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UNITED STATES PATENT OFFICE

2,425,316
PULSE REPEATER SYSTEM

Orville E. Dow, Port Jefferson, N. Y., assignor
to Radio Corporation of America, a corpora-

tien of Delaware

Application April 7, 1944, Serial No. 529,946
(CL 250—15)

8 Claims.
1

This invention relates to a radio repeater sta-
tion for repeating pulses of high frequency en-
ergy which are short compared to the time inter-
vals between them.

One object of the present invention is to en-
able the efficient reception and retrahsmission of
phase or frequency modulated signal pulses of
high frequency energy in g radio system, while
at the same time preventing the retransmission
of extraneous pulses received during the inter-
vals between signal pulses.

Another object is to provide a repeater station
for use in a pulse communication radio system
which has a continuously operative receiver whose
output is employed to synchronize a pulse gen-
erator by means of the incoming sighal pulses,
but which pulse generator is insensitive to pulses
received during the intervals between signal
pulses.

A more detailed description of the invention
follows in conjunction with a drawing, wherein
Fig. 1 illustrates the pulse repeater system of the
invention, in a sketch which is partly diagram-
matic and partly schemaftic, and Fig. 2 graphical-
ly illustrates the operation of the pulse genera-
tor of Fig. 1.

The repeater system of Fig. 1 is adapted pri-
marily to receive and retransmit pulses which are
short compared to the time interval between
them, and which pulses have their phase or pulse
rate modulated by the intelligence to be con-
veyed. The short incoming pulses of radio fre-
quency energy, preferably ultra high frequency
energy, are received on antenna 10 and fed to
radio frequency amplifier {1 from which the
pulses are conducted to a frequency converter
12 where they beat with the energy from a het-
erodyne oscillator 13 to produce in the output of
the frequency converter pulses of intermediate
frequency energy. These pulses of intermediate
frequency energy are amplified in intermediate
frequency amplifier {4 and then passed on to a
rectifier 15. By way of example, only, the in-
coming pulses which are collected on the receiv-
ing antenna 10 may have a duration of one
microsecond and be spaced fifty microseconds
apart. The pulse rate and the spacing of these
incoming pulses will vary due to the modulation
in the remote transmitter (not shown). The out-
put of the rectifier 15 is in the form of direct cur-
rent pulses, although it should be understood that
these direct current pulses may start from a neg-
ative value and increase to a positive value.
These direct current pulses are then supplied

2

over a path | to a local monitor circuit and over

a path 2 to a pulse generator circuit.

The local monitor circuit includes a suitable
selective circuit 16 which may be a band pass fil-
ter, and which will transform the direct current
pulses stitbstantially to a sihusoidal carrier. The
output of the selective circuit 16 is transmitted

" through an amplitude limiter 17 to a discrimina-
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tor and detector circuit 18. The limiter 17 and
the discriminator and detector 18 may be of the
same type as those commonly used in receivers
built for phase modulation and/or frequency
modulation purposes. - Apparatus {8 may include
that type of discriminator circuit which employs
a pair of off-tuned circuits. The output of the
discriminator 18 will contain the original audio
modulation, which may be voice, and this audio
modulation may be heard in a loudspeaker 19,
which is illustrative of any suitable acoustic
transducer.

The direct current pulses which are fed over
path 2 to the pulse generator circuit 21 serves to
synchronize this pulse generator at the frequency
or pulse rate of the incoming pulses. Pulse gen-
erator 21 is in the form of a vacuum tube tetrode
whose control grid and anode electrode are con-
nected to separate windings of a three-winding
pulse transformer 20. The output winding of the
pulse transformer derives rectangular wave out-

put pulses of short duration and supplies these

pulses, by way of lead 3, to a pulse amplifier 23
for controlling a suitable ultra short wave gen-
erator such as a magnetron 24. The wave shape
of these rectangular wave pulses is shown imme-
diately above lead 3. The pulse transformer 20 is
so coupled to the tetrode 21 that there is a regen-~
erative action which gives very sharp increase of
current in the tube { when the current is build-
ing up and very sharp decay when the current is
decreasing, thus providing pulses having sharp
slopes or edges.

