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This invention relatesin general to. combining‘ 1 
>r mixing and separating circuits, and more. par- . 
Llcularly to novel circuits whichare adaptedv to 
combine or mix and ‘separate a pluralityof sig 
nal voltages in such a manner that’ precedence. 
may be given to a desired one of these signals. 
The circuits of the present invention, although 

not limited to such use,~are especially‘adaptedv 
for use in combination withv the 1-teledata system 
disclosed in United Statesapplication Serial No. 
710,781, assigned tov the same assignee asthe 
present application. I A 

an arrangement is disclosed in which positional 
information,‘ as for example azimuth data, may 
be transmitted by a plurality of pulses of the 
same polarity and of uniform amplitude, As is 
discussed, such a teledata-system is especially 
useful in connection with radio detection and 
ranging or radar systems, in which the indicator 
is located at a point remote from the'scanner. 
In such an arrangement, azimuth data must be 
transmitted in addition to 'the usual radar video 
and radar trigger signals. By employing the 
teachings of the present application in combina 
tion with those of the above-mentioned prior 
application, all the necessary information may 
be transmitted over a single communication 
channel, which may or may not include a radio 
link. 
In the operation of such a combined system. 

it is highly desirable that one of the three groups 
of signals, namely the azimuth data signals, shall 
be given precedence over the other two groups 
of signals. namelv the radar video and radar 
trigger signals. The present invention provides 
an arrangement for accomplishing this, which is 
simpler and more satisfactory than previously 
known arrangements. ' 

An object of the present invention is to pro 
vide combining and separating circuits which are 
adapted for receiving a plurality of signals, trans 
mitting them over a single channel, and repro 
ducing them at a remote point with their indi 
viduality preserved. 
A further object of the present invention is to 

provide combining and separating circuits which 
give precedence to a chosen one of a plurality of 
input signals, in conveying the several signals to 
a remote point. 
An additional obiect of the present invention 

is to provide combining and separating circuits 
which are especially adapted for transmitting 
radar video, radar trigger and azimuth data sig 
nals over a single channel without confusion 
thereof. 

In this prior application, 
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-. ‘Still another object of vtheypresent invention is 
to provide combiningaand separating circuits 
adapted‘for-receiving radar video, radar trigger 
and. azimuth data signals, and for- reproducing, 
these-signals at aremote point, precedence 
inggiven to the azimuth data signals. , . - 

Another. object'of the-present invention‘ is to‘ 
provide an improved means for measuring the 
amplitude of'short-duration pulses. ~ ' 

The mixing circuit in accordance with the in 
vention comprises a plurality of vacuum tubes 
each having a cathode, an anode and a control 
electrode. ~Means are provided for impressing one 
of a plurality of input signals upon each of the 
control electrodes with respect to ground. The‘ 
anode of a’?rst of the vacuum tubes is coupled 
to the cathode of a second of the vacuum tubes. 
In this way, the ?rst and second oi.’ the input 
signals are combined to provide a ?rst com 
posite signal. An additional vacuum tube having 
a cathode, an anode and a control electrode is 
provided, and there is ‘a coupling between the 
anode of the third vacuum tube and the anode 
of this additional vacuum tube. A coupling is 
also provided between the anode of the second 
vacuum tube and the control electrode of the 
additional vacuum tube. By this arrangement, 
the ?rst composite signal is combined with the 
third of the input signals to provide a second 
composite signal. It is this second composite sig 
nal which comprises the output of the combining 
or mixing circuit, and this output may be trans 
mitted by means of a radio or wire or other type 
of link to the separating circuit at a remote 
point. 
The separating circuit in accordance with the 

present invention comprises a. plurality of vacuum 
tubes each having a cathode, an anode and a 
control electrode. A composite wave, as for ex 
ample the output wave of the above-described 
mixing circuit, is applied to the control electrode 
of a ?rst of these vacuum tubes with respect to 
ground. This composite wave comprises a plu 
rality of signals. A coupling is provided between 
the anode of the ?rst vacuum tube and the con 
trol electrode of a second of the vacuum tubes. 
A ?rst of the plurality of input signals is devel 
oped in the anode circuit of this second vacuum 
tube. A second of the plurality of input signals 
appears in the cathode circuit of the ?rst vac 
uum tube. A coupling is provided between the 
cathode of the ?rst vacuum tube and the control 
electrode of a third of the vacuum tubes. Means 
are coupled to the anode of the third vacuum 

be». 
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tube for utilizing a third of the plurality of input 
signals. ~ 

