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49 Claims.

Our invention relates to communicating sys-
tems, and particularly to communicating sys-
tems adaptable to telephone communication on
railway trains.

The present application is a continuation in

part of our copending application Serial No.

658,932, filed February 28, 1933, insofar as the
subject matter common to thz two is concerned.

We will describe several forms of apparatus
embodying our invention, and will then point
out the novel features thereof in claims.

Communicating systems have been proposed
for telephoning between a wayside station and
a railway train, or between two trains, or be-
tween 'two spaced locatiocns on the same train,
by transmitting from one location to the other
a carrier current modulated by voice frequen-
cies. The communicating circuit preferably in-
cludes the traffic rails in the manner disclosed
and claimed in the United States application for
Letters Patent, Serial No. 450,135, filed May 6,
1930, by L. O. Grondahl, for Electric train sig-
naling system. In systems of the type here in-
volved the receiving apparatus at cach location
is normally active and in circuit in order that
either location can call the other at any time.
The transmitting apparatus is normally inactive
and is energized and in circuit only during the
transmission of a current. The receiving appa-
ratus preferably includes a loud-speaker and
since the receiving apparatus is normally in cir-
cuit, small earth currents and stray magnetic
fields picked up during the non-transmitting pe-
riod of the system produce a noise in the loud-
speaker that sometimes becomes very annoying,
especially since a high gain amplifier is em-
ployed. Furthermore, if two trains are close to-
gether, each train crew hears the conversation
of the other and this condition often results
in more or less confusion.

A feature of our invention is the provision of
new and novel apparatus for communicating
systems of the type here referred to, wherewith
the equipment at each location has a normal, a
calling and a communicating condition any one
of which may be readily established by the op-
erator at that location. Another feature of our
invention is the provision of new and novel ap-
paratus selectively responsive to a calling cur-
rent having a distinctive characteristic, where-
with the receiving apparatus will not respond
unless a call intended for that particular loca-
tion has first been received. A further feature
of our invention is the provision of simple and

effective means for reliably producing a calling

(ClL. 246—8)

current having a distinctive characteristic to
which the receiving apparatus at the other loca-
tion will readily respond. Still another feature
of our invention is the provision of apparatus
by means of which the transmitting of a calling
current is semi-automatic; that is to say, if the
transmission of the calling current has been
started by an operator, it will be automatically
maintained for a predetermined interval, regard-
less of what action the operator takes in the
meantime, the interval of transmission being of
sufficient duration to insure full response of the
receiving equipment at the location being called.
Our invention also includes the provisionn of
apparatus for systems of the type involved
wherewith sources of current of different volt-
ages are made available as such voltages are
needed, together with apparatus which permits
the supplying of current to the communicating
circuit and the picking up current therefrom
through different electrical coupling as desired.
Other features of our invention will appear as
the specification progresses.

In the accompanying drawings, Fig. 1 is a
diagrammatic view of one form of apparatus em-
bodying our invention, wherein a sharply tuned-
circuit network is normally effective to receive
a selecting call, and the loud-speaker is discon-
nected, or is in a condition of low sensitivity.
The sending of the calling current is made semi-
automatic, and once started it will persist for a
given period regardless of what action the oper-
ator takes in the meantime. An inductor is pro-
vided for both supplying current to and picking
up current from the traffic rails the inductor
being switched to the receiving apparatus or to
the transmitting apparatus as needed. Figs. 2
and 3 are each diagrammatic views of different
forms of the transmitting apparatus for gener-
ating a calling current of a predetermined fre-
quency, both of which forms of apparatus em-
body our invention. ~Fig. 4 is a diagrammatic
view of a second form of receiving apparatus
embodying our invention, and wherewith the
loud-speaker is normally in a condition of low
sensitivity by having a voice coil only in circuit;
and is switched to a condition of full sensitivity
in response to the calling current by the ener-
gizing of its fleld coil also. In this form of the
receiving apparatus the calling current is given
additional amplification. Fig. 5 is a diagram-
matic view of a modified form of the apparatus

wof Fig. 1 which also embodies our invention, In

ithis modified form sources of current of different
yoltages are provided and rendered available as
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needed. Current is supplied to the trafic rails
by a circuit directly coupled with the rails and
is picked up by an inductively coupled circuit
which is normally sharply tuned to resonance at
the frequency of the calling current and more
broadly tuned for telephoning. In each of the
several views, like reference characters designate
similar parts.

Referring to Fig. 1, the reference characters
12 and 13 designate inductor coils mounted on a
railway train In inductive relation with the
traffic rails 1t and (1" respectively. These in-
ductor coils 12 and (3 are normally connected
with a filter Fl of the receiving apparatus to be
described later; and are adapted to be at times
connected with a transmitter AT of the trans-
mitting apparatus also to be described later. To
provide two-way communication between two
spaced locations both locations would be equipped
with both the receiving and the transmitting
apparatus of Fig. 1. To clarify the following
description, we shall assume that telephone
communication is to be provided between the
locomotive and the caboose of a freight train,
and, consequently, the complete apparatus of
Fig. 1 would be installed both on the locomotive
and in the caboose. Although a specific adapta-
tion of our invention is here disclosed, it will be
understood that we do not wish to limit our-
selves to telephone systems for railway trains,
but our invention is equally useful to other tele-
phone systems of the t;pe here involved.

In telephone systems for railway trains it has
been proposed to attach to the microphone, in-
dicated in Fig. 1 by the reference character M,

an operating handle 14 which is adapted to be -

manually operated to any one of three posi-
tions indicated by dotted lines, and which posi-
tions we shall desighate as normal, communicat-
ing, and calling, respectively. As will later ap-
pear, the normal position of the handle {4 places
the transmitting apparatus in an inactive con-
dition, and connects the receiving apparatus to
the inductor coils 12 and 13. The communicat-
ing position of handle {4 places the transmit-
ting apparatus in an active condition, and the
equipment is rendered ready to either receive
or transmit a telephone message. The calling
position of handle i4 renders the transmitting
apparatus active, and places the equipment in a
condition for transmitting a calling current.

As shown schematically in Fig. 1, three circuit
controiling contacts 15, 16 and {7 are operatively
connected with the handle {4 and each of these
contacts 15, 16 and {7 is moved to three respec-
tive positions identified in the drawings by the
numerals {, 2 and 3, in response to the normal,
communicating and calling positions of the han-
dle 14. Mounted on the handle 14 is &' common
spring return push button 18, which, as shown
schematically, is operatively connected with a
circuit controlling contact 19. Contact 19 is
normally open and is forced down into engage-
ment with a contact 20 by the depressing of the
push button 18. The function of these several
circuit controlling contacts associated with the
microphone handle (4 will appear as the speci-
fication progresses.

It was stated above that the inductor coils 12
and {3 are normally connected with the receiv-
ing apparatus, and in Fig. 1 the circuit for con-
necting coils 12 and {3 to the receiving appa-
ratus can be traced from the right-hand termi-
nal of coil {3 along wire 22, filter Fi, wire 23,
back contact 2f of a directional relay DR to be

2,064,639

referred to later, and wire 24 to the left-hand
terminal of the coil 12, the two coils (2 and 3
being connected in series. 'The back contact 21
and a front contact 2" of the directional relay
DR are located in the drawings remote from the
winding of that relay in order not to complicate
the drawings. - It will be understood that back
contact 21 is closed when the relay is deenergized
and front contact 21" is closed when the relay
is energized. Energy picked up from the trafiic
rails by the coils {2 and {3 and passed by the

" filter F'l is applied to the input of an amplifier

AM over the wires 25 and 26, and after amplifi-
cation the energy is applied to a demodulator
Di the output of which includes the primary
winding 27 of a transformer T{f. The filter FI
is preferably a band-pass filter so proportioned
and adjusted as to pass a band of frequencies
having a width substantially equal to the voice
frequency range used; that is, it passes a given
carrier modulated with voice frequencies, or
passes the side band frequencies of a carrier
modulated with voice frequencies.  Amplifier AM
is any one of several types adapted to amplify
a modulated carrier current, and the demodula-
tor DI is any one of several types adapted to
demodulate a carrier modulated by voice fre-
quencies and cause to appear in its output corre-
sponding audiofrequencies only. The filter FI,
amplifier AM and demodulator DI may each
be any one of several well-known types for such
devices and are shown in Fig. 1 conventionally
only in order to simplify the drawings as much
as possible.

The secondary winding 28 of transformer T
is normally connected to a cell selecting circuit
and at other times is connected with an operat-
ing circuit. This call selecting circuit extends
form the upper terminal of the secondary wind-
ing 28 through wire 29, tuned circuit network 9,
front contact 30 of a relay R2 to be described
later, and wire 31 to the lower terminal of the
secondary winding 28. ‘The tuned circuit net-
work 9 includes a reactor 32 and a condenser 33
in series, a portion of reactor 32 being connected
to the input terminals of a rectifier 34, the out-
put terminals of which are connected with the
winding of a relay RI. The parts of this tuned
circuit network are so proportioned and adjusted
that it responds only to a definite frequency
within the voice frequency range, say, for ex-
amrple, 700 cycles per second. It will be under~
stood, of course, that other frequencies may be
selected should it seem desirable to do so. 1t fol-
lows, that when a carrier current modulated with
the frequency of 700 cycles per second is picked
up from the traffic rails, the relay RI is ener-
gized. At times the secondary winding 28 is con-
nected to an operating circuit including s loud-
speaker LS, and which can be traced from the
upper terminal of secondary winding 28 along
wire 35, winding of loud-speaker LS, wire 36,
back contact 38 of the relay R2 and wire 31 to
the lower terminal of secondary winding 28. It
follows that at such time as relay R2 is deener-
gized, .in @ manner to be pointed out later, the
output of the demodulator DI is supplied through
the transformer T{ directly to the operating cir-
cuit for the loud-speaker LS; and at such time
as relay R2 is energized, the loud-speaker is en-
3T may be connected from the transformer TI and
is inactive. As shown by dotted lines, a resistor
3T may be connected in shunt with the back
contact 38 whereby the loud-zpeaker LS is nor-
mally in a condition of low sensitivity and is
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then switched to a condition of full sensitivity
by deenergizing the relay R2 to close the back
contact 38 and form a shunt around the r=sistor
37. It is clear from the foregoing, that energy
picked up under the normal condition is applied
to the call selecting circuit and is ineffective to
influence that circuit unless it is energy of the
definite frequency to which the tuned circuit
network 9 is adjusted. Deenergizing the relay
R2 disconnects the call selecting circuit by open-
ing the front contact 30, and connects the loud-
speaker by closing the back contact 38. In the
event the resistor 31 is provided, the loud-speaker
1.8 is normally in a condition of low sensitivity
and responds only feebly, and is switched to a
condition of full sensitivity when the relay R2
is deenergized, and then responds at full volume,
The relay R2, which controls the call selecting
circuit and the operating circuit for the loud-
speaker LS, is normally energized over a stick
circuit extending from the B terminal of a con-
venient source of current such as a battery not
shown, through contact {7 in its No. 1 position,
wire 39, back contact 40 of relay RI, its own
front contact 8f, winding of relay R2 and a
manually operated contact 42 to the opposite
terminal C of the current source. Thus a calling
current of the predetermined frequency when
picked up from the traffic rails and applied fo
the call selecting circuit energizes the relay Ri
and that relay on picking up opens the back
contact 48 in the stick circuit for relay R2 to
release that relay. - A suitable amount of slow
release action is introduced in the operation of
relay R2 by means of a condenser 43 and a re-
sistor 44, the two being connected in series across
the winding of the relay R2. It is clear, there-
fore, that a short time after relay R{ is picked
up in response to the calling current, the relay R2
is released, disconnecting the call selecting circuit
from the receiving apparatus and connecting the
operating circuit of the loud-speaker thereto.
Operating the microphone handle t4 {o -the
calling position to transmit a calling current in
a manner to later appear will move the contact
17 to its No. 3 position and relay R2 will be
retained energized by current from the B termi-
nal of the current source over contact {7 in its
No. 3 position, wire 45, winding of relay R2 and
manually operated contact 42 to the terminal C
of the current source. The function of this cir-
cuit just traced will be pointed out later. Relay
R2 when once deenergized can be reenergized by
placing the handle {4 in its normal position to
bring contact 17 to its No. 1 position, and then

depressing a manually operated contact 46. Cur-

rent will now be supplied from the B terminal
of the current source over confact {7, wire 39,
contact 46, winding of relay R2 and contact 42
to the C terminal of the current source. Once
energized by this pickup -circuit just traced, the
relay R2 will be retained energized by its stick
circuit described above. o

It is clear from the foregoing description of
the receiving apparatus of Fig. 1 that any stray
earth current that may be picked up by the in-
ductor coils {2 and i3 during the normal condi-
tion of the apparatus will not be effective to

" create a noise in the loud-speaker. Furthermore,

70
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the conversation of other trains will not be strong
enough to be heard with the loud-speaker in its
low sensitive condition, and will be ineffective to
influence the loud-speaker at all if it is nor-
mally disconnected. However, the receipt of a
calling current of a predetermined frequency will

3

energize the tuned circuit network with the re-

sult that the loud-speaker. will be shortly switched -
to full sensitivity ready to respond to any tele-

phone message that may be delivered to that lo-
cation. At the termination of a telephone con-
versation the operator can switch {he loud-
speaker back to its disconnected condition by
operating the contact 46 to reenergize the relay
R2. .
We shall now deseribe the operation-of the
transmitting apparatus of Fig. 1. As stated
hereinbefore, the operator will move the handle

18 to the communicating position when he de--

sires to carry on a telephone conversation, and
he will move the handle !4 to the calling posi-

tion when he desires to transmit a calling cur-.

