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ELECTRICAL TRANSLATING ,&PPAR&TUS

Crigingi a,ppzicﬁtion filed Yune 20, 1928, Serial No. 286,984, Divided and this appieation fled July §,
’ ' 1828, Serial Ne. 376,988,

. My invention relates to electrical transiat-
ing apperatus of the amplifier type.

Une object of my invention is the provision
of amplifying apparatus having no electron

; tube and no moving parts. .
The present application is a division of my

copending application, Serial No. 286,984,
fled & 20, 1928, for electrical transiating

epparatus now Patent No. 1,739,579,
In the accompanying drawings, Fig. 1 is
o diggrammatic view illustrating one form
rensiating apparatus embodying my in-
. Hig. 2is a view showing 2 modified
n of the apparatus illusirated in Fig. 1,

I

16 and alsc embodying my invention.
o o
i

ar reference characters refer fo sim-
e in both views. )

Referring first to Fig. 1, the reference
racter 4. designates a transformer com-
sing & magnetizable core 1 having a bridg-
member 2 provided with three windings
One leg 8 of this core is pro-
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ing or
with & winding 7, and the other leg 4
carries g winding 8. Winding 6 is included
in an inpub circult which also includes o
source of direct current here shown ag the
secondary of a transformer T and a full
wave rectifier B Albernafing current is at
times supplied to the primary of transformer
T, and it will be seen that when current is
supplied to this primary unidirectional cur-
be supplied to winding 6.

Windings 7 and 8 of transformer A are

connected in series with & load L in an oud-

put cireuit which is constantly supplied with
alternating current from any suitable source

- such as an alternator &, This circuit may be

&G

-tuned to resonance by a condenser 9. The

windings 7 and 8 are so disposed and se pro-
portioned that the alternating fluxes pro-
duced in core I by the aliernating currents
suppiied to windings 7 and 8 traverse mem-
ber Z in opposite directions at any instant so
that these fluxes do not cause a magnetic
potential between the extremities of member
2, and it follows that under normal condi-
tions no electromotive force is induced in
windings 14, 5, or 6. ' :
‘When the current in winding 6 is increased,
the unidirectional flux in member 2 is also in-

cressed, and as a‘result, the permeability of
the legs 8 and £ is correspondingly decreased.
it follows that the impedances of windings 7
and & are thereby decreased, so that the cir-
rent supplied by generator G fo the ioad Lk
through windings 7 and € is increased. Fur-
thermove, the unidirectional flux created in
member ¢ has another effect which I will now

describe. It will be seen that portion of

the fiux created in member 2 by current in

winding 6 traverses a path including leg 8
and indicated in the drawings by arrows 12,
Another portion of this flux traverses the
path indicated by arrows 18 and including leg
£ It will be seen that during cne-half cycle
of the alternating flux created in core 1 by
currents in windings7 and 8, this alternating
fux will aid the unidirectional fux in leg 3.
and will oppese the umidirectional flux in
leg 4. During the other half cycle, however,
the alternating flux will aid the unidirection-
al dux in leg 4 and will oppose the unidirec-
ticnal fiux in leg 8. Since the reluctances of
paths 12 and 18 depend upon the density of
the flux through these paths, it follows that
these reluctances will be varied by different
gmounts during at least a portion of each cy-
cle. The balance normally existing between
the alternating fluzes created in cors 1 by
windings 7 and 8 is thevefore destroyed so |

“that an alternating flux is created in member

2. This alternating flux, of course, induces
in winding 5 an alternating electrcmotive
force. Winding 5, however, has its terminals
connected across a rectifier 17 which pet-
mits current to flow through this winding in
one direction and not in the other, and it fol-
lows, therefore, that current can flow in this
winding only during alternate half cycles.
The rectifier 17 is so arranged that the cnr-
rent which is permitted to flow in winding 5
during alternate half cycles creates a uni-
directional flux in member 2 which aids the
unidirectional flux created in this member by
current in winding 6. The impedances of
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windings 7 and 8 are, therefore, still further -

decreased and the unbalance between the al-
ternating fluxes in core 1 is still further in-
creased with a consequent further increase
in the current in load L. This cycle of opera-

a0




10

15

20

25

30

36

40

2

tion continues until a condition of equilibri-
um is reached for which the current supplied
to the load will have been increased by an

amount which depends upon the amount of.

increase in the current supplied to winding 6.
When the current in winding 6 returns to its
original value, the current supplied to the
load I also returns to its original value,
apparatus operating in a manner which will
be understood from the foregoing without
further explanation. ‘

Tt should be pointed out that the alternat-
ing flux in member 2 induces an alternating
electromotive force in winding 6 and, in order
to suppress this electromotive force, an im-
pedance 11 is interposed in the input circuit.

