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This invention relates to an electronic high speed
multiplexing system and more particularly to a multi-
plexing system which utilizes magnetic amplifiers for
selectively passing one of a plurahty of apphed electrlcal
analog signals. | | |

In the electronics art it is often desirable to utilize

a timme-sharing or multiplexing system for selectively
passing one of a plurality of applied electrical signals
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tion of the amplifiers being determined by the com-
mutation sequence of the alternating-current control
signals. By utilizing magnetic amplifiers in which the
magnitude of the output signal is substantially independ-
ent of relatively large variations in the magnitude of the

- control signal, the multiplexing system of this invention
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to a common eclectrical output circuit while simultane-

ously inhibiting the remaining signals from being applied
to the common circuit. For example, in the electronic
digital computer art it is common practice to utilize one

analog-to-digital converter for converting a plurality of

analog signals to corresponding electrical digital signals
by sequentially applying each of the analog signals to
the converter for counting the signals to their digital
equivalents in predetermined time-sharing sequence.

In the prior art, one type of multiplexing system em-
ploys electromechanical relays or mechanical commu-
tators for performing the selectivity operations, and
therefore is inherently limited to relatively low speed

operation and subject to excessive wear and mechanical

failure. In addition, the reliability of such systems is

decreased still further by such factors as arcing across
the contacts, equipment vibration and dust conditions

which produce open c1rcu1ts or unreliable electrical
contact. | |
In other prior art multiplexing systems the relays or
commutators are replaced by vacuum tube circuits. Al-
though the speed of operation of these systems is satis-
factory, they are inherently limited by the inability of
vacuum tube circuits fo accurately reproduce direct-cur-
rent voltage levels present in the applied analog signals,

particularly when these voltage levels are of a relatively
In addition, this type of prior

low order of magnitude.
art multiplexing system i1s-subject to relatively frequent
failure of its vacuum tube components and must of

necessity be relatively exp’ensive if it is desired to obtain

even a modicum of fidelity in the reproduced analog
signals. -

~ The present invention, on the other hand, eliminates

the above and other disadvantages of both types of prior
art multiplexing systems while retaining the advantages

of each. According to the fundamental concept of the
present 1nvention, a multiplexing system selectively passes

a plurality of applied electrical analog signals by im-
pressing the signals upon a corresponding plurality of
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~output terminals of the

provides high fidelity multiplexing of the input signals
under the control of a non-critical control signal. The
agnetic amplifiers are then
coupled to a common bus through associated isolation
networks in order to provide, at any instant, a faithfully-

reproduced electrical analog outlet signal corresponding

to the analog signal being received by the operative
magneuc amplifier.

It 1s, therefore, an object of this invention to provide
a hlgh-SPeed electromc multiplexing system for selec-
tively and fa1thfully reproducing a plurality of applied
electrical signals in a predetermined sequence.

A further object of this invention is to provide an
electronic multiplexing system utilizing magnetic ampll-
fiers for selectively reproducing a plurality of continu-
ously-apphed electrical signals as a signal train includ-

ing a corresponding plurality of time- sharmg or time-

dlsplaced electrical signals.
Another object of this invention is to provide an

electronic multiplexing system which utilizes a plurality

of sequentially operable magnetic amplifiers for selec-
tively reproducing a correspondmg plurahty of applied
electrlcal signals,

It is another object of this invention to provide an
electronic multiplexing system which utilizes a plurality
of magnetic amplifiers operable in response to a corre-

- sponding plurality of time-sharing control signals con-
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magnetic amplifiers which are rendered operative in a

predetermined sequence by apphed time-sharing contml
signals. |

More particularly, the multiplexing system of the
present invention faithfully and almost instantaneously
reproduces any preselected one of a plurality of analog

verting a plurality of applied electrical analog signals to
a corresponding time- sharmg variable-amplitude electri-
cal output signal.

It is an additional object of this invention to provide
an electronic multiplexing system utilizing magnetic am-
plifiers for converting a plurality of applied electrical
analog signals into a corresponding plurality of faith-
fully-reproduced sequential time-displaced signals.

It is also an object of this invention to provide a
multiplexing system which includes a plurality of mag-
netic amplifiers for receiving a corresponding plurahty
of electrical analog signals and which are operable in
response to a corresponding plurality of sequential elec-
trical control signals for producing at a single output
circuit a corresponding plurality of time-displaced elec-
trical output signals having magnitudes proportional to
the magnitudes of the corresponding applied signals.

