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" This invention relates to improvements in elec-

- tronic amplifying relays or couplers and systems
theréfor, and it has special reference to such
devices as are employed in various systems of

s two-way communication, such. as signalling, tele-
phone or other types of two-way communication,
wheére it is desirable -or.necessary to compensate
for energy losses by amplifying the electrical

waves produced in response to signals or sounds, -

10 The invention is applicable to many classes of
service. One example is where it is desired to
interconnect two separate and independent tele-
phone or other systems of two-way communica-
tion, such as a public telephone system and a

18 private interoffice telephone system of the same

. or of different types, so that any pafty on the

_- interior telephone system may communicate with
a party on the public telephone system. With

my invention, such an interconnection can be

20 established through the intermediary of my elec-
tronic amplifying coupler which is interposed
between the two systems, either by means of
acoustical couplings or by means of direct elec~
trical connections.

28 It is also useful in business offices, where one
or more persons, perhaps at a conference table,
desire {o discuss matters with another absent
party over the telephone. Under such circum-
tances, the incoming messages are received over

30 a speaker in the room, while a sensitive micro-

phone enables any of the persons present to talk
- over the telephone with the absent party, with-
. -out leaving his seat.
i In telephone service, repeating relays of vari-
35 ous types are frequently employed in long dis-
tance communication, and this field of service is
another example of one te¢ which my invention
pertains.

My invention is applicable to other fields of .

46 use for handling two-way communications of var-
icus kinds, but the examples above referred to,

togetlier with others which will follow will indi- -

cate to some extent its broad range of usefulness.

It is one of the objects of my invention to pro-

45 vide a two-way communication system of the
general character indicated in which the elec-
tronic amplifying coupler equipment employed is
not only siznplé and inexpensive to construct and

* maintain, but which functions effectively to meet
50 the sérvice conditions, while at the same. time
preventing mutual interference and feéd ba_ck
disturbances and, furthermore, is so arranged

. that “breaking in” by either party to the con-

: versation may take place at any time in the same
.55 manner as in ordinary telephone conversations.

Still another object of my invention is to pro-
vide a single electronic amplifying coupler in-
which the electrical waves of a two-way com-
munication, are alternately interrupted at a high
periodicity above audibility before being trans- §
mitted to the electronic amplifier, while the am-.
plified and interrupted electrical waves emanat-
ing from the amplifier unit are passed on alter-
nately at the same high periodicity ahove audi-
bility to the respective outgoing circuits of the 10

. two-way system.

Another object of my invention is to provide
such an electronic amplifying coupler in which
suitable means, preferably but not necessarily )
employing oscillations of a high frequency above 15
audibility from an ektraneous source in connec-

“tion with rectifying means, are utilized to inter-

mittently interrupt the lower frequency electri-
cal waves to be amplified before they reach the
amplifying means, so that the amplification is gp
effected upon a continuous series of unidirec-
tional pulsations of a sufficiently high' frequency
that the intermittent or non-continuous char-
acter of the modulations of electrical waves being
transmitted and amplified, is not detectable to of
the human ear when received as sound waves and
therefore is heard or experienced as though it
were acturlly unbroken and coniinuous.
Another object of my invention is to provide
a unitary signal or telephone system, which either gg
may include two separate and electrically inde-
pendent signal or telephone systems, such as, for
instance, an ordinary public telephone system and
private interior or inter-office telephone system,
or two successive sections or parts of a single gx
telephone system such as is used for long dis-
tance communication, and in which the com-

- ponenf independent systems or successive sec- .

tions of a single system are interconnected by

. means of & single electronic amplifying coupler,

operating in conjunction with a high frequency
oscillator, in such manner that the single elec-
tronic amplifying device serves both circuits of
the system in common but at alternate time pe-
riods, whereby controllable amplification of the
electrical waves of a two-way communication is

-accomplished with complete absence of mutual

interference or feed back disturbances.

- Another object of my invention is to provide.
simple and effective means which is adapted to 50
be readily interposed between two such two-way °

“systems of communication or parts of a single

two-way system and which embodies electronic
amplifying coupling means of the above indicated
type, which is arranged and adapted to sepa- &5
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rately and alternately amplify or intensify the
electrical waves being transmitted in both direc-
tions, while positively preventing any interfer-
ence between the two-way communication and
entirely eliminating the possibility of feed back
disturbances.

A further object of my invention is to provide
an electronic amplifying coupler adapted for sig-
nal, telephone or other service which embodies a
single amplifier unit, which is permanently con-
nected into the respective two-way operating cir-
cuits of the system or systems, but which is so
constructed, arranged and controlled as {o alter-
nately transmit and amplify the electrical waves
of a two-way communication, in. such manner
that a rapid succession of intermittent, alter-
nate, unidirectional impulses are obiained, first
from communication in one direction and then
from the other, and at a sufficiently high fre-
quency above audibility as tc chviate any detect-
able audible effect to the listener upon the sig-
nals or sounds being received, while at the same
time, by reason of the alternate 180° {ime phase
displacement of the alternate unidirectional im-
pulses through the amplifier unit, positively and
definitely preventing any mutuel interference or

. feed back disturbances.

~ Another object of my invention is to provide an
acoustically coupled signal or telephone system in
which two electrically independent and separate
systems or two successive sections or portions of a
single syster, may be coupled together acousti-
cally for two-way communication, by means of
a single electronic amplifying  coupler which
serves hoth elreuits of the two-way sysiem in
commen but at rapidly alternating time periods,
witnout interfering with the usual eircuit con-
nections or operation of the thus inter-connected
systems or sections of & single syster.

in accordance with one aspect of the invention,
and quite apart from and independent of its
application to any particular field of service, I
contemplate the use of a single electronic ampli-
fying coupler which is permanently connected
with both circuits of & two-way communication
system. 'The amplifying unit per se may be of
any well-known type and embody one or more
stages of amplification and, if desired, the usual
push-pull power tubes. This single amplifying
unit, however, which, of course, is uni-directional,
functions for both circuits at all times, so far
as can be detected by the human ear, so thai
either party to the conversation can “break-in”
at any moment. . :

Thus, with but & single amplifying unit, ap-
parent concurrent conversations between the
parties can take place, and yet without mutual
electrical interference or feed back. .

