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PATENT OFFICE

_ 2186895

ru-nanlll.i’nuy surnlllo,N.!.,a-l

Lawrence W. ¥Franklin, Delawanna, N. J., as-
signers te The Wesiera Union Telegraph Com-
pany, New Yerk, N. ¥, &

Yerk

- corperation of New

Application April 23, 1’35, Berial No. nm
31 Clalms. {CL 179—4)

This invmtion relates to telegraph systems

‘and more particularly o the transmission of
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telegraph signals over stanﬂa.rd telephone clr-
cuits.

One of the objects of the invention is the pro-
vision of means for enabling telegraph communi-
eation to be carried on over a telephone system
with standard ielegraph equipment and without
any changes in the telephom circuit or equip-
ment.

Another object is to prmride means whereby

telegraph communication may be carried on over

telephone circuits of widely differing character-
Another object is fto provide a ielegraph sys-

- tem emvloying audible telegraph signals and %o

20

operate receiving recorders thereby, over a stand-
ard telephone gircuil.

Another cbject is to prevent obj ectionable in-
terference in adiacent circuits by the signals set
up in the telephone circuits.

Ancther obleet is fo eliminate. extmneuus |

noises from the ielephone circuit which mignt
interfere with or reduce the efficiency of the aud-

ible telegravh signals peing transmi‘!;ted over the

CITCIED. *
Ancther obiect is to provide stich a system re-

guiving in addition to standard telegraph irans-.
mitiing and receiving equipment, auxiliary equip~
‘ynent of A z’eiatively simple sand inexpensive na-

% heos been proposed, herecofore, To carry on

'tele&rapm mfmsnﬂnﬁeme over a standard tele-

phone circuit by tore or audible signals and
sitch o system is shiown in & patent to John V.

Toll, Wo. 1,821,146, granted Scplember i, 1231,

- There ave & ninber of - difficuities, however, in
- attempiing o operaie stmﬂard. telegraph print-

4

- {erference with the telegraph signals.
systems, as herebofore proposed, due to the high

ers by tome sigpals recelved over such cireniis
and such sysiems have ngh gone inte wm:nereia&
uEge.

- Ammong the ei:a”ﬁmmies of suech sysi:ems may be
mentioned the extraneous noises picked up by
the izlcshone transmilier and by the ielegraph
receiving eguipment which canse undesirable in-
n suchi

vereentage of loss, it is necessary o pmmme tones
of considerable magnitude at the fransm itter in

‘order to render the received signa;ls of sufficient
sﬁ'“en@'m 10 actuaie the receiving elem ent. The

noise produced by the sransmitting buzgzers or

other tone nroducing devices is highly objection--

able, particuiarly when used in. offices o com-
mereial houses, banks, anﬂsimﬂarplam and

- beiween.
cuits vary, however, between wide limits, de-

when & number of such systems are employed

as in telegraph offices, each system is subject to

interference from adjacent transmitters.
The principal advantage of such systems is
the flexibility thereof whereby any subscriber or
office having a transmitting and receiving equip-
ment may communicate telegraphically with any
other subscriber or office similarly equipped, over
the regular telephone circult established there-

pending on a large number of variables, and the
intensity of the recelved signals varies accord-

The characteristics of telephone cir-

10

ingly. While the ear is able to accommodate it-

sel to 8 wide difference in the intensity of the

recelved signals, this is mot true of telegraph

10

receiving equipment, such as standard printers

and reperiorators, which are designed for oper-

ation at oredetermined cuirrent values.

A further obiect of the present invention is to
overcome these difficuliies and to provide a sys-
tem which operates in the absence of objection-
able noise and which is applicable to any ex-
isting telephcne circuit without manual adjust-
ment for the characieristics of each. particiiar
cireuls or conmection,

Another difficuity inherent m buzzer epemteﬂ
telephnne—telegraph systems resides in the lack
of uniformity of the keyed signals and the poor

‘characteristle shape of the signalling currents
greated thereby in the telephone circuit.

The
jack T uniformity of the signals renders it gif-
Seult to operafe at the normeal speeds for which

‘fmodern ielegraph eqﬂipmem is designed, and the

poor characteristic shape of the signsls creates
interference in neighboring telephone circuits.

A further object of the inveniion is, therefore,
to nroduce sudible siguals which are sh&mw G-
fined and vriform st high cperating spee s and
which sre perticuiarly well adapied fo
mission over the ususl felephone CIrCll.s.
- Other ohiczels and advanteges of the invention

| ?wll apPDRAr as e ¢ Jeseription proceeds.

Tn sceordance with fhe present invention, the

| audipie signals are not produced directly bub a

(OB
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series of oscillations are frst proguesd, of deﬂmm |

Erequency, suffciently high so vthat they mey »

keved at a relafive high rale to produce ?mms |

of oselilations in accordance with a permutation
code. The Ireguency of the osciliations whiie
within Zhe sudible rvange Is such that there lis
an appreciabie number ¢f current reversals pres-

" ent in each unit signal of the permubation cods.
- The signais are then shaped o iancilitate bheir

transmission over %ha tm&phﬁm a:mzmt and Ut
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lized to operate & tone producing device. The
tone signals are thus shaped or modulated and
reproduce in the telephone circuit electrical vari-
ations or trains of oscillations properly shaped
1cr efficient transmission. The sound producing
device is acoustically coupled to the telephone
transmitter in a manner to reduce to a minimum
any sound loss, thereby enabling the sound sig-
nals impressed upon the transmitter to be regu-
lated and controlled in volume with an assurance
of uniformity and permitting a number of ad-
jacent transmitters to be operated without in-
terference Ifrom each other.

