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My invention relates to code communication
systems, and particularly to an improved type of
transmitter for a code communication system
employing signaling currents in the voice fre-
quency range.

Tn systems of the type commonly described as

carrier current communication systems, various
frequency bands or channels for speech and for
code signaling are provided, over which indepen-
dent communication may be established without
interference.

1t is an object of my invention to provide for
use in systems of this character, an improved
code iransmitter which is particularly adapted
to transmit code pulses of alternating current
of different frequencies within the voice frequency
range, in g reliable manner.

Another object of my invention is to provide &
plurality of non-interfering code transmitters
suitable for use in carrier current systems of the
type in which a voice frequency or speech ¢haninel
is subdivided to provide a plurality of closely
‘spaced code communication channels, each of
which includes receiving apparatus selectively re-
sponsive to energy of a different frequency.

Another object of my invention is to provide an
improved alternating current code transmitter
$h which the alternating current circuits, with
the exception of a single frequency determining

unit, are non-reactive, enabling similar frans- :

mitters to be employed for generating any one
of a plurality of different frequencies by the in-
sertion of a removable unit adjusted to the desired
frequency.

A further object of my invention is the provi-
sion of improved means for graduating the rise
and fall of the alternating currents constituting
the code pulses delivered by the different trans-
mitters so as to minimize the transient com-
ponents having frequencies different from the
assigned frequency, thereby decreasing the effect
upon adjacent channels and enabling the chan-
nels to be more closely spaced. This is accom-
plished by the provision of novel means for caus-
ing the output current to rise and fall gradually
to form the code pulses, which possesses an ad-
vantage over transmitters employing resonant
filters for that purpose in that the output fre-
guency is maintained constant during the periods

of changing amplitude and transient components-

of the output current due to filter reaction are
avoided. .

A feature of my invention is the provision of an
-improved oscillator which is particularly adapted
to generate alternating currents of a substantially
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pure sine wave form, free from harmonics, so that
resonant fillers are not needed in the outpub
cireuits of the different transmitters for the sup-
pression of such harmonics.

A further object of my invention is the pro-
vision of an oscillator for generating voice fre-
quency current which is stabilized so as to deliver
current of constant voltage and frequency regard-
less of ordinary variations in the supply voltage
or temperature. .

Other objects of my invention and features of
novelty therein will be apparent from the follow-
ing description taken in connection with the ac-
companying drawing.

T shall describe one form of transmitier em-
bodying my invention and shall then point out
the novel features thereof in claims.

In practicing my invention, I provide a vacuum
tube oscillator of the phase shift type, the out-
put of which is supplied to a second vacuum tube
artahged in the manner of a cathode follower and
a portion of the output of the cathode follower

" is supplied as feed back energy to the input circuit

25

of the phase shift oscillator. Another portion of
the output of the cathode follower is supplied to
a third vacuum tube, constituting a buffer ampli-
fier, the output of which is supplied through an
output transformer to the communication
channel.. The oscillator operates to generate
alternating current continuously as long as power
is supplied thereto, while the buffer amplifier
serves as a keying amplifier and supplies amplified

alternating current to the output transformer
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“only when the contact of a transmitting relay

occupies one of its two positions. When the
transmitter relay contact is in the other of its

“two positions, it completes a circuit by which a

40

positive potential is applied to the cathode of the
keying amplifier tube which is sufficient to render
the tube non-conducting. A resistance~capacity
network associated with the keying amplifier
cathode circuit causes this tube to change gradu-
ally from its conducting to its non-conducting
state when the positive biasing voltage is applied
by the closing of the transmitting relay contact,
and similarly causes the keying amplifier to
change gradually from its non-conducting to its
conducting state when the positive biasing voltage

. is cut off by the opening of the transmitting relay
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contact, the frequency of the alternating current
output remaining constant during both these
periods. .

The single accompanying drawing is a dia-
grammatic view showing a preferred embodiment
of my invention,.
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Referring to the drawing, the communication
channel to which coded voice frequency currents
are supplied by the apparatus of my invention
comprises the line wires Li and L2, extending
between two spaced locations designated by the
reference characters A and B. The communi-
cation channel is here shown as comprising a
physical pair of wires supplied with energy from
the transmitter output terminals T and T2, but
it is to be understood that the communication

fier, the output of which is supplied to the grid
13 of the cathode follower tube VT2, As ex-
plained below, the energy supplied through the
frequency determining unit FDU to the input
circuit of tube VTI is of the proper phase to
maintain the osecillations.