This is accomplished by the manner and the
means by which the amplifying unit is controlled
and permitted to function. To effect the desired
contro), I preferably utilize a high frequency os-
cillator in conjunction with suitable rectifying
devices 50 as to alternately interrupt the incom-
ing electrical waves from each direction to the
amplifier at a high rate or periodicity above audi-
bility. By similar means I alternately interrupt
the respective outgoing electrical waves: from the
amplifier in the same manner and, moreover, I
do s0 in exact step with the interruptions of the
incoming waves. :

“In other words, the incoming and

outgoing

' waves passing through the system in one direc-

tion are simultaneously interrupted in precise
step or time relation, whereas the incomjng and
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outgoing waves passing in the opposite direction
are similarly simultaneously interrupted, al-
though the interruptions of the waves travelling
in opposite directions through the system occur
at 180° time phase displacement, so that there
is no possibility of mutual interference. - -

The auxiliary high frequency oscillator defi-
nitely insures the positive and alternate timing
of the respective interruptions, when used in con-
junction with suitable rectifying devices, prefer-
ably of the well-known “Rectox” type.

The result of this control feature, is that while

10

the amplfying unit per se Is operative at all

times to pass tuni-directional waves through it
in a succession of rapid intermittent pulsations,
still' every alternate pulsation constitutes a part
of the electrical waves passing thirough the sys-
tem in one direction, while the intermediate alter-

16

nate pulsations constitute parts of the electrical -

waves passing through the system in the opposite
direction. .-
" Yet, the frequency of the respective interrup-
tions is so high with respect to the normal fre-
quency of the electrical waves being transmitted
and amplified, that the interruptions are not dis-
cernible when received as sound waves by the

“human ear, and the amplified signals or sounds

heard by the listener appear as continuous and
clear.’

By reason of the character of control of the
amplifying unit per se whereby it functions alter-
nately on electrical waves passing in opposite

directions through the system, it will be under--

stood that it is active to waves passing through
the system in one direction during every alter-
nate pulsation, and at the same time dead to

20

30

waves in the opposite direction.” Similarly, the

intermediate alternate pulsations are active to
the waves passing through in the other direction
and dead to those of the first direction. There-
fore, there is no possibility of feed back disturb-
ances or mutual interference, no matter hew close
together the receiver or speaker may he placed
to the transmitter or microphone at either end
of the system, and also entirely independent of

the degree of amplification or intensity.
The oscillator may be of any well-known con- -

struction and in general is preferably designed
to deliver oscillations at a frequency above aud-
ibility. Ordinary voice frequencies range gen-
erally from 100 to- 1000 cycles per second, while
music may range from perhaps 60 to 6000 cycles

45

per second. In my invention, an oscillator hav- -

ing a frequency of 20,000 cycles per second will
give excellent results, although in some instances,
it may well range from about 5000 to 45,000
cycles or even higher. The particular frequency
is not critical, so long as it is sufficiently higher
than that of electrical waves being transmitted
and amplified, as to obviate any objectionable
interference. ) .

The rectifying devices employed in connection
with the oscillator are preferably of the dry cop-
per oxide type, known in the art as “Rectox”,
such as that described in Patent #1,640,335
granted August 23, 1927, to Grondahl, although
my invention is not limited to rectifiers of this
. 'These and other objects of the invention and
features by means of which they are accomplished
will bezome ‘more apparent from the following
description of the invention in connection with
the accompanying drawings in which

60
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Fig. 1.is a disgrammatic view of the circuit 75
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connections of a telephone system embodying my
invention;
Fig.. 2 is a diagrammatic view of 8 portion of

A the circuit connections of a modified form of
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telephone system embodying my invention;

Fig. 3 is a diagrammatic view of a portion of
the circuit connections of a further modification,
and

Fig. 4 is a diagrammatic view of .a still fur-:
ther modification of my invention.

Referring now to the drawings, and particu-'
larly to Fig. 1 thereof, my invention is illustrated -

as interconnecting a plurality of electrically in-
dependent telephone systems A and B, which are

connected together so as to function as a single:

system of two-way communication through the
intefposition of my amplifying coupler C.

The telephone system A may, for example,
comprise an ordinary public telephone system
having a plurality of subscribers’ stations, only
two of which are indicated in the drawings and
are represented -for illustrative purposes by the
French telephone sets Fi and Fa, the latter of
which comprises a receiver Rz and a transmitter
T:. The telephone system B, which is entirély
independent of the telephone system A, typifies
any ordinary private interoffice telephone sys-
tem having a plurality of party stations, only
two of which are indicated and are represented
by the French telephone sets Fs and F4, the lat-
ter of which is provided with a receiver Rs and a
transmitter T:. Both of these independent tele-
phone systems, A and B, are adapted for two-
way conversation and are connected and operated
in any of the usual well-known manners.

For purposes of explanation it will be as-
sumed that the French telephone set F2 of the
public telephone system and the French telephone
set F4 of the interoffice system are located on or

 near the desk or in the.rocm of the telephone

' operator in a private business office or factory
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where the desired telephone connections for the
public telephone system or for the interoffice sys-
tem may be readily effected by the operator.

