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Claims. (Cl; 323-89) .

Thrs invention relatcs to saturable core. 1mpedance de-,
- 10

srngle wmdlng magnetic amplxﬁers ) :
The apphcatlon of magnetxc amphﬁers has been limited

in" large ‘measure by the. complex1ty of the apparatus in-.

volved and the resultmg expense thereof.  Much time and
effort have been expended trying to s1mp11fy the apparatus
and make' it inexpensive w1thout reducmg the reliability.

A number of single winding magnetlc amplifier circuits,

which utilize the magnetic core “reset” principle have been
developed -for relatively low power work’ (below about
25 watts) The: “reset” pnnc1p1e is more fully described
below in-connection with the circuit description,

Oné such’ basic circuit is' describéed and claimed in the

application of John D, Harnden, Jr., Serial No. 588,349,

filed May 31, 1956, and assigned to the asmgnee of the
present. invention. * The present invention is an 1mprove-
ment over the invention ' described and claimed in the
Harnden application and therefore I do not claim any-
thing shown or described in said -Harnden application.
" Although the circuitry conceived and disclosed by
Harnden is generally basic in character, he does not spe-
ciﬁcal-ly provide for certain: applications. ~For example,
there is no - direct pu'ovrsmn for biasing the amplifier and
there is no- direct provision for performing addition, sub-
traction ‘or mixing of a number of ‘control ‘or signal volt-
ages,
amplifiers, difficulty is had in"cascading stages andin
obtaining discriminator action.

Accordingly, it is-an object of this invention to pro-‘

vide a saturable cor¢ impedance device of the single
wmdmg magnetic amplifier’ type which may readily be
used in: push-pull -or cascade.

A further object of this invention is to provide a sat-
urable’ core .impedance dévice of the character: set forth
wherein addition, subtraction and mixing of control volt-
ages or signals may be readily carried out.

Anothier object of this invention is' to  provide single .

wmdmg saturable core impedance apparatus whereln dis-
criminator -action ‘may be obtained.

In utilizing 'magnetic devices for control purposes there
has long been a need for developing “a reliable voltage
and frequency teference.

Accordingly; it is a further object of this 1nvent10n to

provide a smgle winding saturable core impedande device -

which may be utilized as a voltage and’ frequency ref-
erence.
It is'to be' particularly .understood " that the magnetic

amplifier devices referred to in this appllcatlon may utilize

separate  voltagé sources to’ supply the main reactor sup-
ply voltage and’the magnetic core reset voltage Thus;
the circuits disclosed herein have the economy of appara-
tus 'which accompanies operating: with the variolis parts 6f
the circuit at the optrrnurn voltage level. ‘

Briefly stated in" accordance’ with this 1nvent10n cer-
tain of the improvements in’ saturable’ core impedance
devices set forth above aré’ accomplishéd by prov‘iding' a
magnetic amplifier having a‘ single: magnetlc core-and a

single winding in flux exchange relationslnp therewith and

providing ‘a meéans for: utxhzmg one“or more separate
‘voltagés-to supply the energy necessary to resét the mag-
netic ‘coré “and “still another ‘separate voltage to supply
the power for the reactor. . The: number of vottages uti-

In addition, as with" all single winding magnetlc,

[

: 2
lized ' to supply the - energy to reset the magnetic oore
and the particular manner in which they are applied and
controlled - determine the operation of .the amplifier.
In order to provide a summing amplifier, a differen-
tial amplifier or a mixing. amplifier wherein alternating’

_current voltages.and direct current voltages may be mixed,
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a plurality - of reset voltages are applied to-a desired
portion -of the smgle main winding of the amplifier
through separate reset impedances. . The reset impedances
may have their magmtudes determined in accordance with
desired- control parameters, Brasmg of - the - amplifiers
may be provided by the same general expedient. - Fur-
ther, in accordance w1th this invention, the magnetic am-
phﬁer circuits provided may be cascaded by connecting
the .output of . the first magnetic amplifier 'stage to the
second magnehc amplifier stage through a control or reset
impedance in such a manner that the first magnetic -am-
plifier stage provides a control'signal to the second mag-
netic amphﬁer stage whereby the degree of reset of the
sécond stage is determined. :

The novel features which -are believed to be character-~
istic of this invention are set forth with particularity in
the appended claims. - This mveutlon, however, both as
to its organization and method of operation together with
further objects and advantages thereof may best be under-
stood by reference to the followmg descrlptlon taken in
conjunction ‘with the accompanying drawings in’ which:

FIGURE 1 dlagrammatlcally illustrates-a- smgle sided
self-saturating half wave circuit;.

FIGURE 2. illustratés a typlcal dynamic hysteresrs for

a magnetlc core material which is utilized in explaining’
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the prmcxples of operation of the presént invention;

FIGURES 3 and 4 diagrammatically ‘illustrate smgle
suled self-saturatmg ‘half wave  circuits. embodying. the
present invention with connectlons to provide circuit bras-
ing,. addmon or subtractlon of oontrol signals, or to: pro-
vide: mixing control signal ‘voltages of ‘direct current and
alternatmg current;

FIGURES 5.6 and 7 illustrate push-pull versxons of
the' single w1nd1ng self-satrating half wave circuits em-
bodymg the present invention; -

FIGURES 8 and 9 illustrate dlagrammatlcally cascaded

‘,stages of smgle winding ‘magnetic amplifiers of this' in-

vention; and o
FIGURES 10 and 11; illustrate smgle srded and full
wave conrections respectxvely of the single wmdmg mag-;
netic amphﬁer of the present invention which may be
used as a voltage and/or frequency reference
vention reference should be made to FIGURE 1 wherein
a single wmdmg self-saturating half wave magnetic am-
phﬁer 10" which utilizes the reset principle of operation
is dlagrarnmancally illustrated. The magnetic amplifier
10" includes’ a single ‘magnetic core 11 the main or gate
winding 12 wound on one leg of the core in flux relatlon-:
ship therewith, ‘and a saturating rectifier 13 connected in
a series circuit whlch includes an electric load device’ 14
(connected between load terminals 15 and 16) (As illus-.
trated” this’ series circuit is energized by a conventlonal
alternatmg current transformer 18 which has a pnmary
wmdmg 19 connected to~an alternating current voltage;
source and a secondary wmdmg 20 connected to the input
terminals 21 and 22 of the magnetic amplifier. = If de-
sired, the' 1oad 1mpedance devrce 14 may also be connected
between the main reactance winding 12 and the saturat-,
ing: rectlﬁer 13 or between the upper input terminal 21
and' the ‘saturating rectifier 13, ,
The ‘portion of the " magnetic amplxﬁer descnbed thus(
far mcludes the ‘'main or power developing circuit. In
order to provrde control for the magnetic' amplifier: a
reset circuit ‘is necessary The. components of this cir-
cait will‘be described first and then an explanation’ o}'
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the term “reset” and the reset principle will be given
in some detail,

The reset components include a reset impedance 23
connected between reset impedance terminals 24 and 25
and a reset rectifier 26. In order to render these com-
ponents operative to reset the core, the reset impedance
is connected in a series circuit which includes the main
power winding 12 of the magnetic amplifier 10 and the
load device 14. This series circuit is connected between
reset supply terminals 27 and 28 which are connected to
receive a reset voltage B, and the reset rectifier 26 con-
nected directly in shunt with the reset supply terminals
27 and 28. 'The polarity of the reset rectifier is such that
the reset supply voltage E, will only cause current to flow
through the main reactor winding 12 in the direction. indi-
cated by the arrow labelled “reset current.”

The circuit will operate without a reset rectifier as long
as the reset voltage E, does not exceed the main reactor
supply- voltage. It is only essential that the current set
up in the main winding 12 of the magnetic amplifier 19
due to the reset voltage supply, flow when the load cur-
rent set up in this winding by the main. reactor supply
voltage is not flowing and that the reset current and load
current flow in opposite directions or senses through the
main winding 12. This relationship is assured by adjust-
ing the relative polarity of the reset rectifier 26 and the
saturating rectifier 13 as well as the relative phase rela-
tionships or polarities of the main reactor supply voltage
and the reset voltage. It will be noted that the same
function may be accomplished by placing the reset recti-
fler- 26 in the series circuit which includes the reset im-
pedance 23 in the proper sense as well as by placing it
in shunt with the reset supply terminals as illustrated.

