D E OF PHOTOTUBE 

CONDENSING L E N S 

^ F I L T E R AND MASK 

Figure 2. Optical design of phototube u n i t . 

The m u l t i p l i e r phototube i s manufactured with an S4 (blue-sensitive) 
cathode surface, because red-sensitive surfaces are not compatible with 
the materials used i n the amplifying sections. Hovfever, the high sensitiv­
i t y of the m u l t i p l i e r phototube permits the use of an amber f i l t e r , which 
absorbs blue l i g h t and moves the effective response to'ard the red end of 
the spectrum. Figure 3 shows a series of c o l o r - s e n s i t i v i t y and emission 
curves of the 34 cathode surface, the amber f i l t e r , an incandscent bulb, 
skylight, and the S4 surface through the amber f i l t e r . 

The curves show that the r e l a t i v e emission of skylight i s much better 
than from an incandescent bulb near the v i o l e t end of the spectrum while 
the incandescent bulb i s better near the red end. The curves also show 
that the amber f i l t e r blocks o f f the l i g h t near the v i o l e t end «uid, thus, 
reduces skylight much more than incandescent l i g h t . The amber f i l t e r per­
mits the device to function sooner at dusk by reducing the effect of sky­
l i g h t . 

The "Autronic Eye" automatic headlan5)-control device embodies a number 
of characteristics which are the res u l t of years of development and testin g . 
A discussion of these characteristics which are desirable i n any automatic 
headlaiiq>-control i s as follows: 

1, The device should si"dtch to the lower beam promptly v;hen subjected 
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t o s u f f i c i e n t l i g h t , and should switch back to the upper beam promptly vihen 
l i g h t i s removed. 

There are occasions when the approaching car comes suddenly i n t o view, 
as, for example, over the crest of a h i l l . At such times rapid dimming i s 
important. Then, a f t e r passing a car when the road ahead i s dark i t i s im­
portant to regain the upper beam promptly. 
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I 70 
: 
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u> 60 
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SURFACE NCANDESCENT 

BULB 
u) 20 

7000 4 0 0 0 5 0 0 0 

S4 SENSITIVITY 
THROUGH AMBER 

" ^ ^ ^ T E R 

600 0 
VIOLET YELLOW 

L I G H T — A N G S T R O M S 

Figure 3. Color-sensitivity and emission curves. 

2. The device should r e t a i n the lower beam when the approaching d r i v ­
er dims. 

When the approaching driver switches t o his lower beam the l i g h t on 
the phototube i s greatly reduced. The device must not switch back to i t s 
upper beam i n such a si t u a t i o n . The "Autronic Eye" was designed to dim for 
one s e n s i t i v i t y and then r e t a i n the louver beam with about 10 times as much 
s e n s i t i v i t y . The m u l t i p l i e r phototube provided the s e n s i t i v i t y f o r t h i s 
technique and at the same time permitted rapid operation i n both the dim­
ming and upper beam recovery cycles. 

3. The device should dim for cars on curves but should not dim ex-
cessivsly for extraneous l i g h t at the roadside. 

The desire f o r dimming on curves co n f l i c t s with the desire to restrain 
the device from dimniing f o r extraneous l i g h t at the roadside. The f i r s t 
desire would be s a t i s f i e d by making the device responsive to l i g h t at vd.de 
angles t o the sides while the second desire would demand that the device 
must not be sensitive to side l i g h t . Guide's automatic headlamp-control 
represents a compromise between these tv/o conditions, designed to provide 
the narrowest possible sidev/ays response angle consistent vdth proper oj>-
eration on curves. 
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4. The device should not be affected by variations i n the r e f l e c t i v ­

i t y of road surfaces and the device must function with normal variations of 
car loading. 

Headlamps illuminate the road ahead and the road brightness r e f l e c t i n g 
back to the driver varies from almost nothing from wet asphalt to a consid­
erable amount from dry gravel or fresh snow. A device which i s sensitive 
enough to re t a i n the lovjer beam after the approaching driver dims would 
necessarily be sensitive enough to be greatly affected from road r e f l e c t i o n , 
unless the downward response angle was carefully controlled. I f too much 
l i g h t from the road i s permitted to reach the phototube, the device w i l l 
stay on the lower beam. At the same time, the s e n s i t i v i t y response angle 
must extend enough below horizontal so that the device w i l l function proper­
l y under oonditions of normal car loading. Guide's u n i t has a lens and 
mask system which provides a sharp, lower cut-off. The cut-off i s aimed as 
low as possible without incurring interference from road r e f l e c t i o n . This 
aim i s loiv enough to stand the upward t i l t i n g caused by normal car loading 
without undue loss i n s e n s i t i v i t y . 

5. The device should function under conditions of adverse weather such 
as r a i n , snow, and fog. 

The l i g h t from approaching cars i s somevrtiat diffused by r a i n on the 
;vindshield, but fortunately the device i s not affected appreciably i n sen­
s i t i v i t y . There seems to be an Increase i n l i g h t from the approaching car, 
probably due to reflections from wet pavement adding to the normal d i r e c t 
l i g h t coming from the lan?>s and t h i s may offs e t any loss £rom l i g h t d i f f u ­
sion. Drivers are p a r t i c u l a r l y appreciative of the device i n bad weather, 
because t h e i r attention can be concentrated on dri v i n g without having t o 
pay attention to t h e i r headlights. Very l i t t l e s e n s i t i v i t y i s l o s t i n mod­
erate snow and fog. I f the snow or fog i s severe, the back r e f l e c t i o n of 
the vehicle headlamps from the snow or fog particles i s s u f f i c i e n t to re­
t a i n the vehicle headlamps on the lower beam. 

6. The driver should be provided with a means of obtaining a lower 
beam f o r use i n the c i t y and when foUovdng another car, when there i s i n ­
s u f f i c i e n t l i g h t t o r e t a i n the lower beam automatically. 

Occasionally, i t i s desirable to obtain a Icmer beam when there i s not 
su f f i c i e n t l i g h t ahead to r e t a i n the lower beam automatically. The amber 
f i l t e r previously referred to corrects, as much as possible, the r e l a t i v e l y 
poor red s e n s i t i v i t y of the m u l t i p l i e r phototube. With t h i s combination, 
the device w i l l r e t a i n the lower beam s a t i s f a c t o r i l y when following a mod­
ern car with r e l a t i v e l y bright t a i l l i g h t s , but i t w i l l not r e t a i n the low­
er beam at a s u f f i c i e n t distance f o r many older t a i l l i g h t s , and i t w i l l 
not dim f o r any of them. The "Autronic Eye" i s connected t o the standard 
dimmer foot switch so that i t functions automatically i n one position only. 
The other position of the dimmer switch provides a f i x e d lov;er beam. '.Vhen 
necessary, the driver may use the foot switch to lock the device on the 
lov/er beam. One of the times when a continuous lov;er beam i s desirable i s 
v̂ hen follo-.lng another vehicle. 

7. The driver should be provided with a means of obtaining an upper 
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beam f o r signaling and at dusk, when there i s too much l i g h t f o r the device 
t o switch t o the upper beam automatically. 

After the automatic headlamp control has dimmed, very l i t t l e l i g h t i s 
required t o r e t a i n the lovrer beam. There are occasions, p a r t i c u l a r l y from 
sl<ylight at dusk, when there i s s u f f i c i e n t l i g h t to r e t a i n the lower beam 
but not enough to cause the device to dim. On such occasions, the driver 
may prefer the upper beam. Guide's automatic headlanqj control includes a 
push-button a u x i l i a r y foot switch t o override the automatic control and pro­
vide the upper beam regardless of l i g h t conditions. This switch resets the 
sensitive relay to the upper beam position and the device w i l l remain on 
the upper beam when the foot switch i s released unless there i s s u f f i c i e n t 
l i g h t ahead f o r dimming. Also, the overriding switch may be used to signal 
approaching drivers i f they forget to dim. 

8. The device should provide the lov/er beam during warraup. 

Most electronic devices require a moderate warraup time, and during 
t h i s period, they do not provide automatic control. This period of no con­
t r o l should be considered i n design, because vehicles v ; i l l usually be op­
erated i n areas of opposing t r a f f i c during the warraup period and i t i s de­
sirable t o have a f i x e d lower beam u n t i l the automatic control i s function­
ing. Guide's device requires 10 to 15 sec, warnup time f o r the r e c t i f i e r 
and amplifier tubes. The r e c t i f i e r tube controls the high voltage to the 
phototube, and the amplifier tube provides the current t o the sensitive re­
lay. The sensitive relay i s i n the lower beam position when the amplifier 
tube current i s " o f f . " The r e c t i f i e r tube was adjusted t o warm up ahead of 
the amplifier tube so that the phototube i s i n control before the amplifier 
tube can operate the sensitive relay t o the upper beam position. 

