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My invention relates generally to the art 

of translating variations of ionization effects 
into electrical impulses and in particular to 
the control of an impedance in accordance 
with ionization phenomena. -- 
The invention is based on the discovery 

that when an ion is initiated or excited with 
in certain substances of requisite thickness, 
notably dielectrics or other materials of low 
specific conductivity and further, when the 
substance is subjected to considerable elec 
trical stress, the medium through which the 
ion travels at high velocity gives rise to an 
augmentation of the number of charged par 
ticles. The accumulative action effects agen 
eral movement of ions toward one of the 
electrodes and results in a greatly magnified 
space current with abrupt reduction of im 
pedance to produce amplification of the im 
pulse originally exciting the single ion. The 
original impulse may be energy derived from 
any physical phenomenon such as light, heat, 
election bombardment or other electrical 
effects. 
The primary object of my invention is to . 

translate energy impulses into electrical un 
dulations. Another object is to provide an 
impedance, the magnitude of which changes 
in response to variations of an exciting 
force. Other objects and features will be ap 
parent as the specification is perused in con 
nection with the accompanying drawing 
which illustrates a preferred embodiment. 
In the figure, the impedance in question 

comprises a sheet or layer 1 of suitable ma 
terial interposed between electrodes 2-2. 
The material may comprise a coating of lin 
seed oil, solidified by baking or a thin layer 
of bakelite or other phenolic condensation 
product having thickness preferably below. 
10 mu or .01 mm. In case ionization is 
initiated by light impinging on the surface of 
the solidified mass, the latter should prefer 
ably include light sensitive material as sul 
phur in its natural state or salt previously 
activated by X-rays. This ingredient may 
be incorporated by way of admixture or con 
densation and may be uniformly distributed 
throughout the body. In order that the sen 
sitive product may be presented to the direct 

action of the rays, one of the erectrodes, the 
upper in the figure, preferably should be 
permeable to li ght, e.g. by beating gold, sil 
ver, or similar ductile metal verythin or as 
a coat formed integral with the dielectric by 
any of the well-known sputtering or bom 
bardment processes. The ionizing source is 
indicated at 5. 
The operation of the device described above 

will be apparent from a consideration of the 
following discussion. In practically all sub 
stances a number of free ions exist. These 
ions are also in constant motion. The aver 
age distance through which an ion travels be 
fore it collides with an atom or molecule of 
the Substance in which it occurs is called the 
mean free path of the ions in that substance. 
If a sufficient potential gradient exists 
through that substance an ion in falling 
through that potential gradient for a dis 
tance equal to its mean free path acquires suf 
ficient kinetic energy to ionize the atom or 
molecule with which it collides. If, however, the potential gradient is not sufficiently large 
no ionizing collisions will occur. When a 
sufficiently large potentialis impressed across 
a substance so that ionizing collisions do oc 
cur the number of charged particles liberated 
by accumulative ionization within the body 
due to each original free ion is in the ratio of 
2 to the exponent D/A where D is the thickness 
of the material between the point at which 
the free ion originates and the surface of the 
material to which it is attracted by the ioniz 
ing potential and A is the mean free path of 
the ion in the material. Thus it is apparent 
that if D is very large as compared with Athe 
number of charged particles created is quite 
enormous and would result in the passage 
of very large currents through the substance. 
If however D is merely several times larger 
than A, the number of charged particles creat 
ed bears a direct relation to the number of 
original free ions but is still within a reason 
able value. The number of free ions in the 
substances of low conductivity such as those 
with which the applicantis dealing is so small 
as to be practicably negligible. If, however, 
in accordance with the description above, Dis 
very large with respect to A, the number of 
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6 is impressed on that substance. 

2 

charged particles created even by this negli 
gible quantity of free ions is sufficient to 
cause very large currents to pass through the 
substance when anionizing potential gradient 

The pas 
sage of such large currents tends to destroy 
the insulating substance and is the reason 
why normally insulating substances break 
down when a sufficiently large potential is 

v impressed across them. If, however, the 
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V5 dielectric or poorly conducting material are 
the ordinary 

thickness is of the order of several times that 
of X, the number of charged particles liberat 
ed by accumulative ionization due to the pas 
sage of an originally free ion is of such a 
value that the current passing through the 
substance due to these particles is within a 
reasonable waiue. 
From the foregoing, it will be evident that 