In circuit with the cathode of the vacuum tube
2f is an artificial line I, one end of which is
connected between the cathode and ground (as
shown) and the other end of which is connected
across a constant current modulator vacuum tube
22, In practice, the modulation tube 22 may be
placed anywhere along the length of the line L
and even at the cathode end of tube 21, if so de-
sired. The line L is in the form of a low pass
filter consisting of several sections, but may be
of any suitable type. A coaxial line is not be-
lieved to be desirable for practical reasons be-
cause it would be too long and bulky compared
to more compact available structure.
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The internal plate impedance of the modulat-
ing tube 22 is designed to be high compared to
the characteristic impedance of line L. A signal
modulating circuit is coupled across the control
grid and cathode of tube 22 through a suitable
audio amplifier (not shown). The modulating
signal may be speech or any other suitable signal
for impressing a local modulation upon the out-
going signal. When the outgoing signal is being
modulated locally, lead 2 is opened by means of
switch S so that the received signal does not
synchronize the pulse oscillator during this time,

The anode of tube 21 is supplied with a positive
polarizing potential through one winding of the
transformer 20. The same power supply may
furnish a positive potential to the screen grid of
the modulator 21 through a suitable circuit ar-

10

15

rangement. Condensers C and Ci in the screen

grid circuits of tubes 21 and 22, respectively, are
by-pass condensers for these tubes. Condenser
Cl is a by-pass condenser for the pulse frequency
to maintain the screen grid of tube 22 at a con-
stant potential insofar as pulse voltages are con-
cerned. The cathode of tube 21 is always main-
tained at a positive potential relative to ground,
and supplies the anode voltage for the modulator
tube 22 through line L.

In the operation of the pulse generator, an
increase of current through the central winding
of transformer 20 will induce a voltage in the
winding directly connected to the conirol grid of
tube 21 in such direction as to place a positive
pulse on the control grid which will hasten or
expedite the flow of current through tube 2(. The
flow of current through tube 2f will cause a
pulse of voltage to flow down line L from the
cathode end to the other end at which the modu-
lator tube 22-is located. When this traveling
pulse of voltage reaches the end of the line, it
will be reflected in phase and travel back along
the line L to the cathode of tube 21, with a re-
sultant voltage effectively double the initial volt-
age. When this resultant voltage reaches the
cathode end of the line, it cuts off the current
through tube 21. The initial pulse voltage pro-
duced at the cathode end of line L due to cur-
rent flowing in tube 21 is of such relative polarity
as to tend to cut down the current flow in the
tube but is not of sufficient magnitude at this
time to cut off the conductivity of the tube. But,
when the pulse returns to the cathode from the
other end of the line with a resultant magnitude
of twice the initial magnitude, it is then of suffi-
cient value to decrease the current flowing
through the tube 2f. When the current starts to
decrease through tube 21 and through the cen-
tral winding of transformer 29, the voltage in-
duced in that winding in ecircuit with the control
grid (by this decreasing current) will reduce the
positive voltage on the grid and hasten the cut-off
action. This regenerative action serves to give
very sharp decay and very sharp increase of
current in the tube 21.

The operation of the pulse generator is graphi-
cally illustrated in Fig. 2, wherein graph ¢ shows
the variations in the voltage between the cathode
of tube 21 and ground, with respect to time, and
graph b illustrates the variations in voltage on
the control grid of tube 2{ with respect to time.
Point X on the ordinate of graph a is the cut-off
voltage on tube 21. The distance Y on graph a
represents the instantaneous value of voltage
across the cathode end of the line L at any in-~
stant, as measured from the slope of the curve
to the zero voltage line. Time ¢! represents the
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time during which no current flows in the tube 21,
while time 2 represents the time of each pulse
during which current does flow in tube 21. Tt
will thus be seen that the duration of the pulse
is determined by the electrical length of line L
and that this time may be and is short compared
to the time interval between pulses. The rec-
tangular wave of graph b appears in the output
of the pulse generator | and is available in lead 3.
The tiine interval between pulses is determined,
in part, by the average anode current in tube
22 as will be explained.

