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UNITED STATES 
1,552,679. 

PATENT office. 
coredEAEO), OET GEICAGO, ILLINOIS, A CORPORATION OF DELAWARE. 

BiofortsTiaIC DEVICE. 
Applicatiosa ated January 9, 1920. Seria No. 350407. 

To all whom it may concern: 
Be it known that I, VIRGIL C. CRTEs, a 

citizen of the United States, residing at Chi 
cago, in the county of Cook and State of 
Illinois, have invented a certain new and 
useful Improvement in Photometric De 
vices, of which the following is a full, clear, 
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concise, and exact descriptidh, reference 
being had to the accompanying, drawings, 
forming a part of this specification. 
My invention relates to photometride 

vices, together with means for the amplifica 
tion of variations in such devices. 
In my Patent No. 1,379,172, patented May 

24, 1921, I set forth a system including an 
electron discharge tube and a pair of photo 
electric cells so arranged that the current 
variations of one of said photo-electric ceil 
is amplified by the electron discharge tube. 
My present invention concerns itself with 
the provision of means to secure a Second 
amplification. 
My invention concerns itself with the 

amplification of the variations of an elec 
tron discharge tube by a second electron dis. 
charge tube in such mainer that the second 
electron discharge tube need not be brought 
into resonance with the first, 

I will explain one form which my inven 
tion may take more in detail by referring to 
the accompanying drawing illustrating dia 
grammatically a system arranged in ac 
cordance with my invention. 

Referring more particularly to the draw: 
ing, I show an electron 
having the filament 11, gid 12 and plate 8. 

. A suitable battery 14 serves to energize the 
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external circuit of the tube 10. 

minal of the battery 

filament, 11 thereby to place the tube 10 in 
condition for establishing an electronic 
stream such energizatic: being sufficient to 
bring about a saturated condition in said 
tube. A photo-electric ceili 5 ings one of its 
terminals connected to the grid 2 &nd its 
remaining terminal connected with a bat 
tery 16, whose free termiai is connected 
with a conductor 17 foining part of the 

This con 
ductor 17, as readily apparent from the ii. 
lustration, is connected to one terminal of 
the filament 11 and therefore to one ter 

14, it will be noted 
that the conductor is associate? with the 
negative terminai of the battery 4, the pois 

discharge tube 10. 

tery 16, the nega 
tive terminal of the battery 18 and the neg 
ative terminal of the battery 19. 
Although definite voltages are not abso 

iutely required, I have found in practice 
that in the particular arrangement of appa 
ratus with given particular size of photo 
electric cell and electron discharge tube, 
that I get good results if the voltage of the 
battery i4 is about six volts, the voltage of 

s 

itive terminal of the bat 

and twenty volts and the voltage of the bat 
tery 19 about three hundred and fifty volts. 
The external circuit of the electron dis 
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the batteries 16 and 18 each one hundred 

ci:ige tube 10 extends by way of the con 
ductor 17 through the battery 19, conduc 
tor 20, to a second electron discharge tube 
21, conductor 
tube 10. 

provide a second photo-electric cell 23 
which, as seen from the drawing, I connect 
to the electron discharge tube i0 in a man 
ner reverse to the connection of the photo 
electric cell 15. The photo-electric cell 23 
has certain apparatus which will be pres 
eatly explained whereby objects, such as the 
object 24, and which objects are of differ 
ent color or light effect, affect the photo electric cell 23 in proportion to their light 

22, back to the plate 13 of the 
O. 

5 

ing effect so that the electrical variations in said photo-electric cell 23 are in accordance 
with the color or other lighting effect of 
successive objects 24 that are placed within 
the range of the photo-electric cell 23. 

Cell 15 is unsensitized so that its charac 
teristics remain constant under the influ 
ence of the steady light source 25, while cell 
23 is sensitized so as to make it more sensi 
tive and more readily responsive to slight 

85 

O 

changes in light. It is therefore more deli 
cate. 

In one form of application of my in 
proved device, I have utilized it for deter inining the color of cigars placed within the 
range of the ceil 23, such a cigar being dia 
grainmatically indicated as the object 24in 
the drawing. | 
A screen 24 placed between the object . 

93. 