Under some conditions of operation, the
winding 5 with its associated rectifier 17 may
be dispensed with, the function of these parts
being performed by the input circuit includ-
ing winding 6 and rectifier R. It will be
noted that alternating current induced in
winding 6 by the alternating flux in member
9 resulting from an unbalance of the alternate
fluxes in core 1 due to the direct current sup-
plied to winding 6 can flow through the cir-
cuit including rectifier R* in only one direc-
tion, and that this direction is such that the
induced current thus created in winding 6
assists the unidirectional current supplied to
the winding from transformer T. TUnder
proper conditions, therefore, the apparatus
will operate regeneratively without the addi-
tion of winding 5 and rectifier 17.

The sensitivity of the apparatus depends,
of course, upon the initial permeability of
core 1, and for the purpose of adjusting this
permeability to its optimum value, T connect
winding 14 of transformer A in series with
a battery 15 and a reactor 16. The current
supplied to winding 14 by battery 15 creates

~ in core 1 a unidirectional flux, the magnitude
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of which may be varied to bring the initial
permeability of this core to the desired value.
The purpose of reactor 18 is to increase the
impedance of the circuit including winding
14 to transient currents, thereby preventing
this circuit from absorbing energy when the
current in the input circuit is varied.
Referring now to Fig. 2, the transformer
At is similar to the transformer A shown
in Fig. 1 except that the core 1 is non-sym-
metrical, member 2 being located closer to leg
3 than to leg 4. It follows, therefore, that
the flux path 12 including member 2 and leg
3 has a lower reluctance than path 13 includ-
ing member 2 and leg 4. The windings 7 and
8 are so proportioned that under normal con-
ditions the magnetomotive force supplied by
these windings are proportional to the re-
luctances of their respective paths so that
no alternating flux is produced in member 2.
When the current in the input circuit is in-
creased, the increased unidirectional flux in
member 2 decreases the impedances of wind-
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ings 7 and 8 and produces an increase in the
alternating current supplied to the load L by
%gnerator G. The flux thus supplied to mem-

r 2 divides unequally between legs 3 and
4 and it follows that the reluctances of paths
12 and 18 are varied in different degrees. As

70

a result, the balance normally existing be- =

tween the alternating fluxes created in core 1
by windings 7 and 8 is destroyed, and an
alternating flux is created in member 2.
This alternating flux in member 2 induces
in winding 5 an alternating electromotive
force and during alternate half cycles, cur-
rent flows in winding 5 through rectifier 17
to produce in member 2 a unidirectional flux
which assists the unidirectional flux created
in the member by current in winding 6. The
cycle of operations continues, as in Fig. 1,
until a condition of equilibrium is reached at
which the output current in load I: has a
higher value than that corresponding to the
initial value of the current in winding 6.
When the current in winding 6 is restored to
its initial value the cirrent in load L is also
restored to its initial value, the operation be-
ing obvious from the foregoing description.

It should be pointed out that with appa-
ratus embodying. my invention, the current
in the output circuit is varied in accordance
with the current supplied to the input circuit,
and that the apparatus operates regenerative-
ly in response to comparatively small changes
in the Input circuit to cause enormously
larger changes in the output current. Fur-
thermore, this operation is accomplished
without the use of moving parts. Appa-
ratus embodying my invention is particu-
larly suitable for, though in no way
limited to, use in railway traffic control-
ling apparatus in which the train is sup-
plied with a device such as a relay which is
supplied with current in accordance with va-
riations in the current flowing in a track rail.
In my present invention, the train carried
relay could be substituted for the load L and
the track rail would correspond to the pri-
mary of transformer T. The relay would
then be energized in accordance with the
trackway current. ,

Tt should be distinctly understood. how-
ever, that my invention 1s not limited to use
with input eircuits supplied by an alternat-
ing current source. When the input energy
is direct current, this current may be supplied
directly to the control winding 6, the recti-
fier R* and transformer T then being un-
necessary. :

My copending application, Serial No.
377,020, filed July 9, 1929 as a division of
Serial No. 286,984, now Patent No. 1.739,579,
contains certain claims covering broadly
magnetic amplifiers having regenerative
characteristics. '

Although I have herein shown and de-
scribed only two forms of electrical trans-
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lating ajppamtus embodying my invention, it
is understood that various changes and modi-
fications may be made therein within the
scope of the appended claims- without de-
parting from the spirit and scope of my in-
vention. \ .