The effect of the pulse traveling down along
the line L. and back again is to charge up the
capacity in the line to a value equal to the re-
sultant voltage. This voltage on the line will
keep the tube 2{ cut-off until the voltage in the
line dissipates to a value below the cut-off value
of tube 2{. This dissipation occurs through the
modulator tube 22 and the time thereof may he
increased or decreased by means of potentials
applied between the control grid and cathode of
tube 22. Modulator tube 22 provides a constant
current flow therethrough for any fixed value of
bias on the control grid thereof. It will thus be
evident that variation in modulating potential
applied to the contro! grid of tube 22 will vary
the impedance of the tube 22 with a consequent
variation in the dissipation rate of the voltage on
line 1, as a result of which the pulse rate of the
pulses appearing in line 3 will be varied in de-
pendence upon the modulating potentials.

When the system is acting as a repeater the
average current of modulator tube 22 is set at a
value that will make the natural period of the
pulse generator longer than the longest time be-
tween two consecutive pulses of the received sig-
nal. Thus when the system is operating as a re-
peater, switch S is closed and switch S: is open.
The added resistance Rz in the cathode circuit of
tube 22 decreases its average current and in-
creases the natural period of the pulse oscillator.
However, the pulse oscillator is not allowed to
oscillate at its matural period. As the cathode
voltage decreases following g pulse (Fig. 2, curve
(a)) it approaches the value X where it will auto-
matically generate another pulse. Before it
reaches this value a pulse from the receiver drives
the grid of tube 21 plus and causes the generator
to produce a pulse in synchronism with the re-
ceived pulse. Due to the high plus voltage on
the cathode of the tube 21 immediately following
a pulse it can not be tripped again. 'Thus energy
from the transmitting antenna 25 which will get
back into the receiving antenng {0 cannot cause
the system to oscillate or sing.

It will at times be necessary for an operator or
service man at a repeater station to modulate
the outgoing signal. To do so the switch S, Fig. 3
is opened and switch S' is closed. The pulse
generator is how operating at its own natural
period. To make this natural period equal to the
average frequency of the received signal the
cathode resistance of modulator tube 22 is de-
creased by shorting out Rz2. The frequency of the
pulses generated by tube 2! is modulated in ac-
cordance with the voltages applied to the control
grid of tube 22.

The pulses in lead 3 are amplified in pulse am-
plifier 23 and applied to the magnetron 24. This
magnetron is shown diagrammatically only as
having a cathode connected to the pulse amplifier
23 and a surrounding anode connected to
ground. A magnetic coil producing flux lines
substantially parallel to the axis of the cathode
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is shown by a circle formed by a dash line. Out-
put from the magnetron is taken from a loop lo-
cated in the interior of the magnetron and con-
nected to a lead 4 extending to the transmitting
antenna, 25.

This magnetron will be pulsed by the rectangu-
lar wave-form short-duration pulses impressed
thereon by the pulse generator 21 to produce sub-
stantially corresponding length pulses of ultra
short wave energy which are radiated from the
antenna 25. These microsecond duration pulses
generated by the pulse generator 21 will control
the ultra high frequency oscillator 24 to produce
substantially microsecond pulses of ultra short
wavelength energy. .