In accordance with an important feature of 
the present invention, the latter means may com 
prise a cathode follower having an output cir 
cult, and a feedback loop between this output 
circuit and the control electrode of the third 
vacuum tube may be provided, in order to main 
tain substantially constant the average ampli 
tude of the third of the plurality of signals ap 
pearing across the output circuit of the cathode 
follower. This feedback loop may comprise a 
multivibrator having a triggering terminal and 
an output terminal. The triggering terminal 
may be coupled to the output circuit of the oath 
ode follower and the output terminal of the multi 
vibrator may be connected to a capacitor which 
is also Included in circuit between the control 
electrode of the third vacuum tube and ground. 
In a preferred embodiment of the invention, the 
multivibrator is of the l‘one-shot” type. 
By connecting a voltmeter or other suitable 

indicator across the above-mentioned capacitor, 
there is provided, in accordance with the present 
invention, means for accuratelv measuring the 
amplitude of short-duration pulses applied to the 
control electrode of the third vacuum tube. 
The invention in another of its aspects relates 

to novel features of the instrnmentalities de 
scribed herein for achieving the principal ob 
jects of the invention and to novel principles 
employed in those instrumentalities, whether or 
not these features and principles are used for 
the above principal objects or in the stated ?eld. 
The above and other obiects and features of 

the invention will be better understood by refer 
ence to the following description taken in con 
nection with the accompanving drawings, in 
which like components are designated by like 
reference numerals and in which: 

Fig. 1 is a schematic circuit diagram of the 
signal-combining arrangements in accordance 
with the present invention; 

Fig. 2 shows graphicallv a composite wave ap 
pearing at the output of the circuit of Fig. 1: and 

Fig. 3 is a schematic circuit diagram of the 
signal-separating arrangements in accordance 
with the present invention. 

Referring to Fig. 1, there is shown a video 
ampli?er comprising a first vacuum tube I, the 
control electrode 2 of which is coupled by means 
of a capacitor 3 to the movable arm or slider 
4 of a potentiometer 5 which in turn is connected 
between video signal input terminals 5 and ‘I. 
A resistor 8 is connected between control elec 
trode 2 and ground. Cathode 3 of vacuum tube 
I is grounded through resistor I3. Screen-grid 
II is connected to a source of suitable positive 
potential diagrammatically illustrated at I2, and 
suppressor-grid I3 is grounded. 
The anode ll of vacuum tube I is connected 

through a resistor I5 and an inductor I6 to a 
source of suitable positive potential indicated at 
IT. Anode I4 is also coupled, by means of capaci 
tor l8, to the control electrode i9 of second 
vacuum tube 20. A resistor 2| is connected be 
tween control electrode is and ground. 
Cathode 22 of vacuum tube 20 is grounded 

through a resistor 23 shunted by a capacitor 24. 
The screen-grid 25 of vacuum tube 20 is con 
nected to positive source I2, and the suppressor 
grid 23 is grounded. _ 
The anode 21 of vacuum tube 20 is connected 

through a resistor 23 and an inductor 29 to posi 
tive potential source I'I. Anode 21 is also coupled. 
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by a capacitor 30, to the control electrode 3| 
oi’ a vacuum tube 32. Control electrode II is 
connected through resistor 33 to the junction 
of series-connected resistors 34 and 35, which 
are connected as a voltage divider between po 
tential source II and ground. ~ 
The cathode 36 of vacuum tube 32 is connected 