Considering a full cycle of operation of the circuit of

FIGURE 1 and taking the sitnation where the main reac-
tor supply terminal 21 is positive with respect to reactor
supply terminal 22 and the upper reset supply voltage ter-
minal 27 is positive with respect to the lower reset supply
terminal 28. Current will not flow through the reset cir-
cuit due to the fact that the reset voltage E, is shunted by
the reset rectifier 26. However, the saturating rectifier
13 will conduct and therefore magnetizing current will
flow through the main winding 12 of the magnetic ampli-
fier 10 and the load impedance 14 in the direction indi-
cated by the arrow labeled “load current.” As is ex-
plained more fully later, the magnetic amplifier 10 absorbs
the entire volt-time integral from the voltage applied be-
tween its input terminals 21 and 22 until the core member
11 becomes saturated. Once the core member 11 is sat-
urated load current flows in this series circuit and, con-
sequently through the load device 14, during the remainder
of .this half cycle of the supply voltage.
* During the next half cycle of supply voltage (and reset
voltage) the lower supply. terminal 22 and the lower
reset supply terminal 28 are both positive with respect to
their upper terminals 21 and 27, respectively, Thus dur-
ing this half cycle current flows through the reset circuit
which includes load device 14, main reactor winding 12
and reset impedance 23 in the direction indicated by the
arrow. labeled “reset current.” This reset current flows
through the main winding 12 in a direction which is oppo-
site to the load current and therefore acts to drive the
reactor flux away from positive saturation. The magni-
tude of the reset flux thus established is determined by
the magnitude of the reset impedance 23 and the reset
voltage E,.

As stated above, the value of the reset impedance 23
and the reset voltage E, determines the core reset flux
setup by the main power winding and therefore deter-
mines the amplification of the circuit. In order to under-
stand the action of the flux reset principle more clearly
reference should be made to FIGURE 2 of the drawing
which illustrates the dynamic hysteresis loop of a typical
ferromagnetic material which might be used in the core
11 of the magnetic amplifier 10 illustrated jn FIGURE. 1.
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The dynamic hysteresis loop represents a plot of_fgux
density B in the core 11 against the external magnetizing
force H applied to the core when the applied magnetizing
force is varied at a finite speed. The finite speed at which
the magnetizing force is varied to obtain the dynamic hys-
teresis loop being considered is the frequency of the reac-
tor power supply. The area enclosed by the loop is a
measure of the core losses of the material at the operating
frequency when the operation of the circuit takes place
around the major loop. The energy necessary to supply
the core losses must be applied to the core 11 before it
becomes saturated and permits load current to flow in the
maijn winding 12. The points --S and —S respectively
represent positive and negative saturation of the core
material.

Assume that the current in the main winding 12 on the
core 11 is such that the core is operated on its major loop.
For this condition, it is necessary to supply sufficient
energy to the main winding 12 to supply the energy rep-
resented by the area of the loop before current will flow
(current other than magnetizing current) in the load de-
vice 14, :

The operation. of the circuit may best be understood
assuming first that the reset impedance 23 is so large that
no current can flow through the reset circuit. For this
condition, the load current is the only current which will
flow in the main winding 12. As a consequence, the core
11 is not reset on the non-conducting half cycle and the
operation of the apparatus is as follows: Assuming that
the upper main reactor input terminal 21 is positive with
respect to the lower input terminal 22 and the core is at
some point past positive saturation S, as the alternating
current voltage supplied between the terminals 21 and 22
reduces to zero the current in the main winding 12, also
passes through zero and the applied magnetizing force be-
comes zero. However, the flux density therein remains at
the point 30 on the saturation curve since there is no
leakage current through the saturating rectifier 13. Since
no current flows in the main winding 12 during the nega-
tive half cycle of the supply voltage, there is no demag-
netizing energy supplied to the core. Therefore, the flux
density in the core cannot be driven below the point 30.
Thus on the next positive half cycle of the supply, very
little magnetizing force (energy) is required to drive the
core to positive saturation, the impedance of the magnetic
amplifier 10 is a minimum, and the-current conducted by
this winding is 2 maximum. Since the energy used in
supplying core losses is a minimum, the power supplied
to the load device 14 is a2 maximum.

For the opposite limiting condition, i.e., with the mag-
nitude of the reset impedance 23 very small, a maximum
current flows through the reset circuit for the reset (nega-
tive) half cycle of the supply voltage. Once again, start-
ing the explanation for the time when the supply voltage
is passing through zero (from positive to negative), there
is no magnetizing force applied to the core 11 at this in-
stant and the flux density in the core is again at the point
36 on the saturation curve of FIGURE 2. Reset current
then starts to flow through the main winding 12 in the
opposite direction or sense to that which flowed during
the positive half cycle. The demagnetizing energy thus
supplied drives the flux density of the core material down
along the back side of the hysteresis loop until the core 11
reaches negative saturation —S at the maximum reset
voltage. As the alternating supply voltage reverses, the
magnitude of the reset voltage and, consequently, the
magnetizing force applied to the core 11 by the main
winding 12 is reduced to zero, the core is reset, and the
point of operation for the core is at 31 (i.e., at the mag-
netizing force axis and -at the maximum negative flux
density).  In order to develop an output voltage across
the load device 14 on the next (positive) half cycle of the
reactor supply voltage, it is necessary to supply -sufficient
energy to the core to drive the flux density  of the core
material to positive saturation S (up along the front
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sidé’of the'hysterws loop from ‘point’31 to posmve gatil
ration).’ Thus, when the amplifier 101§ operatéd: i this*
manfier, ie.; the magmtude of ‘the resét impedance 23 is’
ata mimmum, the otitput is'at a minimum- whereas op-
eration of the device with zero reset current provides a'
maximun output

By varying the magnitude of the resét’ 1mpedance 23 cr'
the magnitude of the reset voltage E;, or both it i§'p
ble to set the operation of the magnetic amphﬁer at’any
point between the two poirits of operatlon just dmrbed
For examiple, if the impedance 23 is' siich' thatthe reset
current’ is sufficient to set'the point of operation-at the
point 32 on the back side of the hysteresis‘loop; then on
the next positive half cycle of the reactor supply voltage,
it will be necessary. to supply sufficient energy to the core
1146 drive the core material up along the minor hysteresis
loop:illustrated by the broken line M within the dynamic
hysteresis loop D. - The energy: required to perform’ this
is somewheré between that required to drive the core' to
saturation S for the two limiting conditions.

From the above description, it will be’ appreciated: that
the core is reset on each reset half cycle and, therefore,
the amplifier’ provrdes half-cycle response. It is-also séen
that the resét ampere turns: (i.e., the reset current times
the number of turns on the main winding- 12) required to
swing the ‘cutput-of the amplifier over its entire character-
istic is approximately or éssentially the same as the ampére
turns required to swing the saturable core impedance de-
vice 10 over its full characteristic ‘as a conventional mag-
netic” amplifier. -~ Since the core is driven info saturation
during the “forward” or “conducting” portion of each
cycle its ‘degree of reset is completely 'depc'n'dent on the
prekus half cycle, hence half cycle response is obtained.

- The variable reset impedance 23 may take many forms
and its impedance may be selected so that its magnitude
varies in response to any desired parameter. - The proper
control parameter is then used ‘to control the magnitude

--of the reset impedance used, to thereby control the system
amplification.  The applied reset voltage may be either
alternating current or direct current. - If an. alternating
current - voltage is ‘applied, it should be of the same: fre-
quericy ‘and ‘phase as the supply voltage and’ if ‘a direct
“current voltage is applied it should be of opposite polarity

*t0 the forward conducting sense of the supply voltage.

