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This invention relates to a radio control System 
suitable for use in ultra-high frequency channels 
and has for an object to provide a system of the 
above type adapted for radio dynamic control or 
for communication purposes, which is highly se 
lective and which has characteristics such that 
it is free to a high degree from interference. 
Another object is to provide a system of the 

above type having novel and improved details of 
construction and features of operation. 

Various other objects and advantages will be 
apparent as the nature of the invention is more 
fully disclosed. 
The present system utilizes two channels in the 

ultra-high frequency range, such as in the range 
of 400 to 1000 megacycles, and provides for the 
transmission of short, timed pulses on the two 
channels which may be varied as to sequence in 
accordance with the desired control or signal. 
The system utilizes a pulse transmitter which is 
capable of transmitting short pulses of compara 
tively high power. 
A radiant energy pulse is sent from the trans 

mitter to the receiver on one channel followed by 
a radiant energy pulse on the other channel. 
There is a frequency separation between the two 
channels on winich energies necessary for opera 
tion are sent, and there is a time separation be 
tween the arrival of the two energies at the re 
ceiver. The freedom from interference depends 
largely upon the amount of frequency separation 
of the channels and upon the amount of time 
separation of the energies on the channels. A 
most important factor is the use of transmitter 
energies in the form of short dots or pulses with 
very high peak radiant power, and with relatively 
long intervals between the pulses. 
By the combination of pulse type transmission, 

two radiant energy channels and different times of 
transmission of the energies on the two channels, 
an extremely high degree of security is provided. 
In the present system the pulses may be from 

10 to 50 microseconds in length. The time interval 
between the pulses is several times the length of 
the pulses themselves, for example, about 5 to 20 
times the length of the pulses and successive pairs 
of pulses are separated by a space having a dura 
tion several times the interval between the pulses 
themselves, for example, 20 to 100 times said time 
interval. 
The control may be responsive to the receipt of 

a single pair of pulses. Hence the complete trans 
mission may be of extremely short duration, which 
renders its interception and interference ex 
tremely difficult. However, the transmissions may 
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extend over a plurality of pairs of pulses if de 
Sired, in Which case, accidental interference with 
One or more of the pairs of pulses would not 
affect the control. 
While it is known to be physically possible and 

practicable to produce high peak power on a nar 
row radio band over a short duration of time, 
it is not practicable to produce a comparable high 
peak power over both a wide radio band and over 
a long duration of time, as would be necessary.for 
Successful interference purposes. Ordinary, non 
pulse transmitte's Would not be capable of inter 
fering successfully with the control because suf 
ficient power would not be available to produce a 
response at the receiver matching in intensity the 
pulse from the pulse transmitter. On the other 
hand, with a pulse transmitter it would be very 
unlikely that the interfering pulse would coincide 
in time with a control pulse, or that its rate of 
recurrence Would correspond to that of the con 
trol pulse as would be required to produce inter 
ference on succeeding pulses. For high speed 
telegraphic purposes, for example, a single dot 
or dash might occasionally be obliterated by in 
terference, but for slow speed or radio control 
purposes, this amount of interference would be 
entirely negligible. ?? 

In accordance with the present invention, a 
pulse forming circuit is designed to form a suc 
cession of pairs of spaced pulses. The pulses of 
each pair are separated and are used individually 
to modulate radio transmitting means operating 
on two different channels, the first pulse of each 
pair being connected to modulate the transmitter 
on one channel and the second pulse of each pair 
being connected to modulate the transmitter on 
the other channel. Selective means is provided 
in the modulating circuit so that the first pulse 
of each pair may be applied to either channel 
at will and the second pulse may be applied to 
the other channel. In this way, the pulses are 
radiated over the two channels with a frequency 
sequence determined by the selective means and 
with a time interval determined by the original 
pulse forming circuit. 
In a specific embodiment of the invention the 

pulses in the two channels are received by separate 
receivers tuned to the respective channels and 
containing the usual detector circuits to make the 
pulses available in an output circuit. The out 
puts of the two receivers are connected to a timing 
comparator which is designed to be responsive 
only when the pulses are received with a prede 
termined time spacing. - 
In one embodiment the timing comparator-in 



3 
cludes a pulse stretching circuit, which is arranged 
to stretch the pulse from one of the receivers so 
as to cause the same to overlap in time the pulse 
from the second receiver when the first pulse is 
received a predetermined time interval before the 
second pulse. The combined effect of the two 
pulses, when they are thus caused to overiap, is 
lutilized to actuate an output relay circuit. When 
only a single pulse is received or when the pulses 
are not received in proper time sequence to cause 
the same to overlap in the output circuit of the 
comparator no response is produced. 
The effect of two overlapping pulses separately 

applied to the timing comparator is to produce 
a single pulse of a duration equal to the amount 
of time of 2Verlap. This can be applied to a re 
lay System operative on a Single pulse, as for ex 
ample a gaseous type electronic relay, which 
however requires a reset device such as the use 
of A. C. plate supply if the control operation is 
to be repeated. While this is satisfactory for 
some purposes, it is in general preferable to ac 
tuate the control from the combined effect of a 
Considerable number of recurrent pulses giving 
additional Security by electrical tuning to the 
reCurrence rate. 
Instead of utilizing two separate receivers the 

incoming radiant energy may be received in a 
single receiver tuned to respond to both chain 
nels. The receiver Will then include suitable 
pulse separation means to separate the pulses 
received in the respective channels and to apply 
them to the timing comparator above outlined. 

: Although the novel features which are believed 
to be characteristic of this invention are pointed 
Out more particularly in the claims appended 
hereto, the invention will be better understood 
by referring to the following description, taken 
in connection with the accompanying drawings in 
which certain specific embodiments thereof have 
been set forth for purposes of illustration. 

In the drawings: 
Fig. 1 is a block diagram indicating the gen 

eral arrangement of a transmitter and receiver 
embodying the present invention; 

Fig. 2 is a schematic diagram of a pulse form 
ing circuit for use in the system of Fig. 1; 

Fig. 2d. is a Series of curves illustrating the 
operation of the pulse forming circuit; 

Fig. 3 is a Schematic diagram of a timing com 
parator circuit for use in the receiver of Fig. 1; 
and 

Fig. 4 is a schematic diagram of a pulse re 
ceiver utilizing a single radio receiver tuned to 
both channels and a pulse separating circuit ac 
tuated thereby. 
. In the drawings, the radio transmitter and re 
ceiver circuits and the tube circuits are shown 
only in such detail as is necessary to an under 
standing of the present invention and it is to 
be understood that the circuits are otherwise of 
Standard and well known form and include the 
Various potential Sources and control elements 
which are well known in the art. 