By way of example only, the incoming pulses
may have a duration of one microsecond and be
composed of a carrier wave of 500 megacycles.
These pulses may be spaced approximately fifty
microseconds apart, depending upon the phasing
or pulse rate modulation impressed thereon at the
remote transmitting station. The incoming
pulses may be beat down by the frequency con-
verter to produce intermediate frequency pulses
whose carrier is 30 megacycles. The pulse
generator 20, 21 may produce pulses at a rate of
about twenty kilocycles per second. The artificial
line may have a delay from one end to the other
of about 0.5 microsecond.

When the system is acting as a repeater, the
generation of the pulse generator 21 will be
synchronized by the incoming pulses so that the
bulses impressed on the transmitting antenna
are at the rate of twenty kilocycles and syn-
chronized with the incoming pulses. The local
modulator circuit 22 provides one way by which
local modulation may be applied to the trans-
mitted pulses. Because the incoming signal is
disconnected from the transmitter when it is de-
sired to modulate the transmitter locally, the
local modulator does not superimpose its own
modulation on the relayed signals.

It should be noted that the receiver of the gys-
tem of Fig. 1 is continuously operative to receive
incoming signals.
the various circuit elements of the system, how-
ever, the outgoing pulses radiated by the trans-
mitting antenna, 25 occur in the time intervals be-
tween the received incoming signal pulses. Due
to the fact that the pulse generator 21 generates
extremely short pulses during the time intervals
t2 (note graph b of Fig. 2) and is non-responsive
during the time interval ¢1, there is less possibility
of any extraneous incoming pulses impressed on
the receiver affecting the pulse generator. Thus,
noise or static pulses occurring after signal pulses
cannot affect the pulse generator 2!. In the ab-
sence of incoming signal pulses, the pulse genera-
tor 21 will function to continucusly generate
pulses at the rate of about twenty kilocycles per
second. The antenna 18 and 25 are merely illus-
trative of any suitable type of directive energy
collecting and radiating structures. This may be
in the form of dipoles at or near the focus of
the parabolic reflectors (as shown) or may be in
the form of electromagnetic horns, any other suit-
able configuration.

Iclaim:

1. In a pulse communication system employing
radio frequency energy pulses whose phase or
frequency is modulated by intelligence, a repeater
station comprising a receiving antenna, a con-
tinuously operative receiver coupled to said re-
ceiving antenna for converting the pulses of radio
frequency energy to pulses of direct current, a
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local monitor including a discriminator coupled
to the output of said receiver for deriving the
modulation components from said direct current
pulses, a pulse generator also coupled to the out-
pub of said receiver and synchronized by the re-
ceived pulses to produce a series of pulses which
are short compared to the time intervals between
them, said pulse generator being so consiructed
and arranged as to be non-responsive to pulses
received during the intervals between incoming
signal pulses, a radio frequency oscillator under
control of the pulses produced by said pulse gen-
erator to thereby produce substantially corre-
sponding duration pulses of radio frequency en-
ergy, and a transmitting antenna coupled to the
output of said radio frequency oscillator,

2. In a pulse modulated radio communication
system wherein the radiated carrier is broken
up into equal length pulses of short duration
compared to the time intervals between them,
and the relationship of the pulses varied in ac-
cordance with the audio signal to be transmitted,
a continuously operative receiver for said pulses
including a receiving antenna, said receiver com-
prising a frequency converter and a rectifier, a
discriminator circuit coupled to said rectifier for
reproducing the audio modulation of the trans-
mitted intelligence, an acoustic transducer cou-
pled to the output of said discriminator circuit,
a pulse regenerative oscillator coupled to the out-
put of said rectifier and adapted to be synchro-
nized by the incoming signal pulses, to thereby
produce other - pulses which have substantially
the same short duration as the incoming pulses,
said pulse generator being so constructed and
arranged as to be non-responsive to pulses re-
ceived during the intervals between incoming sig-
nal pulses, an ultra high frequency oscillator
under control of the pulses produced by said
pulse oscillator to thereby produce substantially
corresponding duration pulses of radio frequency
energy, and a transmitting antenna coupled to
the output of said ultra high frequency oscillator.

