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This invention relatés to electromagnetic audio am-
plifiers applicable to a wide variety of uses and to signal
amplifiers and controis within the audio ramnge. It par-
ticularly relates to what may be termed a push-pull type
of control and to various relationships thereof and comi-
binations therewith.

One object is to provide audio amplifiers whleh avoid
the use of vacuum tubes with their likelihood- of failure
and their necessity of more or less frequent replacement.
Another object is to produce audio amplifiers which will

be dependable in long continued use and substantially

free from deterioration and the necessity of replacement
of parts. A further object is to produce apparatus of a
simple character which may be readily manufactured and
assembled. Another 6&bject is to proauce apparatus
adapted for low as well as high outpui units. Other
objects, advantages and applications will be nnderstoed
from the following description and accompanying draw-
ings which illustrate preferred embodiments of the in-
vention.

Fig. 1 is a diagram showing a smtne stage of amph-_
fication of the push-pull type; Figs. 1a and 1b show modi-
fied forms of couplings to the output circuit; Fig. 2 is a
diagram of a single stage of this type with a modified
form of controlling current; Fig. 3 is a diagram shewmg

two stages of amplification wherein the first stage is of

the singie ended form and the second stage is of the
push-pull type; Fig. 3a shows a modified form of cou-
pling between the two stages; Fig. 4 is a diagram similar
to Fig. 3 showing a different form of control applied to
the second stage; Fig. 5 is a diagram showing two stages
of ampllﬁeatmn each of the push—puli type; Fig. 6 18
similar to Fig. 5 except as to derivation of the control
current appned to the second stage; Fig. 7 is an ex-
planatory chart; Fig. 8 shows one form of combined

core and windings, as distinguished from the usé of sep-

arate or individual cores; Fig. ¢ is another explana-
tory chart; Fig. 10 is a diagram showing one amplification
stage of the push-pull type wherein non-self-saturating
reactors are used; Fig. 11 is a diagram similar to Flg 10

except as to the character of the control current; and

Fig. 12 is a diagram showing two stages of amphﬁcaﬁen
wherein the first siage utilizes non-self-saturating reactors
and the second stage utilizes self-saturating reactors.

The accompanying disclosures are based upon the use
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of amplifying reactors which may be of the self-saturat-"

ing type or of the non-self-saturating type. The sxgnal
or audio input to the amplifying apparatus has, of course,
a variable frequency within the range that is capable of
being heard; and in order to obtain amphﬁed reproduc-

29

tion of fair quallty the input power must-have a frequency -

higher than that of the highest audio frequency or of
the signal frequency that is to be amplified. In order to
obtain good quality of reproduction the input power fre-
quency should be several times that of the highest audio

frequency which it is desired to be amplified. Where the"

input signal or audio input had a range of from 30 to
3,000 cvcles per second, good results have been obtained
by using a power input having a frequency of 10, 800
cycles per second. Where the input signal or audio in-
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put had a range of from 30 to 10,000 cycles per second,

good results have been obtained by using a power supply
having a frequency of 30,000 cycles per second.

Figure 7 of the accompanying drawings is a chart show-
ing the characteristics of a self-saturated reactor where

the comntrolling magnetomotivé force is plotted: as' the’
abscissas and the controlled output current is plotted

70

taining these limits.

_metwe force is zero as at 0.

2

as the ordinates. In the present invention the steep part
of the curve or range from B to C is utilized and the
nearer this approaches a straight line the better is the

quality of reproduction.

When the controlling magnetomotive force is at O
on the chart and the magnetization of the reactor is
adjusted to yield a conirolied output current having a
value at or near the middle of the steep portion of the
line, as at A, the controlling action may be indicated as
Class A. In this case when the eontmlhng magneto-
motive force is in a positive direction, that is to the right
of the zero in Fig. 7, the cutiput of the controlied current
will be increased from A toward C; and when the con-
trelhng magnetometwe force is negative, that 1s to the
left of the zero, the controlled output current will be
decreased from A towards B. In the present invention
the controlling magnetomotive force is that due to the
variable: controlling current from the input 51gna1 or
audio source; and the controlied output current is that
due to the power output of higher frequency as modu-
lated by the conirolling magnetomotive force. When
the controlling current and controlling magnetometwe
force has a variable positive and negative direction, it 1is
advantageous to operate the reactor on the basis of
Class A. Referrmg to Fig. 7, 1t shouid be noted that
the change in the output current from A to C and from

