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ABSTRACT 

A low brightness photometer, 
and the calibration thereof, is described 
for the purpose of measuring the night 
visual ranges of light lock openings. 
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CHAPTER 1 

INTRODUCTION 

A light lock is a passage way between a lighted compartment and the 
exterior designed to permit personnel to pass through as readily as possible 
and to permit as little light as possible to pass out. The light emerging 
from the external opening of the light lock must be less than a certain value 
in order thnt the opening be invisible beyond a specified 11 safc11 distance, 
otherwise the light lock fails to fulfil its intended purpose. The maxi.mum. · 
distance thnt the opening can be seen at night is called the "visual range 11 • 

In the investigation of the design of light locks at this Laboratory in co­
operation with the Bureau of Ships a photometer was developed for the measure­
ment of the visual range of the light lock opening. This report describes the 
photometer and the calibration and manner of use of the photometer. 
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CHAPTER 2 

VISUAL RANGE PHOTOMETER 

Tho visual range photometer is the low brightness photometer des­
cribed by tho University of Rochcster1 with minor modifications. It employed 
a radio-active luminous button as a source of comparison illumination. The 
button obviated the use of a battery operated light and may be expected to 
hold its calibr2.tion for a year. A photograph of the photometer is shown in 
Plate 1. Tho photometer was arranGcd to cover the brightness range of about 
0 to 1500 milli-micro-lamberts (m.u .. L). It w2.s calibr.ated in the accepted man­
ner -by comparison with the illumination from a tungsten lamp at a temperature 
of 2360° Kol vin. 

The visual range of an illuminnted area at night depends mainly on 
the brightness~ shape ond size of the area, the brightness and color of the 
area and of tho background, the clearness of the atmosphere and the eye-sight 
of the observer. It was assumed that the area was the color of tungsten light, 
that .the background wns black and that the atmosphere was perfectly clear. 
The visual range in meters of a rectangle 2,5 cm wide and 10 cm long as a func­
tion of the brightne·ss of the rectangle against backgrounds of various bright­
nc s sos wn.s observed by the University of Rochoster2, N:ine observers vvere used; 
tho individual values are given in columns 2 to 10, Table 1, and the averages 

.. of these columns in column 11. The vnlucs of column 11 arc plotted in the 
curves of. Plnte 2. From these curves the visual ranges k of the 2. 5 x 10 cm 
rectangle were ree,d off fo'r several vnlucs of tnrgct brightness and 2.re tabu­
lated in Table 2. 

It is convenient to express the visual range in terms of the area 
of the illuminated target. In so doing the assump~ion is made that targets 
of the . srunc · area but different shapes are equally visible. The assumption 
1s true to a close approximation provided the shapes do not ,diffcr too ex­
tremely from squares or from .the rectangle of 1:4 aspect of the Rochester 
data. Then 1 

R KA2 (1) 

-vrhcre .R i_s : 1p ynrds, , A is in squnrc f o et ·ond K is in the third column of Table 2. 

- 1- -,- - --~ ~ - - - - - - - - - - - - - - - - - -
1; 1'Measurcmcn_ts ?f the brightness of the night sky11 , Institute of Optics, 

Univer.sity of Rochester. Project O~sr-265 of Section C-6, NDRC, about 
1942 (~ndated) •. . 

Q, "Visibility- of targets at low levels of illumin3.tion11 , Institute of Optics, 
University of' Rochester, Project OEMsr-160 of Section D-3, NDRC, about 

·1942 (undated). 
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K is the visual range of a target of area 1 square foot. It is rel2ted to k, 
the visual range in meters of a 2.5 x 10 cm rectangle, by 

1 
K = (1.0936/0.02692) k 

: 6.66 k 

where 1.0936 is the number of yards in a meter and 0.0269 s4uare feet is the 
area of a 2.5 x 10 cm recto.ngle. 

From the brightness calibration of the photometer and from Table 2 
the photometer scµle was laid off in values of K. A full sized drawing of the 
scale is shown in Plate 3. The photometer ·was then used to determine the 
night visun.l range of nn illuminated area ngainst a black background in the 
following way, 

Take the reading K when the photometer is adjusted 
to match the brightness of the illuminated area. 
The visual range in yards of the illuminated area 
is K times the square root of the area in square 
feet. 

For example, if the photometer reading was K = 125 for an area of 12 square 
feet, the visual range of the area was 

1 
125 X 122 433 yards. 

Suggested procedure. If the light lock is installed on a vessel 
which cannot be moved away from disturbing artificial illumination at night, 
build a light-tight room or tent, with interior surfaces black, over the open­
ing with sufficient space so that the observer can make observations from a 
distnnce of at least about 6 feet from the opening. With the illumination in 
the compartment turned on the observer makes 5 photometer readings each at 
about 6 points distributed over the opening. The average of these is the value 
of K which, together with the effective area of the opening in square feet, 
gives the visual range. 