The vacuum tube VT2 is connected in the well
known manner of a cathode follower, which dif-

. fers from a conventional amplifier in that the

10

channel may be extended to include & speech -

channel, for example, constituting the input
channel of a carrier current system or radio link,

or it may be one of the speech channels of a.

multi-channel carrier current communication
system.

At location A a transmitting relay T is shown,
the winding of which is supplied with energy by
a circuit, not shown, so that the contacts of relay
T are operated in accordance with the code sig-
nals to be transmitted from location A to loca-
tion B, At location B there is provided a re-
ceiving relay R, the contacts of which are to be
_operated in step with the code pulses transmitted

from location A. The circuits for controlling

~relay T and those controlled by the contacts of
relay R form no part of my invention, and may
be conventional telegraph circuits, or circuits for
a code type of remote control system, for example,
various types of which are well known. As
shown, the contacts of relays T and R are nor-
mally biased to their right-hand position.
The transmitter comprises an oscillator tube
. VTl having associated therewith a frequency de-
termining unit FDU, a cathode follower tube
VT2, a buffer or keying amplifier tube VT3, and
an output transformer OT, together with the
necessary - resistors and condensers associated
with the vacuum tubes. High voltage direct cur-
rent energy is supplied from a suitable source,
not shown, the positive terminal of which is des-
ignated by the reference character B(4) and the
negative terminal of which is grounded. The
circuits for supplying energy to the heaters of
the tubes have not been shown in order to clarify
the drawing. :
The oscillator tube VTI may be of any suit-
able type but as here shown is a pentode, having
contrcl circuits of the phase shift type. The

-control grid 5 of tube VT{ is supplied with energy -

by tube VT2 through a phase shifting network,
or frequency determining unit. FDU, comprising
condensers Ci, C2, C3 and C4, and resistors RI,
R2, R3 and R4. The cathode T of tube VTI is
provided with a cathode bias resistor RB by-
passed by condenser C5 to afford a ground con-
nection of relatively low .impedance to the alter-
nating current components of the tube current.
A suppressor grid 8 is connected to the cathode,
as in a conventional pentode amplifier circuit,
and a screen grid 8 is supplied with a positive
potential of a suitable value by means of a volt-
age divider comprising resistors R6 and RT con-~
nected between terminals B(4) and ground. A
by-pass condenser Ci7 effectively grounds the
screen grid insofar as the alternating current
component of the tube :current is concerned.
The plate 1! of tube VT1 is supplied with high
voltage direct current from. the terminal B(+)

of the power supply through resistor R9, and is

connected through a coupling condenser C9 to
‘the grid #3 of vacuum tube VT2.

From the foregoing it will be apparent that
the tube VT{ and its associated condensers and

resistors comprises a single stage pentode ampli-
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output is taken from the cathode circuit rather
than from the plate circuit, and a portion thereof
is applied to the input circuit to provide a nega-
tive feedback for stabilizing purposes. The plate
15 is directly conected to terminal B(4) and the
cathode 17 is connected to ground through re-
sistors RI10 and R{l. A grid resistor R{2 is con-
nected at the junction point {¢ of resistors RI0
and R, :

It will be clear from a consideration of the
circuits that the potential applied to grid {3 due
to the drop across resistor Ri2 is decreased by
the drop across resistor Ri8 in the output cir-
cuit of tube VT2 to provide the negative feed-
back referred to.

The output voltage of tube VT2 as measured
across resistors BRI and Ri{ is nearly equal to
the input veltage supplied by tube VT, and dif-
fers but slightly in phase due to the drop across
the coupling condenser C8 which preferably is
of relatively large capacity. This output voltage
is impressed on the frequency determining unit
by reascn of the connection from condenser CI
over wire 2{ to the cathode {7 and from the re-
sistors R1 to R4 and R{{ to ground. Each con-
denser ClI to C4 in the unit is in series with an
associated resistor Rf to R4 and is adapted to
cause & phase shift which varies in accordance
with the impressed frequency. At a particular
frequency the total shift in phase is 180 degrees
as required to maintain the oscillations in tube
VT and it will be apparent therefore that the
tube will oscillate at a frequency determined by
the constants of the frequency determining unit.
It will also be apparent that since the required
phase shift is not obtained for frequencies which
are multiples of the predefermined frequency,
harmonics will be suppressed and the current
delivered by tube VT will be of a substantially
pure sine wave form.