A to B is very pronounced as cempared with the required

change in the controlling magnetomotive force for ob-
Also when the controliing magneto-
motive force is increased in a negative direction beyond

‘where the condition B is obtained, no appreciable change
in output current is obtained and it only begins to rise

shghtly under - a very considerable increased magneto-
motive force i a negative or opposing direction.
Another mode of control differs from Class A and may
be designated as Class B. Referring to Fig. 7, eonsader
the control magnetometwe force to have a zero value
indicated on theé ﬁgme at ’ and that the output current at
such zero value is of an amount to have a value corre-
sponding to the location B on the line. This is obtain-
able by ad]ustrnent of the magnetization of the reacior
core to have such a value when the controlling magneto-

Under such conditions any
change in value of the controiling magnetomotive force

in a pesnwe direction gives a wide and very pronounced
range of control from B to C on the line. In this case
the centrolllng current for eauelng change of the con-
trolling magnetemetwe force is effective in respenswe
resulfs only as regards variations in value thereof in one
direction oniy. When the reactor is controlled in this
manner by changes of value of the magnetomotive force
in one direction only it is des:tgnated as Class B control.
Obviously the most effective response is then obtained
when the range of control is effectively utilized over the
range from B to C.

Fig. 1 shows an embodiment operable as Class A of
the push-pull type with one stage of ampllﬁeatlen Four
separate reactors of the ring type are shown fer mmphc:mty,
although they may be of any suitable form and the two
upper reactors may be combined in one unit of suitable
design and the two lower reactors may sn_nnally be com-
bined. The eignal or audio source is indicated as a micro-
vhone 1 in circuit- with a battery 2 supplying current to
the primary 3 of a tramsformer. The power souree'of
alternating current indicated as “A. C. source” has a

frequency h1gher than that of the highest frequency of

the signal source and preferably several times higher; and
may be of any type for securing the desired frequency at
approximately constant voltage. This source supplies
curient to a transformer having a primary winding 4 and
two secondary wmdmgs § and 5a for securing an output

of the desu'ed constant veltage value.

The reactor cores 6, 64, 6b and 6c are respectively
provided with load current windings 7, 74, 76 and 7c,
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the upper windings 7 and 7a being supplied with current
from the secondary winding 5 and the lower windings 75
and 7c being supplied with current from the secondary
winding Sa. The windings 7 and 7a are connected in
parallel with each other from one terminal of the winding
S and in series with the winding 7 is a half-wave valve §;
and in series with the winding 74 is a half-wave valve 8a.

These valves are preferably of the dry plate type but may
be tubes, crystals or of other forms. The output sides of

the valves are connected together but the valves are con-
nected in reversed relation with reference to each other
with the result that the output therefrom is alternating.
Thus the load windings 7 and 7a alternately carry inter-
mittent direct pulsating currents. These windings sup-
ply current to a full wave rectifier @ indicated as of the
bridge-connected dry plate type, although other forms
may be used. The return circuit from the rectifier is
completed by a connection back to the secondary wind-
ing 5. The main windings 76 and 7c¢ are similarly pro-
vided with half-wave electric valves 85 and 8¢, the circuit
therefrom passing through a full wave rectifier 92¢ indi-
cated as of the bridge-connected dry plate type, from
which 1ts return circuit passes to the secondary winding 54.