,to ground through a potentiometer 21, the mov 
able arm 38 of which is connected to an output 
terminal 39, the other output terminal 40 being 
grounded. The screen-grid ll and the anode 42 
of vacuum tube 32 are both connected to po 
tential source II. The suppressor-grid 43 of 
vacuum tube 32 is grounded. 
Vacuum tube 44 has its cathode ‘5 connected 

to cathode 36 of vacuum tube 32. The control 
electrode 46 of vacuum tube 44 is connected to 
the movable arm 41 of a potentiometer 43, which 
in turn is connected in series with a resistor l3 
between source I1 and ground. A capacitor 5. is 
connected between control electrode 43 and 
ground. The screen-grid 5i of vacuum tube N 
is connected to source II, as is anode 52. The 
suppressor-grid 53 of vacuum tube 44 is grounded. 
For the purpose of introducing trigger signals, 

a pair of terminals 54 and 55 are provided. the 
latter terminal being grounded. Terminal 54 is 
coupled by a capacitor 56 to the control electrode 
51 of the left-hand portion of vacuum tube 53. 
A resistor 59 is connected between control elec 
trode 51 and ground. The cathode 63 is grounded. 
The anode 6| is connected through a resistor 
62 to source I ‘l, and is coupled by a capacitor 
63 to the cathode 64 of the right-hand portion 
of vacuum tube 58. Cathode 54 is connected to 
ground by a resistor 65. The control electrode 
66 and the anode 51 of the right-hand portion ‘ 
of vacuum tube 58 are connected together and 
to cathode 9 of vacuum tube I. 
A pair of terminals 68 and 69 are provided 

for the purpose of introducing the azimuth signal 
input, terminal 69 being grounded. Terminal 63 
is coupled by a capacitor 10 to the control elec 
trode ‘II of a vacuum tube 12, control electrode 
‘II being connected by a resistor ‘I3 to a source 
of suitable negative potential indicated at ‘I4. 
The cathode ‘I5 is grounded, as is the suppressor 
grid ‘Hi. The screen-grid ‘I1 is connected to 
source I ‘I. The anode ‘I8 is connected through a 
resistor 19 to anode 21 of vacuum tube 20. 
In operation, the positive video signals which 

are applied to input terminals 5 and ‘I are ampli 
?ed by vacuum tubes I and 20, the extent of 
this ampli?cation being controllable by the set 
ting of potentiometer 5. Inductors l5 and 23 
in the anode circuits respectively of vacuum 
tubes I and 20 serve as peaking choke co?s. 
The positive trigger signals are applied to ter 

minals 54 and 55 and are shaped by vacuum tube 
58. The positive trigger signal voltages charge 
capacitor 56, and this charge leaks oif exponen 
tially through resistor 59. Thus a trigger pulse 
having a steep leading edge and a sloped trailing 
edge is developed across resistor 52 and applied 
to diode cathode 64 by means of capacitor 53. 
If desired, capacitor 63 may be made adjustable 
and used as a trigger signal gain control. The 
output of the trigger shaping circuit, which may 
for example comprise pulses having an ampli 
tude of 40 volts, is mixed addltively with the 
radar video signals in view of the connection 
from the diode anode (electrodes 68 and 61) to 
cathode 9 of vacuum tube I. The right-hand 
portion of vacuum tube 58 serves as a diode rec 
ti?er to prevent any negative radar video signals, 
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which may be developed across resistor I0, from 
i'eeding back through the trigger shaping cir 
cuit. ' 

The azimuth signal input is applied to ter 
minals 68 and 69, and may comprise 150-volt 
positive pulses. Vacuum tube 12 is normally 
biased far below cut-oil’, since its control elec 
trode H is connected to negative potential source 
10 having for example, a potential of 105 volts. 
When the positive azimuth pulses are applied 
through capacitor 10 to control electrode 1|, how 
ever, vacuum tube 12 becomes conductive and a 
large current ?ows through resistors 28 and 19 
in its anode circuit. Since resistor 28 is common 
to the anode circuits of vacuum tubes 12 and 
80, this large current ?ow through vacuum tube 
12 causes anode 21 of vacuum tube 20 to change 
its potential with respect to ground in a negative 
direction. Its potential may,‘ for example, be 
come less positive by approximately 100 volts 
during each azimuth signal pulse. 
The composite signal wave at the output of 

