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Lawrence W. Franklin, Hasbrouck Heights, 
N.J., assignors to The Western Union Telegraph 
Company, New York, N. 
New York 

Y., a corporation of 

Application August 13, 1936, serial No. 95,912 
3 Claims. 

This invention relates to communication Sys 
tems and more particularly to combined tele 
phone-telegraph systems in which the circuits 
of the telephone system may be utilized for tele 
graphic communication between telephone sub 
Scribers. 

In systems of this kind, as it is advantageous 
to avoid any modification of the telephone circuit 
or apparatus, it has been proposed to arrange 
the telegraph transmitting and receiving appa 
ratus in sound-transferring relation to the tele 
phone transmitter and receiver of the substation 
set in such a manner that the telegraph signals 
are impressed upon and picked up from the 

5 telephone equipment in the same way as the 
Sound variations or speech during the normal 
use of the telephone. This arrangement involved 
a sound reproducer, controlled by the telegraph 
transmitter, coupled to the telephone transmitter 
and a microphone coupled to the telephone re 
ceiver for detecting the received signals which 
are then amplified and impressed upon the re 
ceiving printer. It has been found that this 
System, though operative, has certain disadvan 
tages which are overcome by the present in 
vention. 

For example, the ordinary telephone receiver 
varies widely in its response to different fre 
quencies and it is necessary to employ a sensi 
tive microphone in connection with the receiver 
in order to operate on weak signals. On the 
other hand, any microphone of sufficient sen 
Sitivity overloads easily and distorts the signals. 
On Outgoing signals, the sidetone in the tele 
phone receiver is utilized to operate the local 
printer to make a home copy of the message 
being transmitted. This involves the further 
difficulty that when outgoing signals of large 
amplitude are required to operate the distant 
printer, the local microphone is overloaded so 
that different adjustments of the receiving equip 
ment are required during transmitting and re 
ceiving. Thus a poor telephone connection, over 
which however it is possible to converse, is some 
times not operable for two-way telegraph com 
nunication. 
One object of the present invention is to over 

come these limitations of the prior systems. 
Another object of the invention is to provide 

a combined telephone-telegraph system in which 
the operating limits of the telegraph equipment 
are such that telegraph communication may be 
carried on over any circuit over which it is 
possible to converse, without adjustment of the 
amplifier or other telegraph apparatus when a 

(C. 179-4) 
change is made from sending to receiving or 
vice versa. 
Another object of the invention is to eliminate 

the microphone from a system of the character 
referred to above, and thus avoid the distortion 
of signals in both the telephone receiver and 
microphone. W v 

In the prior systems, during transmission of 
signals the signalling impulses were repeated by 
four diaphragms, i. e., that of the reproducer 
associated with the tone generator, of the tele 
phone transmitter, of the telephone receiver and 
of the microphone. The inertia of these dia 
phragms, particularly of the receiver and micro 
phone, produced tailing of the signals which are 
initially square-topped current impulses. Al 
though this distortion could be corrected to a 
large extent by properly designed circuits, the 
Correction of the wave form involves difficulties 
which it is desirable to avoid, . 
A further object of the invention is to provide 

a system of the character described in which 
the diaphragm distortion of the receiver and 
microphone, and if desired of the transmitter 
and reproducer also, is entirely eliminated. 
A further object of the invention is to provide 

an improved method and means of inductively 
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coupling the telegraph apparatus to the tele 
phone System. 
A still further object of the invention is to 

provide an improved acoustic coupling unit for 
impressing tone signals on a telephone trans 
mitter. 