Each reactor is provided respectively with a biasing
winding 16, 18q, 16b and 10c supplied with direct cur-
rent from any suitable source indicated as a battery 11.
The windings 10 tc 10c are connected in series with
each other and in series with an adjustable impedance
device 12. For Class A operation assumed in Fig. 1,
the curreat in the windings 10 to 10c is adjusted to have
such relation to the current supplied by the load windings

as to bring the magnetization of the cores to a region

that will result in the output current of the load wind-
ings being at about the middle point of the steep portion
of the output current curve when no current is supplied
to the controlling windings later described. This condi-
tion corresponds to the point A of Fig. 7 with zero con-
trol magnetomotive force,

The control or controlling windings 13, 13q, 135, and
13c are located respectively on the reactor cores and
are connected in series with each other and supplied with
current from the secondary winding 3« of the transformer
having the primary winding 3. The current in the pri-
‘mary winding 3 is in one direction and varies in ampli-
tude and in frequency of pulsations when subjected to sig-
nals or audio input to the microphone 1. The secondary
‘winding 3a imparts current to the controlling windings 13
to 13c¢ which is variable in amplitude and in frequency
and also in positive and in negative directions as deter-
mined by the signal input. With reference to the two
upper reactor cores, the controlling windings should be
connected in such relation to their respective main power
windings and to each other that when the magnetomotive
forces of the main and controlling windings are in the
same direction in one reactor core, the same condition
should apply to the main and controlling windings on the
other core under corresponding conditions. That is if a
current which passes in the controlling circuit in one
direction has its magnetomotive force in an aiding direc-
tion with the magnetomotive force of the main winding
in one core, then the same direction of current in the
controlling circuit should cause the magnetomotive force
of the controlling winding to be in an aiding direction
with the magnetomotive force of the main winding on
the other core, as shown in Fig. 1. It follows that these

controlling currents impose a variable controlling mag-
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netomotive force on the reactors corresponding to the

control magnetomotive force of Fig. 7. This variable
controlling magnetomotive force affects the output cur-
rent of the main windings and causes modulation of the
output current from the load or main windings 7 and 7q
so that the envelope of these currents is a function of the
amplitude and wave form of the signal currents.

The foregoing likewisc applies to the relationship of
the control windings 13b and 13c¢ to the windings 7b and

70

({

4

Tc. However, these controlling windings 135 and 13c
are connected in reversed relation respectively with ref-
erence to the windings 13 and 134, as shown in Fig. 1,
with the result that when the current in the controlling
circuit is passing in a direction to cause the output from
the main windings 7 and 7q to increase, the same direc-
tion of current will have the reverse effect on the output

of the main windings 7b and 7¢ and reduce the output
current therefrom. When the current passes in the comn-

trolling circuit in the opposite direction, the output from
the windings 7b and 7c is increased and the cutput from
the windings 7 and 7z is decreased. This accomplishes
the push-pull control of the amplifying reactors.

The biasing windings 10 to 19c¢ are subject to induced
electromotive forces by reason of being directly coupled
with the other windings on the reactor cores; and in
order to reduce the current due to the rippie induced
therein, the impedance device 12 in the circuit of the
biasing windings should have high resistance or induct-
ance values, or else the biasing windings themselves
should have sufficiently high resistance to properly reduce
the induced ripple currents. In some cases where the
cores and value of the ampere turns of the main power
windings 7 to 7c¢ are properly proportioned to deliver a
cuarrent output corresponding to the point A of Fig. 7
with zero control magnetomotive force, the biasing wind-
ings may be omitted.

The currents derived from the main windings 7 and 7a
of the upper set of reactive means are demodulated by
the rectifier 9 which delivers direct current from its out-
put terminais as modulated by the audio signals; and
stimilarly the output currents from the main windings
70 and 7c of the lower set of reactive means are de-
modulated by the rectifier 9a which delivers direct cur-
rent from its output terminals as modulated by the audiv
signals. The amplified signal output currents of the
rectifiers 9 and %a are utilized tc have a combined effect
upon the controlled circuit in which may be connected
any form of a transducer, such as the loud speaker 4.
As shown in Fig. 1 two terminals of the rectifiers @ and
92 which have the same polarity are connected respec-
tively to the end terminals of a primary winding 15 of a
transformer, secondary 15¢ of the transformer serving
to supply current to the loud speaker, A mid-tap of
the primary winding 15 is connected to the other two
terminals of the rectifiers having the same polarity. By
reason of this form of connection the current in one-half
of the primary winding is always in the opnosite direction
to that in the other half. When no change in the value
of the current supplied to the primary winding 15 OCCurs,
as under the condition of no signal being imposed upon
the amplifying apparatus, there is no electromotive force
induced in the secondary winding 154 owing to the
counter-acting effect of the current in the twe halves of
the primary winding 15. Now assume that an amplified
signal wave has caused an increased current to be de-
livered from the rectifier @ to its half of the primary
winding 15 and a decreased current to be delivered from
the rectifier 9¢ to its half of the primary winding 15,
As a result of the push-pull effect on the two pairs or sets
of reactors as already explained, the resultant increase
of current in one-half of the winding 15 in one direction
and the resultant decrease of current in the other half of
the winding 15 in the opposite direction produces a cumun-
lative effect upon the induced electromotive force in the.
secondary winding 15z with the result that the loud
speaker or other transducer is pronouncedly affected by
the current supplied thereto. Similarly, when the am-
plifying signal wave in the opposite direction resulis in a
decrease in the output of the demodulating rectifiers 9
and 94, the reverse effect takes place in the two halves
of the primary winding 15 and an electromotive force
in the opposite direction is induced in the secondary wind-
img 1Sz and thereby correspondingly affects the lcud
speaker. Thus the variations in the frequency and form
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of the signal currents are greatly amplified in-the corre-
sponding variations imposed upon the loud speaker Or
other form of transducer. o