tube 20 is fed. by means of capacitor 30, to 
vacuum tube 32, which is arranged to operate 
as a cathode follower. Cathode 36 of this vacu 
um tube is normally positive with respect to 
ground, as for example by 25 volts. Since the 
azimuth pulses always cause at least 60-volt 
negative excursions of anode 21, even when the 
radar trigger and azimuth pulses .are coincident, 
the azimuth pulses will drive control electrode 
0! su?iciently negative with respect to cathode 
06 to cut oil’ vacuum tube 32. In this manner, 
the azimuth pulses take precedence over the 
video or trigger signals. ' ~ 

The output of cathode follower vacuum tube 
02 is developed across potentiometer 31, and a 
desired portion of it is chosen by the setting 
of movable arm 38 and appears between output 
terminals 39 and 40. - 
Vacuum tube 44 serves as a clipper, and has 
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The cathode I08 of vacuum tube I06 is con 
nected through a resistor I09 to a video output 
terminal H0. The other video output terminal 
III‘ is grounded. A resistor H2 is connected be 
tween terminals I I0 and III. 
The screen-grid II3 of vacuum tube I05 is con 

nected to positive potential source I1. The sup 
pressor-grid H4 is connected to cathode I08. 
The anode H5 is connected through a resistor 
II6 to positive potential source I1, and is cou 
pled by means of ‘capacitor II1 to the control 

A electrode H8 of a vacuum tube H9. The resistor 
I20 is connected between control 
and‘ ground. 
‘The cathode 

electrode I II 

I2I of vacuum tube H9 is 
‘grounded. The screen-grid I 22" is connected to 
the junction of resistors I23 and I24 connected in 
series between positive potential source I1 and 
ground, and this electrode is by-passed to ground 
by a capacitor I25. The suppressor-grid I26 is 
grounded. The anode I21 is connected to an azi 
muth signal output terminal I28, the other azi 
muth signal output terminal I29 being grounded. 
Cathode I08 of vacuum tube I05 is coupled by a 

capacitor I30 to the control electrode I 3I of a 
vacuum tube I32. Resistors I33 and I34 are con 
nected in series between control electrode I3I and 
negative potential source 14. 
The cathode I35 of vacuum tube I32 is ground 

ed. ‘as is the suppressor-grid I36. The screen 
grid I31 is connected to positive potential source 
I1. The anode I38 is connected to source I1 
through a resistor I39, and is coupled by a ca 
pacitor I40 to the control electrode I 4| of a vac 
uum tube I42. A resistor I43 is connected be 
tween control electrode I4I and ground. The 
cathode I44 is grounded, as is the suppressor 

-‘ grid I45. Screen-grid I46 is connected by a re 

40 

its control electrode 46 maintained at a desired - 
positive potential relative to ground depending 
upon the setting of sliding arm 41 of potentl 
ometer 48. Bv suitably adjusting this positive 
potential. the extent of the negative excursions 
oi’ cathode 45 due to the azimuth pulses may be 
limited to a desired value. Thus potentiometer 
08 serves as an azimuth gain control. 
The composite wave- appearing at terminals 39 

and 40 is illustrated in Fig. 2. It is seen to com 
prise positive radar video signals 80, negative 
azimuth pulses 8|, and positive radar trigger 
signals 82. The relative amplitudes of these sig 
nals depends, of course. upon the settings of 
potentiometers 31 and 48, and upon the value of 
capacitor 63. 
The composite output wave may be used to 

modulate a radio transmitter, or it may be sent 
directly to the receiving point by a suitable wire 
line or other conductive connection. Such inter 
mediate link is not a part of the present inven 
tion. 
Referring now to Fig. 3, which is a schematic 