In start-stop telegraph systems the practice

1s to employ a normally closed line so that with

the transmitting equipment idle, steady battery
is applied to the line. However, in order to enable

" the telephone circuit to be employed readily for
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transmission in either direction, means is pro-
vided for inverting the signals so that in the rest
or marking condition of the keying mechanism,
that is when the keying circuit is closed, the os-
cillations are suppressed, and in the spacing or
open condition of the keying mechanism, the
oscillations are transmitted,

At the receiving end the received osc1llat10ns
are converted into sound in the telephone receiver
in the usual manner and serve to actuate a mi-
crophone acoustically coupled thereto, to again

produce oscillations which are rectified, flltered

and inverted, so as to enable a standard tele-
graph receiver to respond thereto. When no
signals are being transmitted over the telephone
circuit, that is when the telegraph transmitter
is in its marking position, continuous current is
locally supplied to the receiving recorder, and
when tone signals are received, in the spacing
condition of the telegraph transmitter, the re-
ceived signals are utilized to interrupt or reduce
to a negligible value the steady current supplied
to the recorder. The selecting conditions ap-
plied to the recorder thus comprise substantially
square topped impulses of the type for which the
printer is designed for operation and a wide
operating margin is obtained.

In order to permit the telegraph apparatus to

be employed in connection with telephone circuits

of widely differing characteristics, or with tele-
phone switching connections which may be poor
in some instances and better in others, means is
provided for rendering the magnitude of the cur-
rent supplied to the recorder substantially uni-
form under such varying circuit conditions. This
may be effected by transmitting a continuous tone
or alternating current of definite frequency and
employing the same to control the level of the
received signal tones or oscillations. The volume
control - signals may be entirely separate from
the telegraph code signals or a number of code
signal frequencies may be employed in such man-
ner that one or another of such signals is always
being transmitted over the telephone circuit, and
utilized to control the magnitude of the code im-
pulses applied to the receiving recorder.

The invention will be more fully understood by
re;frence to the accompanying drawings in
which:

Fig. 1 is a circuit diagram of a telegraphic-

telephone transmitting and receiving system em-
bodying certain features of the present invention:

Pig. 2 is g circuit diagram of a modiﬂed form
of transmitter:

Fig. 3 is a diagram of the signals as they appear
in various parts of the system;

Fig. 4 is a circuit diagram of a modiﬂed form of
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the system employing polar or double current sig-
nals;

Fig. O is a circuit diagram of a further modifi-
cation of the system employing 8 number of
channels:

Fig. 6 is a plan view of an acoustic coupling be-
tween the telegraph and the telephone systems,
and

Fig. 7 is an elevation view of the acoustic cou-

- pling shown in Fig. 6.

Referring first to Fig. 1, a vacuum tube VI is
shown having its output circuit connected to the
primary winding 1.l of a transformer T! in such
& manner that oscillations will be produced by
the feeding back into the grid circuit through the
secondary winding L2 of the transformer, of the
energy from the plate circuit through winding
L:t.

cluding the inductance L2 and the capacity CI,
and is within the audio range of efficient tele-
phone line transmission, which is approximately
from 200 to 3000 cycles per second. A resistance
R2 is shown in the filament return circuit of the
vacuum tube Vi for the purpose of properly bias-
ing the grid of the tube relative to the cathode,
although other conventional methods of obtaining
this bias, such as grid leak and condenser, battery
bias, etc., may be used. A third winding L3 is
shown as a part of the transformer Tf and is for
the purpose of transferring a part of the energy

or electrical oscillation created in the output cir-

cuit of tube Vi, to the grid circuit of a keying
vacuum tube V2. Other methods of coupling,
such as resistance-condenser coupling, could be
used, and are contemplated.

The positive terminal of a battery is connected
through the resistances R3 and R4, to the nega-
tive terminal, and the output circuit of the tube
V2 is connected across the resistance R3 so that
the plate potential of the tube is equal to the po-
tential drop across resistance R3, less, of course,
the potential drop across resistance elements RS

and Rb, the function of which will be referred to
hereinafter. Resistance elements RT and R8 are
connected in series in the input circuit and a key-
Ing device, which is shown as a telegraph trans-
mitter'T is connected in shunt to the resistances
R4 and R1. The transmitter T may be a stand-
ard start-stop transmitting distributor of the type

shown in U. S. Patent to Rothermel No. 1,805,374

granted May 12, 1931. In transmitfing disftribu-
tors of this type the rest contact R is closed when
fthe transmitter is idle, so as to apply steady
marking battery to the line.
R4 is so chosen that with one of the contacts of
the transmitting distributor closed' the voltage
drop across resistor R4 will apply a bias to the
grid of the keying tube V2 sufficient to interrupt
the plate current through the tube, even on the
positive half cycles of the voltage applied to the
grid from the oscillator tube VI. The resistance
of R6 is of such value that with all of the con-
tacts of the transmitting distributor T open,
normal grid bias for amplifier operation is pro-

duced thereacross.
As a result of the above connections the code

signals produced by the transmitting distributor
T are inverted, no current flowing in the plate
circuit of the tube V2 when the contacts are
closed, that is, in response to marking conditions
and plate current flowing in the plate circuit of
tube V2, modulated by the frequency of oscil-
lations of tube VI,

The resistance of

10
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The frequency of oscillation is mainly con-
trolled by the constants of the tuned circuit in-
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transmitting distributor are open or ln thetir

' spacing positions.
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Consequently during idle periods of the trans-

‘mitting distributor there will be no tone signals.

over the telephone circuit and therefore the op-
erator at the distant end of the system may send

‘on the same circuit, without recourse to the use
‘of different frequencies and the fllters required

for use therewith and without necessitating the
use of manual send-receiving switches or other

" complications.

As is well understood in the art, therestem-
tact R of the transmitting distributor T opens

- on starting of the distributor to send a start sig-

nal of spacing character followed by the succes-

~ sive selective closing of the code contacts { to §.