rent. Contact 16 when moved to either its No.
2 or No. 3 position completes a simple . ¢ircuit
for. a transmitting relay TR and that relay is
energized. Relay TR on picking up closes a
front contact 5, which contact is located in Fig.
1 at a point remote from the winding of that
relay in order to simplify the drawing as much
as possible. It will be understood that contact
5 is normally open due to relay TR being nor-
mally deenergized, and is closed in the usual

manner in response to the energizing of that re~

lay. The transmitting relay TR is made slightly
slow releasing in character to prevent the relay
from releasing during the operation of the con-
tact 16 between its No. 2 and No. 3 positions.
The closing of the front contact 5 is adapted to
render the transmitter AT active in a 'manner
to shortly appear.
{4 is placed-at the communicating positicn the
depressing of the push button 18 to close the con-
tact 19—20 supplies current from the B terminal
of the current source over contact {9—23, con-
tact §5 in its No. 2 position, wires {52 and 685,
winding of the directional relay DR and to the
C terminal of the current source, and the direc-
ticnal relay DR is energized. The inductor coils
{2 and 13 are normally connected with the filter
F{ of the receiving apparatus over the back con-
tact 2i-of the directional relay DR as described
above. Energizing the directional relay DR in
the manner just pointed out transfers the coils

-2 and {3 to the transmitting apparatus, the

circuit including the front contact 2!2 of the
directional relay DR. To be explicit, this last
circuit can be traced from the right-hand ter-
minal of the cail 43 over wires 22 and 47, second-
ary winding {841 of a transformer T6 of the
transmitter AT, wire 48, front contact 242 and
wire 24 to the left-hand terminal of coil 12,
It follows that at such time as the handle (8 is
set at the communicating position, the operator
can connect the coils i2 and {3 to either the
receiving apparatus or. to the transmitting ap-
paratus by operating the push button {8 to ener-
gize or deenergize the directional relay DR. The
directional relay DR also controls a front con-
tact DR4 adapted to govern the operation of the
transmitter AT as will later appear. Front con-
tact DR4 is shown in Fig. 1 remote from the
winding of that relay for clarity, and it will be
understood that this front contact is closed in
the usual manner when relay DR is energized.
The microphone M is provided with a circuit
easily traced and which includes a battery 49,
back contact 50 of a calling relay CR to be
referred to later and the primary winding 51
of a transformer T2. Consequently, variations
produced by speaking into the microphone M
cause variations of the current flowing in the
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- in turn induce corresponding frequencies in the

4
primary winding §1 of transformer T2 which

secondary winding 52 of transformer T2. The
voltages induced in the secondary winding 82
are applied to the control grid 83 of an ampli-
fying tube 84, a suitable biasing battery 85 being

" inserted in the connection between the secondary

10

.18

winding 52 and the filament 81 of tube 54. The
electron tube 54 may be any one of several types
and is here shown as a pentode whose filament
67 is heated by a battery 56. The. plate 57 of
tube 54 is provided with a circuit that includes
the primary winding 38 of a modulating trans-
former T3 and a battery 59, the screen grid 80
being connected directly to the positive. terminal
of battery §9. It follows that the voice fre-

" quencies induced in the secondary winding 52

of transformer T2 are repeated in the primary
winding 88 of transformer T3 greatly increased
in amplitude, and in turn induce an electro-

motive force of corresponding frequencies in the

secondary winding 61 of that transformer.

The transmitting apparatus includes a gen-
erator G of carrier current of a frequency of,
say, for example, 7,000 cycles per second, al-
though it will be understood that other frequen-
cies may be selected if found desirable. The
carrier current generated by the generator G
is modulated with the frequencies induced in the
secondary 61 of transformer T3 in the usual
manner, and the modulated carrier output of
generator G is delivered to the input of the
amplifier-transmitter AT over wires 62 and 63.
The generator G shown conventionally in Fig. 1
may be any one of several well known types of
generators of carrier current such for example
as the vacuum tube type.

The amplifier-transmitter AT is preferably of
the well-known push-pull amplifier type and in-
cludes two electron tubes 142 and 143. The fila-
ments 144 of tubes 142 and 143 are heated by
current supplied from a battery (45 over a sim-

_ple circuit easily traced and which includes the

front contact TRS of the transmitting relay TR.
The grid 146 of tube 142 is connected to one
output terminal of the generator G over wire
62, and the grid 147 of tube (43 is connected
to the opposite ‘output terminal of the generator
G over wire 63. The plate 148 of tube (42 is
connected to the top terminal of the upper half
of the primary winding {49 of the transformer
T6, and the plate 150 of the tube 143 is con-
nected to the low terminal of the lower half of
the primary winding {49. The mid point of
the primary winding 149 is connected to the
positive terminal of a relatively high voltage cur-
rent source, not shown, over the front contact
DR4 of the directional relay DR. The negative

" terminal of this current source is connected to

70

the filaments of tubes 142 and 143 over a wire
i81. It follows that the transmitter AT is nor-
mally deenergized and becomes energized when-

ever either the communicating or calling condi-

tion is established and the relays DR and TR are
picked up. The filament circuit for tubes 142
and 143 being completed at the front contact
TRS5 of the relay TR, and the plate circuits for
these tubes being completed at the front contact
DR4 of the relay DR. Thus the frequencies ap-
plied to the grids of the tubes (42 and 143 from
the generator G are repeated in the plate cir-
cuits of these tubes greatly increased in ampli-
tude, and corresponding frequencies are induced

-in the secondary winding 141 of the transformer
T8 amplified to a relatively high energy level.

2,064,639 :
" The energy induced in the secondary winding

141 is supplied to the inductor coils 12 and (3
whenever the directional relay DR is energized.
It is clear, therefore, that with the handle 4
set at the communicating position and push but-

ton (8 is depressed, variations produced by .
speaking into the microphone M are converted -

"into corresponding frequencies which are firsy,

amplified and then used to modulate a carrier
current. The modulated carrier current is fur-
ther amplified to a relatively high energy level
and then applied to the communicating circuit.

A calling current is produced in the following
manner. Moving the handle. {4 to the calling
position supplies current from the battery ter-
minal B over contact (5 in its No. 3 position, wire
64, winding of the calling relay CR, wire 65;
winding of the directional relay DR and to the
C terminal of the battery; and the relays CR
and DR are energized in series. Relay CR on
picking up opens the microphone circuit at. the
back contact 58 and closes a front contact 66 to
couple the plate circuit of tube 58 to its grid
circuit through a coupling condenser C2. Open-
ing the back contact 59 in the microphone cir-
cuit causes the impedance between the grid 53

-and the filament 67 to greatly increase, since,

with the shunting effect of the microphone cir-
cuit removed, the impedance between the grid
53 and the filament 61 iz limited only to the
transformer losses of transformer T2 and occurs
at a frequency determined by the resonant fre-
quency of the inductance of the transformer and
its distributed capacity, plus the capacity of the
tube 54 and other stray capacities in the circuit.

This increase in the impedance of the grid cir--

cuit would normally be sufficient to cause the
tube 54 to oscillate, but, in order to stabilize the
oscillations the coupling condenser C2 is con-
nected with the grid and the plate by means of
the front contact 66 of relay CR. The con-
denser C2 augments the transfer of the energy
of the plate circuit to the grid of the tube and

insures that there is sufficient feed-back to over- -

come the dampened effect of any losses in the
grid circuit. The capacity of condenser C2 and
the parts of the circuit associated with the tube
54 are so proportioned and adjusted that a single

frequency of say 700 cycles per second is gen-

erated when the relay CR is picked up. The

carrier current generated by the generator G-

is now modulated by the single frequency of
the calling current produced by the tube 54
and its related circuits. Hence, the calling cur~
rent is a carrier having a frequency of 7000
modulated with the frequency of 700 cycles, and
since the relay TR is also picked up and trans-
mitter AT rendered active this calling current
is delivered to the traffic rails amplified to a
relatively high energy level by the' transmitter
AT, .

The semi-automatic transmission of the cali-
Ing current takes place as follows, Let us as-
sume that the microphone handle 4 is in its
normal position and that the operator desires
to call the other location. The operator will
first throw this handle 14 to the calling position
and cause the relays-TR, CR and DR to be ener-
gized. Relay TR on picking up renders the
transmitter AT active, relay CR on picking up
causes tube 54 to generate a calling frequency
of 700. cycles, and as the coils 2 ard 13 are
now connected to the transmitter AT by the
front contact 2is of the relay DR, the traffic
ralls are supplied with the calling current. The
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No. 3 position of contact {7 supplies current
directly to the relay R2 and that relay is re-
tained energized and relay DR being now picked
up. current flows from the battery terminal B
over front contact 68 of relay R2, front contact
69 of relay DR, winding of the calling relay CR,
wire 65, winding of the relay DR and to the C
terminal of the battery, an indicating lamp 70
being connected in parallel across the windings
of relays CR and DR, It follows that whether
the microphone handle 14 is kept in the calling
position or restored to one of its other positions,
the two relays CR and DR will both remain
energized until the relay R2 is released. Moving
the handle i4 away from the calling position
opens the circuit to the relay R2 and that relay
is deenergized; however, relay DR on picking
up closes at its front contact ITi a shunt path
around the resistor 44 and the condenser 43 is
therefore directly across the winding of relay
R2, causing the release period of that relay tobe
considerably longer than when the resistor 44 is
in series with condenser 43. Hence, having once
started the transmission of the calling current,
the operator is free to move his handle 14 from
the calling position to the communicating posi-
tion and make ready to start conversation.

At the other location, the receipt of the calling
current will be picked up from the traffic rails,
filtered, amplified, demodulated and current of
a frequency of 700 cycles per second will be sup-
plied to the call selecting circuit. The tuned
circuit network 9 will respond to this frequency
of 700 cycles per second and the relay R1 will be
energized to open the stick circuit of relay R2
and that relay will release at the end of the slow
release period as determined by the associated
condenser 43 and the resistor 44 in series. Hence,
in a short time the relay R2 at the called loca-
tion releases to disconnect the call selecting cir-
cuit and to connect the operating circuit of the
loud-speaker with the result that the loud-
speaker will now sound a note corresponding to
the frequency of 700 cycles. It will be noted that
the release of the relay R2 at the location which
is being called is determined by the associated
condenser 83 and resistor 44 in series, and will
be materially shorter than the release period of
the relay 42 at the calling location which is de-
termined by the associated condenser -43 alone.
Consequently, the calling current will be trans-
mitted for a period sufficiently long to cause the
receiving apparatus at the location which is being
called to transfer its loudspeaker to a condition
of full sensitivity and to sound a note calling the
operator’s attention that communication is de-
sired, notwithstanding the calling operator i3
free to at once place his microphone handle 14
in the communication position immediately after
initiating the calling current. At the calling lo-
cation the release of its relay R2 terminates the
transmitting of the calling current by opening
the circuit to the CR relay, which in turn upon
releasing disconnects the coupling condenser C?2
and reestablishes the microphone circuit. The
indication lamp 10 will be displayed during the
time the calling current is being transmitted, and
will be extinguished when the R2 relay releases,
indicating to the operator at the calling location
that the impulse of calling current has been ter-
minated and that his apparatus is in a condition
to start conversation. At the called location the
700 cycles of the calling current will cause the
loud speaker to sound a note indicating to the
operator at that location that a telephone mes-
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sage is about to be delivered as stated above.
The operator at the called location will respond
by moving his microphone handle 14 to its com-
municating position and from this point on con-
versation can be had between the two locations
by the operators manipulating their respegtive
push buttons 18. At the end of the conversation
each operator can restore his loud speaker and
its associated call selecting circuit to their re-
spective . normal condition by depressing the
switch 46 to reenergize the associated RZ relay.
In the case it is desired to establish the loud-
speaker in a condition of full sensitivity and
still have the microphone handle {4 in the nor-
mal position, the operator can do so by either
depressing the switch 42 long -enough to bring
about the release of the R2 relay or by moving
handle {4 to the No. 2 position just long enough
to release relay R2, and then restoring handle
14 back to the No. 1 position. At stated above, to
cut the loud-speaker down to its low sensitivity at
any time it is necessary only for the operator
to depress the switch 46 to energize the R2 relay
after which it will be retained energized over its
stick eircuit. :

The calling current having a modulation fre-
quency in the voice frequency range about where
maximum energy is transmitted, namely, 700
cycles per second, the calling current has been
found to be effective to strongly actuate the re-
ceiving apparatus at the remote location even
under transmitting conditions so poor or at dis-
tances so great that the telephone current is so
attenuated a telephone message is only feebly
received. That is to say, a note of the loud-
speaker corresponding to the frequency of the
calling current may still be clear and distinct
under conditions where the telephone message
reproduced by the loud-speaker may be unin-
-telligible. At such times the calling apparatus
becomes valuable as a means for transmitting
a code message from one location to the other.
Assuming the operator at one location desires to
communicate with the operator at the other
location by a code message, the procedure is as
follows: It will be understood, of course, that
different codes of short and long impulses corre-
sponding to different code messages are prear-
ranged and are familiar to the operator at each
location. Moving the handle 14 to the calling
position causes the transmitting apparatus at
that location to become active to supply calling
current to the traffic rails in the manner de-
scribed hereinbefore. The impulse of calling cur-
rent is picked up at the remote location and
the loud-speaker automatically connected to the
output of the transformer Tl and a correspond-
ing note sounded in the manner described pre-
viously. The sending operator terminates an
impulse of calling current by moving the handle
{4 back to the communicating position after
which the calling current ceases as soon as the
relay R2 releases. To start a second impulse of
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calling current the operator moves the handle 14 -

back to the calling position to again connect

the coils 12 and (3 to the transmitting apparatus
and to cause calling current to again be gen-
erated. It follows that the sending operator by
operating his handle {4 between the No. 2 and
No. 3 positions in accordance with long and
short intervals causes impulses of calling cur-
rent corresponding to a prearranged code to be
delivered to the traffic rails, and the desired code
message is reproduced by the loudspeaker at the
other location by sounding corresponding long
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and short notes. It is to be noted that the slow-
release feature provided for maintaining the im-
pulse of calling current for a period equal to
the release period of the relay R2 after the handle
14 is moved from the No. 3 position does not
hamper the sending of the code message. The
sending operator by watching the indicating light
10 can tell each time an impulse has been ter-
minated and, hence knows when he is free to
start the next impulse. It is clear therefore that
by operating the handle 14 in accordance with
any prearranged code, a code message can be
readily communicated from one location to the
other by the apparatus of Fig. 1. Although it
has been assumed above that code messages are
transmitted under conditions in which telephons
communication is not satisfactory, it is appar-
ent that a code message can be transmitted in a
manner just pointed out at any time. As a mat-
ter of fact the transmitting of a code message
may at times be desirable to communicate an
order quickly without the necessity of waiting
for the receiving operator to indicate back to
the sending operator that he is ready to receive
a telephone message.

