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My invention relates to pulse systems of com-
munication.

Pulse systems are advantageous for the trans-
mission of speech, musice, and other forms of in-
telligence, because the effect of extraneous electric
fields, noise, etc., which may affect the receiving
apparatus, may be reduced by rendering the re-
ceiving means inoperative during the intervals
between pulses. Moreover, by width or fre-
quency modulating the pulses of radip frequency
carrier, limiting means may be employed to elim-
inate, or at least substantially reduce, the amount
of noise voltage appearing on the received pulses.
Moreover, for a given average power, it is possible
to operate the transmitting oscillator electron. dis-
charge devices or tubes at high instantaneous
powers and, consequently, high efficiencies. It'is
therefore, an object of my invention to provide
a new and improved radio communication system
of the pulse type.

Another object of my invention is to provide a
new and improved method and-means. for recep-
tion in which the effects of undesired impulses,
extraneous influences, etc. are reduced or elim-
inated.

The utilization of pulse commiunication systems-

makes possible duplex or multiplex operation on
one frequency whereby two or more different con-
versations or transmissions.of signals may be con-
ducted on one frequency at the same time without
interference. It is another object of my inven-
tion to provide a new and improved system for
duplex or multiplex operation.

Tt is still another object of my invention to pro-
vide a duplex or multiplex system in which im-~
pulses may be transmitted only. when no. signal
is being received.

Another object of my invention is to. provide
in duplex or multiplex systems; means for syn-
chronizing the times of transmission of the vari-
ous transmitting means.

The novel features which I believe to be- char-
acteristic of my invention are-set forth with par-
ticularity in the appended claims. My invention
itself, however, both as to its organization and
method of operation together with further: ob-.
jects and advantages thereof may best be under-
stood by reference to the following description
taken in connection with the accompanying draw-
ing in which Fig. 1 represents schematically a
circuit embodying the principles of my invention;
Fig. 2 shows a meodified form of receiver which
may be substituted for the receiver shown'in
Fig. 1; and Fig. 3 shows in block form an adapta.-
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tion of the principles of my invention to a multi-
plex system of radio communication.

In Fig. 1, there is shown an embodiment of niy
invention permitting duplex or multiplex comi-
munication” on & single band of frequencies.
Means is provided whereby pulses are trans-
mitted only during the intervals between received
pulses. .

At each’stdation in the system, there is provided
a suitable transmitter 50 and a suitable receiver
51,

The transmitter may comiprise a, sawtooth wave
generstor 82, illustrated i the form of a multi-
vibrator of the floating cathode type, and may
comprise electron discharge devices 71 and 12
having anodes 13, 74, control electrodes 75, 16 and
the cathodes 17, 18, respectively. A cathode bias-
ing resistor 19 is provided between the cathodes
and ground. The capacitor 89 is connected be-
tween the anode T3 and the control electrode 786.
A capacitor 81 and a resistor 82 are connected in
series between the anode 74 and ground. The
control electrodes are connected to ground by
suitable resistors 97 and 98. Anode potential] is.
obtained from a source 83, the positive terminal
of- which is connected to the anode 73 through. a
resistance 84 and to the anode 74 through a vari-
able resistance 85. The circuit constants are ar-
ranged so that discharge device Tl is condiictive
over substantially the entire pulse. cycle. When
the discharge device Ti begins to conduct, the
anode potential of anode 13 bécomes. less and the
charge on condenser 80 causes confrol electrode
16 to become negative and the discharge device
12 is rendered non-conductive. The capacitor 81
tends to become charged when the device 12 is
non-conductive because of the high potential then
existing on anode 74. The charge on capacitor
80, which accumulated during the préceding in-
terval tends to leak off through the resistance. 98
and the control electrode 76 gradually becomes
less negative and finally be¢omes sufficiently less-
negative to permit the device 72 to conduct cur-
rént. Such conduction causes current to flow
through the resistance 19 and drives the cathode
17 slightly more positive with respect.to the con-
trol electrode 75 and thereby causes. a reduction
of the anode current through the device 11. The
result is. an increase in the positive potential on
the anode 13 which drives the control electrode
76 of the device 14 slightly more positive to- in~
creasé the current through the discharge device
12. The current in the resistance 79-again- in-
creases. This increase continues until the - dis<
charge. device 10" is. cut off. The condenser 81
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is discharged when the device 72 becomes conduc-
tive. By the proper choice of circuit constants
the output voltage is sawtooth in shape because
of the intermittent charge and discharge of the
condenser 81.