3. In a pulse modulated radio communication
system wherein the radiated carrier is broken
up into equal length pulses of short duration
compared to the time intervals between them
and the relationship of the pulses varied in ac-
cordance with the audio signal to be transmit-
ted, a continuously operative receiver for said
pulses including a receiving anfenna, said re-
ceiver comprising a frequency converter and'a
rectifier, a discriminator circuit coupled to said
rectifier for reproducing the audio modulation
of the transmitted intelligence, an acoustic
transducer coupled to the output of said dis-
criminator circuit, a pulse regenerative oscillator
coupled to the output of said rectifier and adapt-
ed to be synchronized by the incoming signal
pulses to thereby produce other pulses which
have substantially the same short duration as the
incoming pulses, said pulse generator being so
constructed and arranged as to be non-respon-
sive to pulses received during the intervals be-
tween incoming signal pulses, a local modulator
circuit. coupled to said pulse generator for vary-
ing the repetition rate of the pulses produced by
said generator in accordance with audio modula-
tion, an ultra high frequency oscillator under
control of the pulses produced by said pulse
oscillator to thereby produce substantially cor-
responding duration pulses of radio freguency
energy, and a transmitter antenna coupled to the
output of said ultra high frequency oscillator.

4, In a pulse modulated radio communication
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system wherein the radiated carrier is broken up
into equal length pulses of short duration com-
pared to the time intervals between them and the
relationship of the pulses varied in accordance
with the audio signal to be transmitted, a con-
tinuously operative receiver for said pulses in-
cluding a receiving antenna, said receiver com-
prising a frequency converter and a rectifier, a
discriminator circuit coupled to said rectifier for
reproducing the audio modulation of the trans-
mitted intelligence, an acoustic transducer cou-
pled to the output of said discriminator circuit,
a pulse regenerative oscillator coupled to the out-
put of said rectifier and adapted to be synchro-
nized by the incoming signal pulses, to thereby
produce other pulses which have substantially
the same short duration as the incoming pulses,
said pulse generator being so constructed and
arranged as to be non-responsive fo pulses re-
ceived during the intervals between incoming
signal pulses, said pulse oscillator comprising an
electron discharge device having a cathode, an
anode and a control grid, separate coils in circuit
with said anode and grid which are coupled to
each other, and a line of predetermined length
connected at one end between said cathode and
ground and unterminated at its other end such
that a voltage wave traveling down the line from
the cathode end will be reflected from said other
end in-phase to produce a resultant voltage on
said line effectively substantially double the ini-
tial voltage wave, an ultra high frequency oscil-
lator under control of the pulses produced by said
pulse oscillator to thereby produce substantially
corresponding duration pulses of radio frequency
energy, and a transmitting antenna coupled to
the output of said ultra high frequency oscillator.

5. In a pulse modulated radio communication
system wherein the radiated carrier is broken up
into equal length pulses of short duration com-
pared to the time intervals between them and
the relationship of the pulses varied in accord-
ance with the gudio signal to be transmitied, a
continuously operating receiver for said pulses
including a receiving antenna, said receiver
comprising a freduency converter and a recti-
fier, a discriminator circuit coupled to said reec-
tifier for reproducing the audip modulation of
the transmitted intelligence, an acoustic trans-
ducer coupled to the output of said discrimi-
nator circuit, a pulse regenerative oscillator
coupled to the output of said rectifier and adapt-
ed to be synchronized by the incoming signal
pulses to thereby produce other pulses which
have substantially the same short duration as
the incoming pulses, said pulse generator being
so constructed and arranged as to be non-re-
sponsive to pulses received during the intervals
between incoming signal pulses, said pulse os-
cillator comprising an electron discharge device
having a cathode, an anode and a control grid,
separate coils in circuit with said anode and
grid which are coupled to each other, and a line
of predetermined length connected at one end
between said cathode and ground and untermi-
nated at its other end such that a voltage wave
traveling down the lne from the cathode end
will be reflected from said other end in-phase
to produce a resultant voltage on said line effec-
tively substantially double the initial voltage
wave, a modulator coupled across. said line,
means for varying the conductivity of said mod-
ulator in accordance with a signal, an ultra high
frequency oscillator under control of the pulses
produced by said pulse oscillator to thereby pro-
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duce substantially corresponding duration im-
pulses of radio fregquency energy, and a frans-
mitting antenna coupled to the output of said
ultra high frequency oscillator.