9. The device should not be'in^aired vrtien operated i n the daytime. 

Host phototubes, p a r t i c u l a r l y m u l t i p l i e r phototubes, must be protected 
from, damage from bright l i g l i t , A m u l t i p l i e r phototube can easily destroy 
i t s e l f i f i t i s permitted to pass too much current. We must assume that a 
driver v d U occasionally operate his automatic headlamp control during the 
daytime. There are places, f o r exanple, through the tunnels on the Pennsyl­
vania Turnpike, where a driver i s requested to t u r n on his headlamps i n the 
daytime. I t i s common to see cars t r a v e l a considerable distance beyond 
the tunnel before t h e i r l i g h t s are turned o f f . The device i s connected to 
be turned on vdth the headlamps so the phototube i s functioning during t h i s 
period. The dynodes of the m u l t i p l i e r phototube are connected through i n ­
dividual protective resistors so that the current through each dynode i s 
limite d t o a safe value. These protective resistors do not affect the mul­
t i p l i e r phototube function at night because the current values are too small 
to cause detrimental voltage changes to the dynodes. 

10. The device should be insensitive to changes i n battery voltage. 

Car battery voltages vary from 5.5 to 7.5 v o l t s , v/hich i s i 15 percent 
from the midpoint. M u l t i p l i e r phototubes are very sensitive to voltage 
changes; i n f a c t , a 10 percent increase i n voltage w i l l double the output. 
I n order t o obtadn satisfactory performance on a car, the "Autronic Eye" 
had to be designed with voltage regulation. Regulation was obtained by 
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using a current regulator (ballast tube) i n the primary of the transformer. 
Table 1 shows the s e n s i t i v i t y with variations i n battery voltage. The dim­
ming distance varies from about minus 7 percent to plus 2 percent. 

TABLE 1 11. The device should use a mini­
mum of current to avoid exceeding the 

VARIATIONS IN SENSITIVITY wITH generator capacity. 
CHANGES IN BATTERY VOLTAGE 

Gar generators are designed to 
Percent S e n s i t i v i t y keep the batteries charged under 

Voltage (Dimming Distance) given load conditions; and o r d i n a r i l y 
5.5 93 they w i l l not accommodate much extra 
6.0 100 load. For t h i s reason, the device 
6,5 100 should be designed to use a minimum 
7,0 102 of current. Guide's automatic head-
7,5 102 lan5)-control device uses 2.1 amperes 

i n the upper-beam position and 2.5 
amperes i n the lower-beam position. 

12. The device should withstand the abuses of automotive service which 
includes heat, cold, v i b r a t i o n , moisture, and dust. 

Extensive f i e l d t esting and tests on the Belgium Block road at the Gen­
eral iiotors Proving Ground indicated that special precautions vfere required 
to make the automatic headlan^) control rugged enough f o r automotive service. 
The chassis was reinforced and condensers were anchored to avoid wire break­
age. A special lead construction was used i n the vibrators to avoid i n ­
t e r n a l wire breakage. High-temperature condensers were used because of high 
engine heat on hot days. The amplifier was enclosed to protect i t from 
moisture and dust. Special a l l o y points were used on the sensitive relay 
to avoid tarnish. Special alloy points were used on the power relay to 
hjmdle the headlamp load. Special materials were used i n the phototube 
base to avoid e l e c t r i c a l leakage due to moisture. Experiences with the 
"Autronic E^e" indicate that extensive tests on cars are required to locate 
and correct weaknesses i n devices of t h i s nature. 

13. Service f a c i l i t i e s should be available to adjust the device i n 
the f i e l d . 

An automatic headlan^) control i s basically a light-measuring device. 
I t dims with a particular amount of l i g h t and sv/itches back to the upper 
beam with a much smaller amount of l i g h t . The value of l i g h t at each op­
erating point i s important and must be obtainable i n the f i e l d f o r service 
adjustments. Also, the phototube u n i t should be aimed. The lower edge of 
the response angle i s p a r t i c u l a r l y in^jortant. Two pieces of test equipment 
were developed f o r servicing Guide's automatic headlan^j control: a tes t 
lamp for s e n s i t i v i t y adjustments and an aiming device f o r aiming the photo­
tube u n i t . The test lamp projects l i g h t against the phototube i n about the 
same mauiner as headlamps under operating conditions. The brightness of the 
test lamp i s adjusted t o specific values by means of a meter - one bright ­
ness i s used to adjust "dim" s e n s i t i v i t y and a d i f f e r e n t brightness i s used 
i n making "hold" s e n s i t i v i t y adjustments ( t h i s i s the point where the de­
vice switches back to the upper beam.) The aiming device i s a mechanical 
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f i x t u r e iirtiich aims by means of a l e v e l . The f i x t u r e sets on top of the 
phototube unit and i t has an aiming d i a l v/hich i s adjusted to a code number 
stamped on a nameplate underneath the phototube u n i t . The code number ad-
Justs the position of the l e v e l to compensate f o r variations between the 
top surface of the phototube u n i t and the lower edge of the response angle. 
The code number i s stan5)ed at the factory. The bottom edge of the response 
angle i s located i n an o p t i c a l f i x t u r e by means of t e s t l i ^ t s and then a 
master l e v e l i s placed on the phototube unit to f i n d the code number. I n 
t h i s manner, an op t i c a l aim of the response angle i s converted at the fac­
t o r y i n t o a mechanical aim, and then the mechanical aim i s used for f i e l d 
service. Due to the high s e n s i t i v i t i e s required i n automatic headlamp-
control devices, satisfactory operation i s largely a matter of proper ad­
justment so the importance of adequate f i e l d service f a c i l i t i e s cannot be 
overemphasized. 

CONCLUSION 

The Guide "Autronic Eye" complies with a l l of these requirements, and 
experience during the f i r s t year of production demonstrates that i t offers 
r e a l p o s s i b i l i t i e s for improving the glare problem. Public acceptance has 
been unusually good, p a r t i c u l a r l y since an ovmer's f i r s t thought i s that he 
i s spending money f o r a device which only benefits the other fellow. How­
ever, he quickly learns that the device does even more f o r him than f o r the 
approaching d r i v e r . He finds that the device gives him an upper beam more 
often than ever before i n spite of the f a c t that i t always dims f o r approach­
ing cars. By r e l i e v i n g the driver of the burden of operating his headlan^js, 
the "Autronic Eye" makes night driving more pleasant and safe. 
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DESIGN of the MEETING BEAM of the AUTOMOBILE HEADLIGHT 

A. J. Harris 
Road Research Laboratory 
Harmondsnorth, Qigland 

SYNOPSIS 

The most-important factor i n the design of the t y p i c a l meet­
ing beam, so f a r as the range of dir e c t seeing i s concerned, i s 
the sharpness and form of the cutoff near the horizontal. But 
the effect which the cutoff w i l l have on the li k e l i h o o d of being 
dazzled ( i . e . , of being rendered incapable of seeing more than a 
short distance) vftien meeting other vehicles at night depends 
enormously on the accuracy with which meeting beams are aimed. 
The effect can be calculated when the standard of aiming i s known; 
the basis of the calculation and some results are given i n t h i s 
paper. Curves are provided from vrtiich may be found the sharpness 
of cutoff required to give any desired l e v e l of freedom from 
dazzle, or glare. I t i s shown that i f the standard of aindng i s 
too low i t w i l l be impossible to design a beam to f u l f i l l the re­
quired conditions. The necessary improvement i n aiming can, how­
ever, be determined from the curves. The effect of deterioration 
i n increasing the l i a b i l i t y t o dazzle i s also considered. The 
pitching motion of the vehicle, and i t s effect on seeing distance 
and on intermittent glare, have had to be cnnitted f^om t h i s an­
alysis; the effect w i l l be more important the sharper the cutoff 
employed. 

HEADLIGHT beams naist be Judged by t h e i r performance i n the conditions i n 
which they have t o operate: meeting beams, f o r instance, by how well the 
driver can see when meeting another vehicle. Tests of perfonnance of t h i s 
sort have frequently been carried out f o r meeting beams, but i n almost a l l 
of them the lamps used have been new and have been correctly aimed. The 
conditions of the test have therefore been d i f f e r e n t fl*om conditions on 
the road, and the tests may be misleading because they e n t i r e l y omit the 
effects of misaim and deterioration, which i n practice ( i n England at least) 
are of considerable importance. These effects would remain even i f , as i n 
the United States, a l l vehicles were f i t t e d with lamps of essentially the 
same design. There would s t i l l be differences i n the effective i n t e n s i t i e s 
of the beams on d i f f e r e n t vehicles, and i n consequence, a driver meeting 
another vehicle would see w e l l enough on some occasions and badly on others. 
He would also experience very d i f f e r e n t amounts of discomfort. The per­
formance with which we are concerned i s r e a l l y the aggregate of the per­
formances i n the i n d i v i d u a l encounters, and i n Judging the s u i t a b i l i t y of 
a design a l l possible encounters should be borne i n mind, p a r t i c u l a r l y 
those i n vriiich seeing i s poor. I t i s clear that performance, defined i n 
t h i s way, does not depend solely on the design of the beam i t s e l f ; indeed, 
i t i s meaningless to speak of performance except i n r e l a t i o n to a d e f i n i t e 
standard of aiming euid l e v e l of deterioration. I t follows, therefore, that 
the choice of beam must depend on the standard of aiming attainable and the 
degree of deterioration allowed. For example, a beam with a very sharp 
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c utoff might be quite satisfactory i f aiming was generally good but give a 
large proportion of short seeing distances and be int o l e r a b l y dazzling i f 
aiming was poor. Or again, a beam of low i n t e n s i t y ndght be satisfactory 
i f a s t r i c t standard of maintenance was ins i s t e d upon but be unsatisfactory 
i f severe deterioration was tolerated. 

