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THE FLICKER PHOTOMETER. 

Almost any physical gquentity mey be measured by instruments, 

either directly or in such & manner es to sellow compariscns to 

be made without trusting to humen judgement. In the measurement 

of light, however, we still have to trust to certain processes 

of the mind which are very uncertain at times, since all measure- 

ments must be teken through the eye, which ie unable to determine 

the reletive power of two sources, elthough it can tell when they 

are equal. To help the eye judge when two illuminetione are equal, 

use is meade of photometers, which are merely arrangements of the 

sources to be compared so that, efter the eye has judged the illum~- 

inations to be equal, the relstive powers mey easily be found by 

applying fundementel laws to the reedings of the instrument. 

Where the lights from the two sources are of the same quality 

or spectral composition the relative powers mey be determined very 

accurately, but when the lights to be compared sre of different 

colors, es for instance an ordinary carbon lamp (yellow) and a 

tungsten Temp (white), the eye is unable to get consistent results, 

and the greater the color difference the less accurate are the re- 

sults obtained. 

Meny different theories have been advanced as to the resson 

for the inability of the eye to assign proper relative values to 

lights of different color composition - &ll agreeing that the cause 

is physiological rather then physical. Not only do we have the var- 

ious effects which are expleined by the theory of Von Kries as to 

the rod end cone structure of the retina, of which more will be 
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sald leter, but also the Purkinje effect, an apparent shift in 

the color composition with changes of intensity - the luminosi- 

ty curve shifting from red towards the vieclet as the illumina- 

tion is decreased. Recently Dr. Louis Bell found that when two 

lights of different colors were campared there was an apparent 

chenge in the color camposition, The experiments reported showed 

that the two contrasting colors when viewed simultaneously appear- 

ed to be spectrally separated greater than was actually the case. 

For exemple in comparing e red and a green, the former appears 

redder end the latter greener than they should. Such an apparent 

change in color composition would naturally be accompanied by an 

apparent change in intensity which would affect detrimentally any 

readings teken on an equality - of - brightness photameter but 

would heve no effect on the flicker photometer, since the contrast 

necessary for this effect is absent. 

With smell color differences, good results mey be obtelined with 

either type of photometer although the Lummer-Brodhun heed is gener- 

elly used. For a zero color difference the flicker photometer degen- 

erates into the equality - of -brightness type. A series of experi- 

ments by Mr. Ives showing that it was most sensitive when used in 

this menner. With a noticesble color difference the results obtain- 

ed on an equality type mey very 20% in successive readings and re- 

sults obtained one day will not agree with those. obteined on anoth- 

er day. Thie meskes it necessary in accurate work to teke the mean 

of many readings. When the flicker type is used the results of suc-~ 

cessive readings will usually sgree within 1 - 2% and are slways 

the seme. I made quite a number of experiments which seem to indi- 
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cete that the error was not increased with an incresse of color
 

difference. 

Another argument in favor of the flicker type could be found 

in the comparative readings of different observers. Persone whos
e 

results very widely on the equality type will get very closely 

the same thing when the flicker type is used. It was even claimed 

by same that the flicker type gave the seme results with a person 

who was color blind as with one of normal vision. The results of 

a great number of experimente by different pecple seem to indicate 

that thie is not true. 

The question naturally arises as to whether the flicker phot- 

ometer will give the same results as the equality type when the 

seme sources are compared by each. Whether the results agree or 

not end if not, the extent of thelr dissgreement will depend upon 

several factors: 

(1) 

(2) 

(3) 

The degree of color difference. With slight color differences 

the sgreement is very satisfactory, but with larger color dif- 

ferences the readings are consistently seperated. 

The conditions of the comparison. It ie evident that such de- 

tails a8 the sensitiveness of the instruments, care teken by 

the observer, etc. must affect the egreement. The intensity 

of illumination is importent bringing in the Purkinje effect 

et low velues when the equality type ie used and a reversed 

Purkinje effect with the flicker type. 

