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This invention relates generally to a radio re 
laying system, and more particularly to such a 
system employing pulses of high frequency en 
ergy which are short compared to the time in 
tervals between them for transmitting the radio 
signals. 
An object of the present invention is to enable 

the eñicient reception and retransmission of 
modulated pulses of high frequency energy in a 
radio relaying system. 
Another object is to provide a repeater station 

for use in a radio relay system, which receives 
and retransmits pulses of high frequency energy 
and which overcomes the eñects of extraneous 
feed back between receiving and transmitting 
antennas. 
A further object is to provide a repeater sta 

tion for use in a pulse communication radio 
relay system which introduces a delay between 
the received and retransmitted pulses and utilizes 
the received pulses to block the receiving chan 
nel in the intervals between received pulses dur 
ing which intervals the delayed pulses are re 
transmitted. 
A still further object is to provide a system 

for generating pulses and for modulating the 
width of the generated pulses in accordance with 
signal modulation, 
A still further object is to provide a system for 

converting width modulated pulses to phase 
modulated pulses. 
The following is a more detailed description 

of the invention accompanied by a drawing, 
wherein: 

Fig. 1 illustrates a preferred form of repeater 
station in accordance with the invention for use 
in a pulse communication radio relay system, 
and 

Fig. 2 is av circuit diagram of the coupling 
tubes, delay networks and receiver channel 
blocking device of Fig. 1. . 

Referring to Fig. 1, there is shown a repeater 
station which is illustrative of any one or more 
similar intermediate stations located between 
terminal transmitter and receiver stations of a 
radio relaying system for carrying on communi 
cation by means of pulses of high frequency 
energy. The terminal transmitter station is not 
shown since it may comprise any known type 
of station for radiating relatively short dura 
tion pulses of carrier frequency. The pulse rate 
or phasing of these pulses may be modulated in 
accordance with the signal modulations. The 
terminal receiver station which is also not shown 
may comprise any known type of station for 
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receiving these modulated pulses. By way of »eX 
ample only, and not by way of limitation, ref 
erence may be had to Peterson copending ap 
plication Serial No. 431,617, filed February 20, 
1942, for details of one type of pulse transmitter 
and receiver which can be employed at the ̀ ter 
minals, and to Dow copending application Serial 
No. 482,578, ñled April 10, 1943, for another type 
of transmitter which can be employed as a trans 
mitting terminal. ` . . 

Broadly stated, the repeater or relay station 
of Fig. 1 comprises receiving and transmitting 
antennas, labeled as such, and circuits for delay 
ing the received pulses prior to reradiating sim 
ilar pulses containing the signal modulation. A 
blocking device is employed for rendering the 
receiver channel of the repeater station insensi 
tive during the periodbetween incoming pulses, 

i and the delayed pulses are retransmitted during 
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the time the channel is insensitive. In this Way 
it is impossible for the retransmitted pulses to 
be fed back over the ether to the receiving an 
tenna and then through the circuits in the out 
put of the receiver to produce undesired singing. 
By modulating the amount of delay of the pulses 
at the repeater station, it is possible for the at 
tendant at the repeater station to break in on 
the circuit and send a, message along the chain 
of stations toward the terminal receiver. Cir 
cuits are provided, as will appear hereinafter, for 
removing noise from the incoming signals. 
There is also provided a local monitor at the 
repeater station for enabling the attendant to 
listen to the incoming signals. A pulse selective 
circuit followed by a limiter serves to eliminate 
undesired interference in the local monitor. 
In Fig. 1, the graphical representation of the 

different outputs from the various circuit stages 
is given immediately above the connections in 
which these outputs appear, in order to aid in 
an understanding of the following description. 
Let us assume that the pulses of high frequency 

energy originating at the terminal transmitter ~ 
have an average pulse rate (unmodulated condi 
tion) of twenty kilocycles and that the vpulse 
repetition rate or pulse frequency is modulated 
in accordance with the signals to be transmitted 
in a range between plus three kilocycles and minus 
three kilocycles. The modulation may be either 
speech or keyed tone, .and the highest modulation 
frequency should be considerably lower than the 
pulse repetition rate. The pulses will then Vary 
in rate between seventeen kilocycles and twenty 
three kilocycles and will be received on the receiv 
ing antenna and amplified in radio frequency 
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amplifier 90. A frequency converter 9| having 
in circuit therewith a local heterodyne oscillator 
93 will change the carrier frequency of the in 
coming pulses to a lower or intermediate fre 
quency which is amplified in 92. The inter 
mediate frequency amplifier 92 preferably com 
prises several stages of screen grid tubes. The 
pulses of intermediate frequency energy are then 
rectified by rectifier 94 whose output contains 
noise ripples. The rectiñed pulses then are ap 
plied to a >clipper 95 which removes a portion of 
the rectified pulse between the top and bottom to 
thereby provide a clean pulse having »the noise 
ripples removed. In other words, the clipper is a 
top and bottom limiter which removes noise and 
variations above and below certain limits. In 
practice, the clipper may consist of a Ypair of 
threshold devices in cascade and whose grid biases 
are so vadjusted that it is possible to utilize any de 
sired portion between the top and bottom of the 
incoming pulses. The clipped pulses are inverted 
relative to the rectified output from 94 (i. e., in 
a negative direction), and these negative pulses 
then impressed upon a coupling tube structure 
|00 which has two outputs, one of which goes to 
the pulse rate rselective circuit |0| of the local 
monitor .circuit and the other of which goes to 
another coupling tube structure |02. The output 
pulses from |00 which are applied to apparatus 
|02 are of positive polarity. 
Coupling tube stages |00 and |02 each include 