The paper shows how t h i s o v e r a l l performance of a beam may be calcu­
lated when the minimum seeing distsuice during an encounter i s taken as a 
measure of the performance during i ^ a t encounter. The relations between 
performance, sharpness of cutoff, and standard of aim are investigated; the 
effec t of deterioration i s also considered. Numerical results are obtained 
for a beam of sijqjle design vrtiich approximates to t y p i c a l modern designs i n 
the region of the beam mainly responsible f o r glare and for distant seeing 
on the nearside of the road, These results go some of the way towards put­
t i n g the design of meeting beams on a r a t i o n a l foundation. For example, i f 
a certain l e v e l of performance i s specified, then the necessary sharpness 
of cutoff and standard of ftiming can be determined. 

Factors •nhlch have had to be ignored i n the present paper are the pitch­
ing motion of the vehicle, due mainly to the i r r e g u l a r i t y of the road sur­
face, and the intermittent dazzle t o which i t can give r i s e . The effe c t of 
t h i s w i l l be more marked on beams having a sharp cu t o f f , 

SEEING UNDER CONDITIONS OF GLARE 

The glare of approaching headlights reduces a driver's a b i l i t y to see. 
But, by revealing as dark silhouettes any pedestrians or vehicles vduch may 
be on the road between him and the approaching vehicle, these l i g h t s may, 
at times, actually assist him to see. A driver may see a pedestrian i n 
silhouette long before he i s able to see him d i r e c t l y . This silhouette see­
ing i s sometimes of great Msistance -nhen. direct seeing i s poor. But i t has 
been argued that less i n ^ r t a n c e should be attached to i t than to direct 
seeing, because i t i s not always effective and cannot, i n any case, reveal 
a pedestrian irtio does not step on to the road u n t i l the approaching vehicle 
has passed him. I n t h i s paper the p o s s i b i l i t y of silhouette seeing i s i g ­
nored, and discussion i s confined to the performance of lamps i n d i r e c t see­
ing. 

The performance of a meeting beam i n a single encounter i s found by 
f i t t i n g two cars with i d e n t i c a l beams and running them against one another 
on a straight track on which certain objects of a standard form have been 
placed. By means of distance-recording mechanisms i n the vehicles, the 
drivers are able t o record the distances at which they f i r s t see the object; 
af t e r a number of runs with objects i n d i f f e r e n t positions, a curve can be 
drawn which shows the seeing distance as a function of the separation be­
tween the vehicles, as i n Figure 1, vAiich i s based on results given by 
Roper ( 1 ) . The seeing distance diminishes as the vehicles approach each 
other, reaches a minimum before they neet, and then rises again more rapid­
l y as the vehicles pass and l^he eyes recover from the effect of the glare. 
I t i s common to attach considerable importance t o the minimum distance and 
to attempt t o increase i t by ia^ovements i n design so that i t s h a l l exceed 
the stopping distance by a comfortable margin. Me s h a l l therefore adopt i t 
as a measure of the performance of the beam during the encounter and enquire 
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how t h i s ndnimum seeing distance I s affected by lamp design and by ndsalm 
and deterioration* 

< 5 0 0 

Sdhoucrtt 
iMinq 

Direct teamt} 

C o n M t i t d C a n opprDachifiq 

2800 24CX5 20OO IbOO I200 SOO 4 0 0 
DJSTANCE BETWEEN VEHICLES -

Figure 1. Seeing distance as function of d i s ­
tance between vehicles ( a f t e r Roper). 

BASIC DATA AND ASSUMPTIONS 

The minimum seeing d i s ­
tance i s obtained f o r an 
object which i s almost 
l e v e l with the approaching 
vehicle at the moment of 
perception. Since, near 
a mini mm, vtLLues do not 
change very rapidly, the 
seeing distance f o r an ob­
j e c t j u s t beyond the glare 
source i s approximately 
equal t o the minimum. 
Roper (2) has investigated 
seeing ^stance f o r t h i s 
position. I n his tests 
the glare vehicle was stap-
tionary, but such tests 
appear t o give much the 
same r e s u l t , as f a r as 

di r e c t seeing i s concerned, as those i n which both vehicles are moving. 
Beams of uniform i n t e n s i t y were used so that the i n t e n s i t y directed at the 
object or at the driver's eyes did not change during the t e s t run. IMs 
work has been extended at the Road Research Laboratory t o those lower v a l ­
ues of i l l u m i n a t i o n and glare irtiich are of particular in^xjrtance i n the de­
sign of meeting beams (^). Ttie experimental results f o r a single observer 
have been plotted as smoothed curves i n Figure 2. The question arises 
whether the same seeing distances would have been obtained with more-nomal 
beams i n which the i n t e n s i t i e s of i l l u m i n a t i o n and glare were not uniform 
and would, therefore, have changed during the approach of the vehicles. 
This has been investigated by comparing, f o r a number of lanqjs, the seeing 
distances actually obtained i n tests and those obtained by calctilation from 
the beam distributions (Z^). I t was found that the agreement was reasonably 
good, p a r t i c u l a r l y as regards the r e l a t i v e performances of the d i f f e r e n t 
l a n ^ s . I t T d l l therefore be assumed that the results i n Figure 2 apply to 
any d i s t r i b u t i o n and that minimum seeing distances can be calculated from 
these curves and the beam di s t r i b u t i o n s . I t should be remembered, however, 
that these results are not completely general. They apply to conditions 
similar to those of the tests i n vrtilch they were obtained. B r i e f l y , the 
seeing distance i s that f o r an object about 1.5 f t . high, with a r e f l e c t i o n 
factor of 7 percent, seen on the nearside of a 20 - f t . road. This standard 
object i s a good deal l i g h t e r than the darkest clothins, which has a re­
f l e c t i o n factor of 2 percent or less, but i s of smaller size than the av­
erage pedestrian. The broken curves i n Figure 2 show t h a t , provided the 
r a t i o of i l l u m i n a t i o n I n t e n s i t y to glare i n t e n s i t y i s kept f i x e d , an i n ­
crease i n absolute magnitude produces only a small change i n seeing d i s ­
tance. I n Figure 3 the same results have been plotted i n a d i f f e r e n t way 
to show the r a t i o of Illumination i n t e n s i t y to glare I n t e n s i t y required to 
achieve a mLnimura seeing distance of any desired value. These curves are 
more useful f o r our purpose than Figure 2. 
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TYPICAL FEATURES OF BEAM DISTRIBUTION 

Figures U, 5» and 6 show the beam distributions from one lamp (^) of a 
B r i t i s h , an American, and a European meeting beam. Figure 4 also shows the 

HORIZONTAL 
RIGHT 

OiOSO 

I 8 0 0 0 

Figure 4 . Beam d i s t r i b u t i o n from one lamp of Lucas FF 700 system. Also 
SAE recommended practice for sealed-beam lamp. (Reversed 
from l e f t to right to s u i t B r i t i s h rule of road.) 

American i n t e n s i t y l i m i t s according to the sp e c i f i c a t i o n of the Society of 
Automotive Engineers, reversed from l e f t to ri g h t to f i t the B r i t i s h rule 
of the road. The or i g i n HS represents the hoirlzontal direction s t r a i g h t 
ahead through the lamp; other directions are given i n terms of t h e i r singu­
l a r displacement to offside and nearside or up and down. Objects on a 
straight road 150 f t . or more ahead of the vehicle are illuminated by i n ­
t e n s i t i e s v;hich l i e vdthin the region ABCD marked on the diagram; the i n ­
t e n s i t i e s causing dazzle are also found within t h i s region. I n t h i s part 

?alh (ollowid by 
obMTwn' cwi 

Horliontal 

O 2 
DECREES 

Figure 5. Beam d i s t r i b u t i o n from one lamp of the General E l e c t r i c Meet­
ing sjTstem (see Reference 5 ) . 

of the beam the i n t e n s i t y increases i n a downward direction. I n the B r i t ­
i s h or American lan^j i t increases towards the nearside also* I n the 
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European lempt which (unlike B r i t i s h or American lamps) dips v e r t i c a l l y 
domnrards vdthout deflecting to the nearside, the beam has a much smaller 
sideways r a t e o f change. The beam d i s t r i b u t i o n i n the region ABCD might be 
defined by stating the i n t e n s i t y 1^ at HS and the rate at vMch the inten­
s i t y increases downwards and to the nearside. Unfortunately the rate of 
change i s not constant, so f o r most ex i s t i n g beams a description of t h i s 
sort would be somevrtiat complicated. To sisspUSy the calculations, which 

Path followed 

Figure 6, Beam d i s t r i b u t i o n from one lanp of the Clbie meeting system 
(see Reference 5 ) . 

are desexlbed l a t e r , i t w i l l be assumed that the i n t e n s i t y i s increased i n 
a constant r a t i o f o r each degree downward or to the nearside. Vdth t h i s 
assumption the isocandela l i n e s of the beam d i s t r i b u t i o n become p a r a l l e l , 
s t r a i ^ t l i n e s as i n Figure 7 . These can be f i t t e d f a i r l y c l o sely to many 
existing patterns i n the region which we are considering, although they d i ­
verge elsewhere. The factors by which the i n t e n s i t y i s increased i n a d i s ­
placement of 1 deg. are denoted by for sideways and n2 for downward d i s ­
placements. The qucmtities n i and n2 w i l l be c a l l e d the cutoff factoid for 
side and top cutoff respectively. 