-The novel features which are believed to be character-
istic of the invention, both as to its organization and
method of operation, together with further objects and
advantages thereof, will be better understood from the
following description considered in connection with the
accompanying drawings in which one embodiment of the
invention is illustrated by way of example. It is to be
expressly understood, however, that the drawings are
for the purpose of illustration and description only, and
are not intended as a deﬁmtmn of the hmlts of- the
invention.

Fig. 1 is a block diagram of the electronic mulnplex-_

~ ing system, according to the present invention:

65 2

signals by simultaneously applying the analog signals to
a corresponding plurality of magnetic amplifiers and

selectively energizing the magnetic amplifiers with a cor-
responding plurality of commutated or time-sharing al-
ternating-current control signals, the sequence of opera-

70

Fig. 2 is a schematic diagram of one form of magnetic
amplifier suitable for use in the circuit of Fig. 1; and
Fig. 3 is a schematic diagram of one form of magnetic
amplifier suitable for use as a gating circuit in the multi-
plexing system of Fig. 1. |

Referring now to the drawings, there i1s shown in Fig.
1 an electronic multiplexing system, according to the
present invention, which includes a plurality of mag--
netic amplifiers 10z, 105, . 10n which are operable
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under the conirol of electrical control signals from a
control signal source 13 for selectively and sequentially
reproducing a plurality of electrical analog input signals,
applied to the magnetic amplifiers from a plurality of
analog signal sources 14a, 14b, . .
as- a corresponding plurality of time-sharing or time-

displaced electrical analog signals at a pEllI‘ of output

terminals 12.

EBach of the magnestic amphﬁers mcludes a,t least one

input terminal 16, a control terminal 18 and two output
terminals 20 and 22, respe tlvel‘y, these terminals of mag-
netic amplifiers 18q, 165, . 10n being designated by
the suffix letters a, b, . . . n, 1espectwely Input terminal
16 of each magnetic amplifier is connected to one output
terminal of its associated analog signal source, another
output terminal of each analog signal source being
grounded. Similarly, output terminals 20a, 205, . . . 20n
of the magnetic amplifiers are connected to the input
terminals of a corresponding plurality of respectively as-
sociated isolation networks zda 24D, . 24n,
output terminals 22a, 225, 22n are grounded. Each
of isolation netwerks Mﬁ, 2%? . 24n also include
at least one output terminal which is connected tfo one
terminal of output terminal pair 12 by a common bus 26,
the other terminal of cutput pair 12 being grounded.

Each of magnetic amplifiers 18q, 105, . 18n may
be any of several suitable direct-current voltage to direct-
current voltage magnetic amplifiers known to the art
which are cperable under the control of an alternating-
current contfrol signal for producing at their assoctated
output terminals an output signal having an amplitude
directly proportional to the amplitude of an applied sig-
nal. It will be recognized by those skilled in the art
that the magnitude of the alternating-current control sig-
nal is not a critical parameter in the operation of magnetic
amplifiers of this type. A more complete description of
the operation of a typical direct-current voltage to direct-
current voltage magnetic amplifier will be undertaken
below in connection with Fig. 2. |

Each of isolation networks 24q, 24b,
also be any of several suitable isolation circuits known
to the art. For example, as illustrated by isolation net-
work 24a, each isolation network may merely include a
unidirectional current device such as a crystal rectifier
having an anode connected to output terminal 28 of the
associated magnetic amplifier and a cathode connected
to output bus 26,

Control signal source 13 may be any suitable electrical
circuit which is capable of producing a plurality of

sequential time-sharing alternating-current signals for con- 3

trolling the operation of magnetic amplifiers 10a, 100,

. 18n. As illustrated in Fig. 1, for example, contml
signal source 13 may include a ring multivibrator 30 hav-
ing a plurality of output conductors 3Za, 325, . 32n,
corresponding to magnetic amplifiers lt}a, 105, . 10n,
respectively, upon which appear sequential tlme-sharmg
electrical square-wave signals. Ring multivibrator 30 also

includes an associated control circuit, not shown, fDI‘ con-

trolling its sequence of operation.