The portion of the Retina used, size of field, etc. according 

to the theory of Von Kries, by which we are eble to solve many 

of the problems of color-physiology,- though the theory is not 
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given the credence by physiologists now that was accorded 

it when first propcunded - the percepient structure of the 

retina involves two kinds of sensitive elements - the rods 

and cones. The rods are found in the greatest numbers in the 

peripheral region where there are few cones. In the central 

portion of clearest vision the cones slcne are present and 

in the intermediate zone both rode and cones are found. The 

rois can perceive light of insufficlent intensity to stimu-~ 

late the cones, but they appear to be a primetive type of 

sense organ as there is only one sensation whatever the color 

of the light falling on them. The cones on the other hand en- 

able one to see in a light bright enough to keep the rods in 

a state of exhaustion. They are also able to differentiate the 

the various colora. According to the Young-Helmholtz theory, 

there are three kinds of the cones specially sensitive to red, 

green, and violet respectively since all other colors are cep- 

able of being represented in terms of these three. If the the- 

ory of Von Kries is true, comparisons are not true if the pho- 

tometers do not use the same portions of the retina. In this 

connection Mr. Ives found that the results were affected by 

the size of the field and suggests thet a field of standard 

size be chosen, 

There have been quite a number of people who claimed that the 

flicker photometer did not measure the illumination as did the 

equality type. Mr. Ives in a series of articles in the Philosopi- 

cal Magazine during 1912 shows conclusively that the flicker pho- 

tometer, while not measuring the true illumination, measures it so 
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closely that it may be called the same. His experiments were so 

thorough and so carefully performed that there can hardly be any 

doubt of the accuracy of his conclusions. 

In order to obtain good results with the flicker photometer 

there are several factors which must be carefully watched, for in- 

stance: 

1. The dividing line between the two fields should be a line of 

zero width - such as is obtalned in the Lummer prism. If there 

is a visible line between the fields a certein frequency will 

be required to remove it alone regardless of color difference 

and illumination, which tends to meke the instrument less sens-— 

itive, 

The method of altering the speed of the flicker should be slm- 

ple and should cover a wide range. 

The correct speed must be used - just enough to eliminate 

the color flicker. The greater the color difference the high- 

er the speed required to fuse the colors. With no color dif- 

ference the best speed 1s Zero. 

Movements of the body, eye, or any surrounding objects should 

be avoided while meking the readings. The arrangement should 

be such that a setting cen be made with a minimum of effort. 

The flicker photometer must not be used with A. C. arcs, Moore 

tubes or any light source with an inherent flicker. 
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The Construction and Tests of a Flicker Photometer. 

An old Lummer-Brodhun head was converted into a flicker 

head by inserting into the sight tube a bushing which contained 

& small prism revolved by a small shunt motor. The speed of the 

motor was varied by changing the impressed voltage. When the 

Lumaner Prism is viewed thru the sight tube with the small prism 

revolving the effect is the same as if first one and then the 

other side of the Lummer Prism is seen alone, the light from the 

source to the eye being literally whirled around the dividing line 

of the fields, producing a flicker unless the two illuminations 

are equal. This is shown in drawings elsewhere. 

Five series of tests were made to determine the sensitiveness 

and accuracy of the above photometer. The first test was made with 

an ordinary Lummer-Brudhun head and using tinted lights. The test 

consisted in measuring the illumination of a red and a blue tinted 

light, separately and then together, the check being that the sum 

of the illuminations was equal to the illumination of the sum. The 

results were satisfactory when the mean of a large number of read- 

ings was taken, agreeing within about one or two per cent and with 

single readings off from two to five per cent (see table No. 1l.) 

The second series was a repetition of the first in method, 

but using the flicker head instead of the equality head. After the 

instrument had been adjusted, results were obtained which were very 

similar to those of the first series (see table No, 2 and compare 

with No. 1.) From the results of this test I would say that there 

wes little choice between the two types, 
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In the third series the real value of the flicker photom- 

ctor became apparent. In these tests deep colors of red, green 

and blue were first compared with another lamp to get their rela- 

tive power and then compared directly with each other as a check. 

The results, which were very satisfactory, showed that the color 

difference had little effect on the readings ~ the settings with 

red and green or with green and blue could be made just as quickly 

and sccurately with the flicker type as ordinary setiings on the 

equality type. This was the most valuable of all of the tests in 

point of results, showing as it did, very clearly, the accuracy 

of the flicker photometer on colors. (see table No. 3). 