The sawtooth waves are impressed upon the
control electrode 56 of an electron discharge de-
vice 51. The output from the discharge device
81 is impressed across a capacitor 58 and an iron
core inductance §8. The inductance permlts the
storage of energy during the slow rise of the
sawtooth wave. Upon termination of the rise
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of the sawtooth wave, the stored energy is re-

leased suddenly by the condenser 58 and the in-
ductance 59 at a relatively high potential to the
anode 61 of the oscillator 62,
lease provides a pulse of high intensity, short du-

The sudden re-.
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. multivibrator

‘vices 88 and 89,
- relative widths of ths positive and negative square
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condenser 81, Thus, it may be considered that
the t{ransmitter is rendered inoperative when
pulses are to be received or that the transmitter
is rendered operative for the transmission of
pulses only at predetermined times between the
receipt of pulses from a remote transmitter.

In order to adjust the time interval between the
positive and negative impulses impressed on the
control electrode 75 there is provided means 93
comprising a, potentiometer type resistance con-
nected between the control electrodes of the de-
This causes variation of the

blocks - without -appreciably changing the fre-
quency. If the repetition rate of pulses in the
52 of the transmitter and the

- ~quench frequency of the receiver are chosen rela-

ration, radio frequency energy which is trans= - -

mitted over the antenng 63 to the remote receiver.
Suitable modulation means may bs employed as
indicated by the numeral 60. The amplitude of
the sawtooth wave of plate current in the dis-
charge device 57 may be controlled or varied by
the potential of a second control electrode 189

of the device §1. The discharge of the device 51

is dependent not only on the waves impressed
thereon by means of the control electrode 56 but
also by the potential of the second control elec-
trode {00. In this manner s simple modulator
of the Heising type may be used for modulating
the potential of the control electrode {08 in ac-
cordance with audic modulation frequencies. It
is apparent that the pulse rate should be higher
than the highest modulating frequency.

The lower portion of Fig. 1 illustrates a suitable
periodically apertured receiver which may be of
the super-regenerative type with a self-quench
rate which is nearly the same as the repetition
rate of the multi-vibrator. Signals received on
the antenna 88 are reproduced by any desired
means including a loudspeaker 65.

Means is provided to synchronize the trans-
mission and reception of pulses from any one
station so that pulses are not transmitted during
the period of reception of pulses. This means

may comprise a suitable time delay device 85

connected between the anode $6 of the detector
61 and the control element 75 of the discharge
device T1 of the sawtooth wave generator, A neg-
ative impulse appearing on the ancde 66 of the
detector is differentiated in a suitable filter 87 to
remove audio components of the anode voltage
and is impressed on the time delay circuit 86.
The time delay circuit illustrated is in the form
of a multivibrator, and includes electron dis-
charge devices 83 and 89. The differentiated
pulses from the receiver are impressed on the
control electrode 90 of device 88, Relatively
square pulses appear in the anode eircuit as in-
dicated in the drawing. These pulses are gif-
ferentiated in suitable filter sections 9§ and 92
and the sharp, differentiated pulses, the shape of
which is indicated at the output of the filter sec-
tions, are impressed on the control electrode 15 of
the discharge device T/ in the sawtooth wave gen-
erator of the transmitter,

Inasmuch as the discharge device 7! is nor-
mally conducting, the appearance of positive
pulses on the control electrode. usually has no
effect and the generator continues to generate
sawtooth waves, However, the receipt of nega-
tive pulses drives the control electrode 75 suffi-
ciently negative to cut off the discharge device
Tl and interrupt the production of sawtooth
waves by causing discharge device 12 to discharge
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tively close together, as, for example, 1000 cycles
rer second and 990 cycles per second respectively,
the receiver and transmitter will tend to pull into
synchronism in such a manner that the local
transmitter will emit pulses at a definite time
during the intervals between the receipt of pulses
from the distant stations. Of course, these fre-
quencies should normally be higher than the
highest modulating frequency, as = previously
pointed out above. Therefore thess values are
merely illustrative. For voice communication
purposes, these frequencies might be at least 5,000
to 10,000 cycles per second to insure good intelli-
gibility,

In order to adjust the repetition rate of the
sawtooth wave generator 52, the resistances 85
and 98 may be made variable. In a similar man-
ner, in order to adjust the repetition rate of the
multivibrater 86 in the time delay circuit associ-
ated with both the transmitter and the receiver,
a resistance $4 of the variable type may be con-

-- nected between the positive terminal of the source
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of potential 84’ and a point on the potentiometer
83. The gquench rate of the receiver may be ad-
justed to the desired frequency by providing a
variable resistor 83 shunted by a suitable capaci-

-tance 29 in the grid-to-cathode circuit,

By proper choice of constants in the time de-
lay circuits, the system automatically locks in
such a way that the receiver synchronizes with
the remote transmitter, and the local transmitter

-~ synchronizes with the loca] receiver by means of
50

the time delay device. The remots receiver locks
in with the local transmitter and the remote
transmitter then synchronizes or locks in with
the remote receiver.