when a wave of fit frequency passes 
through the translucent electrode and im 
pinges on the sensitive layer, there is created 
an action within the layer setting free one or 
more charged particles which are electrostati 
cally propelled toward the other electrode un 
der the influence of the voltage gradient es 
tablished by high potential source 3 (e. g. 
3000 to 5000 volts). For every ion dislodged 
in this manner, there is liberated by accumu 
lative ionization within the body, a large 
number of charged particles in the ratio of 
22 (two to the exponent D/A) where Disthe 
thickness of dielectric, and A is the mean free 
path of ions in the dielectric or material of 
low specific conductivity. Since the number 
of free ions within the dielectric itself is 
negligible, it will be seen that the number of 

title originating at the light 
sensitive layer are considerably greater than 
any free electrons which may exist within 
the dielectric. It is apparent that as the in 
tensity of light is varied, the magnitude of 
space current undergoes a change comment 
surate with said ratio, hence amplification of 
the light, wave variation is obtained in terms 
of current undulations which may be trans 
ferred through transformer 4 to a load cir 
cuit for any desired purpose. 
Obviously this invention offers marked ad 

vantages over photo-electric cells of the gas 
tube type. The device is much more rugged 
and far less subject to breakage. The light 
is not required to pass through a glass wall 
and is therefore not subjected to the absorp 
tive action of glass upon the light radiation, 
Ely of the shorter wave-lengths. The 
ight waves (or electrons) are incident direct 
ly upon the electrode and may even permeate 
the dielectric material at least through a part 
of its thickness thereby giving rise to cumu 
lative ionization which is far more effective 
to produce amplification than in the case of 

gas-tube cell. 
Various ways of forming the thin films of 

1,827,016 

described in my copending applications Seri 
all No. 65,262, filed October 28, 1925; Serial Nos.10953 and io92, filed ?ay 15, 1926; 
Serial Nos. 160,771160,772, filed January 12, 
1927 and Serial Nos. 168,448, 168,449 and 
168,450, filed February 15, 1927 which are in 
corporated herein by reference. 

I claim: 
1. A light sensitive electrical device com 

prising an insulating layer having a thick 
ness not greater than 10 mu, a photo-elec 
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trically active substance distributed through 
said insulating layer and a pair of electrodes 
supporting said layer, at feast one of said 
electrodes being transparent to light. 

2. In an electrical device, two electrodes 
spaced by an insulating medium whose thick 
ness is not greater than 10 mu and means 
associated with said insulating medium to 
liberate electrons by photo-electric action. 

3. An electrical apparatus comprising two 
metallic sheets, at least one of said sheets be 
ing transparent to light and a coating there 
between comprising an insulating condensa 
tion product impregnated with photo-elec 
tric material. 

4. An electrical device comprising two 
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metallic sheets, at least one of said sheets be 
ing transparent to light, and a layer of insu 
lating material having a thickness not great 
er than 10 mu and impregnated with photo 
electric substances. - 

5. A light sensitive electrical device, com 
prising an insulating layer having a thickness 
not greater than the order of several times the 
mean free path of ions in that layer, and 
means associated with said insulating layer 
to liberate electrons by photo-electric action. 

6. In an electrical device, two electrodes 
spaced by an insulating medium whose thick 
ness is not greater than the order of several 
times that of the mean free path of ions in 
that medium, means associated with said in 
sulating medium te liberate electrons by 
photoelectric action, and a source of potential 
impressed across said electrodes, said poten 
tial being sufficiently great to cause said elec trons E.g. ionizing collisions with atoms 
of said medium. 

7. A photo-cell, comprising a pair of elec 
trically conducting terminal layers having 
extended surfaces disposed adjacent to each 
other and separated from each other with an insulating junction layer of negligible thick 
ness, said insulating junction layer embody 
ing substance adapted to pass electrons from 
one conducting layer to the other under photo 
electric action, one of said conducting layers 
being transparent. 

8. A photo-cell, comprising a pair of elec 
trically conducting terminal layers having 
extended surfaces disposed adjacent to each 
other and separated from each other with an 
insulating junction layer of a thickness not 
greater 10 mu, said insulating junc-13' 
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tion layer embodying substance adapted to 
pass electrons from one conducting layer to 
the other under photo-electric action, one of 
said conducting layers being transparent, 

9. A photo-cell, comprising a pair of elec 
trically conducting terminal layers having 
extended surfaces disposed adjacent to each 
other and separated from each other with an 
insulating junction layer of negligible thick 
ness, one of said conducting layers bein 
transparent, and means associated with sai 
insulating junction layer to liberate elec 
trons by photo-electric action and pass a dis 
charge from one conducting layer to the 
other. 
Signed by me at Cambridge, Massachusetts 

this 7th day of June, 1927. 
ABRAHAM JOFFE. 


