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Patented Apr. 8, 1947 2,418,516 

UNITED STATES PATENT office 
2,48,516 

AMPLFER, 

Eric Lidow, Los Angeles, Calif., assignor to 
Selenium Corporation of America, Los Angeles 
15, Calif., a corporation of California, 
Application June 6, 1944, Serial No. 538,967 

(C. 250-415) 2 Claims. 

This invention relates to electric amplifiers. 
It is an object of this invention to provide an 

amplifier having a simple electrical circuit and 
utilizing elements of great mechanical strength 
and durability, substantially unlimited life, and 
Sna Size. 

It is known to utilize the characteristic curve of 
Various types of electrical devices to obtain am 
plification of an applied current, such for exam 
ple are amplifiers utilizing thermionic tubes, or 
saturating reactors. However, amplifiers of either 
of these types require considerable associated ap 
paratus. Thus, a thermionic tube amplifier re 
quires a Source of high potential as well as large 
heating currents, while a saturating reactor re 
quires a heavy winding and a substantial current 
Supply to obtain the necessary saturation of the 
cores. It is thus another object of this inven 
tion to provide an amplifier which is light, con 
pact and requires Only a small amount of asso 
ciated apparatus. 
Amplification of the output of devices having a 

low internal resistance presents difficulties due to 
the necessity of using an amplifying circuit also 
having a low resistance. This renders the use 
of conventional circuits employing thermionic 
tubes difficult. Photo-electric cells of the self 
generating type are examples of such devices, and 
the field of their application has been restricted 
due to the difficulty of amplifying their output. 
Thus, it is another object of this invention to 

provide an amplifier circuit having a low re 
sistance, and which is particularly adapted for 
amplifying the output of devices having a low in 
ternal resistance. 

It is another object of this invention to provide 
an amplifier which does not require any tubes or 
Saturating reactors. 

It is another object of this invention to provide 
an amplifier in which the elements producing am 
plification are current conductors having non 
linear voltage-current characteristics and cou 
pling means. 

It is another object of this invention to provide 
an improved and simplified amplifier capable of 
amplifying direct current. 

It is another object of this invention to provide 
an amplifier wherein a self-generating photo 
electric cell serves to provide the element having 
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to produce the activating potential for such ele 
ment. 

It is another object of this invention to provide 
an amplifier capable of a large current output. ?t 

It is another object of this invention to provide 
an amplifier which is unaffected by temperature 
changes, and thus has a substantially constant 
output throughout a wide range of temperatures. 

It is still another object of this invention to pro 
vide an amplifier which is capable of being con 
structed of very small size and light weight, so as 
to be readily portable. 

It is a still further object of this invention to 
provide an amplifier particularly adapted for use 
with so-called hearing aids, utilized by persons 
with impaired hearing faculties. 
This invention possesses many other advantages 

and has other objects which may be made more 
easily apparent from a consideration of several 
embodiments of the invention. For this purpose 
there are shown a number of forms in the draw 
ings accompanying and forming part of the pres 
ent specification. These forms will now be de 
scribed in detail, illustrating the general princi 
ples of the invention; but it is to be understood 
that this detailed description is not to be taken 
in a limiting Sense, Since the scope of the inven 
tion is best defined by the appended claims. 

In the drawings, 
Figure 1 is a diagram showing the circuit of One 

form of amplifier incorporating the invention; 
Figure 2 is a typical characteristic curve of a dry 

type element suitable for use in the amplifier cir 
cuit of Figure l; 

Figures 3 and 4 are respectively the voltage and 
current output curves of a self-generating photo 
electric cell; 

Figures 5 and 6 are diagrams showing modified 
forms of amplifier circuits; 

Figure 7 is a circuit diagram of a direct current 
amplifier incorporating the invention; 

Figure 8 is a diagram showing a pair of amplia 
fier circuits coupled in cascade for greater ampli 
fication; and 

Figure 9 is a modified form of cascade circuit. 
Amplifiers in accordance with this invention 

Contemplate the use in an appropriate circuit, 
of an element having as an inherent character 
istic, a high resistance and corresponding low 

a curved voltage-current characteristic as well as 50 current value up to a definite voltage, and a low 
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resistance and large current value above such 
voltage. Such an element may or may not have 
a backward resistance in excess of the forward 
resistance for a given voltage. Such elements 
are meant to include all structures known in the 
prior art and used as rectifiers, as well as non 
linear resistors with a voltage-current charac 
teristic wherein 

d). 