In order to msake provisions for enabling two-’

way communication between any party to the
interoffice telephone system and a party to the
outside or public telephone system, the amplify-
ing coupler C, constituting my invention, is lo-
cated within convenient reach of ‘the operator
and is arranged so that it may be readily con-

nected as an. mtermedlary agency between the.

two systems.
The amplifying coupler C comprises an elec-

tronic amplifier unit. E of any conventional type-
 and may embody one or more stages of amplifi-
cation, together with one or more power tubes, -

which, if desired, may be arranged in the well-

known push-pull relation, as will be readily un- -

derstood without ‘further description. - In the

drawings, only the first amplifying tube 2 and

the push-pull power tubes 4 and 6, are shown,
together with the.usual choke coil 1 connected
between the power tubes and having a positive
battery connection -+B at its lmdpomt in ae-
cordance with customary practice.

The input side of the amplifier unit E has 1ts

first amplifying tube 2 connected to a micro--.

phone M. through conductor 8, resistance (0

and conductor 12, the other terminal of the micro--

phone being connected to ground by conductor
i4. The amplifying tube 2 is also connected to
microphone My through.conductor 8, resistance

I8 and conductor 8, the other terminal of the
microphone being connected to ground through

conductor 28. The two microphones Ma and My
are therefore connected in parallel relation.

The output side of the amplifier unit E has its

power ‘tube 4 connected through conductor 22,

condenser 24 and conductor 26 to one terminal .
of a winding 28 of an auxiliary transformer 34,.

and thence from the other terminal of winding 28
by conductors 31 and 32 to one terminal of &

- winding 34 of an auxiliary transformer 3§, and

from the other terminal, of winding 34 thence by

3

10

conductor 38, condenser 40 and conductor 42,

to the other power tube 6. The two windings 2.
and 34 are thus connected in series relation across
the power tubes 4 and 8.

The auxiliary transformer 30 is provided with
a winding 44 having its terminals connected to a
speaker Sa, while the auxiliary transformer 38 is
provided with a winding 46, the terminals of which
are connected to a speaker Sp. ‘The windings 28
and 34 of the respective transformers have con-
densers 48 and 50, respectively, connected across
or in parallel thereto.

15

In order to make use of the amplifying unit B, =

the operator establishes acoustical couplings be-
tween the unit and the respective telephone sys-
tems A and B, by placing the French telephone F3

 with its receiver Ra and transmitter T2 in proxim-

ity to and in acoustical relation with the micro-

phone Ma and speaker S, and also by placing the
French telephone Fu4 with.its receiver R4 and
transmitter T: in proximity to and in acoustical
relation with the microphone My and speaker Ss,
respectively.
associated in this manner; the sound waves are
transmitted acoustically to and from the ampli-
fying unit B without any electrical connection
whatever with the telephone systems A and- B

‘being necessary.

So far as already described, it will be evident
that since microphones Ma: and Mb are both con-
nected to the input side of the amplifying unit E,

It will be understood that when.

30
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40

and the speakers Sa and Sy are connected to the h

‘output side thereof, the amplifying unit is ar-

ranged to amblify incoming electrical waves or
messages emanating from. either one or both of
the telephone systems A and B. This, of ¢ourse,
would be entirely impractical by reason of inher-

ent mutual interference and feed b_ack disturb-.

ances.

For the purpose of avoiding such difficulties,
I provide suitable control devices and connections
to regulate and govern the operation of the elec-
tronic ampliﬁer E in such manner as to effec-
tively and ' completely separate the electrical
waves produced in response to speech and
traverslng the interconnected systems in opposite

directions, from one telephone system A to the’

other telephone system B, or vice versa. This is
accomplished by controlling the operation of the
electronic amplifier E so that, while functioning
at all times, it alternately operates upon elec-
trical waves passing in opposite directions.. In
other words, it is rendered active upon the elec-
trical waves passing in one direction for a very

brief increment of time during which it is in-
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active upon the electrical waves passing in the

opposite direction, and then becomes active for
a like time increment upon the waves passing

in the latter direction while being inactive upon

the waves passing in the first directlon and so
on in timed alternation, -

Similarly, the oufput side of the ampllfymg
unit E is correspondingly controlled so that when
the amplifier E is active upon electrical waves set

‘up through microphone Ma, these amplified waves:

70
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are passed on through speaker Sa, while when
the amplifier unit E operates upon electrical

waves emanating from microphone M, these

amplified waves are passed on through speaker Sv.
This time control of the operation of the elec-
tronic amplifier E may be accomplished in any
suitable manner and by means of any suitable
devices. I have illustrated, however, certain ap-
paratus which I now consider preferable and by
means of which I have secured excellent results.
This apparatus includes an oscillator G, which in
most instances should be of a relatively high fre-
quency, as compared with that of the electrical
waves produced by sounds or speech, being trans-
mitted over the system, the general range of fre-
quency having already been hereinbefore set
forth. The oscillator O may be of any well-
known type of construction and, therefore, it is
not shown and will not be described in detail,
except insofar as is necessaty to a clear under-
standing of my invention. As shown, the oscil-
lator includes a plurality of windings Wi, Wz and
W3, although a single winding may well take the
place of windings W2 and W3 or, if desired, only
a single winding may be used, provided proper
_taps therefor are employed. i
Operating in conjunction with and connected
to the oscillator in the manner hereinafter de-
scribed, I employ a plurality of rectifying de-
vices, of which I have found those of the dry
copper oxide type, known in the art as Rectox, is
particularly suitable. These rectifying devices
are indicated diagrammatically in the drawings
and identified by reference characters RXa, RXb,
RY. and RYbn. These several Rectox rectifiers
are also marked in the drawings with arrows in
their several legs, as is conventional in the art
to indicate the direction of flow of current
permissible therethrough, while the positive and
negative terminals thereof are indicated in the
conventional manner by plus and minus signs.

The rectifying device R¥s is connected in shunt .

to the microphorie Ma by means of a conductor
54 which is connected to its upper terminal and
a conductor 856 which connects its lower terminal
with ground. The positive terminal of the device
is connected through resistance 58 and conductor
60 to one terminal of winding Wz of -the oscillator

O, while the other terminal of said winding is

connected by conductor 62 to the negative ter-
minal of the rectifying device. In a similar man-
ner the rectifying device RX» is connected in
shunt to the microphone My.