For a better understanding of the invention 
both as to its organization and method of oper 
ation, reference should be had to the accom 
panying drawings illustrating preferred embodi 
ments thereof and in which: 

Fig. 1 is a circuit diagram of a combined tele 
phone-telegraph System according to the in 
vention; 

Fig. 2 shows a modification of a part of the 
System shown in Fig. 1; 

Figs. 3 and 4 are detail views of the acoustic 
coupling unit shown in Fig. 1; 

Fig. 5 is a view in perspective showing the 
Coupling coil and preamplifier mounted On a 
bell box; and 

Fig. 6 is a circuit diagram of a modified system. 
Referring to Fig. 1 of the drawings, the inven 

tion is illustrated in connection with station. A 
of a telephone system, said station comprising 
the usual substation set including a handset to 
and a bell box containing a ringer 2 and 
induction coil 3. Station A may be connected 
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through its line circuit f4 and a telephone ex 
change, represented diagrammatically at EX, to 
other subscribers' stations B and C provided with 
telephone and telegraph apparatus similar to that 
shown at station A. The purpose of the system 
embodying the invention is to provide communi 
cation facilities between telephone subscribers 
supplementing that afforded by the telephones 
but utilizing the telephone lines and exchange 
equipment. 

In the embodiment of the invention shown, a 
telegraph transmitter T, for example a start 
stop keyboard or tape transmitter, is arranged 
to key the output of a low frequency oscil 
lator O, for example of 750 cycles, to produce 
audible-tone, permutation code signals to be 
transmitted over the telephone circuit to a sub 
scriber connected to station A through the tele 
phone exchange E.X. The tone signals are im 
pressed upon the transmitter of the handset O 
through an acoustic coupling unit 5 shown in 
detail in Figs. 3 and 4. It will be apparent that 
the tone signals may be produced by any suit 
able signalling equipment, such as a facsimile 
transmitter or telautograph transmitter, and 
utilized to operate an appropriate facsimile re 
corder or telautograph receiver at the receiving 
station. The term "telegraph' is therefore in 
tended to cover other signalling equipment than 
that shown by way of example in the drawings. 
The tone signals are transmitted over the line 
to the receiving station where the signals are 

picked up by a coil corresponding to the coil 20 
in mutual inductive relation to the induction coil 

or equivalent element of the substation set at 
the receiving station. The coil 20 may be inside 
or outside of the bell box and is preferably con 
structed with a great many turns, for example 
several thousand turns, and with as large an area 
as practicable. The coil is preferably cantar 
tapped or connected to a tapped resistor 2, as in 
dicated. The signalling impulses induced in the 
coil 20 are amplified by a preamplifier tube W. 
having the input circuit thereof arranged in 
push-pull relation to minimize distortion or in 
terference produced by insufficiently filtered 
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power supply and capacity pickup from the tele 
phone box to the pickup coil of disturbances 
which may be picked up by the telephone cir 
cuit, etc. The coil 28 may be disposed in any 
position where current is induced therein by the 
signalling currents traversing the induction coll 
8, although obviously the coupling between said 

collis is a maximum when the coll 20 is located 
adjacent one end of the core of the induction 
coil 3, as shown. 
The preamplifier is preferably shielded and 

mounted close to the coll 20 to minimize extrane 
ous pickup, and the output transformer 22 there 
of connected through a cable 23 to an amplifier 
and inverter unit consisting of amplifier tubes 
W2 and W3, connected in cascade, an amplifier 
rectifer tube V4 and an inverter tube V5. The 
amplifier unit is a conventional low-frequency 
amplifier, except as noted hereinafter, and need 
not be described in detail. The tube V2 is pref 
erably a variable-nu tube, such as the type "35' 
tube with the screen grid and plate strapped to 
gether. The amplifier gain is controlled by 
biasing the control electrode of tube V2 partly 
in accordance with the grid current of said tube 
and partly in accordance with the grid current 
of tube V8, by the arrangement of resistors 25, 
2 and 27 which may be 0.1 megohm each. The 
resistor 25 is disposed in the grid return circuit 