The permutation code signals are set up on the
code contacts by a& perforated tape, keyboard or
other device. A keyboard transmitter suitable
for use in this system is shown in U. 8. Patent to
Morton; No. 1,884,807, granted October 25, 1932.
In order to shape the signals for efficlent trans-
mission over a telephone circuit, a condenser C2
is connected in shunt to the resistance RS, and
condenser C2 and resistance R8 are chosen of
such value as to allow the front of the signal
tiain to be properly rounded without noticeably
affecting the general envelope of the group of
oscillations. Since the change in the potential of
the grid of the tube V2 at the beginning of each
train of oscillations is accompanied by a varia-
tion in the charge on the condenser C2, the
growth of current at the commencement of each
code impulse follows an exponential or loga-
rithmic curve as well understood by those skilled
in the art. By making resistance RT of low re-

sistance as compared:to resistance RS, the dis-

charging rate of condenser C2, though resist-
ances R8 and RT on opening of the distributor

“contacts, will not be materially greater than the

charging rate thereof through, resistance R8 only,
upon closing of the transmitting distributor con-
tacts. Consequently the rounding of the end of
the signal train will be similar to that of the
front thereof and the signals will be essentially
unbiased. |
The tone producing device S is connected

across the resistance RS so as to produce a tone

- phone receiver TR, in turn acoustically coupled
t0. ‘a shielded microphone M. The acoustic

~ of the frequency of the oscillations of the cur-

rent in the output circuit of tube V2 and modu-
lated in accordance with the values of the con-
denser C2 and resistors RT and R8. The con-

nection of the tone producer S to the resistance

"5 is adjustable for the purpose of regulating
the volume of the tone to be transmitted over
the telephone circuit, to within a range which
can properly be handled by eXisting telephone
circuits.

The tone producer S is acoustmaliy shlelded-
and coupled to the transmitter TT of a telephone

system terminating at a distant point in a8 tele-

shielding and coupling is shown - diagram-

matically in Fig. 1 by the casings 10 and {{, of
~sound .insulating material enclosing the sound
producer S, and the microphone M, respectively.

By virtue of the acoustic shielding i0 all ex-

- traneous noises are precluded from affecting the

diaphragm of the telephone transmitter and

‘substantially all of the tone from the sound

producer S is effective upon the diaphragm.
Consequently the level of the tone may be rela-
tively low while still having an appreciable and

76 uniform effect on the diaphragm of the telephone

trammitter Duetothelowlntemltyofﬂu
sound and the acoustic shielding of the sound

‘producer, none of the tone signals penetrate into

the room and the operation of the transmitter is,
therefore, as quiet as ordinary telegraph trans-

“mittive apparatus. |
- The acoustic shielding 11 also protects the mi—

'
3 *
L |

crophone M from extraneous noises and directs -

the received. tone signals most efiiciently to the

diaphragm of the microphone.

The telegraph receiving apparatus mmprlses
in addition to the microphone M, a vacuum tube
ampiifier V3,
tubes. V4 andﬂandafourthvaﬁgumtube?l
which serves to reinvert the signals so they will
be suitable for operation of the recorder P.

If the microphone is of the carbon button
type, a battery B or other source of microphone

gain control P2 is included in the microphone
circuit to adjust the input to the first amplifier

a push pull rectifier embodying

10
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ctrrent is necessary. A potentiometer or manual -

tube V3, through the microphone transformer

T2, so that the different transmission constants

of dlﬂ erent telephone lines can be readily com-

pensated for and brought to the same volume-
. level at the grid of the amplifier tube V3. The

signals which have been amplified by V3, are
applied in push-pull to the grids of tubes V4 and
VS through a  transformer T3, which has a

center-tapped secondary. As stated, the func-.

tion of tubes V4 and VB is to rectify the signals
full wave, amplify them, and, in combination

with .the output tube V8§, to reinvert the signsls
50 they will again be adaptable for the operation

of a standard stop-start printer. These func-
tions are performed in the following manner:.
A bleeder circuit is provided from positive bat-~

tery through resistances R9, Ri® and RIii, to
ground return, or negative battery, as shown.

Tubes VA and V5 obtain their plate voltage from

40

8 point on this voltage divider or bleeder circuit

through the coupling resistor R{2. This point
is the junection of RS and Ri0 and is also the
point of the filament return of the output tube
V8. The rectifier tubes V4 and V§ have their
filament return to the junction -of resistors R19®
and Rif. The grid return from the center-iap

-.of the secondary winding of transformer T2 is
‘made to the negative end of the bleeder c'reuit.
- Therefore, the negative grid bias on tubes V4.

and V9 is the voltage drop across the resistance
Ritl;: the plate voltage applied to tubes V& and
V5 is the voltage drop across the resistance R19,

less the voltage drop across resistance RI2 if

any). The grid bias on the output tube V8 is
the voltage drop across resistance Ri2 (if any)

‘and the plate voitage applied fo tube V8 is the

voltage drop across resistance RS9, less the voit-

age drop In the printer magnets PM. The vglue -

~ of resistance Ri! is of such vaiue that the piate
clrrent, with no signal cpplied to the grids, is

cut off, or nearly so, in iubes V8 an¢ V3. With -

this plate current interrupted, or neariy so, there
is little or no current flow through resistance
=12, and therefore little or no negative bias on
the output tube V8. XMaximum plate current will

- flow through the printer magnets PM at this time,

the value cof the current Mng determined by an
appropriate choice of the values of resistamea

RY, and RI2 and of the characteristics af tube m

VS
"When a tone is received from the telephone
line, indicating what is normally & spacing or

- no-current background signal, this tone is ampii-
- fled in {ube V3 and applied to the grids of tubes V4§ 45



4

' and V8. On one half cycle the grid of tube V& is
either positive, or at least less negative, than be-
fore, therefore, plate currents will flow through

this tube and through resistance Ri2. On alter-
nate half cycles the grid of tube V3 becomes less

- negative, and also passes current through resist-

10
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ance Ri{2. A small condenser C3 is connected be-
tween the paralleled plates of tubes V4 and Vb to
the filament or other unipotential point. The

value of this condenser is such that the charging

of this condenser duringthetimethat neither tube
is passing current through resistance Ri2, and
the discharging of the condenser during the time
that either tube is passing current through re-

sistance Ri2 will effect a flitering action which

will hold the voltage on the grid of the output
tube V6 at an essentially constant value during
the period of any pulse, without seriously affect-
ing the general shape of the printer signal.