The rectifying device RYu is coﬁnected in shunt’

to the winding 34 of auxiliary transformer 38,

which is associated with the speaker Sp, through.

a conductor 64 which connects to the upper ter-
minal of the rectifying device, while its lower
terminal is connected through a reactance 86 and
conductor 68 to the other terminal of the trans-
former winding 34. The positive terminal of the
rectifying device is connected by conductor 710
through resistance 72, conductor 74 and con-

- ductor 18 to one terminal of the oscillator wind-

a5

i
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ing Wi, while the other terminal of said winding
is connected by conductor 11, conductor 18, re-
sistance 80 and conductor 82 to the negative
terminal of the rectifying device.” In & similar
manner, the rectifying device RYa is connected in
shunt to the transformer coil 28 of auxiliary
transformer 3@ which is associated with the
speaker S., while the positive and negative ter-

‘minals of the rectifying device RYa are connected

across the oscillator winding Wi, as will be read;lly
‘understood. \

2,166,775

Since the various rectifying devices above re-
ferred to are similar in construction and opera-
tion, except that devices RYs and RYb are of
greater capacity in view of the fact that they are
required to handle amplified electrical waves, it is
deemed sufficient to. briefly, outline the operation
of a single one of these devices, for instance
rectifying device RX., which is connected in
shunt to the microphone Ma.

For purposes of illustration, let it be assumed

"that sound waves aretransmitted acoustically from

receiver Ra of the French telephone set Fz to
microphone Ms, which is connected, as already

10

described, to the input side of the electronic am- -

plifier E, with the rectifying device FX. con-
nected in shunt to microphone Ma.. Obviously,
the electrical waves set up in the microphone M.
will tend to divide between that branch of the
circuit which is connected to the amplifier tube
2, and that branch which is connected in shunt
to the microphone M. through the rectifying de-
vice RXa,, the microphone M»y being rendered in-
effective by reason of the high resistance [6 in
the conductor (8 which is connected thereto.
The degree or amount of energy of the electrical
waves passing to the amplifier tube 2 will depend
upon the degree and the amount of energy of
these  waves which are permitted to pass to
ground through the rectifying device RX. in

" shunt to the microphone Mas, and this in turn will

depend upon the polarity and amount of voltage
generated by the alternating current oscillator
at any particular instant. - If the voltage de-
veloped in the oscillator winding W32 at any par-
ticular instant is positive and also equal to or
greater than the voltage of that portion -of the
electrical waves passing through the rectifying
device at that instant, no current will be allowed

-to flow from the positive terminal of the rectify-
ing device through thewinding Wz and thence-to -

the negative terminal|of the rectifying device.
Under such' circumstances, no effective shunt
circuit from the microphone M. to ground is
established and the entire energy of the electrical
waves being transmitted from the microphone Ma
will pass to the first amplifying tube 2 of the am-~
plifier unit E. ‘

This condition prevails throughout that por-
tion' of the high frequency positive oscillation
during which the generated voltage is equal to or
greater than the voltage of the electrical waves,

" and throughout this interval the amplifier E is
operative or active to transmit and amplity the -

electrical waves passing from the telephone sys-
tem A to the telephone system B, During this
particular time interval, however, the rectifying
device RX», which is connected in shunt to the
microphone My, is rendered active to pass cur-

rent to ground by reason of the fact that the

voltage of positive polarity generated by winding
W3 is added to that of the electrical waves ema-
nating from.the microphone M. Thus, the mi~
crophone My is rendered ingperative by reason
of the shunt circuit established through the rec-

_tifying device RXy. Hence, during the time inter-

val in question, the amplifying unit B is-active
as to electrical waves passing from telephone sys-

-fem A to telephone system B, but is inactive to
electrical waves in the opposite direction. ’

- On the succeeding negative osclliation of the
oscillator O, reverse polarities will obtain, and
consequently the rectifying device RXy will not
pass current in shunt to microphone My, while
rectifying device RXa. will pass currept in shunt
to microphone Ma. Under these conditions the

16

25

30

35

55

65

10

16



10

15

20

.25

2,106,775 S .8

eIectronic nmpliﬂer unit E wﬂl be operative and
active upon elecirical waves passing from tele-
phone system B to telephone system A, while it
will be inactive to electrical waves passing m the
opposite direction.

For proper operation, it is not only necessary
to properly control the amplifying action of the

-amplifier unit E, but to definitely control the out-

put circuits of the amplifier in order that the am-

plified waves shall be transmitted on in the right

direction to the proper telephone systems A and
B. PFor this purpose the oscillator winding W1
and the rectifying devices RY. and RYy are em-~
ployed, and operate in a generally similar man-
ner to that already described to control shunt
circuits across the windings 28 and 34 of the
auxiliary transformers 30 and 36, respectively,

which are associated respectively with the speak-

ers Sa and So.

For ingtance, at the same instant and through-
out the duration of the increment of time that
the oscillator winding Wi opposes the voltage of
the rectifying device RX,, the oscillator winding
‘W1 generates a voltage'of positive polarity which

is added to that of the rectifying device RYb.

‘Therefore, current or energy passes from the posi-

. tive terminal of the device RYp through the

30

40

winding Wi, to the negative terminal of the de-
vice RYs and thence to ground. Thus, & shunt

‘circuit is established across the winding 34 of

the transformer 36, which transformer and its
associated speaker Sp, become inoperative, The

opposite is true with respect to the transformer -

winding 28 of transformer 30, and its associated
speaker Sa—that is, no shunt circuit is estab-

-lished across the transformer winding 28, which

therefore operates to pass on the amplified elec-

‘trical waves through the transforiner 30 to the

speaker Ss. Accordingly, during the same inter-
val of time when the electronic amplifier E is
active upon electrical waves passing from tele-
phone system A, and inactive on waves in the op-
posite direction, the speaker Sa is active to pass
on the amplified waves to the telephone system B,

while the speaker Sy is inactive and thus prevents -

. the electrical waves from being passed on back

oy
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to telephone system A.