As'is explained more fully. below, the circuit of FIG-
URE 3 may be utilized for addition and subiraction -of
control signals and for mixing ‘control voltages or sxgnals

: The prin¢iple of operation of this circuit is' essentrally ‘the
same as that describéd with’ regard to FIG URE 1, and the
components -are ‘generally thé same. Therefore; in order
to. simplify. the descnptron, the correspondmg components
of the'two circuits are given the'same reference numerals.
The difference ‘between the two circuits as’illustrated, Te-
sides entirely in the resét’ arrangement “the ‘main” “power
circuits are identical,

In the circuit of FIGURE 3 three individual’ series reset
circuits ‘are provided, each 'of which incliudes” the: main
reactor winding 12 "and a reset rectifier’ 29;° - One such
series réset circuit'may be traced from resét voltage ter-
minal 33, through variable reset 1mpedance 34; reset recti-
fier 29, main reactor winding 12; and load devicé 14 to
lower reset voltage terminal 35. . If ‘a reset voltage Eg;
is applied between the reset Voltage terminals 33 and 35

. which is of the same frequency and phase as the main re-
actor ‘supply voltage applied between supply terminals 21
and 22, the circuit described ‘this far operates in exactly
the same manner as the circuit of FIGURE 1, - The only
difference between the two circuits being that the reset
rectifier ‘illustrated in° FIGURE 2-is connected  in series
rather than in shtint with the reset circuit. - However, the
series Teset rectifier operates in the samie: manner in that
it allows resét: current to flow 'only in" the proper” diréc:
tion: (illustrated by the" arrow labeled “Reset Current”)
Actually the Tesét rectifier 29° may 'be connected in shunt
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6
or'it ity be elifiinated entrrely if'thié total applied resef
voltage néver ‘exceeds’ the ‘main 'réactor voltage.

In order to provide 4 summing or differential amplifier;
anumber of -additional reset  circuits ‘mist’ be’ provided:
As illustrated, reset impedances 36 and' 37 are each-con
nected between individual reset voltage terminals 38 and
39 respectively, and the saturatmg rectifier in such a man-
nerthat they are’in’each series circuit relationship with
the saturatmg rectifier 29, 'main winding 12, and load ‘de-
vice'14. The individual reset voltages Egrg and Ejgs for
each of these two reset circuits is then -applied between
the lower reset voltage terminal 35 and their respective
upper reset’ voltage terminals 38 and 39:

- With“this arrangement; the net reset current’ through
the main reactor ‘winding' 12 will-be a “function of-the
algebraic sum-of the control paramieters applied if the ap~
plied reset voltages Egj;'Egg, and Egs are varied in accord-
aricé with a désired control parameter or if both the ap-
plied voltages and the magnitude of the reset 1mpedances
are so varied.’ Thus, the amplifier is itself a summing or
differential amplifier. It ‘will also be noted that a similar
relationship ~applies " if- the magmtude of thé reset im-
pedances'34, 36, and 37 are varied in accordance wrth in<
dividual control parameters.

Provision of the additional reset cifcuits also adapts the
amplifier for use as a‘mixing amplifier to combine alter-
nating-and’ direct current signals. - This function is accoms-
plishied by the expedrent of applying an alternating current
voltage to’ one ‘or more of the reset circuits and a drrect
current: voltage to the remainder of the reset circuits.

The circuit of FIGURE ‘4 is' included  to-illustrate ‘a
circuit wherein the point of operation ‘of the core member
11 may: be set‘at some poitit other than the pomt of zero
magnetizing force (point 30; FIGURE 2) by 4 biasing cir-
cuit. This circuit also illustrates a means of providing-a
means’ of matching the impedances -of the reactor ‘and
various” ‘controt’ signal’ voltage sources.  This 1mpedance‘
matchmg permrts voltages from sotirces of differeént im-
pedance levels to be combined.

The pnncrple of operation of the 'main reactor circuit
and'the reset circuits illustrated in FIGURE 4 are identical
to ‘those “of ' FIGURE ‘3" and- correspondmg circuit ele-
ments of the two circuits are given the samé reference
numerals: However, for the circuit of FIGURE 4 it is as-
sumed -that ‘the resét voltage sources Em, Ers, and Egs
have' different impedances. . Therefore, in order to match
these-impedances so that’ the individual voltage sources
will' have identical effects on the main reactor circuit for
a given applied réset voltage, it is necessary to include a
different’ percentage of the main- winding’ in each series
circuit. This is” done by providing ‘a' series of taps ‘on
the'main réactance winding to ‘which the 1nd1vrdual reset
circuits'may be ‘connécted. " For example, one reset circuit
includes ‘upper reset voltage terminal 39, reset 1mpedance
37, reset rectifier 40, about ninety percent of the main re-
actor wmdmg 12,:load device 14 and lower reset. voltage
terminal® 35, ‘Thé reset circuit connected between reset
voltage' terminals 35 and 38 includes reset 1mpeda.nce ‘36,
resét réctifier ‘41, about fifty percent of the main reactor
winding ‘12;-and’ load device 14. “The third ‘series.reset
circuit is connected between reset voltage terminals 35 and
33 and ‘includes’ reset impedance 34, reset rectrﬁer 41,
about ten percent of the main reactor winding 12, and the’
load device 14." The three Teset rectifiers 40,'41, and 42

. block current in their respectxve reset circuits, whtch would °

flow in' the wrong direction ‘as did reset rectifier 29 in the
circuit'of FIGURE ‘3. "As was previously explained, it is
not necessary to mclude the reset rectifiers if the. applied
reset voltages are nevér greater than the' main reactor
voltage.

In‘order to provide blasmg for the amplifier a blasmg
voltage' By is’ “applied to" about fifty percent of the main
reactor winding 12. - This voltage provides an initial mag-
netlzmg force and thereby sets the operation of the core
at some point on jts dynamic hysteresis loop which is other -
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than the point of zero magnetization (point 30 of FIG-
URE 2). For example, the initial magnetizing force may
be such as to set the point of operation on the back side
of the hysteresis loop at some point such as point 32 of
FIGURE 2. Under these conditions, amy reset voltage
applied to the core drives the core further down the back
side of its hysteresis loop. The reactor power supply
voltage then must supply more power to drive the reactor
to positive saturation ~-S than would be required without
the bias. Therefore, the amplifier fires later in the cycle
with a bias of the type described.

For the condition described above the biasing voltage
Eg applied between the terminals 7 and 22 is polarized to
apply a negative voltage at the terminal 7 at least during
the reset half cycle of supply voltage. - If the biasing volt-
age is reversed, i.e., arranged to apply a positive voltage
to the upper terminal 7 during at least the reset half cycle,
it could provide a magnetizing force which would tend
to hold the core member 11 at positive saturation and

larger reset voltages would be required to reset the core. :

The biasing circuit illustrated includes biasing resistor 6,
the lower half of main reactor winding 12, and load de-
vice 14. The biasing Egy voltage is applied between the
biasing terminal 7 and the lower load terminal 16. The
biasing voltage Ep may, of course, be an alternating cur-
rent voltage or direct current voltage. .

As was explained with regard to the circuit of FIGURE
1, the specific location of the load device 14 in the main
reactor circuits of FIGURES 3 and 4 is not critical. For
example, in either the circuit of FIGURE 3 or the circuit
of FIGURE 4 load device 14 may be connected between
the main reactor winding 12 and the saturating rectifier
13 or between the upper input terminal and the saturat-
ing rectifier 13 without affecting the circuit operation
appreciably.

In the circuit of FIGURE 5, a push-pull arrangement
of two single winding magnetic amplifiers is shown. It
will be recognized that the main reactor circuit for each
of these single winding devices is identical to the main
reactor circuits of the amplifiers already described. How-
ever, to avoid duplication of reference numerals in a single
figure, components of this circuit are given new refer-
ence numerals, ) .

The main reactor circuit of the first amplifier is con-
nected between the two upper reactor supply voltage ter-
minals 43 and 44 and includes saturating rectifier 45, main
reactor winding 46, and load device 14 (connected be-
tween load terminals 15 and 16). The main reactor wind-
ing 46 is wound on a magnetic core member 47.

A transformer 48 which has a primary winding 49 con-
nected to receive an alternating current voltage and a
center tapped secondary winding is provided to supply
the main reactor voltage. For this purpose, the upper
half of the tapped secondary winding 50 is connected be-
tween the reactor voltage supply terminals 43 and 44,
With this arrangement load current flows through this
circuit only for the half cycle of supply voltage when the
upper supply terminal 43 is positive and only in the direc-
tion indicated by the arrow labeled “Load Current.” This
condition is established by the polarity of the saturating
rectifier 45. .