A reference to Fig. 3 will show the action of
this condenser more clearly. In Fig. 3, A repre-
sents the signals of a standard stop-start printer
system of conventional design when operating on
a make and break line as is commonly used;
B shows the signals which will be sent to the
telephone line by the telephone transmitter TT,
each signal pulse comprising a train of sub-
stantially sinusoidal alternations corresponding

-to the oscillations produced by the vacuum tube

oscillator Vi. The beginning and end of each
signal pulse is not abrupt but has been rounded
to some extent by the keying system described
above to reduce in magnitude any interference
which might be transmitted to adjacent tele-
phone circuits. B is also representative of the
signals through the amplifier tube V3 as far as
the grids of the rectifying tubes V4 and V5. Due
to the full-wave rectifying action of tubes V4
and V9, the current through resistance Ri{2, and
2lso the relative voltage on the grid of tube V§
would appear as shown at C if the condenser C3
were not used. The effect of this condenser is to
smooth out this voltage which is applied to the
grid of tube V6, so that it will appear as shown
in D. The dotted line d—d represents the nega-
tive bias above which the plate current of tube
Vb6 is essentially cut off. Therefore, the- signals
which will operate the printer will be as shown in
E, and will correspond to the signals which were
sent from the transmitting keyboard T, as shown
at A. |

In Fig. 2 a somewhat simplified sound keying
arrangement is shown in which the transmitting
distributor T is connected directly across the
terminals of the sound producer S which in turn
is connected directly to the terminals of sec-
ondary winding L3 of the transformer TI. ‘The
contacts of the transmitter T serve to shunt the
tone producer S and therefore to prevent trans-
mission of tone signals to the telephone sys-
tem in response to marking signals. The en-
velope of the signals produced by this embodi-
ment are substantially square topped and hence
less suitable for transmission over the telephone
circuit than the shaped signals produced by
the modification shown in Fig. 1. However, they
are suitable where interference with neighboring
circuits is not an important factor. .

Fig. 4 shows another method of transmitting
signals over a telephone circuit, in which cer-
tain desirable features of ordinary ‘‘polar’’ op-
eration are obtained. In addition, in" this em-

bodiment of the invention is incorporated a

means for compensating for the variation in
transmission efficiency of different telephone cir-

- the resistance RI3.
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cuits which will be experienced in the practical
operation of the system. |

In the transmitting part of the system of this

“polar” method, instead of using & vacuum tube

oscillator for the generation of the tone or tones
to be transmitted over the telephone line, a small
alternator of the Alexanderson or other well-
known type may be used, and is shown. Omne
motor (2 may be used to rotate the armatures
of two alternators Af and A2. These two arma-
tures are not similar, but have different num-
bers of poles, so that when the motor is rotating
at the proper speed, as determined by a centri-
fugal governor, power line synchronism, or other
means, two separate and distincet frequencies
will be generated by the two alternators. These
two frequencies are each within the audible range
above referred to and sufficiently separated so
that the two filters used in the recelving mech-
anism, to be described, can differentiate between
them.

A relay PR which is controlled from the key
board or other transmitting means T is used
to connect the output of one or the other of
these sources of tone frequency to the sound pro-
ducer S which will transmit the signals to the
transmitter TT of the telephone set.

At the receiving end of the telephone system
the signals are again picked up from the tele-
phone receiver TR by the microphone M and
amplified by a conventional amplifier tube V1.
A portion of the amplified signals from tube VI
is applied through an aperiodic transformer T4
to a dliode rectifler tube V8. The signals are
also applied through two filters ¥{ angd F2, of the
band-pass type, to each of two amplifier tubes
V9 and VI0. The filter F'l is tuned to only pass
the signals from the alternator Af, while the
fAlter F2 is tuned to only pass the signals from
the alternator A2. Thus, each of the amplifier
tubes V9 and VI8 will only have signals applied
to their grids when the tongue of the transmitting
relay PR closes the circuit to the sound producer
S from alternator Al or A2, respectively. Each
of the rectifier tubes Vil and V{2, associated with
tubes V8 and V10 respectively, will then respond

‘and pass current through its plate circuit only

when the relay PR has completed the circuit
to the corresponding alternator. A polar re-
ceiving relay PRI is shown connected in a dif-
ferential manner in the combined circuit from
positive battery to the plates of the two rectifier
tubes Vi{ and Vi2 in such a manner that when
the fongue of the transmitting relay is on the
marking contact M, the plate current through the
rectifier tube Vil will hold the tongue of the
receiving relay PRI on its corresponding mark-
ing contact. Conversely, when the tongue of
the transmitting relay PR 1s on its spacing con-

tact S, the plate current through tube VIi2 will

hold the tongue of the receiving relay PRI on
its corresponding spacing contact 8. - Thus, what-
ever signals are sent to the telephone line from
the transmitting keyboard T, controlling the
transmitting relay PR, are reproduced by the
receiving relay PRI and may be applied to the
printing mechanism P in conventional manner.