Output conductors 3zag, 320, . 32n are connected
to a first input terminal of each of a corresponding
plurality of gating circuits 34a, 345, . . . 34n, respectively,
each gating circuit having a second input terminal con-
nected to a common output terminal of an alternating-
current signal source 36. In addition, each of the gating
circuits includes at least one output terminal which - is

connected to control terminal 18 of the associated mag-

netic amplifier, while source 36 includes another output
- terminal which is grounded., |

Each of gating circuits 34a, 34b, . . . 34n may be any
suitable electronic gating device operable under the con-
tro] of a two-level or square-wave signal from ring multi-
vibrator 3¢ for selectively passing the alternating-current
signal from source 36 to produce a corresponding alter-
nating-current signal at its output terminal. Since the

. 14n, respectively,

while

: _24?1 may
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magnitude of the alternating-current control signals ap-
plied at control terminals 18a, 185, . . . 18xn is not a
critical parameter in the operation of the multiplexing
system of the present invention, the gating circuits may
merely include conventional vacuum tube or crystal recti-
fier circuits. On the other hand, the gating circuits may,
if desired, include a different type of magnetic amplifier
as will be described later in connection with Fig. 3.

In order to most clearly describe the operation of the
multiplexing system shown in Fig. 1, it will be assumed

that the square-wave signals which appear on output con-.

ductors 32a, 325, . 32n from ring multivibrator 30
are normally at a relatively low-level voltage and that
each signal, in the desired sequence, swings to its rela-
tively high-level voltage and then back to its low-level
voltage. In addition, it will be assumed that gating cir-
cuits 34a, 34H, . . . 34n are operable 1n response to a
high level voliage from multivibrator 3¢ for passing to
its associated output terminal the alternating- current sig-
nal applied from source 36.

Assume now that each of analog signal sources 14a,
14h, . . . 14n applies "an electrial analog signal to the
associated magnetic amplifier and that it is desired to
multiplex these signals in sequence through magnetic
amplifiers 10a, 185,
nal pair 22 a signal train including a corresponding plu-
rality of sequential time-sharing or time-displaced electri-
cal output signals having magnitudes directly proportional

to the magnitudes of the corresponding analog input sig-

na s, respectively.

In operation, gating c1rcu1t 34a will pass the alternat-

ing-current signal from source 36 in response to a high-
level voltage on cutput conductor 32a.
fier 18a is thereby rendered operative to produce at output
terminal 204 an output signal having a magnitude di-

rectly proportional to the magnitude of the analog signal
plifier i8a¢ from analog signal

applied to magnetic a
source 14a. Since the square-wave signals applied to con-
ductors 325, . . . 32n are at their low-level voltage when
the signal on conducter 324 is at its high-level voltage, it
1s clear that gating circuits 345, . 34n will 1nhibit the
alternatmg-current control swnal fmm passing there-—
through, thus maintaining magnetic amplifiers 105,

10n 1moperative. Accordingly, it may be seen that an out-

o put signal will appear only at output terminal 20a ﬂf-

magnetic amplifier 18a.

Consider now the functioning of isolation networks
24a,24b,..
magnetic amplifier i8a. 1t will be shown later that de-
pending upon the internal electrical connections, the mag-
nefic amplifiers may produce an output signal which is
either positive or negative with respect to ground. How-
ever, when the polarity of the unidirectional devices or
diodes in the isolation networks is as shown in network
24q, it will be assumed that the magnetic amplifiers are
connected to produce positive ocutput signals when ren-
dered operative.

As the voltage at oufput ter

inal 20q rises above

ground potential, the diode in isolation network 24a is

front biased, thereby raising the potential of bus 26 ac-
cordingly. Simultaneously the diodes in isolation net-
works 24b, . . . 24n are back biased to ground through
the output circuits of their respective magnetic amplifiers,
and thus present a high impedance to the output signal
from magnetic amplifier 18a. Accordingly, it may be
seen that the output impedance of the multiplexing system
or, in other words, the impedance looking into output
terminal pair 32, is substantially equal to the forward

impedance of isolation network 24z plus the output im-

edance of megnetic amnlificr %82, It 1s clear, there-
peadn g j 15

fore, that the multiplexing system of the present invention
provides an electrical output signal which is not attenuated

or distorted by the impedance of the unenergized multi-

plexing channels, thereby preserving in the multiplexing

. 18n to produce at output termi--

Magnetic ampli-

. 24n when an output signal is produced by

\




. ¥
system the inherent linearity and ﬁdellty of reproductlon

of a single magnetic amplifier.
After magnetic amplifier 18a has produced an output

signal for a predetermined time interval, ring multivi-
brator 30 functions to Jower the potential of the signal on

conductor 32q to its normal or low-level value, and raises

the potential of the signal on conductor 326 to its high-
level value. At this instant, the confrol signal is removed
from control terminal 18a of magnetic amplifier 184 and
applied to control terminal 185 of magnetic amplifier 105.
Accordingly, a time-sharing or time-displaced electrical
output signal, corresponding in amplitude to the signal
presented by analog signal source 14b, will appear at
output terminal pair 12. |