a pair of electrode structures, as‘will appear in 
more detail from a description of Fig. 2. 

Coupling tube stage |02 has two outputs, one 
being applied to an adjustable delay circuit |93 for 
controlling the timing of the retransmitted pulse, 
and the other to an independently adjustable de 
lay circuit |04. The outputs from |02, it should 
be noted, are inverted relative to the -positive 
character of the pulses applied to the input of 
this'same stage. Delay circuit |03 includes a 
diiferentiator for producing sharp peaked im 
pulses from the slopes ,or wave fronts of the ap 
plied pulses and also an arrangement for en 
abling only the positive peak to pass there 
through having a desired time delay. This posi 
tive peak is Obtained from the trailing edge of 
the negative output pulse from a trigger circuit. 
The positive peak impulse from delay circuit 

|03 serves to control a pulse generator |05 which 
is normally inactive and responds to the positive 
peak impulse to produce a pulse which is delayed 
relative to the corresponding pulse received on 
the receiving antenna. Putting it in other words, 
pulse generator |05 is a circuit which requires a 
tripping pulse to render it active and whose time 
constants are such that it restores itself to the 
stable state a short time after it has been tripped. 
Several such pulse generators are known in the 
art. One type is generally referred to as an elec 
tronic trigger circuit having one degree of elec 
trical stability. Such a trigger may comprise two 
evacuated electron discharge devices whose grids 
and anodes are coupled together` in regenerative 
manner. Another type is the blocking oscillator 
normally biased to the anode current cut-off con 
dition. The output from pulse generator |05 
comprises a series of pulses corresponding to the 
series of pulses received on the receiving antenna 
but delayed by a desired time interval, and these 
delayed pulses, after amplification in multi-stage 
power amplifier |06, serve to control the genera 
tion of high frequency pulses from a pulse rcon 
trolled generator |01. The output of generator 
|01 is radiated from transmitting antenna. The 
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4 
high frequency generator may be any suitable 
type, such for example as a magnetron, or the 
kind shown in Peterson copending application 
Serial No. 431,617, supra. 
From the foregoing, it will be appreciated that 

delay network |03 affords a possibility of adjust 
ment or modulation of the amount of delay of 
the outgoing signal pulses limited to an interval 
between incoming pulses. For enabling the at 
tendant at the repeater station to break in and 
transmit messages, there is provided a local 
modulation circuit, either speech or keyed tone, 
which is impressed on audio amplifier |08, in turn 
controlling the amount of delay of delay network 
|03. The repeater station attendant can thus 
superimpose his own message (as a variable pulse 
rate) on the repeated signals whenever it is de 
sired to communicate between the repeater sta 
tion and any one or more subsequent stations 
in the direction of the receiving terminal. 
The output from adjustable delay circuit Hit 

is a series of pulses of negative direction, and 
these pulses control blocking device |09 to block 
the receiving channel at the intermediate fre 
quency amplifier stages 92 during the interval be 
tween received pulses, The delay circuit |04 as 
sures the fact that the incoming pulses are passed 
by the receiving channel (through the interme~ 
diate frequency amplifier stage) without cutting 
off parts of the received pulses, before the block 
ing device |09 functions to block the receiving 
channel. Otherwise, that is, in the absence of 
delay |04, the receiver channel might be blocked 
off before the end of a pulse is completely re 
ceived. Blocking device |09 assures the fact that 
the receiver is insensitive for a desired interval 
between received pulses. In the preferred form 
of the invention, the blocking device functions 
to reduce the voltage on the screen grid electrodes 
of the intermediate frequency amplifiers 92, as 
will appear later from the description of Fig. 2. 
It should be noted that the output pulses from 
blocking device |09 are in a negative direction. 
The delay circuit |03 is so adjusted that the 

signals are retransmitted over the transmitting 
antenna during the interval between received 
pulses, at which time the receiving channel is 
blocked off. Otherwise, the retransmitted pulse 
might be picked up by the receiving antenna and 
cause “singing” or undesired feed back. 
The local monitor circuit comprises a pulse 