With the intention of meking the fourth series of tests sup- 

plementary to the third, an attempt was made to use the equality 

photometer on colored lights. The results obtained were not at all 

satisfactory for settings mede at one time could not, as a rule, be 

duplicated and moreover did not check at any time. However, it is 

gaid that, with experience, good work may be done in this line. It 

would be interesting to compare the results obtained by an experi- 

enced operator on each type. Due no doubt to my lack of experience, 

the data taken in this series is not representative of anything 

and will not be included in the tables. 

In the fifth and last series of tests readings were taken to 

determine how closely the readings made on the two types checked 

with each other. Unfortunately this test could not be carried far 

enough to find out anything definite, although enough readings were 

taken to see that the agreement was some function of the color dif- 

ference, being good with small color difference and poor with large 
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color difference, This last series took me back into the fourth 

and brought up some new problems concerning my conception of 

equality of colors which might have been answered had not a fault 

been discovered in the flicker head. Only two seis of readings 

are included in the tables - that is enough to show how the read- 

ings ran. (see table 4.) 

From the foregoing study I would conclude that the equality 

type is best for tints, owing to the size of the field, but when 

the color is pronounced or even noticeable, the flicker type is 

best. While working on the fourth and fifth series of tests I 

wes able to see clearly what prompted Helmholtz to say that the 

best he could do in comparing two colors was to make one so bright 

that there was no doubt that it wes the brighter of the two. How- 

ever, think the flicker photometer has solved this problem and 

mekes the comparison of colored lights es simple as the compari- 

son of white lights, end in using it, if cere is taken to secure 

the factors of safety, the reedings will be setisfactory under eal- 

most all conditions of color and illumination. 
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Results of Testis. 

Table No. 1. 

Lummer-Brodhun head -red and blue tints 

set Dist.of stand, from 
Head - cms. 

Varietion Grestest 

Variation 
daa 

red blue combined ac b~ 
a b Cc 

a
 

40,70 41.2 29.2 1181 1175 
48.1 48.9 34.5 860 840 
41.2 40.5 29.05 1186 1199 
42.5 41,30 29.056 1140 1190 
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Colored light and heed stationery - 50 cms. apart. 

Table No. 2. 

Flicker head ~ red end blue tints (same eas above) 

a b [¢] 

38.7 41.7 28.0 1242 1275 2 
33.8 48,3 27.8 1302 1290 QC. 

) 48,9 51.0 30.3 800 8056 
38.8 41.1 £8.0 1263 1275 >
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In tables No. 1 and 2, esch set is the mean of ten readings 

Teble No. 3 

Flicker head -~ colors 

Distances given are of head from standard 

set Direct Indirect Varietion 
R G R R G R 

G G 

50.0 64,8 1.66 38.1 49.2 1.67 0 
0.2 50.61.67 50.0 65.4 1.71 2 
80.0 66,7 1.77 39.2 52.0 1.78 0 
50.0 68.7 "1.77 38.3 50.2 1.73 E 
50.0 66.4 1.76 39.8 53.0 1.78 1 
50.0 66.0 1.76 22.0 Bl.5 1.76 0.6 C
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The blue colored gless was found to be spotted in such a menner 

as to cause results gotten with it count for nothing, these re- 

sults will not be given, 
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Table No. 4. 

A comparison of readings teken on ssme lights - a tungsten and 

& carbon filement using each head. 
© 
= 

. oR i? = 2,37 Flicker head 

Fquality head 

Q
a
 

a
p
s
 

- (23-0) 2.27 

Varietion 4.3 

Using the derk colors: 

Red and white Blue and white 
e 2 

Flicker head R = (50.0) = 0.485 Bet 50) 
vo Bw w" sk = 0.404 

Equality head R = (50.0)% = 0.374 B._, 5045 
¥ 51.8 FS infy) "05D 
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M. Luckiesh 
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"The Flicker Photometer"” 

Electricel World, Nov. 25, 1909. 



Showing peth of light from sources to the eye. 



Showing deteile of the flicker arrangement with prisms and 

lens in place. 



Motor connections for varieble speed. 