Cutoff f a c t o r s , as already mention­
ed, are not constant i n the important 
region of t y p i c a l B r i t i s h , European, 
or American meeting beams. Table 1 
shows t y p i c a l values of n2, and i t i s 
evident that the European laiqp has 
much higher values of n.2, i . e . , much 
sharper top cutoff than the others. 
Even i n the European lamp the highest 
values of n2 are not at the horizontal 
but a degree or so below. European 
lamps also d i f f e r from the others i n 
having a lower i n t e n s i t y at the hor i ­
zontal. 

Down 

Figure 7* Idealized beam pattern 
used i n calculations ( a c t u a l ex-
anqple shown here has n2 " 2,2 

1.17 3000cd). 
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TABLE 1 

VALUES OF THE TOP CDTOFF FACTOR AVERAGSD OVER 
RANGES OF 0.5 DEG. IN A VHinCAL PLANE STRAIGHT 

AHEAD OF THE LAMP 

• Below Hotlzontal Above horizontal 
1.0" to 0.5° 0.5° to 0° 0° to 0.5° 0.5° to 1.0° 

B r i t i s h 
American 
European 

2.5 2.4 
3.1 4.1 

11.9 6.1 

2.2 2.7 
2.3 1.6 
2.2 1.5 

AIM OF LAMPS 
Errors may be present i n both the horizontal and the v e r t i c a l aim of 

the beam. I t has been found i n f^gland that these errors follow f a i r l y 
c l o s ely the normal law of errors and that t h e i r magnitude can therefore be 
defined by means of the standard deviation CT . The standard deviations 
for horizontal and v e r t i c a l aim w i l l be denoted b y c T i andcr2 respective­
l y . A survey of several-hundred vehicles i n Great B r i t a i n showed recently 
(6) that c r ^ and 7̂"2 vrere of the order of 2 deg. for the older types of 
lamp and about 1 deg. for newer vehicles with f l u s h - f i t t i n g lamps. There­
fore, even on the new vehicles some 25 percent of lamps are aimed more than 
0.7 deg. too high and another 25 percent 0.7 deg.too low; 5 percent are more 
than 1.6 deg. too high and another 5 percent 1.6 deg. too low. V e r t i c a l 
misaim i s normally more important than horizontal misaim i n i t s e f f e c t on 
driver v i s i o n , because top cutoff i s sharper than side cutoff. A form of 
misaim which i s d i s t i n c t from that due to carelessness or neglect i s the 
change of t i l t produced by changes of load of the vehicle. This i s particu­
l a r l y important for trucks, which may t i l t upwards by as much as 3 deg. when 
being loaded. 

BRIEF OUTLINE OF THE GALCUUHONS 

Consider a pair of vehicles separated by a distance d on a road l i k e 
that used i n the t e s t s from, vihich Figure 2 and 3 were derived. I f the lamps 
are aimed so that one d r i v e r has j u s t reached the point where h i s seeing 
distance i s a minimam, then the i n t e n s i t y of illumination of the object must 
be related to the glare i n t e n s i t y i n the manner shown i n Figure 3 for a see­
ing distance d. The probability that the i n t e n s i t i e s would have any of 
these suitable values can be calculated from the geometry of the lajrout, 
the beam pattern, and the probabilities of the necessary amounts of misaini. 
Thus i t i s possible to c a l c u l a t e f o r any beam pattern the probability that 
the minimum seeing distance for one of the drivers i n a chance encounter 
should have the value d. But i t would be a tedious calculation for the ori-
cJinary beam pattern, and i t may be s i m p l i f i e d by adopting the sort of pat­
tern shown i n Figure 7. V/hen aiming i s poor the i n t e n s i t i e s with vfhich we 
are concerned may be derived from almost any part of the beam, but the bet­
ter the aiming the more they w i l l be r e s t r i c t e d . Since the main purpose of 
the paper i s to examine hovf f a r conditions may be improved by improvements 
i n the standard of aim, we may, without serious error, assume that the whole 
of the beam pattern possesses the c h a r a c t e r i s t i c s found i n the r e s t r i c t e d 
regions ABGD i n Figures 4, 5 and 6, i . e . , that i t has the simplified charac­
te r of Figure 7. 
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I t would be possible, i n the calculations, to allow for the f a c t that 
the beams encountered suffer from deterioration to vaurying degrees, but as 
t h i s would complicate the working, the only cases which have been evaluated 
are: (1) deteriorated lamps meeting deteriorated lamps, a l l of which have 
deteriorated to the same degree, and (2) deteriorated lamps meeting lamps 
vMch have not deteriorated. 

To carry out the calculations a given design of beam and a given stand­
ard of aiming are assumed, ( i . e . , values of l o , n i , na.cr i , andcJ" 2) and 
the data i n Figure 3. The f a c t that the curves of Figure 3 turn upwards 
rapidly at the low i n t e n s i t y end i s ignored; the curves are assumed p a r a l l e l 
to AB, and i n consequence, low i n t e n s i t i e s of illumination are assumed to 
be more effective than they r e a l l y are. I t i s then possible to calculate 
quite e a s i l y how often a minimum seeing distance f a l l s shoirt of any particu­
l a r value d, or how often the glare i n t e n s i t y or the r a t i o of illumination 
to glare exceeds any chosen value. 

I n the calculations on vftiich F i g ­
ures 8 to 12 are based, i t i s assum­
ed that, except for deteriorated 
lamps, the i n t e n s i t y straight ahead 
i n the horizontal i s 3,000 cd. This 
i s a typicaLL value f o r the beam from 
a new B r i t i s h double-dipper sjrstem 
and i s higher than American and much 
higher than European p r a c t i c e . Where 
side cutoff i s not zero, i t i s assum­
ed that the isocandela l i n e s are irv-
clined at a slope of 1 i n 5, as i n 
the B r i t i s h lamp. I t i s assumed 
that the lamps are mounted at a 
height of 2.5 f t . and that a t l e a s t 
1 f t . of the target must be i l l u m i ­
nated to the required l e v e l for i t 
to become v i s i b l e . 

/RESULTS OF CALCULATIONS 

The r e s u l t s of the calculations 
are shown i n Figures 8 to 12. A 
word of warning should be given as 
to the eocact meaning of the proba­
b i l i t i e s shown i n these figures. I n 
any encounter there are two drivers 
and, therefore, two minimum seeing 
distances, whose values are general­
l y d i f f e r e n t . The proba b i l i t i e s f o r 
minimum seeing distances given i n 
Figures 8, 9> and 10 are calculated 
on the basis of the number of see­
ing distances, not on the number 
of encounters. For example, cmrve 
A of Figure 8(a) shows that the 
probability of distances l e s s than 100 f t . i s 22 percent. I n 100 encounters 
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Figure 9» Relation between cutoff and misaim for given probability of 
given minimum seeing distance. 

there are 200 seeing distances and therefore A4 of these may be expected to 
be l e s s than 100 f t . A large seeing distance f o r one driver tends to be 
associated with a small one f o r his opponent, and these i(4 short distances 
represent j u s t under /t4 d i f f e r e n t encounters; so at l e a s t one driver has a 
minimum seeing distance of l e s s than 100 f t . i n about 40 encounters out of 
100. Thus, f o r encounters between s i m i l a r v e h i c l e s , the probability based 
on the number of encoxmters i s almost double the probability based on the 
number of seeing distances. Vi/hen the encounters are between unlike vehi­
cles , as i n the broken curves i n Figure 8 between vehicles with deteriorated 
lamps and vehicles with new lamps, the pro b a b i l i t i e s r e f e r to the seeing 
distances for one type of vehicle, and the probability i s the same irtiether 
based on the number of seeing distances or the number of encounters. Simi­
l a r remarks apply to the probability f o r glare I n t e n s i t i e s i n Figures U and 
12. 

The E f f e c t of Misaim on Seeing Distance 

The f u l l l i n e s i n Figure 8 show the probabilities for diffe r e n t values 
of the cutoff factors and d i f f e r e n t standards of aiming. Each curve crosses 
the l i n e denoting 5<>-percent probability at a distance irtiich i s the design 
distance for that l a n ^ , i . e , , i f a l l lamps were of the same design and cor­
r e c t l y aimed the minimum seeing distance would be the same for a l l and 
would have t h i s value. 

I n Figure 8 ( a ) , Curve A gives r e s u l t s for a lanp approximating c l o s e l y 
to the B r i t i s h lamp shown i n Figure h and for the s tandard of aim which ex­
i s t s on older cars i n B r i t a i n today ( C i = CXj = 2 deg.). Although the 
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design distance irorks out a t about 
150 f t . , 22 percent of distances 
(about 40 percent of encounters) are 
l e s s than 100 f t . 