" From the foregoing description it will be man-
ifest that the amplifier unit E operates alternately
on the electrical waves passing through the in-
terconnected system in opposite directions, while
the .speakers Sa and Sp are alternately rendered

effective to pass the amplified electrical waves on-
in the proper direction and to the proper tele-.

phone system A or B, as the case may be.

The electrical waves being amplified and pass-
ing through the interconnected systems in op-
posite directions are thus glternately interrupt-
ed and amplified at a frequency depending upon
the frequency of osciliator O, which may be suf-

- ficiently high, if desired, with respect to the fre-

63
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quency of the electrical waves passing through the
system that the successive. interruptions are above
audibility and therefore have no discernible effect
upon the ear of the listener who hears the sound
waves emanating from his receiver, exactly as
though they were uninterrupted or continuous.
By this method of control of the operation of
the amplifier unit E, whereby the microphone Ma

and the speaker S: are simultaneously operative,

and the microphone Mb and the speaker Sy are
inoperative, and vice versa, in alternation, it is a
physical impossibility for mutusal interference and

feed back disturbances to result from a two-way -

conversation, each part of which is definitely and

positively separated Irom the other by the 180°
time phase displacement utilized in the control of
the amplifier operation by reason of the high fre-
quency oscillator O, and irrespective of the vol-
ume or intensity of the sound emanating from the

. recelver or speaker at the receiving end of the

system, or its degree of .proximity to the trans-
mitter or microphone at that end of the system.

- . While my invention has been described in con-

nection with PFig. 1 as an amplifying coupler for
two separate and independent telephone systems,
such as a public telephone system and an inter-

similar manner to interconnect two sections of a
single telephone system, as is done in long dis-
tance telephone transmission. Moreover, the
interconnection of sections of a single system may
be effected acoustically as shown and described in
connection with Pig. 1 or the interconnecting
amplifying coupler may be electrically directly
connected between the sections of the system, as
will be later set forth.

Another field of service for which my invention

is adapted is in connection with business confer-

ences, where it is desired that any one or all of a

group of men present at the conference may take

part in a two-way communication over the tele-
ghone with an absent member at a distant sta-

on

For a better understanding of such an appli-
cation of my invention, it may be assumed that in
Fig. 1 of the drawings the French telephone sef
F3 is the regular subscribers’ set of the usual pub-
lic telephone system which is located in the con-
ference room. The rest of the system shown,
(except that the French telephones F:« and F;

10

. office telephone system, it is also applicable in a -

20 -
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previously indicated as representing an independ-
ent telephone system, are omitted), including the -

microphone My and the speaker Sa of the ampli-
fying coupler, constitute the instrumentalities by
means of which any of the parties to the confer-
ence may communieate with the absent party.
The microphone Mbs is of a sufficient sensitivity co

40

receive messages from any part of the room, while -

the speaker S. delivers incoming messages at
sufficient volume for all present to hear with ease,
Obviously, in an installation, such as just re-

.ferred to, it is not necessary that the coupling

between the public telephone system and my

“amplifying coupler be of the acoustical type, but

the amplifying coupler may be electrically con-
nected directly to the public telephone system, if
desired, as will how be set forth with reference to
Fig. 2 of the drawings.

In this figure, instead of employing an acousti-
cal coupling, as is shown in Fig. 1 between French
telephone set Fz and the microphone Ma and
speaker Sp, the telephone set Fz: is replaced In

55

Fig. 2 with a transformer winding TW3z of an .

auxiliary transformer Tra, while the microphone

40 .

M, is replaced by a transformer winding TWa and . |

the speaker S replaced with a transformer wind-. . =

ing TWu. ‘The rest of the circuit connections are
the same as in Fig. 1, some of which are shown
and identifled by reference numerals. The .rec-

tifying device RX, in Fig. 2 is connected in shunt"

to the transformer winding TWa,, and the rectify-
ing device RY» is connected in shunt to the trans-
former winding 34 of the auxiliary transformer 36.
- The operation of the system, partially shown in

a5 -
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Fig. 2 and including direct electrical connections

between the amplifying coupler and the telephone

system A, will be generally the same as that '

already described, and no further description
thereof is deemed necessary, ‘

A
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Of course, when telephone systems A and B are
interconnected, the amplifying coupler C may also
be operatively associated with the two telephone
systems by means of direct electrical connections
to both the input side and output-side of the
amplifying unit, in lieu of -employing acoustical
couplings, as illustrated in Fig. 1. In this case,
the electrical connections from telephone system
A to the amplifier unit ¥ will be as shown in Fig. 2,
while the electrical connections to telephone sys-
tem B will also be similar to those of Fig. 2, as will
be understood.

In the foregoing description, microphones Ma
and Mb have been set forth as connected in paral-
lel relation, while the windings 28 and 34 of the
auxiliary transformers 30 and 36, associated with
the respective speakers Sa and Sp, have been set
forth as connécted in series relation. However,
the microphones and M» are not necessarily
connected in parallel relation, but may be ar-
ranged in series relation. For a better under-
standing of these connections, I have shown this
series relation of the microphones Ma and My in
Fig. 3, to which reference is now made.

In this figure, the microphone Ms, having one
terminal connected by conductor 4 to ground, has
its other terminal connected by conductors 12 and
{T to one terminal of microphone Mp, while the
other terminsal thereof is connected by conductors
19 and 21 to the first amplifying tube 2 of the
amplifying unit E. Microphone M. is provided
with a shunt circuit through the rectifying device
RXa by means of conductor 54, while a shunt cir-
cuit is provided around microphone M by means
of conductor 23 which is connected to the upper

‘terminal of the rectifying device RXy, while its

lower terminal is connected by conductors 25 and
19 to the other terminal of the microphone Mb. .
The general operation of the system with this
series connection of microphones is so similar
to that already described, that no further de-
scription is deemed necessary.
Of course, if it is desired to connect the ampli-

‘ fying coupler by electrical connections to the

45
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respective telephone systems A and B, as in Fig. 2,

the respective transformer windings TWa and its

corresponding winding. TWh, (not shown but as-
sumed to be that of the transformer associated
with the telephone system B), may be connected

In series relation, as will be uniderstood from the

foregoing description in connection with Figs. 2
and 3, without further description.