In order to reset the core member 47 a series reset cir-
cuit is provided which includes a reset impedance 51, a
reset rectifier 52, and the main reactance winding 46
connected in series with each other between reset voltage
terminals 53 and 54. A reset voltage supply is then con-
nected between these terminals. Preferably, the reset
voltage is of the same frequency and phase as-the main
reactor supply voltage. The portion of the push-pull
circuit of FIGURE 5 described thus far constitutes a
single winding magnetic amplifier which operates in ex-
actly the same manner as the single sided single winding
magnetic amplifier of FIGURE 1.

In order to provide push-pull operation another single
winding amplifier is also connected to supply the load
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device 14. The main reactor circuit of this amplifier may
be traced from the middle reactor supply terminal 44,
through load device 14, through a main reactor winding
55 of the second single winding amplifier, and through
a saturating rectifier 56 to a lower reactor supply ter-
minal 57. The main reactor winding 55 is also wound
on a magnetic core member 58. The lower half of the
secondary winding 50 of the transformer 48 is connected
between the reactor terminals 44 and 57 to supply the
reactor voltage for the lower half of the push-pull ampli-
fier combination and the saturating rectifier 56 is poled to
pass current through this circuit only when the upper
reactor terminal 44 is positive with respect to the lower
terminal 57. Thus, the load current tends to flow through
the lower main reactor circuit only on the same half
cycle that it flows in the upper main reactor circuit.
Under these conditions, the load currents tend to flow in
opposite directions through the load device 14 and at the
same time (see arrows labeled “Load Current-1” and
“Load Current-2"). Therefore, no load current will flow
if the circuit is balanced and both core members 47 and
58 are reset by the same amount.

The core member 58 of the lower half of the push-pull
amplifier is reset by a circuit which includes a reset im-
pedance 59, a reset rectifier 60, and the lower main react-
ance winding 55 connected in series with each other across
the reset supply terminals 53 and 54. It will be noted
that if this lower single winding magnetic amplifier were
isolated from the upper one, its operation would be ex-
actly the same as described with respect to the circuit
of FIGURE 1.

As previously noted, the load current developed by
each half of the push-pull magnetic amplifier tends to
flow through the load device 14 in opposite directions
and therefore if the circuit is completely balanced and each
of the core members 47 and 58 are reset by exactly the
same amount on the reset half cycle, the current de-
veloped by each half of the magnetic amplifier will cancel
out and there will be no current flowing through the
load device 14. However, if an alternating reset voltage
is applied between the reset terminals 53 and 54 the
current flowing through the load device 14 on conducting
half cycles is polarized in accordance with the phase of
the alternating current signal. This action is insured by
the polarity of the saturating rectifiers 45 and 56 and
the reset rectifiers 52 and 60. In a like manner, the
load current will be polarized in accord with the polarity
of a direct current signal voltage if such a voltage is
applied between the reset voltage supply terminals 53
and 54. This implies descriminator action as well as push-
pull amplification. :

For example, for the condition where the upper ter-
minal 43 of the upper half of the push-pull amplifier is
positive with respect to the middle terminal 44 and con-
sequently the middle terminal 44 is positive with respect
to the lower terminal 57 and for the condition where an
alternating current reset voltage is applied between the
reset terminals 53 and 54 in such a manner that the ter-
minal 54 is positive with respect to the terminal 53 for
this half-cycle of supply voltage, the load current in
the upper half of the push-pull magnetic amplifier will
tend to flow in a clock-wise direction around the loop
as illustrated by the arrow labeled “Load Current~1"
and the load current in the lower half of the push-pull
magnetic amplifier will tend to flow in a clockwise direc-
tion as indicated by the arrow labeled “Load Current-2.”
At the same time the reset current for the upper half of
the magnetic amplifier will be blocked by the reset recti-
fier 52 whereas reset current will tend to flow in the Jower
series reset circuit. Whether or not this reset current can
flow during this half cycle will depend upon whether or
not the reset voltage applied is of sufficient magnitude
to oppose the voltage developed across the main reactance
winding 55 of the lower half of the push-pull magnetic
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‘a‘tﬂpuﬁer Gcnérally, this reset ‘carrént’ can ‘beignored
during the'conducting half cyele. :

Ori the next half cyclé the: middlé’ termmal 44'is posi-
tive with ‘respect to the upper terminal 43 and the lower
terminal 57 will be'positive  with  respect” to' the middle
terminal ‘44, therefore, load current cannot flow' in either
of ‘the reactive circuits ‘due to"the fact that it is blocked
by the saturating rectifiers 45 and 56. However, it is
during this half cycle that thé reset of the cores 47 and
58 'must take place. During this’ half cycle the left hand
reset voltage ‘'supply terminal’ 53-is positive with respect
to the right ‘hand reset voltage supply terminal 54.- For
this condition reset current-will tend to’ flow through the
upper main reactance winding 46 due to the fact that the
reset rectifier in this' reset circuit'is properly poled.” The
" reset’ current through the lower main reactance winding

85 is blocked ‘due ‘to the polarity: of the reset rectifier 60
and therefore there will ‘be nio reset of the lower ‘magnetic
core-member 58. - For the’ condmon just ‘described then,
it will be obvious that  the upper magnetic coré: member
47'is reset whereas the lower magnetic core’ member is
“not reset- at all ‘and; therefore,: the’ load current, i.e:; the
cutrent through the load devxce‘ 14, will be predoxmnantly
in /the-direction of ‘the arrow ldabeled “Load Current-2.”
Another way of stating this is to say that the lower half
of: -the push-pull magnetic amplifier circuit will require
less magnetizing force to ‘causecurrent to flow therein
due to the:fact that the magnetic core member 58 of this
circuit is not reset.

In a like- manner if the polarity ‘of the reset voltage
applied between the reset supply voltage terminals 53
and 54 is. reversed so that the terminal’53 is positive when
the upper and middle reactance supply voltage terminals
43 and 44 respectively are positive with respect to-the
lower reactance voltage supply terminal 57, the lower
core:member 58 will be fully reset on the reset half cycles
and the upper core member 47 will not be reset, - There-
fore, the. current through the load device 14 will be polar-
ized in the direction opposite to that described above,
i.e. it'will be predominantly in'the direction of the arrow
labeled *“Load Current-1." It will be recognized then,
that the relative degree of reset of the upper and lower
magnetic core members 47 and 58 may-be varied between
these conditions by the varying phase of the applied reset
voltage between -the two extremes- just' described. It
should be -equally apparent that the two extreme condi-
tions” described ‘above' also-prevail if direct current reset
voltages of opposite polarity are applied between the reset
voltage terminals 53 and 54.

It will also be ‘understood. thatfor a- reset voltage of
a given ' phase, the degree ‘of resét of the cores may be
varied' by-'varying the magnitude of the reset voltage or
by varying the magnitude of the reset impedances 51 and
59. Therefore, for the push-pull’ circuit of FIGURE 5,
control of the load current or voltage developed “across
the load may be accomphshed by varying the magnitude
of the reset voltage, the phase of the reset voltage, or
the magnitude of the reset impedances 51 and 59, or any
combination. of these paramieters may be ‘varied as de-
sired. .

The push-pull circuit of FIGURE 5 may be modified
in all respects set forth with regard to the single sided
amplifier circuits ‘previously described by modifying both
the upper and the lower halves of the push-pull circuit
in the same mannér. For example, the push-pull circuit
may be made a summing ‘aniplifier, a differential ampli-
fier or a mixing-amplifier, -and the single: winding halves
of ‘the push-pull magneuc amplifier may be biased. The

circuit illustrated in FIGURE 6 shows a push-pull mag-"

netic amphﬁer utxhzmg the single wmdmg reactors where-
ini" provisions are made for all of ‘the above: mentioned
expedlents

The main reactor circuits of both halves of the push-
pull magnetic amplxﬁer are identical to'the correspondinig
parts of the push-pull -magnetic amplifier circuit illus-
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trated in’ FIGURE 5. Also“the fifst 'reset circuits for’
each” half ‘of the maghetic' amplifier’ of FIGURE '6' are
identical to the corresponding-reset circuits illustrated in

FIGURE 5 with the exception that: the ‘reset voltage is'

applied in such a mannéer that the reset circuits for: both
the upper and lower halves of the push-pull circuit include
load device 14. Since the corresponding components of-
this ‘portion of the circuit 'of FIGURE: 6 aré identical to -
the corresponding components of ‘the circuit’ of FIG-
URE 5 they are given‘the same reference numerals for’
the sake of simplicity.