Curves B, C, and D show the effect 
of sharpening the cutoff while r e ­
taining the same horizontal forward 
I n t e n s i t y . The design performance i s 
improved, but the probability of get­
t i n g seeing distances l e s s than 100 
f t . i s ottly slightOy affected, f a l l ­
ing from 22 percent to IB percent as 
n2 i s Increased from 2.2 ( B r i t i s h 
lasap) to 10 (maximum value f o r Euro­
pean lamps). The misaim i s so large 
that i t swamps the ef f e c t of the 
sharper cutoff at the low-performance 
end of the curves. At the high-
performance end there are, however, 
f a r mre cases I n which the seeing 
distance i s much greater, for eac-
ample, than 150 or 200 f t . ; so there 
i s an iii5)rovement, though not where 
i t i s presumably most important. 

Figures 8 (b) and 8(c) show the 
r e s u l t s obtained when the misaim i s 
reduced to one h a l f and then to one 
quarter of that assumed i n Figure 8 
( a ) . Design performance i s not af­
fected, i . e . , the curves s t i l l cross 
the 50-percent probability l i n e at 
the same values of d, but the prob­
a b i l i t y of distances l e s s than the 
design value i s reduced, and i n t h i s 

example, for instance, the probability of distances l e s s than 100 f t . i s 
greatly reduced. I f the standsurd deviation of aim could be reduced, as i n , 
Figure 8 ( c ) , to 0.5 deg., seeing distances l e s s than 120 f t . would not oc­
cur i n more than 5 percent of cases, i . e . , i n fewer than 10 percent of en­
counters with the present B r i t i s h lamp, A further improvement would be 
possible i f there were some sharpening of the cutoff. 

Another way of setting out the r e s u l t s , one which brings out more 
c l e a r l y the connection between design and standards of aiming, i s shown i n 
Figure 9. This shows what values of n2 and 0~2 ere required i n order that 
the probability of distances of 100, 150, or 200 f t . should be kept at some 
low f i g u r e . For example, i f seeing distances l e s s than 100 f t . are to form 
5 percent or l e s s of the t o t a l , then n2 a n d ^ 2 given by points on 
or to the l e f t of Curve A. I f ̂  2 <^eg., t h i s i s c l e a r l y impossible. 
I f cJ'2 j u s t exceeds 1,1 deg, i t becomes possible, but a sharp cutoff (n2 
greater than 8) i s required. I f (Tg i s l e s s than 1 deg,, i t i s possible 
to obtain the low probability with values of n2 as low as that for the 
B r i t i s h lamp, or even lower. 
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Figure 10. Probability of minimum 
seeing distance for lamps vfithout 
side cutoff. 
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Curve B f o r 150 f t * i s s i m i l a r but more demanding, both as regards aim 
and sharpness of cutoff. Curve C for 200 f t . c a l l s f o r a s t i l l sharper cut­
off and a standard of aiming so high that i n order to a t t a i n i t lamps on 
trucks would ce r t a i n l y have to be adjusted for changes of load, and i t might 
even be necessary to readjust the aim on cars accoirding to the number of 
passengers i n the back seat. Hie addition of one passenger t i l t s the av­
erage B r i t i s h car about 0.2 deg. 

Ef f e c t of Deterioration 

I t has been assumed I n calculating the res u l t s given by the f u l l l i n e s 
i n Figures-8 and 9 that the only differences between the beams on different 
vehicles were due to misaim. I n practice there would be differences due to 
deterioration and to the effect of manufacturing tolerances which allow 
quite considerable variations between beam and beam. Drivers whose lamps 
have deteriorated w i l l experience short seeing distances more frequently 
than the drivers we have j u s t been considering, whose l i g h t s , though mis-
aimed, are at l e a s t giving a nomsil output. Calculations have been made for 
lamps whose output i n any dire c t i o n i s only one quarter of the normal. I t 
i s assumed that these lamps suffer from misaim as before. The probability 
of minimum seeing distances for d r i v e r s using these lanqjs but meeting new 
lamps i s shown by broken l i n e s i n Figures 8 and 9. I t i s clear that for a 
seeing distance of 100 f t . the demands are f a i r l y severe and for 150 f t . 
well-nigh i n ^ s s i b l e , somevdiat s i m i l a r , i n f a c t , to the requirements f o r 
a seeing distance of 200 f t . with new lamps. 

A more-elaborate stuciy of the effect of mixing beams with various l e v ­
e l s of deterioration i s c l e a r l y reqtiired to give a true picture of the im­
portance of deterioration. The r e s u l t s j u s t quoted show, however, that a 
general deterioration to one qusirter of the i n i t i a l i n t e n s i t y w i l l very 
seriously handicap the user when meeting beams from undeteriorated lamps. 
I t i s i n t e r e s t i n g i n t h i s connection that the recommended SAE standard i s 
one h a l f of the i n i t i a l i n t e n s i t y . 

E f f e c t of Side Cutoff 

Figure ID gives the probabilities f o r beams which d i f f e r from those of 
Figure 8 ( f u l l l i n e s ) only i n having no side cutoff. The curves show that 
the side cutoff adopted i n the ideali z e d beam ( s i m i l a r to that of the B r i t ­
i s h lamp i n Figure 4) increases the seeing distance by about 20 f t . For 
sharper side cutoff (isocandela l i n e s sloping dovm more sharply) the i n ­
crease would have been l a r g e r . The i mprovement thus produced i n the v i s i ­
b i l i t y of objects on the nearside of the road may, however, be accompanied 
by a deterioration for objects more to the offside. I f side cutoff i s used 
i t should not extend much below the horizontal or the v i s i b i l i t y on the of f ­
side of the road w i l l be seriously reduced. 

I n t e n s i t i e s of Glare 

The discomfort caused by a headlight does not depend simply on the 
i n t e n s i t y of the beam, but i n t e n s i t y i s probably the most-important factor. 
Vftien the design of the meeting beam i s governed by regulation, i t i s usual 
to have an upper l i m i t to the i n t e n s i t y which can be directed into the eyes 
of approaching drivers. I t i s of i n t e r e s t , therefore, to find the effects 
of ndsalm and sharpness of cutoff on the i n t e n s i t i e s a c t u a l l y encountered. 
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Figure U , Relation between cutoff 
and misaim for 5-percent probabil­
i t y of glare exceeding l o , I ^ and 

Figures 11 ahd 12 give some re­
s u l t s for the simplified beam of F i g ­
ure 7, I t i s assumed, as before, that 
the horizontal i n t e n s i t y i s msdntain-
ed a t the fixed value 1^, while the 
sharpness of the cutoff i s varied. 
Figure 11 i s s i m i l a r to Figure 9 and 
shows the relationship between cut­
off and aim required to keep the 
pro b a b i l i t i e s at the 5-percent l e v e l . 
Curves have to be dravm fo r each sep-
eration of the vehicles and each 
l e v e l of glare. The glare l e v e l s 
chosen for Figure 11 and 12 are hor­
i z o n t a l i n t e n s i t y , 1^ and one t h i r d 
and three times t h i s i n t e n s i t y , i . e . , 

3 I, 0* 
1,000, 3,000 and 9t000 cd, according 
to Figure 7 . Uie glare i n t e n s i t y 
w i l l not exceed the chosen value i n 

more than 5 percent of cases, provided that the aim and cutoff are repre­
sented by a point on or to the l e f t of the appropriate curve. As with the 
curves for seeing distance, the probabilities are calculated on the number 
of glare i n t e n s i t i e s , which i s double the number of encounters, and the 
probability for encounters i s not 5 percent but almost 10 percent. 

I n Figure U , p r o b a b i l i t i e s for glare i n t e n s i t i e s exceeding 1^ are 
c l e a r l y independent of the cutoff, and f o r t h i s s p e c i a l case the general 
relationship between probability and standard of aiming i s given i n Figure 
12, The probability remains constant for t h i s p a r t i c u l a r value of glare, 
because i t i s being assumed that 1^ 
remains constant v ^ l e the cutoff 
i s changed. The misaim required to 
bring t h i s i n t e n s i t y to the driver's 
eyes remains constant and so, there­
fore, does the probability. Other 
assumptions might c l e a r l y be made; 
i n some countries, the United 
States for example, the i n t e n s i t i e s 
vrtiich are limited by l e g i s l a t i o n or 
agreement extend below the h o r i ­
zontal. Figures U and 12 may be 
used i n investigating such condi­
tions provided I _ i s then regarded 
as dependent on the cutoff factor 
'̂ 2* 

lOO 2 0 0 3 0 0 4 0 0 5 0 0 

PRODUa OF DISTANCE AND STANDARD DEVIATION 

Figure 12. Probability of glare i n ­
t e n s i t i e s exceeding the forward i n ­
t e n s i t y i n the horizontal I . 