It has been proposed for carrier telephone
systems to transmit but a. single side band of
the carrier modulated with voice frequencies,
suppressing the carrier and the other side band.
It has further been proposed to make use of a
pentode type electron tube in the generating of
the carrier current, applying to one grid the
voice frequencies with which the carrier is to
be modulated. Fig. 2 discloses a form of the
transmitting apparatus of a side band telephone
system embodying our invention, wherewith the
desired single frequency for the calling current
is obtained by shifting the frequency of the un-
modulated’ carrier by an amount corresponding
to the frequency desired. For example, with a
carrier of 7000 cycles per second and a desired
calling frequency of 700 cycles per second, the
frequency of the carrier is shifted 700 cycles up
or down depending upon which of the side bands
is being used for the transmission of speech.
Referring to Fig. 2, the inductor coils 12 and 13
are adapted to be connected to either the filter
Fl of the receiving apparatus, or to ‘be con-
nected with the transmitter AT of the transmit-
ting apparatus by virtue of the directional relay
DR and the push button 18 associated with the
microphone handle 14 the same as described in
Fig. 1. The output of a modulator-oscillator in-
dicated as a whole by the reference character
MO is applied over wires 11 and 12 to a band-
pass filter BPF adapted to substantially sup-
press the carrier and one side band passing only

the remaining side band, preferably the upper -

side band, to the input of an amplifier AMI.
Amplifier AM( amplifies the upper side band
and delivers the energy to the input of the
transmitter AT which in turn supplies the upper

- side band frequencies to the coils 12 and 13 at a

Telatively high energy level. The filter BPF may
be any one of several types of band-pass filters
and in this instance is so proportioned and ad-
Jjusted as to pass the upper side band frequencies
having the width of the voice frequency range,
of a carrier of 7000 cycles. 'The amplifier AMI
may be of any of the several standard types
commonly used for amplifying a modulated car-
rier current and is here shown conventionally
only in order to not unduly complicate the draw-
ings. The transmitter AT shown conventionally
in Fig. 2 is preferably similar to the transmitter
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AT of Fig. 1 and is governed by the relays DR
and TR the same as in Fig. 1.

The modulator-oscillator MO includes & pen-
tode 73 having a fillament 14, a plate 15 and
two control grids 16 and 11, the filament 74 be-
ing heated by a battery 78. The plate circuit in-
cludes the usual inductor 79 and a plate battery
80 as will be readily understood by an inspec-
tion of Fig. 2. One terminal of an oscillating
circuit 88 comprising an inductor 8¢ and a con-
denser 82 is connected with the plate circuit
through a blocking condenser 83, and its other
terminal is connected with the grid 16, a mid
tap of inductor 8! being connected to the fila-
ment 74 through a suitable biasing battery 84.
The parts of this oscillating circuit are so pro-
portioned and adjusted that a carrier frequency
of 7000 cycles per second is generated and ap-
plied to the wires 11 and 72 leading to the band-
pass filter BPF. The microphone circuit in-
cludes the back contact 50 of the calling relay
CR and the primary winding §1 of the trans-
former T2 the same as in Fig. 1. One terminal
of the secondary winding 52 of transformer T2
is connected to the second control grid 171 of
tube 73, and its other terminal is connected to
the filament 74 through a battery 85. It is clear
that voice frequencies developed in the micro-
phone M  induce corresponding frequencies in
the secondary 52 which are applied to the grid
T1 with the result that the carrier frequency is
modulated with the voice frequencies.

Operating the microphone handle 14 of Fig. 2
to the calling position to bring contact 15 to its
No. 3 position supplies current to the windings
of relays CR and DR in series to energize those
relays. Relay DR on picking up completes the
circuit at its front contact 69 for retaining the
two relays CR and DR energized until such
time as the associated relay R2 is released irre-
spective of the position of the handle 14 the
same as described in Fig. 1. With the calling
relay CR picked up the opening of the back con-
tact 50 renders the microphone circuit ineffec-
tive, and the closing of the front contact 87 con-
nects an inductor 86 in parallel with a portion of
the inductor 81 of the oscillating circuit 88.
Connecting inductor 86 in parallel with inductor
81 varies the inductance of the oscillating cir-
cuit 88 to increase the frequency generated.
The inductor 86 is so selected that the carrier
frequency is shifted 700 cycles making the fre-
quency now delivered to the band-pass filter
BPF 7700 cycles per second. This single fre-
quency of the calling current falls within the
width of the band to which filter BPF is ad-
justed, and is passed to the amplifier AM{ and
in turn to the transmitter AT. It follows that
as long as the calling relay CR and the direc-
tional relay DR are picked up a calling current
of 7700 cycles per second is supplied to the traf-
fic ‘rails. 'This calling current when picked up
at the other location will influence the receiving
apparatus at that location in the manner de-
scribed in detail for Fig, 1. If it is desired to
shift the frequency of the carrier down, the
inductor 86 would be replaced by a suitable con-
denser. It is to be noted that by changing the
frequency in the manner disclosed in Fig. 2, it
is possible to avoid having relay contacts in the
oscillating circuit during such periods as conver-
sation is to be transmitted. Otherwise, a change
in the resistance of a relay contact may alter
the frequency of the oscillating circuit enough
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tc cause poor - transmission of a telephone
message, - - "

"1t has been proposed for single side band trans-
mission in telephone systems to accomplish the
elimination of the carrier which has been mod-
ulated with voice frequencies by a push-pull cir-
cuit arrangement. In Fig. 3 is disclosed a form
of the transmitting apparatus of & system em-
bodying our invention wherewith the carrier fre-
quency of a balanced modulator is shifted a
definite amount to establish a calling current,

and by changing the connection of the 2-tube

balanced modulator so that the carrier frequency
instead of being balanced out adds its effect in
the output circuit. Referring to Fig. 3, the in-
ductor coils 12 and {3 are adapted to be con-
nected to the filter Fl of the receiving apparatus
or to the transmitter AT of the transmitting
apparatus by virtue of the directional relay DR
and the push button 18 associated with the micro-
phone handle 14 the same as described hereinbe-
fore. The microphone circuit- includes the pri-
‘mary winding 5! of the transformer T2 with the
result that variations produced in the micro-
phone induce corresponding voice frequencies in
the secondary 52 of transformer T2 the same a3
in Figs. 1 and 2. ‘In this instance the voice fre-
quencies induced in the secondary winding 52
are applied to the grid 89 of an amplifying tube
80, a suitable biasing battery 81 being inserted

* in the connection between the secondary winding
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52 and the filament 92 of tube 90, The plate 140
of tube 90 is connected with a circuit that in-
cludes the two portions 93 and 94 of the primary
winding of a modulating transformer T4, the
secondary windings 95 and 96 of which supply
the amplified voice frequencies to the grids 97
and 98 of the two tubes 99 and {00 of a balanced
modulator-oscillator designated as a whole by the
reference character BMO. The secondary wind-
ings 95 and 96 of transformer T4 form one con-
tinuous winding arranged in two equal parts
with a mid tap to be shortly referred to.

The balanced modulator-oscillator BMO com-
prises two electron tubes 99 and 80 of the
standard 3-element type and a conventional
oscillating circuit 106. The grid circuits of tubes
89 and {00 and also their plate circuits are ar-
ranged in the conventional push-pull manner;
and the oscillating circuit 106 is adapted to have
its generated carrier  frequency shifted as will
shortly appear. The plates 103 and 184 of tubes
89 and {08, respectively, are connected to the
outside terminals of the primary windings 184
and 102 of an output transformer T5, the outside
terminal of primary winding {02 being connected
directly to the plate 184 of tube {00 and the out-
side terminal of the primary winding {0{ being
connected with the plate {03 of tube 89 over a
back contact {05 of the calling relay CR. The
common center terminal of windings 181 and 182
is connected with the positive terminal of a plate
battery {il through an inductor 112, the oppo-
site terminal of battery fii being connectad to
the filaments of these tubes. The oscillating cir-
cuit 186 comprises a portion of an inductor 107
and two condensers 188 and 109 in parallel, the
connection for the condenser {68 including a
back contact ({0 of the calling relay CR. One
terminal of this oscillating circuit is connected
through a blocking condenser {i3 to the plate
circuits for tubes 99 and {00 at the mid point of
the primary windings {0f and §02; and its other

terminal is connected through the lower portion

of inductor 107 and a suitable biasing element

7

{14 to the grid circuits at the mid point of the
secondary windings 95 and 96 of transformer

-T4; a mid tap 115 of inductor {07 being con-

nected to the filaments of the two tubes. .It is
clear that the tubes 99 and 100 are operated in
parallel with the grid terminal of the osciilating

circuit 106 connected to the two grids of the

tubes through the secondary windings of trans-
former T4, and the plate terminal of the oscil-
lating circuit connected to the two plates of the
tubes through the blocking condenser 113 and
the primary windings of transformer TR. -The
result of this arrangement is that there will be
no cartier transmitted to the secondary winding
116 of the output transformer T35, since the pri-
mary windings 10t and 102 are arranged in the
push-pull manner and the oscillations supplied to
the plate circuits are balanced out. The addition
and subtraction of the voltages corresponding to

. the voice frequencies with the voltages of the
-carrier frequencies when applied to the two

grids 97 and 98 cause the grids to be opposite

An polarity with the result that the variations

produced in.the plate circuits of these tubes cor-
responding to the side bands are additive in effect
in the transformer T5. The two side band fre-
quencies corresponding to the carrier modulated
with voice frequencies are hence supplied by the
transformer T§ to the band-pass filter BPF which
in this instance is so proportioned and adjusted as
to select one side band and suppress the other,
preferably the upper side band being passed. The
upper side band is then applied to the input of the
amplifier transmitter AT, and hence is delivered
to the inductor coils 12 and {3 at relatively
high energy level. An amplifier similar to the
amplifier AM{ of Fig. 2 may be inserted between
the band-pass filter BPF and the transmitter
AT should it seem desirable to do so.

To provide a calling current the carrier fre-
quency generated: by the modulator-oscillstor
BMO, instead of being balanced out in the sec-
ondary windings of the output transformer 'T5
is made to add, and at the same time its fre-
quency is shifted by an amount corresponding
to the desired modulation frequency, the change
in the frequency being either .up or down de-
pending upon. whether the upper or lower side
band is the one being utilized for conveying the
telephone message.
oscillating circuit {06 is so proportioned and
adjusted as to generate a carrier frequency of
7000 cycles per second, and that the upper side
band is selected by the band-pass filter BPF; and
that a modulation frequency of 700 cycles per
second is-desired for calling. That is to say, the
carrier frequency of 7000 cycles is to be shifted
to 7700 cycles for calling. Operating the micro-

phone handle {4 to the calling position supplies.

current to the two relays CR and ‘DR in series
the same as in Fig. 1, and these relays then re-
main energized until such time as the associated
relay R2 is released, notwithstanding the fact
that the handle (4 may be moved to position
No. 2 in the meantime. Opening the back con-
tact 105 and the closing of the front contact
1iT transfers the plate 103 of tube 98 from the
upper terminal of primary winding 101 to the
lower términal of the primary winding 102 to
which the plate 104 of tube 100 is also con-
nected. The result is that the plate circuits
of tubes 99 and 180 instead of having a push-
pull arrangement are now in parallel each in-
cluding the primary winding {02. Relay CR
on picking up also opers the back contact 18

We shall assume that the ¢
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and the condenser 109 is removed from the

..oscillating circuit causing the frequency of this

circuit to be increased. The condenser 188 is so
selected - that when it is removed from the oscil-
lating circuit, the frequency of the carrier is in-
creased from 7000 cycles to 7700 cycles. It fol-
lows that as long as the calling relay CR is-ener-
gized, a carrier frequency of 7700 cycles is passed

to the output transformer TS at full intensity of .

the two tubes operating in parallel,- instead of
being balanced out by the push-pull arrange-
ment in effect when a telephone conversation is
to be transmitted. Since the frequency of the
calling current, namely 7700 cycles per second,

lies within the voice frequency range of the .

band-pass fliter BPF, the calling frequency is

passed to the transmitter AT and hence is de--

livered to the inductor coils 12 and 13. This

. calling current of the single frequency of 7700
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- modulation frequency supplied by the secondary -

cycles per second when picked up at the other
location and applied to its receiving apparatus
will cause that apparatus to function in the
same manner as described for Fig. 1.
is desired. to have the calling current correspond-

ing to a frequency of the lower side band, the '

condenser 109 would be normally disconnected
from the oscillating circuit 106 and then con-
nected into the circuit when the calling relay
CR is energized.