If the vessel is at sea or in a place where there is no disturbing 
external artificial illumination the readings ·may be made in the open on any 
moonless night. In this case readings are taken without nny illumination in 
the compartment, their average (if different from zero) being subtracted from 
the Qverage of the readings taken with the compartment illuminated. 

It is scarcely necessary to remark that the observer must be com­
pletely dark adapted, which requires nearly an hour in the dark if he has 
been exposed to full daylight and about 30 minutes if he ha~ been in a nonnally 
lighted room. 

-3-
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CHAPTER 3 

VARIOUS DETAILS 

Accuracy of low brightness photometry. If the 11 safe 11 visual range 
that one is concerned ·with is, sny, 500 ye.rds and if one has light lock open­
ings of area 8, 12, 16 and 20 square feet, one has from Eq. {l} vnlucs of K 
177, 145, 125 and 111, and hence from Table 2 values of target brightness 185, 
125, 94 and 66 m~L, respectively. These are fairly low brightnesses; they 
are the brightnesses of a clear, starry, moonless, night sky. Thus one is 
concerned with the measurement of rather low brightness, and the visual method 
of measurement ·by means of the photometer of Plate 1 is not capable of yield­
ing a very high accuracy. However, it is the best portable photometer of the 
visual type known at the present time. No non-vi~al photometers suitable 
for the purpose exist; they could be developed, 1:ut not quickly or easily. 

Investigation in the laboratory of the photometer of Plate 1 with 
the K scale of Plate 2 used by 12 experienced observers and 6 inexperienced 
observers, all with normal eyes, gave the following results: 

(a) If a series of 5 readings are tal<en an individual reading 
may devinte from the averngc by 15 percent for an experienced ob­
server and by JO percent for an inexperienced observer. 

(b) An average of~ readings may be expected to be correct 
within±,1.0 percent for an experienced observer and±20 percent for 
an inexperienced observer. 

(c) After 3 or 4 periods of an hour in using the photometer 
an inexperienced observer may be said to be 11 expcrienced11 , provided 
he ha.s enough of the vague quality kno'Y-ln a.s 11 intelligence11 or 
11 commonsense 11 • 

(d) An observer must have normal ability to see in the dark, 
he must not be "night blind". Vlhether he is color blind or not makes 
no difference; whether he is 20 or 40 years old makes no difference . 

Since the possibility exists that sane observers can use the low 
brightness photometer more consistently than others, the suggestion has been 
made that a test plate be provided, for example, another luminous button, of 
known brightness which the observer can use to test his photometer reaclings. 
The suggestion has not been tried out, and it is not known whether the rug­
gestion is necessary or helpful. At any rate the suggestion i s not harmful. 

- 4-
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Accuracy of visual range. People differ in their ability to see in 
the dark. The University of Rochester data of the ~evoral observers given in 
Table 1 show this. The data of Table 1 were repeated in a number of cases at 
this Laboratory; the average values of the last column of Table 1 were con­
firmed for average good observers, and it was concluded that they refer in gen­
eral to observers with average good eye sight. At the same time a few observ­
ers were found with exceptionally good eye sight at night whose visual ranges 
were about 60 percent greater than the average values of Table 1 in some cases. 
At present there is no ex.a.ct information about the number of persons of exce~­
tionally good eye sight in a group of persons with good eyesight. The ques­
tion has been mentioned to the Medical Research Laboratory, Submarine Base, 
Now London, Connecticut. 

Accuracy of~ visual range to be expected from the photometry of 
the light lock. From the two proceeding paragraphs the accuracy to be expected 
in the value of the visual range R determined from the suggested procedure of 
Chapter 2 may be estimated. R is open to an error of± 10 percent due to error 
in the use of the photometer, and to ari error of about 60 percent due to an 
exceptionally keen sighted observer; the maxi.mum error being therefore 80 per­
cent . This means that if the value of R determined from the photometer cali­
brated in accordance with Table 2 was 500 yards, the actual value of R might 
be 450 to 550 yards to good observers and might be 900 yards to an exceptional 
observer. However, there are several reasons why the actual value is probably 
less than these estimates. The estimates refer to ideal quiet laboratory con­
ditions of total darkness of background and surroundings. Actual conditions 
in the open make for visual ranges loss than those of the laboratory, because 
of motion, weather and lack of total darkness. This last effect is brought 
out in Table 3, taken from Rcfer0nce 2. The Table shows., for example, that the 
target of brightness 166 mfAL has a visual rang0 of 25.7 meters if the back­
ground is black and a range of 12.6 meters if the background is of brightness 
17.8 ffiL\L. The brightness of the deck or sides of a dark colored ship was ob­
scrveito range from 10 to 30 mµL on moonless nights. 