I t i s an important question 
whether changes i n cutoff neces­
sary to achieve large seeing d i s ­
tances can be made without running 
into serious trouble from high i n t e n s i t i e s of glare. An improvement i n the 
standard of aiming makes i t l e s s l i k e l y that high glare i n t e n s i t i e s w i l l be 
encountered; the effect of sharpening the cutoff i s more complicated. I f 
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the cutoff i s made sharper, high i n t e n s i t i e s become more probable and low 
I n t e n s i t i e s l e s s probable; the i n t e n s i t y for which the probability remains 
unchanged i s , as we have already shown, the i n t e n s i t y which remains fixed 
while the cutoff i s varied, i , e , , i n our calculations the horizontal i n ­
t e n s i t y I q . a comparison of Figures 9 and 11 shows that to keep down i n ­
t e n s i t i e s exceeding 1V3 (1,000 cd.) to a probability of 5 percent at a d i s ­
tance of 200 f t , requires standards of aiming and sharpness of cutoff simi­
l a r to those required to achieve seeing distances of the same order with 
the same probability l e v e l . There i s , i n f a c t , a correspondence between the 
two diagrams irtiich may be expressed as follows: I f the cutoff and standard 
of aiming give probability p for seeing distances l e s s than d, then when 
the vehicles are separated by a distance d the probability for glare inten­
s i t i e s exceeding k l ^ i s also l e s s than p. The factor k i s a function of 
the separation and i s given i n the following table. For distances greater 
than 150 f t . i t i s l e s s than 0.3. 

d f t , 100 150 200 300 400 
k 0.7 0.3 0,125 0.02 0.004 

I t follows trm t h i s that i f as a r e s u l t of sharpening the cutoff and im­
proving the aim the performance of beams i s inqjroved as to seeing distance 
i t w i l l also be In^roved as to glare i n t e n s i t i e s . This suggests that apart 
from intermittent glare due to the pitching motion of vehicles comfort w i l l 
look a f t e r i t s e l f i f v i s i b i l i t y i s dealt with. I t i s the intermittent glare, 
therefore, which probably sets an ultimate l i m i t to the sharpness of cutoff 
that can be psed. 

CONCLUSIONS 

The effectiveness of a meeting beam should be Judged not by i t s per­
formance when correctly aimed and i n perfect condition but by the perform­
ances which w i l l be given by such beams i n act u a l use when subject to the 
inevitable effects of misaim and deterioration, A method of evaluating 
t h i s o v e r a l l performance i s given, based on the minimum seeing distance 
and the glare i n t e n s i t y . 

Judged i n t h i s way the performance of any given design depends on the 
standard of aiming and on the degree of deterioration which i s to be t o l ­
erated. Curves are given from which the effects of the various factors and 
the connections between them may be seen. 

An attejiqjt to increase the minimum direct-seeing distance at most en­
counters to much over I50 f t , for the standard te s t layout makes demands as 
to accuracy of aiming and sharpness of cutoff which i t w i l l be d i f f i c u l t to 
meet, es p e c i a l l y i f deterioration to a small f r a c t i o n of i n i t i a l i n t e n s i t i e s 
i s tolerated. The prospects of designing a beam •rthich w i l l e f f e c t anj con­
siderable inqjrovement are therefore small. 

The sharp cutoff, coupled with a high standard of aiming which i s re­
quired i f iii9)roved seeing distances are to be attained, i s not l i k e l y to 
give r i s e to high i n t e n s i t i e s of glare, except for intermittent glare due 
to the pitching motion of the vehicle, or at places, such as h i l l t o p s , vrtiere 
the slope of the road i s not constant. I f i t may be assumed that standards 
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of aiming can be greatly improved, then i t i s the intermittent dazzle due 
to the pitching motion -..hich probably sets a l i m i t to the sharpness of cut­
off which may be used. 
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GLARE from PASSING BEAMS of AUTOMOBILE HEADUGHTS 

Geoffrey Grime 
Road Research Laboratory 
Harmondsworth, Ehgland 

SYMOPSIS 

Measurements of glare i n t e n s i t y from the lower (dipped) 
beams of vehicle headlights were made at s i t e s i n Texas, Mary­
land, New Jersey, and i n the D i s t r i c t of Columbia i n the summer 
of 1952. The results show that i n the two states which had 
well-established vehicle-inspection procedures (New Jersey and 
the D i s t r i c t of Columbia), glare was s l i g h t l y l e s s than i n Mary­
land, v/hich had no inspection, and i n Texas where inspection had 
j u s t begun. At a l l places, a few very-badly adjusted headlamps 
were met. 

Although glare from Icmer beams was found to be reasonably 
low, the s i t u a t i o n as regards deterioration was l e s s s a t i s f a c ­
tory. 7/ith the help of the Bureau of Public Roads, measurements 
were made, at tv/o inspection stations i n V/ashington, of the max­
imum i n t e n s i t i e s of the country beams of vehicles as presented 
for inspection. I t was found that the l i g h t output of many lamps 
had deteriorated badly; but because the candlepower l i m i t a t i n ­
spections was so low, few of these deteriorated lamps were r e ­
jected. Combining these r e s u l t s with those of the glare survey 
i n Washington, rough calculations were made which indicated that, 
because of the large deterioration allowed, the distance a Wash­
ington driver can see when meeting another motorist at night i s , 
for mai\y such meetings, only a f r a c t i o n of what i t might be i f 
a l l lamps were maintained as new. 

Counts made on r u r a l roads i n Texas showed that 20 to 25 
percent of drivers met refused to dip (change to loiver beam). I t 
i s not knoivn whether the same high proportion i s met elsewhere, 
but i t appears probable that most of the glare nuisance i n the 
United States i s due to t h i s reluctance to use the lower beam. 

FOR some time past, research has been going on at the Road Research Labora­
tory, England, with p a r t i c u l a r reference to B r i t i s h conditions, to find 
ways of reducing dazzle (glare) and inqjroving v i s i b i l i t y when vehicles meet 
at night. One of the conclusions i s that an important f i r s t step might be 
to encourage or enforce i n B r i t a i n the use of a standard h e a d l i ^ t , such as 
the sealed beam now i n almost universal use i n the United States, I t i s 
therefore of i n t e r e s t to know how American headlights compare with B r i t i s h , 
p a r t i c u l a r l y as regards glare, V/hen the author v i s i t e d the United States 
i n 1952 as a Commonwealth Fund Fellow, the opportunity was taken to obtain 
American data with which to make the comparison. Measurements of the 
glare i n t e n s i t y from the lower beams of headlights were made i n a number of 
s t a t e s , and some information on the maximum i n t e n s i t y i n the upper beams 
was also collected. I t i s intended l a t e r to obtain comparable data i n 
B r i t a i n . This report describes the apparatus constructed for the American 
measurements and the r e s u l t s . 
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DATA OBTAINED: 

Measurements o f dazzle i n t e n s i t y , t h a t i s , o f the i n t e n s i t y d i r e c t e d 
towards the eyes o f a d r i v e r by the headlights of an oncomLng v e h i c l e , were 
made i n Texas, Maryland, iievr Jersey, and "Washington, D, C. New Jersey and 
the D i s t r i c t of Columbia have well-organized s t a t e - r u n v e h i c l e - i n s p e c t i o n 
s t a t i o n s , whereas lla r y l a n d has no i n s p e c t i o n and Texas has on l y j u s t s t a r t ­
ed a garage-operated scheme (1952), I f v e h i c l e - i n s p e c t i o n i s e f f e c t i v e , 
less g l a r e i s l i k e l y t o be found i n V/ashington and New Jersey than elsev/here; 
the measurements were expected t o give i n f b r n i a t i o n on t h i s matter. 

The measurements o f g l a r e i n ­
t e n s i t y were inade v.lth an S.E.I, 
photometer, f i t t e d w i t h the a t t a c h ­
ment shown i n Figure 1. The photom­
e t e r i s an instrument f o r measuring 
the luminance (brightness) of a sur­
face by matching i t v i s u a l l y w i t h a 
spot o f known br i g h t n e s s . The a t ­
tachment consists o f a l e n s . A, which 
i s d i r e c t e d towards the headlamp 
whose i n t e n s i t y i s t o be measured 
(see F i g . 2 ) . A d i f f u s i n g screen, B, 
placed some distance w i t h i n the f o ­
c a l l e n g t h o f the l e n s , receives a 
defocussed image o f the headlamp. 
The brightness o f t h i s image, which 
a t a given distance i s p r o p o r t i o n a l 
t o the i n t e n s i t y , i s measured w i t h 
the S.E.I, photometer, cuid from a 
c a l i b r a t i o n curve the i n t e n s i t y may 

be deduced. The distance o f the d i f f u s i n g screen from Lens A i s such t h a t , 
a t 300 f t . ( the usual viewing d i s t a n c e ) , the images o f the two headlamps 
overlap and a s i n g l e reading o f combined i n t e n s i t y can be made. F u l l e r de­
t a i l s o f the instrument and of the method of c a l i b r a t i o n are given i n t h e 
appendix. 

Figure 1. Glare meter. 

A l l t he observations vfere made 
from a s t a t i o n a r y car parked about 
350 f t . from a t r a f f i c l i g h t . The 
distance o f the v e h i c l e from the 
stop l i n e was measured vixth a 
"Rolatape", a r u b b e j v t i r e d wheel, 
2 f t . i n circumference, equipped 
w i t h a r e v o l u t i o n counter, and 
mounted a t the end o f a "lazy-
tongs" handle, so t h a t i t could be 
v;heeled along the road. P a r t i c u ­
l a r s o f the s i t e s are given i n 
Table 1 . 