2,209,827 
of tube W2, the resistor 26 in the grid return 
circuit of tube V4 and the resistor 27 between 
the grid terminals of both of the other resistors, 
With this arrangement it will be apparent that 

on signals of intermediate amplitude, the bias 
of the control grid of tube V2 is determined 
partly by the grid current of tube V2 but prin 
cipally by the larger grid current of tube V4, and 
the gain in the amplifier is less with strong sig 
nals than when weak signals are impressed upon 
the tube W2. On the other hand, for stronger 
signals the gain in both tubes and particularly 
in the tube V2 is still further reduced by the in 
Creased negative bias on the control electrode of 
tube V2 so that the rectified output of tube V4 
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is substantially constant over a wide range of . 
amplitude of received signals. The usual auto 
matic volume control circuit in radio frequency 
amplifier and detector systems utilizes a com 
mon bias resistor in the grid return circuits of 
the detector or rectifier and of the preceding 
amplifier. The arrangement shown has the ad 
vantage over such systems that upon receipt of 
strong signals, the large bias voltage produced by 
the grid current of the amplifier W2 does not 
block the tube W4 since the resistors 25, 2 and 
2 are so arranged that the grid bias of tube 
W resulting from the grid current of tube V2 is 
only a fraction of that upon the control grid of 
tube W2. Thus the amplifier is not rendered in 
operative by the reception of abnormally strong 
signals and the system is operative over a wider 
range of signal variation, and may be made sen 
sitive to weak signals without blocking a stage 
of the amplifier when strong signals are received. 
Obviously, the resistance of resistors 2S, 2 and 
27 may be varied to a considerable extent without 
affecting the operation of the amplifier and the 
values given are merely illustrative. A millian 
meter 28 in series with the resistor 27 provides 
an indication of the strength of the received 
Signals. 

In accordance with a further feature of the 
invention, the amplification or gain control is 
given a time constant approximately equal to or 
faster than the signal frequency but less than 
the carrier frequency or the frequency of the 
audible tone generated by the Oscillator Of. 
Thus for a tone frequency of 750 cycles per sec 
ond, condensers 29 and 39 of 0.1 mf. capacity may 
be connected in parallel relation to the resistors 
25 and 26, respectively, giving the gain control 
a time constant of about 40 of a second; i.e., the 
condenser 29 or 30 is charged to approximately 
two-thirds of its final potential in one-fortieth 
of a second. It will be apparent that for the as 
sumed value of carrier frequency, the gain con 
trol will not affect the carrier wave but will be 
operative to reduce the peaks of large signal im 
pulses. This feature, disclosed and claimed 
broadly in our copending application, Ser. No. 
52,408, fled November 30, 1935, is novel inasmuch 
as the ordinary gain control as applied to a radio 
receiver is given a time constant considerably less 
than the audio component of the carrier in order 
to avoid distortion of the speech currents. 
As shown, the tube V4 is arranged for full 

wave rectification and the rectified output cur 
rents or signals are impressed upon the grid of 
the inverter tube W5. The method of keying the 
Oscillator Of shown in Fig. 1 produces inverted 
signals, since normally a rest signal corresponds 
to current flowing in the line circuit, and the 
tube W5 reinverts the code signals before the 
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same are impressed upon the operating magnet is 
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of the receiving printer P. The tube W5 is nor 
mally conductive by reason of the connection 
of the control electrode thereof through a re 
sistor 3 to a point of positive potential with re 
spect to the cathode. The resistor 3 is also in 
series relation with the anodes of the tube V4 
whereby when signals are impressed upon the 
latter, the current flow through the resistor 3. 
causes the control electrode of the tube V5 to 
become more negative and interrupts the flow 
of current to the printer magnet for the dura 
tion of each signal. Thus the spacing signals, 
corresponding to tone signals received over the 
line, are converted into no-current signals to 
control the printer P in the usual manner. 

