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To all whom it may concern: 
Beit known that I, WILLIAM.J. HAMMER, a 

citizen of the United States, residing in New 
York city, in the State of New York, have in 
yented certain new and useful Improvements 
1. (EE for Measuring Light, of which the following is a specification. 
My present invention relates to the art of 

measuring light, and particularly to an im 
proved apparatus for use in that art, by 
which lights may be compared without in 
troducing into the result the inaccuracies due 
to the physiological factor involved in em 
ploying the eye as a standard in the compari 
SO. . 

The inaccuracies of the methodnowin com 
mon use and above indicated are well known; in many cases differences amounting to as 
much as ten per cent. will exist between the 
estimates made by different observers with 
the best scientific means of comparison. 
Furthermore, the colors of the lights to be 
compared are of great importance, inasmuch 
sity of the effect produced upon the eye of an 
individual, but there is marked variation be: 
tween different persons in this respect; so 
that by some observers two lights of the same 
color may be compared with considerable 
accuracy, but a change in the color of the 
standard will render the determination 

In addition the practical lim 
possibility of maintaining a standard, light 
which will not vary from time to time with 
the pressure of the atmosphere and its spe 
cific composition at the place of test and with 
the purity of the materials used to produce 
the flame (a flame being usually employed 
for this purpose) affects the precision of com 
parison to a greater or less extent. 
The commonstandard of comparisonis the 

well known “pentane' lamp; the color of this 
standard is towards the red end of the spec 
trum, and to most eyes it shows decidedly 
pink. Hence when an attempt is made to 
compare a yellow incandescent lamp, for ex 

the standard, the results ob 
tained from different observers are often so 

has therefore become a practice to have a sin 
gle observer compare a number of incendes 
cent lamps with the selected standard with 
great care, so as to make them secondary 

standards, which, when burned at proper 
voltage will give for a considerable period a 55 
substantially unvarying light. Obviously, 
however, this introduces still further inaccu 
racies, since the lamps will, in spite of all pos 
sible care, differ among themselves, and com 
arisons made with them will necessarily dif- 60 
er by the personal equations of the different 
observers. In addition these equations vary 
in different ways with different persons, be 
ing dependent as already pointed out upon 
physiological factors such as the occular per- 65. 
ception of the individual, varying with 
fatigue and with physical condition, asis well 
understood. 
The difficulties above set forth, I obviate 

by employing the apparatus which I am now 70 
to describe, which consists inbrief of the com 
bination of means for causing the light to be measured to vary a physical quantity capa 
ble of accurate determination, and means for 
measuring the change in the quantity due to 75 
the action of the light. W a number of 
different ways may be employed, I prefer for 
the purpose named an electrical device or 
combination of electrical devices which cause 
an electric current to vary in accordance with 80 
the intensity of the light to be measured. 
The variations of electrical currents may be 
measured with great accuracy in terms of an 
absolute standard, and the measurements are 
not specifically affected by the personalequa- 85 
tions of the observers, so that the same re 
sults may (within an inconsiderable range of 
error) be obtained by different observers or 
by the same observer at different times 
To carry out the invention, therefore, 90 

cause an electric current, preferably small, to 
flow in a circuit comprising the source of cur 
rent, a measuring instrument and a circuit, 
a part of which at least, is composed of a 
substance responsive in its electrical condi 95 
tion to light; for this substance, the metal 
or element selenium, the resistance of which 
is considérable and also varies over wide 
limits in response to light, is the one which I 
have found E. adapted to the purposes of 100 
my invention. This materialis, so far as I 
know, the one which is most suitable; though 
some other materials vary, but to a less ex 
tent, and might be employed. 
The method of operation, which I believe 105 

to be broadly new, is not claimed herein, be 



O 

5 

20 

25 

30 

85 

40 

45 

50 

55 

80 

65 

f which may be closed by a slide F. 

2 

ing described and claimed in my application 
for Letters-Patent, Serial Number 341,426, 
filed October 31st, 1906. 
The accompanying drawings illustrate an 

embodiment of my invention. 
In these, Figure 1 is the electric device or 

combination which I have briefly indicated 
in Iny statement of invention. Figs. 2, 3 
and 4 show respectively a means of utilizing 
the variations of amplitude of sound-waves, 
and a modification thereof. 

