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This invention relates to amplifier circuits and 
more particularly to improvements in percent 
age change type amplifiers, 
By a "percentage change amplifier' is meant 

an amplifier in which if the input quantity, such 
as voltage, changes by a given percentage, the 
output will change by a greater percentage al 
though the absolute values of the output may 
be very much less than the absolute values of 
input. In other words, it is a non-linear am 
plifier, as contrasted with a linear amplifier in 
which the ratio of the input to the output is 
constant. 
The invention utilizes as its principal element 

a varistor which is a resistor having such a pro 
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nounced non-linear volt-ampere characteristic 
that practical use may be made of it. In par. 
ticular it uses a ceramic varistor made in accord 
ance with Patent 1,822,742, granted September 
8, 1931 on an application of K. B. McEachron 
and assigned to the assignee of the present ap 
plication. This material is manufactured by ap 
plicant's assignee under the name of Thyrite. 
The characteristic of this material is usually de 
fined by the fundamental equation r=C. In 
this equation I is the instantaneous value of cur 
rent through the resistor in amperes, r is its in 
stantaneous resistance in ohms, C is its resistance 
in ohms when the current through it is one am 
pere and this is determined principally by the , 
dimensions of the resistor, and a is an exponent 
whose value is determined by the controls used 
in the manufacture of the material. It is al 
ways less than 1 and is usually somewhere be 
tween 6 and 85. 

in accordance with the present invention there 
is provided an amplifier system in which in ef 
fect the exponent a is increased so as to ap 
proach the limiting value of unity, at which 
value the amplifier would have an infinite per 
centage change amplification. As varistors are 
rugged, static and stable devices and as Thyrite 
is substantially instantaneous in action, a per 
centage change amplifier utilizing the properties 
of such material will also be a rugged, fast, static 
and stable device. 
An object of the invention is to provide a new 

and improved amplifier system. 
Another object of the invention is to provide 

a high percentage change amplifier system which 
is rugged, fast, static and stable. 

he invention will be better understood from 
the following description taken in connection 
with the accompanying drawing and its scope 
will be pointed out in the appended claims, 
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In the drawing Fig. i. illustrates diagram 
matically a multi-stage embodiment of the in 
vention utilizing feed back and an auxiliary an 
plifier to produce increased percentage change 
amplification, Fig. 2 is similar to Fig.1 but does 
not have feed back, Fig. 3 is a modification 
utilizing transformers between stages which is 
particularly suitable for alternating-current ap 
plications, Fig. 4 is another modification suit 
able for direct current in which the stages of 
the amplifier are coupled through high-speed 
dynamo-electric amplifiers, Fig. 5 is a modifica 
tion in which separate terminals are provided for 
input power and the input signal, Fig. 6 is a 
modification of Fig. 5, and Fig. 7 is another 
modification of Fig. 5. 

Referring now to the drawing and more par 
ticularly to Fig. , the amplifier system is pro-. 
vided with a pair of main input terminals 
across which the input voltage E is impressed. 
Serially connected in a circuit across these input 
terminals is a non-linear resistor 2 and a sec 
ond resistor 3. The voltage across a part or all 
of the resistor 3 is the output voltage of the 
first stage of the amplifier and consequently 
the second stage input terminals will correspond 
to the first stage output terminals. The second 
stage is similar to the first and consists of an 
other non-linear resistor and a resistor 5 se 
rially connected in a circuit across the resistor 
3. Although only two stages have been shown, 
it will be obvious that as many similar stages 
as desired may be employed. The main output 
terminals are connected across the resistor 5 of 
the last stage. 

In order to improve the operation of the re 
sistor by either increasing its percentage change 
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amplification or by increasing the dutput voltage 
an auxiliary amplifier 6 of any suitable and 
well-known type may have its output terminals 
connected in circuit with resistors 2 and 3 and 
have its input terminals connected to respond 
to the voltage drop in resistor 3, and a similar 
amplifier may have its output terminals con 
nected in circuit with the resistors 4 and 5 and 
have its input terminals respond to the voltage 
drop across resistor 5. 

Resistors 2 and 4 are preferably of the type 
whose resistance current characteristic is defined 
by the previously-mentioned equation Ir=C. In 
Some cases it is more convenient to convert this 
equation into one which defines r in terms of 
I, a and C, this latter equation being r=CI. 
The Operation of Fig. 1 is as follows: Neglect 

ing for the time being the auxiliary feed back 
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2,890,773 3 
2 will also be communicated to the second and 
third stages so as further to increase the ampli 
fication. Input terminals may be considered 
those which receive a low power input control 
signal and input terminals 2 may be connected 5 
to a Source of relatively large power or these 
terminals may be interchanged so that 2 receives 
the control signal and terminals are energized 
by the Source of control power or both may re 
ceive variable control signals. O 
In Fig. 6 three different control signals may be 

mixed by applying one of them to terminals 
and the remaining two to terminals 23 and 24 
respectively, which latter two terminals are in 
the second and third stages. 15 