varies with the value of , in which is current 
passed by the resistor, and ) is voltage of the 
applied current. - 
Such an amplifier includes a source of current 

having a potential approximating the definite 
voltage above mentioned, but not in excess there 
of and arranged to be effective across the element, 
a source of activating potential arranged to be 
applied additionally across the element to trigger 
it or cause it to pass current, and an output cir 
cuit or load in which this passing current is ulti 
lized. It is obvious that in such an arrangement, 
the current acting on the load is a function of 
the activating potential, and the circuit can ac 
cordingly be used to amplify desired signals. 
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Thus, for example the source of activating poten 
tial can be a self-generating photo-electric cell, 
or it can be a microphone of appropriate type. 
Or such source can be, if desired, a conventional 
circuit utilizing thermionic tubes operating as a 
pre-amplifier. 

Referring to Figure of the drawings, an ele 
ment of the type just discussed is indicated at 
0. For example, such an element may comprise 

a selenium coated plate, and the curve of Figure 
2, is the forward resistance curve of such an ele 
ment as determined by actual measurement. 
Thus, referring to Figure 2, it will be seen that for 
an applied voltage of about four-tenths of a volt, 
the element will pass practically no current, while 
for a voltage of 0.75 volt the element will pass 
Over 250 milliamperes, and at one volt it will pass 
about 600 milliamperes. Such a curve may be 
considered typical, but the particular values de 
pend on the specifications to which the element 
is made. Other dry type elements may be used 
instead of a selenium coated plate. For example, 
a plate coated with copper oxide or cuprous oxide 
may be used. 
Elements of this class have a low resistance of 
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the order of 20 ohms per cm. of surface, and . 
an important advantage of utilizing them in the 
manner set forth is that for this reason, the ann 
plifier has a low overall resistance making it pos 
sible to utilize the amplifier with generators of 
minute currents which have a low internal re 
sistance, as for example microphones, self-gen 

- erating photo-electric cells, and the like. Thus, 
a self-generating photo-electric cell may be used 
to supply the activating voltage for the amplifier. 

Figures 3 and 4 show curves respectively illus 
trating the typical voltage and current output of 
a Selenium type photo-electric cell under different 
intensities of illumination. An inspection of 
these figures will show that for a relative'y small 
illumination, for example 00 foot candles, the 
cell will put out about 0.2 of a volt and about 800 
microamperes, a relatively large current, showing 
that the internal resistance of the cell is low. 
Such a voltage is sufficient to operate a conven 
tional amplifier using thermionic tubes, but the 
resistance of a circuit incorporating such tubes is 
high, so that when such a cell is coupled in the 
circuit for purposes of amplifying its output, the 
Output of the cell drops to practically zero due to 
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the low internal resistance of the cell. Thus, the 
cell will not operate the amplifier. However, by 
applying such voltage to a suitably biased dry 
type. element in a circuit having a low overall 
resistance, good results are obtained. Thus, if 
an element having a non-linear characteristic as 
illustrated in Figure 2 is connected to a source 
of current and biased to about 0.4 volt, Substance 
tially no current will pass, but if a small add 
tional voltage is applied, substantial current will 
flow. 

In the circuit of Figure 1, a source of energy 
of suitable voltage to bias the element 0 to the 

ind or critical point of its characteristic curve 
is indicated by and is connected by lead 2 
to one terminal 3 of a device 4 for supplying 
the activating or trigger voltage to the circuit. 
Such a device may be a photo-electric cell of the 
self-generating type, or other appropriate source 
of current. The other terminal 5 of the device 
4 is connected by lead 6 to one side of the ele 
ment O. The other side of the element O is 
connected to source by a return lead which 
is appropriately coupled to the Output circuit Or 
load 8. 
The Operation of the circuit should be obvious 

from the previous discussion. Woltage from 
source biases the dry type element O to the 
bend in its curve, and the additional activating 
voltage impressed on the element O by the de 
vice f4 causes the element to pass current from 
the source to the load 8 in accordance with 
the potential received from the device 4. As 
shown in Figure 1, a pulsating or alternating cur 
rent provides the operating current and the bi 
asing voltage for the element being supplied by 
one winding of an appropriate transformer 
20, the other winding of which is connected to 
a Source of current (not shown). Due to the fact 
that the current passed by the element is pull 
Sating, the load 8 may be connected to the am 
plifier by an output transformer 2, one winding 
of which is interposed in lead 7 of the amplifier 
circuit. However, the amplifier is not limited to 
pulsating current, but will function effectively 
with direct current, as will be presently discussed. 