Fig. 1 

Referring to Fig. 1, the block O represents a 
pulse forming circuit the details of which are 
shown in Fig. 2 and which is adapted to produce 
a Series of Spaced pairs of pulses a and b and 
to Separate the pulses of each pair as indicated 
in Separate circuits terminating at terminals 
and 2 respectively and having a common ground 
terminal 3. The pulse a of each pair of pulses 
on terminal is assumed to precede the pulse 
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b on terminal 2 although this sequence may 
be reversed if desired, 
The terminals and 2 are connected to poles 

4 and 5 respectively of a double pole double 
throw, reversing switch 6 the stationary Con 
tacts of which are connected by lines f and 8 
respectively, to the input circuits of radio trans 
mitters 20 and 2 respectively. The radio trans 
mitters 20 and 2 are preferably of the shortwave 
pulse type and are adapted to radiate carriers on 
frequencies fi and f2 amplitude modulated re 
spectively by the pulses a and b. The trans 
mitters may be designed to radiate only when a 
pulse is received from the pulse forming circuit 
0, so that the energy radiated constitutes a 

series of spaced pulses occurring first on the 
frequency f1 and then on the frequency f2 for 
switch position R, or vice versa for switch posi 
tion.T. 
The pulses radiated by the transmitters 20 and 

2 are received by the receivers 22 and 23 re 
spectively which are preferably of the Super 
heterodyne type terminated with detectors to 
produce pulses in their output circuits indicated 
by the terminals 24, 25, 26 and 27. The terminal 
24 of the receiver 22 is connected by a line 30 
to an input terminal 3 of a timing comparator 
32, the details of which are shown in Fig. 3. The 
terminal 26 of the receiver 23 is connected by a 
line 33 to an input terminal 34 of the timing 
comparator 32. The terminals 25 and 27 are in 
dicated as connected by a line 35 to ground and 
to a common input terminal 36 of the timing 
comparator 32. 
The timing comparator 32 includes circuits to 

be described which are selected so that when the 
pulse on channel fi precedes the pulse on chan 
nel f2, a right relay 39 iS energized and When the 
pulse on the channel fa precedes the pulse on the 
channel fl. a left relay 38 is energized. These re 
lays are provided with armatures 4 and 40 re 
spectively which are adapted to close work cir 
cuits which may constitute selective control for 
mobile objects such as right and left steering 
Controls or a speed control or a suitable signal 
ling circuit, such as an automatic dot-dash re 
ceiver. 
The arrangement therefore is such that the 

relays 39 and 38 will be selectively actuated in 
accordance with the direction of closure of the 
switch 6 which controls the sequence of the 
pulses on the two channels. The switch may, 
of course, take the form of a push-button, key, 
or other suitable device which is readily operated 
for control or signalling purposes. 
The timing comparator circuit 32 is preferably 

designed so that no operation results unless and 
until both pulses are received and unless the 
pulses are of Sufficient duration and length and 
are spaced within the Specified time limits. In 
addition, the System may be designed to respond 
Only When the pulses on the two channels are 
repeated With a recurrence rate within specified 
limits. In this way the system is made highly 
Selective and free from interference. 

Fig. 2 
Referring to Fig. 2, the pulse forming circuit is 

shown as comprising a master oscillator 50 of 
a type having high stability and designed to 
OScillate, for example, at 660 cycles per second. 
The OScillator 50 includes a tube 5 and a fre 
quency control circuit 52 together with the usual 
bias and regulating circuits, all of which are of 
standard construction. 
The output circuit of the oscillator 50 includes 
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a phase shifter 54 comprising a condenser 55 and 
a resistor 56 connected in series. The resistor 56 
is connected in the input circuit of a vacuum tube 
amplifier 60 including an amplifier tube 6 and 
an output transformer 62. The condenser 55 and 
resistor 56 are preferably of equal numerical 
impedance at the frequency of operation so that 
the voltage across the resistance 56 leads the 
input voltage to the phase shifter by 45°. Hence, 
the voltage to the amplifier 60 leads the voltage 
from the oscillator circuit by 45°. 
The secondary of the transformer 62 is of the 

push-pull type, the two ends of which are con 
nected to the input grids 63, 64 of a pair of mod 
ulator tubes 65 and 66 respectively. Pulses, 
formed in the manner to be described, are applied 
to the suppressor grids 67 and 68 of the tubes 65 
and 66 by a line 69. The plate circuit of the tube 
65 is connected by a condenser 70a and a line 
10 to the output terminal f, and the plate cir 
cuit of the tube 66 is connected by a condenser 
lia and a line to the output terminal 2. The 
two terminals are connected through resistors 
to a common grounded return line 72 which is 
connected to the terminal 3. The tubes 65 and 
66 are normally biased by their suppressor grids 
to an inoperative condition and are designed to 
be capable of passing current only when a voltage 
pulse is received from the line 69. 
The oscillator 50 is also coupled by line 8) 

through a phase shifter 8 consisting of a re 
sistance 82 and a Condenser 83 to the input, cir 
cuit of an amplifier tube 84. The phase shifter 
8 is similar to the phase shifter 54, but in this 
case the input circuit of the tube 84 is connected 
across the condenser of the phase shifter. Hence 
the voltage Supplied to the tube 84 lags 45° be 
hindi ti, e voltage from the oscillating circuit. In 
asmuch as the voltage applied to the tube 60 
leads by 45°, a 90° phase difference is produced 
between the voltages applied to the tubes 60 
and 84. 
The tube 84 feeds, through an output trans 

former 85, a pair of rectifiers 86a and 86b having 
cathodes 86c and 36d respectively connected to 
the two ends of the secondary 87 of the trans 
former 85 and having anodes connected together 
by a line 88 and thence through a resistor 89 and 
a biasing battery 90 and a return lead 9 to the 
center tap of the secondary 87. The biasing bat 
tery 90 is connected to determine the voltage 
values at which current will flow through the 
rectifiers due to the voltage impressed by the 
secondary 8. Rectified current flows through a 
tube internally from plate to cathode, thereafter 
externally through secondary winding 87 and 
line 9 to the positive side of battery 90, through 
the battery to the negative Side and thence 
through resistor 89 to the plates 89a and 89b of 
the rectifying tubes. No current flows in re 
sistor 89 except when the cathode of one of the 
rectifiers is negative with respect to line 9 by 
an amount exceeding the voltage value of bat 
tery 90. 
The positive side of resistor 89 is connected . 

to the cathode 92 of a key tube 95, and the nega 
tive side of resistor 89 is connected to the grid 
96 of the key tube 95. At both the positive and 
the negative peaks of voltage across secondary 
87, the current through resistor 89 is maximum, 
so that the grid 96 of tube 95 is then highly neg 
ative with respect to the cathode 92. As the 
voltage cycle progresses, the grid. 96 of tube 95 
comes to cathode potential, the rectifying tube 
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tube 95 remains at cathode potential until the 
other rectifying tube becomes conductive thereby 
returning the grid to a negative value. In this 
manner, the grid of tube 95 is actuated by volt 
age pulses with a peak value which brings the 
grid of tube 95 to cathode potentiai and causes 
it to remain at that potential a short interval of 
time to form trapezoidal current pulses occurring 
at a rate of twice the frequency of oscillator 50. 
The key tube 95 is shown as a pentode, with 

the cathode 92 positively biased with respect to 
ground by a battery (l, and With the screen 93 
and plate 94 positively biased With resp&ct to the 
cathode by batteries 62, i (3. The positive side 
of pattery (3 is connected to the plate of tube 
95 through a plate coupling resistor 4. The 
Suppressor grid 9 of tube 95 is connected by 
line S8 to a variable tap 99 on resistor 0, one 
side of which is connected to the negative and 
grounded side of battery 6, and the other Side 
of which is connected to a line 48. 
In the absence of voltage across resistors 89 