The portion of the signal energy which was
applied to the rectifier tube V8 through the
aperiodic transformer T4 is rectified and pro-
duces a pulsating direct current voltage across
This voltage is smoothed or
filtered by the combined action of resistance
Ri3, condenser C4 and resistance Ri4 and con-

10
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denser C§ and produces an added negative voli~- 75
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age, In addition to that produced by the plate
current drop through resistance R18. This add-

ed negative voltage is applied to the grid of

— tube VI, and thus acts to reduce the ampiifi-
5 cation of the amplifier tube V1. This added
~ voltage is proportional, or nearly so, to the re-
-ceived signal, so that the action of the combina-
tion just described is to level out the amplitude

of the signals as applied through the ﬂlters to

10 tubes V9 and VIO.

Fig. 5 illustrates a different method 01' com-
pensating for variations in transmission con-
stants between different telephone circuits. In
this arrangement, a plurality of sources of cur-

16 rent Fi, F2, F3, P4, etc., each of a different
- frequency, are shown, each of which is coupled
- to the sound producer S, or other audible tone-
producing means. Each of these sources of fre-
| quency might be a tuning fork and microphone
20 oscillator of well known type, & microphone-re-
. ceiver “howler”, or either of the types shown in
Fig. 1 or Fig. 4. . 'The source of frequency marked
¥! does not requlre a keying means, as it is to
- be left operating continuously.
- A kevboard or other permutation code trans-
- mitting means T, T2, T3, etc., is connected to
each of the frequency sources so that the cur-
rent transmitted to the line by the sound pro-
” ducer S is broken up by the permutations of
the code of the transmitting means associated
- with its particular source of frequency.
variation the signals are not inveried, and a re-
ceiving means is shown accordingly. I desired,
3 however, the SIgna.ls may be inverted as in PFigs.
1 and 2. ,
In the receiving means for operating in econ-
nection with the transmitting means just de-
scribed the tones are picked up by the micro-
&0 phone M and amplified through one or more
stages of amplification. A single amplifier tube
VI3 is shown by way of example.
of the amplifier tube VI3 is connecied through
a transformer T6 and separate band-pass fliters
BFI to BF4 to a separate demodulator sys-
"tem and relay tube for each tone freguency used,
- with the exception of the pilot channel associ-
“ated with the band pass filter BF{. The corre-
. sponding frequency source- Ff, as has heen
50 stated before, is left running confinuously. The
— filter BF'l passes only the frequency of source
i and this current is rectified by a two ele-
ment tube Vi4, and is used as a control voliage
on the amplifier tube VI3, as an additional bias
gg for gain control, similar in action to that shown
in Fig. 4. The outputs from the filiers of cther
than the control! or pilot channel, are applied
to separate demodulators and relay ftubes for
each channel. The demodulator shown in Fig.
o6 5 is different from that shown in either Fig. 1
- or Fig. 4, although either of those could be readily
adapted to this arrangemens.

The operation of the demodulator of Fig. 5 is

as follows: When a signal is received through the

68 filted BF2 it is applied by means of a cenier--

tapped winding W2 to a double ancde rectifier
V15, The rectification which takes place in this
rectifier is full wave, and the voltage appears ss
a’' voltage across the resistance Ri8. By means

70 of the filtering action of condenser C8, resistance.

R19, and condenser C1{0, the voltage which is ap-
plied to the grid of the amplifier tube V{8 is es-

sentially similar to the envelope of the rectified

| current from the tube Vi85, and is also essential-
75 1y similar to the signals transmitted from the

In this
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"as the unit of ar

S
keyboard Ti1 associated with the freguency
source Fe.

The action of the dlrect current amplifier
shown is somewhat similar to that shown in PFig.
1. When a signal is recejved, the voltage across b
resistance Ri8 is applied as a negative voliage
to the grid of tube Vi6. The no-signal voltage
on the grid of this tube is set by the voltage
drop across resistance RiIT so that an appreci-
able plate current is drawn by the tube Vi§ 10
through resistance R20, sufficient or nearly so,

to completely cut off the plate current through

the relay tube ViT. When a signal is applied to,
and rectified by tube VIS, the added negative |
voltage on the grid of tube V1I6 greatly reduces, 16

- or completely cuts off the plate current which

flows through resistance R28, and reduces the

.negative bias on tube Vi1 to a8 point where suf-

ficient plate current flows through the magneis
PM of 3 receiving recorder P to properly operate 20
the same. -

-‘The recorder P shownin Figs. 1 4 and 5 may
be a standard start-stop printer such as that

shown in patent to Morton et al. No. 1,745,633

granted Feb. 4, 1930, or it may be a receiving per- 25
forator such as shown in paftent to Kleinschmidt
No. 1,884,743 granted Oct. 25, 1932 or a repeater
such as shown in patent to Kleinschmidt No.
1,884,744 granted QOct. 29, 1932, or in fact any
other form of receiver adapted for use in con- 3@
nection with the particular transmitier employed.

It is obvious that many variations and combi-

‘nations other than the particular ones shown

could be made without departing from the spirit .
and intent of the invention. The system has 3°
been shown with particular reference to the
start-stop telegraph system in general use fto-
day, but any of the adaptations may be used
without changes with the present mulfiplex sys-
tem, and such use is contemplated. Ii may also 40
be used in .the iransmission of ticker signals,
quotation board signals, facsimile, and in fact any
means of communication where & telegraph code
of any type is used. Any of the fone generat-
ing means and any of the demodulation means 45
shown may be adapted to operate with other com-
binations than those with which they are shown.
‘“Polar” operation, as shown ir Fig. & could be
used on a miitiple channel system as depicted in
Fig. 5. In this ecase ftwo freguency channels §0
would be used for each signal channel, one for
“marking™ signals, and one for “spacing” sig-
nals. The pilot or control channel would nrot
then be necessary, since one band filter, which
would pass both the “marking” and “spacing” 55
frequencies of any one printer channel could
be used to operate the gain control feature. It is
eqgually obvious that instead of all channeis of
the system of Fig. 5 operating in only one direc-
tion, certain of the frequencies could be used in &0
one direction while others were being used in the
opposite direction. Also any or ail channels could -
be switched from operation in one direction to