It is clear, therefore, that as ring multivibrator 30

sequentially switches from one conduction state to the

b

10

succeeding conduction state, the signal appearing at any

instant at output ferminal pair 12 will correspond fo the
analog input signal which is applied to the operative mag-
netic amplifier. In addition, it is clear that the use of a
ring multivibrator or a ring counter in conirol signal
source 13 provides cyclical operation of the multiplex-
ing system, or, in other words, switches the system, at
the end of each multiplexing cycle, from magnetic ampli-
ﬁer 107 back to magnetic amplifier 104.

" It should be understood, of course, that the oomponent

structure of control signal source 13 may include other

circuit arrangements than the one shown in Fig. 1 and

that the multiplexing system of the present invention

is not to be limited to the control circuit which is illus-
trated. 8 | |

It may be recalled that each of magnetic amplifiers
107 may be any of several suitable direct-

- 10a, 105,
current voltage to direct-current voltage magnetic ampli-
fiers known to the art. Referring now to Fig. 2 there is
shown a typical magnetic ampliﬁer cgenerally designated

200, which may be utrhzed in the multiplexing system of_

the present invention.
Magnetic amplifier 260 includes three basic components,

namely, two tertiary winding saturable core devices 216
and 212, respectively, and an output circuit 214. Sat-
urable core device 210 includes an input winding 216, a

control winding 218 and a feedback winding 220, these

windings having polarities with respect to each other as
indicated by the black dots at the ends of the windings.
Similarly, saturable core device 212 includes an input
winding 222, a control winding 224, and a feedback
winding 226, having polarities with respect to each other
as shown by the black dots at the ends of the windings.
~ In addition, the wire sizes, number of turns and mag-
netics paths of the input, control and feedback windings
in saturable core device 212 are identical to those of
the corresponding windings in saturable core device 210.

One end of input winding 216 of saturable core device

210 is connected to one end of input winding 222 of

saturable core device 212 in series-subtractive as indi-
cated by the dots, the other end of winding 216 being
connected to input terminal 16 while the other end of

winding 222 is grounded. One end of control winding

218 of saturable core device 210 is connected to one end
of control winding 224 of saturable core device 212
in series-additive as indicated by the dots, the other end
of winding 224 being connected to control terminal 18

while the other end of winding 218 is connected to ground

through a primary winding 230 of an output transformer
in outpuf circuit 214.

The output transformer in output circuit 214 also in-

cludes a center-tapped secondary winding 232 which 1is

connected across a full wave rectifying circuit including

two unidirectional current devices or diodes 234 and
236. When diodes 234 and 236 are polarized as shown
in Fig. 2, or in other words, have their cathodes con-
nected together, the output signal from magnetic ampli-
fier 200 will have positive polarity.
hand, the polarity of diodes 234 and 236 is reversed,

If, on the other
75

20
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.magnetrc_ alnphﬁer 200 Wlll produce a negatwe output

signal. -

The common ]unctron of drodes 234 and 236 is con-
nected to one input circuit of a filter network 238 and
in feedback relationship to one end of feedback winding

220 of saturable core device 210. The other end of

‘winding 229 is connected to one end of feedback winding

226 in saturable core device 212 in series-additive as In-
dicated, the other end of winding 226 being connected to
the center tap in secondary winding 232 of the output
transformer.  The center tap in winding 232 1s also con-
nected to another input circuit of a filter network 238
and to output terminal 22, which, as shown in Fig. 1,

is grounded. Output terminal 20, on the other hand, is
16

connected to the output circuit of filter network 238.
In operation, the application of an analog input sig-
nal at terminal 16 produces a current through primary
windings 216 and 222, thereby producing magnetic flux
in their respective saturable cores. The magnitude of
the flux in the saturable cores, in turn, controls the 1m-
pedance of control windings 218 and 224, the relation-
ship between this flux and the control impedance being
substantially linear. Accordingly, the application of an
alternating-current control signal at control terminal 18
produces a full-wave rectified signal at the common
junction of unidirectional current devices 234 and 236,

 the magnitude of this signal being proportional to the
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~ into the applied analog signal.
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‘applied analOg input signal.

effective impedance presented to the apphed control sig-
nal by control windings 218 and 224. |

It will be noted that the respeotrve polarities of the
input and control windings of saturable core devices
210 and 212 provide a cancellation network to prevent
the alternating-current control signal from feeding back
In other words, any
alternating-current signal induced in input winding 216
of saturable core device 210 will be cancelled out by an
induced signal of identical magnitude and opposite po-

larity in input winding 222 of saturable core device 212.