and 30, the grid of tube 95 is at cathode poten 
tial, but nevertheless. no plate current fiOWs be 
cause the cathode is highly positive. With respect 
to the Suppressor. Therefore the control grid 
pulses, due to rectification of Voltage from Second 
alry 8 are not repeated to form corresponding 
plate current pulses, except when the tube 95 is 
unblocked by a current. through resistor i Which 
brings the suppressor to the Wicinity of cathode 
potential. A circuit to be described later provides 
for pulsing resistor i06 recurrently in Such a man 
ner that in the embodinent shown the suppressor 
is brought to the cathode potential for a sufficient 
time to pass two pulses, from the control grid to 
plate, then Suppress the passage of 20 pulses. This 
is repeated recurrently in such a way that for ex 
ample tWo consecutive pulses out of every tWenty 
tWo impressed on the grid 96 actually produce 
plate current, leaving an interWal between cen 
ters of pairs of pulses 22 times. the interval be 
tween centers of the pulses themselves. 
Due to the use of a high Voltage swing from 

transformer secondary 87, the key tube 95 also 
Operates as a clipper tube so that only the peaks 
of the pulses are repeated into the plate circuit, 
thereby forming rectangular or slightly trape 
Zoidal shaped output pulses. 
The plate 94 of tube 95 is connected through 

condensel to to the input grid (3 of a resistance 
coupled amplifier stage including pentode , the 
output of which is coupled through condenser 4 
to line 69. Positive pulses of plate current to tube 
95 cause negative pulses of Voltage to the grid 
09 of tube. . . , negative pulses of current to the 

plate. Í 12 of tube í lí, and positive pulses of volt 
age to the line 69 and therefore to the suppressor 
grids 6 and 68 of tubes 65 and 66. The control 
grids 63, S4 of the tubes 65 and 66, however, are 
connected in push-pull to the secondary of the 
transformer 62. Fience one of these control grids 
is positive with respect to the center tap of the 
transformer while the other control grid is nega 
tive. When a positive pulse is applied to the Sup 
pressor grids 67, 68 from the line 69 a pulse is 
produced in the output circuit of the tube whose 
control grid is positive at that instant. The pulses 
supplied to the suppressor grids are timed by the 
phase shifters 54 and 8 to occur on alternate 
half cycles of the voltage supplied to the control 
grid. Hence, one pulse from the line 59 is re 
ceived when the control grid of the tube 65 is 
positive and the next pulse is received when the 

cuts off due to battery 90, and the grid 96 of 75 control grid of the tube 66 is positive. The first 
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pulse is thus passed through the lead 70 to the 
circuit including the output terminal and the 
next pulse is passed through the lead a to the 
circuit including the output terminal i 2, this se 
quence being repeated whenever a pair oli pulses 
is applied from line 69. These pulses can be con 
sidered as positive pulses of current towards the 
plates of tubes 65 and 66, and as negative voltage 
pulses from the output terminals to ground. 

Pulse control circuit 
The lead 80 from the oscillator 50 is also con 

nected to an adjustable phase shifter 20 com 
prising a pair of condensers i 2 í and a resistor 
Il 22 connected in series. The resistori 22 is con 
nected to the input circuit of an amplifier tube 
23, the output circuit of which is connected by 
means of a tapped resistor 24 to the input cir 
cuit of an amplifier 25. 
The Output circuit of the amplifier 25 is con 

nected through a condenser 26 to one cathode 
5 and one anode if 6 of a double diode rectifier 

tube 27, the other anode of which is con 
nected to a return lead 28 and the other cathode 
8 of which is connected to lead i28 by a con 

denser 29. The double rectifier tube f2 and the 
condensers 26 and 29 constitute a portion of a 
countercircuit Which in the embodiment described 
is designed to operate on a ratio of 11 to 1. 
Such a countercircuit is Well known in the art 

being described in RCA Review, July 1940, “A pre 
cision television Synchronizing signal generator' 
by Bedford and Smith and is accordingly not de 
scribed herein in further detail. 660 cycle voltage 
appearing in the output circuit of the amplifier 
25 charges the condenser f 26 on one half cycle. 
When the right hand side 6, i. 8 of the double 
rectifier 2 is conductive the condenser 26 dis 
charges into the condenser 29 and increases the 
potential of its upper plate. On the next half 
cycle the right hand side of the double rectifier 
27 becomes non-conductive so that the charge 
remains on the condenser 29, whereas the left 
hand side f5, of the double rectifier becomes 
conductive and allows the charge to leak off of , 
the condenser 26 and bring its right hand plate 
to ground potential. Hence repeated energies 
controlled by tube 25 are applied to the con 
denser 29 until a predetermined voltage is built 
up therein. 
The condenser 29 is connected in the input cir 

cuit of a trigger tube i35, the output circuit of 
Which is connected to control the operation of a 
multi-vibrator 36. 
The multi-Vibrator 136 is of standard con 

Struction and in the form shown includes a pair 
of tubes 3 and 38 having Screen and control 
grids which are cross connected, the respective 
grids being connected to a resistance network in 
cluding a pair of resistors 40 having variable : 
taps 4. The arrangement is such that the 
normal frequency of operation of the multi-vi 
brator 36 in the absence of Synchronization will 
be one elieventh of 660 cycles, that is 60 cycles. 
This free running value Will be controlled to a 
limited degree by the setting of the taps 4 on 
the resistors 40. 
The trigger tube f35 is connected to be pulsed 

when a predetermined voltage is applied to the 
input circuit thereof by the condenser ?29. The 
output circuit of the trigger tube is connected 
to the osciliating circuit of the multi-vibrator 
36 in such a way that the multi-vibrator falls 

in step with the pulses of the trigger tube over a 
substantial variation in setting of the taps f4f. 

In the embodiment disclosed the cathode bat 
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tery 35a of tube 35 and the condenser 29 are 
so chosen so that the condenser will be charged 
to a sufficient voltage to cause the trigger tube 
í35 to operate and pass current When eleven 
charges are received from the condenser 26. By 
this triggering operation, a synchronizing control 
voltage is impressed upon the screen 37s of tube 
37, due to the current through tube 35. This 

control voltage also causes the plate to cathode 
branch of tube 37 to be highly conductive and 
discharges the condenser to or nearly to ground 
potential. Thereupon eleven more cycles of 
charge on condenser 29 again cause the trigger 
operation. Hence the multi-vibrator 36 is 
caused to operate accurately on a frequency One 
eleventh of that of oscillator 50, that is at 60 
cycles per second. Slight adjustments of phase 
of the multi-vibrator oscillations can be made by 
adjusting the capacitance of the phase shifting 
condenser 2, and by adjustment of the double 
resistor f4). 
The multi-vibrator is designed to produce a 60 

cycle alternating pulse in the plate circuit of tube 
38 with spaced peaks as distinguished from a 

Sine Wave. These pulses are applied across a re 
sistance f42 in the input circuit of a clipper tube 
43 which is biased by a battery 143d to operate 

only at the peaks of the input pulses. The plate 
circuit of the clipper tube 43 includes a plate 
resistance 44 which lowers the plate voltage 
when plate current flows therein. 
The plate i 43b of the clipper tube i 43 is con 

nected to the input circuit of an amplifier tube 
45 which is normally biased to pass current and 

is provided with a plate resistance f43. The plate 
Current of this tube A5, however, is reduced 
When the grid potential is reduced due to a reduc 
tion in plate Voltage of the tube fl3. This re 
duction in plate current through the plate resist 
ance 46 causes an increase in the plate voltage 
in the form of a positive voltage pulse which is 
supplied by a condenser 47 and lead 48 to the 
resistor f00 above mentioned. 
The operation of the multi-vibrator 36 and 

the bias of the clipper tube i43 are such that the 
Output voltage pulses in the tube .45 are of a 
duration corresponding to a pair of pulses on the 
control grid 96 of the tube 95 and are so timed 
by phase adjustment that the positive bias 
thus Supplied to the suppressor grid 97 of the 
tube 95 serves to produce a single pair of pulses 
in the output circuit of the tube 95. These pulses 
are Supplied to the suppressor grids 67, 68 of te 
tubes 65 and 66 as above described. With the 
multi-vibrator 36 operating at 60 cycles, a single 
pair of pulses is released each 60th of a second. 
Since the pulses themselves are derived from a 
660 cycle wave and are separated by one half a 
cycle, the Spacing of the centers of successive 
pairs of pulses is twenty two times the spacing 
of the individual pulses of each pair. 