I . 
It was concluded that the result obtained from the photometer was 

sufficiently conservative to yield a 11 safe11 visual range without inti,oducing 
any further safety factors. If one should contemplate further safety factors 
he might find that he had got himself to the point of permitting so little 
light to escape from the light lock that he was unable to:measure it . In such 
case he had better discard the photometer entirely and require merely that no 
light be permitted to escape. 

Openings of various shapes. Eq. (1) and Table 2 refer to the visual 
ranges of squares and of rectangles for which the ratio of width to length is 
less than 4. For areas of other shapes, as irregular, long thin rectangles, 
etc., the visual rcll1ges are in general equal to or less than, but not greater 
than, the ranges given by Eq. (1) and Table 2. 
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Effect of _g_ rn in the light lock, If the light lock is so con­
structed that a man in light colored clothes at certain positions in the lock 
diverts considerable light to the outside, he may increase the visual range 
in certain directions disastrously. 

Non-wiiform illumination of~ light lock. If the light lock 
opening has certain areas that are brighter than others Eq. (1) may be used 
to determine the visual range of the bright areas, or a weighted average 
value of K mD.y be used, No exe.ct formula has been worked out for the gen­
eral case of irregular illumination, 

Colored illumination. If the illumination of the compartment be­
hind the light lock is yellowish or greenish the photometer of Plate 1 with 
the calibration of Plate 3, which referred to tungsten light, may be used. 
If the illumination is highly colored, as red or blue, a special calibration 
must be worked out for the particular color, which may require a special 
photometer for each color. 

Effect of binoculars. Because of their magnification binoculars 
increase the visual r ;:,.nge of a luminous area and because of their light at­
tenuation they decrease the visual range. The effect of binoculars can be 
worked out from the curves of Plate 2, Consider 6 power binoculars of as­
sumed light transmission 60 percent used to view the 2,5 x 10 cm rectangle 
of brightness 100 m;A.L. From Plate 2 the unaided eye visual range of the 
rect~ngle is 19.3 meters. In the binoculars the brightness of the rectangle 
is 60 m,M L and the unaided eye range is, from Plate 2, 14, 5 meters. The 
binocular range is 9 x 14.5 = 87 meters, which is 87/19,3 = 4,5 times 
the unaided eye range. If the 40 percent of the light lost in the binocu­
lars is scattered over the field the binocular range is less than the 87 
meters just calculated, 
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Table 1. Visual rD.nge in meters of 2.5 x 10 cm 
rectangular target against black back-
ground, data of Reference 2. 

Target Visual range in meters 
brightness of observers~ to i 

mnL ...1L b _£_ d C 
'--- ..L JL .JL _L Average 

16.3 7 11 8 8 9 12 5 7 11 8.5 meter/5 
33.9 12 13 15 11 12 12 9 12 11.0 
74.1 16 16 20 16 17 14.5 14 12 16 16.4 

166 25 20 23 31 29 30 19 23 20 25.7 
339 44 33 33 40 42 39 27 40 36 37.2 
750 53 50 51 63 6.3 61 47 54 43 54.5 

1580 88 53 81 80 86 86 50 80 71 72.8 
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Table 2. Visual rnnge of 2.5 x 10 cm and of 
1 square foot target against black 
background. 

Target Visual range k Visual range K 
~ brightness of 2.2 x 10 cm of 1 S9!:are foot 

mr'"L 

16.3 8.5 meter~ 56 yards 
20 9.0 60 
30 10.5 70 
40 12.0 80 
50 13.2 88 

60 14.5 96 
70 15.8 105 
80 17.1 113 
90 18.2 121 

100 19.3 128 

110 20.3 135 
120 21.3 142 
130 22.3 148 
140 23.2 154 
150 24.1 160 

200 28.0 186 
250 31.7 211 
300 35.0 233 
400 40.6 270 
500 45.5 303 

600 49.4 328 
700 52.8 351 
800 56.0 373 
900 58.6 390 

1000 61.0 406 

1100 63.2 421 
1200 65.2 434 
1300 67.2 447 
1400 69.2 • 461 
1500 71.2 473 
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Table 3. Visunl range in meters of 2.5 x 10 cm 
rectangular target against various 
backgrounds, data of Reference 2. 

Target Visual range in meters for background 
brightness brightness from O to 100 m~ L 

mML _Q_ 1,78 17.8 31.6 56.2 100 m LJ.L 
i ' 
0 1.6 4.7 5.8 7.0 8.4 meters 

16.3 8.5 6.5 Oe5 3o0 5.0 6.8 
33.9 11.0 9.7 4.1 o.s . 3.0 5.6 
74.1 16.4 13.3 6.6 4.8 2.0 3.2 

166 25.7 21.2 12.6 10.1 7.3 3.9 
339 37.2 31.6 21.4 18.3 14.8 11.0 
750 54. 5 46.0 31,3 27.4 23.3 19.l 

1580 72.8 66.5 46.2 40.9 35.5 30.1 
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