rate selective circuit |0| which reshapes or con 
verts the pulses applied thereto by coupling tube 
structure |00 to a substantially sine wave form. 
In practice, the selective circuit itil may com 
prise two coupled parallel tuned circuits each 
properly damped so that the overall circuit gives 
a :dat top or uniform response over the range 
from seventeen kilocycles to twenty-three kilo 
cycles. Although the output from pulse rate se 
lective circuit |94 is of sine wave form, modulated 
between seventeen kilocycles and twenty-three 
kilocycles, there are also present slight amplitude 
variations which are removed by limiter H9. 
Limiter | |0 preferably comprises two screen grid 
vacuum tubes in cascade. The screen grids of 
these limiters are supplied with a low positive 
polarizing potential to assure a flat anode cur 
rent output. The output from the limiter H0 is 
a sine wave modulated between seventeen kilo 
cycles and twenty-three kilocycles and is applied 
to a balanced discriminator and detector circuit 
||| which converts the pulse yrate or frequency 
modulation to amplitude modulation. The audio 
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modulation from the rectiñers coupled to the out 
put >of the discriminator is then passed on to a 
low pass ñlter | | 2 which removes the components 
above three kilocycles. This filtered audio modu 
lation is then ampliñed in audio ampliñer ||3 
and heard in acoustic transducer H4 or recorded 
in any other suitable utilization device. 

Fig. 2 shows the detailed circuits of the cou 
pling tube structures | 00, |02y the delay networks 
|03, and the blocking device v| 09. The same parts 
of Figs. 1 and 2 are labeled with the same ref 
erence numerals. The coupling tubes |00 and 
|02 each comprise a pair of separate three-elec 
trode structures Within a single evacuated en 
velope. 
In the operation of the circuits of Fig. 2, the 

application of a negative pulse -from the output 
of clipper S5 to lead I0 will produce a positive 
pulse in the anode circuit of one of the electrode 
structures of coupling tube |00. This positive 
pulse is applied in parallel to the two grids of 
coupling tube |02 via lead ||, and also applied to 
the grid of the other electrode structure of cou 
pling tube |00 through condenser |2. The pulse 
applied to the lower electrode structure of cou 
pling tube |00 is inverted in its anode circuit and 
appears as a negative pulse which is then passed 
on to the pulse rate selective circuit |0 | . The an 
ode of one electrode structure of coupling tube 
|02 supplies a negative pulse to the trigegr circuit 
I3 of the delay network |03, while the other an 
ode of tube |02 supplies a negative pulse to the 
delay network |04. Delay circuit I|04 is shown 
only in box form lbecause it is identical with de 
lay circuit |03 except for the fact that a negative 
pulse is taken from the coupling tube of |04 to 
operate the blocking device |09, lwhereas a posi 
tive pulse is taken from the coupling tube of the 
delay circuit |03. 
Delay network |04 includes a trigger circuit 

like trigger circuit |3 of delay circuit |03. This 
trigger circuit comprises a pair of evacuated tri 
ode structures having their grids and anodes in 
terconnected regeneratively. These trigger cir 
cuits have one degree of electrical stability, and 
require a tripping pulse to change the trigger 
from the stable to the active state. The trigger, 
when tripped, will remain in the active state for 
a time interval depending upon its time cón 
stants, after which it restores itself to normal. 
The trigger is so arranged that when one elec 
trode structure thereof passes current, the other 
will be non-conductive, and vice-versa. Al 
though the electrode structures of the trigger cir 
cuits have been shown contained Within a single 
envelope, it will be evident that the tube struc 
tures can have individual envelopes, if desired. 

Considering the delay network |03 for the 
present, the application of a negative tripping 
pulse from coupling tube |02 to the grid of the 
normally conducting electrode'structure of trig 
ger |3 will trip the trigger to its active state. A 
negative output pulse is taken from trigger I3 
and supplied to lead is. This output pulse is 
differentiated by condenser |5 and resistor I6 
and the positive peak impulse resulting from this 
differentiation is utilized to render vacuum tube 
I1 conducting. The diiferentiator circuit l5, I6 
serves to convert the start and trailing edges of 
the rectangular pulse in the output of trigger |3 
to sharp triangular pulses of opposite polarities. 
Vacuum tube I7 is normally biased to cut-off and 
requires a positive pulse to overcome its nega 
tive grid bias and thus render the tube conduct 
ing. The output from tube |'l is a sharp posi 
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tive peak pulse and is taken from the cathode 
over lead I8 to control the pulse generator |05. 
Delay is achieved by circuit |03 as follows. The 

duration of the negative output pulse from the 
, trigger |3 depends upon the time constants of 
the circuit and upon the value or" the bias on 
the grid G. The bias on grid G is in turn de 
pendent upon the adjustment of the resistor 20. 
Since it is only the trailing edge of this output 
pulse which produces the sharp positive trian 
gular-shaped peak impulse in the differentiator, 
in turn controlling the transmitter, it will be ap 
preciated that the circuit |03 delays the trans 
mission of signal pulses by the length or dura 
tion of the trigger output pulse, and by varying 
this duration it is possible to vary the timing of 
the generation of currents by the transmitter. In 
order to enable the local attendant to super 
impose a variable pulse rate on the retransmit 
ted signals, whenever he desires to break in on 
the circuit, the resistor 20 is connected in series 
with the secondary winding of an audio trans 
former 2|, the latter in turn being connected to 
audio ampliñer |08. Circuit |08 is connected to 
a suitable local modulation device, such as a mi 
crophone, as shown. The result of this local 
modulation circuit is to produce phase modulat 
ed pulses. . 