It has been stated previously that the magnetic ampli-
fiers utilized in the multiplexing system of the present
invention are relatively insensitive to amplltude varlations
in the applied alternahng—current control signal, and are
essentially responsive only to the presence of a com-
mutated control signal for selectively reproducing an
This feature is provided in
magnetic amplifier 200 by the magnetic feedback circuit

including feedback windings 220 and 226 which coact

to compensate for output signal variations due to ampli-
tude variations in the control signal. In this manner, an
essentially linear relationship exists between the mag-

nitudes of the input signal to the magnetic amplifier and

the output signal therefrom, irrespective of relatively large
variations in the magnitude of the control signal.

The rectified signal which appears at the junction of
unidirectional current devices 234 and 236 is then fil-
tered by filter circuit 238 to provide at output terminal 26
an electrical analog output signal which variés in ac-
cordance with variations in the analog signal applied at

~input terminal 16.

It is obvious, of course, that the magnetic amphﬁera_'
utilized in the muitiplexing system of the present in-
vention may be operated to provide a voltage gain of
unity, or, on the other hand, may be utilized to amplify
the applied signals by a predetermined scale factor. In
applications where the magnitudes of the applied analog
input signals are relatively low, it often has been found
preferable to utilize the amplification characteristics of
the magnetic amplifiers in this manner. It is to be ex-
pressly understood, however, that the magnetic amplifier
shown in Fig. 2 is merely illustrative of numerous mag-
netic amplifiers which are suitable for the multiplexing
system of this invention, and should not be oonstrued

~ as limiting the scope of this invention.

it may be recalled that gating circuits 34a, 345
34pn in control signal source 13 may also employ mag—
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netic amplifiers, if desired, to produce commutated or
time-sharing alternating-current control signals under the
control- of the square-wave. SIgnals aprlied over conduc-
tors 32a, 32b, . 32n from ring multivibrator 30. Re-

ferring now to- Fig 3, there is shown a magnetic amwhﬁer :

generally demgnated 309, which may be employed as &
gating circuit in control signal source 13, |

Magnetic amplifier 300 includes two saturable-core

devices 310 and 312, respectively, comprising input wind-
ings 314 and 316, re_sppctwely, and output windings 313
and 329, respectively. The number of turns, wire sizes
and magnetic paths of windings 314 and 318 in saturable

core device 31¢ are identical to those of the corresponc-

ing windings in saturable core device 312.

One end of winding 314 of saturable core device 318 is
connected to a control terminal 322 for receiving a
square-wave control signal, the other end of winding 3i4

being connected to one end of winding 316 of saturable

core device 312, The other end of winding 316 1s, in

turn, grounded. Similarly, one end of output winding
318 of saturable core device 318 is connected to an cutput

terminal 324, the other end of winding 318 ‘being con-
nected to one end of output winding 329 of saturable
core device 312. The other end cf winding 32@ is, in

turn, connected to an input terminal 326 for receiving the.

alternating-current signal from source 36, which corre-
sponds to the similarly designated alternating-current sig-
nal source illustrated in Fig. 1. In addition, When the
windings of saturable core devices 318 and 312 are con-

nected as illustrated and described, their 1elat1ve polarmes_.
are as indicated in the drawings by the black dots at the

ends of the wmdmﬂs

Assume now that the square-wave signal recewed at
control terminal 322 swings between ground potentlal and
a relatively high-level voltage.
control signal is at its low-level value, or, in other words,
when control terminal 322 is ﬂrmunded output windings
318 and 329 present a. relatively high impedance to the
passage of the alternating-current input signal anplled at
input terminal 326. On the other hand, when the square-
wave signal applied at control terminal 322
high-level value, the resultant flux in the magnetic cores
of devices 310 and 312 produces a cgncomitant.'decrease
in the effective impedance of output windings 318 and
329, therﬁby permitting the applied alternating-current
1nput signal to pass relatively unattenuated. Accardmgly,
it 18 cleal that 1
or inhibits the applied alternating-current signal in ac-
cordance with the instantaneous voltage level of the
applied square-wave control signal.

It will be recognized, of course, that magnetic amplifier

3¢9 1s merely illustrative and that numergus other elec--

fronic circuits utilizing vacuum tubes, crystal rectifiers, or
different forms of magnetic amplifiers may be employed
in the ﬂatinz, circuits of control signal source 13.