In some cases, depending upon the characteristics of
the loud speaker, an adjustable capacitor 156 may be
connected in shunt across each half of the primary wind-
ing 15 for by-passing therefrom or filtering out, the main
portion of the pulsations due to the high frequency car-
rier wave. Also it is desirable in some cases to connect
a low pass filter LPF across the output circuit from the
secondary winding 15« to reduce the passage of currents
to the loud speaker which would have no controlling
influence thereon. . -
- The coupling between the transducer and the output
circuits of the amplifier may be modified from that shown
in-Fig. 1. For example, Fig. 1g indicates a loud speaker
14¢ having built-in controlling windings for directly
affecting the loud speaker output. These windings 16
and 16a are connected in series with each other with
their outside terminals connected respectively to the ter-
minals of the same polarity of the demodulators 9 and

04 and a mid-connection connected directly to the other

pair of terminals of the demodulators. Kig. 1 shows
another form of coupling wherein an auto-transformer

17 has the terminais of its winding connected respectively -

<0 terminals having the same polarity of the rectifiers 9
and- 92 and a mid-tap connectéd to the other terminals
having the same polarity. The circuit to the loud
speaker 14 is shown counected to equally distant- taps
from the mid-connection of the winding 17 through a
capacitor 18. The capacitor 18 in the circuit to the
loud speaker serves to block the passage of direct current

e

10

. 6

7 t6 Te¢ 4t the region B of Fig. 7 when no audio signals
aré imposed on the amplifying reactors. This gives a
wide range of control from B to C of Fig. 7 with a corre-
sponding increase in the amplification. The controlling
finence exerted on the lower pair of reactors 1, as shown
by the connections of the control windings, in the same
direction as that imposed upon the upper pair of reactors.
It follows that when the signal current effect imposed
on the secondary winding 3b is in ome direction, the
upper pair of reactors may function over the range from
B to C in Fig. 7, while in the lower pair of reactors the
control current is at a minimum or zero value. When
the signal current effect imposed on the winding 3b is in

~ the opposite direction, the lower pair of reactors function

20

30

from the loud speaker and permits only the varying

- ¢urrents to pass to the loud speaker due to changes in
values of the electromotive force imposed upon the ter-
minals of the loud speaker circuit. The modifications
shown in Figs. la and 1» may be applied also to the
other ficures of the drawings. - o

Fig. 1, as already stated, shows for simplicity separate
ceactor cores and Fig. 8 shows an illustrative example
of one form of a reactor core combining two separate
cores with their windings. > 6k shown is of the

The core _
three-legged type. The load windings 7 and 7a for

example, are on the outside legs of the core and their

magnetomotive forces are in the same direction in the
outside 1egs, indicated by the arrows as from left to right,
-nd have a common direction in the middle leg. The
controlling windings 13 and 13« of Fig. 1 are combined
in-a single winding 13s on the middle leg of the core in
Fig. 8; and the biasing windings 10 and 18a of Fig. 1
-ro combined in a single winding 16s on the middle leg
of the core in Fig. 8. The mode of operation ‘when
using a reactor of the form of Fig. 8 is similar in a
general way to that described with reference to Fig. 1.
It will be understood that in the other figures of the
drawings showing single forms of reactors they may
be combined as shown in Fig. 8 or otherwise modified.