The modified form of the receiving apparatus
disclosed in Fig. 4 provides an additional ampli-
fication for the calling current. In this form
of apparatus embodying our invention the out-
put transformer T| has its primary winding 21
connected with the demodulator DI the same
as in Fig. 1. Transformer TI, however, is pro-
vided with two secondary windings 118 and ‘120,
the secondary winding 118 being connected di-
rectly with a voice coll 119 of the loud-speaker
LS, and the secondary winding 120 being con-
nected with the control grid 21 of a pentode
and to the opposite terminal C of the current

which includes a suitable biasing battery 123.
The plate 124 of tube 122-is connected to a bat- -

téry 126 through a reactor 127 to form the usual
plate circuit, and the screen grid (25 is con-
nected directly to the positive terminal of the
battery 126. Two condensers 128 and 128 are
connected in series between the plate and the
filament of tube (22 and these condensers are
preferably made of substantially the same size
and have a comparatively large capacity so that
any high frequency current which may flow in
the plate circuit will be by-passed to the fila-
ment. ‘A reactor 130 is connected across the
condenser 129, and it will be noted that due to
condenser 128 acting as a blocking condenser, no
unidirectional current will flow in reactor 130.
A portion of reactor 130 is connected to the
sharply tuned circuit network 9 which includes
the condenser 33 and reactor 32 in series the

same as described hereinbefore. A portion of

reactor 32 is connected to the input terminals of
the rectifier 34, the output terminals. of which
are connected to the top winding of a relay RA4.
The alternating current corresponding to the

120 causes corresponding variations in the plate

" circuit of tube 122, and similar - variations of

70

75

current in the reactor 130. ‘When the frequency
of this current corresponds to the resonant fre-
quency of the tuned circuit network 9, current
is supplied through the rectifier 34 to the relay
R4 and that relay is energized. Hence, when
the current passed by the filter Fi of the re-

In case it -
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ceiving apparatus is modulated at a predeter-
mined frequency, a portion of the output of the

demodulator D{ is applied .across the grid and -

filament of the tube 122 where it is amplified .

and-caused to flow in the circuit network 9 to
energizé relay R4. By selecting the frequency
of the calling current at which :the tuned eir-
cuit network 9 responds about where the great-
est voice energy is transmitted, that.is, at about

700 cycles per second, it is possible to operate

relay R4 by the voice at the transmitting loca-
tion.
A fleld coll 131 of the loud sx)eaker IS is

10

adapted to be energized by either one of two -

circuits. ‘The first circuit can be traced from

"the terminal B of the current source over coil

131, wire 132, front contact 133 of relay RA
and to the opposite terminal B of the current
source. The second circuit extends from the
battery terminal B through coil 131, wires 132
and 134, contact 171 in its No. 2 position and
thence to the C terminal of the current source.

Relay R4 is provided with a holding winding
which is arranged to be energized by a local
circuit. This circuit extends from the battery

terminal B through the lower .or holding wind- -

ing of relay RA, its own front contact 135, wire

. 136, contact 17 in its No. 1 position and thence

to the battery terminal C. Hence, relay R4 once
picked up by current supplied over the selecting
network 8, will be retained energized by current
supplied from the local source until such time
as the microphone handle (4 is moved out of
its normal position. The energizing of relay
R4 in the manner just described causes the
field winding (31 of the loud-speaker to be ex-
cited and the loud-speaker operated in a condi-
tion of full sensitivity. The operator in moving
the microphone handle {4 from its normal posi-
tion to the communicating position opens the
circuit to the holding winding of relay R4 and

_that relay is released, but the circuit to the field

winding {31 is retained closed by the circuit
that includes the contact 17.in its No. 2 position,
and hence the loud-speaker LS is retained in
the condition of full sensitivity during a tele-
phone conversation. A rectifier 1317 may be
connected across the fleld winding (31 as shown

‘to suppress any spark or ar¢ at the front con-

tact 133 or at the contact 17.

If the operator desires to place the loud--

speaker LS at full sensitivity when no calling
current has been received, he can do so by de-
pressing a spring return switch 138 to energize
the holding winding of relay R4 by a circuit
easily traced and which includes the contact {1

in its No. 1 position. Relay R4 once picked up’

will then be retained energized by the circuit
that includes its own front contact 135 and the
loud-speaker LS will be held in a condition of
full sensitivity. To cut the loud-speaker down
to a condition of low sensitivity it is necessary
only for the operator to move the handle i4
away from the normal position for a short in-
terval of time and then put it back to its normal

_position. In case it is not necessary to answer

a received telephone message and the micro-
phone handle {4 is not moved out of its normal
position, the loud-speaker LS is-left at full sen-
sitivity at the termination of the telephone mes-
sage but it can be restored to the condition of
low sensitivity by the operator moving the han-

‘dle 14 away from the normal position for a

short interval of time. In Fig. 4, the field coil
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reduction in sensitiveness of the loud-speaker
will be ample to remove any noise due to static
conditions, and yet a calling signal may still
be heard fazintly even if the call selecting cire
cuit fails, the voice coil 119 being in circuit at
all times.

In the form of our invention disclosed in Fig.
5, a power unit for supplying the proper plate
voltages to the various electron. tubes is provided,
the arrangement being such that the power unit
is rendered active as needed and the generated
voltages switched to the plate circuits of the
sending and receiving tubes according to whether
current is to be transmitted or is to be received.
In this form of our invention, current is sup-
plied to the traffic rails over a circuit directly
coupled therewith and is picked up through the
medium of a receiving coil tuned sharply for
calling and the tuning of which is broadened for
telephoning either automatically or manually.

Referring to Fig. 5, the microphone M and
the associated circuit controlling contacts and
push button are shown as a unit designated by
the reference character MU, the circuit con-
trolling contacts being operatively connected
with the microphone handle and the push but-
ton mounted thereon the same as in Fig. 1. The
microphone circuit is easily traced and includes
the microphone M, the primary winding 51 of
the transformer T2, a reactor 253 and a cur-
rent source as will readily be understood by an
inspection of the drawings. It follows that an
electromotive force having frequencies corre-
sponding to the voice impulses produced in the
microphone M is induced in the secondary wind-
ing 52 of the transformer T2,

The power unit designated by the reference

. character PU consists of two dynamotors or

motor generators DM and DM2 together with
flter devices to be referred to later. Energy
is obtained for energizing the motor elements
6 and 1 of the two dynamotors from any con-
venient source such as a headlight generator not
shown, the opposite terminals of which are des-
ignated by the reference characters B32 and
N32. A common double-pole cut-out switch {12
is preferably interposed between the source of
power and the power unit, and the B32 wire
is preferably connected with a ground electrode
240, With the cut-out switch §72 closed, cur-
rent is constantly supplied to the motor element
§ over a simple circuit which includes a choke
coil 1713. With the switch 172 closed and the
microphone handle 14 of the unit MU operated
t either its communicating or calling position
and the contact 174 moved to its No. 2 or No. 3
position, current is supplied to the motor ele-
ment T of the dynamotor DM2 by & simple cir-
cuit easily traced and which includes the con-
tact 174 and a choke coil 175. It follows that
as long as the cut-out switch 172 remains closed,
the dynamotor DMI is operated to develop a
voltage across its generator element 8, and when
the microphone handle 14 is set at either its
~ommunicating or calling position, the dynamo-
tor DM2 is also operated to develop a voltage
across its generator element (0. To fix the
ideas, we shall assume that the source of energy
B32--N32 is of 32 volts direct current, and that
cach of the dynamotors develop 500 volts direct
current, the polarity of the brushes of the gen-
erator elements 8 and {0 being as indicated by
the plus and minus signs placed on the drawings.

In this form of the invention, the directional
relay DR is made a part of the power unit, the

9

relay DR and the calling relay CR. being con-
trolled, however, in 2 manner similar to that of
Fig. 1. It is thought unnecessary to repeat the
cescription of the control of these relays except
to point out that under the normal position of
the handle 14 both relays are deenergized, under
the calling position of the handle 14 both relays
DR and CR are energized over a circuit includ-
ing the No. 3 position of the contacts 15 and
118, respectively, while the communicating posi-
tion of the handle 14 permits the directional re-
lay DR to be picked up or released by depress-
ing or releasing the push button (8, the circuit
including the push button depressed and the
contact {74 in its No. 2 position. - The deener-
gized condition of the directional relay DR con-
nects over its back contact 176 the positive brush
cf the generator element 8 with the BA terminal
of the power unit, a choke coil {17 being inter-
posed in the connection; and connects over the
back contact 178 the negative brush of the gen-
erator 8 with the terminal NB of the power unit,
this terminal NB being in turn connected with
g ground electrode 1719. The energized condition
of the directional relay DR connects over its
front contact 180 the positive brush of the
generator 8 with the terminal BPA of the power
unit and also with the negative brush of the
generator element (0, a choke coil 181 being

" interposed between the contact 180 and the ter-

minal BPA. The negative brush of the gener-
ator 8 is now connected over the front contact
182 with the terminal NP of the power unit.
The positive brush of the generator element 10 is
connected over a choke coil 183 with a terminal
BP of the power unit. Consequently, under the
normal position of the microphone handle (4
and with the directional relay DR deenergized,
the dynamotor DM{ only is operated and a po-
tential difference of 500 volts is established be-
tween the terminals BA and NB. With the han-
dle 14 moved to. either the communicating or
calling position, the second dynamotor DM2 is
started up and if the directional relay DR is
energized, as it will be in the calling position and
as it may be during the communicating position
by the depressing of the push button 18, a differ-
ence of potential of 500 volts exists between the
terminals BPA and NP and a difference of po-
tential of 1000 volts exists between the terminals
BP and NP. To suppress sparking and to avoid
petential surges, condensers and leak resistors
may be connected around the contacts 178—182
and 176—180 of the relay DR as will be under-
stood by an inspection of Fig. 5. The several
choke coils of the power unit are effective to
filter out the ripples produced at the commu-
tstors of the dynamotors and of source B32—
N32. The manner of utilizing the voltage de-
livered by the power unit will appear as the de-
scription of the apparatus of Fig. 5 progresses.

The transmitting apparatus of Fig. 5 includes,
in addition to the microphone M, a transmitter
AT, a frequency translating unit designated as
a whole by the reference character TFT, and a
circuit for supplying the outgoing current to the
traffic rails. The receiving apparatus includes,
in addition to the loud-speaker LS, a frequency
translating unit indicated as a whole by the
yeference character RFT, and a receiving coil
RC for picking up current from the communicat-
ing channel. As stated hereinbefore, in practic-
ing our invention, the receiving apparatus is
made normally active ready to receive at any
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apparatus is normally inactive and is rendered
active only when it is desired to send a current.

It will be understood, of course, that each loca-

tion will be provided with the full equipment of
Fig. 5 so that two-way communication may be
accomplished. To the end that the receiving
apparatus may be normally active, the electron
tubes provided for the frequency translating unit

. RFT have their filaments constantly heated and

10

have a voltage applied to their plate elements
with the result that whenever current is picked

~ up by the receiving coil and applied to the:grids
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of the several tubes, the apparatus functions as
intended. The electron tubes provided for the
frequency translating unit TFT of the trans-
mitting apparatus preferably have their fila-
ments heated also under the normal condition in
order that there may be no delay in the trans-
mitting apparatus assuming a condition for
transmitting a current. However, the source of
plate voltage for these sending tubes is normally
disconnected from the plate elements and hence
the transmitting apparatus is normally inactive.
The power tubes of the transmitter AT of Fig. 5
normally have no current applied to either the
filaments or to the plates the same as in Fig, 1.
To heat the filaments of the tubes of the two
frequency translating units, a circuit is provided
for serially connecting the filaments of the sev-
eral tubes across the source B32—N32, this .cir-
cuit being traced from the B32 terminal over
resistor 185, filaments of tubes 189, 188, 187, 186
and (88 to the terminal 190 of the unit RFT,
and thence to the terniinal 191 of the unit TPT
as indicated by the arrows, (the connection be-
tween these terminals being omitted for sim-
plicity), filaments of the tubes 192 and 193, and
wire 194 to the terminal N32 of the source of
power. It will be noted that the filaments of the
power tubes 142 and 143 of the transmitter AT
are heated by g, circuit extending from the B32
terminal over resistor 195, filaments of the two
tubes 143 and 142, resistor 196, and thence over
the contact {14 in either its No. 2 or No. 3 posi-
tion to the N32 terminal of the source of power.
1t is to be seen, therefore, that the tubes of both
the frequency translating units RFT and TFT
are constantly heated as long as the cut-out
switch 172 is closed, but that the power tubes
of the transmitter AT are heated only when the
microphone handie is moved to either the com-
municating or calling position.

The frequency translating unit RFT of the
receiving apparatus may take any one of several
forms for such devices and as here shown in-
cludes two stages of high frequency amplifica~
tion, a demodulating stage, a filter, and one
stage of low frequency amplification. The spe-
cific structure of this device forms no part of
our invention, and it will be described only suf-
ficiently for an understanding of our invention,
it being understood that volume control, stabiliz-
ing capacitances and biasing voltages may be
added as desired. The tubes 183 and 188 of the
two high frequency stages of amplification are
each of the screen grid type having an indi-
rectly heated cathode, the cathode in each case
being connected with ground through a suitable
hissing element. The plates of these tubes 189
and 188 are each connected with the BA ter-
minal of the power unit PU over wire 210, re-
actor 197, resistor 198 and wire 199, the connec-
tion between the two portions of the wire 199
being indicated by arrows in order to simplify
the drawings as much as possible. The primary
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winding 200 of a coupling transformer TT is
interposed in the connection of the plate of the
tube 188 with the wire 218, and a portion of the
winding 201 of a coupling transformer T8 is in-
terposed in the connection between the plate of

~ the tube 189 and the wire 2108. The grid of the

first stage tube (89 is connected with the re-
celving coil RC in a manner to be more fully
described later, and the winding 201
coupling transformer T8 is included in the grid
circuit of the second stage tube 188, and, conse-
quently, current picked up by the receiving coil
RC will be repeated in the primary winding 200
of the transformer TT greatly increased in am-
plitude and will induce an electromotive force
of corresponding frequency in the secondary
winding 202 of that transformer.