In Fig. 1, A is the battery or other source 
of current which is to be measured and 
variations in which are taken as indicative 
of light intensities. The battery is arranged 
in circuit with a selenium cell B, which is 
preferably of that form in which the sele 
nium, after being coated upon a suitable con 
ducting Support, such as a coil of nickel 
Wire, is sealed in a tube of preferably as 
nearly perfect a vacuum as can be obtained, 
the ends of the conducting wire being passed 
through the glass by means of platinuin tips 
or otherwise; since the current is small and 
no great heat is evolved, platinuin is not 
necessarily used. C is a measuring instru 
ment, in the case illustrated a voltmeter, 
responsive to Small variations of pressure. 
I have not illustrated any current-controlling 
means, since obviously such devices may be 
employed as the expert may desire, and 
customarily the current will be regulated by 
the usual resistances and switches in ways 
well understood. Preferably the current 
through the cell should be of as low a value 
as can be conveniently maintained constant, 
for several reasons, one of which is that a 
large current evolves so much heat that the 
cell is subjected to alternate expansions and 
contractions which are detrimental; but the 
most important reason is that for very small 
currents a proportionately larger variation 
of voltage is caused by the action of the light 
upon the cell, rendering the device more 
sensitive and accurate. Upon a suitable 
table D, is arranged the lamp E, to be tested. 
At F, I have indicated a screen having a his 
practice it is preferable to place the sclenium 
cell in a light-tight box M (shown partly 
broken away) having free ventilation, so 
that the indications may not be affected by 
exterior light; and inasmuch as the effect to 
be observed is not detectable by examination 
of the cell, it is only necessary to open the 

The method of oper box at long intervals. 
ating the arrangement thus described is sub 
stantially as follows: A standard lamp of 
any desired construction, such as the pen 
tane lamp referred to in the previous descrip tion, is placed in proper position adjacent to 
the apparatus and lighted, being screened 
completely from the cell; a small current, 
preferably a small fraction of an ampere, is 
then caused to ?low in the circuit including 
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the cell, and after it has attained a steady 
value, the fall of potential around the cell is 
measured by the voltmeter. After this the 
light of the standard lamp is allowed to fall 
upon the cell, and the change in the resist 
ance of the circuit 
change in the drop) caused by the action of 
the light upon the selenium is measured and 
recorded; this then becomes a “constant' 
of the particular cell employed. After this, 
the light which is to be compared with the 
standard may have its specific effect upon 
the cell determined in substantially the 
same way. Obviously the indications of the 
cell for the first specimens constructed must 
be calibrated by comparison with the results 
obtained by photometers, since the measure 
ments of light now in use are purely arbitrary 
and of no relation to any definite physical 
quantity; but this relation having been once 
cstablished in the manner indicated may be 
indefinitely perpetuated by periodic com 
parisons of different cells to guard against 
change. 

In Figs. 2 and 3, Ishow a second means of 
practicing the method which I have indi 
cated. This consists of a siren-disk G of well 
known construction in which the rows of 
holes g g bear to each other certain definite 
relations, such as the notes of the scale. Op 
posite to, and rotating with this disk (the 
perforated disk being shown detached for 
clearness of illustration) is a disk H bearing 
upon its surface conductors coated with Se 
lenium, one for each of the rows of holes g. 
The ends of the conductor go to collector 
rings rotated with the shaft, the whole being 
driven at constant speed. In the circuit 
with the collector rings and source of current 
supply is a coil I, disposed so as to affect a 
tuning fork K. provided with a pointer k, the 
amplitude of vibration of which is recorded 
upon the revolving cylinder L, in the manner 
of a chronograph. The rows of holes in the 
siren-disk may conveniently be in the rela 
tion of the notes of the octave of a tempered 
Scale, and may each be provided with a simi 
lar tuning-fork, which at the normal rate of 
rotation will respond to its appropriate tone; 
these being all substantially like the fork K 
and arranged in a similar way, are not illus 
trated. Such an organization will enable 
the observer to conduct a number of tests at 
the same time, when desired. 
The apparatus thus described being 

brought up to normal speed, which should be 
maintained as nearly constant as Ple, the tuning-fork K will begin to vibrate as 
soon as the standard lamp is turned on, and 
the amplitude of its vibrations will be re 
corded upon the cylinder L; upon turning off 
the standard and turning on the lamp to be 
tested the amplitude of the fork's vibration 
will indicate the intensity of the lamp to be 
tested, relative to the standard. 