Considering now the action of delay circuit 
I0@ and device |09, a negative output pulse from 
coupling tube |02 applied to the grid of the nor 
mally conducting electrode structure of the trig 
ger of circuit |04 will trip this trigger to its active 
state. A negative output pulse is takenv from the 
plate of the coupling tube of delay circuit |04 
and is supplied to the blocking oiî device |09. 
Device |99 includes a trigger |20 having one 
degree of electrical stability and a Vacuum tubeV 
|2| in its output circuit, in turn coupled to the 
screen grids of the intermediate frequency am 
pliñers 92. The negative pulse from delay cir 
cuit |04 is applied to the normally conducting 
electrode structure of trigger 20 in order to trip 
this trigger. Vacuum tube | 2| is normally bi 
ased to cut-o?fland requires a positive pulse on 
its grid to overcome theV cut-on" bias and thus 
render the tube conducting. The anode of tube 
|2| obtains its positive .polarizing potential 
through a voltage divider composed of resistors 
22 and 23 connected to a source of 250 volts posi 
tive. A large condenser 25 in shunt to resistor 
23 minimizes fluctuations in voltage across this 
resistor. The anode of tube |2| is also directly 
connected to the screen grid electrodes of the 
intermediate frequency ampliiiers 92. It will 
thus be seen that the screen grids of intermedin 
ate frequency ampliiiers 92 and the anode of 
tube |2| obtain their positive polarizing poten 
tials from the same connection through a re 
sistor 2li. The application of a positive pulse to 
the control grid of tube |2|, obtained from trig 
ger |20, will cause tube |2| to pass current, as 
a result of which current flows in resistors 22 
and 24 and produces an IR drop which reduces 
the screen grid voltage available for the ampli 
fiers. This reduction in the screen‘grid voltage 
for the intermediate frequency ampliñers 92 
renders these ampliiiers insensitive and cuts off 
the receiving channel. The adjustment of cath 
ode resistor |22 in trigger circuit |20 provides a 
variation in the amount of time that the re 
ceiver channel is blocked. The delay circuit IM 
is so designed that its inherent delay delays the 
operation of circuit |09 with respect to the neg 
ative tripping pulse applied to |04. 
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It will be evident from the foregoing that in 
coming signal pulses of variable pulse rate or 
phase which are collected on the receiving an 
tenna will modulate or control the transmitter 
at the repeater station to cause it to send out 
pulses of similar variable pulse rate or phase. 
Also, that the incoming pulses are so spaced and 
the time constants of the repeater station so ar 
ranged that the receiving channel is blocked off' 
between incoming pulses, at which time the local 
transmitter is turned on. 
What is claimed is: 
1. A relay station for relaying pulses of high 

frequency energy which have a short duration 
relative to the time interval between them com 
prising a receiving antenna, a receiver coupled 
to said antenna and having means for changing 
said pulses of high frequency energy to pulses 
of direct current, a clipper coupled to the out 
ut of said receiver for removing noise ripples 

in said direct current pulses, a coupling tube 
coupled to said clipper and providing two out 
puts. separate pulse delay circuits for said last 
two outputs, a blocking device coupled between 
one of said delay circuits and said receiver, said 
blocking device being so constructed and ar~ 
ranged and said one delay circuit having such 
time constants that said receiver is blocked dur 
ing the interval between incoming pulses of high 
frequency energy, a pulse generator coupled to 
said other delay circuit and responsive to a pulse 
therefrom. for producing another pulse of de 
sired polarity, said other delay circuit provid 
ing such, delay that the pulse produced by said 
pulse generator occurs during the interval be 
tween incoming pulses of high frequency energy 
at which time the receiver is blocked, a radio 
frequency generator coupled to said pulse gen 
erator and responsive to a pulse therefrom to 
produce a pulse of radio frequency energy, and 
a transmitting antenna coupled to the output of 
said radio frequency generator. 