In this form of our invention single side band
transmission is contemplated, a carrier of 7000
cycles per second being modulated with voice
frequencies or with the calling frequency, the
carrier and one side band suppressed and the
upper side band passed. Hence, during a tele-
phone conversation frequencies corresponding to
the upper side band of the carrier modulated
at voice frequencies are induced in the sec-
ondary winding 202 of the transformer T1, and
during a calling condition a single frequency
equal to an upper side band frequency of the
carrier modulated at a predetermined voice fre-
quency is induced in the secondary winding 202.
For demodulating such upper side band fre-
quencies the tubes 186 and 1871 of the demodu-
lating stage are associated with an oscillating
circuit so proportioned as to generate a local
carrier of 7000 cycles, and are provided with
push-pull balanced circuits for mixing the fre-
quencies induced in the secondary winding 202
with the local carrier.
are triodes having indirectly heated cathodes,
the cathodes of the tubes being connected with
a ground electrode 203. The plates of the tubes
186 and 187 are connected with the BA ter-
minal of the power unit over a reactor 204,
wire 210 and thence over the same plate cir-
cuit traced for the tubes 188 and 189, the upper
portion of the primary winding 205 of a trans-
former T9 being interposed in the connection
between the reactor 204 and the plate of tube
186, and the lower portion of the primary wind-
ing 205 being interposed between the reactor
204 and the plate of the tube 1871. The grids
of the tubes 186 and 187 are connected with the
outside terminals of the secondary winding 202
of the transformer T7, a center terminal of
which is connected with the cathodes over g
biasing element 206 and a portion of a reactor
2071. An oscillating circuit 208 is formed to in-
clude a portion of the reactor 207 and a con-
denser 252, and this circuit has one terminal
connected with the center terminal of the sec-
ondary winding 202 over the biasing element
206 and its other terminal connected with a
center terminal of the primary winding 205 of
the transformer T9 over a blocking condenser
21f. In other words, the oscillating circuit 208
is connected with the two grids through the two
portions of the secondary winding 202 of the
transformer T7 and is connected with the two
plates through the two portions of the primary
winding 205 of the transformer T9. It is clear
that frequencies induced in the secondary wind-
ing 202 are applied to the grids of the two tubes
186 and {87 opposite in phase, and the local
carrier is applied to the two grids in phase.

As here shown these tubes -
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The addition and subtraction of the carrier
voltage and the upper side band frequency volt-
ages when thus applied to the grids of the
tubes 186 and (87 demodulate the side band
and produce in the plate circuits audio fre-
quencies and other products of demodulation.
That is, the upper side band frequencies are
translated down the frequency scale to audio
frequencies. The audio frequencies and other
products of demodulation produced in the plate
circuits induce electromotive forces of -corre-
sponding frequencies in the secondary winding
209 of the transformer T3, the electromotive
forces induced in the secondary winding 209 by
the two portions of the primary winding 205
being additive. .The secondary winding 208 is
in turn connected to the input of a band-pass
filter BPF.

The band-pass filter BPF of the unit RFT
shown conventionally may be any one of several
well known types of filfers and is so proportioned

~and adjusted as to pass the audio frequencies

induced in the secondary winding 28§ and to
suppress the other products of demodulation.
The output side of the filter BPF is connected
with the grid circuit of the low frequency ampli-
fler tube (84, the plate of which is connected
with the BA terminal of the power unit over the
wire {89, the primary winding 212 of a trans-
former 'Ci8 being interposed between the plate
and the connection with the wire 189, The tube
184 is here shown as a pentode one control grid of
which is connected with the output of the band-
pass filter BPF as stated above, and the other
control grid of which is connected with the ter-
minal of the primary winding 212 remote from
the plate over a resistor 2i3. It foliows that
audio frequencies applied to the band-pass filter
BPP are passed to the grid circuit of the tube {84
where they are amplified and reproduced in the
primary winding 212 of the transformer T8 and
in turn induce an electromotive force of corre-
sponding frequencies in the secondary winding
247 of that transformer.

The secondary winding 217 supplies current to
a call selecting circuit and also' to the loud-
speaker. - The call selecting circuit includes a re-
actor 219, a condenser 220 and a front contact
214R2 of the relay R2, the front contact 214
being shown in Fig. 5 remote from the winding
of the relay for the sake of simplicity. A portion
of the reactor 218 is connected to the input
terminals of a rectifier 221, the output terininals
of which are connected with the relay R, the
arrangement being such that this call selecting
circuit is tuned to respond to the calling fre-
quency of 700 cycles per second. The loud-
speaker LS of Fig. 5 is normally connected with
the secondary winding 2147 over a.circuit includ-
ing a resistor 216, and hence is normally in a
condition of low sensitivity. In the event the
relay R2 is released and its back contact 215R2 is
closed, which back contact is also shown remote
from the winding of the relay, the resistor 216

is short-circuited -and the loud-speaker LS is -

connected with the secondary winding 217 in
the condition of full sensitivity. The relay R2
is provided with a stick circuit which includes
the back contact 222Ri of relay Ri, which back
contact is shown remote from the winding of that

relay for the sake of simplicity, and the No. 1-

position of the circuit controlling contact i5 of
the unit MU. A pickup.circuit for the relay R2
is provided which includes the contact 223 of a
push button PB. It is clear that with relay R2

_ 11
once picked up by push button PB being de-
pressed, it is then retained . energized over its
stick circuit, and this relay in turn closes the
call selecting circuit and switches ‘the -loud-
speaker to a condition of low sensitivity.. A call-
ing current supplied to the receiving apparatus
will be amplified, demodulated, filtered, applied
to the call selecting circuit, and the relay R!
will be energized, with the result that the relay
R2 will be released to disconnect the call se-

lecting circuit and to switch the loud-speaker to -

a condition of full sensitivity. In addition to con-
trolling the call selecting circuit and the loud-
speaker, the relay R2 governs the tuning of the
receiving coil RC as will now be described.

The receiving coil RC may be mounted at any -

convenient place on the caboose or locomotive as
the case may be, in inductive relation with the
traffic rails. We have found that a line wire
paralleling the traffic rails such as a line wire
commonly employed in telegraph work and strung
on & pole paralleling the railway, also serves as
a path for the communicating current. Conse-
quently, the receiving coil RC may be mounted
in inductive relation with a line wire if found
desirable to do so, or it may consist of different
portions which are mounted in inductive rela-
tion with the traffic rails and line wire, respec-
tively. That is to say, the receiving coil RC is
respohsive to the communicating current flow-
ing in the traffic rails or in the line wire or in
both. The receiving coil RC is preferahly of the
air core type and constructed to have a rela-
tively low power factor.

The coil RC is normally included in a circuit
sharply tuned to resonance at the frequency of
the calling current and the tuning is broadened
for .receiving a telephone current. As here
shown, a normal receiving circuit can be traced
from the right-hand terminal of the coil RC
over wire 224, the lower portion of a reactor 225,
front contact 226 of the relay R2, condenser 221,
a second front contact 228 of the relay R2 and
wire 229 to the left-hand terminal of the coil RC.
This circuit is so proportioned as to be tuned
sharply to resonance at the frequency of the
calling current and hence noise currents having
frequencies a few cycles to each side of thc call-
ing current only will be picked up duiing non-
transmitting periods. Upon reception of a call-
ing current and the energizing of the relay RI,
the relay R2 will be deenergized and that relay
upon releasing disconnects the above traced re-
ceiving circuit and completes a second receiving
circuit which extends from the right-hand termi-
nal of the receiving coil RC over wire 224, a
larger portion of the reactor 225, back contact
230 of relay R2, condenser 227, resistor Z3i, and
to the left-hand terminal of the coil RC. The
resistor 231 and the other parts of this last traced
circuit are so proportioned that the tuning of
the receiving circuit is relatively broad and re-

.sponds to the upper side band frequencies of the

carrier having a width equal to the voice fre-
quency range. The reactor 225 is included in
the input side of the band-pass filter Fl which
filter is so proportioned and adjusted as to pass
the upper side band frequencies of the voice fre-
quency range. Consequently, the upper side band
telephone current transmitted from the remote
location subsequent to the sending of a calling
current will be picked up by the receiving coil RC
and passed by the filter Fi to the input of the
frequency translating unit RFT where it will be
amplified, translated down the frequency scale
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‘tion of the tube 192.

12

by demodulation, filtered and then further am-
plified and applied to the loud-speaker. After a
telephone conversation, the receiving coil RC may
be switched to its sharply tuned circuit by the
operator depressing the push button PB and re-
energizing the relay R2. ) .

The frequency translating unit TFT of the
transmitting apparatus may take any one of
several forms and here consists of a modulator-
.scillator, a filter and one stage of amplifica-
tion. The modulator-oscillator includes the pen-
tode 193 and a conventional oscillating circuit
232. The plate of the tube 1938 is connected with
the BPA terminal of the power unit over reactor
283, wire 234, and a resistor 235.
ing circuit includes reactor 236 and the two con-
densers 237 and 238 in parallel, the condenser
238 being included in the circuit over a- back
contact 239 of the calling relay CR. This os-
Jillating circuit has one terminal connected with
the plate circuit of the tube 193 over a blocking
condenser 241 and its other terminal connected
with the control grid 242. The parts of this
oscillating circuit are so proportioned that when
the two condensers 237 and 238 are included
in the circuit a carrier of 7000 cycles per second
is generated. The control grid 243 of the tube
188 is: provided with a circuit that includes the
secondary winding 52 of the transformer T2 and
in which secondary winding voice frequencies
are induced as pointed out hereinbefore. It is
apparent that the carrier frequency will be mod-
slated by the voice frequencies produced in the
microphone M. The modulated carrier is ap-
plied to a band-pass filter shown convention-
ally over a back contact 244 of the calling Telay
CR, ard around which back contact a resistor
247 is connected. A resistor 256 may be connected
across the connection of the oscillating circuit
with the filter if desired. The associated band-
pass filter BPF is so proportioned that the car-
rier and one side band are suppressed and the
other side band, in this instance the upper side
band, is passed. The output side of the band-
pass filter is connected with the grid circuit of
the amplifying tube 192, the plate of which tube
is connected with the BPA terminal of the power
unit over the primary winding 246 of a trans-

former TI1, wires 245 and 234, and the resistor :

235. It follows from the foregoing description
of the unit TFT that with the calling relay CR
deenergized and voltage applied to the plates of

the tubes 193 and 192, a carrier of 7000 cycles
per second is generated which may be modulated

at voice frequencies, the carrier and the lower
side band suppressed, and the upper side band
increased in magnitude by the full amplifica-
In the event the calling
relay CR is pickéd up and its back contacts 239

and 244 are open, the condenser 238 is discon-

nected from the oscillating. circuit 232, and the
resistor 247 is interposed in the connection be-
tween that circuit and the filter. 'The discon-

‘necting of the condenser 238 shifts the frequency

cf the carrier generated from 7000 to '7700 cycles

which is now ‘applied to the filter, its amplitude -

being attenuated by the resistor 247. The fre-
quency of 7700 cycles -falling within the voice
frequency range of the modulated carrier, it is
passed by the filter and in turn is amplified by
the tube 192. In. other words, the voice fre-
quencies .applied to the frequency translating
unit of the transmitting apparatus are trans-
lated up the frequency scale to upper side band
frequencies of the carrier, and in the event the

The oscillat-
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calling relay is picked up, the carrfer is shifted
by an amount equal to a given voice frequency
to produce a calling current. It will be noted
that inasmuch as no potential is normally sup-

" plied at the terminal BPA of the power unit,

the frequency translating unit of the transmit-
ting apparatus is normally inactive. *

The two tubes i42 and 143 of the transmitter
AT are connected in a push-pull arrangement
the same as described for Fig. 1. In Fig. 5, the

grid of the tube 142 is connected with the sec-:.
ondary winding 248 of the transformer TH{, and

10

the grid of the tube 143 is connected with the .

secondary winding 249 of the same transformer,

‘a blasing battery 250 being interposed between

15

a common connection of these two secondary '

windings and the filaments of the tubes. The
plates of the power tubes 142 and 143 are con-

nected with the BP terminal of the power unit -

over a wire 251, the upper and lower portions

20

of the primary winding 149 of the transformer "

T6 being interposed in the plate circuits of the
tubes 142 and 143, respectively. The secondary
winding {41! of the transformer T6 of the trans-
mitter AT is connected with the wheels 254 and
255 of the vehicle with the result that the trans-
mitter AT when rendered active will supply the

"upper side band frequencies delivered to its

input circuit from the unit TFT to the traffic
rails amplified to a relatively high energy level.
In describing the operation of the apparatus

of Fig. 5, we shall assume that the cut-out switch’

172 is closed and the equipment occuples the
normal position, that is, the position shown in
the drawings. Under these circumstances, the
dynamotor DM is operated to supply 500 volts
direct current to the terminals BA and NB of.the
power unmit.
two translating units are heated but only the
plates of the tubes of the receiving apparsatus
are supplied with voltage, since the directional
relay DR is deenergized,  The relay R2 heing
picked up, the call selecting circuit and the
loud-speaker are connected with the output of
the receiving apparatus, the loud-speaker being
in a condition of low sensitivity, and the receiv-
ing coil RC is connected to the input of the
Teceiving apparatus sharply tuned to the calling
frequency. Although the receiving apparatus is
thus in a condition for receiving, noise currents
of ‘a frequency close to the frequency of the
calling current only will be picked up during
the non-transmitting period and these frequen-

.cies will be applied to the loud-spesker in the
- low sensitivity condition with the result that

noise will be reduced to a low level. A calling
current of the proper frequency when picked up
by the receiving coil RC will be passed to the
frequency translating unit RFT little attenuated
and will be amplified, demodulated and filtered
and impressed upon the call selecting circuit for
energizing the relay RI. Picking up the relay
RI releases the relay R2 to transfer the loud-
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speaker to a condition of full sensitivity, and to -

broaden the tuning of the receiving coil RC
sufficiently to pass a band of frequencies having
the voice frequency range. Reception of a tele-
phone current subsequent to the receiving of a
calling current will be picked up by the coil RC
and passed to the frequency translating unit
RFT where it will be amplified, demodulated,
filtered, further amplified and supplied to the
loud-speaker. The operator will respond to a
calling current by shifting the microphone han-
dle 14 to the communicating position with the
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result that the second dynamotor DM2 will be
started up and the filaments of the power tubes
of the transmitter AT will be supplied with
current. To now transmit a telephone message,
the operator will first depress the push button
18 to energize the directional relay DR. Relay
DR, on picking up. will disconnect the plate
circuits of the receiving tubes from the power
unit, and will supply 500 volts to the tubes of
the frequency translating unit TFT and 1000
volts to the power tubes of the transmitter AT.
Speaking into the microphone will now cause
the carrier to be modulated at the voice fre-
quencies, the upper side band selected, this upper
side band amplified to a relatively high energy
level and supplied to the traffic rails. From
this point on, the operator will shift the equip-
ment to the condition for sending or to the con-
dition for receiving by operating the push but-
ton to release or pick up the directional relay
DR. When the relay is released, plate voltage
is applied to the tubes of the receiving appara-
tus and when it is picked up plate voltage is
applied to the tubes of the transmitting appa-
ratus. It is to be noted, therefore, that when
current is supplied to the traffic rails, this cur-
rent will be ineffective to actuate the receiving
apparatus at the same location since the tubes
of the receiving apparatus at that location are
now without plate voltage.