operation in the opposite direction.
n Figs. 6 arnd 7 there is shown eneformm a5

- acoustic coupling and shielding for the sound

producer S, receiving microphone M and the
telephone set. The sound producer S is shown
ordinary telephone head set.
It is retained between two discs 20 and 2{ of 70
sound absorbing masaterigl., The front disc 28
is ¢f material which is also resilient, as for in-
stance sponge rubber. The rear disc may be of
the same material if desired. The conductors

of the unit 8 extend through the rear disc 2f. 76
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The front disc 20 has a central aperture 22 reg-
istering generally with the opening L3 in the
sound producer. The unit is enclosed in a cyl-
inder 24 of sound deadening material which may
be a sheet of sponge rubber or other suitable ma-
terial wrapped therearound, with the discs 20
and 24 forming enclosures therefor. The shieid-
ed unit is secured to a suitable base 25
by straps 26 and 21.

- The microphone M is shown as the single but-
ton type and is secured between two sheets 28
and 29 of resilient sound absorbing material,
which again may be sponge rubber. The en-

 closing sheets of rubber are secured between two

1b

20

30

45

55

upright blocks 30 and 3, the forward block 30
having an arcuate upper contour 32 the surface
of which is preferably covered with a soft resil-
jent material 33, such as felt. The upper end of
the sheets 28 and 28 are secured to the rear
block 31 by a strip 34 of rigid material, fastened
by screws 35. The conductors 36 extend through
the rear sheet 29 and through an aperture in
the rear block 31.

An upright block 37 also having an arcuate
upper contour covered with a soft resilient ma-
terial 38 is mounted adjacent the front face of
the shielded unit S and a resilient bracket 39 ex-
tends upwardly between the blocks 30 and 31,
these parts being so positioned as to retain a
telephone set 408 with the transmitter TT rest-
ing in the block 3T and having its apertured end

pressed against the front disc 20 substantially in

alignment with thé aperture 22; and with the
receiver TR resting in the block 80 with its ap-
ertured end pressed against,K the face of the re-
silient sheet 28, in alignment with the aperture
41 therein.

In the use of the system a call between tele-
phone subscribers is made in the usual manner,

after which each subscriber sets his hand set

into the blocks 30 and 37 of the acoustic coupling

device, whereupon telegraph communication can

proceed, either in one or both directions, depend-
ing upon the particular arrangement of the tele-
graph apparatus. |

It will be noted that there have been no
changes in the telephone circuit or any addi-
tions thereto. The telephone may, therefore, be
used for either telephone conversation or tele-

-graph communication. 'The telegraph appara-

tus required in addition to the standard trans-
mitting distributor and printer is relatively sim-
ple in nature and may be constructed so as to
he readily portable and therefore usable inter-

changeably on any telephone circuit.

The invention, of course, is not limited to the
particular forms and detalls disclosed herein, but
numerous other modifications and variations
tl;::reci’ will be apparent to those skllled in the
a |

What is claimed is:

1. The method of telegraph eommunicetion
which comprises producing electrical oscillations
of a predetermined frequency, keying said oscil-

1ations to produce groups of oscillations in ac-
‘cordance with the telegraph code, shaping said

groups of oscillations to decrease the amplitude
of the end portions thereof relative to the mid-

. portion- thereof, utilizing said keyed and shaped
0.

oscillations to produce audible tone signals and
impressing said tone signals on the transmitter

- of a telephone system.

5

2. The method of telegraph communieation

‘which comprises. producing electrical oscillations
‘ot a predetermined frequency, keying said oscil-
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lations to produce groups of oscillations in ac-
cordance with a telegraph code, shaping said
groups of oscillations to decrease the amplitude
of the end portions thereof relative to the mid-
portion thereof, regulating the amplitude there-
of, utilizing said keyed and shaped oscillations to
produce an audible tone and impressing said tone
on the transmitter of a telephone system.

3. The method of telegraph communication
which comprises producing electrical oscillations,
interrupting said oscillations in accordance with
marking conditions of a telegraph code, utilizing
said oscillations to produce audible tone signals

-~ and impressing said signals on the transmitter

of a telephone system.
4. The method of telegraph communication
whieh comprises producing electrical osciliations,

keying said oscillations to produce groups of os-
cillations in accordance with a telegraph code,

decreasing exponentially the amplitude of the end
portions of each of said groups of oscillations
relative to the mid portion thereof, utilizing said
oscillations to produce an audible tone and im-
pressing said tone on the transmitter of a tele-
phone system,

5. The method of telegraph communication
which comprises producing sinusoidal electrical
oscillations of a predetermined frequency, Key-
ing said oscillations to produce groups of oscilla«
tions in accordance with a telegraph code, utiliz-
ing said keyed oscillations to produce an audible
tone, transmitting said tone over a telephone sys-
tem, converting the received tone signals into
groups of electrical oscillations, producing a direct
current impulse corresponding to each group of
oscillations and controlling the operation of a
telegraph receiver in accordance with said Im-
pulses,

6. The method of telegraph communlcation
which comprises producing electrical oscillations,
interrupting said oscillations in accordance with
marking conditions of a standard telegraph code

to produce groups of oscillations inverted in rela-

tion to said telegraph code, utilizing said groups
of oscillations to produce tone signals, transmit-
ting said tone signals over a telephone circuit,
translating the received tone signals into groups
of electrical oscillations, producing a direct cur-
rent impulse corresponding to each group of oscil-
lations, reinverting said impulses and controlling
the operation of a telegraph receiver in accord-
ance with said reinverted impulses.