What 1s claimed as new is: | -

1. In an electronic multiplexing system a plurahty of
magnetic amplifiers each having an input winding, a con-
trol winding and a feed back winding, means for apply-
ing an analog signal to the input winding of cach of said
magnetic amplifiers, means for sequentiailly applying a
control signal to the control winding of each of said mag-
netic amplifiers effective for providing an output signal
having an amplitude proportional to the amplitude of the

applied analog signal, a corresponding plurality of output:

transformers each having primary and secondary wind-
ings, said primary windings being conductively connected
in series circuit relationship with the control winding for
the corresponding magnetic amplifier, a full wave rectify-
ing circuit connected across the secondarv winding of

sald output transformer, a filter network coupled to- said

full wave rectifier to receive the output signal therefrom,

circuit connecticens for said feed back winding interme-

In operatmn when the

swings to its

nagnetic amplifier 399 selectively passes -

10
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diate said full wave rectifier and said filter to balance
out the variations in the control signal, a common output

circuit for said magnetic amplifiers, and 1solating -

cuits.

2. In an electronic multiplexing system, a plurality of
magnetlc amphﬁers each of said magnetic amplifiers com-
prising a pair of saturable cores each having an input
winding and a control winding coupled thereto, said
input wmdmgs for sach of said magnetic amplifiers being

“connected in series subtractive relationship, said control

Wmdmga for each of said magnetic amplifiers being con-
nected in series additive relationship, means for applying
an analog input signal to the input windings of each of

said magnetic amplifiers, means for sequentially applying

a control signal to the control windings of each of said
magnetic amphﬁers, an output transformer for each of
said magnetic amplifiers having a primary winding and

a secondary winding, the pnmary Wmdmg of said output
transformer being cannected in serigs circuit relationship

with said control windings, a full wave rectifier con-

nected across said secondary Wmdmg of said output trans-

former, a filter network coupled to said full wave recti-
fier to receive the cutput signal thhrefrom a common out-
put circuit for said mag netlc amplifiers, and circuit means

including isolation means coupled between said output
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circuit and the secondary coil of said cutput transformer.
3. In an electronic multiplexing system, a plurahty of

maguetlc a phﬁers each of said magnetic amphﬁers

comprising a patr of saturable cores each having an input

winding and a control winding coupled thereto, said input
wmdmgs for each of said magnetic amplifiers being con-
nected in series-subtractive relationship, said control wind-

mgs for each of said magnetic amplifiers being connected

in series-additive relationship, means for applying an

analog 31gnal to the input windings of each of said mag-
netic amplifiers, means for sequentially applying a control
signal to the control windings of each of said magnetic
amplifiers, an output transformer for each of said mag-
netic amplifiers having a primary winding and a second-
ary winding, the primary winding of said output trans-
former being connected in series circuit relationship with
said control windings, a full wave rectifier connected
across said secondary winding of said output transformer,

a filter .network coupled to said full wave 1ect1ﬁer 1o

recerve the output signal therefrom, and a common out-
put circuit coupled to each of sald filter networks for
sald magnetic amplifiers.

4. In an electronic multiplexing system, a plurality of

magnetic amplifiers, each of said magnetic amplifiers com-
prising a pair of saturable cores cach having an input

winding, a control winding and a feed back winding

coupled thereto, said input windings for each of said
magnetic amplifiers being connected in series subtractive
relationship, said control windings for each of said mag-
netic amplifiers being connected in series additive rela-
tionship, said feed back windings for each of said mag-
netic amplifiers being connected in series additive rela-
thIlShlp, means for applying an analog input signal to the
input windings of each of said magnetic amplifiers, means
for sequentially applying a control signal to the control
windings of each of said magnetic amplifiers, an output
transformer for each of said magnetic amplifiers having

- a primary winding and a tapped secondary winding, the

primary winding of said output transformer being con-
nected in series circuit relationship with said control
windings, a full wave rectifier connected across said sec-
ondary winding of said output transformer, a filter net-
work coupled to said full wave rectifier to receive the
output signal therefrom, circuit means coupled to and ar-
ranged with said feed back winding between the tap of

siad output transformer and a point intermediate said.-
rectifier and said filter network to provide a negative

1eans
~ interconnecting said filter networks with said output cir-
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feedback loop, and a common output circuit coupled to
each of said filter networks for said magnetic amplifiers.
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