While I now prefer to secure the desired control
of the amplifier unit in the general manner here-
inbefore indicated by means of rectifying devices
operated in conjunction with an oscillator, with
the rectifying device connected in shunt circuit

to the respective microphones M. and My and -

the transformer windings of the speakers Sa and

Sp, in some Instances it may be found: desirable

and expedient to utilize the rectifying devices in
series circuit with the foregoing instrumentali-

-ties in such manner as to secure the same general

operation of the amplifier unit.

In Fig. 4 I have illustrated a system similar to
that set forth in Pig. 1, with the exception that
the microphones Ms and Ms are connected in par-
allel relation, with the rectifying devices RXs and
RXpy respectively connected in series therewith to

ground, and the transformer windings 28 and n .

of the auxiliary transformers 38 and 38 are simi-

~ larly connected in parallel but with the rectifying

1‘

devices respectively connected in series. there-
with, instead of in shunt thereto.
More speciﬁcally, the first amplifying tube 2

{
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of the electronic amplifylng unit E {s connected
by conductors 8 and 18 to one terminal of the
microphone Mp, while its other terminal is con-
nected by conductor 86 to the upper terminal of
the rectifying device RX» having its lower termi-
nal connected through conductor 88 to ground.
In parallel circuit therewith is the microphone
M, which is connected from the first amplifying
tube 2 through conductors 8 and {2 to one termi-
nal thereof, while the other terminal is connected
by conductor 98 to the upper terminal of the
rectifying device RX,, having its lower terminal
connected by conductor 58 to ground.

On the output side of the amplifier unit E,
power tube 4 is connected through conductor 22,
condenser 24, conductor 26 to one terminal of
transformer winding 28, while the other terminal
is connected by conductor 92 to the upper termi-
nal of the rectifying device RYas, having its lower
terminal ¢onnected through reactance 94, con-
ductors 98 and 88, condenser 48 and conductor
42 to the power tube 6.

In parallel relation therewith is the trans-

10

20

former winding 34 of the auxillary transformer

-86. 'The circuit for this transformer winding is

from power tube 4 through conductor 22, con-
denser 24, conductor 100 and thence through
transformer winding 34, conductor 102 to the
upper terminal of rectifying device R¥» and from
its lower terminal through reactance 66 and con-
ductors 104 and 98, condenser 40 and conductor
42 to the power tube 6.

The rest of the circuit connections are like those
already shown and described with respect to Fig. 1
and further description thereof will therefore be
omitted,: although the general operation of the

" system, insofar as it is affected by the series con-

nections of the seéveral rectifying devices, will be
outlined briefly.

Whenever rectifying device RX. in series cir-
cuit with the microphone Ms is, by reason of the
operation of the oscillator O, rendered active to
pass current to ground, the microphone Ma is
operative and the amplifier unit E functions upon
the electrical waves passing from telephone sys-
tem A to telephone system B. At this same time,
by reason of its reverse connection to the oscilla-
tor O, the rectifying device RX» is inactive to
pass current therethrough to ground, and hence
microphone M is inoperative and the amplify-
ing unit E is also inoperative upon the electrical
waves passing from telephone system B to tele-
phone system A.

During the same time interval rectifying device
RYb is inactive to pass current therethrough and
hence the transformer 36 and its associated
speaker Sy are inoperative. Similarly, during the
same time interval the rectifying device RYa be-
comes active to pass current and therefore aux-
{liary transformer 30, together with its assoclated
speaker Ss, Is rendered operative, as will be

- understood.

In this way by a somewhat diﬂerent method
of control, the amplifying unit E is arranged to
operate alternateiy on the electrical waves pass-

25

30

45

50

55

65

ing through the interconnected system in oppo- -

‘site directions in the same general manner as

prevlously described.
Of course, this series arrangement of the rec~
titying devices, which has been set forth in con-

_nection with Fig. 4, is equally applicable to sys-

tems .In which the amplifying. unit is directly
connected electrically to the respective telephone
- systems A and B, or sections of a single telephone
system, and also when my electronic coupler is
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" ing more or less specific details of construction, .
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employed as an agency for permitting a two-way -

conversation between a conference room and a

party to the public telephone system, as set forth’
in connection with the foregoing description of -

Fig. 1.
While I have shown my invention as embody-

arrangement, circuit connections and mode of
operation, it will be understood that many modi-
fications may be made therein without depart-
ing from the spirit of my invention, and only such
limitations should be imposed as are indicated in
the appended claims.

I claim as my invention:

1.:An amplifying coupler for lnterconnecting

two component sections of an electrical system

-adapted for two-way communication, compris--
ing in combination, an electronic amplifier in-.

terconnecting both circuits of the respective sec-
tions, and means for causing the amplifier to

‘operate alternately at a frequency above audi-

bility upon the electrical waves passing through

: 'the system in opposite directions.