it may be desirable to provide a source of cur 
rent having a potential less than the biasing 
voltage, and to provide a source of additional po 
tential cooperating therewith to furnish the bias 
ing voltage. Thus, in Figure 5 an amplifier cir 
cuit is shown which is identical with the circuit 
of Figure 1, except that a source of energy 22, 
which may be alternating or pulsating current, is 
provided and a separate source of additional po 
tential 23 is provided which is interposed in the 
circuit between the element 0 and source 22. 
Since the latter source 23 is not called upon to 
furnish any Substantial amount of current, it 
may be a battery. It is to be understood that the 
combined potentials of the current source 22 and 
the potential source 23 are such as to reach the 
critical point of the curve of the element fo, so 
that the element will be activated to pass cur 
rent by the additional voltage received from the 
device f4. Such a circuit has the important ad 
vantage of utilizing the energy received from 
Source 22 in a more efficient manner than the 
circuit of Figure . 
In some types of self-generating photo-electric 

cells, such as those with a selenium coated ele 
ment, the element has a non-linear characteris 
tic similar to that discussed for a selenium coat 
ed plate as well as the ability to serve as a source 
of activating current when illuminated. Thus, 
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it is possible to replace the element O and the 
device f4 of Figure 1 with such a cell as indicated 
by 24, in Figure 6, the source of current and bi 
asing voltage 20, and the output transformer 2 
being arranged as in Figure 1. The operation of 
this amplifier is substantially the same as that 
of the form of Figure 1. The voltage from the 
Source is such as to reach the bend of the 
characteristic curve of the selenium element in 
cell 24. When this cell is illuminated, additional 
Voltage is generated across this element, which 
combined with the biasing voltage from source 
lf, causes the cell to transmit current from the 
source to the output transformer 2, and in 
accordance with the amount of illumination ap 
plied to the cell. 

Figure 7 shows a circuit similar to Figure i 
but arranged for direct current amplification. 
Thus, the current may be supplied by any desired 
Source of direct current, such as a battery 25, 
arranged to supply a suitable voltage to the ele 
ment O. The current passed by the element to 
in response to activation by the device 4 may 
serve to energize the coil 26 of a relay 27 for con 
trolling a power circuit. Such an arrangement 
has important advantages, since it avoids the 
necessity of using a special sensitive relay capable 
of operation by the minute output of photo-elec 
tric cell, and without the need of an elaborate ann 
plifier. AS pointed out in connection. With Fig 
lure 6, the element to and the device 4 may be 
replaced by a Self-generating photo-electric cell. 
This arrangement would have great utility Where 
it is desired to control Substantial Sources of 
power by a light ray. 
Another import use of the circuit of Figure 7 

is in the amplification of currents of audio fre 
quency. Thus, by utilizing a microphone for the 
device 4 which is capable of impressing addi 
tional voltage on the element 0, and providing 
earphones or a speaker in place of relay 27, an 
audio amplifier is provided. Such an amplifier, 
due to the possibility of making it of Small size 
and light weight, would be very useful in hearing 
aids. 
A plurality of amplifier circuits of the type 

of Figures 1, 5 or 6 can be arranged in Cascade, 
if it is desired to obtain greater amplification 
than is possible with a single circuit. Thus, in 
Figure 8 a circuit 30 is shown which may be sub 
stantially identical with the circuit of Figure , 
including an element 0, an activating device 4, 
a source of pulsating energy and biasing Voltage 
ff, and output coupling means 3. This means 
3 may be a transformer, or it may be of Some 
other type of coupling, as capacitative coupling. 
The coupling means 3 Serves to couple circuit 

30 with a second amplifier circuit 32. Circuit 32 
includes a stack 33 comprising a plurality of dry 
type elements to connected in series, the number 
of elements in Stack 33 being chosen in accord 
ance With the output desired and the character 
istics of the coupling 3. Such a stack of ele 
ments 0 has a composite non-linear character 
istic, similar to that for a single element as shown 
in Figure 2, With the bend or critical point at 
a voltage corresponding to the critical voltage of 
a single element multiplied by the number of ele 
ments in the stack. 