Should the operator desire to send a calling
current, he will shift the handle i4 to the call-
ing position which will start the second dyna-
motor DM2, pick up both the directional relay
DR and the calling relay CR, and also supply
current to the filaments of the power tubes.
The energizing of the directional relay DR will
transfer the power unit from the plates of the
receiving tubes to the plates of the transmit-
ting tubes the same as described above, and the
energizing of the calling relay CR will cause
the frequency of the carrier to be shifted from
7000 cycles to 7700 cycles which will now be
amplified to a relatively high energy and sup-
plied to the traffic rails. Again it will be noted
that the outgoing current will be ineffective to
actuate the receiving apparatus due to the faet
that no voltage will be applied to the plates of
the tubes of that apparatus.

While direct and inductive couplings are pro-
vided in Fig. 5, it will be understood that elec-
trostatic coupling for either transmitting or re-
ceiving may be employed if found desirable.
Furthermore, it is apparent that a single induc-
tor coupled with traffic rails may be provided
and that inductor connected with the transmit-
ting apparatus or with the receiving apparatus
through the medium of contacts operated by
the directional relay the same as in Fig. 1. It
will be noted that the receiving apparatus of
Fig. 5 may be transferred from the normal call-
ing condition to the telephone condition by the
operator holding the handle 14 out of its normal
position to move the contact i5 away from its
No. 1 position long enough to cause the release
of the relay R2. .

As stated earlier in the specification, we do
not wish to limit ourselves to communicating
systems for railway trains, bub our invention is
equally useful for other communicating systems
of the modulated carrier current type and the
application here disclosed will serve to illustrate
the many places our invention may he employed.

Although we have herein shown and described
only certain forms of apparatus embodying our

13

invention, it is understood that various changes
and modifications may be made therein within
the scope of the appended claims without de-
parting from the spirit and scope of our inven-
tion. i

Having thus described our invention, what we
claim is: ' )

1. A communicating system including; tele-
phone equipment at each of two locations and
each comprising a sending apparatus for trans-
mitting a carrier telephone current or a carfier
calling current, and a receiving apparatus for
receiving such carrier current, said receiving ap-
paratus having a selective calling condition and
a telephoning condition; a circuit extending be-
tween said locations; a controller at each loca-
tion having a first, a second and a third posi-
tion; means effective in the first position of the
controller to render the sending apparatus in-
active and to connect the receiving apparatus
to said circuit in its selective calling condition,
means effective in the second position of said
controller for rendering the sending apparatus
active to transmit a telephone current and to
selectively connect either the sending or the re-
ceiving apparatus with the. circuit, means ef-
fective in the third position of the controller to
connect the sending apparatus with the circuit
in an active condition to supply the calling
current, and manually operated means to gov-
ern said controller. ‘

2. A communicating system including, trans-
mitting apparatus at each of two spaced loca-
tions adapted to transmit a carrier frequency
modulated with a signaling frequency but nor-
mally inactive, receiving apparatus at each of
said two locations adapted to receive and de-
modulate a modulated carrier frequency and
normally active, a communicating circuit ex-
tending between said two locations, normal cir-
cuit means at each location to connect the re-
ceiving apparatus with said communicating cir-
cuit, calling circuit means at each location to
disconnect the receiving apparatus from said
circuit and to render active and to connect the
transmitting apparatus with said circuit, a cir-
cuit controller having a first and a second posi-
tion, communicating circuit means at each loca-
tion to render the transmitting apparatus active
and to render said circuit controller effective
for selectively including the transmitting or the
receiving apparatus in the communicating cir-
cuit; a first manually controlled means at each
location to selectively govern the normal, calling
and communicating circuit means; and a second

- manually controlled means at each location to

govern the circuit controller.

3. A communicating system for railway trains
including, communicating equipment comprising
a transmitting apparatus and a receiving ap-
paratus, said equipment having a normal call
receiving condition, a telephone condition and

a call sending condition, 2 communicating cir-

cuit including the traffic rails; a first controller
having a first, a second and a third position;
a second controller having a first and & second
position, means effective in the first position of
the first controller to establish. the normal call
receiving: condition and to couple the receiving
apparatus to the traffic rails, means effective in
the second position of the first controller to
establish the telephone condition and to render
effective said second controller to selectively
couple either the transmitting apparatus or the
receiving apparatus to the traffic rails, means
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effective in the third position of the first con-
troller to establish the call sending condition and
to couple the transmitting apparatus to the traf-
fic rails, a first manually operated means to
govern the first confroller, and a second manu-
ally operated means to govern said second con-
troller.

4. A communicating system for railway trains
iticluding, transmitting apparatus at each of two
spaced locations on a train and adapted to sup-
ply a carrier calling current or a carrier tele-
phone current but normally inactive, receiving
apparatus at each of said locations adapted to
receive such carrier current and normally active,
a circuit extending between said two locations,
a normal means at each location to couple the
receiving apparatus to said circuit, calling
means at each location to render active the
transmitting apparatus to supply the carrier call-
ing current and to couple said transmitting
apparatus with the circuit, a circuit controller
having a first and a second position, telephone
means at each location to render active the
transmitting apparatus to supply the carrier
telephone current and to render said circuit
controller effective to selectively connect either
the transmitting apparatus or the receiving ap-
paratus with the circuit for exchanging tele-
phone messages between the two locations; a first
manually operated means to selectively govern
the normal, calling and telephone means; and a
second manually operated means to govern said
circuit controller.

5. A communicating system including, a
source of carrier current of a predetermined
frequency, telephone means for modulating said
carrier current with voice frequencies, manually
controlled means for at times causing said
source to produce a calling current having a
frequency corresponding to said carrier modu-
lated with a predetermined single voice fre-
quency, a receiving means adapted to receive
said carrier modulated with voice frequencies,
a telephone receiver, operating means governed
by said receiving means for operating said tele-
phone receiver but normally ineffective, a call
selecting circuit governed by said receiving
means and responsive only to said predetermined
frequency of the calling current, means con-
trolled by said call selecting circuit for render-
ing said operating means effective to operate
said telephone receiver in response to an im-
pulse of calling current, and means for retain-
ing said operating means effective after the ter-
mination of said impulse.

6. A communicating system including, a
source of calling current adapted to supply a
frequency corresponding to a predetermined car-
rier frequency modulated with a predetermined
single voice frequency but normally inactive, a
manually controlled means for at times render-
ing said source active, a loud-speaker, a re-
ceiving means adapted fto be influenced by
said calling current, a call selecting circuit
normally connected with said receiving means
and responsive only to said frequency of the
calling current, an operating circuit governed
by said receiving means for operating the loud-
speaker but normally disconnected, means con-
trolled by said call selecting circuit for connect-
ing said operating circuit with said receiving
means in response to an impulse of calling
current, and means for retaining said operat-
ing circuit connected with the receiving means
after the termination of said impulse.
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7. A communicating system including, a source
of carrier current of a predetermined frequency,
signaling means for modulating said carrier fre-
quency with signaling frequencies of a given
range, manually controlled means for at times
causing said source to produce a calling current
having a frequency ¢orresponding to said car-
rier modulated with a predetermined single fre-
quency within said given range, a receiving
means adapted to receive said modulated car-
rier current, a signaling device responsive to all

frequencies within said given range, operating

means governed by said receiving means for op-
erating said signaling device but normally inef-
fective, a call selecting circuit governed by said
receiving means and responsive only to said pre-
determined frequency of the calling current,
means controlled by said call selecting circuit for
rendering said operating means effective in re-
sponse to an impulse of calling current, and
means for retaining said operating means effec-
tive after the termination of said impulse.

8. A communicating system including, a source
of carrier current of a given frequency, telephone
means for modulating said carrier current with
voice frequencies, manually controlled means for
at times rendering said telephone means inef-
fective and for causing said source to supply a
calling current having a frequency corresponding
to the carrier modulated with a predetermined
frequency within the voice frequency range, a
loud-speaker, a receiving means adapted to be
influenced by said modulated carrier current, a
call selecting circuit normally connected with
said receiving means and responsive only to the
predetermined frequency of the calling current,
an operating circuit governed by the receiving
means for operating the loud-speaker but nor-
mally disconnected, means controlled by the call
selecting circuit effective to connect said operat-
ing circuit with the receiving means and to dis-
connect the call selecting circuit in response to
an impulse of the calling current, means for re-
taining the operating circuit connected with the
receiving means at the termination of said im-

- pulse, and means for restoring the operating cir-

cuit and the call selecting circuit to their normal
condition.

9. A communicating system including, a source
of carrier current of a given frequency, telephone
means for modulating said carrier current with
voice frequencies, semi-automatic means for at
times rendering said telephone means ineffective
and for causing said source to supply for a pre-
determined interval a calling current having a
frequency corresponding to the carrier modu-
lated with a predetermined frequency within the
voice frequency range, a loud-speaker, a receiv-
ing means adapted to be influenced by said
modulated carrier current, a call selecting cir-
cuit normally connected with said receiving
means and responsive only to the predetermined
frequency of the calling current, an operating
circuit governed by the receiving means for op~
erating the loud-speaker but normally discon-
nected, means controlled by the call selecting
circuit effective in response to an impulse of the
calling current to disconnect the call selecting
circuit and to connect the operating circuit to
the receiving means whereby the loud-speaker
sounds a calling note, means for retaining the
operating circuit connected with the receiving
means to reproduce a telephone message at the
loud-speaker, and means for restoring the oper-
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ating circuit and the call selecting circuit to
their normal condition.

10. A communicating system including, a com-
municating circuit, a source adapted to supply a
carrier current to said circuit, an electron tube
amplifier having a plate and a grid, a trans-
former having one winding connected with the
plate of said tube and a second winding con-
nected with said source, a microphone, means
tc apply voice frequencies produced by speaking
into the microphone to the grid of said tube for
modulating the carrier by the corresponding
amplified voice frequencies, coupling means in-
cluding a reactance device for at times coupling
the plate to the grid of the tube for causing
the electron tube to generate a given frequency
for modulating the carrier with said single fre-
guency, and manually controlled means to ren-
der either the microphone or the coupling means
active whereby either a telephone message or &
calling signal corresponding to said given fre-
quency is delivered to said communicating cir-
cuit.

11. A communicating system including, a com-
municating circuit, an electron tube having a
plate and two control grids; an oscillating cir-
cuit including an inductor and a condenser in
parallel, and connected with said plate and one of
said grids for generating a carrier current of a
given frequency; telephone means including a
microphone connected with the other grid of said
tube for modulating the carrier with voice fre-
quencies of a telephone message, calling means
adapted when active to connect a second in-
ductor in parallel with the inductor of said
oscillating circuit to increase the carrier fre-
quency by an amount equal to a given voice fre-
quency, filtering means influenced by the oscil-
lating circuit and adapted to pass to the com-
municating circuit only side band frequencies of
said earrier of a width equal to voice frequencies,
and manually controlied means to render either
the telephone means or the calling means effec~
tive.

12. A . communicating system including, a
communicating circuit, an oscillating ecircuit in-
cluding an inductor and a condenser in parallel,
means connected with said oscillating circuit to
cause it to supply a carrier current of a given
frequency, telephone means including a micro-
phone and connected with said oscillating cir-
cuit in such a manner as to modulate the car-
rier with voice frequencies of a telephone mes-
sage, 2 second inductor, calling means for con-
necting said second inductor in parallel with
the inductor of the oscillating circuit to in-
crease the carrier frequency by an amount equal
to & given voice frequency, means to transmit
the current supplied by the oscillating circuit to
the communicating circuit, and manually con-
trolled means to render either the telephone
means or the calling means effective.

13. A communicating system including, a com-
municating circuit, two electron tubes each
having a plate and a grid, an output trans-
former having its ‘primary winding normally
connected with said plates in 2 push-pull ar-
rangement, an input transformer having its sec-
ondary winding connected with said grids in a
push-pull arrangement, a telephone circuit con-
nected with the primary winding of the input
transformer, an oscillating circuit including an
inductor and a condenser in parallel, said oscil-
lating circuit having one terminal connected
with said plates and the opposite terminal con-
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nected with said grids and arranged in such a
manner that a carrier current of a given fre-
quency is generated and modulated with the
voice frequencies produced in the telephone cir-
cuit and then is balanced out leaving only the

side band frequencies in the secondary winding.

of the output transformer; calling means to
vary the oscillating circuit to shift the fre~
quency of the carrier from said given frequency
by an amount corresponding to a predetermined
voice frequency, means governed by the calling
means to transfer the plates of said tubes to a
parallel ‘arrangement to deliver to the output
transformer the shifted carrier, means to couple
the secondary of the output transformer to the
communicating circuit, and manually controlled
means to render either the telephone circuit or
the calling means active.

14. A communicating system including, a com-
municating circuit, two electron tubes each hav-
ing a plate and a grid, an output transformer
having its primary winding normally connected
with said plates in a push-pull arrangement, an
input transformer having its secondary winding
connected with -said grids in a push-pull ar-
rangement, a telephone circuit connected with
the primary winding of the input transformer,
an oscillating circuit including an inductor and
a condenser in parallel,” said oscillating circuit
having one terminal connected with said plates

and the opposite terminal connected with said

grids and arranged in such a manner that a car-

.rier current of a given frequency is generated

and modulated with the voice frequencies pro-
duced in the telephone circuit and then is bal-
anced out leaving only the side band frequencies
in the secondary winding of the oufput trans-
former: calling means to decrease the capacity
of the condenser of said oscillating circuit to
increase the carrier frequency by an amount
corresponding to a predetermined voice fre-
quency, means governed by the calling means to
transfer the plates of said tubes to a parallel
arrangement to deliver to the output trans-
former the shifted carrier corresponding to =2
predetermined upper side band frequency, means
to couple the secondary of the output trans-
former to the communicating circuit, and man-
ually controlled means to render effective either
the telephone circuit or the calling means.