circuit diagram of the signal-separating arrange 
ments of the present invention, there is shown 
a video ampli?er I00 having input terminals 
WI and I02, the latter terminal being grounded. 
The ungrounded output terminal of video am 
pli?er I00 is coupled by means of a capacitor 
I00 to the control electrode I04 of a vacuum tube 
I06. Control electrode I04 is connected by means 
of a resistor I06 to a source of negative potential 
I01 having, for example, a, potential of three 
volts. . 
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sistor I41 to the junction of a resistor I48 and a 
capacitor I49 connected in series between poten 
tial source I1 and ground. The anode I50 is 
connected through an inductor I5I and a resistor . 
I52 to the junction of resistors I41 and I48. 
Anode I50-is coupled by a capacitor I53 to the 

control electrode I54 of the left-hand portion of a 
vacuum tube I55, a resistor I56 being connected 
between this control electrode and’ ground. The 
anode I 51 is connected to positive potential source 
I1. 
The cathode I58 oi the left-hand portion of 

vacuum tube I55 is connected to ground through 
a resistor I59 and is coupled by a capacitor I60 
to the control electrode I6I of a thyratron I62. 
Control electrode I6I is connected by a resistor 
I63 to the movable armof a potentiometer I64, 
which in turn is connected in series with a resis 

- tor I65 between ground and negative potential 
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source 14. The cathode I66 of thyratron I62 is 
connected to ground through a resistor I61, and 
is directly connected to a trigger signal output 
terminal I68, the other trigger signal output ter 
minal I69 being grounded. The anode I10 of 
thyratron I62 is connected through a resistor Hi 
to positive potential source I1. A series network 
comprising a resistor I12 and a capacitor I13 is 
connected between anode I10 and ground. , 
Cathode I58 of the left-hand portion of vacuum 

tube I55 is also cou led by a capacitor I14 to the 
control electrode Iliof the right-hand portion of 
vacuum tube I55. ontrol electrode I15 is con 
nected to the junction of resistors I16 and I 11 
which are in turn connected in series between 
ground and negative potential source 14. The 
cathode I96 is grounded. 
The anode I18 of the right-hand portion of 
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vacuum tube I55 is connected through a resistor 
I19 to positive potential source I1, and is coupled 
by a capacitor I80 to the control electrode I8I of 
the left-hand portion of a vacuum tube I82. A 
resistor I03 is connected between control electrode 
III and ground. The cathode I84 is grounded. 
The anode I85 is connected through a resistor I06 
to positive potential source I1, and is also con 
nected by a resistor I01 shunted by a capacitor 
I08 to the control electrode I89 of the right-hand 
portion of vacuum tube I82. 

Control electrode I09 is connected by a resistor 
I80 to negative potential source 14. The cathode 
I9I is grounded. The anode I92 is connected to 
the junction of resistor I19 and capacitor I60. 
This junction is also connected by a resistor I93 
to the junction of resistors I33 and I34, the lat 
ter junction being by-passed to ground by a ca-, 
pacitor I94. A voltmeter I95 may be connected 
between ground and the junction of resistors I33 
and I34, as shown. 
In operation, the input signal which is applied 

to terminals IM and I02 comprises a composite 
wave having the general characteristics shown 
in Fig. 2. Since video ampli?er I00 is assumed 
to have an even number of stages, a, similar com 
posite wave is applied to control electrode I04 of 
vacuum I05. This vacuum tube operates as a 
cathode follower, and its control electrode I04 has 
applied to it a suitable negative bias potential, 
as for example three volts. This bias serves to 
limit the azimuth pulses to a desired value, as for 
example 11 volts. The video signal output ap 
pears across resistor II2 in the cathode circuit of 
vacuum tube I05 and may be utilized at terminals 
H0 and III. 
Resistor H6 in the anode circuit of vacuum 

tube I05 has no appreciable e?ect upon the opera 
‘ tion of this tube as a cathode follower since, the 
tube being a pentode, its anode current is deter 
mined largely by the potential applied to screen 
grid I I3. The negative azimuth pulses from video 
ampli?er I00, however, cause the anode current 
of vacuum tube I05 to be cut off, thus producing 
positive excursions of anode II5 which may, for 
example, have a magnitude of approximately 20 
volts. These positive anode excursions are ap 
plied to control electrode I I8 of vacuum tube I I9, 
which is so negatively biased by grid recti?cation 
action in the circuit of elements H1, H8 and I20 
as to respond only to positive excursions. Such 
signals render the tube conductive, causing the 
azimuth pulse output to be developed between 
terminals I28 and I29. 
The output of vacuum tube I05, as developed 