Also since the operanon of this portion of the circuit
illustrated in FIGURE 6 is-identical to the operation of
the: circuit ‘of FIGURE 5, the: operatlon of this® part of
the circuit will ‘not- be" described’ again.  However, .in
addition to the first reset circuits which include the reset
impedances 51 and 59 and.the reset rectifiers 52-and 60,
a second reset circuit is added for-each half of the ‘push-
pull amplifier circuit. ~ The second reset circuit for the:
upper half of the amplifier which may be traced from:the
right hand reset voltage terminal 61 through reset imped-
ance 62, saturating rectifier 52, main reactance winding 46,
load impedance device:14, to input terminal 44 and back
to the left hand reset voltage terminal 63. = The second
reset circuit for the lower half: of the push-pull magnetic
amplifier: circuit may be. traced from the right hand reset
voltage terminal 61 through reset impedance 64, reset
rectifier 60, the lower main reactance winding' 55, load
device 14, reactance voltage supply terminal 44 and back
to the left hand reset voltage supply terminal 63. - A sec-
ond reset voltage is then applied between the reset voltage
terminals 61 and 63. . -

With the circuit as described thus far it: will be seen
that -an alternating voltage supplied  between the reset
voltage terminals=-61 and 63-which is ‘of the same fre-
quency as the main reactance supply voltage will have the
same effect as that described with respect to the first reset
circuit of the push-pull magnetic -amplifier illustrated in
FIGURE 5. ‘However, ‘it - will be appreciated that -the
reset- control -applied between the two pairs -of voltage
supply terminals- will. not -be independent .and that ‘they
can be mixed in any manner desired. : The net effect on
the reset of -the -individual saturable core devices 47 and
58 ‘will ‘represent the algebraic-sum of the effect of in-
dividual reset circuit which acts upon the respective:core
members:  Therefore, it will be. appreciated  thatthe
relative phases of the individual reset voltages, the magni-
tudes of the reset impedances in'the reset circuits, and the
magnitudes of the applied reset voltages may all be varied
to-accomplishe control-of the:push-pull amplifier. - It will "
also be recognized that one-of the reset voltages may be
direct current ‘and the other alternating current having the
same frequency as the main reactor supply :voltage and

in this manner mixing of alternating current and dlrect
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current voltages may be obtained.

In-addition to the circuitry thus far described ‘and 1llus-
trated in FIGURE 6 biasing of the amplifier may be ‘ac-
complished by connecting the opposite end terminals of a
center tapped secondary winding 65 of a transformer 66
across the reset impedances: 62 and 64 of the last reset
circuit and.connecting the center tap to the main Teactor
input terminal 44 which is connected to the center tap on
the secondary winding 50 of ‘the reactarice supply trans-
former ' 48.. The primary winding 67 of the transformer
66'is connected to a voltage source of the same frequéncy
as the main reactor supply voltage The relative phases
of the two transformer prunary voltages determines which
way. the amplifier is biased.  Since-the biasing circuit for
each half of the push-pull amplifier arrangement includes
the respective reset rectifiers 52 and 60 the biasing ‘cir-
cuits“are much the same as the reset circuits already
traced. Therefore, it will ‘be’ understood that for one
polarlty of: the biasing voltage on the secondary .65 of
trafisformer 66 with réspect to the ‘main' reactor’ voltages,
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the biasing voltage will be applied to the upper main
reactance winding 46 and for the opposite relative phases
of these two voltages the biasing voltage will be applied
to the main reactance winding 55 of the lower half of the
push-pull circuit. Biasing of a given core has been ade-
quately explained with respect to the circuit of FIGURE
4 and therefore is not explained again at this point.

Still another push-pull circuit arrangement utilizing the
single winding magnetic amplifier is illustrated in FIG-
URE 7. Since the circuit components are rearranged
somewhat from those corresponding components iilus-
trated in FIGURES 5 and 6, the circuit components will
be given different numbers to avoid confusion.. The
upper main reactance circuit of this push-pull magnetic
amplifier includes an upper reactance input voltage ter-
minal 78, a main reactance winding 71 wound on a mag-
netic core member 72, saturating rectifier 73, a load
device ‘14 connected between load terminals 15 and 186,
and main reactance voltage input terminal 74. These
components are connected in series with each other across
the upper half of the secondary winding 75 of a trans-
former 76 which has its primary winding 77 connected to
receive an alternating current voltage. The saturating
rectifier 73 is poled in such a manner that the load cur-
rent in this upper main reactance winding 71 flows in the
circuit in a clock-wise direction as indicated by the arrow
labeled “Load Current-1.”

In order to provide a reset for the magnetic core mem-
ber 72 a reset circuit is provided which may be traced
from a voltage input terminal 78 through reset impedance
79, reset rectifier 80, main reactor winding 71, through
the upper half of the secondary winding 75 of the reac~
tance supply transformer 76 to the reactor input terminal
74 and back through the left hand reset voltage input
terminal 81. It will be recognized that the single wind-
ing magnetic amplifier described thus far will operate in
a manner similar to the single sided magnetic amplifier
of FIGURE 1 with the exception that the reset circuit
includes a portion of the main reactance supply voltage.
Thus, the reset voltage applied to this circuit is the al-
gebraic sum of the voltage applied between main reactor
voltage supply terminals 78 and 74 during the reset half
cycle and the reset voltage applied between the reset volt-
age supply terminals 78 and 81 during this half cycle.

The lower main reactance circuit of the push-pull mag-
netic amplifier circuit consists of a lower main reactance
winding 82 which is wound on the magnetic core mem-
ber 83, a saturating rectifier 84, and the load device 14,
connected in series with each other between the middle
reactance voltage supply terminal 74 and the lower react-
ance supply terminal 85. This series circuit is connected
to receive the veltage developed across the lower half of
the secondary winding 75 of the reactor supply trans-
former 76.

The reset circuit for the lower half of the push-pull
magnetic amplifier consists of reset impedance 86, reset
rectifier 87, the lower main reactance winding 82, lower
half of the secondary winding 75 of transformer 76, and
the middle reactance voltage input terminal 74. These
components are connected in series circuit- relationship
with each other between the reset voltage supply ter-
minals 81 and 78. Without the upper half of the push-
pull circuit it will be appreciated that the lower half will
cperate in substantially the same manmer as described
with respect to the single sided circuit of FIGURE 1, ex-
cept. that the reset voltage for this circuit comprises both
the voltage applied between the reset voltage supply ter-
minals 78 and 81 and the voltage applied between the
lower pair of reactor supply voltage terminals 74 and 85
on the reset half cycle.

The load current in each of the main reactor circuits
tends to flow in a clock-wise direction as illustrated by
the arrows marked “Load Current” and as a consequence
if the upper and lower reactor circuits are perfectly bal-
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anced and the cores 72 and 83 are reset on each reset half
cycle by the same amount, no current flows through load
device 14. 1In view of the polarity of the saturating recti-
fiers 73 and 84 it will be recognized that the reset current
flowing in either of the main reactor windings 71 or 82
must flow during the half cycle of the main reactor supply
voltage when the lower main reactor voltage supply ter-
minal 85 is negative with respect to the middle reactor
supply terminal 74 and when the middle reactor supply
terminal 74 is positive with respect to the upper reactor
supply terminal 70. If the reset voltage is applied in such
a manner that the right reset voltage supply terminal 78
is positive for the reset half cycle of supply voltage, the
reset voltage aids reset current flow through the upper
main reactance winding (71 and opposes current flow
through the lower main reactance winding 82. Con-
sequently the upper reactor core 72 resets more than the
lower reactor core 82 and therefore current through the
load device 14 is polarized in the direction maintained by
the lower reactor circuit, i.e., from left to right through
the load device 14.