It will also be apparent that the frequency at
which the circuit oscillates may be adjusted by
proper selection of the values of the condensers
and resistors in the frequency determining unit,
since the response of the output circuits of tubes
VT1! and VT2 is independent of the frequency.
In practice the frequency determining unit ¥DU
is constructed as a self-contained removable unit,

80 that the frequency of the transmitter may be

readily changed by using different frequency de-
termining units therein. The resistor R4 may be
of the adjustable type, to permit a variation in
the resistance thereof to be made, in order to
compensate for variation in the components due
to manufacturing tolerances, and thereby enable
each unit to be more accurately tuned to its
specified frequency.

The use of a cathode follower rather than g
conventional amplifier following the oscillator
stage is advantageous from the standpoint of fre-
quency response, because although the cathode
follower is inherently degenerative; and has an
amplification factor less than unity, it is capable
of providing power amplification, and is essen-
tially non-inductive so that for different fre-
quencies of oseillation the energy level of the
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‘output of the cathode follower remains substan-
tially the same. Additionally, its characteristics
“are such that changes in the plate resistance of
the cathode follower tube and variations in the
load resistance with temperature as oceur in prac-
tice do not cause sufficient change in the oscillat-
ing circuit to cause detrimental variations in the
frequency or output energy level

Since the normal bias voltage for. the grid of
the vacuum tube VTI constitutes the drop across
‘the cathode resistor R5, it will be apparent that
- g sudden change in the voltage of the direct cur-
rent energy supplied to the transmitter will cause
"3 corresponding change in the normal bias volt-
age. This would interfere with operation if suffi-

cient to cause the bias voltage to go beyond the’

““oub-ofi” value of the tube VT, and accordingly,
“to prevent this occurrence, tube VT is arranged
to have a “remote cut-of,” that is, the value of
“grid voltage at which the tube remains conduct-
“ing is in excess of that reached due-to ordinary
" variations in the high voltage power supply.

" from the foregoing, it will be seen that the
"oscﬂlator is in continuous operation -and the
" energy supplied therefrom to the cathode follower

tube appears as a voltage across the cathode resis-
' tors RI0 and RIl. A portion of the output volt-
-age of tube VT2 is supplied over an adjustable

connection on resistor RI1, to the grid circuit of
the amplifier tube VT3. This grid circuit com-
prises a coupling condenser Ci{! and a grid resis-
tor R18 of relatively high value, connected to the
grld 23 of vacuum tube VT3 in the usual manner.

The plate 25 of vacuum tube VT3 is connected
_to the positive terminal B(-}-) of the high voltage

power supply through a primary winding 27 of
~ the output transformer OT which has a secondary

winding 29 connected to the output termmals

T and T2 of the transmitter.

The cathode 31 of tube VT3 is connected to
ground through a biasing resistor R15 and by-
" pass condenser Ci5 in multiple, and is supplied
' with a positive biasing voltage from fthe high
voltage power supply by a circuit including a re-
sistor RIT and contact 32 of the transmitting
relay T, whenever this contact is closed.
By this means, the cathode 31 of vacuum- tube
VT3 is maintained at a relatively high positive
potential when contact 32 of relay T is in its nor-

‘ mal position; as shown. As a result, the tube 5

VT3 is normally non-conducting. When relay T
" is energized and opens contact 32, the supply of
~'bias voltage to the cathode 3! is interrupted.
‘However, the condenser Ci5 and resistor R15 are
-gelected so that a definite time interval is re-
- quired until the condenser C15, which previously
.~had been charged through resistor R11, discharges
sufiiciently to cause tube VT3 to .become con-
ductive. It will also.be apparent that the rate

of change in the direct current supplied to tube:

VT3 will be graduated further due to the fact that
this is supplied through an inductive reactance
‘comprising the primary winding 27 of trans-
. former OT. When tube VT3 is conducting, it

acts as a conventional amplifier, so that the voice:.

frequency output of the oscillator and eathode
- follower is amplified and supplied to the output
terminals Tt and T2 through the oufput trans-
former OT.

Considering now the location B, at which the
voice frequency alternating current supplied over
the line wires L! and L2 by the transmitter ab
location A is received. The band-pass filter BPF
at location B is tuned to the frequency of:the
ctransmitter just described and accordingly selec-.
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“oscillator to the. grid circuit of tube VT3.
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tively passes the energy supplied over the line
wires from terminals T1 and T2 to the detector
amplifier DA, where the voice frequency energy is
amplified and rectified and then supplied to the

winding of relay R, so that the contact 35 of relay

R is operated between its normal and reverse posi-
tions substantially in unison with the contact 32
of the corresponding transmitter relay T.