7. The method of telegraph communication
which comprises producing electrical oscillations,
interrupting said osciflations In accordance with
marking conditions of a standard telegraph code
to produce groups of oscillations inverted in rela-
tion to said telegraph code, utilizing said oscilla-
tions to produce interrupted audible tone signals,
transmitting sald tone signals over & telephone

- system,translating the received signalsintogroups

of electrical oscillations and controlling the opera-
tion of a telegraph receiver in accerdanee with

- said oscillations.

8. The method of telegraph communication
which comprises producing a plurality of elec-
trical oscillations of predetermined different fre-
quencies, keying said oscillations to produce
groups of oscillations of one frequency or another
in accordance with a telegraph code, utilizing
said oscillations to produce tone signals, trans-

mitting said tone signals over a telephone system,

converting the received tone signals into groups
of electrical oscillations, utilizing one or the other

of said oscillations to continuously regulate the 78-
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amplitude of said received oscillations, in accord-
ance with a characteristic of the telephone cir-
cuit and controlling the operation of a telegraph
recelver in accordance with said oscillations.

9. The method of telegraph communication

‘which comprises producing electrical oscillations,

suppressing said oscillations in accordance with

one condition of a standard telegraph code to

produce groups.of oscillations inverted in rela-

tion to said telegraph code, shaping sald groups

of oscillations, utilizing said oscillations to pro-
duce tone signals, acoustically shielding said tone
signals and transmitting the same over a tele-

phone system, converting the received tone sig- -

nals into groups of electrical oscillations, regu-
Jating the amplitude of said oscillations in ac-
cordance with the characteristics of the telephone
circuit, producing a direct current impulse cor-
responding to each group of oscillations, invert-
iIng said impulses and controlling the operation

of a telegraph:receiver in accordance with said

inverted impulses. |

- 10. A system of telegraph communication
which comprises means for producing tone sig-
nals of a low amplitude corresponding to a tele-
graph code, means for acoustically shielding said

. tone signals against external sounds and trans-

30

mitting the same over a telephone system, and

means for converting the received tone signals
into electrical signals and controlling the opera-

- tion of a telegraph receiver in accordance there-

36

with.

11. The method of telegraph communication
which comprises producing a plurality of sepa-

rate oscillating currents of different frequencies,

modulating said currents in' accordance with a
telegraph code, transmitting at least one of said
oscillating currents over a telephone system: at
every instant,

plification thereof and controlling the opergation
of a telegraph recelver in accordance with the
amplified signals.

- 12. The method of telegraph communication
which comprises producing a plurality of tone
sienals of different. frequencies, transmitting cur-

rent continuously over a telephone circuit con-

sisting of first one and then another of said tone
signals, converting said received tone signals into

‘electrical signals and utilizing the uninterrupted
current transmitted over said telephone circuit
to modify continuously the amplitude of said

- electrical signals in accordance with the cha.rec-

10
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teristics of the telephone circuit. -

13. The method of telegraph communication
which comprises producing a plurality of tones
of different frequencies, transmitting one of said
tones continuously over a telephone circuit, kev-

.ing another one of said tones in accordance with
& teiegraph code and transmitting the keyed tone

signals over sald telephone circuit concurrently
with said continuous tone, converting said latter
received tone signals into electrical signals and

~utilizing said continuous tone to modify the am-

plitude of said electrical signals in accordance

- with the characteristics of the telephone circuit.

14. The method of telegraph communication

which comprises producing two tone signals of

different frequencies, transmitting said tones al-
ternately over a telephone circuit in accordance
with a telegraph code, converting sald recelved

tone signals into electrical signals of two differ-

ent frequencies and utilizing signals of each fre-
quency to modify the amplitude of said signals

- signals, |
- acoustically coupling said last means to the trans-

amplifying the received signals,
- utilizing the received signals to regulate the am-

' | 7
in aecordance with the characteristlcs of the
telephone circuit.

15. In a telegraph system a source of substan-
tially  sinusoidal oscillations, a sound producing

device responsive to said oscillations to produce
a tone of low level, means for applying said

- oscillations to said sound producing device inter-

mittently in accordance with'a telegraph code,

- and means for physically connecting and acousti-
cally couplng said sound producing device to a
- standard telephone transmitter, said last named

means being also arranged to shield said trans-
mitter against extraneous noises.

16. In combination with a telephone system

a source of substantially sinusoidal oscillations, a

‘telegraph transmitter for interrupting said oscil-

lations to produce trains of oscillations in ac-

“cordance with a telegraph code, means for shap-
ing said trains of oscillations, means responsive

to said trains of oscillations for producing tone
means for physically connecting and

mitter of said telephone system, a sound respon-

10
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sive device acoustically coupled to the recelver

of said telephone system for producing oscilla-
tions in accordance with received tone signals
and means for converting said latter oscillations
into direct current code signals. |

17. In combination with a telephone syswm a
source of substantially sinusoidal oscillations, a
telegraph transmitter for suppressing sald oscil-
lations in accordance with marking conditions of
a, standard telegraph code, to produce trains of
oscillations inverted with relation to said tele-
graph code, means responsive to said trains of
oscillations for producing tone signals for trans-
mission over said telephone system, a sound re-
sponsive device acoustically coupled to the re-

ceiver of said telephone system for producing os-

cillations in accordance with recelved tone sig-
nals means for converting said latter oscilia-

25
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tions into direct current telegraph signais, & '

telegraph receiver and means for inverting said
direct current signals and applying them to said
telegraph receiver.