If the polarity of the reset voltage is reversed for the
reset half cycle of supply voltage, i.e., reset supply voltage
terminal 81 is made positive with respect to terminal 78,
reset current flow is aided in the lower reset circuit and
opposed in the upper reset circuit. Thus, the above de-
scribed condition is reversed and the current through load
device 14 for this condition is primarily supplied by the
upper reactance circuit. As a consequence, load current
flows from right to left through the load device 14.

From this description it is seen that this push-pull
circuit operates in a manner similar to that described with
respect to the circuit illustrated and described with re-
gard to FIGURE 5. In this connection it should be
noted that the modifications applied in the circuit of
FIGURE 6 to make the push-pull circuit a summing or
differential amplifier, for the purpose of mixing alternat-
ing current and direct current signals, or for applying a
biasing voltage can also be applied equally well to the cir-
cuit of FIGURE 7 by connecting additional reset cir-
cuits in parallel with the reset circuits shown and by
connecting a biasing circuit in the manner illustrated
with regard to FIGURE 6. Also from the above de-
scription it is seen that the circuit of FIGURE 7 op-
erates as a discriminator since its output may be polar-
ized in accordance with either the phase of an alternat-
ing signal voltage or the polarity of a direct current
signal voltage.

The circuit diagram of FIGURE 8 illustrates one ar-
rangement whereby more than one stage of amplification
may be realized using single winding magnetic ampli-
fiers. Although the principle of operation of each stage
of the two stage magnetic amplifier is the same as the
circuit of FIGURE 1, it has been necessary to make
certain modifications in the circuitry of the first stage
in order to provide the two stages of amplification.

As illustrated, the two stage magnetic amplifier volt-
age source comprises an alternating current transformer
98 which has a primary winding $1 connected to an
alternating current voltage source and a secondary wind-
ing 92 which is connected to a pair of main reactor
supply terminals $3 and 94. The first amplifier stage
is provided with a reactor having a single main con-
ducting winding 95 wound on a magnetic core member
96 and the second stage of amplification is provided
with a reactor which has a single main conducting wind-
ing 97 wound on a magnetic core member 58. The
main reactor circuit for the first amplifier stage is con-
nected between the reactor voltage supply terminals 93
and 94 and includes saturating rectifier 99, the main
reactor winding 95, a reset impedance 160 for the sec-
ond amplifier stage, the main reactance winding 97 of
the second stage, and load device 14 which is connected
between load terminals. 15 and 16. The second stage
reset impedance 198, second stage main reactance wind-
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mg 97 and load device' 14 may" be' consxdered the load
for the first amphﬁer stage.

ber 96 in the’ first’ amplifier stage’a reset cireuit’ is pro-’

vided which may be traced from”an upper réset ‘voltage

supply terminal 101 through a' first stage reset impeédance

102, a-reset rectifier ' 103, the: main’ reactance winding
95 of the first’ amplxﬁer staoe, and an”iselating rectifier
104 back to the lower main- reactance ‘voltage supply

términal 94. . With this arrangement it ‘may bé seen that .

on ‘the forward or conducting half cycle' for thefirst
amphﬁer stage’ the load: current fows’ down' through
the main reactance’ winding: 95-as indicated by the‘arrow
labeled “Load Currént” and’that- thé" current in the
series reset - circuit just -described 'is: blocked by’ reset
rectifier 103" and “isolating” rectifiet ' 104. . On: the oppo-
site half. cycle -of the “ supply- voltage the  reset current
flows upwardly through the main ‘reactance’ ‘winding- 95
as indicated by the arrow labeled “Reset'Current.” - Thus,
if the ‘second. stage ‘reset’ impedance “100;: second " stage
main reactance’ winding 97 and ‘the load:device 14 are
considered ‘to be the ‘load’ for: the first stageé~ magnetic
amplifier then this stage will ‘operate-in"the same manner
and-on the same principle as did the magnetic' amplifier
of FIGURE 1.

The main reactance’circiit for the second stage 'mag:
netic: amplifier may be traced from the lower-reactance
supply voltage términal 94 through the lodd-device 14,
the main reactance winding 97, and-thfough’the sécond
stage saturating rectifier 105 back-to:the upper reactance
supply voltage terniinal -93.. The'polarity: of the second
stage “saturating tectifier' 105-is such-that thé direction
of load current flow ifi “thé second-stage magretic’am-
phﬁer must ‘be up_ through: the: main- reactance ‘winding

97'in the direction indicated by. the arrow labeled “Load

Current.” . Thus the first and second stage: magnetlc
amplifiers ‘conduct: on alternate- half cycles of the-main
reactance ‘supply voltage: - In :view- of this fact- it - will
be understood that the current which flows:down through
the 'second stage main  reactance- winding 97 (inthe
direction shown by the arrow labeled: “Reset Current”)
dué to the conduction through"the-first stage main re-
actance: winding: 95, acts ‘to provide reset for the second
stage magnetic core member 98-and thereby . determines
the degree of reset of this-core- member. * As-a conse-
quence a-first -stage - main ‘reactance -winding..95 - which
has: a“relatively large number of turns. and- provxdes a
Jow power output may be:used: to control the resét and
consequently - the ‘conduction of -the second stage ‘mag-
netic. amplifier- which may be a-. relatlvely high - power
device. ~For example; such -an arrangement utllxzmg the
two stages -may be -readily ‘used to supply a watt load.

It will be readily appreclated that the stages of am-
plification: may be modified as suggested: with regard to

aniy-of .the single sided magnetic amplifier circuits illus- :

trated herein. - It should also be-noted that the isolating

rectifier 104 is ‘only provided to prevent undesired: feed -

back ‘between -stages and operation s possible withiout it.

As:- was pointed out with' respect to-the previous: smgle
sided. magnetic .amptlifiers discussed, the load device 14
may be placed between the:second- stage saturating. rec-
fifier: 105, and  the . second stage main reactor winding
97. or it-may be connected in" the lead  bétween the
second. stage. saturating rectifier 105 and the first stage
saturating rectifier .99 without appreciably -affecting ‘op-
eration of the amplifier. :

_Another circuit wherein stagés of smgle wmdmg mag—
netic - amplifiers may be cascaded is prowded as “illus-
trated” diagrammatically in' FIGURE 9.

This arrangement includes the same ‘components de-
scribed. with respect ‘to_the: circuit of FIGURE 8’ -and
therefore ‘the corresponding components in “the two' cir-

.cuits are given-like reference. numbers. However; the
circuitry in the second stage of ‘the magnetic “amplifier
illustrated in FIGURE 9 is arranged to prevent attenua-
tion of the reset signal from the first amplifier stage by
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the second- stage saturatmg ‘rectifier 105, In’ thxs mannef‘
the problem of using taps in the second- stage main re:
actor winding 97 to allow impedance matching between
the’ second stage reactor. and-the output of the"first am-
phﬁer stage is solved. The impedance matching’ problem
here'is precisely the same unpedance matching  problem
discussed with regard ‘to the circuit of FIGURE 4 and
thérefore this ‘discussion is not repeated.

An inspection of the circuit illustrated in FIGURE 9
shows that thé magnetic amplifiers are”connected to be
stpplied from the transformer 90 as was' discussed with
réspect ‘to the' circuit of FIGURE 8 and also’ that the
reset and’ niain ‘reactor ‘circuit of the first amphﬁer stage
is identicalto that described with' respect to the circuit
of FIGURE 8 with the exception that the second -stage

réset impedarice 100" is' connected-'to a tap 106 on the

seconid. stage main reactance winding’ 97. Thus the load
circuit of ‘the first amphﬁer stage includes only a portion
of thé 'second stage main’ reactance wmdmg 97.