The provision of the tlme delay mrcmts and

5 the adjustment device or means 93, enables ad-

justment of a given receiver and transmitter to
any remote receiver and transmitter irrespective
of the distance between the stations. .

The above described system embodying the time
delay devices 8% is particularly advantageous be-
cause if the synchronizing pulses at one of the
receiving stations are too weak to cause locking
of the transmitter, or if one of the locking or time
delay means fails for any reason, proper opera-

“tion of the system . will take place because the

transmitter in one station will synchronize the
receiver at the distant station, the distant receiver
will lock-in the distant transmitter and the local

receiver will then lock in with the distant trans-

mitter, In this way a double lock is provided
which will insure proper operation of the system
even if only one end of the system is working
properly and, accordingly, the reliability of the

.system -is appreciably increased,

It has been stated that a superheterodyne type
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receiver may be used instead-of the super-regen-
erative type previously described. In such a ease,
there is no quench rate to be synchronized with
the received signal pulse, The use of a-superhet-
erodyne receiver instead of a super-regenerative
detector, therefore, would ordinarily prevent -any
time selection of incoming pulses unless the e-
ceiver is automatically apertured into operation
or rendered operative just-before the desired pulse
is received. Means for aceomplishing this result
is shown in Fig. 2. There is shown an -arrange-
ment whereby a second time delay device 86a is
synchronized from the superheterodyne receiver
output .and the differentiated output pulse is-used
to raise the potential on a control-electrode, such
as a screen electrode of a discharge .device 400.
When device 180 becomes -eonductive, its cathode
potential becomes relatively high -and the -screen
grid potential of the discharge device 101 in the
intermediate frequency stage becomes sufficiently
high to aperture or render gperative the reeeiver
during the period when the desired synchronizing
signal is received. The repetition rate of the de-
lay device 88¢ as well as its delay control must
be carefully adjusted for the desired incoming
pulse in a manner similar to the system shewn
in Fig. 1. Different signals operated.on the same
carrier frequency but at different phase relations
for a given pulse rate may be selected by adjust-
ment of the repetition rate so -that the synchro-
nism can slip from one signal to another until
the desired :signal is received. In the .case of
narrow pulses and a narrow receiver aperture,
little interference would be expected from non-
synchronous signals.

More than two stations may be included -in :a
network operating on a single band of frequencies
with different delay settings. Insuch an arrange-
ment it is only necessary that the time delay cir-
cuit in the various stations be adjusted to cause
operation in the intervals between pulses from
other stations operating on the same frequency.
Fach station will require certain intervals of re-
ception due to each pulse period for each of the
stations on the network, depending upon the de-
lays at each transmitter as well as the various
distances of transmission.,

In Fig. 3 there is illustrated in a general way
how such a system might be operated. Master
transmitter T1 sends out a reference pulse for
synchronizing purposes to all receivers, and the
signals are received by, for example, receiver Ra.
A time delay device D21 at station Rz is shown
for synchronizing operation of the transmitter
T2 with the receiver Rz and a second delay device
Deo—2 is used for opening up or gating the receiver
just prior to the synchronizing pulse so that defi-
nite synchronization is obtained on the master
station. Additional delay devices may be con-
nected to receiver Re if it is desired to ungate or
open up the receiver at another time in each pe-
riod when a signal is received from transmitter
Ts, for instance, the latter station also being syn-
chronized with the main or master station. Com-
munication can be carried on between any pair of
remote stations or even between several pairs of
remote stations at the same time, on the same fre-
quency and at the same pulse rate, so long as 2
delay device is provided for each transmitter to be
heard in each pulse period. The master station
may be adjusted to hear any remote station and
can break in on any conversation at will,

While I have shown and described a particular
embodiment of my invention, it will be obvious to
those skilled in the art that changes and modifi-
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6
cations may be made withouf departing from 1y
invention in its broader aspeets,.and I, therefore,
aim in the appended claims to cover all such
changes. and modifications as fall within the true

What I-claim as new and desite to secure by
Letiers Patent of the United States is:

1. In g pulse communication system including
a plurality of spaced stations, a pulse generating
transmitter at each of said stations, said frans-
mitters generating and radiating discrete pulses
at substantially the same repetition rate, a pulse
receiver at each of said stations, means for syn-
chronously rendering each of said receivers pe-
riodically operative to receive pulses from ome
of said transmitters, independently operating syn-
chronizing means interposed between the receiver
and transmitter at each -station for controlling
the transmitter pulse rate, said means comprising
a pulse generator synchronized by said received
pulses, means for adjusting the -width of pulses
developed by said generator, and means utilizing
the trailing-edges.of said pulsesto synchronize the
transmitter at-the same station, thereby to delay

he transmission :of pulses from the:same station
for adjustable periods within the intervals he-
tween said received pulses. :