15. A communicating system including, a com-
municating circuit, telephone means adapted to
supply frequencies corresponding to a given car-
rier frequency modulated with the voice fre-

quencies of a telephone message to said com- |

municating circuit, calling means adapted to
supply a single frequency corresponding to said
carrier frequeéncy modulated with a predeter-
mined voice frequency to -said communicating
circuit, 2 manually operated means having @
communicating position for rendering the tele-
phone means active and a calling position for
rendering the calling means active, and auto-
matic means effective in response to the calling
position of said manually operated means for
maintaining the calling means active for a given
time interval regardless of the subsequent posi-
tion of said manually operated means.

16. In combination, a receiving circuit adapted
to receive current having a frequency rarge cor-
responding to the  voice frequencies, a loud-
speaker, means controlled by the receiving cir-
cuit for operating the loud-speaker, a control
device for establishing the loud-speaker in a
condition of low sensitivity or in a conditicn
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of full sensitivity and normally at the condition
of low sensitivity, a call selecting means governed
by the receiving circuit and including a tuned
circuit network responsive to a given single fre-
quency only within the voice frequency range,
means controlled by the call selecting means for
causing the control device to establish the loud-
speaker in a condifion of full sensitivity in re-
sponse to an impulse of current of said given
frequency, and holding means for retaining the
loud-speaker in the condition of full sensitivity.

17. In combination, a receiving circuit adapt-
ed to receive frequencies corresponding to a
given carrier frequency modulated with voice
frequencies, a demodulator having its input in-
fluenced by the receiving circuit, a loud-speaker,
operating mcans controlled by the output of the
demodulator for operating the loud-speaker, a
‘elay for governing the operating means and
normally deenergized to establish the loud-
speaker in a condition of low sensitivity, an
amplifier governed by the demodulator, a con-
trol circuit governed by the amplifier and se-
lectively responsive to a given frequency only
within the voice frequency range, means con-
trolled by said control circuit to energize said
relay in response to an impulse of current of said
given frequency to establish the loud-speaker in
a condition of full sensitivity, a holding circuit
including a local source of current for retaining
said relay energized, and manually controlled
means for governing said holding circuit.

18. In combination, a receiving circuit adapted
to receive side band frequencies of a carrier fre-
quency modulated with voice frequencies, a de-
modulator influenced by the receiving circuit, a
loud-speaker governed by the demodulator and
having a low sensitive condition and a full sensi-
tive condition, means for normally establishing
the low sensitive condition of the loud-speaker, a
call selecting circuit governed by the demodu-
lator and including a device tuned to a given
voice frequency, means controlled by said de-
vice for establishing the full sensitive condition
of the loud-~speaker in response to an impulse of
current of said given frequency, holding means
for retaining the loud-speaker in the full sensi-
tive condition, and manually controlled means
for governing the holding means.

19. In combination, a receiving circuit adapt-
ed to receive frequencies corresponding to a
given carrier frequency modulated with voice
frequencies, a demodulator influenced by the re-
ceiving circuit, a loud-speaker, an operating cir-
cuit for connecting the loud-speaker with the
demodulator but normally disconnected, a tuned
device responsive to a given voice frequency
only, a call selecting circuit for connecting said
device with the demodulator and normally con-
nected, means controlled by said device in re-
sponse to an impulse of current of said given fre-
quency to disconnect said call selecting circuit
and to connect the operating circuit with the
demodulator, and manually controlled means to
restore said operating circuit and said call se-
lecting circuit to their normal condition.

20. A communicating system for railway trains
including a communicating circuit comprising
the traffic rails, a train-carried receiving circuit
inductively coupled with the traffic rails and
adapted to be influenced by a carrier current

‘modulated with voice frequencies, a demodulat-

ing means having its input influenced by said
receiving circuit, a call selecting circuit con-
trelled by the output of said demodulating

2,064,639

means and selectively responsive to a given fre-
quency within the voice frequency range, a
loud-speaker, an operating means controlled by
the output of said demodulating means for op-
erating the loud-speaker but normally inactive,

-and means conirolled by the call selecting cir-

cuit for automatically rendering said operat-
ing means active in response to an impulse of
carrier current modulated at said given fre-
quency picked up from the traffic rails.

21. A communicating system including, a com~
municating circuit, a source of calling current
adapted to supply a frequency corresponding to
a side band frequency of a given carrier modu-
lated with a predetermined voice frequency to
the communicating circuit but normally inactive,
manually controlled means for at times render-
ing said source active, receiving means coupled
to the communicating circuit and adapted to
receive and demodulate said calling current, a
loud-speaker, an operating circuit governed by
the receiving means for operating the loud-
speaker but normally disconnected, control means
selectively responsive to said predetermined
voice frequency, a call selecting circuit governed
by the receiving means for energizing the con-
trol means and normally connected, means ef-
fective when said control means is energized
to disconnect the call selecting circuit and to
connect the operating circuit to the receiving
means whereby the loud-speaker is switched to
the receiving means and a call note sounded in
response to the calling current.

22. A communicating system including, a com-
municating circuif, a current generating means
adapted to supply to said circuit a frequency
corresponding to a given carrier frequency mod-
ulated with a predetermined voice frequency
but normally inactive, receiving means coupled
to the communicating circuit and adapted to
receive and demodulate the current from said
source, a loud-speaker governed by said receiv-
ing means but normally disconnected, a selecting
circuit normally connected with said receiving
means and selectively responsive to said prede-
termined frequency only, means controlled by
said selecting circuit to connect said loud-speak-
er with the receiving means in response to an im-
pulse of current of the predetermined frequency,
and manually operated means for rendering said
current generating means active in accordance
with a prearranged code to establish a correspond-
ing code of current impulses whereby said loud-
speaker is automatically rendered active and notes
corresponding to said code are sounded.

23. A communicating system for railway trains
including, a communicating circuit comprising
the traffic rails, a transmitting circuit at one loca-
tion on a train and inductively coupled with the
traffic rails, a transmitting means for supplying
to the transmitting circuit a frequency corre-
sponding to a given carrier modulated with a pre-
determined voice frequency but normally inac-
tive, a receiving circuit located at a second point
on the train and inductively coupled with the
traffic rails, receiving means controlled by said
receiving circuit and adapted to demodulate the
current from said transmitting means, a loud-
speaker governed by said receiving means, and
manually operated means for rendering the sig-
naling means active in accordance with a pre-
arranged code to establish a corresponding code
of current impulses whereby said loud-speaker
is rendered active to sound notes corresponding
to said code.
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24. A communicating system including; tele-
phone equipment at each of two locations each of
which comprises a sending apparatus capable of
supplying either a carrier telephone current or a
carrier calling current but normally inactive, and
a receiving apparatus capable of receiving and
demodulating such carrier currents and normally
active; a calling, a transmitting and a directional
relay at each location; a communicating circuit
extending between said two locations, means con-
trolled jointly by said transmitting and direc-
tional relays for rendering the sending apparatus
active, means controlled by said calling relay
for rendering the sending apparatus effective to
supply a calling current, means controlled by said
directional relay for selectively coupling -either
the sending or the receiving apparatus with said
circuit, and manually operated means for selec-
tively governing said relays.

25. A communicating system including, a com-
municating circuit, an electron tube provided with
a plate and two control grids, an oscillating cir-
cuit including an inductance and a capacitance
connected with said plate and one of said grids
for generating a carrier current of a predeter-
mined frequency, telephone means including a
microphone connected with the other of said
grids for modulating the carrier with voice fre-
quencies, transmitting means coupled with said
oscillating circyit for supplying current to the
communicating cireuit and including a filter op-
erative to pass a given side band of said carrier
of a width equal to the voice frequencies, calling
means connected with said oscillating crcuit in-
cluding a reactance device and-a circuit con-
trolling contact and operative to vary the fre-
quency of the carrier current by an amount equal
to a given voice frequency, and manually con-
trolled means for operating said circuit con-
trolling contact.

26. In combination, a receiving circuit includ-
ing a filter operative to pass a carrier current
modulated with voice frequencies, a demodulator
having its input influenced by the receiving cir-
cuit, a loud-speaker, a control relay, an operat-
ing circuit controlled by the output of the de-
modulator for operating the loud-speaker and
including a back contact of said relay, a call
selecting -circuit governed by the output of the
demodulator including a tuned device responsive
to a given voice frequency only, a pickup circuit
for said control relay including a normally open
manually operated contact, and a stick circuit
for said control relay including a contact oper-
ated by the tuned device and a normally closed
manually operated contact, whereby the loud-
speaker is retained normally inactive and is es-
tablished in an active condition either automat-
ically upon reception of a calling current of said
given frequency or manually by operation of said
normally closed contact.

27. A communicating system comprising, a
communicating circuit extending from a location,
transmitting means at the location including an
electron amplifying tube and a microphone con-
nected with the grid of the tube, receiving means
at the location incliding an electron amplifying
tube and a loud-speaker connected with the plate
of the tube, a current source, a directional relay,
means for connecting said current source with
the plate of the receiving amplifying tube in-
cluding a back contact of said relay, means for
connecting said current source with the plate of
the transmitting amplifying ftube including a
front contact of said relay, control means for
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governing said relay including a manually op-
erated circuit controller, and means for coupling
the output of the transmitting means and the
input of the receiving means with said communi-
cating circuit.

28. A communicating - system comprising;
transmitting means including a microphone, an
electron tube oscillator, a filter and an electron
tube amplifier; receiving means including an
electron tube amplifier, an electron tube de-
modulator, a filter and a loud-speaker; a circuit
source, a directional relay, means for connecting
said. current source with. the plates of the tubes
of the receiving means including a back contact
of the directional relay, means for connecting
said current source with the plates of the tubes
of said transmitting means including a front
contact of the directional relay, and circuit
means for controlling the directional relay in-
cluding a manually operated circuit controlling
contact.

29. A communicating system comprising;
transmitting means including a microphone, an
electron tube oscillator, a filter, an electron tube
amplifier and a sending circuit; receiving means
including . a - receiving coil, an electron tube
amplifier, an electron tube demodulator, a filter
and a loud-speaker; a current source, a direc~
tional relay, means for connecting the source
with the plates of the tubes of the receiving
means for reproducing the telephone message of
a carrier side band telephone current picked up
by the receiving coil and said means including a
back contact of said relay, means for connecting
the source with the plates of the tubes of the
transmitting means for supplying to the sending
circuit a carrier side band telephone current and
said means including a front contact of said re-
1lay, and circuit means for controlling said relay
including a manually operated circuit controlling
contact.
- 30. A communicating system comprising;
transmitting means including a microphone, an
electron tube oscillator, means for modulating
the output of said oscillator with voice frequen-
cies produced in the microphone and & sending
circuit; receiving means including a receiving
coil, an electron tube demodulator and a loud-
speaker; a current source, means for connecting
the current source with the plate of said de-
modulating tube for reproducing the telephone
message of a carrier telephone current picked

-up by the receiving coil and including a first cir-

cuit controlling contact, means for connecting
the current source with the plate of said oscillat-
ing tube for transmitting over the sending cir-
cuit a carrier telephone current and including a
second cireuit controlling contact, and manually
operated means for selectively operating said
contacts.

31. A communicating system for railway trains
comprising, a communicating circuit including
the traffic rails, train-carried receiving means
including an-electron tube demodulator, a loud-
speaker and a conductor electrically coupled with
the traffic rails; transmitting means including -a
microphone, an electron tube oscillator and a
conductor electrically coupled with the traffic
rails; a current source, means for connecting the
current source with the plate of the demodulating
tube for reproducing at the loudspeaker a carrier
telephone current picked up by the conductor of
the receiving means and said means including a
circuit controlling contact, other means for con-
necting the cuwrrent source with the plate of the
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oscillator tube for supplying to the trafic track a
carrier telephone current and said other means
including another circuit controlling contact, and
manually operated means for selectively closing
one or the other of said contacts.

32. A communicating system for railway trains
comprising, a communicating circuit including
the traffic rails, train-carried receiving means
including an electron tube demodulator, a loud-
speaker and a conductor electrically coupled with
the traffic rails; transmitting means including a
microphone, an electron tube oscillator, an elec-
tron power amplifying tube and a conductor
electrically coupled with the traffic rails; a power
unit including a first and a second generator,
means for connecting the first generator with
the plate of the demodulating tube including a
first circuit controlling contact, means for con-
necting the first generator with the plate of the
oscillator tube and for connecting the generators

serially with the plate of the power tube, and

said means including a second -circuit con-
trolling contact, and manually operated means
for selectively closing one or the other of said
contacts.

33. A communicating system for railway trains
comprising, a communicating circuit including
the traffic rails, train-carried receiving means
including an electron tube demodulator, a loud-
speaker and a conductor electrically coupled
with the traffic rails; transmitting means in-
cluding a microphone, an electron tube oscillator,
an electron power amplifying tube and a con-
ductor electrically coupled with the traffic rails;
a power unit including a first and a second

generator the first of which is normally active:

and the second of which is normally inactive,
means for connecting the flrst generator with

the plate of the demodulating tube including a

first circuit controlling contact, means for con-
necting the first generator with the plate of the
oscillator tube and for connecting the generators
serlally with the plate of the power tubes and
said means including a second circuit controlling
contact, and manually operated means effective
to selectively close one or the other of said con-
tacts and to render said second generator active.