Fig. 7 is similar to Fig. 5 except that the re 
sistors 22 and 28 have been omitted so that varia 
tions in voltage between input terminals 2 are 
only applied directly in the circuit of the first 
stage which includes the non-linear resistor 2. 20 
While there have been shown and described 

particular embodiments of this invention, it will 
be obvious to those skilled in the art that various 
changes and modifications can be made therein 
without departing from the invention and, there- 25 
fore, it is aimed in the appended claims to COver 
all such changes and modifications as fall within 
the true spirit and scope of the invention. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 30 
1. In an amplifier system of the type having a 

source of variable voltage, a pair of output ter 
minals, and means for impressing a voltage across 
said output terminals which varies when the volt 
age of said source varies but by a much greater 35 
percentage, the combination of an impedance 
connected in circuit with said source of variable 
voltage, said impedance having a non-linear 
volt-ampere characteristic expressed by the 
equation 

1-a 1-() 
where I is the amperes through it, E is the volts 
across it, C is its ohmic impedance when carry 
-ing one ampere and a is less than , a linear in 
pedance connected in series with said non-linear 
impedance, the value of said linear impedance 
being so much smaller than the value of said non 
linear impedance that substantially all of the 
voltage of said source of variable voltage is across 
said non-linear impedance throughout the en 
tire range of variation of said voltage, a second 
non-linear imipedance similar to the first one, 
means for connecting said second non-linear in 
pedance in a circuit whose voltage is proportional 
to the current in the said linear impedance, 
a second linear impedance connected in Series 
with said second non-linear impedance, the value 
of said second linear impedance being so much 
smaller than the value of said second non-linear 
impedance that substantially all of the voltage 
of the first linear impedance is across said second non-linear impedance throughout the entire 
range of variation of said voltage, means for ob 
taining a voltage which is responsive to the cur 
rent in said second linear impedance, and means 
for impressing said last-mentioned voltage across to 
said output terminals. 

2. A simple, rugged, fast, static, stable high 
percentage change amplifier comprising, in con 
bination, a pair of input terminals, a pair of 

50 

SS 

volt-ampere characteristics are defined 
equation 

1. 
- I=() 

where I is the amperes through them, Eis the volt 
age across them, C their ohms with one ampere 
through them and a is between 0 and 1, means for 
connecting one of said varistors in a circuit across 
said input terminals, means including separate 
impedors in series with said varistors for devel 
oping Separate voltages proportional to the cur 
rent in each of said varistors respectively, said 
impedo's having ohmic values which are very 
much smaller than the ohmic values of said varis 
tors throughout the entire resistance variation 
range of the latter, and means for connecting 
said output terminals across the voltage develop 
ing means which is responsive to the current in 
another of said varistors, and means for connect 
ing said other varistor in a circuit which is re 
sponsive to the voltage developing means which 
is associated with the varistor which is connected 
in circuit with said input terminals, 

3. A multi-stage percentage change amplifier 
comprising, in combination, a pair of input ter 
minals, a pair of resistors connected in series be 
tween said terminals, one of said resistors having 
a non-linear volt-ampere characteristic which 
is defined by the equation 

-(E) 
where I is the amperes through it, E is the volts 
across it, C is its ohms. With one ampere through 
it, and a is more than 0 and less than 1, a second 
pair of resistors connected in series across the 

by the 

40 other resistor of the first pair, one of the resistors 
of the second pair also having a non-linear volt 
ampere characteristic which is defined by the 
equation 

-- 
- I=(2) 

and a pair of Output terminals connected to be 
responsive to the voltage across the other of the 
resistors of the second pair, said other resistors 
being linear and having ohmic values which are 
very much less than the ohmic values of Said 
non-linear resistors throughout the entire re 
sistance variation range of the latter. 

4. A multi-stage percentage change amplifier 
comprising, in combination, a pair of input ter 
minals, a pair of resistors connected in Series 
between said terminals, one of said resistors hav 
ing a non-linear volt-ampere characteristic 
which is defined by the equation 

1-(5) 
where I is the amperes through it, E is the volts 
across it, C is its ohms with One ampere through 
it, and a is more than 0 and less than 1, a second 
pair of resistors connected in series across the 
other resistor of the first pair, one of the resistors 
of the second pair also having a non-lit ear volt 
ampere characteristic which is defined by the equation 

-- 
1 1-(5) 

output terminals, a plurality of varistors whose 76 and a pair of output terminals connected to be 
r 



4. 2,330??8 
responsive to the voltage across the othes of the 
resistors of the second pair, said other resistgats 
having ohinic Values whic, 33'e Wey Eich less 
than the ohmic values of S&id nor-le3: Se 
sistors throughout the entire resistance wagiatio 
range of the latter, at least, one os said other re 
sistors having a positive resist&nce current chaia 
acteristic. 