Theé ‘main teactance circuit of the ‘second stage may
be - traced ‘from the upper reactance supply voltage ter- -
minal 93 through the load device 14, saturating rectifier
105, second’ stage main reactance wmdmg 97 and back
1o’ the lower reactance voltage supply términal 9. It
will beé noted that thé second stage saturating rectifier 105

int ‘the circuit of FIGURE 9 'is reversed with" respect to

the' corresponding saturating rectifier” in the circuit of
FIGURE 8 and theréfore the load current in the second
stage ‘of this magnetic amplifier flows down in the direc-
tion'labeled “Load Current.” In view of this"fact, the
load current for both stages of the magnetic amphﬁer

flow during the same half cyclé of the reactance supply

voltagé. 'In ordér to réender this circuit operative a'bias
niust’ be applxed to the second stage reactor core mem-

ber 98°in"such a manner as to completely reset this- core
once each half cycle This blasmg circuit includes a ‘bias-
ing‘impedance 107 ‘connected in series with the maln re-
actafice winding ' 97 and a bxasmg voltage, which may be
of ‘the" direct current type, is applied to this’ ccircuit -be-

tween” the biasing voltage terminals 108 and 109.

. In‘order to provide comtrol ‘of the output of the sec-
ond .amplifier. stage from the first amplifier ‘stage-.the
output of the first stage must be such as to drive the -
second stage in varying degrees out’ of reset; the degree.
being determined by the output of the first stage. . The
manner’ in which this function is accomplished is de-
scribed below Assume that the first stage ampllﬁer is
not reset a.nd that the upper reactance supply terminal 93
is positive.” -Since the first stage amplifier is not’ reset
it will start to conduct early in the cycle. Since the sec-
ond stage amplifier is fully reset by the bias voltage, the"
reactance supply voltage will not cause it to fire immedi-
ately.  When' the first stage amplifier fires the potential
of the tap' 106 on the second stage main reactance wind-

ing 97 will approach the potential of the i upper reactance
supply. voltage terminal 93, This is true since the first
stage main’ reactance winding 95 has a low impedance
when saturated and the drop across the first ‘stage ‘satu-
rating rectifier 99, first 'main reactance winding 95 ‘and
reset impedance 100 will be fairly small. - By transformer
action a high potent1a1 is-induced at the upper end of

" the ‘second stage main reactance winding 97. - The mag-
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nitude of this potential ‘is determined by the potentlal
applied- at the ‘tap 106 and' the percentage of the main
reactance ‘winding 97. which is connected between this
tap ‘and the lower reactance terminal 94. Almost im-
mediately ‘upon-the appllcatlon of the high potentlal to
the second stage main reactance winding 97 its.core mem-
ber 98 saturates and the second stage amplxﬁer fires.
From “the “above description it is apparent that the
second stage amplifier cannot fire until® the" first ‘stage
amplifier has fired and therefore the reset of 'the first
stage controls the power output of the" cascaded stages.
Thus it will be appreciated ‘that “a relatively low’ power

“control signal apphed to the first stage amplifier may" ‘be
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used to control the relatively high power output from
the second amplifier stage. '

The single sided magnetic amplifier illustrated in FIG-
URE 10 is provided specifically to obtain a circnit which
may be utilized as a voltage and/or frequency reference
circuit. As in the single winding amplifier circuits de-
scribed  previously, a reactor is provided which has a
main reactance winding 11¢ wound on a magnetic core
member 111. The main reactance winding is preferably
provided with a number of taps 112. The main reactance
circuit includes the main reactor winding 116, a saturat-
ing rectifier 113, and a load impedance device 14 (con-
nected between load terminals 15 and 16) connected in
series with each other and across reactance supply voltage
terminals 114 and 115. )

In order to provide a main reactance supply voltage
a transformer 116 is provided with a primary winding 117
connected to receive an alternating current voltage and
a secondary winding 118 connected to the reactor sup-
ply voltage terminals 114 and 115. Reset for the cir-
cuit is provided by means of a reset impedance 119 con-
nected between the lower reactance voltage supply ter-
minal 115 and a tap on the main reactance winding 110.
Thus when the upper reactance voltage supply terminal
114 is positive flow current flows in a clock-wise direction
around the main reactance circuit as shown by the arrow
labeled “Load Current.” On the opposite half cycle (the
teset half cycle) the saturating rectifier 113 blocks cur-
rent flow through this circuit. However, on this half
cycle a reset current path is provided from the lower
reactance voltage supply terminal 115 through the reset
impedance 119, the tapped portion of the main reactance
winding 110, to the upper reactance voltage supply ter-
minal 114. Tt will be recognized that this reset current
flows through the main reactance winding 110 in a di-
rection to reset the magnetic core member 111. Since
the degree of core reset is determined by the energy sup-
plied to the core member 111 during the reset half cycle,
-the value of the reset impedance 119 and the percentage
of the main reactance winding 110 included in the reset
circuit may be adiusted to give the desired voltage across
the 1oad device 14. i

It has been found that by careful selection of the tap
position on the main reactance winding 110 and the mag-
nitude of the reset impedance 119 the voltage drop across
the Joad device may be made relatively insensitive to
supply voltage and frequency over a relatively wide range.
It has beer found that in general the reset circuit should
encompass about ninety percent of the reactor winding
110. This is explained by the fact that once the degree
of reset is selected, a change in magnitude of applied
voltage in one “direction - causes the degree of reset to
change in the same directicn and a change of supply
voltage frequency simply shifts the reset point in a di-
rection which tends to maintain the periods of current
flow through the load cccurring at a constant rate. For
example, if the magnitude of the supply voltage in-
creases the degree of reset increases. The reverse is true
if the magnitude of the supply voltage decreases. If the
frequency of the supply voltage increases (the magnitude
remaining the same) the reset current will increase faster
due to the steeper voltage wave front of the applied
reset voltage thus tending to reset the core to a greater
degree thereby causing the amplifier to fire later in the
load current cycle and thus tending to keep the rate of
occurrence of the periods of conduction constant re-
gardless of the frequency change. The reverse is true
if the frequency of the supply voltage decreases.

A full wave frequency and/or voltage reference is
illustrated in FIGURE 11. The upper half of this cir-
cuit is identical to the circuit illustrated in FIGURE 10
and operates in exactly the same manner as was de-
scribed with respect to the circuit of FIGURE 10. The
corresponding -components in the two circuits are given
the same reference numerals. A second single sided am-
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plifier circuit is provided in order to provide full wave
operation, the second circuit includes a second main
reactance winding 120 wound on a saturable core mem-
ber 127 and having taps 121 thereon and a second saturat-
ing rectifier 122 connected in series with each other and
the load device 14. Power for the full wave circuit is
provided by connecting a transformer 123 having a cen-
ter tap secondary winding 124 and a primary winding
125 to receive a source of alternating voltage and con-
necting the upper half of its center tapped secondary
winding to supply the reactor voltage supply terminals
114 and 115 and the lower half of its secondary wind-
ing between lower reactor voltage supply terminals 115
and 128 to supply the main reactance voltage for the
lower half of the full wave circuit. The saturating recti-
fiers 113 and 122 for the two halves of the full wave
circuit are oppositely poled so that a load current will
flow through the load device 14 in the direction of the
arrow labeled “Load Current” from one each half of
the circuit on the opposite half cycles. A reset im-
pedance 126 is connected between the taps 121 on the
lower main reactor winding 120 and the middle re-
actance voltage supply terminal 115 to provide a reset
current through a portion of the main reactance wind-
ing 126 in the direction shown by the arrow labeled “Re-
set Current” on the reset half cycle for the lower half of
the full wave circuit. Thus it will be seen that the upper
half of the full wave circuit provides load current dur-
ing the half cycle when the lower half of the circuit is
being reset and vice versa. .

Since each half of the full wave circuit acts as a voli-
age and frequency reference as described with respect
to the single sided circuit of FIGURE 10 it will be ap-
parent that combining the two circuits as illustrated in
FIGURE 11 provides a full wave frequency and volt-
age reference.

While particular embodiments of this invention have
been shown it will, of course, be understood that the in-
vention is not limited thereto since many modifications
both in the circuit arrangements and in the instrumen-
talities employed may be made. It is contemplated that
the appended claims will cover any such modifications
as fall within the true spirit and scope of this invention.

What I claim as new and desire to secure by Letters
Patent of the United States is:

1. A push-pull saturable core impedance device com-
prising a first core of magnetic material, a single con-
ducting main reactor winding on said first core, means
to alternately supply said main winding with a reactor
voltage of one polarity from one voltage -source and a
reset voltage of opposite polarity from a second voltage
source, a second core of magnetic material, a single con-
ducting main reactor winding on said second core, means
to alternately supply said main winding on said second
core with a reactor voltage from one voltage source
and a reset voltage of opposite polarity from another
voltage source, a pair of load terminals for connection
to an electric load device connected in series with both
of said main reactor windings and their respective re-
actor voltage sources in such a manner that the voltage
developed across said terminals by each circuit due to
said reactor voltages is in an opposite sense.