2. An amplifying coupler for interconnécting
two component sections of an electrical system

adapted for two-way communication; compris-.

ing in combination, an electronic amplifier in-
terconnecting both circuits of the respective sec-
tions, and means for alternately interrupting the
electrical waves traversing the system in oppo-
site directions at a high frequency above audi-
bility, and causing the interrupted waves in op-

- .posite directions to pass through the amplifier
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_alternately in a succession of intermittent pul-

sations of such rapid frequency that the inter-
ruptions are inaudible to the listeners.
3. An amplifying coupler for interconnecting

two component sections of an electrical system
adapfed for two-way commumcation ‘comprising -

in combination, an electronic ampliﬁer inter-
connecting both circuits of the respective sec-
tions, and electrical means comprising a high
frequency oscillator and rectifying devices. for
interrupting the electrical waves passing through
the system in opposite directions in alternation

and at a frequency above audibility to cause the -

amplifier to operate aliernately first on the waves
passing through the system in one direction and

then on the waves passing through the system -

in the opposite direction. .
4. An amplifying coupler for interconnecting

two component sections of an electrical system.

adapted for two-way communication, compris-

ing in combingation, an electronic amplifier in-

terconnecting both circuits of the respective sec-

tions, means including s high frequency osecil-

Ilator and rectifying devices in conjunction thete-
with and associated with both the incoming and
outgoing circuits of each of said sections for
simultaneously interrupting the electrical waves
passing in one. direction through the system at
points both ahead of and beyond the electronic
amplifier and for simulfaneously interrupting

- the electrical waves passing through the system

in the opposite direction at points both ahead

of and beyond the electronic amplifier,” the re-

. spective simultaneous interruptions occurring al-

nt

ternately and at 180° time phase ‘displacement

the one with the other and at a high frequency

above audibility.
5. An amplifying coupler adapted to intercon-
nect two: component sections of an electrical

- system adapted for two-way communication,

comprising in combination, a single electronic

amplifying unit adapted to transmit and am}pllfy

2,166,775
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electrical waves of a two‘-wéy conversation and -

permanently connected in both circuits of both

sections, & pair of rectifying devices of the Rectox

type respectively connected in shunt to the two .

incoming circuits, a pair of similar rectifying
devices respectively connected in shunt to the
two outgoing circuits, and a high frequency os-
cillator connected to the several rectifying de-
vices -to simultaneously cause the rectifying de~
vice associated with one of said incoming cir-
cuits to become active to pass current while the
rectifying device associated with the other In-
coming circuit is rendered inactive to pass cur-
rent, and in 180° time phase displacement there-
with, to simultaneously cause the rectifying de-
vice associated with the outgoing circuit corre-
sponding to the first named incoming eircult to
become active to pass current while the rectify-

10

15

ing device associated with the outgoing circuit .
20

‘corresponding to the second named incoming

circuit is rendered inactive to pass current,

whereby the electronic amplifier is operative at’

all times, but operates alternately upon the elec-
trical waves passing in opposite dn'ections through
the system.

‘6. An amplifying coupler for mterconnectmg
two component sections of an electrical system
adapted for two-way communication, compris-
ing in combination, a single electronic amplify-

" ing unit having operative connections to both

circuits of the respective sections, and electrical .

means operatively independeht of the direction

26
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of flow of the electrical waves for definitely con- .

troiling the operation of said amplifying unit to

cause it to alternately operate upon the elee- 4

trical waves passing through the interconnected
sections in .opposite directions.

7. An. amplifying ccupler for.interconnecting
two component sections of an electrical system
adapted for two-way commumcatlon, compris-
ing in combination, a single electronic amplify-

circuits of the respective sections, and means

including an extraneous source of alternating?

current and rectifying means associated there-
with for controlling the operation of the ampli-
fying unit to render-it operatwe alternately upon
the electrical waves passing through the inter-
connected sections in one direction and then
upon the waves traversing the interconnected
sections in the opposite direction.

8. An amplifying coupler for interconnecting

40

_ ing unit having operative connections to both

45

B

two component sections of an electrical system -

adapted for two-way communication, compris-

- ing in combination, a singie electronic amplify-

5"

ing unit having operative connections to both -

circuits of the respective, sectxons, the connec-~
tions to the two incoming circuits to the ampli-
fying unit being arranged in parallel and the
connections to the two outgoing circuits of the
amplifying unit being arranged in series, recti-

" fying devices severally arranged in shunt to each

6t

of the four connections, and electrical means as- -

sociated with each of said rectifying devices and
operating upon a definite time cycle to cause the
rectifying devices associated with the connec-
tions of the corresponding ingoing and outgoing
circuits of the amplifying unit in one direction,
and the rectifying devices associated with the
corresponding incoming and outgoing circuits of
the amplifying unit ih the opposite direction to
be alternately active and inactive whereby the
electronic amplifier unit operates alternately on
the waves traversing the mterconnected sections
in opposite directions.
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" 9. An amplifying coupler- for interconnecting
two séparate and independent telephone systems

- both of which are adapted for two-way communi-
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cation, comprising in combination, a single elec-
tronic amplifying unit, means including acous-
tical couplings for connecting the receiving ecir-
cuits of both telephone systems to the input side
of said amplifying unit and «<he transmitting
‘circuits of both telephone systems to the output
side of said amplifying unit, and control means
operatively independent of the direction of flow
of the electrical waves and operating in a defi-
nite 180° time phase relation for simultaneously
rendering -inoperative the amplifier input con-
nection of one telephone system and the ampli-
fler output connection of the other system and
thien simultaneously rendering inoperative the
amplifier input connection of the second system

and the amplifier output connection of the first

system, whereby the amplifying unit operates
alternately on the waves. passing through the
interconnected systems in opposite directions,
10. A system of two-way telephone communi-
cation, comprising in combination, two electri-
cally independent telephone systems, such as a
public telephone system and a private inter-

office telephone system, each system being adapt- -

ed for two-way communication, an electronic
amplifying coupler separate and electrically in-
dependent of both telephone systems and adapt-
ed to interconnect the said systems and includ-
ing acoustical couplings between each telephone
system and both the input and output sides of
the amplifying coupler, wherebhy the connections
and operation of the separate systems remain in-
tact.