Fig. 2 is similar to Fig. 1 except ation C
amplifying reactors is under Class B as distinguished from
Class A of Fie. 1. In Fig. 2 the secondary winding 30
of the transformer deriving current from the signal source
is tapped at its mid-point and the lines from its outside
terminals pass through one-way eleciric valves 19 and

19q. Current from the valve 19 passes through the con-

trolling windings 13 and 13a of the upper pair of reactors

and returns to the mid-tap connection. Current from the
valve 19g passes to the controlling windings 135 and 13¢
of the lower pair of reactors and returns to the mid-tap
connection. In view of the currents in the control wind-

ings being uni-directional, the reactor control is preferably

Class B, and the controlling windings are connected to
cause their magnetomotive forces to be additive to those
of the main windings, as shown in Fig. 2. Also the cur-

rent in the biasing windings 19 to 19c¢ 18 preferably'ffd-

justéd to bring the output current of the load windings:

the operation of the

o
) |

40
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over a range from B to C of Fig. 7, while the control
current in the upner pair of reactors is at a minimum or
-ero value. In this case the control windings of the lower
pair of reactors are connected to have the same relation-
ship to their main windings as regards direction of current,
as the control windings of the upper pair of reactors have
to their main windings. In other respects, the operation
of Fig. 2 is similar to that of Fig. 1, the current imposed
on the halves of the primary winding 15 controlling: the
output circuit being in opposite directions foward its mid-

tap.

Fig. 3 shows two stages of amplification wherein the
first stage is a single ended core set and the second stage
is' of the push-pull type having two core sets. An addi-
tional secondary winding 55 is shown in Fig. 3 supplying
clirrent to the main windings 7d and 7e on a pair of cores
64 and 6Ge. The currents from these windings pass

“through reversed connected half-wave valves 84 and 8e

to a bridge-connected full wave rectifier 95 from which a
refurn connection is made to the secondary winding 3b.
The control windings 134 and 13e are applied to these
reactor cores and supply a variable current in positive
and negative directions derived from the secondary wind-
ing 3a which is related to the signal source. The biasing
windings 104 and 10e are likewise applied to theé reactor
cores and supplied with current from a direct current
source 11g through an impedance device 12a. - The de-
modulated amplified signal current is supplied to the
primary winding 28 of a transformer having a secondary

winding 204 which in turn supplies the control windings

13 to 13¢ of the two pairs of amplifying reactors similar
to those disclosed in Fig. 1. The output from these
reéactors is supplied to the demodulating rectifiers 9 and
9¢ and to the loud speaker in the same manner as de-
scribed with reference to Fig. 1. An adjustable capacitor
20b is preférably connected across the primary winding
20 for by-passing therefrom the main portion of the
pulsations due to the high frequency carrier wave, The
first single ended stage of ampiification is preferably oper-
ated Class A and the second stage is likewise preferably
operated Class A. -

Tnstead of the transformer 28, 20a and capacitor 200
for the coupling between the iwo stages, a modified form

‘is shown in Fig. 3a wherein a choke 20c may be con-

nected across.the output of the rectifier 95 and a capacitor
30d connected in series in the circuit of the control wind-
ings 13 to 13¢. ~ The choke serves to by-pass a major por-

 tion of unmodulated direct current whereas the capacitor

serves to transmit the amplified signal currents to the con-

" trol windings of the second stage.