2. A relay station for relaying pulses of high 
frequency energy which have a short duration 
relative to the time interval between them com 
prising a receiving antenna, a receiver coupled 
to said antenna and having means for changing 
said pulses of high frequency energy to pulses 
of direct current, a clipper coupled to the output 
of said receiver for removing noise ripples in said 
direct current pulses, a coupling tube coupledr 
to said clipper and providing two outputs, sepa# 
rate and independently adjustable pulse delay 
_circuits for said last two outputs, a blocking de 
vice coupled between one of said delay circuits 
and said receiver, said blocking device being so 
constructed and arranged and said one delay 
circuit having such time constants that said re 
ceiver is blocked during the interval between 
incoming pulses of high frequency energy, a pulse 
generator coupled to said other delay circuit and 
responsive to a pulse therefrom fo-r producing 
another pulse of desired polarity, said other delay 
circuit providing such delay that the pulse pro 
duced by said pulse generato-r occurs during the 
interval between incoming pulses of high fre 
quency energy at which time the receiver is 
blocked, a radio frequency generator coupled to 
said pulse generator and responsive to a pulse 
therefrom to produce a pulse of radio frequency 
energy, and a transmitting antenna coupled to 
the output of said radio frequency generator, and 
a monitor circuit also coupled to the output of 
said receiver, said monitor including a pulse rate 
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selective circuit, a limiter, a discriminator and 
an audio frequency utilization circuit. 

3. A relay station for relaying pulses of high 
frequency energy which have a short duration 
relative to the time interval between them com 
prising a receiving antenna, a receiver coupled 
to said antenna and having means for changing 
said pulses of high frequency energy to pulses 
of direct current, a clipper coupled to the output 
of said receiver for removing noise ripples in said 
direct current pulses, a coupling tube coupled to 
said clipper and providing two outputs, separate 
pulse delay circuits for said last two outputs, a 
blocking device coupled between one of said delay 
circuits and said receiver, said blocking device 
being so constructed and arranged and said one 
delay circuit having such time constants that 
said receiver is blocked during the interval be' 
tween incoming pulses of high frequency energy, 
a pulse generato-r coupled to said other delay cir 
cuit and responsive to a pulse therefrom for pro 
ducing another pulse of desired polarity, said 
other delay circuit providing such delay that the 
pulse produced by said pulse generator occurs 
during the interval between incoming pulses of 
high frequency energy at which time the receiver 
is blocked, a local modulation circuit for control 
ling the amount of delay provided by said last 
delay circuit, a radio frequency generator coupled 
to said pulse generatorV and responsive to a pulse 
therefrom to» produce a pulse of radio frequency 
energy, and a transmitting antenna coupled to 
the output of said radio frequency generator. 

4. A relay station for relaying pulses of high 
frequency energy which have a short duration 
compared to the time intervals between them 
comprising a receiver coupled to said antenna 
and having means for changing said pulses of 
high frequency energy to pulses of direct current, 
a top and bottom clipper stage for removing noise 
from said direct current pulses, a pulse rate selec 
tive circuit coupled to the output of said clipper, 
a limiter coupled to the output of said selective 
circuit, a balanced discriminator and detector 
coupled. to the output of said limiter for changing 
frequency or phase variations in the output of` 
said limiter to variations in amplitude, a low pass 
filter for passing the rectified output of said dis 
criminator, and an audio frequency utilization 
circuit coupled to said filter, an adjustable delay 
circuit also coupled to the output of said clipper, 
a pulse generator coupled to said delay circuit 
and responsive to a pulse therefrom for produc 
ing another pulse of desired polarity, a radio fre 
quency transmitter coupled to said pulse gen 
erator and responsive to a pulse therefrom to 
produce a pulse of radio frequency energy, and a 
transmitting antenna for said transmitter, said 
delay circuit providing such delay that the pulse 
producedY thereby occurs during the interval be 
tween incoming pulses of high frequency energy 
applied to said receiver. 

5. A relay station for relaying pulses of high 
frequency energy which have a short duration 
compared to the time intervals between them 
comprising a receiver coupled to said antenna 
and having means for changing said pulses of 
high frequency energy to pulses of direct current, 
a top and bottom clipper stage for removing noise 
from said direct current pulses, a pulse rate selec 
tive circuit coupled to the output of said clipper, 
a limiter coupled to the output of said selective 
circuit, a balanced discriminator and detector 
coupled to the output of said limiter for changing 
frequency or phase variations in the output of 
saidlimiter to variations in amplitude, a low pass 
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filter for passing the rectiñed output of said dis 
criminator, and an audio frequency utilization 
circuit coupled to said ñlter, i’irst and second 
adjustable delay circuits having their inputs cou 
pled in parallel to the output of said clipper, a 
blocking device coupled between said iirst delay 
circuit and said receiver, said blocking device 
being so constructed and arranged and said first 
delay circuit having such time constants that ‘ 
said receiver is blocked during the interval be 
tween incoming pulses oi high frequency energy 
applied to said receiver, a pulse generator coupled 
to said second delay circuit and responsive to a 
pulse therefrom for producing another pulse of, 
desired polarity, a radio frequency transmitter 
coupled to said pulse generator and responsive 
to a pulse therefrom to produce a pulse of radio 
frequency energy, and a transmitting antenna for 
said transmitter, said second delay circuit pro 
viding such delay that the pulse produced thereby 
to control said pulse generator occurs during the 
interval between pulses of high frequency energy 
applied to said receiver. 