Having thus described my invention, what
T claim is:

1. Tn combination, a magnetizable cors

having a bridging member, two windings on

said core, & cireuit including a source of al-
ternating current and said two windings in
series in such menner that the alternating
fuzes created by the windings in sald bridg-

ing member normelly balance each other,

means for o times creating in said bridging
member o unidirectional flux which varies
the impedances of said windings and destroys
the normal balance between said alternating
fluzes, means responsive to an alternating
fiux in said bridging member for varying
aid wnidirectional flux, and a load receiving
energy from said cireutt.

9. In combinafion, a magnetizable core
comprising two magnetic paths both includ-
ing a bridging member, two windings one on
each said path, a circuit including a source
of alternasing current and said two windings
in series in such manner that the alternating
Suzes in said two paths balance each other in
said bridging member, a third winding on
said bridging member, a rectifier connected
across the terminals of said third winding,
means for ab times creating a unidirectional

. fiux in said bridging member, and a load re-

ceiving energy from said circuit.

3 In combination, a magnetizable core
comprising two magnetic paths both includ-
ing a bridging member, two windings one on
each said path, a circuit including a source
of alternating current and said two windings
in series in such manner that the elternating
Syuxes in said two paths are in opposition n
said bridging member, a third winding on
said bridging member, a source ot direct cur-
rent connected with said third winding for
creating unidirectional flux in said member,
means for at times increasing the unidirec-
sional fiux in said member to vary the im-
pedances of said first two windings, and vary
he ratio of the reluctances of said paths, 2
fourth winding on said bridging member, a
rectifier connected across the terminals of
caid fourth winding for permitting current
‘o fiow in said winding in such: direction as

to increase -the anidirectional flux in said

bridging member, and & load receiving
energy from said circuit. S

4 ¥n combination, a magnetizable core
comprising two magnetic paths both includ-
ing a bridging member, tWo windings one on
each said path, an output eircuib including
o source of alternating current and said two
windings in series in such manner that the

.

alternating fluxes in said two paths are in

opposition in said bridging member, a third

winding on said bridging member, a reactor,
a first source of direct current connected with
said third winding through said reactor for
creating unidirectional flux in said member,
2 fourth winding on said bridging member, &
second source of direct current, an input cir-
cuit receiving current from said second source
and, including said fourth winding for at
times increasing the unidirectional flux in
s2id member to vary the impedances of said
Arst two windings, and vary the ratio of the
reluctances of said paths, a fifth winding-on

‘said bridging member, a rectifier connected

across the terminals of said ffth winding for
permitting current to flow in said winding 1n
such direction as to still further increase the

unidirectional fiux in said bridging member,

gnd g Joad receiving energy from said output
cireuit.
5. In combination, a magnetizable core

“having two magnetic paths of different re-

Tuetances both including a bridging member,
two windings one on each said path, a cir-
cuit including a source of alternating current
and said two windings in seriesin such man-
ner that the alternating fluxes in said two
paths are in opposition in said bridging mem-
ber, & third winding on said bridging mem-
ber, a rectifler connected across the terminals
of said third winding, means for ab times
creating in said bridging member & unidirec-
sional flux which divides unegqually in sald
two paths to increase the difference between

said two siternating fluxes in said member,
ond. o load recelving energy from said cir-
cuit,

5. In combination, a magnetizable core
having twe magnetic paths of different re-
Tuctances both including a bridging member,
two windings one on each said path, & circuit
including a source of alternating current and
said two windings in series in such manner
¢hat the siternating fluxes in said two paths
are in opposition m said bridging member,
o third winding on said bridging member,
o vectifier connected across the terminals of
said third winding, & fourth winding on said
bridging member, means including  said
fourth winding for at times creating in said
bridging member 2 unidirectional flux which
divides unequally in said two paths to in-
crease the difference between said two alter-
nating fiuxes in said members, and a load re-
ceiving energy from said cirenit. -