Operation of Fig. 2 
The operation of the pulse forming circuit will 

be better understood by referring to the series of 
curves A to G shown in Fig. 2A. As previously 
pointed out, a 60 cycle pulse of exactly one 
eleventh the frequency of oscillator 50 is pro 
duced by the multi-vibrator 33. The peaks of 
this pulse are clipped by the clipper tube 43 and 
are applied to the amplifier tube 45 to produce 
a Series of Spaced rectangular pulses, one which 
is represented by the curve G in Fig. 2A. These 
pulses are Supplied to the suppressor grid 97 of 

... the tube 95 and serve to unblock the tube 95 dur ing the pulse intervals. 
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A pulse is applied to the control grid 96 of the 
tube 95 each time the voltage in the secondary 87 
of the transformer 85 passes through zero. The 
secondary voltage is indicated by the curve E of 
Fig. 2A and the pulses applied to the control grid 
96 and repeated as plate current are represented 
at a and b on the curve F. These pulses á and b 
are continuously repeated on the control grid 96 
but only appear in the cutput circuit of the tube 
95 when they coincide with a pulse on the sup 
pressor grid. Hence, only pairs of pulses are pro 
duced in the output circuit of the tube 95 as in 
dicated by the curve F. The voltages supplied to the control grid 63, 64 
of the respective tubes 65 and 66 from the master 5 
oscillator 50 are represented by the curves C and 
D of Fig. 2d. It is to be noted that these voltages 
are both of 660 cycles frequency but are 180° out 
of phase due to the push-pull connection of the 
two control grids. When he pulses a and b from 
the output circuit of the tube it are received 
on the suppressor grids 67, 68 of the tubes 65 and 
66, one or the other of the tubes 65 or 66 is ren 
dered conductive, depending upon which of the 
tubes is receiving a positive bias on its control 
grid at that instant. 
As illustrated in Fig. 2A, the curve E is dis 

placed 90° with respect to the curves C and D due 
to the phase shifters 54 and 8. Hence the pulses 
of the curve F which occur as the curve E crosses 
the Zero axis, coincide with the peaks of the waves 
C and D. In the embodiment illustrated, the first 
pulse a of the curve F occurs during the positive 
half cycle of the curve C which is assumed to be 
the curve of the grid voltage of the tube $5. 
Hence, the first pulse of each pair will appear in 
the output plate circuit of the tube S5 as indi 
cated by the curve A of Fig. 2A and the second 
pulse of each pair will appear in the output plate 
circuit of the tube 66. These pulses cause cor 
responding negative voltage pulses to occur at 
output terminals and 2. The phase shifter 
20 and resistors 46 are adjusted to obtain the 
proper phase relationship between the curve G 
and the curve F for causing pairs of pulses to be 
produced. * ?, ? 

Referring now to Fig. 1, the pulses in the out 
put circuit of the pulse forming circuit are 
shown as connected through control switch 6 to 
mödulate transmitters 20 and 2 which, as previ 
ously pointed out, are operating on different 
channels. The pulse a at the terminal always 
occurs before the pulse b at the terminal 2. 
The control switch 6 determines to which of 
the transmitters 20 or 2 the first pulse iš to be 
applied. Hence the output waves of the trans 
mitters represent a pulsè on the channel fi foll 
lowed by a pulse on the channel for vice versa, 
depending upon the position of the switch 6. 

Receiving apparatus 
The waves radiated from the tiransmitters 26 . 

arid 2 of Fig. 1 are shown as received by the 
receivers 22 and 23 which are tuned to the re spective wave frequencies and are of standard 
construction to make the received pulses avail 
able in the output circuits of a detector. The 
detectors are of a type which will supply positive 
pulses at terminals 24 and 26 with respect to 
ground terminals 25 and 27. These pulses are 
supplied to the circuits including input terminals 
3i and 34 of the timing comparator 32. The 
pulse at the terminal 3 either precedes ör lags 
behind the pulse at the terminal 34 depending 
tipon the sequence of the transmitted pulses. 

1O 
The circuit for the timing comparator 32 is shown 
more in detail in Fig. 3. 

Fig. 3 
5 Referring now to Fig. 3, the terminal 3 is 

connected by a line 160 to a resistor 6 in the 
input circuit of an amplifying triode 92. The 
terminal 34 is connected by a line 63 to a re 
sistor 34 in the input circuit of an amplifying 

10 triode 55. The return leads from the resistors 
is and 64 are connected to the terminal 36. 
The plates 33, S8 of the triodes 62 and 65 
are fed through resistors 66 and 67 respec 
tively fron a line 63 connected to a source of 
plate potential shown as a battery 79. For sim 
plicity of construction, the triodes 62 and 65 
may be housed in a common envelope, as may 
other triodes of the Fig. 3. They will be de 
Scribed however for convenience as independent 

20 tübes. The pulse output of the tube S2 is fed through 
a condenser at to the control grid 302 of a tube 

2. The plate 393 of tube 2 is connected 
through a condenser 73 to the control grid 394 

2, of a tube 74. The cathodes of the tubes 72 
and 74 are connected to ground through a 
biasing battery 75. The plates 303, 305 of the 
tubes 72 and f4 are connected to the line 68 
through resistors 76 and 77 respectively. The 

30 plate 35 of the tube 74 is also connected through 
a resistor 78 with the control grid 302 of the 
tube 72 and through a resistor 79 and a con 
denser 80 to the control grid 306 of a key tube 
8 . The output circuit of the amplifier tube 

35 65 is connected by a line 82 through a resistor 
83 to the control grid 307 of an amplifier tube 
f84. The plates 308, 309 of the tubes 81 and 
f84 are connected in parallel through a resistance 
f85 to the line 68. 
The tubes 2 and 4 and associated circuits 

constitute in effect a pulse stretching system 
which Operates when energized by a short nega 
tive pulse on the input grid terminal of tube 
72 to produce a negative pulse of longer dura 

45 tion and in the same sense on the output circuit 
of companion tube 74. The output of one tube 
shown as tube 72 is capacity coupled to the input 
of the other tube 4 as in a multi-vibrator, but 
the output of the tube 74 is directly coupled 

58 to the input of the tube 72 as in an electrical 
toggle. This system has one stable equilibrium 
position in the absence of signals. When the 
condition of stable equilibrium is momentarily 
upset, as by a pulse on grid 302 of tube 2 from 

55 the plate 399 of tube 62, the system does not in 
stantaneously return to the equilibrium condi 
tion, because of the energy change in condenser 
13 during the pulsing. As a result the plate 
current of output tube f4 continues to change 

(t) after the pulse on tube 2 has passed. - 
In the embodiment, shown in the equilibrium 

condition tube 74 is biased to below cutoff by 
battery 75, while tube 72 passes current due 
to the positive voltage on its grid 302 derived 