11. A system of two-way telephone communl- '

cation, comprising in combination, two electri-
cally independent telephone systems, such as a
rublic telephone system and a private inter-office

- telephone system, esch system being adapted for

two-way communication and each being pro-
vided with:the usual telephone set comprising a
receiver and a transmitter, an electronic ampli-
{ying coupler adapted to interconnect the re-
spective telephone systems for two-way through
communication, means for acoustically coupling
the receiver and transmitter of each telephone
system to said amplifying coupler, the receivers
being connected to the input side of the ampli-
fying coupler and the transmitters to the output

. side thereof, and control means associated with
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said coupler for causing the alternate amplifica~
tion of portions of the electrical waves passing
through the interconnected telephone systems
in -opposite directions.

12.- An amplifying coupler for interconnecting
two component sections of an electrical system
adapted for two-way communication, compris-

ing in combination, a single electronic ampli-
fying unit having operative connections to both-

circuits of the respective sections, the connec-
tions to the two incoming and the two outgoing

, circuits to the amplifying unit being arranged
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. In series relation, rectifying devices severally ar-

ranged in shunt to each of the four connections,
and & high frequency oscillator associated with
each of the rectifying devices to cause the recti-
fying devices connected in shunt to one of the
incoming and one of the outgoing circuits to the
amplifying unit to become active simultaneously
to pass current, and then to cause the recti-
fying devices connected in shunt to the other
incoming and.the other outgoing circuit con-
nections to the amplifying unit to become active

2,166,775

simultaneously to pass currenf, whereby the atit-
plifying unit operates alternately upon the waves
traversing the interconnected system in opposite
directions.

13. A system of .two-way telephone communi-
cation, comprising in combination, a public tele~
phone system adapted for two-way communica-
tion, a microphone, & speaker, an electronic am-
plifying unit- interposed. between and intercon-
necting the telephone system with said micro-
phone and speaker, and electrical means opera-
tively independent of the direction of flow of the
electrical waves for controlling the operation of
said amplifying unit to cause it to alternately
operate upon electrical waves from the telephone
system to said speaker apd from said microphone

-to sald telephone system in opposite directions.

14. An amplifying coupler adapted to inter-
connect two component sections of an electri-~
cal system adapted for two-way communication,
comprising in combination, a Single electronic
amplifying unit adapted to transmit and amplify

‘electrical waves of a two-way conversation and

permanently connected in both circuits of both
sections, the two input circuits to the amplify-
ing unit being connected in parallel and the two
output circuits from the amplifying unit being
connected in parallel, a pair of rectifying devices
of the Rectox type respectively connected in se-
ries to the two input circuits, a pair .of similar
rectifying devices respectively connected in se-
ries to the two out-put circuits, and a high fre-
quency oscillator connected to the several rec-
tifying devices to simultaneocusly cause the rec-
tifying device associated with one of said input
circuits to become active to pass current while
the rectifying device associated with the other

" input circuit is rendered inactive to pass current,
“and in 180° time phase displacement therewith, to

simultaneously cause the rectifying device asso-
ciated with the output circuit corresponding to
the first-named input circuit to become active to
pass -current while the rectifying device asso-
ciated with the output circuit corresponding to
the second-named input circuit is rendered in-
active to pass current, whereby the electronic am-
plifier is operative at all times, but operates al-
ternately upon the electrical waves passing in
opposite directions through the system.

15. A method of operating an electronic am-
plifying coupler interconnecting two component
sections of a telephone system adapted for two-
way conversation which comprises modifying the

-operation of the amplifying coupler at s high
‘frequency above audibility to cause it to alter- ;

nately function on electrical waves passing
through the system in opposite directions.

.16. A method of ‘operating an electronic am-
plifying coupler interconnecting two component
sections of a telephone system adapted for two-
way conversation, which comprises passing elec-
trical waves in.a series of interrupted pulsations
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at a 'high frequency through the amplifying ‘

coupler and causing it to function alternately
upon electrical waves passing from one section

to the cther and then from 'the second-named’

section to the first-named section.
17. A method of repeating and amplifying a

two-way telephone conversation over two com- .

-ponent sections of a telephone system, which

are interconnected by a single electronic ampl-
‘ving unit, which comprises modifying the input

-and output connections of the amplifying unit

at a high frequency above audibility to cause the
gmplifymg unit to first repeat.and amplify mes-

L
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sages passing from one section through the am-
plitying unit to the other section, while concur-

~ rently preventing its operation upon messages

passing in the opposite direction, and then re-
peating and amplifying . the messages passing
from the second section through the amplifying

unit to the first section while preventing its op--

- eration upon messages passing in the first-named

10

direction.

18. A systeni of two-way telephone communi--
‘cation comprising in combination two electrically

independent telephone systems such as a public

" telephone system and a private inter-office tele-

25

phone system, both of which are normally adapt-
ed for independent and conventional two-way
communication, and means electrically inde-
pendent of both telephone systems and including
a single electronic amplifying coupler and acous-
tical means for intercopnecting said independent
telephone systems to cause them to function to-
gether as a single system for two-way telephone
communication while maintaining the electrical
independence of said telephone systems.

19. A system of two-way telephone communi-
cation comprising in combination two electrically

independent telephone s;yste_ms such as a public

9

telephone system and a private inter-office tele-
phone system, both of which are normally adapt-
ed for independent and  d®nventional two-way
communication, and means electrically independ-
ent of both of said systems for operatively cou-
pling said systems together -to cause them to
function at amplified intensity as a single sys-
tem for two-way communication. - '

20. An amplifying coupler for interconnecting
two electrically independent component sections
of an electrical system of two-way communica-
tion, each of said component sections being adapt-
ed for coinventional two-way communication and

- comprising a single electronic amplifying unit

electrically separate and independent of both
of said component sections, means for establish-
ing an operative acoustical connection between
each of said component sections and sald am-
pllfylng unit, whereby said amplifying unit is
operatively interposed between said component
sections, and means for controlling the opera-
tion of said amplifying unit to cause it to alter-
nately function' on electrical waves passing
through the interconnected system in opposite

d!rectlons.
THOMAS W. VARLEY.
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