7. 1n combination, a magnetizable core
having a bridging member, two windings on
said core, 2 civeuit including a source of peri-
odic current and said two windings in such
manner that the periodic fluxes created by
said two windings are in opposition in said
member, means for at times creating in said
bridging member a control flux which varies

the impedances of said two windings and al-

fers the ratio of said periodic fluxes, means
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responsive to the ratio between said periodic
fluxes for varying the flux in said member,
and a load receiving emergy in accordance
with the current in said circuit. o

8. In combination, a magnetizable core
having a bridging member, two windings on
said core, a circuit including a source of
periodic current and said two windings in
sitch manner that the periodic fluxes created
by said two windings are in opposition in
said member, means for at times creating in
said bridging member a control flux which
varies the impedances of said two windings
sud alters the ratio of said periodic flues,
means for varying the flux in said member in
accordance with the ration between said peri-
odic fluxes, and a load receiving_energy in
accordance with the current in said circuit.

9. In combination, a magnetizable core
having a bridging member, two windings on

said core, a load, a circﬁit\including a source

of periodic current. and said load and said o
“having two magnetic

windings in such manner that the periodic
fluxes created by said two windings are in op-
position in said bridging member, means for
at times creating in said bridging member a
control flux which varies the impedances of
said windings and alters the ratio. of said
periodic fluxes, and means for varying the

flux in said bridging member in accordance

with the ratio between said periodic fluxes.

10. In combination, a magnetizable core
having a bridging member, two windings on
said core,
odic current and said two windings, a load
receiving energy in accordance with the cur-
rent in said circuit, means for at times creat.-

ing in said bridging member a control flux.

which varies the impedance of at least one
of said windings and alters the ratio betwesn
said periodic fluxes, and means for varying
the flux in said bridging member in accord.
ance with the ratio between said periodic
fluxes. ‘

11. In combination, a magnetizable core
comprising two magnetic paths having a
bridging member in common, two windings
one on each said path, a circuit including a
source of periodic current and said two wind-

50_ings in such manner that the periodic fluxes

58
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-and said two windings,

created by said windings are in opposition in
said bridging member, means for at times
supplying said bridging member with a con-
trol flux, a third winding on said bridging
member, a rectifier connected across the ter-.
minals of said third winding, and a load re-
ceiving energy in accordance with the cur-
rent in said circuit.

12. In combination, two magnetic paths,
two windings one on each said path, a cir-
cuit including a source of periodic current
means for at times
supplying both said paths with control flux
which varies the impedances of said wind-

* ings and alters the ratio of the periodic fluxes

a circuit including a source of peri- -

1,812,202

created by said winding, means for at time
groducinrg in both said paths an additional

ux the magnitude of which depends upon
the ratio between said periodic fluxes, and a
load receiving energy in accordance with the
current in said circuit.

13. In_combination, two .Inagnetic paths,
two windings one on each said path, a cir-
cuit including a source of periodic current
and said two windings, means for at times
supplying both said paths with control flux
which varies the impedances of said wind-
ings and alters the ratio of the periodic fluxes
created by said winding, a third winding
linking both said paths in such manner that
the electromotive forces induced in such third
windings by said two periodic fluxes are in
opposition, a rectifier connected across the
terminals of said third winding, and a load

receiving energy in accordance with the cur-

rent in said circuit.

14. In combination, a magnetizable core
paths of different re-
luctances both including a bridging member,
two windings one on each said path, a cir-
cuit including a source of periodic current
and said two windings in such manner that
the periodic fluxes created by said windings
in said bridging member are normally bal-
anced, means for at times creating in said
bridging member a control flux which di-
vides unequally between said two paths to
vary the ratio between said periodic fluxes,
means for varying the flux in said bridging
member in accordance with the ratio between
said periodic fluxes, and a load receiving en-
ergy in accordance
circuit,

15. In combination, a magnetizable core

having two magnetic paths of different re.
luctances both including a bridging. mem-
ber, two windings one on each said path, a
circuit including a source of periodic current
and said two windings in such manner that
the periodic fluxes created by said windings
in said bridging member are normally bal-
anced, means for at times creating in said
bridging member a control flux which divides
unequally between said two paths.: to vary
the ratio between said periodic fluxes, a third
winding on said bridging member, a rectifier
connected across the terminals of said third
winding, and a load receiving energy in ac-
cordance with the current in said cirouit.

In testimony whereof I affix my signature.

PHILIP H. DOWLING.
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