(as indicated by the 
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In Fig. 4, I indicate a construction which 
is cheaper and yet substantially effective. 

by its rotation. 

cell a certain electrolytic action between the 
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: A telephone N may be connected in cir 
cuit if desired, either directly or inductively; 
and the note of the fork will then sound in 
the ear of the observer; an operator with a 
proximation to a correct comparison by the 
relative intensities of the sounds produced 
by the two lights; this is, however, open 
(though in a less degree) to the objections 
pointed out with respect to visual photome 
ters. . . . 

In this figure the cells B are arranged upon a 
stationary support and the siren-disk alone 
rotates, cutting off and admitting the light 

Having now indicated the general outline 
of the apparatus which I prefer to use and 
which by anyone familiar with physical 
varied in detail without departing from my 
some of the precautions which I find it de 
sirable to employ in order to effect the meas 
urements to which I have referred with the 
greatest facility and precision. Obviously 
the invention will be employed although the 
arrangements which I am now about to in 
dicate should be omitted; but they add so 
greatly to the precision of the result that in 
most cases it will be preferable to employ 

I have already mentioned that the sele 
nium cell should be inclosed in a vacuum; 
the reason for this is that the selenium is 
hygroscopic and when damp there is in such a . 
selenium and its metallic support which gives 
rise to an electromotive force in the cell itself, 
making it to a certain extent a primary bat 
tery which may polarize, so that its E.M.F. 
varies between certain limits, thus rendering 
its determinations inaccurate by whatever 
amount of electric effect may be present. 
In addition the slight heating of the cell causes it to give out gases, changing its inter 
nal resistance and again affecting its E. M. F. 
These deleterious effects are wholly avoided 

50 

action of the 
55 

60 

this construction of selenium cell, except in 
65 

by inclosing the cell in a highly exhausted 
receiver and if in the course of this process a 
current be passed through the cell sufficient 
to heat it, at the same time continuing the 

FE it remains constant for a long period of time. I have also found it of 
advantage to make the inclosing tube for the 
selenium cell of fused quartz, which has the 
property of transmitting some rays which 
are very largely excluded by glass, and which 
have a considerable action upon the sele 
nium; this is, so far as I know, entirely new 
with me. I do not in this application claim 

combination with other instrumentalities, 
because it is described and claimed in my 

8 

parallel pending application Serial Number 
355,902, filed February 5th, 1907. 
. The second precaution which should be 
employed is to construct the supporting 
wire for the selenium of some material which 70 
is not readily attacked by the metal, such as 
nickel, platinum, iron or German silver; 
nickel being the cheapest non-oxidizable, or SSR, unoxidizable metal, is well 
adapted to the purpose. Brass and copper 
wire may also be used; but they are objec 
tionable because a selenite of copper is 

75 

formed between which and the copper a 
small E. M. F. may be generated, impairing 
the accuracy and durability of the cell. 
Another precaution which should be em 

ployed is to standardize the surface of emis 
sion of light so that the same extent of sur 
face of the standard and of the light-source 
to be measured will be exposed to the sele 
nium cell. One of the best methods of ac 
complishing this is to screen the selenium 
from the light and pass the portion of light 
to be measured through a tube the inner sur 
face of which is blackened, of a definite area 
of cross-section, such as one square milli 
meter, or in some cases one square centi 
meter, though in general the latter unit will 
be found somewhat large. Obviously, how 
ever, whatever, unit of surface be chosen 
should be the same for all of the lights which, 
are to be compared. Under some circum 
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stances, as where the average horizontal 
candle - power of a rotating lamp is to be 
taken, a larger surface of exposure may be 
found most convenient. 
The circuit in which the cellis interpolated 

should be of very high resistance, not only 
because this cuts down the current to a very 
small value, but because it tends to steady 
it and make it more responsive to the effects 
to be measured, while less liable to disturb 
ance from other causes. I have used for this 
purpose resistances as high as 10,000 ohms; 
and as the resistance of the selenium cell 
itself is very high, the total resistance in the 
circuit may be very large indeed. With a 
circuit of these characteristics, I have been 
by special apparatus enabled to start and 
stop large electrical machinery by passing 
my hand between the cell and the source of 
light. Also for somewhat similar reasons the volt-meter or galvanometer employed 
should be one of large resistance. 