65 from battery 70 through resistors 77 and 78. 
A positive pulse applied from terminal 3 to 
ground upon amplifier 62 causes a negative 
pulse to be applied from the output of tube 62 
upon the grid 302 of tube 72. In the equilibrium 

it condition with no current flowing to or from the 
condenser 73 its lower plate is at ground po 
tential and its upper plate is at the potential of 
the line 68 diminished by the very heavy drop 
through resistor 6 to the plate 303 of the cur 

5 rent carrying tube 72. When now the negative 
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pulse is impressed upon the control grid 302 of 
tube 12, the plate current is momentarily dimin 
ished toward or to zero, thereby decreasing the 
voltage drop in resistor f76 and increasing the 
potential on the upper plate of condenser 73. 
This tends to make the upper plate of condenser 
73 more positive by a charging current to the 

condenser from the plate 303 of tube 12, and this 
charging current, represented in the condenser as 
a displacement current, causes corresponding 
current to flow from the lower plate of CondenSer 
f73 to ground through the grid resistor 39. As 
a result, both the upper plate and lower plate of 
the condenser 73 are raised to a higher potential, 
and the grid 304 of tube i74 which is connected 
to the lower plate of condenser 73 is quickly 
raised to the potential of the cathode of tube 74 
or higher. This in turn increases the current flow 
to the plate 395 of tube 74, thereby lowering its 
plate potential due to the increased drop through 
resistor 77. Due to the direct coupling from 
plate of tube T4 to ground through resistor 18, 
the lowering of plate voltage of tube 72 drives its 
grid negatively in the same sense as the Original 
pulse. If condenser 73 Were of infinite capacity, 
the grid 302 of tube 72 would continue to be held 
negative, so that the controlling pulse from tube 
62 would be followed by a permanent holding 

pulse from tube 74. However due to the capacity 
of condenser 73 being finite, the potential across 
condenser 73 changes in accordance With the 
Voltage and resistance in its external circuit. 
With the grid of tube 72 driven negatively beyond 
cutoff, making tube 72 currentless, condenser 
f73 is charged to increase its Voltage toward the 
limiting value of battery 10. But as it ap 
proaches this value, the charging current dimin 
ishes, decreasing the current through the grid 
to-Cathode and grid-to-ground path for tube 4, 
so that tube 74 commences to draw less current, 
As a result the potential of tube 72, until now 
held below cutoff after the control pulse from 
tube 62 has passed, approaches the cutoff point. 
When during the charging of condenser 73 by 
a current through resistor 76, the cut-off point 
of tube 72 is reached, and it commences to pass 
plate current also through the resistor 6, the 
charging of condenser 73 is checked due to the 
lowering of voltage applied to the top plate of 
condenser 73, the grid voltage of tube 72 drops 
toWard Zero and due to the coupling from tube 
74 to tube 72 the action of causing tube f72 to 

paSS plate Current is accelerated. With the 
charging of condenser 73 checked, the operation 
of the tubes is such as to cause the condenser 
to discharge to its equilibrium condition. During 
this discharge operation, the voltage on the grid 
304 of tube 74 is highly negative beyond cutoff, 
so that equilibrium is reached with no further 
change in plate current of tube 74. 
By this action, the negative pulse impressed 

for a short time by the tube 62 upon the grid of 
tube 72 causes an extended positive pulse to ap 
pear on the grid of tube fill, and an extended 
negative pulse to be impressed from the plate of 
tube 74 onto the grid 306 of tube 8. 
The alternating current output of the amplify 

ing tube 65 is transmitted through line 82 and 
resistor 83 to the control grid 30 of triode tube 
84. Consequently through the action of tubes 
62, 72 and 74, a positive pulse applied to ter 
minal 3 causes a negative pulse With the same 
starting time, but of longer duration to be in 
pressed upon the input of tube 8?. Also by the 
action of tube 65, a positive pulse applied to 

O 

s 

30), 
through the resistor 85. The plates 308, 309 are 

35 

SO 

35. 

2 
terminal 34 causes a corresponding unstretched 
negative pulse to be impressed upon the input of 
tube 84. By suitable choice of the resistors and 
the condenser 73 associated with pulse stretch 
ing tubes 72 and 74, the pulse on tube 8f may 
be caused to last longer than the time interval 
between pulses on terminals 3 and 34. There 
fore in the event that terminal 3 is pulsed first 
and terminal 34 later, within a predetermined 
time limit established by the action of tubes 12 
and 74, overlapping pulses will be impressed on. 
the two tubes 8 and f84. If however terminal 
34 is pulsed first then the pulse on tube 84 Will 
have passed before the pulse on tube 8 starts, 
and there Will be no Overlap of these pulses. 
The tubes 8 and 84 are coincidental key 

tubes, and in the embodiment shown they are 
triodes, With the cathodes connected together and 
grounded by a line 3: and with the plates 308, 
309 connected together and fed from the line 68 

direct coupled through resistor 90 to the grid 32 
of a clipper tube 9 having its cathode biased 
positive with respect to ground by a battery 33 
and its plate 34 fed from the line 68 through 
a resistor í 93. The grid 312 of tube 9 | is posi 
tively biased by the direct current flowing through 
resistors 85 and 90 and through the grid re 
sistor 35 to ground, but the cathode battery 33 
biases the cathode of tube 9 to a much higher 
potential than its grid, so that as a net result, 
tube 9 is biased considerably beyond cutoff so 
that normally no plate current flows through re 
sistor 93. 

Circuit conditions are so adjusted that no cur 
rent passes through resistor 93 until the grids 
of both tubes 8 and 84 are very considerably 
negative. In the absence of a pulse on tube f8 
for example, cutoff of tube 84 by a negative 

do pulse Will cause a change of plate current through 
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resistor f85, but no effect in resistor 93. Only 
when the pulses on tubes 8 and í 84 are coinci 
dental will there be a pulse through resistor 93. 

It is possible to utilize the pulse through resistor 
93 to trigger off a gaseous relay tube, but in the 
present embodiment, use is made of the fact 
that the pulses established in resistor 93 are of 
a recurrent nature. 
The plate 34 of clipper tube 9 ? is connected 

through condenser f94 to the grid 3 f6 of amplify 
ing triode 95, which in turn is connected to 
ground by a resistor 37 and condenser 38 in 
parallel. The cathode of the triode amplifier 
95 is grounded by line 3 9 and its plate 320 is 
Connected to line 68 through a plate resistor 32. 
The plate 320 of tube 95 is coupled through a 

condenser 322 to the anode 323 of a rectifier 200, 
the cathode of which is connected to ground 
through resistor 20, bypassed by a condenser 
324, and also is connected to the grid 325 of a 
relay tube 202. A resistor 326 connected from 
the anode 323 of rectifier 200 to ground provides 
a D. C. return path for rectifier 200. The plate 
327 of relay tube 202 is connected to the winding 
39 of a relay 328, the other side of which is con 
nected to line 68, and the cathode of relay tube 
202 is positively biased by a battery 329 so that 
no plate current Will flow unless there is current 
passing through resistor 20 due to action of the 
rectifier 200. The relay 328 is provided with an 
armature 4 for closing an external Work circuit. 
The constants of the circuit associated with 

amplifier 95 are so chosen that it selectively inte 
grates and amplifies the pulse power derived from 
the plate of clipper tube. 9. This produces a 
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wave form with high proportion of energy con 
tent in the fundamental rate of pulsing which is 
impressed on rectifier 200. This wave form is 

"...rectified, and Smoothed out by the cathode con 
denser. 324 of tube 200, and the D. C. component. 
of the rectified current raises the grid of relay 
tube 202 to cathode potential causing plate cur 
rent to flow and attract the relay armature 4. 