6. A relay station for relaying pulses of high 
frequency energy which have a short duration 
compared to the time intervals between them, a 
receiving antenna, a receiver coupled to said an 
tenna and having means for rectifying vsaid 
pulses, a coupling tube responsive to said recti 
ñed pulses for producing two pulse outputs of 
diiïerent polarities, a monitor circuit for one of 
said outputs, another coupling tube for the other 
output, said last coupling tube also providing 
two pulse outputs of the same polarity, separate 
pulse delay circuits for said last two pulse out 
puts, a blocking device coupled between one of 
said delay circuits and said receiver, said blocking 
device being so constructed and arranged and 
said one delay circuit having such time constants 
that said receiver is blocked during the interval 
between incoming pulses of high frequency en 
ergy, a pulse generator coupled to said other de 
lay circuit and responsive to a pulse therefrom 
for producing another pulse of desired polarity, 
said other delay circuit providing such delay that 
the pulse produced by said pulse generator oc 
curs during the interval between incoming pulses 
óf high frequency energy at which time the re 
ceiver is blocked, a radio frequency generator 
coupled to said pulse generator and responsive to 
a pulse therefrom to produce a pulse of radio 
frequency energy, and a transmitting antenna 
coupled to the output oi” said radio frequency 
generator. 

7. A pulse delay circuit comprising a trigger 
circuit having a pair of vacuum tube electrode 
structures, the grids and anodes of said vacuum 
tube electrode structures being cross-coupled, 
means for unsymmetrically biasing the grids to 
thereby produce a trigger circuit having one de 
gree of electrical stability, a connection for sup 
plying a unidirectional current tripping pulse of 
predetermined polarity and magnitude to said 
trigger circuit for changing it from its stable to 
its active state, a vacuum tube normally biased to 
cut-off, a diiîerentiator circuit coupled between 
the negative pulse output terminal of said trigger 
circuit and the input of said last vacuum tube, 
said diiierentiator circuit serving to produce a 
sharp positive pulse from the trailing edge of the 
negative output pulse produced by said trigger of 
such magnitude as to overcome the cut-off bias 
of said last tube and render it momentarily con 
ductive, said last tube producing a pulse when it 
becomes momentarily conductive, and a pulse re 
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sponsive circuit coupled to the cathode of said 
last tube. 

8. In combination, a pulse delay circuit com 
prising a trigger circuit having a pair of vacuum 
tube electrode structures, the grids and anodes 
of said vacuum tube electrode structures being 
cross-coupled, means for unsymmetrically biasing 
the grids to thereby produce a trigger circuit 
having one degree of electrical stability, a con 
nection for supplying a unidirectional current 
tripping pulse of predetermined polarity and 
magnitude tc said trigger circuit for changing 
it from its stable to its active state, a vacuum 
tube normally biased to cut-oir, a diiferentiator 
circuit coupled between the negative pulse out 

I put terminal of said trigger circuit and the input 
of said last vacuum tube, said diiiîerentiator cir 
cuit serving to produce a sharp positive pulse 
from the trailing edge of the negative output 
pulse produced by said trigger of such magnitude 
as to overcome the cut-olf bias of said last tube 

_ and render it momentarily conductive, said last 
tube producing a pulse ̀ when it becomes momen 
tarily conductive, and a radio transmitter nor 
mally biased to cut-off coupled to an electrode 
of said last tube and responsive to the pulse pro 
duced thereby to generate a pulse of high fre 
quency energy. 

9. A p-ulse delay circuit comprising a trigger 
circuit having a pair of vacuum tube electrode 
structures, the grids and anodes of said vacuum 
tube electrode structures being cross-coupled, 
means for unsymmetrically biasing the grids to 
thereby product a trigger circuit having one de 
gree of electrical stability, a connection for sup 
plying a unidirectional current tripping pulse of 
predetermined polarity and magnitude to said 
trigger circuit for changing it from its stable to 
its active state, a vacuum tube normally biased 
to cut-off, a diiîerentiatcr circuit coupled be 
tween the negative pulse output terminal of said 
trigger circuit and the input of said last vacuum 
tube, said di?ferentiator circuit serving to produce 
a sharp positive pulse from the trailing edge of 
the negative output pulse produced by said trig 
ger of such magnitude as to overcome the cut-off 
bias of said last tube and render it momentarily 
conductive, said last tube producing a pulse when 
it becomes momentarily conductive, and a pulse 
responsive circuit coupled to an electrode> of said 
tube and responsive to the pulse produced there 
by to generate another pulse of the same relative 
polarity. 