65

0

Fig. 4 is similar to Fig. 3 except the alternating current
output from the first stage is applied in propér phase rela-
tionship directly to the control windings of the second
stage through an impedance device 21 inserted in the cir-
cuit of the control windings of the second stage. This
results in the control windings i3 to 13c¢ of the second
stage being subjected to modulated currents with amplified
audio current influences. The first stage should pref-
erably be operated Class A and likewise the second stage
should bé opérated Class A. In place of the impedance
device 21, a coupling transformer could be used: "
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Fig. 5 shows two stages of amplification wherein each
of the stages is of the push-pull type. The second stage
is similar to that shown in Fig. 1 and is designated by
corresponding reference characters. The first stage shows

an upper pair of reactor cores 6f and 6g having main
windings 7f and 7g supplied from a secondary winding

Sc and delivering current through the reversely connected
electric valves or half-wave rectifiers 8f and 8¢ to a
bridge-connected full wave rectifier $¢ from which the
current returns to the secondary 5¢. The lower pair of
reactor cores 64 and 6/ are provided with main windings
7h and 7i supplied with current from the secondary wind-
ing 5d and deliver current through the reversely connected
clectric valves 8k and 8/ to the bridge-connected full
wave rectifier 94¢ from which the current returns to the
secondary winding Sd. The control windings 13f to 13i
are respectively mounted on the cores 6f to 6/ and supplied
with current derived from the signal source. The biasing
windings 10f to 1@e are likewise applied to the cores and
supplied with current from a direct current source 11b
through an impedance device 12b. The output of the
demodulating rectifiers 9¢ and 94 is supplied to a primary
winding 18c of a transformer, the connections thereto
being the same as described with reference to Fig. 1. Its
secondary winding 154 supplies current to the control
windings 13 to 13c of the second stage. The capacitors
136 and low pass filter LPF of each stage serve the same
purpose as described with reference to Fig. 1. Thus an
amplified signal impulse is derived from the first stage of
amplification and the secondary winding 154 delivers the
amplified signal current to the control windings 13 to 13c
of the second stage of amplification which in turn further
amplifies the signal impulses. The loud speaker 14, or
other transducer, thus is subjected to a greatly amplified
series of impulses as result of this further amplification.
~ In view of the fact that the controlling current impulses
impressed on both stages of amplification is in both posi-
tive and negative directions, both stages would preferably
be operated as Class A.

Fig. 6 is similar to Fig. 5 except instead of demodulat-
ing the signal impulses delivered from the first stage of
amplification, the output from the two pairs of reactors
of the first stage is delivered respectively to impedance
devices 22 and 22a and then in proper phase relation to
the control windings 13 and 134 and to the control wind-
ings 1356 and 13c¢ of the two pairs of reactors of the
second stage. The two stages of Fig. 6 would preferably
be operated as Class A. In place of the impedance de-
vices 22 and 224, coupling transformers could be used.

In the foregoing disclosures the reactors have been of
- the self-saturating type but amplifiers with reactors which
are not self-saturating may be used. Fig. 9 is a chart
showing the general relationship between the output cur-
rent from the main or load windings of the latter type of
reactor as the magnetomotive force of the controlling
winding or windings is increased from zero to a value that
results in maximum output. The figure shows the steep
-portion of the curve from B to C. When this form of
reactor is operated Class A, the biasing of the core is
-made such that with zero control magnetomotive force
corresponding to location A on the curve, the output cur-

rent of the power winding will have a value corresponding

to location A; and when operated Class B the biasing is
made such that with zero control magnetomotive force
corresponding to location B, the output of the power
winding will have a value corresponding to location B on
the curve. In the following disclosures using non-self-
saturating reactors separate cores are shown for simplicity
- but it will be understood they may be combined, one form
of which is indicated in Fig. 8. When such a combined
type of reactor is used as non-self-saturating, the load
- windings are connected to cause their magnetomotive
forces to act cumulatively with each other in the outside
legs of the core, as distingunished from the direction of
the arrows indicated on the outside legs in Fig. 8.
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Referring to Fig. 10, the parts are similar to Fig. 1
except -that the load windings 7 to 7c¢ have no one-way
valves in series therewith. Thus in Fig. 10 the load wind-
ings are subjected to alternating current as distinguished

from intermittent direct currents. In Fig. 10 the mod-
ulated alternating currents of the load windings are de-