Lenj C S.E.I photomttor 

Oiffutinq icreen B 

Figure 2 . Section o f the attachment 
t o the S.E.I, photometer. 

"The e f f e c t o f g l a r e , both as regards d i s a b i l i t y and d i s c o m f o r t , de­
pends more on the r a t i o of g l a r e i n t e n s i t y t o i n t e n s i t y d i r e c t e d towards 
the o b j e c t than on the absolute value of the g l a r e i n t e n s i t y , ( l ) a n d i t 



TABLE 1 vn 

Date Place 
Number 

of 
Obser­
vations 

Distance 
of 

Observer 

Street 
V/idth Viewing 

Angled Remarks 

13 and 14.5.52 
10.7.52 

Kilgore, Texas 
Kllgore, Texas 

54 
39 

f t . 
302 
316 

f t . 
40 
40 

deg. 
3 
4 

Level road 
Level road 

3.8.52 Washington, D.C. 
I Street and l6th 

59 348 36 2.8 i n one lane Slope of about 0.8° 
increasing the de­
pression of beams. 

4.8.52 
8.8.52 

I Street at IBth 
K Street at IBth 

30 
55 

350 
370 

36 
45 

As at l6th 
3.3 I n one lane 
4.6 i n one lane 

Level road 
Slope of about 0.7° 
decreasing depression 
of beams. 

14.8.52 L Street and 17th 36 330 About 
30 

1 One-way street: 
Level: room for one 
lane of tra f f i c only. 

15.8.52 Aberdeen 
Maryland 

20 333 42 3.6 
5.3 

i n one lane 
i n other lane 

Level road 

16.8.52 Frederick 
Maryland 

72 352 30 2.8 Level road: 
One line of cars 

17.8.52 Trenton 
New Jersey 

53 310 35 3.8 Level road: One 
line of cars: slight 
bend i n road. 

18.8.52 Trenton 
New Jersey 

53 388 37 4.6 Level road: only 
one lane visible 

*The viewing angle i s the angle between the longitudinal axis of the car being observed and a 
line from the observer to a point midway between the headlaii9>s. 
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would therefore have been desirable to have measured the i n t e n s i t i e s d i r e c t ­
ed along the road towards the object. This was not possible;instead, meas­
urements were made of the meiximiun candlepower of the upper beam, which might 
be expected to be proportional to the value sought, A large number of v a l ­
ues of the maximum candlepower of the upper beam were obtained for the auth­
or by the T r a f f i c Research Department of the Bureau of Public Roads, who 
recorded the r e s u l t s of routine inspection t e s t s at the t\io vehicle-inspec­
t i o n stations i n Washington, D. C. Thanks are due to the Bureau of Public 
Roads for permission to include the re s u l t s i n t h i s paper. The maximum 
candlepovrers of the upper beams Mere recorded for 1,200 cars and trucks by 
means of Kent-Moore "Robot" headlight-testing machines, Vftien i n use, the 
Robot i s placed i n front of the headlamps and a large lens inside the i n ­
strument gathers the l i g h t eind focusses i t on a photocell, A meter c a l i ­
brated to read d i r e c t l y i n candlepower i s connected to the c e l l . At Wash­
ington testing stations, the meters are calibrated frequently by means of 
a standard sealed-beam headlamp. An undesirable feature of the instrument 
i s that the candlepower scale i s nonlinear and^ d i f f i c u l t to read accurately 
at the upper end. 

RESULTS 
The results of the surveys are shown i n Figure 3, ^vhich comprises f i v e 

diagrams; the f i r s t three r e l a t e to conditions i n Washington, D. C , and llevi 
Jersey, where well-conducted vehicle-inspection programs are i n operation; 
the l a s t two refer to Maryland, v/hich has no inspection, and to Texas, where 
inspection by appointed garages had been i n progress for a few months only 
when the measurements were made. 

1 
a 

( a ) N E W J E R S E Y 
( T r > M o n ) 

fhmt 
2 0 0 0 4 0 0 0 

I N T E N S I T Y - C O n d l k u 

S O 

I -
(T 3 0 
u. 
° , n 
t 2 0 - 1 

2 10 

( » ) W A S H I N C T O N , 0 J C 

2 0 0 0 
INTENSmr - candcta i 

IcJot 

( c ) W A S H I N G T O N , D C (l a n d 17th. S i ) 

31 

I. flip n, 2000 4000 
I N T E N S I T Y - u n d t l o i 

S O 

2 4 0 

a 3 0 
u. 
O 
t 2 0 

W T E X A S 

( K , l , . r . ) 

2 0 0 0 4 0 0 0 
I N T E N S I T Y , c a n d t l o t 

g 3 0 | 

( • ) M A R Y L A N D 

( A b c r d t i . Fnitrltk) 

i 2600 4 0 0 0 
I N T E N S I T Y - C O n d c h i a 

Figure 3 . Glare i n t e n s i t i e s i n the United States: ( a ) , ( b ) , and ( c ) , 
states having inspection; (d) and ( e ) , no inspection (Maryland) 
or inspection j u s t started (Texas), 
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A l l the r e s u l t s show a low l e v e l of glare, the most frequently measured 
i n t e n s i t i e s at a l l s i t e s l y i n g between 400 and 600 candelas.* Even more im­
portant, perhaps, than the low l e v e l of glare i s the shape of the frequency 
dLagrara, with 60 or 70 percent of the readings concentrated between 400 and 
800 candelas. This suggests good aiming. 

A v i s u a l comparison of the diagrauns suggests that there was l e s s glare 
i n those states which had vehicle inspection than i n those which had no i n ­
spection, and t h i s indication i s confirmed by calculations which show that 
s i g n i f i c a n t l y more vehicles with dazzle i n t e n s i t i e s over 800 candelas were 
observed i n Maryland and Texas than i n New Jersey and Washington, D. C. The 
differences m i ^ t have been more e a s i l y detectable had i t been possible to 
measure a l l glare i n t e n s i t i e s £rom the same position i n r e l a t i o n to the 
axis of the vehicle; at many s i t e s , however, i t was uncertain irtiich of two 
lanes the vehicle urider observation was i n , and some scatter must have been 
introduced into the r e s u l t s because of t h i s f a c t . At the L Street s i t e , a 
one-way street i n Washington, D. C., the observations were a l l made on one 
lane of traffic from a position much nearer to that lane than was usual i n 
other t e s t s ; the results are therefore given separately i n Figure 3 ( c ) . 

Although the general l e v e l of dazzle i n the United States was found to 
be low, there was an appreciable proportion of badly adjusted headlights, 
even i n states having inspection; i n V/whington for example, 10 percent were 
over 1,000 candelas; i n Maryland, about 25 percent were over 1,000 candelas. 

Another feature of the r e s u l t s which should give r i s e to concern i s the 
extent of the deterioration of the i n t e n s i t i e s of the upper beams, which are 
an indication of the condition of the lamps as a whole. Figures for the max­
imum i n t e n s i t i e s of the upper beams, as measured i n V/ashington inspection 
stations by the procedure already described, are given i n Figure 4. I t w i l l 

be seen that i^ere was a considerable 
deterioration from the design candle-
powers of the upper beams (for a pair 
64,000 at 6.4 v o l t s , or probably 
about 52,000 for the t e s t conditions). 
Since these figures were obtained at 
inspection stations and since the re­
j e c t i o n l i m i t i n Washington i s low 
(5,000 candlepower for each lamp) the 
state of vehicle headlights i n use 
on the roads may well be worse than 
these figures suggest. Assuming them 
to be representative, hovjever, the 
effect of t h i s deterioration on the 
seeing distances of Washington motor­
i s t s has been roughly calculated, 
making use of the data i n Figures 
3(b) and 4, i n the following way. 
The glare i n t e n s i t i e s were assumed 
to be the same at a l l cJi stances and 
to be given by Figure 3(b); t h i s 
overestimates glare at the shorter 

Number it) umpta 158 

INTENSITY - condalo 
TSooo 

Figure 4. Maximum combined inten­
s i t i e s of two upper beams, measured 
at Washington, D. C., inspection 
stations. 