There are other methods of employing 
measurable physical quantities for ER pur 
poses set out, and all of these which employ 
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the principles of my invention, I aim to 
cover by the claims in this and in 
application already referred to. 

aving thus described my invention, what 
I claim and wish to. 
of the United States is:- . . . ^ - 1. In a light-measuring apparatus, the 
combination of a source of light to be meas 

my other. 
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ured, means for causing the source of light to - 
Ryi quantity, and 

means for measuring the variation. 
2. In an apparatus for measuring light 

to vary the current flow in an electric circuit, 
and means for measuring the variation. 

3. In measuring apparatus for light, the 
combination of an electric circuit with a 
source of current therefor, a selenium cell 
interposed in the circuit, and means for 
measuring the variation of the electrical con 
(lition of the circuit caused by the action of a 
light to be measured upon the selenium cell. 

4. The combination, in a light-measuring 
apparatus, of a source of current, an electric 
circuit, a selenium cell interposed therein, a 
volt-meter connected to indicate changes in 
the electrical condition of the circuit, and 
means for admitting the light to be meas 
ured to the selenium cell or excluding it 
therefrom. 

5. In a light - measuring apparatus, the 
combination of a source of current and an 
electric circuit including a selenium cell, 
with a volt-meter connected around the cell 
so as to measure the drop therein. 

6. In a light - measuring apparatus, the 
combination of a source of current and an 
electric circuit, with a selenium cell included 
in the circuit; a volt-meter connected across 
the terminals of the cell, and means for ad 
mitting the light to the cell or excluding it 
therefrom. 

7. In a light - measuring apparatus, a 
source of current, a circuit composed in part 
of selenium, an electric measuring instrument 

40 
connected in the circuit, and means for caus 
ing the light to act upon the selenium at de 
sired times. 

8. In a light - measuring apparatus, a 
source of current, a circuit composed in part 
of selenium, an electric measuring instrument 
connected across the part of the circuit con 

means for causing the light to be measured 
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taining the selenium, and means for subject 
ing the selenium to the action of the light to 
be measured. 

9. In a light - measuring apparatus, a 
source of current, a circuit compósed in part 
of a substance the electrical properties of 
which are responsive to changes in illumina 
tion, means for measuring such responses, 
and means for admitting or excluding the 
light to be measured. 

10. In a light - measuring apparatus, a 
source of current, an electric circuit including 
selenium inclosed in a vacuum, an electric 
measuring instrument connected in the cir 
cuit, and means for causing the light to act 
upon the selenium at desired times. 

11. In a light - measuring apparatus, a 
source of current, an electric circuit including 
a cell composed in part of selenium inclosed 
in an exhausted receiver of quartz, an electric 
measuring instrument connected in the cir 
cuit, and means for causing the light to act 
upon the selenium at desired times. 

12. In a light - measuring apparatus, a 
source of current, an electric circuit com 
posed in part of selenium, the circuit being 
of high resistance, an electric measuring in 
strument connected in the circuit and means 
for causing the light to act upon the selenium 
at desired times. 

13. In a light - measuring apparatus, a 
source of current, a circuit composed in part 
of a substance the electrical properties of 
which are responsive to changes in illumina 
tion, means for measuring such response, and 
means for exposing the selenium to or shield 
ing it from definite similar surfaces of the 
light to be measured and a standard light. 
In witness whereof I have hereunto set my 

name in the presence of two witnesses. 
WILLIAM J. HAMMER. 

Witnesses:. 
IRVING M. OLRIEGHT, 
ANITA BURKE. 
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