livered to the demodulating rectifiers 9 and 94 respectively |
which in turn apply the amplified signal currents to the
loud speaker or other transducer through the transformer
connections already described with reference to Fig. 1.
In £ig. 10 the input to the controlling windings 3 to 13c
from the signal source is variable not only in amplitude
and frequency, but also in direction. Thus the reactors
of Fig. 10 should be operated Class A: and in order to
avoid objectionable distortion, the controlling magneto-
motive forces should not exceed in opposite directions
the limits of the locations B and C on the chart of Fig. 9.
In this case the connections of the comntrol windings 13
to 13c are made such that when the derived signal current
passes In one direction, and the magnetomotive forces of
the control windings 13 and 13¢ are additive to the mag-
netomotive forces of the biasing windings 10 and 10g,
the magnetomotive forces of the control windings 135 and
13c should then be in opposition to the magnetomotive
forces of the biasing windings 105 and 10c, as shown in
Fig. 10. When the derived signal current to the control
windings passes in the opposite direction, the reverse ac-
tion takes place. This results in the condition that when
the amplified signal current is increased in one-half of the
transformer primary winding 15, it is simultaneously de-
creased in the other half giving the amplified push-pull
effect.

Fig. 11 is similar to Fig. 2 except that the one-way
valves are omitted from the circuits of the load windings

7 to Tc. As distinguished from Fig. 10, the control wind-

ings of the non-self-saturating reactors are subjected to
currents in one direction only owing to the valves 19 and
194 being inserted in the circuits of the control windings..
When signal impulse currents pass to the control windings
13 and 134 of the upper pair of reactors, the control
windings 135 and 13c of the lower pair of reactors are
inactive; and when the latter control windings are active
the control windings of the upper pair of reactors are in-
active. This disclosure would preferably be operated as
Class B and the current in the biasing windings 19 to 10c
is adjusted to cause the output current of the main wind-
ings to correspond to the location B when the control
windings 13 to 13c¢ have zero control magnetomotive
force. The control windings of each pair of reactors are
so connected with reference to the main windings to cause
the output current from the main windings of each pair
to have a value within the range from B to C of Fig. 9

when the control magnetomotive force is increased from
zZero value.

Fig. 12 is similar to Fig. 5 except in Fig. 12 the reac-
tors of the first stage are non-self-saturating as described
with reference to Fig. 10, whereas in the second stage of
amplification the reactors are shown as of the self-saturat-
ing type. In this case both stages would be operated as
Class A.

The biasing windings on the reactor cores are indicated
in the various embodiments as being supplied by direct
current from any suitable available source. Generally
these windings would be connected in the circuit to
oppose the magnetomotive force of the main windings for
securing the biasing for operation as Class A or Class B
and in some cases these windings may be connected to
create a magnetomotive force in the opposite direction,
thus acting with that of the main windings for obtaining
the desired results. In some cases these windings mayv
be omitted when the magnetomotive forces of the main

load windings are adjusted to create the condition for

Class A or Class B operation as desired in the particular

instance,

78 - In general as to all of these disclosures the best results.



2,710,313

S
are obtained by the use of material in the reactor cores
which has the highest constant permeability up to the
saturation point, unity permeability beyond saturation,
the smallest area of the hystersis loop and the lowest
eddy current losses.

As regards the source of the power supply and the
obtaining of the desired frequency of this source, it will
be understood that any of the available types may be
used such as rotating machines of high frequency, oscil-
latory tubes and other forms.

In the foregoing disclosures the input audio signal to
the controlling winding or windings of the initial stage of
amplification has been indicated as derived from a carbon
microphone. However, the signal source may be of anv
character and may be variously coupled to the circuit
of the controlling winding or windings. Also the signal

10

15

input may be derived from other types of microphones,

phonograph pick-ups, radio receiver detector outputs and
s¢ forth. |

Tn some cases instead of using a pair of individual
reactor cores as shown herein, or a combined core as
shown in Fig. 8, only one core with a power winding, a
controlling winding and a biasing winding thereon may be
used with some provision such as a low pass filter in the
circuit of the controlling winding for avoiding induced
electromotive forces in the controlling winding.

1+ will be understood that this invention may be modi-
fied in various ways as to the form of the reactors, the
counling to the signal source, the character of the signal
source, the coupling to the loud speaker or output circutt,
the number of amplifying stages and the character of the
stages and the coupling between amplifying stages. Also
various forms of filters may be used and connected 1n a
manner to improve the quality and volume of the ampli-
fied output. Also the invention may be utilized in various
applications for amplification of signals or controls within
the audio range without departing from the scope thereof.