34.-A communicating system for railway
trains comprising, a communicating circuit in-
cluding the traffic rails, a first electron tube, a
telephone receiver electrically coupled with the
plate circuit of said tube, a grid circuit for said
tube ‘including a conductor electrically coupled
with the traffic rails, a second electron tube, a
microphone electrically coupled with the grid
circuit of said second tube, a plate circuit for

said second tube including a conductor elec~ .

trically coupled with the traffic rails, a source
of plate voltage, means for connecting the source
with the plate cireuit of the first tube for re-
producing in the telephone receiver the tele-
phone message corresponding to a telephone
current picked up by said first mentioned con-
ductor, said means including a normally closed
contact, other means for connecting the source
with the plate circuit of said second tube
for supplying a telephone current to the traf-
fic rails corresponding to voice impulses pro-
duced in said microphone, said other means in-
cluding a normally open contact, and manually
controlled means operative to open said normally
closed contact and to close said normally open
contact.

35. A communicating system for railway
trains comprising, train-carried transmitting
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means- including a generator of a given carrier
frequency current and a transmitting. circuit,
telephone means including a microphone coupled
with the transmitting means for producing a
carrier telephone current, calling means coupled
with the transmitting means for producing a
calling current corresponding to the carrier
modulated at a given voice frequency, train-car-
ried receiving means including a receiving cir-
cuit and a demodulator, means including a loud-
speaker coupled with said demodulator for re-
producing such carrier telephone current or
such calling current picked up by the receiving
circuit; control means including a push button
and a manually operated circuit controller hav-
ing a first, a second and a third position; means
governed by the control means for rendering the
receiving means active and the transmitting
means inactive and said means operative in the
first position of said controller and also in the
second position of the controller with the push
button released, means governed by the control
means for rendering the transmitting means
active and the receiving means inactive and said
means operative in the second position of the
controller with the push button depressed and
in the third position of the controller, and means
governed by the control means for rendering the
calling means active and said means operative
in'the third position of the controller only.

36. A communicating system for railway
trains comprising, a communicating circuit in-
cluding the traffic rails, a directional relay, a
calling relay, train-carried transmitting means
including a generator of a carrier current of a
given frequepcy and a sending circuit coupled
with the traffic track, means including a micro-
phone coupled with said generator for supply-
ing a carrier telephone current to the traffic
track, calling means including a reactance de-
vice coupled with said generator for supplying
to the traffic track a calling current correspond-
ing to said carrier modulated at a given voice
frequency, train-carried receiving means includ-

ing a demodulator and a receiving circuit -

coupled with the traffic track, means including a
loud-speaker coupled with the demodulator for
reproducing the telephone message of such tele-
phone current and to sound a tone correspond-

ing to the calling current when such currents 3

are picked up by the receiving circuit, control
means operative to render the receiving means
active including a back contact of the direc-
tional relay, other conirol means operative to
render the transmitting means active including
a front contact of the directional relay, means

for at times rendering the calling means active

including a contact operated by said calling re-
lay, and manually controlled means for govern-
ing said relays.

37. A communicating system including, a
communicating circuit, an output transformer
having a secondary winding connected with said
circuit, an input transformer, telephone circuit
means including a microphone connected with
the primary winding of the input transformer;
two electron tubes each having a plate, a grid
and a cathode; a relay, means including a first
back contact of said relay to connect the plates
of said tubes with the primary winding of the
output transformer in a pbush-pull arrangement,
other means including a front contact of said
relay to connect the plates of said tubes with
the primary winding of the output transformer
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secondary winding of the input transformer with
the grids of said tube in a push-pull arrange-
ment, a source of carrier frequency current,
means to connect the carrier source between a
center tap of the secondary winding of the in-
put transformer and the cathode of said tubes,
calling means including a second back :contact
of said relay and a reactance device operative fo
shift the frequency of said carrier from the
given frequency to produce a calling frequency,
and manually operated means to govern said
relay whereby said communiocating circuit is
selectively supplied with either a side band car-
rier telephone current or with an amplified call-
ing current. .

38. A communicating system comprising, 2

" communicating circuit extending from a location;
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receiving means at said location including an
electron tube amplifier, a signal receiving device
and a conductor electrically coupled with the
circuit; transmitting means at said location in-
cluding a signal sending device, a low power
electron tube amplifier, a high power electron
tube amplifier and a conductor electrically cou-
pled with said circuit; a power unit including a
first and a second generator, a relay, means for
connecting the first generator with the plate of
the receiving amplifier tube and including a back
contact of said relay, means for connecting the
first generator with the plate of the low power
amplifier tube and for connecting the generators
serially with the plate of the high power ampli-
fier tube, and said means including a front con-
tact of said relay, and manually operated means
for governing said relay.

. 39. A communicating system comprising a
communicating circuit extending from & location;
receiving means at said location including an
electron tube amplifier, a signal receiving device
and a conductor electrically coupled with the cir-
cuit; transmitting means at said location includ-
ing a signal sending device, a low power ampli-
fier tube, a high power amplifier tube and a con-
ductor electrically coupled with said circuit; a
power unit including a first and a second gen-
erator the first of which is normally active and

the second of which is normally inactive, a relay, -
means for connecting the first generator with the -

plate of the receiving amplifier tube and includ-
ing a back contact of said relay, means for con-
necting the first generator with the plate of the
low power amplifier tube and for connecting the
generators serially with the plate of the high
power amplifier tube, and said means including a
front contact of said relay,
ated means including a first contact effcctive to
control said relay and a second contact effective
to control said second generator.

40. A communicating system comprising, &
communicating circuit extending from a location,
tranemitting apparatus at the location including
a generator of carrier current and an output
circuit coupled with said communicating circuit,
means including a microphone coupled with said
generator for supplying a carrier telephone cur-
rent to the communicating circuit, call sending
means including a reactance device coupled with
said generator for supplying a calling "current
corresponding to said carrier modulated at a
given frequency to the communicating circuit,
receiving apparatus at the location including a
demodulator and an input circuit coupled with
said communicating circuit, a telephone receiver
coupled with said demodulator for reproducing
the telephone message of such carrier telephone

and manually oper-
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current picked up from the cornmunicating cir-
cuit, a call signaling device coupled with said
demodulator and tuned to said given frequency
for establishing a signal in response to such call-
ing current picked up from the communicating &
circuit; a control means having a first, a second,
a third and a fourth position; a. first circuit
means including a contact closed only in the first
position of said control means operative to ren-
der the receiving apparatus only active and to 10
couple the signaling device with the demodulator,
a second circuit means including a contact closed
only in the second position of said control mcans
operative to render the receiving apparatus only
active and fo couple the telephone receiver with 15
the demodulator, a third circuit means including
a contact closed only in the third position of said
control means operative to render the transmit-
ting apparatus only active and effective to send
the télephone current, a fourth circuit means 20
including a contact closed only in the fourth posi-
tion of the control means operative to render the
transmitting apparatus only active and effective
to send the, calling' current, and manually op-
erated means for selectively governing the posi- 25
tions of the control means. -

41. A communicating system comprising,
transmitting apparatus at a location including
a generator of.carrier current and a trans-
mitting circuit, -telephone means including a 30
microphone. coupled with the transmitting ap-
paratus for sending a carrier telephone current,
calling means :coupled with the transmitting
apparatus for sending a calling current cor-
responding to the carrier modulated at a given
frequency, receiving apparatus at said location
including a receiving circuit and a demodulator,
means including a telephone receiver coupled .-
with said demodulator for reproducing the mes- '
sage of such carrier telephone cwrrent, other
means including a sharply tuned device coupled
with said demodulator to establish a signal in
response to such calling current; control means
having a normal, a communicating and.a call- -
ing position and including a directional con- 45
troller having a sending and a receiving posi-
tion; first circuit means including a contact™
closed only in the normal position of the control
means and operative to render the receiving .,
apparatus only active and to couple said other Y
means with the demodulator, second circuit
means including a contact closed only in the
communicating position of the control means
and the receiving position of the directional 55“
controller and operative to render the receiving -
apparatus only -active and to couple the tele-
phone receiver with the demodulator, a third
circuit means including a contact closed only
in the communicating position of the control g
means and-the sending positich of the direc-
tional controller and operative to render the
transmitting apparatus only active and with the
microphone effective, a fourth circuit means in--
cluding a contact closed only in the calling po- ¢;
sition of the ccntrol means and operative to
render the transmitting apparatus only active
and with the calling means effective, and manu-
ally .operable means for governing the control
means. 70

49. A communicating systcm for railway
trains comprising in combination with the traf-
fic rails of a stretch of railway track and a train
adapted to travel thereon, transmitting ap-
paratus mounted on a vehicle of the train and 75
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including a source of communicating current
and circuit means for connecting the opposite
terminals of the source with the rails at two
spaced points adjacent said vehicle, receiving
apparatus on said vehicle and including a sig-
naling device responsive to such communicat-
ing current and a conductor in direct inductive
relation with the traffic rails, and means to se-
lectively render active either the transmitting
or the receiving apparatus.

43. A communicating system for railway
trains comprising in combination with the traf-
fic rails of a stretch of railway track and a
train adapted to travel thereon, transmitting ap-
paratus mounted on a vehicle of the train and
including a source of communicating current
and means for connecting the -.opposite ter-
minals of the source with two wheels of the
vehicle, receiving apparatus on said vehicle and
including a signaling device responsive to such
communicating current and a conductor in di-
rect inductive relation with the traffic rails, and
means to selectively render active either the
transmitting or the receiving apparatus.

44. A communicating system for railway
trains comprising in combination with the traf-
flc rails of a stretch of railway track and a train
adapted to travel thereon, two independent ap-
paratuses mounted on a vehicle of the train one
of which is capable of supplying a communicat-
ing current and the other of which is effec-
tively responsive to a communicating current,
means to directly connect one of said ap-
paratuses with the trafic rails, and other means
to connect the other of said apparatuses with
a conductor mounted on said vehicle in direct
inductive relation with the traffic rails. .

45. A communicating system for railway
trains comprising in combination with the traf-
flc rails of a stretch of railway track and a train
adapted to travel thereon, two independent ap-
paratuses mounted on a vehicle of the train one
of which is cdpable of supplying a communicat-
ing current and the other of which is effectively
responsive to a communicating current, means
to directly connect one of said apparatuses with
the traffic rails, other means to connect the
other of ‘sald apparatuses with a conductor
mounted on said vehicle in direct inductive re-
lation with the traffic rails, and manually op-
erable means for réndering active only one of
taid apparatuses at & time.

46. A communicating system for railway trains
comprising, a communicating circuit including
the traffic rails; train-carried receiving appara-
tus including an eléctron tube demodulator, a
conductor coupled with the traffic rails effec-
tively connected to the input of the demodulator
and a loud-speaker effectively coupled with the
output of the demodulator; train-carried trans-
mitting apparatus including an electron tube
modulator, a microphone associated with the
modulator to modulate the carrier at voice fre-
quencies and a sending circuit coupled with the
track rails and effectively connected with the
output of the modulator; a source of plate cur-
rent, a first control circuit means effective to
connect the plate current source to the electron
tube demodulator, a second control circuit means
effective to connect the plate current source to
the electron tube modulator, and means for se-
lectively governing said first and second control
circuit means, whereby telephone communica-
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tion to and from the train is accomplished
through the traffic rails. :

47. A communicating system for railway
trains comprising, a communicating cjrcuit in-
cluding the traffic rails; a train-carried receiv-
ing circuit means inductively qoupled with the
traflic rails and adapted to be influenced by a
carrier current modulated with volce frequencies,
demodulating means having its input influenced
by said receiving circuit means, signalling cir-
cuit means connected with the output of the
demodulating means, said signaling circuit
means having a first condition in which it
is effectively responsive to g predetermined
single voice frequency only and a second condi-
tion in which it is effectively responsive to the
range of voice frequencies, a relay having con-
“tacts interposed in said signaling circuit means
for selectively establishing either the first or the
second condition thereof, and s control circuit
for said relay including a manually operated
contact.

48. A communicating system for railway trains
comprising, a communicating ecircuit including
the trafic rails, train-carried receiving apparatus
including an electron tube demodulator, a loud-
speaker and a conductor electrically coupled with
the traffic rails; train-carried transmitting ap-
paratus including a microphone, a source of car-
rier current, an electron tube modulator, an
electron tube power amplifier and a conductor
electrically coupled with the traffic rails; a
power unit effective to supply a low plate volt-
age and a high plate voltage, a first means to
connect the power unit to the plate of the de-
modulator tube to supply the low plate voltage
thereto and including a first contact, a second
means to connect the power unit to the plate of
thé modulator tube to supply the low plate volt-
age thereto and including a second contact, a
third means to effectively connect the power
unit to the power amplifier tube to supply the
high plate voltage thereto and ineluding a third
contact; and means for governing said first,
second and third contacts whereby either a first
condition is established in which the receiving
apparatus only is active and is effectively in-
fluenced by communication current flowing in
the rails, or a second condition is established in

which the transmitting apparatus only is active -

and is effective to supply communication cur-
rent to the rails.

49. A communicating system for railway
trains comprising, a communicating circuit in-
cluding the traffic ralils, train-carried transmit-
ting means including an oscillating circuit con-
sisting of an inductor .and two condensers in
parallel to supply a carrier current of a prede-
termined frequency and a sending circuit coupled
with the traffc rails, telephone means including
& microphone associated with the oscillating
circuit to modulate the carrier with voice fre-
quencies to supply to the rails a carrier tele-
phone current, calling means including a relay
operative to disconnect one of said condensers to
increase the .carrier frequency by an amount
equal to a predetermined voice frequency to sup-
ply to the rails a calling current, and manually

. controlled means for governing said relay.
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CERTIFICATE OF CORRECTION.
: @;tent No. 2,064,639, , | -‘ December 15, 1936.
- LELAND D. WHITELOCK, ET AL. |

It ie hereby certified that error appears in the printed specification of
‘¢he above numbered patent reauxrxng correction as follows: Page 17, second
eolumn, line 11, claim 28, for the word "circuit" read current; and that
the said Letters Patent should be read with this correction therein that
the same may conform to the record of the case in the Patent Office.

Bigned and sesled this 23rd day of Febrgary, A. D, 1937,

o ‘ Henry Van:Arsdale
{Beal) _ Aoting Commissioner of Patents.