Circuit 32 includes a source of electrical energy 
34, of appropriate voltage to bias stack 33 to its 
Critical point. Thus, additional voltage impressed 
On circuit 32 from circuit 30 in response to acti 
vation of the circuit 30 by device 4, will cause 
current to flow in circuit 32 for use in the output 
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circuit 35. With circuits arranged in this man 
ner, a large current can be readily built up and 
Controlled by a Self-generating photo-electric 
cell, microphone, or other device capable of pro 
ducing but a minute current. 
The source of energy 34 may supply either 

direct or alternating current. If both circuits 30 
and 32 are supplied with alternating or pulsating 
current, phasing means indicated at 36 for main 
taining the currents in phase may be provided in 
either circuit if necessary, such means being well 
known. 
AS previously mentioned, the source of activat 

ing potential 4 in any of the amplifier circuits, 
may be a conventional amplifier employing 
thernionic tubes. Or as shown in Figure 9, an 
amplifier 36 of any preferred type serving for 
example to amplify impulses received from a 
Source, as microphone 37, may be connected to 
an amplifier circuit such as circuit 32 of Figure 
8 employing a stack 33 of the elements 0, by 
coupling means 3. The circuit amplifies the 
output. from amplifier 36 in an obvious manner. 
An amplifier in accordance with the instant 

invention has important advantages. Thus, as 
Compared With a saturated reactor of similar 
Current handling capacity, such an amplifier is 
Very much lighter in Weight. For example, a 
Saturated current reactor of 10 ampere capacity 
Weighs about four pounds, while a suitable ele 
ment of similar capacity is obtainable whiri 
Weighs less than two ounces. Further, dry type 
elements capable of outputs of 1000 amperes are 
readily obtainable, making such amplifiers espe 
cially suitable for a large kilowatt output. 
Another feature of importance, particularly 

With regard to Such an amplifier employing sele 
nium coated plates, is that selenium has a nega 
tive temperature characteristic, the resistance of 
a selenium plate decreasing with increased tem 
perature. The associated elements in the ampli 
fier consist mainly of copper wire, relays and the 
like having positive temperature characteristics. 
Thus, under changing temperatures, the resist 
ance of the plate or element changes in such a 
Way as to at least partly offset the changes in 
resistance of the remainder of the circuit, so that 
the Overall resistance of the circuit is substan 
tially constant. This provides an amplifier which 
is to a large degree independent of temperature 
changes, an important advantage in applications 
in equipment, Such as aircraft, operating over a 
Wide range of temperature. 

Clain: 
1. In an electric amplifier, a dry type element 

having a curved characteristic and capable of 
passing substantial current only above a prede 
termined Voltage, means coupled to said element 
for applying a current to said element of sub 
stantially said predetermined voltage, a current 
generator responsive to energy received in the 
form of Wave motion, means coupling said gen 
erator and said element for applying current 
from said generator to said element whereby the 
Voltage across said element is increased sufi 
ciently to cause the element to pass current, and 
means in circuit With said element in which the 
Current acts. m 

2. In an amplifier, a dry type element capable 
of passing Substantial current only above a defi 
nite voltage and in accordance with the magni 
tude of Said Voltage, a source of direct current 
coupled to Said element and having a voltage sub 
stantially that at which said element passes cur 
rent, means responsive to energy received as wave 
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motion for generating an activating current, means coupling said generating means and said UNITED STATES PATENTS 
element for impressing said activating current Number Name Date 
on said element whereby said element passes cur- 1,546,504 Moorhead --------- July 21, 1925 
rent in accordance with the received energy, and 5 2,160,383 Kannenberg -------- May 30, 1939 
means in circuit with said element for converting 1,907,547 (ofte --------------- May 9, 1933 
Said passed current into wave motion. 1,415,748 Weintraub -------- May 9, 1922 

ERIC LIDOW. 2,360,233 Hussey ------------- Oct. 10, 1944 
2,119,189 Lundstrom --------- Oct. 22, 1940 
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