6. In a pulse modulated radio communication
system wherein the radiated carrier is broken
up into equal length pulses of short duration
compared to the time intervals between them,
and the relationship of the pulses varied in ac-
cordance with the audio signal to be transmit-
ted, a receiver for said pulses including a re-
ceiving antenna, said receiver comprising a fre-
quency converter and a rectifier, a discriminator
circuit coupled to said rectifier for reproducing
the audio modulation of the transmitted intel-
ligence, an acoustic transducer coupled to the
output of said discriminator circuit, a pulse os-
cillator coupled to the output of said rectifier and
adapted to be synchronized by the incoming sig-
nal pulses, to thereby produce other pulses which
have substantially the same short duration as
the incoming pulses, said pulse generator being
a screen grid vacuum tube and so constructed
and arranged as to be non-responsive to pulses
received during the intervals between incoming
signal pulses, an ultra high frequency oscillator
under control of the pulses produced by said
pulse oscillator to thereby produce substantially
corresponding duration pulses of radio fre-
quency energy, and a transmitting antenna
coupled to the cutput of said ultra high frequency
oscillator.

7. In a pulse modulated radio communication
system wherein the radiated carrier is broken
up into equal length pulses of short duration
compared to the time intervals between them,
and the relationship of the pulses varied in ac-
cordance with the audio signal to be transmit-
ted, a receiver for said pulses including a re-
ceiving antenna, said receiver comprising a fre-
quency converter and a rectifier, a discriminator
circuit coupled to said rectifier for reproducing
the audic modulation of the transmitted intelli-
gence, an acoustic transducer coupled fo the

© output of said discriminator circuit, a pulse re-

generative oscillator coupled to the output of
said rectifier and adapted to be synchronized
by the incoming signal pulses, fo thereby pro-
duce other pulses which have substantially the
same short duration as the incoming pulses, said
pulse generator having regeneratively coupled
coils and being so constructed and arranged as
to be non-responsive to pulses received during
the intervals between incoming signal pulses, an
ultra high frequency oscillator under control of
the pulses produced by said pulse oscillator to
thereby produce substantially corresponding du-
ration pulses of radio frequency energy, and a
transmitting antenna coupled to the output of
said ultra high frequency oscillator.

8. In a pulse modulated radio communication
system wherein the radiated carrier is broken
up into equal length pulses of short duration
compared to the time infervals between them,
and the relationship of the pulses varied in ac-
cordance with the audio signal to he transmit-
ted, a continuously operative receiver for said
pulses including a receiving antenna, said re-
ceiver comprising a frequency converter and a
rectifier, a discriminator circuit coupled to said
rectifier for reproducing the audio modulation
of the transmitted infelligence, an acoustic
transducer coupled to the output of said dis-
criminator circuit, a pulse oscillator coupled to
the output of said rectifier and adapted to be
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synchronized by the incoming signal pulses, to
thereby produce other pulses which have sub-
stantially the same short duration as the incom-

ing pulses, said pulse generator being so con-

structed and arranged as to be non-responsive
to pulses received during the intervals between
incoming signal pulses, an ultra high frequency

10
oscillator under control of the pulses produced
by said pulse oscillator to thereby produce sub-
stantially corresponding duration pulses of radio
frequency energy, and a transmitting antenna
coupled to the output of said ultra high frequency

oscillator.
ORVILLE E. DOW.