2. A push-pull saturable core impedance device com-
prising a transformer having a tapped secondary wind-
ing, a pair of output terminals, a pair of individual mag-
netic core members, a single conducting main winding
on each of said individual magnetic core members, each
of said single conducting main windings connected from
an opposite side of said secondary winding to one of
said output terminals, the remaining output terminal being
connected to the tap of said secondary winding, separate

similarly. poled unidirectional conducting devices con-

nected in circuit relation with each of said main conduct-
ing windings whereby said main windings tend to conduct
current simultaneously, at least one pair of reset voltage
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input termmals, one of said reset terminals- bemg con-
nected: to the tap of said secondary winding, at least a
pair of -reset impedances each connected to the other
reset voltage terminal and to an opposite reactor main
winding circuit' in such a2 manner that' two reset series
cifcuits are provided each of which includes one of said
reset 1mpedances and at least a ‘portion of one of said
single ‘main reactor windings whereby a current is pro-
duced in each of 'said series reset circuits by the reset
voltage to provide magnetic reset for said core members.

3. A push-pull saturable core impedance device com-
pm!smg a transformer having a tapped secondary ‘winding,
a pair. of output terminals, a pair of individual magnetic
core members, a single conducting main winding on each
of said’ individual magnetu: core members, each of said
single conducting main windings connected from an oppo-
site side of said secondary winding to one of said oufput
términals; the remaining output terminal being connect-
ed to the tap of said secondary winding, separate simi-
larly poled unidirectional conducting devices connected
between each main winding and 'said one output termi-
nal whereby said main windings tend to conduct current
simultaneously, at least one pair of reset voltage input
terminals, the remaining one of said reset voltage termi-
nals bemg connectéd- to said one output terminal, at

least a pair of reset impedances each connected to'the -

other reset voltage terminal :and to.an opposite reactor
main winding circuit in-such a manner that two series
reset- series circuits are provided each of which includes
one of said reset impedances and at least a portion of one
of said single main reactor windings whereby a current
is produced in each of said series reset circuits by the
reset voltage to provide magnetic reset for said core
members.

4. A push-pull saturable core 1mpedance devmce com-
prising a transformer having a tapped secondary winding,
a pair of output terminals, a pair of individual magnetic
core members, a single conducting main winding on each
of said individual magnetic‘ core members, each of said
single conducting main windings connected from an op-
posite- side of said secondary ‘winding to one of said out-
_put terminals, the remaining output terminal being. con-
nected to the tap of said secondary- winding, separate
similarly 'poled unidirectional conducting devices con-
nected between each main winding and said one output
terminal ‘whereby said main. windings tend to. conduct
current simultaneously, at least one pair of reset voltage
input terminals, the remaining one of said reset voltage
terminals bemg connected to said one output terminal, at
least a pair of reset impedances each connected to. the
"“other reset voltage terminal and to an opposite reactor
' iain winding circuit in such a manner that two series
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said’ transformcr, individual series reset circuits for each
of said magnetic core members, each of said series reset
cucmts including an individual reset impedance andat
least ‘a portion of a single conducting main winding, said
individual reset circuits ‘being. connected to  receive: the
voltage developed across an oppomte half of said tapped
secondary winding.

6. A saturable core impedance device ‘comprising a
core of saturable magnetic material having a winding
thereéon, ‘a load circnit for connection ‘across. a first
voltage source, said ‘load circuit including  a ‘unidirec-
tional conducting device and said winding, and a reset
circuit for -connection “across-a second voltage source,
said reset. circuit being connected to said load: circuit
in parallel with said'winding and in series with said uni-
directional conducting device relative to'said first voltage
source whereby reset current flows to said wmdmg dur--
ing non-conducting periods of -said load cirguit wn.hout
passing ‘through said first voltage source.

7. A saturable core impedance device comprising a
core of saturable magnetic material having a winding
thereon, a load circuit for connection across a first
alternating voltage source, said load circuit including a
first unidirectional device and said winding, and a: reset
circuit. for connection across a second alternating volt-
age source, said reset circuit including a second unidi-
rectional conductmg device -and being connected. to said
load -circuit ‘in parallel with said winding and in series
with: said first- unidirectional conducting device, said sec-
ond unidrectional device being polarized to. deliver reset -
current to said ‘winding only during non-conducting pe- -

riods of said load circuit, said reset current being blocked "

by said first unidirectional conducting device from: pass-
ing through said first voltage source.

8. A saturable core impedance device comprising a
core of saturable magnetic’ material having a winding
thereon, means for developing two alternating voltages
of like frequency, a load circuit including a first uni-
directional device and said winding connected to receive -.
one of said voltages and a reset circuit connected: to re-
ceive the other of said voltages, said reset circuit including

~areset impedance and a second unidirectional condnctmg

45

50

" reset: series circuits are provided -each of which includes

one of ‘said reset impedances and at least a portion of
one of said single main reactor windings whereby a cur-
rent is produced in each of said series reset circuits by
the reset . voltage to provide magnetic reset for said core
members, and separate biasing voltages connected across
at least a portion of each single conducting main wmdmg
whereby  the initial condition of said core members is
set.

5. A push-pull saturable core impedance device com-
pnsmg a transformer having a tapped secondary wind-
ing, @ pair of output terminals, a pair of individual
magnetxc core members, a single conducting main wind-
ing on each of said individual magnetic core members,
each of said ‘single conducting main windings connected
from an opposite side of said secondary winding to one
of said output terminals, the remaining output terminal
being connected to the tap of said ‘secondary- winding,
separate oppositely. poled unidirectional current conduct-
ing devices connected in circuit relation with each of
said main conducting windings whereby said main wind-

ings tend ‘to- conduct current on opposite half cycles

of an alternatmg voltage across the secondary winding of
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device and being connected to said load circuit in paral-
lel with said. winding and in series with first unidirec-
tional conducting device, said first and second - unidirec-
tional conducting devices being similarly poled relative
to said one voltage whereby reset current flows through
said winding during non-conducting periods of said load
circuit in a direction opposite to load current and without
passing through said one voltage source. :

9..A saturable -core -impedance device compnsmg a
core of saturable magnetic material having a winding
thereon, a load circuit including a first. unidirectional
conducting device and -a first pair of input terminals ‘for
connection. to. a first alternating voltage source, and a
reset circuit including a second unidirectional conducting
device and a second pair of input terminals for connec-
tion to a second alternating voltage source, said reset
circuit being connected to said load circuit .in parallel
with said winding and in series with both said first uni-
directional conducting device and said first input termi-
nals, said unidirectional conducting devices being polar-
ized relative to one another alternately to dehver current
to said winding in opposite: directions.

10.-A saturable core impedance device compnsmg a
core -of saturable magnetic ‘material having a winding
thereon, a load circuit for connection across. a first alter-
nating ‘voltage source, said load circuit including a first
unidirectional conducting device and said winding, a reset
circuit for connection across a second alternating voltage
source, said reset circuit including a second unidirectional
conducting device and being connected to said load circuit
in ‘parallel ‘with ‘said winding and in series with said first
unidirectional conducting device whereby. reset current
flows through said winding in a direction opposite to Joad
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current therein during non-conducting periods of said load
circuit without passing through said first voltage source,
and means connected in parallel with at least a portion
of said winding for supplying a biasing voltage across
said winding portion.

11. A saturable core impedance device comprising a
core of saturable magnetic material having a winding
thereon; a load circuit including a first unidirectional con-
ducting device, said winding, a pair of output load termi-
nals, and a first pair of input terminals; and a reset circuit
including a second unidirectional conducting device, a
reset impedance and a second pair of input terminals con-
nected to said load circuit in parallel with said winding
and said output terminals and in series with said first
unidirectional conducting device and said first input termi-
nals; said unidirectional conducting devices being polar-
ized alternately to deliver current to said winding in
opposite directions from alternating voltages supplied to
said input terminals.
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