Since each of the stations A, B, C, etc. is 
equipped with telegraph sending and receiving 
apparatus similar to that shown in connection 
with station A, it will be apparent that two-way 
telegraph communication may be carried on be 
tween any two stations interconnected through 
the telephone system. The printer P also re 
sponds to the local transmitter T by reason of 
the sidetone in the telephone set so that a home 
record is made of a message being transmitted. 
The pickup coil 20 may be inductively coupled 
in various ways to the induction coil 3 or other 
element of the substation traversed by the sig 
nalling currents. Thus as shown in Fig. 2, one 
or more coils 20a, may be wound directly upon 
the induction coil fa. The coil 20a correspond 
ing to the coil 20 of Fig. 1, may be a single-turn 
coil or strap coupled to the amplifier through a 
step-up transformer, and as will be apparent to 
those skilled in the art, various other equivalent 
means may be employed to detect the tone sig 
nals transmitted through the line circuits of the 
telephone system or if desired, to impress the 
tone signals from the transmitter upon the line 
circuits. 
As pointed out above, after two subscribers 

have been interconnected through the telephone 
exchange, the handsets O of the respective sub 
Scribers are placed in the acoustic coupling units 
f5 for telegraphic communication. Figs, 3 and 4 
show the detailed construction of one form of 
coupling unit that may be employed consisting 
of a hollow box or casing having a front wall 35 
provided with an aperture which may be lined 
with rubber or felt 6 and adapted to embrace 
the transmitter of the handset when the same is 
laid in the casing. The casing contains a repro 
ducer 33 which is preferably acoustically shielded 
and arranged in sound transferring relation to 
the transmitter of the handset (O by the act of 
hanging the handset on the casing. When the 
handset is hung or suspended on the coupling 
unit in the position shown in Fig. 3, the hood 3 
of the transmitter abuts against a disc 38 of 
sponge rubber or other sound absorbing mate 
rial. The disc 38 is arranged to shield the front 
end of a cylinder or block 39 of sponge rubber or 
other sound absorbing material attached to the 
wall of the casing 5 by the clamps ie. As shown 
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in Fig. 4, the diaphragm of the reproducer 33 is 
exposed through an aperture in the disc 38 in 
order to permit acoustic coupling between the re 
producer 33 and the transmitter of the handset 0 
while shielding the transmitter against external 
noises. When the telegraph equipment is not in 
use, the handset to may be readily withdrawn 
from the acoustic coupling unit 5 and used in 
the regular way for telephone communication. 
As shown in Fig. 5, a casing 45 containing the 

coll 23, the tube V and the output transformer 

3 
22, may be carried by a frame 46 adapted to en 
brace the sides of the bell box. The frame 46 
may include opposite legs one of which is pro 
vided with a projecting lug 47 adapted to be re 
ceived by apertures in the side walls of the bell 
box so that the preamplifier may be readily at 
tached to and detached from the bell box. In the 
embodiment shown, when the casing 45 is 
mounted on the bell box, the coil 20 is located 
adjacent one side of the box opposite the end of 
the core of the induction coil. 

Instead of utilizing the transmitter of the 
handset to impress the tone signals upon the 
telephone line, inductive coupling of the oscilla 
tor to the induction coil of the bell box may be 
employed. 
Thus, as shown in Fig. 6, a transmitting coil 

50 may be arranged in mutual inductive relation 
to the induction coil 3b corresponding to the 
induction coil 3 of Fig. 1. The coil 50, and also 
an auxiliary coil 5, are mounted upon a mag 
netizable core member 52 secured in any de 
sired manner to the cover of the bell box b. 
By way of example, the core member 52 is shown 
as U-shaped with the projecting pole pieces 
thereof extending through apertures in the cover 
into the proximity of the core of the induction 
coil. Obviously where sufficient power is avail 
able, the core member may be arranged entirely 
outside of the box, i.e., with the pole pieces of the 
core engaging the outside of the box so that 
coupling of the telegraph equipment to the tele 
phone line may be effected without any altera 
tion of the substation set. However, the effl 
ciency of the inductive coupling is greatly in 
creased by the arrangement shown which does 
not hamper ready access to the interior of the 
bell box or involve any physical connection to 
the telephone apparatus except the cover of the 
bell box. 
The transmitting coil 50 is connected to an os 

cillator O2 controlled by a keyboard 54 whereby 
audible-tone printer. signals may be impressed 
upon the line through the induction coil b. 
Incoming signals from a remote substation con 
nected to the line circuit are picked up by the 
coils 55 at opposite ends of the core of the in 
duction coil 3b, said coils being connected in 
series relation across the input circuit of the pre 
amplifier tubes 57 and S8 arranged in push-pull 
relation. The output of the preamplifier tubes 
57 and 58 is connected to an amplifier 59 and a 
rectifying and inverting unit 60 which may be 
similar to corresponding elements of the system 
shown in . Fig. 1, so that further description 
thereof is not required. 