It will be understood that each time relay T

:closes its’ contact 32, it reestablishes the circuit

previously described for supplying a positive bias
voltage to the cathode 31 of vacuum tube VTS.
‘However, since the condenser CI§ is substan-

‘tially. discharged at this time, the voltage across

the condenser will rise at a relatively slow rate
when energy is supplied thereto over the circuit
including resistor Ri1 and contact 32 of relay T.
Accordingly, the voltage of cathode 3¢ will rise at
a correspondingly slow rate so that the plate
eurrent of tube VT3 is not cut off abruptly when

contact 32 closes, but decreases gradually ata

rate determined by the inductance of winding 2T
and by the values of resistances R{5 and RiT and
condenser CI5. It will be readily apparent that
during the periods.when the ¢urrent supplied ‘to
the terminals T{ and T2 of the transmitter is
varying, that is to say, at the beginning and end
of each of the code pulses, the frequency is main-
tained constant at its steady state value because
this is determined by the voltage supplied by the

From the foregoing, it will be seen that the op-
eration of contact 32 of relay T causes pulses
of voice frequency energy to be supplied from
the transmitter at:location A over the line wires
L{ and L2 to location B, where the pulses are
selectively filtered by. the band-pass filter BPF

-and thus amplified and detected by the detector
-amiplifier DA, and supplied to the winding of relay
40

R, so that the contacts of relay R accurately
repeat the code operation of the contacts of re-
lay T.

As indicated by the output transformer OT’,

- other voice frequency transmitters similar to the

one described but tuned to. different frequencies
may be connected to the line wires L{ and L2,

- the additional frequencies. being selectively fil-
- tered at the receiving location by sharply tuned

band-pass filters BPF’, etc., similar to filter BPF,

each selectively responsive to a different one of

a plurality of frequencies provided by different

. frequency determining units: FDU.

The output transformer OT is arranged so that

: 1t ‘presents -a relatively high impedance to the

:eurrents- supplied to: the line wires Lf and L2

by other transmitters, thereby minimizing the
.lossof energy when the number of transmitters

60

is relatively large.
‘As -previously explained, the band-pass. ﬁltels

-are preferably sharply tuned, and the number of

. available channels is increased by allotting 'a

.relatively narrow band to each channel

If the

rtransmitter  circuits. were arranged to-cause a
.sharp rise and: fall in the voice frequency pulses,

65

as would: be the case, for example, if condenser

48 were ~omitted; the  correspondingly abrupt
- changes. in the currents supplied to the receiv-
. Ang filters would lessen their discriminating char-
. ‘acteristics and possibly lead to the false opera-

70
-nels.

tion of relays R associated with adjoining chan-

Thls dlﬁiculty remains, to a lesser degree. when

" vesonant circuit elements and filters are inter~

posed in: the transmitter outputb circuit to reduce

75 .the rate of change of the currents constituting
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“the code pulses for the reason that such devices
" frikerently pfoduce transient currents in response
t0 changes in amplitude of the impressed current,
having frequenciés which differ from their steady
state resonant frequency. It will be clear that
the transmitter of my invention is adapted to
produce a minimum of transient disturbance in
the recéiving filters of adjacent channels; during
the transmission of code pulses, so that the dis-
¢riffiination of the filters with respect to pulses
constituting code signals is nearly the same as
for steady state conditions, and that consequent-
Iy the code channels mgy be more closely spaced.
This is particularly desirable when the available
frequencies are limited by the transmission char-
acteristics of a carrier current telephone sys-
tem, for example, as those within a band of fre-
quencies of the minimum width acceptable for
gpeech transmission.

Although I Kave herein shown and described.

only one form of voice frequency transmitter for
4 code communication system, it is to be under-
stood that various changes and modifications may
be made therein within the scope of the appended
c¢laims without departing from the spirit and
scope of my invention.