5. A multi-stage percentage change arrapifer 
comprising, in combination, a pair of it get ter 
minals, a pair of resistors connected in series 
between said terminals, one of said resistors hav 
ing a non-linear volt-ampere characteristic 
which is defined by the equation 

-(5) 
where I is the amperes through it, E is the volts 
acroSS it, C is its ohms with one ampere through 
it, and a is more than 0 and less than 1, the value 
of the other of said resistors being so much small 
er than the value of said non-linear resistor that 
substantially all of the voltage between said in 
put terminals is across said non-linear resistor 
throughout the entire range of variation of said 
voltage, a second pair of resistors connected in 
series across the other resistor of the first pair, 
One of the resistors of the second pair also having 
a non-linear volt-ampere characteristic which is 
defined by the equation 

1-(5) 
the value of the other resistor of the second pair 
of resistors being so much smaller than the value 
of the non-linear resistor of the second pair that 
substantially all of the voltage across the other 
resistor of the first pair is across the non-linear 
resistor of the second pair, a pair of output termi 
nals connected to be responsive to the voltage 
across the other of the resistors of the second 
pair, and means for boosting the voltage across 
said output terminals. 

6. A multi-stage non-linear amplifier com 
prising, in combination, a plurality of voltage 
step-up transformers in which the primary wind 
ing of each one except the first is connected in 
circuit with the secondary winding of a different 

. One, an equal number of resistors each having a 
volt-ampere characteristic defined by the equa 
tion 

-- 
--a I=(£) 

where I is the amperes through it, E is the volts 
across it, C is its ohms at one ampere and a is 
more than 0 and less than 1, said resistors being 
connected respectively in series circuit relation 
with the secondary windings of all but the last of 
said transformers, and a pair of output terminals 
connected to the secondary winding of the last 
transformer. 7. A percentage change amplifying system 
comprising, in combination, a pair of main am 
plifier input terminals, a pair of resistors, an 
auxiliary linear amplifier having an amplifica 
tion ratio M, said resistors and the output of said 
auxiliary amplifier being connected in series be 
tween said main input terminals, one of Said re 
sistors having a current dependent ohmic value 
equal to CI - where C is its ohms at one ampere 
through it, I is the amperes through it and a is 
greater than 0 and less than 1, the other of said 
resistors having a substantially constant oilmic 
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Waltze R, and 3. pals of main araplifier outfit, eE 
Elias, Said 3:22:12 afplifier output tennigals & Ad 
A0 is 32t of Said; auxiliary amplifier being COE 

Elected to respond to the voltage drop across gai 
other resistor, the total impedance between Seid 
main a plier input terminals exclusive of said 
current dependent, resistance being 2, 

ME-2 
C 

being substantially equal to 
-a. 
I 

8. In combination, a pair of input terminals, 
a pair of output terminals, a plurality of non-in 
ear resistors which have a volt-ampere charac 
teristic defined by the equation 

where I is the amperes through it, E is the volts 
across it, C is its ohms with one ampere through 
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it and a is more than 0 and less than 1, and means 
including a plurality of linear resistors whose 
ohmic values are very much smaller than the 
ohmic values of said non-linear resistors 
throughout the entire resistance variation range 
of the latter for connecting said non-linear re 
Sistors between said pairs of terminals in Cascade 
circuit relationship so that the voltage across 
the pair of output terminals will vary as the 

()" 
power of the per unit value of the voltage across 
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the pair of input terminals where n is the number 
of cascaded steps. 

9. An amplifier having a stage comprising, an 
input circuit and an output circuit, an amplidyne. 
generator having an armature connected in said 
output circuit, a non-linear resistor having an 
ohmic value equal to CI - where C is its ohms at 
One ampere through it, I is the amperes through 
it and a is greater than zero and less than 1, and 
a control field winding for said amplidyne gen 
erator, said resistor and control field winding 
being connected in series circuit relation in said 
input circuit, the resistance of said control field 
winding being So much smaller than the resist 
ance of said non-linear resistor that substan 
tially all the voltage of the input circuit is across 
Said non-linear resistor. 

10. An amplifier having a stage comprising, an 
input circuit and an Output circuit, an amplidyne 
generator having an armature connected in said 
output circuit and a control field winding con 
nected in Said input circuit, and a non-linear re 
sistor whose ohmic value decreases with increases . 
in current through it connected in Said input 
circuit, the resistance of said non-linear resistor 
throughout its range of variation being such that 
substantially all of the input circuit voltage is 
across it. 11. An electric translating system comprising, 
an input circuit and an output circuit, an ampli 
dyne generator having an armature connected 
in said output circuit and a control field winding 
connected in said input circuit, a non-linear re 
sistor connected in said input circuit, the mini 
Inum operating resistance of said non-linear 
resistor throughout the range of operation of said 
translating system being such that substantially 
all of the input circuit voltage is across it. 
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