across its cathode resistors I09 and I I2, is applied 
to control electrode I3I of vacuum tube I32, 
which functions as a trigger signal separator. 
Control electrode I3I is normally biased to a 
substantial negative value, as for example ap 
proximately 40 volts. This bias is su?icient to 
cut oif the tube for peak values of the radar 
video signal. The azimuth signal pulses are of 
negative polarity and hence have no effect upon 
vacuum tube I32. The trigger signal pulses are 
positive and have approximately double the am 
plitude of the peak radar video signals. Thus 
each trigger pulse overcomes the normal negative 
bias on control electrode Ill and renders vacuum 
tube I32 conductive for the brief duration of each 
pulse. 
The resultant negative anode swings are am 

pli?ed by vacuum tube I42, which operates with 
zero bias on its control electrode I“. The pur 
pose of series screen resistor I41 is to reduce the 
anode current of this vacuum tube to a reason 
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able value. Each negative trigger pulse from 
vacuum tube I32 causes the anode current of 
vacuum tube I42 to be cut oil. Inductor I5I in 
the anode circuit or this tube sharpens the re 
sultant positive trigger pulses developed at anode 
I50. These pulses, which may for example have 
an amplitude of between 50 and 60 volts, are 
applied to control electrode I54 of the left-hand 
portion of vacuum tube I55, this tube portion 
functioning as a cathode follower and serving to 
provide an impedance step-down. 
The positive trigger pulses developed across 

resistor I59 are applied to control electrode IN 
01’ thyratron I62. This electrode is negatively 
biased by an amount depending upon the setting 
of potentiometer I64, so that the trigger pulses 
must exceed this bias potential in order to tire 
thyratron I62. Thus potentiometer I64 serves as 
a trigger sensitivity control. Resistor I12 limits 
the current flow through thyratron I62. The 
trigger pulses developed across resistor I61 may 
be utilized at trigger output terminals I68 and 
I69. These pulses for example may have a dura 
tion of l microsecond at 70 volts and one ampere. 
For the purpose of maintaining the positive 

trigger pulses applied to control electrode I6I o1 
thyratron I62 at a substantially constant level, 
a feedback loop is provided. The positive pulses 
developed across cathode resistor I59 associated 
with vacuum tube I55 are applied by means of 
capacitor I14 to control electrode I15 of the 
right-hand portion of vacuum tube I55. This 
electrode is normally held at a substantially 
negative potential, as for example approximately 
66 volts, by the voltage divider comprising re 
sistors I16 and I11. The right-hand portion of 
vacuum tube I 55 conducts on each positive trigger 
pulse which exceeds this bias potential, and the 
resultant negative voltage swings of anode I18 
are employed to trigger a “one-shot” multi 
vibrator comprising vacuum tube I82. The left 
hand portion of this vacuum tube is normally 
conducting so that its anode I65 has approxi 
mately the same potential as its control electrode 
I8I. The right-hand portion of vacuum tube 
I82 is normally non-conducting. 
When negative trigger pulses are received from 

vacuum tube I55, control electrode I8I is ren 
dered increasingly negative so that the left-hand 
portion of vacuum tube I82 is cut oil. The re 
sultant positive swings of anode I85 are fed 
through resistor I81 shunted by capacitor I88 to 
control electrode I99 of the right-hand portion 
of vacuum tube I82, thereby rendering this elec 
trode less negative and causing the right-hand 
portion of the tube to become conductive. Anode 
I92 thereupon becomes decreasingly positive, and 
this negative voltage swing is applied through 
an integrating network comprising resistors I93 
and I34 and capacitor I94 to control electrode 
I3I of vacuum tube I32. Capacitor I94 is nor 
mally charged so that its ungrounded terminal 
is substantially negative with respect to ground, 
as for example by 40 volts. The negative voltage 
swings of anode I92 increase the negative voltage 
on capacitor I94 and thus increase the negative 
bias which is applied to control electrode I3I of 
vacuum tube I32. 