In the operation of Fig. 3 thus far discussed, 
when upon closure for example of Switch 6 to 
position R a positive pulse is impressed upon 
terminal 3 with respect to ground terminal 36. 
followed by a positive pulse upon terminal 34 
with-in a predetermined time limit, amplifier 62 
3 of Fig. 3 impresses a negative pulse upon pulse 
stretching circuit involving tubes 72, 4 and 
'resulting in a negative pulse of longer duration 
impressed upon the grid 306 of coincidental key 
tube 8. The duration of this pulse overlaps 
the time interval at which a negative pulse is im 
pressed upon coincidental key tube 84 due to 
the later pulse received from tube 65. By the 
coincidental action of tubes 8 and 84, clipper 
tube 9 is pulsed positively so that a pulse flows 
in the plate resistor 93 during the interval of 
Overlap. This pulse is broadened, integrated and 
amplified by tube 95 and rectified by tube 200 
to cause operation of the relay armature 4. 

In the alternative event that switch 6 of Fig. 1 
is thrown for example to position I the pulse. On 
terminal 34 precedes that on terminal 3 the cir 
cuit above described will operate to produce 
pulses in resistor 85 which are insufficient to 
cause operation of the clipper tube 95. For util 
izing the possible control corresponding to term 
inal 34 being pulsed before terminal 3, 2, con 
panion circuit 209 is provided. This may be of 
the same general construction as that previously 
-described, with corresponding parts designated 
by like numbers but followed by the letter a. 
However terminal 34 is connected to drive the 
grid of tube 162a and terminal 3 is connected to 
drive the grid of tube 65a. Therefore the pulse 
delay circuit 209 responds to a pulse on terminal 
34. The output of circuit 209 includes a relay 
328d. With armature 4. 
In this manner, the circuit of the timing Con 

parator of Fig. 3 provides for operation of left 
relay 328a, when the switch S is closed to position 
L which pulses channel fe before fil and it provides 
for closure of right relay 328 when the switch 
is closed to position R, which pulses channel fi 
before fa. 

Fig. 4 
In the system shown in Fig. 1 two independent 

receivers 22 and 23 are provided which are tuned 
respectively to the channels f1 and f2. Fig. 4 
shows a circuit for receiving both channels on a 
single intermediate frequency type receiver and 
separating the pulses for application to the timing 
comparator. Referring to Fig. 4, the block 2) 
indicates a receiving circuit which is tuned broad 
ly to receive the two channels fi and f2 A single 
frequency local oscillator 2 and a detector 22 
are connected to make the two pulses available 
as intermediate frequency pulses in an output 
circuit transformer 25 tuned to both intermedi 
ate frequencies in a Well known manner. These 
pulses are supplied through the transformer 25 
to an amplifier tube 26, the output circuit of 
which is connected to a well known type of fre 
quency discriminating circuit 2 7 which includes 
coupled inductors 28 and 29 forming parts of 
a coupled circuit System and connected at their 
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mid-points through a condenser 220. The mid 
points of the inductors 28 and 2 f 9 are also con 
nected through a resistor 222 and an inductor 
223 to the return lead 224 of the amplifier tube 
2f 6. 
The frequency discriminating circuit 2 has 

characteristics such that one of the pulses, for 
example, the intermediate frequency pulse cor 
responding to that received on the frequency fi, 
inay be derived from one end of the inductor 29 
and applied by a lead 225 to an amplifier tube 225, 
whereas the intermediate frequency pulse corre 
sponding to that received on the frequency f2 
ray be derived from the other end of the inductor 
29 and applied by a lead 22 to an amplifier tube 
228. The output circuits of the amplifier tubes 
226 and 228 are connected through selective in 
termediate frequency transformers 239 and 23 
respectively to rectifiers 232 and 233 respectively. 
Resistors 234 and 235, in circuits with the recti 
fiers 232 and 233, are connected respectively 
across terminals 24 and 25 and across terminals 
26 and 27 which correspond to the terminals 24, 
25, 26 and 27 of Fig. 1. The pulses are thus sepa 
rated and made individually available as positive 
pulses to the timing comparator. 
The operation of this embodiment is similar to 

that above described except that only a single re 
ceiver is used instead of the two receivers indi 
cated in Fig. i. 

in the embodiment of Fig. 4 a pair of pulses on 
channels f1 and f2 are received and detected in 
the tune 28 and detector 2 f2 and are applied to 
the amplifier 2 G through a double peaked trans 
former 25 with transmission peaks correspond 
ing in spacing to the two frequencies f1 and f2. 
These pulses are separated by the frequency dis 
criminator circuit 27 and are individually am 
plified in the amplifiers 228 and 223. The ampli 
fier ottputs are rectified by the rectifiers 232 and 
233 to produce voltage drops in the resistors 234 
and 235 in the form of voltage pulses correspond 
ing to the received pulses. The pulse received on 
the frequency f1 is thus supplied to the terminals 
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24 and 25 and the pulse received on the fre 
quency f2 is supplied to the terminals 26 and 27. 
These terminals are connected to the timing 
comparator 32 as shown in Fig. 1 wherein their 
timing is compared and the relays 328 and 328a. 
are selectively actuated in accordance with the 
pülse seguence. 

It is to be understood that a plurality of chan 
niels may be used which may be pulsed in selected 
Sequences for a multiple control. A pair of chan 
nels have been described for purposes of illus 
tration only. 
Although certain specific embodiments of the 

invention have been shown and described in de 
tail, it is to be understood that the invention is 
not to be restricted thereto, but is only to be lim 
ited in accordance with the scope of the follow 
ing claims. 
What is claimed is: 1. A radio transmitting system comprising 

radio transmitting means to propagate discon 
tinuously pulsed radiant energy substantially 
concurrently on a plurality of different radio fre 
quency channels, a pulse forming circuit to form 
a series of discontinuous energy pulses having a 
predetermined time sequence, means modulating 
said radio transmitting means with said pulses to 
selectively propagate the individual pulses of said 
series on different radio frequency channels, and 
means controlling the sequence of said pulses on 
the various channels for signalling. , 
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. 2. A radio transmitting system comprising 
radio transmitting means to propagate discon 
tinuously pulsed radiant energy on a pair of dif 
ferent radio frequency channels, a pulse forming 
circuit to form a pair of pulses in predeterrained 
time sequence, means modulating said transmit 
ting means with said pulses to propagate one 
pulse Over one channel and the other pulse OVer 
the other channel in sequence, and means Con 
trolling said sequence for signalling. 

3. A radio transmitting System comprising a 
pair of radio transmitters connected to propagate 
modulated Carriers On different radio frequency 
channels, a pulse forming circuit connected to 
form a pair of pulses in predetermined time se 
quence, means modulating One of Said transmit 
ters With One of said pulses and means modulat 
ing the other of said transmitters With the other 
of Said pulses, and means selecting the sequence 
of said pulses for signalling. 

4. A pulse forming circuit for forming groups 
of pulses, comprising a master Oscillator, a pulse 
formining channel coupled to be fed by said Oscilla 
tor and having means converting the impressed 
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current only when pulses i are received simul 
taneously by both of said grids, a plurality of 
different frequency output circuits fed by said 
Space discharge device, and means for effectively 
coupling each of said output circuits successively 
to said Space discharge device so that successive 
OneS of Said first pulses are applied to different 
ones Of Said output circuits in predetermined 
Sequence. 