10. In combination, an electron discharge de 
vice trigger circuit having one degree of electrical 
stability, a connection for supplying a unidirec 
tional current tripping pulse of a predetermined 
polarity and magnitude to said trigger circuit 
for changing it> from its stable to its active state, 
an electron discharge device normally biased to 
cut-off, a diiîerentiator circuit coupled :between 
the negative pulse output terminal of said trigger 
circuit and the input of said last electron dis 
charge device, said dirferentiator circuit serving 
to produce a sharp positive pulse from the trail 
ing edge of the negative output pulse produced 
by said trigger circuit of such magnitude as to 
overcome the cut-oir" bias of said device and 
render it momentarily conductive, said last de 
vice producing a pulse when it becomes momen 
tarily conductive. ' ' Y 

11.» A phase modulation pulse system compris 
ing a trigger circuit having one degree' of elec 
trical stability, said trigger having a stable state 
and an active state, a source of recurring pulses 
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for repeatedly tripping said trigger at the rate 
of said recurring pulses, and means for varying 
the active time of said trigger in accordance with 
signal modulation to thereby produce output 
pulses from said trigger circuit whose width 
varies in accordance with said modulation, a dif 
ferentiator circuit for producing short pulses 
from the trailing edges of said variable width 
pulses, and a utilization circuit responsive solely 
to said short pulses produced from said trailing 
edges. 

12. A phase modulation pulse system compris 
ing a trigger circuit having one degree of elec 
trical stability, said trigger having a stable state 
and an active state, a source of recurring pulses 
for repeatedly tripping said trigger at the rate 
of said recurring pulses, and means for varying 
the active time of said trigger in accordance with 
signal modulation to thereby produce output 
pulses from said trigger circuit whose width 
varies in accordance with said modulation, a dif 
ferentiator circuit for producing short pulses 
from the starting and trailing edges of said vari 
able width pulses, means for discarding the short 
pulses obtained from said starting edges, and 
means for utilizing solely those short pulses ob 
tained from said trailing edges. 

13. A system in accordance with claim 11, 
characterized in this that said source 0f recur 
ring pulses comprises a radio receiver, and said 
utilization circuit comprises a radio transmitter. 

14. The method of generating phase modu 
lated pulses which comprises generating sub 
stantially square wave pulses under control of a 
series of recurring pulses, varying the width of 
said generated square wave pulses in accordance 
with signal modulation, and utilizing the trail 
ing edges only of said variable Width pulses to 
generate additional pulses whose timing is a 
function of the signal modulation. 

15. In combination, a trigger circuit having 
one degree of electrical stability and including 
two electrode structures each comprising an 
anode, a cathode and a grid, impedance elements 
interconnecting the grid of each structure with 
the anode of the other structure in regenerative 
manner, a cathode bias resistor for at least one 
of said structures, a source of tripping pulses for 
said trigger circuit, and a modulation circuit 
coupled to said cathode resistor for varying the 
bias of said one structure in accordance with 
modulation potentials. 

16. In combination, a trigger circuit having 
one degree of electrical stability and including 
two electrode structures each comprising an 
anode, a cathode and a grid, impedance elements 
interconnecting the grid of each structure with 
the anode of the other structure in regenerative 
manner, a common cathode bias resistor for said 
structures, a source of tripping pulses for said 
trigger circuit to thereby change said trigger 
circuit from its stable to its active state, and 
a signal modulation circuit coupled to said com 
mon cathode bias resistor for varying the active 
time of said trigger circuit in accordance with 
the signal modulation. 

17. A pulse system involving pulses of high 
frequency energy which have a short duration 
compared to the time intervals between them, 
comprising an antenna, a receiver coupled there 
to including a rectifier for rectifying the received 
pulses, a transmitter under control of said rec 
tined pulses, and means coupled to said rectiñer 
and back coupled to a preceding stage in >'said 
receiver for blocking said receiver during the 
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12 
intervals between received pulses, said means 
including an electron discharge device trigger 
circuit having an adjustable element for vary 
ing the active time of said trigger circuitto there 
by vary the time of occurrence and the time 
during which said receiver is blocked. 

18. A pulse modulation system comprising a 
trigger circuit having one degree of electrical 
stability, said trigger having a stable state and 
an active state, a source of recurring pulses for 
repeatedly tripping said trigger at the rate of 
said recurring pulses, and means for varying the 
active time of said trigger in accordance with 
signal modulation to thereby produce output 
pulses from said trigger circuit whose Width 
varies in accordance with said modulation, a 
differentiator circuit for producing short pulses 
from the starting and trailing edges of said vari 
able width pulses, and a utilization circuit re 
sponsive solely to those short pulses which are 
produced from the trailing edges. 

19. A receiver for receiving pulses which are 
modulated in phase or timing, comprising an 
electron discharge device stage through which 
the received signal pulses are adapted to pass, 
and an electron discharge device self-restoring 
trigger circuit responsive to the received signal 
pulses for blocking the passage of signals through 
said stage in accordance with the timing modu 
lations in the received pulses, 

_ 20. A radio receiver adapted to receive pulses 
which are transmitted from a remote radio trans 
mitter and which are modulated in phase or tim 
ing, comprising a receiver having circuits for 
beating the carrier of the incoming signal pulses 
with locally produced oscillations to thereby pro 
duce pulses of intermediate frequency energy, a 
screen grid electron discharge device intermedi 
ate frequency amplifier therefor, a rectiñer 
coupled to the output of said amplifier, and 
vacuum tube circuits responsive to the rectiñed 
energy for varying the conductivity of said am 
pliñer substantially in accordance with the vari 
ations in timing of the received pulses, said 
vacuum tube circuits being coupled between the 
output of said rectifier and the screen grid elec 
trode of said ampliñer. 