Capacitor I94 is charged negatively at a slow 
exponential rate. This gradually increases the 
negative bias voltage on control electrode I3I of 
vacuum tube I32 until the pulse amplitude de 
veloped across cathode resistor I59 associated 
with vacuum tube I55 is reduced to a desired 
value, as for example to less than 50 to 60 volts. 
when this condition is reached, the multivibrator 
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comprising vacuum tube I82 rests until it is 
triggered by another pulse from anode I18 of 
vacuum tube I55. The charge and discharge of 
capacitor I94 occurs at a rate faster than the 
amplitude variation of the radar trigger pulses, 
but less rapidly than the pulse repetition rate. 
In this manner, the average pulse amplitude de 
livered at output terminals I68 and I89 remains 
essentially constant for a wide range of ampli 
tudes for the input pulses applied by capacitor 
I80 to vacuum tube I32. The small departure 
from the average in the amplitude of individual 
pulses applied to control electrode l6l of thyra 
tron I62, due to hunting action of the feedback 
circuit, is well within the ?ring range of the 
tube and hence introduces no di?iculty. 
As pointed out above, the negative charge on 

capacitor I94 increases as a function of the am 
plitude of the trigger signal pulses applied by 
capacitor I30 to control electrode I3l of vacuum 
tube I32. Although these input pulses are of 
extremely short duration, it is evident that the 
voltage across capacitor I94, as indicated for 
example by voltmeter I95, is closely proportional 
to the amplitude of the input pulses. This por 
tion of the circuit, therefore, constitutes a very 
satisfactory means for measuring the amplitude 
of short-duration pulses, a measurement which 
has been di?lcult to make with previously known 
circuit arrangements. 
While there has been described what is at 

present considered the preferred embodiment of 
the invention, it will be obvious to those skilled in 
the art that various changes and modi?cations 
may be made therein without departing from the 
invention, and it is, therefore, aimed in the ap 
pended claims to cover all such changes and 
modi?cations as fall within the true spirit and 
scope of the invention. 
What is claimed is: 
l. A separating circuit comprising: a plurality 

of vacuum tubes, each having a cathode, an an 
ode, and a control electrode; means for apply 
ing a, composite wave comprising a plurality of 
signals upon the control electrode of a ?rst of 
said vacuum tubes with respect to ground; a cou 
pling between the anode (go said ?rst vacuum 
tube and the control electrode of a second of 
said vacuum tubes; means in the anode circuit 
of said second vacuum tube for utilizing a ?rst 
of said signals; means in the cathode circuit 
of said ?rst vacuum tube for utilizing a second 
of said signals; a coupling between the cathode 
of said ?rst vacuum tube and the control elec 
trode of a third of said vacuum tubes; means 
coupled to the anode of said third vacuum tube 
for utilizing a third of said signals, said means 
comprising a cathode follower having an out 
put circuit; and means including a feedback 
loop between said output circuit and the con 
trol electrode of said third vacuum tube for 
maintaining the average amplitude of the third 
of said signals appearing across said output cir 
cuit substantially constant. 

2. A separating circuit comprising: a plurality 
of vacuum tubes, each having a cathode, an an 
ode, and a control electrode; means for apply 
ing a composite wave comprising a plurality of 
signals upon the control electrode of a ?rst of 
said vacuum tubes with respect to ground; a 
coupling between the anode of said ?rst vacuum 
tube and the control electrode of a second of 
said vacuum ‘tubes; means in the anode circuit 
of said second vacuum tube for utilizing a ?rst 
of said signals; means in the cathode circuit 
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10 
of said ?rst vacuum tube for utilizing _a second 
of said signals; a coupling between the cathode 
of said ?rst vacuum tube and the control elec 
trode of a third of said vacuum tubes: means 
coupled tothe anode of said third vacuum tube 
forutilizing a third of said signals, said means 
comprising a cathode follower having an out 
put circuit; and a feedback loop between said 
output circuit and the control electrode of said 
third vacuum tube, said feedback loop compris 
ing a ‘single-stability multivibrator. 