1 claim: |

1. A magenetic amplifier for amplifying audio signals
from a signal source, said amplifier comprising an Input
circuit for receiving an alternating current having a fre-
quency higher than the highest audio frequency o be
amplified, two pairs of branches connected to be energized

from said input circuit, each branch having a one-way

valve and saturable reactor means including a main

winding and ‘control winding means for receiving audio
signals from said signal source 10 modulate the currents
of the main winding, each branch having a series circuit
including the main winding and the one-way valve of the
branch. said series circuits of each pair of branches being
connected in parallel and one end of each pair of branches
being connected to said input circnit, each pair of branches
having connected to its other end an output circuit with
a return path of said input circuit and the valves in
each pair of branches being oppositely poled to deliver
alternating current to each of said output circuits, said
control winding means being related to said main wind-
ings to have reversed effects on the respective pairs of
branches, a demodulator in each of said oufput circuits
for demodulating the alternating currents in said output
circuits, and an audio output transformer having input
winding means with symmetrical halves, one of said halves
being connected to receive the output of one of said
demoduiators, the other of said halves being connected
to receive the output of the other demodulator, said halves
being related to provide a cumulative audio frequency
effect in response to simultaneously rising output currents

of one demodulator and falling cutput currents of the

other demoduiator. |

2. A magnetic amplifier for amplifying audio signals
from an audio frequency signal source, said amplifier com-
prising an input circuit receiving an alternating current
having a frequency higher than the highest audio frequency
to be amplified, two pairs of branches connected to be
energized from said input circuit, each branch including a
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one-way valve and saturabie reactor means having a main
winding and a control winding, each branch having a
series circuit including the main winding and the one-way
valve of the branch, said series circuits of each pair of
branches being connected in parallel and one end of each
pair of branches being connected to said Input circutt,
each pair of branches having connected to its other end
an output circuit with a return path to said input circuit
and the valves in each pair of branches being oppositely
poled to deliver alternating current to cach of said output
circuits, said control windings being interconnected to
receive audio signals from the signal source for modulat-
ing the currents in the main windings, said control wind-
ings being related to said main windings to have reversed
effects on the respective pairs of branches, a pair of full-
wave bridge rectifiers, one in each of said output circuits
for demodulating the alternating currents in said output
circuits, and an audio output circuit for converting audio
frequency currents into sound waves of the same ire-
quency as said audio frequency signals, said audio
ouput circuit having an mput winding with opposite
end terminals and an intermediate terminal, one of
said end terminals being connected to an ouiput
terminal of one polarity of one of said rectifiers,
ihe other of said end terminals being connectied to the
output terminal -.of said one polarity of the other rectifier,
eaid intermediate terminal being connected to the output
terminals of the other polarity of both rectifiers.

3. A magnetic amplifier for amplifying audio signals
from a signal source, said amplifier comprising an input
circuit for receiving an alternating current having a fre-
quency higher than the highest audio frequency to be
amplified, two pairs of branches connected to be energized
from said input circuit, each branch including a one-way
valve and saturable reactor means having a main winding
and control winding means, each branch having a series
circuit including the main winding and the one-way valve

of the branch, said series circuits of each pair of branches

being connected in parallel and one end of each pair of
branches being connected to said input circuit, cach pair
of branches having connected to its other end an output
circuit with a return path to said input circuit and the

‘valves in each pair of branches being oppositely poled to

deliver alternating current to each of said cutput circuits,
«aid control winding means being interconnected to receive
audio signals from the signal source for modulating the
currents of the main windings, said coatrol winding means
being related to said main windings to have reversed effects
on the respective pairs of reactor branches, a pair of
full-wave bridge rectifiers, one in each of said output
circuits for demodulating the alternating currents in said
output circuits, and an audio output section for convert-
ing audio currents into audible reproductions of said audio
signals, said section comprising electromagnetic winding
means with symmetrical halves, one of said halves being
connected to receive the output of one of said rectifiers,
the other of said halves being connected to receive the
output of the other of said rectifiers, said halves being
related to provide a cumulative audio effect in response
to simultaneocusly rising output currents of one rectifier
and falling output currents of the other rectifier.
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