24 and the cell 23 is of suchgharacteristics . 
that it prevents the 60 cycle Hertzisnyaves. 
(due to the use of 60 cycle greatin, the 
laps 27 and 28) from influe 
ce 23, 

  



W. " 

A. lead shell 23° surrounds ali of the cells 
and tubes to prevent, their being influenced 
by external disturbances. . . e 
The photo-electric cell, 15 is under the in 

... is fluence of 3-gurce of light 25, which source 
of light receives its current from any suit 
able source of current such as indicated at 
26. The illumination of the objects 24 is 
rought about by, suitable sources of light 

is 2 and 28, also connected to the same source 
of current 26. I prefer to have the lamp or 
source of light 25 of two hundred and fifty 
voits and the lamps 2 and 28 of one hun 
dired and twenty-five volts each, if the pi'i. 

3.5 inary source of current 26 is a two hundred 
and fifty volt systern. The photo-electric 
cell 15 is designed for the purpose of con 
trolling the residual condition of the tube 
10, as will be presently explained. For this 

20 reason the photo-electric cell 15 is for a cer 
tain adjustment to be continually illumi 
rated by the lamp 25. 
Now it may be that there is a variation in 

... the impressed pressure from the source 26 
25, so that there would be variations in the lighting effect of the lamp 25. This might 
... iiid to impair the correctness of the varia 

tions of the system if it were not that the 
variations in lighting effect of the lamp 25 

30 will be the same as that, of the lamps 27 and 
38 so that if the lighting effect of the lamp 
25 is iowered, the lighting effect of the 
angs 2 and 28 upon the object, 24 is cor 
respondingly lowered so that the indica 

35.tions of the system are independent of any 
- normal variations in the source of pressure 

of the circuit supplied by the generator 26. 
The cell 5 which acts as a resistance has 

its light sensitive coating distilled and de 
40 posited on the silver coating which in turn 

has been distilled and deposited on the glass. 
After the disgilation has taken place the 
bulb is highly evacuated and fied to a very 
low pressure with an inert gas. The pres 

45 sure of the gas is so chosen that the tube will operate at the required voltage. 
The cel 28, which photometers the light, 

value of the cigar's is constructed much the 
same with the exception that after the dis 

50 tilation of the light sensitive material the 
bulb is highly evacuated and chemically 
pure hydrogen is introduced and a sufficient 
potential is applied across the terminals to 
cause a glow discharge to take place. Just 

55 what the action that, takes place in the tube 
really is, in the presence of the hydrogen, is 
not known. It is thought that a hydrate of 
the alkali metal is produced, or that the 
metal enters a coiloidal state. 

80 however in an interaction between the métat 
film and the gas which makes the cell very 
sensitive. - - - - 

have expialised the gerrera arrangement 
of the electrical connections of the various 

65 devices consisting the system. It will be 

it results 
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noted that the yariations in current flow of 
the cell 23, age suitably amplified by, the 
electrora distage tube 10 so that they are 
susceptible of secrate measurement. 

E, the operation of the system as thus 
consecked up, first connect into the cir 
cuit, he battery 14 go energize the filament 
11 and thereby establish a residual flow of 
current thiroagh Éire electron discharge tube 
and its external circuit, which as before ex 
olained includes the conductors 17, 20 and 
22. 
iaiyaps 25, 2 and 28, suitable switches 29, 
30 and 31 being provided for this purpose 
and for controlling the circuits through the 
photo-electric cells, then connect the pho 
to-electric cell 5 into the circuit E. SO 
adjust the current strength that there is no 
longer any residual flow through the elec 
tron discharge tube 10. This result may be 
brought about by varying the position of 
the plate 32 which controls the degree of 
openiag through the housing 33 surround 
ing the lamp 25. i then connect the photo 
electric celi. 23 into the circuit, and cause it 
to become operative by placing an object. 24 
within its optical range. 
The structure by virtue of which the 

iighting or color effect of the object 24 
alone influences the readings or actuations 
of the pletic cells 23 are more clear 

: then cause an illumination of the 
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ly set forth in my said co-pending applica 
tion, it being sufficient to indicate here that 
a photo-electric cell 23 is actuated by the 
airloint of light coining from the object 24. 
The variations in the photo-electric cell 