••"-The new international candle, v i r t u a l l y the same as the American standard 
candle.—Bd. 
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r Seeing distance for lamps 
correctly aimed and of 

correct intensity 

d i s t a n c e . The upper-beam maxLirmm candlepov/ers were assumed t o be as i n F i g ­
ure 4. Misaim o f the beam was neglected and the i n t e n s i t y d i r e c t e d along 
t h e road towards the ob j e c t t o be detected was der i v e d from Figure 4 by-
assuming t h a t i t vas a constant f r a c t i o n il/lO) o f the maximum i n t e n s i t y i n 
the upper beam. This f r a c t i o n was estimated from the isocandels diagrams 
f o r nevf lamps and t h e r e f o r e t h e procedure i m p l i e d t h a t d e t e r i o r a t i o n had not 
a f f e c t e d t h e beeLii p a t t e r n , a reasonable assumption f o r sealed h e a d l i g h t s , 
and t h a t t he r e l a t i v e i n t e n s i t i e s o f t h e upper and lower beams were as given 
by the design values f o r new lamps. This l a s t assumption may be in a c c u r a t e . 
Making these assumptions, rough c a l c u l a t i o n s of the r e s u l t i n g d i s t r i b u t i o n 
o f seeing distances v/ere made by a method r e c e n t l y developed a t the Road" Re­
search Laboratory, (.2) based on p r a c t i c a l measurements of seeing distances. 
The r e s u l t s are set out i n Figure 5. The meaning o f t h i s f i g u r e may be 

st a t e d i n the foUovdng way. I f a 
lai'ge number o f //ashington v e h i c l e s , 
picked a t random, meet a t n i g h t an 
equal number also randomly picked, 
and a l l v e h i c l e s use t h e i r lower 
beams, approximately 3 percent o f 
the d r i v e r s are l i k e l y t o have see­
i n g distances i n the range 0 t o 50 
f t . , 22 percent 50 t o 100 f t . , 64.5 
percent 100 t o 150 f t . , 10 percent 
150 t o 200 f t . , and 0 .5 percent 200 
t o 250 f t . To compare w i t h these 
f i g u r e s , i t has been c a l c u l a t e d t h a t 
i f a l l lainps had the candlepower they 
were designed t o produce, and were 
c o r r e c t l y aimed, a l l d r i v e r s would 
have a seeing distance o f 152 f t . 
Therefore, because o f d e t e r i o r a t i o n , 
one quarter o f the seeing distances 
are l e s s than two t h i r d s o f what they 
m i ^ t be, i f everything were p e r f e c t , 

and 10 percent are s l i g h t l y g r e a t e r . Considerable improvement might be ex­
pected t o r e s u l t from a t i g h t e r c o n t r o l on d e t e r i o r a t i o n , and i t also ap­
pears l i k e l y t h a t the causes o f d e t e r i o r a t i o n would repay i n v e s t i g a t i o n . 

The i n v e s t i g a t i o n s described i n t h i s note have shov/n t h a t g l a r e from 
the lower beams o f American vehicles i s s l i g h t , but i n the course o f the 
work i t was n o t i c e d t h a t many American d r i v e r s refused t o " d i p " t h e i r head­
l i g h t s (change t o Imer beam) or l e f t i t far too l a t e . Two counts, made on 
r u r a l roads i n Texas, shov/ed t h a t 20 t o 25 percent o f a l l d r i v e r s met kept 
t h e i r upper beams on, o r d i d not change u n t i l t h e y were very near. Unfor­
t u n a t e l y , no observations were made i n any other s t a t e s , and i t i s n o t 
known whether the same hi g h p r o p o r t i o n i s met elsewhere. Even i f the pro­
p o r t i o n i n other states i s lower, i t s t i l l seems l i k e l y t h a t most o f the 
dazzle nuisance i n the United States o f America i s due t o t h i s reluctance 
t o use t h e lovjer beam. This i s i n contrast t o the s i t u a t i o n i n Great B r i t ­
a i n v/here glare i s mainly due t o misaim and d e t e r i o r a t i o n , and only t o a 
minor extent t o r e f u s a l t o change t o loner beam (3 ) . 

100 200 
SEEING DISTANCE . 

400 

Figure 5. Calculated seeing d i s ­
tances f o r Washington, D. C. 
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APPENDIX 

The Glare Meter 

The g l a r e meter used f o r t h e measurements described i n t h i s paper was 
designed t o f u l f i l the need f o r a small p o r t a b l e instrument r e q u i r i n g no 
elaborate apparatus or e l e c t r i c a l s u p p l i e s , and capable o f being brought 
i n t o use q u i c k l y whenever a s u i t a b l e o p p o r t u n i t y occurred. The basis of 
t h e meter i s the S.E.I, v i s u a l photometer w i t h vMch the luminance ( b r i g h t ­
ness) o f a surface can be measured. The instriuaent c o n s i s t s o f a small 
telescope of u n i t m a g n i f i c a t i o n , which i s pointed a t th e o b j e c t . I n the 
center o f the f i e l d o f view i s a conqjarison spot, Trtiose brightness can be 
matched t o t h a t o f th e o b j e c t by a d j u s t i n g a c a l i b r a t e d r h e o s t a t f i t t e d 
v a th a l o g a r i t h m i c scale. At c o i q j a r a t i v e l y short distances the i n t e n s i t i e s 
of a headlamp or p a i r o f headlamps may r e a d i l y be determined w i t h an i n s t r u ­
ment o f t h i s type by using i t t o measure the luminance o f a white surface 
o f known luminance f a c t o r placed a t a known distance from the lamp o r lamps. 
I f the luminance f a c t o r o f the surface i s , and the measured luminance 
a t a distance i s a f o o t lamberts, then the i n t e n s i t y i n candelas i s 

C = ^ ^ 
For the purpose o f the i n v e s t i g a t i o n , however, t h i s sin^jle arrangement had 
t o be modified t o (1) provide increased s e n s i t i v i t y i n order t o be able t o 
measure small i n t e n s i t i e s and t o work a t l a r g e distances, and ( 2 ) screen 
o f f unvanted l i g h t from s t r e e t lamps and other h e a d l i g h t s . The way t h i s 
was done i s shov/n i n Figures 1 and 2. 

Lens A i n Figure 1 i s d i r e c t e d towards the lamp t o be measured and pro­
duces a rectang u l a r defocussed image on the d i f f u s i n g screen, B. Hie b r i g h t ­
ness o f t h i s image, as seen through the d i f f u s i n g screen, i s then measured 
w i t h the S.E.I* photometer, through a u x i l i a r y Lens C. Lens A has a f o c a l 
l e n g t h o f 2.75 i n . and i s f i t t e d w i t h a re c t a n g u l a r stop measuring 0.75 i n . 
by 0,375 i n . I t i s placed a t a distance o f 2,45 i n , from the d i f f u s i n g 
screen, on which i t produces a re c t a n g u l a r image about 0,08 i n . long; t h e 
luminance o f t h i s image i s found t o be about 40 times greater than t h a t o f 
a p e r f e c t l y d i f f u s i n g p l a t e i l l u m i n a t e d d i r e c t l y by the lamp being njeasured. 

The o p t i c a l components are mounted i n a stout cardboard tube, which 
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can be f i r m l y attached t o the S.E.I, photometer i n the manner shown i n F i g ­
ure 1. The tube i a d i v i d e d i n t o two p a r t s a t t h e paper screen, and i s pro­
vided w i t h s u i t a b l e i n t e r n a l b a f f l e s t o i n t e r c e p t s t r a y l i g h t . 

Before use, the cardboard tube i s adjusted so t h a t the comparison spot 
o f the photometer i s centered on the d i f f u s i n g screen which i s marked t o 
enable t h i s t o be done. This ensures t h a t the same pa r t o f the screen i s 
always used, x 

The g l a r e meter was g e n e r a l l y used at a d i s t a n c e o f about 350 f t , , and 
both lamps o f a v e h i c l e were measured a t once. This was r e a d i l y done, 
since a t distances greater than 250 f t . , the images o f the two h e a d l i g h t s 
overlap enough f o r a s i n g l e measurement of combined luminance t o be made. 
Reference t o a c a l i b r a t i o n curve f o r the appropriate distance then gives 
the i n t e n s i t y . 

The g l a r e meter was c a l i b r a t e d i n the United States w i t h a car head­
lamp, operated on i t s upper beam, as l i g h t source. A white p l a t e o f known 
luminance f a c t o r was set up a t 300 f t . from the la^mp and f i v e measurements 
of i t s luminance were made. Five measurements were then made w i t h the 
dazzle meter from e x a c t l y the same p o s i t i o n . This procedure was repeated 
from d i f f e r e n t p o s i t i o n s v/ith respect t o the axis o f the beam. I n t e n s i t i e s 
o f s e v e r a l thouseind candelas had t o be used i n t h i s method o f c a l i b r a t i o n , 
and i t had t h e disadvantage t h a t e x t r a p o l a t i o n o f the r e s u l t s had t o be 
made. 

I n a second method, by which another c a l i b r a t i o n was l a t e r made a t the 
Road Research Laboratory, a headlamp, whose l i g h t output could be v a r i e d 
over the range o f i n t e n s i t y encountered i n the g l a r e measurements, was viev;-
ed from a distance o f 300 f t . , and the readings were compared w i t h those o f 
a p h o t o e l e c t r i c l i g h t meter o f known c a l i b r a t i o n . The r e s u l t i n g c a l i b r a ­
t i o n curves were used f o r the analysis of the g l a r e r e s u l t s . They r e f e r t o 
tv/o headlamps and t h e r e f o r e i n c l u d e a c o r r e c t i o n t o take account of the im­
p e r f e c t d i f f u s i n g p r o p e r t i e s o f the paper screen, which r e s u l t i n the com­
bined reading being 10 percent l e s s than the sum o f the two readings taken 
separately. 

The stsmdjird e r r o r o f a s i n g l e reading o f the meter i s estimated t o 
be 10 percent. 
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