2. In a2 pulse communieation system, a plural-
ity of statiens each including a pulse transmitter
angd a pulse receiver, aseparate pulse .generator
for controlling each .of said transmitters, means
for rengering -each of said receivers periedically
operative to-receive pulses thereby to synchronize
each recejver with pulses received from-any -one
of said:other transmitters, and time element syn-
chronizing means .at each -of said stations inter-
peosed between said receiver and said pulse gen-
erator, said synchronizing means comprising .a
second pulse generator adapted to be synchro-
nized by ;said received pulses, and means for .ad-
Justing the fime :position .of synchronizing pulses
suppied from said secend:pulsegenerator todelay
pulse transmission from any station with respect
to pulse reception at the same station by g seleci-
able amount so that radiation of pulses at any
station is restricted to predetermined discrete in-
tervals between pulse reception at the same sta-
tion.

3. In a pulse communication system, a pair of
spaced stations each including a pulse transmit-
ter and a separate pulse receiver, a pair of pulse
generators each having substantially the same
free-running repetition rate and each arranged
to control one of said transmitters, each of said
receivers including means independent of received
pulses for rendering said receiver periodically op-
erative to receive pulses at substantially said rep-
etition rate, each said receiver automatically syn-
chronizing with pulses received from the other of
said transmitters, adjustable time delay means
at each station responsive to pulses received at
the same station for developing synchronizing
pulses recurring at the same rate as said received
pulses but delayed by a selectable time interval,
and means for synchronizing the pulse genera-
tor at the same station with said delayed pulses,
thereby to render the transmitter at said same
station  operative to radiate pulses only in the
intervals between said received pulses, said time
delay intervals being adjusted to cause the trans-
mitters and receivers at both said stations to be
mutually locked in synchronism in a closed loop
to operate at said repetition rate.

4, A pulse communication system comprising
2 palr of spaced stations, a pulse transmitter at
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éach station including a control pulse generator,
each of said pulse generators having substantially
the same free-running repetition rate, a super-
regenerative receiver at each of said stations hav-
ing a quench rate substantially equal to said pre-
determined repetition rate, each of said: receivers
automatically synchronizing with the other of
said transmitters, and adjustable time delay
means at each of said stations responsive to re-
ceived pulses at the same station for developing
synchronizing pulses recurring at said repetition
rate but delayed by a selectable time interval, and
means for synchronizing the pulse generator at
the same station with said delayed pulses; there-
by to insure that pulses are transmittéd from each
station only in the intervals between reception of
pulses at the same station, said time delay inter-
vals being adjusted to cause the transmitters and
receivers at both said stations to.be mutually
locked in synchronism in a closed loop to operate
at said repetitionrate. = -

5. A pulse communication system comprising a
plurality of variably spaced stations, a pulse
transmitter at each station including a pulse gen-
erator, each said pulse generator having substan-
tially the same predetermined repetition rate, a
periodically operative receiver at each station
apertured at a rate substantially equal to said
repetition rate, each said receiver being arranged
to synchronize with any one of said transmitters,
a multivibrator at each of said stations connected
for synchronization by pulses received at the same
station, each said multivibrators being connected
to synchronize the local pulse.generator with
pulses received at the local receiver s6 that pulses
are transmitted from any station only at discrete
intervals between received pulses, and means for
varying the on-off ratio of said multivibrator
thereby to vary the time interval between received
and transmitted pulses at any one station in-ac-
cordance with the spacing between said stations.

6. In a pulse communication system including
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a pair of spaced stations, a pulse transmitter in
each of said stations, a control pulse generator
for causing each of said transmitters to radiate
discrete pulses at the pulse frequency of said
generator, each said generator being adapted to
be synchronized for operation at a common pulse
frequency, a pulse receiver in each of said sta-
tions, means for synchronizing each receiver with
pulses from the transmitter at the other station
and for -rendering sald receiver operative only
during short time intervals including said pulses,
and adjustable time delay means controlled by
received pulses from each receiver for impressing
synchronizing pulses on the control pulse genera-
tor at the same station affer a selectable time
delay; thereby to restrict radiation of pulses from
each station to discrete intervals between recep-
tion of pulses at the same station, said time de-
Iays being adjusted to cause the transmitters and
receivers at both said stations to be mutually
locked in synchronism in a closed loop to operate
at said common pulse frequency.
GEORGE W. FYLER.
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