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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 & 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
& varistor which is a resistor having such s 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 I*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 ¢ is an exponent
whose value ig 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 ihe exponent a is increased so as to ap-
proach the limiting value of unity, at which

vaiue 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 ampiifier utilizing the properties

of such material will also be & rugged, fast, static A

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

& high percentage change amplifier system which ;

- 18 rugged, fast, static and stable.

The 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. 1 illustrates diagram-
matically a multi-stage embodiment of the in-
vention utilizing feed back and an auxiliary am-
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 &
modification of Fig. 5, and Pig. 7 is another
modification of Fig. 5. -

Referring now to the drawing and more par-
ticularly to Fig. 1, 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 4 and a resistor § se-
rially connecfed in a circult across the resistor
3. Although only two stages have been shown,

it will be cbvious that as many similar stages .

as desired may be employed. The main output
terminals are connected across ‘the resistor b of -
the last sigge.

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 8 of any suitable and
well-known type may have its output terminals
connected in ciréuit with resistors 2 and 3 and
have its input terminals connected to respond
to the voltage drop in resistor 3, and a similar
amplifier 7 may have its output terminals .con-
nected in circuit with the resistors 4 and § and
have ifs input terminals respond to the voltage
drop acrosg resistor §.

Resistors 2 and 4 are preferably of the type
whose resistance current characteristic is defined
by the previously-mentioned equation I*r=C. In
some cases it i3 more convenient to convert this
equation into one which defines r in terms of
I, a and C, this latter equation being r—=CI-s,

The operation of Fig. 1 is as follows: Neglect-
ing for the t{ime being the auxiliary feed back
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controlled amplifiers 6 and 7 and assum
the ohmic values of yeslstors 3 ]
small In comparison with the chmis values of
resistors 2 and 4, then the current I in f@gmamz‘

srafure Zollows. that comparatively smell
are noy cessam in ovder to
L valie of X Angther feo-

% is that the gmmeaw of per-

3 {(which, of course, is alsp the ourren 3 don is not dependent upon tak-
tor ) will be approximately equal b 111 part of the current away {rom resis-
1 r the @am’wt or for & second siage.
/ =z wh two stages have been shown in Fig. 1
(E‘\) 2 stage plone may be used or os many
i9 +1 siazes o5 desired ey be added.

Thus, If ¢ has a value of 718, the voliags ¢
the resistor 8, assuming 1 %0 ’?‘3 3
will vary as apprommately the
inpub voliege B, this volt
sistor. 8 1s the Inpud vmm"\a of b
follows that the outpud voltase ¢
of steges 7 will he pr@p@r’m:w
(&)
E iz

s0 thai for the seme value of
pub voliage of the second stogs
tlonal $0 the 12.25 power of
the output voltaze of the |
proporiional o the 44th pows ax
output voltage of the fourth 85&8‘3 7
porvsicnel to the 183rd potrer of B, T
inpub voltage the fngl outpus ?i@
the number of gbagss 7
siadl; bub nevertheless the 3
is vropoviional o
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a6 tnat o small increass of 7
peremh ch ange In cuipul vol
Wit ’e.he ocubput voltag:
Wlm three gtages.
B the oulpus voltas:
creased by o factor 1.011 when 3
undt velue of Input voltese covres
1% iacrease. _ &
This cmplifving efect can ke furthe
by making vesistor J or veslgtor § o
materiad that its euzsdm FereTatue]
rent increases. . For o
sten m,.ap Alaments or fswv @ma P
“ha v rasistors.
" Considering now the asiion
contrelled auxilizry 2mplifier ;3 \
that they have an smplificntis
suing fuvther thet Z is the ol
Q bl Tesy £ e
ﬁmggé’f;ﬁ Eiﬂ?: @i&gﬁ%ﬁﬁ”ﬁﬁ Z’;D:’ ; speration of this circult the non-Hneor
Then the voltage drap in the resigior 2 which &5 sogtstors 2, 0 and O cause the veliage a0rass te
equal to CI0-9) plus the wimw sop In the im- €6 comtrol field windings 17, (3 and {9 to increage
pedance of the rest of the clreuls ¢ A} 7l be a;? 2 greater rate then the input voliage o their
egunl to E plug the oubpub mii; wg@ of the Hue cgpestive stages and the oulput voltages of the
ilary amplifier 5 which will be sauel %o its In- mmam&s of the machines 14, {5 and 10 being
put vollage or RY, in which R is the Tesistapce  VErY wuch larser them the voltages acress thelr
of resistor 3, times its ratio 1 or MRI. By cod- %m,afé’i ﬁ;ﬁgﬁﬁvﬁ?@iﬁzgﬁ wili produce a further
4 s 47 q neant 2 Elhe DI Q14T )
g‘:iﬁf ﬁfﬁ;ﬁ;ﬁﬁ’ﬁ g&ﬂ;ﬁs ;@mwi@m wmay e wel Obvicualy, it iz not necessary to have as many
amplidynes as there are stages and some of the
J00) - KT stomes moy be civaight resistance coupled or
[ 28 ihey rany have fzed back amplifiers as in Fig. 1.
in which K is . In Flg. 5 an insuiating transformer 29 Is con-
aected between the msin input terminals and
(M—R’l"i> . , the fret stage and another pair of input termi-
¢ © mals 27 iz connected to supply energy to the first
I have found that this civoult will prodmes 78 stage through the non-linear resistor 2 and the
the maximum possible percentage changs smmiim primery winding of the voltage step-up ftrans-