7. A pulse forming circuit for forming groups 
of pulses, comprising a master oscillator, a pulse 
forming channel coupled to be fed by said oscil 
lator and having means converting the impressed 
Oscillations into a series of short spaced pulses, 
a plurality of different frequency output circuits 
each connected to receive different successive ones 
of said pulses, means normally blocking the trans 
fer of pulse energy to said output circuits, a con 
trol channel coupled to said oscillator, said last 
channel including a pulse forming oscillator 
operating at a frequency which is a predeter 
mined fraction of the frequency of said master 
oscillator, coupling means locking said last oscil 
lator into step with said first oscillator, pulse 

oscillations into a series of short spaced pulses, 25 forning means converting the energy of said last 
a plurality of different frequency Output circuits 
each connected to receive different successive 
Ones of Said pulses, means normally blocking the 
transfer of pulse energy to all of said output cir 

oscillator into a series of pulses spaced by time 
intervals corresponding to the period of several 

: of Said first pulses and each of a length to over 
slap at least two of said first pulses, and means 

cuits, a control channel coupled to said oscillator 30 responsive to said last pulses to unblock said 
and having means to convert the impressed oscil 
lations into a series of pulses spaced by a time 
interval corresponding to the period of several 
of said first pulses and each of a length to overlap. 

olocking means and release a corresponding num 
per of said first pulses successively to different 
ones of said output circuits. 

8. A pulse forming circuit for forming groups 
at least two of said first pulses, and means re-, 3 of pulses, comprising a master oscillator, a pulse 
Sponsive to said last. pulses to unblock said block 
ing means and release sequentially a correspond 
ing number of said first pulses to said output 
circuits. 

5. A pulse forming circuit for forming groups 
of pulses, comprising a master oscillator, a pulse 
forming channel coupled to be fed by said oscil 
lator, said channel including a pulse forming 
rectifier biased to pass current only at the peaks 
of the applied oscillation to form a series of short 
spaced pulses, a plurality of different frequency 
output circuits each connected to receive different 
successive ones of said pulses, means normally 
blocking the transfer of pulse energy to all of said 
output circuits, a control channel coupled to said ' 
oscillator and having means to convert the im 
pressed oscillations into a series of pulses spaced 
by a time interval corresponding to the period 
of several of said first pulses and each of a length 
to overlap at least two of said first pulses, and 
means responsive to said last pulses to unblock 
said blocking means and release Sequentially a 
corresponding number of said first pulses to each 
of said output Circuits. 

6. A pulse forming circuit for forming groups 
of pulses, comprising a master oscillator, a pulse 
forming channel coupled to be fed by said oscil 
lator, said channel including a pulse forming rec 
tifier biased to pass current only at the peaks 
of the applied oscillation to form a series of short 
spaced pulses, a space discharge device having a 
control grid connected to receive said pulses, 
a control channel coupled to said oscillator and 
having means to convert the impressed oscilla 
tions into a series of pulses spaced by a time 
interval corresponding to the period of several of 
said first pulses and each of a length to Overlap. 
at least two of said first pulses, said space dis 
charge device having a second grid connected to 
receive said last pulses and being biased to pass 
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forming channel coupled to be fed by said oscil 
lator and having means converting the impressed 
OScillations into a Series of short spaced pulses, 
a plurality of different frequency output circuits 
each connected to receive successively different 
ordes of said pulses, means normally blocking the 
transfer of pulse energy to said output circuits, 
a control channel coupled to said oscillator, said 
last channel having a counter-circuit connected 
to produce pulses having a frequency which is a 
predetermined fraction of the frequency of said 
master oscillator, a second oscillator connected to 
said counter-circuit to operate at the frequency 
(of said last pulses, a pulse forming circuit con 
nected to convert the oscillations of said last oscil 
lator into a series of pulses spaced by a time in 
terval corresponding to the period of several of 
said first pulses and each of a length to overlap 
at least two of said first pulses, and means re 
Sponsive to said last pulses to unblock said block 
ing means and release successive ones of said first 
pulses to different ones of each of said output 
circuits. 

9. A pulse forming circuit for forming groups 
of pulses, comprising a master oscillator, a pulse 
forming channel coupled to be fed by said oscil 
lator and having means converting the impressed 
oscillations into a series of short spaced pulses, 
a plurality of different frequency output circuits 
each connected to receive successively different 
ones of said pulses, means normally blocking the 
transfer of pulse energy to said output circuits, 
a control channel coupled to said oscillator, said 
last channel containing a counter-circuit con 
nected to have a pulse frequency corresponding 
to a predetermined fraction of the frequency of 
Said master Oscillator, a multi-vibrator connected 
to Operate in step with said last pulse frequency, 
a pulse forming circuit fed by said multi-vibrator 
and connected to convert the oscillations thereof. 
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into a series of pulses spaced by a time interval 
corresponding to the period of Several of Said 
first pulses and each of a length to overlap at 
least two of said first pulses, and means re 
sponsive to saidi last pulises to unblock said block 
ing means and release successive ones of said 
first pulses to different ones of said output cir 
cuitS. 

10. A pulse forming circuit for forming pairs 
of pulses, comprising a master oscillator, a pulse 
forming channel coupled to be fed by said OScil 
lator and having means to convert the impressed 
oscillations into a series of SiO, Spaced pulses, 
a pulse circuit connected to receive said pulses, 
means normally blocking the transfer of energy 
to said pulse circuit, a control channel coupled 
to said oscillator and having means to Convert 
the impressed oscillations into a Series of pulses 
spaced by time intervals corresponding to the 
period of several of said first pulses and each 
of a length to Overlap at leat tWo of Said first 
puses, neans responsive to Said laSt, pses to 
unblock said blocking means and release a pair 
of said first pulses to said pulse circuit, an output 
circuit fed by said osciliator and having different 
radio frequency output channels selective re 
Spectively of the positive and negative half cycles 
of the impressed Oscillations and normally 
blocked, and means responsive to Said pulse cir 
cuit to unblock said output channels for thereby 
selectively transmitting thereover the individual 
pulses of said pair Which coincide in time With 
the positive and negative half cycles respectively. 

11. A pulse forming circuit for forming pairs 
of pulses, comprising a master OScillator, a pulse 
forming channel coupled to be fed by said oscil 
lator and having means to convert the impressed 
oscillations into a series of short spaced pulses, 
a pulse circuit connected to receive Said pulses, 
means normally blocking the transfer of energy 
to said pulse circuit, a control channel coupled 
to said oscillator and having means to convert 
the impressed oscillations into a series of pulses 
Spaced by time intervals corresponding to the 
period of several of said first pulses and each of 
a length to Overlap at least two of said first 
pulses, means responsive to said last pulses to 
unblock said blocking means and release a pair 
of said first pulses to said pulse circuit, an out 
put channel coupled to be fed by said master 
Oscillator and having a pair of space discharge 
devices having input circuits connected in push 
pull relationship to be responsive to alternate 
half cycles of the impressed oscillations, indi 
Widual different radio frequency output circuits 
fed by the respective space discharge devices, 
said devices being normally blocked, and means 
connecting said pulse circuit to unblock said de 
vices for producing pulses in the respective out 
put circuits thereof corresponding to the indi 
vidual pulses of said pair which coincide in time 
with the positive and negative half cycles re 
Spectively. 