18. In combination with a telephone system,

45

source of substantially sinusoidal oscillations, a -

telegraph transmitter for suppressing said oscil-

lations in accordance with marking conditions -

of a standard telegraph code, to produce groups

60

of oscillations inverted with relation to said tele-

graph code, means responsive to said trains of

oscillations for producing tone signals for trans-
misston over said telephone system, a sound re- -

sponsive device associated with the receiver of

sald telephone system for producing oscillations -
- in accordance with received tone signa.ls means

for converting said latter oscillations into direct

current telegraph signals, & telegraph receiver

and means for inverting said direct current sig-

nals and applying them to sald receiver.
19. In combination with a telephone system, a
plurality of socurces of electrical oscillations, a

" telegraph transmitter for keying said oscillations
"to produce trains of oscillations in accordance

with a code, at least one of said oscillations being

transmitted at all times during operation of the

system, -means responsive to said trains of oscil-

lations for producing tone signals for transmis-

sion over said telephone system, & sound re-
sponsive device associated with the receiver of

said telephone system for producing oscillations

in accordance with received tone signals, means
responsive to said oscillations for modifying the
amplitude of said oscillations in accordance with

56
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the characteristics of the telephone system, &
telegraph receiver and means for controlling the
operation of said receiver in accordance with
sa.id oscillations.

20. In combination, a telephone mstrument
including a transmitting and a receiving element,
a sound producing device, a sound responsive de-
vice, acoustic shielding means for said sound

- producing device and said sound responsive de-
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15

"vice, means for supporting said transmitting and

receiving elements in contact with said sound pro-
ducing device and said sound responsive device
respectively, a telegraph fransmitter associated

‘with said sound producing device and a tele-

graph receiver associated with sald sound re-

sponsive device.

21. In combination, a telephone instrument, in-—
cluding a transmitting element, a sound produc-

ing device, means for supporting said transmit-

ting element adjacent said sound producing de-
vice, acoustic shielding and coupling means inter-
mediate said sound producing device and said
transmitting element, said shielding means in-
cluding a sound-absorbing pad surrounding said
sound producing device and adapted to engage
said telephone transmitting element, and a tele-
graph transmitter associated with said sound pro-
ducing device.

22. In combination with a standard telephone

)0 system, a source of sinusoidal oscillations, a tele-
graph transmitter for keying said oscillations to-

produce groups of oscillations in accordance with
a telegraph code and means entirely external to
and independent of physical or electrical changes
in said telephone system for impressing said 0s-
cillations on the telephone circuit and for shield-
ing the telephone system against extraneous
noises at the substation while signals are being
impressed thereon from said telegraph trans-
mitter.

23. In combination with a standard telephene
system, a source of sinusoidal oscillations, a tele-
graph transmitter for keying said oscillations to
produce groups of oscillations in accordance with
a telegraph code, means entirely external to and
independent of physical or elecfrical changes in
said telephone system for impressing said oscilla-
tions on the telephone system, a telegraph re-
ceiver, meeans entirely external to and inde-
pendent of physical or electrical changes in said
telephone system for applying oscillations trans-
mitted over said telephone system to said tele-
graph receiver and means for shielding the tele-

phone transmitter at the sending station against

extraneous noises while the telegraph signals are
being transmitted over the telephone system.
24. A system of telegraph communication over
a telephone system provided with-a telephone
transmitter comprising means for producing sub-
stantially sinusoidal oscillations of a predeter-
mined frequency, means for keying saild oscilla-
tions in accordance with a telegraph code and
means for producing audible tone signals corre-

sponding to said keyed oscillations and impress--

ing the same upon said telephone transmitter.
25. A system of telegraph communication over
a telephone system provided with a telephone
transmitter comprising means for producing sub-
stantially sinusoidal oscillations of a predeter-
mined frequency, means for keying said oscilla-
tions in accordance with a telegraph code to form
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signalling impulses, means for exponentially
shaping the initial portions of said impulses and

- means for converting said impulses into audible

tone signals and impressing the same upon said
telephone transmitter.

26, A system of telegraph commaunication over
3, telephone system provided with a telephone
transmitter comprising means for producing sub-
stantially sinusoidal oscillations of a predeter-
mined frequency, means for keying said oscilla-
tions in accordance with a telegraph code, means
for converting said keyed oscillations into audible
tone signals and impressing the same upon said
telephone transmitter, means at a remote point
of said telephone system for amplifying the sig-
nals to an extent depending upon the attenua-
tion of the telephone circuit and a telegraph re-
ceiver responsive to the received signals.

27. A system of telegraph communication over
a telephone system having a plurality of tele~
phone substations comprising a telegraph code
transmitter at a sending substation, means in-
cluding said transmitter for impressing code sig-
nals consisting of trains of audible frequency os-
cillations upon the telephone system, means at

g receiving substation for responding to said sig~

nals and means for acoustically shielding the tele-
phone transmitter at said sending substation

- against extraneous noises during the transmis-

sion of said signals.

28. A system of communication eemprlsmg a
plurality of telephone substations, means ior
interconnecting any two of said substations,
means at one substation for generating tone
signals of a definite frequency modulated in ac-
cordance with a telegraph code, means at an-

other substation for amplifying said signals, said

amplifying means automatically compensating
for variable attenuation of the connecting circuit.
and receiving means eonnected to said amplify-—
ing means.

29. A system of communication comprising a
plurality of telephone substations, means for
interconnecting any two of sald substations,
means at one substation for generating tone sig-
nals of a definite frequency modulated in accord-
ance with a telegraph code, means at said one
substation for acoustically shielding the tele-
phone transmitter thereat against extraneous
noises during code transmission and receiving
means at another substation responsive to said
signals.

30. The method of telegraph communication
over a voice frequency channel which comprises
concurrently impressing upon said channel con-
tinuous oscillations of one frequency in the audi-
ble range and keyed oscillations of another fre-
quency forming telegraph signals, and controlling
a telegraph receiver in accordance with the oscil-

lations of both of said frequencies.
"~ 31. The method of telegraph communication

over a voice frequency channel which comprises
concurrently impressing upon said channel con-
tinous oscillations of one frequency and keyed
oscillations of another frequency forming tele-
graph signals, amplifying the received signals
and controlling the amplification in accordance

with the character of the received oscillations of

said one frequency.
"FERNAND E. p’HUMY.

LAWRENCE W. FRANKLIN.
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