Having thus described my invention, what I
claim is:

1. In combination, an electron tube amplifier
having a cathode, a grid and a plate, an output
circuit for said tube extending from the plate of
said tube through an impedance element to the
positive terminal of a direct current source and
from the cathode of said tube through a biasing
resistor and condenser in parallel to the nega-
tive terminal of said source, an input circuit for
§4id tubé comprising a Sourée of alternating c¢ur-
rent of substantially constant amplitude and fre-
quiency connected between the grid of said tube
and said negative terminal, and keying means
for at times causing said tube to-be conductive to
supply amplified alternating current to said out-
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-Gapacitance: network connected between said

cathode and the negative terminal of said source
to:decrease the rate of rise and fall of said biasing
voltage due to the operation of said transmitting
contact whereby there is supplied to said output
terminals code pulses of alternating current, each
pulse of which builds up and dies down accord-
ing to the rise and fall of said biasing voltage.

3. A transmitter for use in a code communica-
tion system employing code pulses of alternating
current, comprising a. source of alternating cur-
rent of substantially constant amplitude and fre-
quency, an amplifier tube having a control grid,
an anode, and a cathode, means for continuously
applying a positive potential to said anode from
a. direct- current source -and an alternating cur-
rent potential to said control grid from said source -
of alternating current, keying means for produc-
ing said pulses comprising a transmitting contact
operable to:a first-and a second position at a given
eode rate for applying a positive biasing poten-
tial to the cathode of said amplifier tube at its
first position whereby said tube is rendered non-
conductive and at its second position removing
said biasing potential so that said tube is ren-
dered conductive, a resistance-capacitance net-
work associated with the cathode of said tube for
delaying the biasing and unbiasing of said tube,
and an output transformer having a primary
winding supplied with energy from the anode of
said tube.

4. In. a code transmitter for supplying code
pulses of alternating current to a communication
channel, the combination comprising a source of

. alternating current of substantially constant am-

plitude -and frequercy, an output transformer
having a secondary winding connected to said

. communication channel, and Kkeying means for

40

supplying code pulses of alternating current from
said source to a primary winding of said output

_transformer, said keying means comprising an

put circuit and at other times cdausing said tube -

ts be non-conductive; said keying means com-
prising a transmitting contact which in one po-
sition completes a connectionn from the cathode
of said tube to the positive terminal of said source
through a series resistor to supply a positive po-
tential to the cathode of said tube, the parts be-

ing so proportioned that the tube is rendered non- ;

conducting when said positive potential is sup-
plied to the cathode and is rendered conducting
when said connection is interrupted, said biasing
resistor and condenser having a selected time
constant for predetermining the rise and fall of
the voltage of the direct current supplied to the
eathode of said tube in response to the periodic
operation of said transmitting contact.

2. A code transmitter comprising, in combina-
tion, a source of aiternating current of substah-
tially constant predetermined amplitude and fre-
guency, an amplifier tube having a plate to cath~
ode circuit connected to a souice of direct current
and a grid circuit supplied with an alternating
current potential from said source of alternating
current, an gutput transformer having a primary
winding in said plate circuit and a secondary
winding connected to the output terminals of said
transmitter, and keying means for said transmit-
ter comprising a transmitting relay adapted for
code operation at a rate less than said predeter-
mined frequency, means inc¢luding & contact of

“EAid tranhsmitting relay for supplying a positive
biasing voitage to the cathode circuit of said am-
Cplifier tube and means comprising a resistance

amplifier tube having a plate civcuit which in-
cludes the primary winding of said output trans-
former, a grid circuit connected to said source of

- alternating current, a transmitting contact which

in one position connects the cathode of said tube
to a source of direct current to thereby render
said tube non-conductive, and a resistance ca-

. pacity network for predetermining the rate of

55
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change of potential of said cathode in response
to the periodic operation of said keying contact.

5. In a code transmitter for supplying code
pulses of alternating current to a communication
channel, the combination comprising, a source of
alternating current of a given amplitude and fre-
quency,; an amplifier tube having a plate, a cath-
ode and a control grid; a transformer having a
primary and a secondary winding, said plate con-
nected to the positive terminal of a source of di-
rect current through said primary winding, said
secondary winding connected to said channel, said
grid connected to one terminal of said source of
alternating current, a hiasing circuit including a
resistor and a capacitor in multiple, said cathode
¢onnected to the negative terminal of said direct
current source and Lo the other terminal of said
alternating current souree through said biasing
¢ireuit, a contact adapted for operation to a first
and second position at a given code rate, means

| including said first position of said contact and

another resistor to conneet said cathode to the

* positive terminal of said direct current source for
alternately rendering said tube non-conductive

75

and conductive at said code rate to supply code
pulses of said alternating current to said channel,
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