12. A pulse forming circuit for forming pairs 
of pulses, comprising a master oscillator, a pulse 
output channel comprising a pair of normally 
blocked Space discharge devices having input 
circuits connected in push-pull relationship and 
coupled to be actuated by said oscillator, indi 
vidual different radio frequency Output Circuits 
fed by the respective devices, a pulse forming 
channel coupled to be fed by said oscillator and 
having means forming a series of short, Spaced 
pulses corresponding to the successive half cycles 
of the impressed oscillations, a normally blocked 
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space discharge device having an input. Circuit 
fed by said last pulses and having an output Cir 
cuit connected to unblock said first devices, and 
a control channel also coupled to Said oscillator 
and having a frequency converter to produce a 
wave having a frequency which is a predeter 
mined fraction of the OScillator frequency, means 
producing a series of short Spaced pulses having 
a frequency corresponding to Said last frequency 
and having a length corresponding to a pair of 
said first pulses, and means Supplying Said last 
puises to unblock said last device for Supplying 
thereby saidi pair of pulses to unblock said first 
devices so as to supply the individual pulses of 
said pair alternately to Said output circuits. 

i3. A pulse forming circuit for forming groups 
of pulses, comprising a master oscillator, a pulse 
forming channel coupled to be fed by said Oscil 
lator and having means converting the impressed 
oscillations into series of short Spaced pulses, a 
pair of different radio frequency output circuits 
each connected to receive different. Successive 
ones of said pulses, means normally blocking the 
transfer of pulse energy to Said output circuits, 
a control channel coupled to said OScillator and 
having means to convert the impressed oscilla 
tions into a series of pulses spaced by a time 
interval corresponding to the period of Several 
of said first pulses and each of a length to Over 
lap at least two of said first pulses, phase Sinift 
ing means to cause said last pulses to overlap a 
pair of said first pulses, and means responsive 
to said last pulses to unblock Said blocking means 
and release a corresponding number of said first 
pulses Successively to Said output circuitS. 

14. A pulse forming circuit for forming pairs 
of pulses, comprising a master Oscillator, a pulse 
forming channel coupled to be fed by said Oscil 
lator and having means to convert the impressed 
OScillations into a series of short Spaced pulses, 
a pulse circuit connected to receive said pulses, 
means normally blocking the transfer of energy 
to said pulse circuit, a control channel coupled 
to Said OScillator and having means to convert 
the impressed oscillations into a Series of pulses 
spaced by time intervais corresponding to the 
period of several of Said first pulses and each of 
a length to OWerlap at least two of said first 
pulSes, means respon SiWe to Saidi last pulses to 
unblock Said blocking means and release a pair 
of Said first pulses to said pulse circuit, an out 
put circuit fed by said oscillator and having dif 
ferent radio frequency output channels selective 
respectively of the positive and negative half 
cycles of the impressed oscillations and normally 
blocked, phase shifting means to cause said first 
pulses to coincide with the Oscillator half cycles, 
and means responsive to said pulse circuit to un 
block said output channels for thereby selectively 
transmitting thereover the individual pulses of 
said pair which coincide in time with the posi 
tive and negative half cycles respectively. 

15. A pulse forming circuit comprising a mas 
ter Oscillator, a pulse forming channel coupled 
to be fed by said oscillator, said channel includi 
ing a pulse forming rectifier biased to pass cur 
rent Only at the peaks of the applied Oscilla 
tion in the form of a series of spaced pulses, a 
Space discharge device having a control grid 
connected to receive said pulses, said device nor 
mally passing current and being biased to cut 
off in response to said pulses whereby current 
pulses are produced in Said device When the OS 
Cillator Woltage passes through Zero, an output 
circuit fed by said oscillator and having differ 
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ent radio frequency output channels Selective re 
spectively of the positive and negative half cycles 
of the impressed oscillation and normally blocked, 
phase shifting means to cause said current pulses 
to coincide with the positive and negative half 
cycles in said output channels, and means re 
sponsive to said current pulses to unblock said 
output channels for thereby selectively trans 
mitting thereover the individual pulses which 
coincide in time with the positive and negative 
half cycles respectively. 

16. A pulse forming circuit comprising a mas 
ter oscillator, a pulse forming channel coupled 
to be fed by said oscillator, said channel includ 
ing a pulse forming rectifier biased to pass cur 
rent only at the peaks of the applied oscillation 
in the form of a series of Spaced pulses, a Space 
discharge device having a control grid connected 
to receive said pulses, said device normally paSS 
ing current and being biased to cut off in re 
sponse to said pulses whereby current pulses are 
produced in said device when the oscillator volt 
age passes through Zero, and a space discharge 
device having a control grid connected to re 
ceive said last pulses and biased to pass current 
only on the peaks of said last pulses to thereby 
produce short spaced current pulses, an output 
circuit fed by said oscillator and having different 
radio frequency output channels selective respec 
tively of the positive and negative half cycles 
of the impressed oscillations and normally 
blocked, phase shifting means to cause Said Cur 
rent pulses to coincide with the positive and 
negative half cycles in said output channels, and 
means responsive to said current pulses to un 
block said output channels for thereby selectively 
transmitting thereover the individual pulses 
which coincide in time with the positive and 
negative half cycles respectively. 

17. A pulse forming circuit comprising a mas- , : , 
ter oscillator, a pulse forming channel coupled 
to be fed by said oscillator, said channel includ 
ing a pulse forming rectifier biased to pass cur 
rent only at the peaks of the applied oscillations 
in the form of a series of spaced pulses, a Space. 
discharge device having a control grid connected 
to receive said pulses, a plurality of output cir 
cuits fed by said space discharge device, and 
means for feeding said pulses derived from said 
device Successively to different ones of Said out 
put circuits. 

18. A pulse forming circuit comprising a mas 
ter oscillator, a pulse forming channel coupled 
to be fed by said oscillator having means con 
verting the impressed oscillations into a series 
of spaced pulses, an output circuit fed by said 
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oscillator and having different radio frequency 
output channels selective respectively of the 
positive and negative half cycles of the impressed 
oscillations and normally blocked, and means 
responsive to said pulses to unblock said output 
channels for thereby selectively transmitting 
thereover the individual pulses which coincide in 
time with the positive and negative half cycles 
respectively. 

19. A pulse forming circuit comprising a mas 
ter OScillator, a pulse forming channel coupled 
to be fed by said Oscillator having means con 
Werting the impressed oscillations into a series of 
Spaced pulses, an output channel coupled to be 
fed by Said master Oscillator and having a pair 
of Space discharge devices having input circuits 
connected in push-pull relationship to be re 
Sponsive to alternate half cycles of the impressed 
Oscillations, individual different radio frequency 
output circuits fed by the respective space dis 
charge devices, said devices being normally 
blocked and means connecting said pulse circuit 
to unblock said devices for producing pulses in 
the respective output circuits thereof correspond 
ing to the individual pulses which coincide in 
time with the positive and negative half cycles 
respectively. 

20. A pulse transmission system comprising a 
Source of alternating current, a pair of different 
radio frequency output channels connected to 
be selectively fed by the positive and negative 
half cycles respectively of said current, a pulse 
forming circuit coupled to said source and hav 
ing means converting each half cycle into a short 
pulse, and means modulating said output chan 
nels With Said pulses whereby alternate pulses 
are transmitted over different channels. 

ELLISON S. FURINGTON. 
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