Z the fead back conirol amplifcations
3 mzzu, been omitied from siagses | and 2

b there 15 stroight reslstance coupling be-
tages :1 and 2 and also between stoges
In pddition an smplifier of any suil-
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nog bosn luseried in the third sta,ge 50 as to
mass up for the drop in veltege through the .
15, 1 outnid w ?;he amnliﬂgy 3 is con-
vesistor nuaplifier
fesﬁﬁmr 3 and re~
lualiar t0 resistors 2
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us dleucxﬁgm@m of g 1.

fAsr gtoges are coupled by
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: 'Msz&ﬁ:uz's 3, 8 and 10
Tls clreuls is m}J suit-
2nb, wWhersag the cir-
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ng of these step-
the oupud
momsy have ?.u dasived eb-
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and clalmed In Sdwards
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2d to the assignes of the
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in L:& ﬁaﬂfm pr@ﬂmed by

di,ua'ﬁmh Zad shorte
mitting o heavy shovi-
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fiestion 1f X is equal to former 1. This circuit is completed through
1—a . resistoss 32 and 23 which are in the circuits of

(-7;-) the cecend and third stages respectively go that

70 variatiens in voitoge between the input ferminals
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21 will a.lso be communicated to the second and
third stages 50 as further to increase the ampli-
fication. Input terminals { may be considered
those which receive a low power input control

signal and input terminals 21 may be connected &

to '‘a source of relatively large power or these
terminals may be-interchanged so that 21 receives
the control signal and terminsals | are energized
by the source of control power or both may re-

" celve variable control signals, 10

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 23 have been omitted so that varia-
tions in voltage between input terminals 21 are
only applied directly in the circuit of the first

stage which includes the non-linear resistor 2. =

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 cutput 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

2

_where I is the amperes through it, E is the volts 45

across it. C is its chmic impedance when carry-
-ing one ampere and g is less than 1, s linear im-
pedance connected in series with said non-linear
impedance, the value of said linear impedance
being 50 much smaller than the value of said non-
linear impedance that substantially all of the
voltage of said source of variable voltage is across
sald non-linear impedance throughout the en-
tire range of variation .of sald voltage, a second
non-linear impedance similar to the first one,
means for connecting said second non-linear im-
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 & voltage which is responsive to the cur-
rent in said second linear impedance, and means

- for impressing said lut-mentioned voltage ACross nq.

sald output terminals.

2. A simple, rugged, fast, static, atable hish,
percentage change amplifier comprising, in com-
bination, a pair of input terminals, a pair of

- output terminals, a plurality of varistors whose 75

P
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volt-ampere characteristics are defined by the

equation
1:;,
-

where I is the amperes through them, E is 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 sald varistors for devel-
oping separate voltages proportional to the cur-
rent in each of said varistors. respectively, said
impedors having ohmic values which are very
much smaller than the ohmic values of said varis-
tors throughout the entire resistance variation
range of the latier, 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

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 ¢ 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
equation o 40

of the second pair also having s non-linear volt-
ampere characteristic which is defined by the

equation
1
1—a
{= ( ’c")

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 combkination, 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

=@

where I is the amperes through it, B 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-li ear volt-
ampere characteristlc which is deflned by -the

equation
I ( E)l—c

andapelrofoutputtemnnulsconnectedtobe

s




responsive to the voltage across the other of the
vesistors of the second palr, said ofber rc*sisumr
having ohmic values which sve very much less
than the ohmic values of said non-linesr re-
sistors throughout the entire resistance variation
renge of the latier, at least one of said other re-
‘sistors having a positive resistance current cher-
acteristic,

5. A multi-stage percentage change amplifier

comprising, in combination, g pair of input ter- 2

minals, a pair of resistors connected in series
between said terminals, one of said resistors hav-
ing & non-linear volt-amperé characieristic
which.is defined by the ecuation

=5

where I is the amperes through it, E is the volls
across it, C 4s its ohms with cne ampere through
it, and @ is more than 0 and less than 1, the value
of the other of said resistors being so much smell-
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

-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 sécond pair that
substantially all of the voliage across the other
resistor of the first pair is across the non-linear
resistor of the second peir, & 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 deflned by the equa-

~ tion
1=(E).1_:"

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 & pair of output terminals
connected to the secondary winding of the last
transformer,

7. A percentage change amplifying system

comprising, in combination, & 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-

. gistors 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 ¢ is
greater than 0 and less than 1, the other of said
resistors having & substantially constant ohmic

16
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value B, and o pui,-_ of mein amplifier outpub tor-
minale, szid main amplifier output terminals snd
the Input of seid suziliary amplifier belng con-
nected to respond to the voltage drop across said
ather resistor, the total impedance between seid
main amplifier input terminals exclusive of said
current dependent resistance being Z,

MR—Z

—c .
being substantially equal to

. 1—a

I a .

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

(E’ l—a

- where I is the amperes through it, B is the volts

25

" ohmic values

30
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across it, C is its ohms with one ampere through
it and a is more than 0 and less than 1, and means
including a plurality of linear resistors whose
chmic values are very much smaller than the
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

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, end
a control field winding for said amplidyne gen-
erator, said resistor and control field winding
being connected in series cireuit 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-
_gistor whose ohmic value decreases with increases -

60

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 electnc translating system ‘comprising, -
an iniput circuit and an output circuit, an ampli--
dyne generator having an armature connected
in said output circuit and a control fleld winding

_connected in said input circuit, a non-linear Te-

70
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sistor connected in said input circuit, the mini-

mum 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.

HOWARD G. BRINTON.