In order to neutralize or partly neutralize the 
inductive coupling between the coils 5 and 5, 
auxiliary coils 56 inductively related to the re 
ceiving coils 55 are provided. The coils 56 are 
connected in series with each other and with the 
coil 5, and are so wound that the voltage induced 
in the receiving coils 55 thereby is opposite to 
that induced in the latter by the transmitting 
coil 50. The circuit of the coils G6 may include 
inductance 6, capacity 62 and/or resistance 3 
to facilitate the proper adjustment of the mag 
nitude and phase of the neutralizing currents 
whereby the coupling between the coll 5 and re 
ceiving coils 55 may be completely neutralized or, 
if desired, neutralized to such an extent that the 
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local receiving equipment will receive signals of . 
about the same amplitude from the keyboard 54 
as from the distant keyboard to make a hone s 

  



4. 
copy of each message transmitted from keyboard 
4. 
The coils 55 and 56 are mounted in any suitable 

manner in substantially fixed relation to the in 
5 duction coil 3b or the bell box itself, either in 

side or outside of the box. Thus the relation 
between the receiving coils 55 and the induction 
coil 3b and transmitting coil 50 remains sub 
stantially fixed when the cover of the bell box is 

l) in its normally closed position and the elements 
of the neutralizing circuit require no read 
justment during the use of the apparatus. 
The embodiments of the invention which have. 

been shown and described in detail are merely ill 
ls lustrative of certain features thereof and various 

modifications of these embodiments may be made 
without departing from the scope of the inven 
tion as defined in the appended claims. Ob 
viously, the telephone system may include a 

0" radio communication link or channel or the tone 
signals may be transmitted from a radio trans 
mitting station adjacent the telegraph trans 
mitter to a radio receiving station provided with 
a printer. No claim, is made herein to the gain 
control features disclosed, these features being 
claimed in our Patent No. 2,186,896, granted Jan 
uary 9, 1940. 
We cairn: 
1. In a communication system, telephone sub 

O stations, each comprising a transmitter and a re 
ceiver, circuits connecting said substations, 
means including said telephone traSmitter at 
one of the substations for impressing permuta 
tion code signalling impulses of audible frequency 
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upon One of said circuits and telegraphic record 
ing means including inductive means for detect 
ing said signalling impulses at said one of the 
substations. 

2. In a communication system, telephone sub 
stations, each comprising a transmitter, a re 
ceiver and an induction coil, a communication 
channel connecting said substations, means in 
cluding a telephone transmitter at one of said 
Substations for impressing permutation code 
telegraph signals on said channel and telegraphic 
recording means inductively related to the induc 
tion coil at said one of said substations for de 
tecting signals impressed on said channel. 

3. In a combined telephone-telegraph system, 
a plurality of Substations each provided with a 
telephone transmitter and receiver and with 
printing telegraph transmitting and receiving 
apparatus, communication channels intercon 
necting said substations, means associated with 
the printing telegraph transmitting apparatus at . 
each substation for generating audible code sig 
nals in accordance with the operation of the 
printing telegraph transmitting apparatus and 
for impressing the same upon the telephone 
transmitter at the adjacent substation, and 
means at each substation for inductively detect 
ing the printer code signals impressed on the 
system and for operating the printing telegraph 
receiving apparatus at each substation in ac 
cordance with the received signals. 

FERNAND E. D'HUMY. 
AWRENCE. W. FRANKLN, 
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