100 

23 actuate an indicating instrument 35, as 
Willi presently appear. The conductor 20 
which forms part of the external circuit of 
the tube 10 is connected to the grid 36 of 
the Second tube 21 and the conductor 22 is 

05 

connected to the filament, 3 of the same tube. 
A battery 38 energizes the filament 37. A 
plate 39 also forms part of the tube 21 and 
his is connected directly to the indicating 
instrungent 35, the external circuit of the 
said tube 2 extending then from the plate 39 
by way of conductor 40, indicating instru 
inent 35 conductor. 4i, battery 42, and con 
ductor 43 to the filament, 37. I prefer the 
tube 21 to be very highly evacuated and the 
battery 42 of Safficiently low potential that 
the primary or residualfio was evidenced in 
the neasil ring instrument 35 will hardly in 
dicate its presence. The battery 38 is pref. 
erably of about six volts and battery 42 is preferably of about fifty volts strength. 
The tube 21 is this connected into the cir 
cuit to allplify the electrical variations of 
the tube 10. It will be noted that the tube 
2 is directly connected with the external 
circuit of the tube 10, there being no trans 
foi'llier interposed between the two, and the 
cGilnection being such that it is not neces 
sary to bring the two tubes into resolance, 
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I find that the variations in the external 
circuit of the tube 21 relative to the varia 

O 

15 

tions in the tube 10 follow substantially a 
'straight line equation. This provides a very 
simple and effective method of giving us a straight line amplification and also provides 
a very simple and effective method of ob taining a multiple amplification without the 
necessity of bringing the various tubes into 
resonance. . 
From what has been thus described the 

nature of my invention will be readily ap 
parent, and it will also be apparent that my 
invention is not limited to the specific ar 
rangement as herein disclosed. . 

I claim the following:- 
1. A system of the character described, 

comprising an electron discharge tube hav. 
20 

ing a plate and a grid, a photo-electric cell 
connected to said tube whereby the varia 
tions of current in said cell are amplified 
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by said tube, a further photo-electric cell to 
control the residual electric cortition of said 
tube, said cells being reversely vulnected 
with said tube, and a second similar electron 
discharge tube directly connected into the 
circuit of said first afore aid electron dis charge tube, to thereby amplify the electrical 
variations of said first aforesaid tubehaving 
a plate and a grid, the plates of said tubes 
being connected together and the grids of 
said tubes being donnected together. 

2. A system of the character described, comprising an electron discharge tube hav 
ing a plate and a grid, a photo-electric cell 
connected to said tube whereby the varia 
tions of current in said cell are amplified by 
said tube, a further photo-electric cell to 
control the residual electric condition of 
said tube, and a second similar electron dis charge tube directly connected into the cir. 

cuit of said first aforesaid electron discharge 
tube to thereby amplify the electrical varia 
tions of said first aforesaid tube having a 
plate and a grid, the plates of said tubes 
being connected together and the grids of 
said tubes being connected together. 

3. A system of the character described, 
comprising an electron discharge tubehav 
ing a plate and a grid, a photo-electric cell 
connected to the grid of said tube, whereby 
the variations of current in said cell are 
amplified by said tube, and a second similar 
electron discharge, tube directly connected 
into the circuit of said first aforesaid elec 
tron discharge tube to thereby amplify the 
electrical variations of said first aforesaid 
tube having a plate and a grid, the plates ... 
of said tubes being connected together and 
the grids of said tubes being connected to 
gether, the plates of said tubes being uncon 
nected with the grids of said tubes. . 

4. A system of the character described, 
comprising an electron discharge tube hav 
ing a plate and a grid, means for energizing 
said tube, means for causing variations of 
the electrical conditions in said tube, and a 
second similar electron discharge tube di. 
rectly connected to the said first aforesaid. 
electron discharge tube to amplify the elec 70 
trical variations in said first aforesaid elec 
tron discharge tube having a plate and a 
grid, the plates of said tubes being con 
nected together and the grids of said tubes 
being connected together, the plates of said 
tubes being unconnected with the grids of 
said tubes. 

In witness whereof, I hereunto subscribe 
my 
A. D. 1919. 

VIRGIL C. CRITES. 

s 

name this 20th day of December, 