2,1. A receiver for receiving pulses which are 
modulated in phase or timing, comprising an 
electron discharge device stage through which 
the received signal pulses are adapted to pass, 
andra trigger circuit responsive to the received 
signal pulses for blocking the passage of signals 
throughY said stage for ñxed time intervals in 
accordance with the timing modulations in the 
received pulses, said trigger circuit comprising a 
pair of vacuuml tube electrode structures Whose 
grids and anodes are regeneratively coupled to 
gether. 

22. A receiver for receiving pulses of radio fre 
quency energy which are modulated in phase or 
timing comprising an electron discharge device 
stage through which the received signal pulses 
are adapted to pass, a detector circuit following 
said stage for changing said pulses of radio fre 
quency energy to unidirectional current pulses, 
and a trigger circuit coupled between the output 
of said detector and said stage for varying the 
conductivity of said stage in accordance with 
the variations in timing of the received pulses. 

23. A pulse system involving pulses of high fre 
quency energy which have a short durationcom 
pared to the time intervals between them, com 
prising an antenna, a receiver coupled thereto 
including a Vrectiiier for rectifying the received 
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pulses, a transmitter under control of said rec 
tified pulses, and means coupled to said rectii'ler 
and back coupled to a preceding stage in said 
receiver for blocking said receiver during the in 
tervals between received pulses, said means in 
cluding an electron discharge device trigger cir 
cuit having an adjustable element for varying 
the active time of said trigger circuit to thereby 
vary the time of occurrence and the time during 
which said receiver is blocked. 

24. A pulse repeater station comprising pulse 
receiving apparatus, pulse transmitting appa 
ratus, a delay circuit between the output of said 
receiver and the input of said transmitter, and 
means for modulating the effective amount of 
delay produced by said delay circuit in accord 
ance with signal modulation. 

25. A radio pulse repeater station comprising 
radio pulse receiving apparatus, means for con 
verting the received radio pulses to unidirectional 
current pulses, radio transmitting apparatus, a 
delay circuit responsive to said unidirectional 
current pulses for controlling the radio transmit 
ting apparatus to send out pulses of energy a de 
sired interval of time later than the received 
pulses, and means for modulating the time delay 
of said delay circuit in accordance with signals. 

26. A pulse type communication system com 
prising a pair of stations separated by a wave 
transmitting medium, each station including ap 
paratus for producing pulses which are short 
compared to the time intervals between them, 
and each station including a receiver for demod 
ulating received pulses, means associated with 
each receiver for controlling it to be responsive 
substantially solely at times registering with the 
repetition rate of the incoming pulses, an ad 
justable pulse delayer in circuit with the receiver 
of each station and receiving pulses therefrom, 
said delayer controlling the rate of production of 
pulses in the transmitter of the same station, and 
means coupled to said adjustable pulse delayer 
for modulating the timing of the pulses passed 
thereby to said transmitter. 

27. A pulse type communication system com 
prising a pair of stations separated by a wave 
transmitting medium, each station including ap 
paratus for producing pulses which are short 
compared to the time intervals between them, and 
each station including a. receiver for demodulat 
ing received pulses, means associated with each 
receiver for controlling it to be responsive sub 
stantially solely at times registering with the 
repetition rate of the incoming pulses, an adjust 
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able vacuum tube pulse delayer in circuit with 
the receiver of each station and receiving pulses 
therefrom, said delayer being so constructed and 
arranged as to be responsive to pulses solely of 
a predetermined polarity above a certain value 
which are impressed thereon for controlling the 
rate of production of pulses in the transmitter of 
the same station, and means coupled to said ad 
justable pulse delayer for modulating the timing 
of the pulses passed thereby to said transmitter. 

28. A communications system comprising pulse 
repeater stations, means at each station to delay 
and to modulate the delay of pulses transmitted 
in response to received pulses, and demodulating 
means responsive to modulations of the frequency 
of the pulses. 

29. A pulse modulation system comprising a 
trigger circuit having one degree of electrical sta 
bility, said trigger circuit having a stable state 
and an active state, said trigger including two 
electron discharge device electrode structures 
each having an anode, a grid and a cathode, im 
pedance elements cross-connecting the anodes 
with the grids of the devices, regeneratively, a 
direct connection between the cathodes, a com 
mon cathode resistor for said electrode struc 
tures, and means in circuit with said common 
cathode resistor for supplying recurring tripping 
pulses of a variable pulse rate to thereby cause 
said trigger circuit to produce unidirectional out 
put pulses containing the modulation compo 
nents. 

30. A communications system comprising pulse 
repeater stations, means at each station to delay 
and to modulate the delay of pulses transmitted 
in response to received pulses, and demodulating 
means responsive to modulations of the pulses. 
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