3. A regulated ampli?er for providing output 
pulses of substantially constant amplitude from 
an input signal comprising pulses of widely 
varying amplitude, comprising: a vacuum tube 
having a cathode, an anode, and a control elec 
trode; means for impressing said input signal 
between ‘said control electrode and ground; a 
cathode follower having input and output elec 
trodes, said input electrode being coupled to the 
output electrode of said vacuum tube; single 
stability multivibrator having a triggering ter 
minal and an output terminal; a coupling be 
tween said output electrode and said trigger 
ing terminal; a capacitor connected between said 
output terminal and ground; and a connection 
between said control electrode and the un 
grounded terminal of said capacitor. 

4. A regulated ampli?er for providing output 
pulses of substantially constant amplitude from 
an input signal comprising pulses of widely 
varying amplitude, comprising: a vacuum tube 
having a cathode, an anode, and a control elec 
trode; means for impressing said input signal 
between said control electrode and ground; a 
cathode follower having input and ,output elec 
trodes, said input electrode being coupled to the 
output electrode of said vacuum tube; a multi 
vibrator having a triggering terminal and an 
output terminal, said multivibrator being of the 
single-stability type; a coupling between said 
output electrode and said triggering terminal; 
a capacitor connected between said output ter 
minal and ground; and a connection between 
said control electrode and the ungrounded ter 
minal of said capacitor. 

5. In combination, a composite wave sending 
system and a receiving system therefor, the send 
ing system comprising: a ?rst ampli?er tube 
circuit receiving positive trigger pulses in its grid 
input circuit and producing ampli?ed negative 
pulses in its plate output circuit, a second am 
plifying tube circuit receiving video input sig 
nals in its grid input circuit and producing an 
ampli?ed and inverted version thereof in its 
plate output circuit, a recti?er coupling the 
plate output circuit of said ?rst tube to the oath 
ode of the second tube for causing high ampli 
tude negative pulse voltage excursions of the 
plate voltage of said second tube greatly exceed 
ing in magnitude the ampli?ed versions of the 
video grid input voltage thereof, a third ampli 
?er tube circuit receiving high amplitude posi 
tive pulses in its’ grid input .circuit and pro 
ducing high amplitude negative pulses in its 
plate circuit, and a fourth ampli?er tube circuit 
having its plate coupled to the plate of said 
third tube and its grid input circuit coupled 
to the plate of the second tube, the fourth tube 
producing low amplitude positive output volt 
age variations corresponding to the positive video 
voltage variations in the input circuit of the 
second tube and also producing high amplitude 
positive pulses corresponding to the input pulses 
of the ?rst tube, and these output components 
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being combined in the intercoupled plate cir 
cuits of the third and fourth tubes with the high ' 
amplitude negative pulses produced through the 
operation of the third tube; and said receiving 
system comprising: a ?rst separator circuit tube 
having a control grid receiving a version of the 
composite wave of high amplitude positive trig 
ger pulses, low amplitude video voltage varia 
tions, and high amplitude negative pulses, said 
?rst separator circuit tube having a cathode load 
output circuit and a plate output circuit, the 
plate output circuit supplying limited-amplitude 
sharp positive voltage excursions corresponding 
to the input'of the third tube in the composite 
wave sending system and the cathode output 
circuit supplying sharp high amplitude positive 
voltage pulses corresponding to the trigger pulse 
input of the ?rst tube in the composite wave 
sending system and also low amplitude video 
voltage variations, a second ampli?er tube with 
its grid coupled to the plate circuit of said ?rst 
separator circuit tube through a resistance 
capacitance bias storage and coupling circuit 
providing a negative grid bias voltage to said 
second tube resulting from grid-recti?cation 
therein and limiting the output of the second 
tube to brief negative pulses corresponding only 
to the output of the third tube in the composite 
wave sending system, a third separator circuit 
tube having its grid circuit coupled to the cath 
ode circuit of the ?rst separator circuit tube, 
means supplying high voltage negative bias to 
the grid circuit of said third separator circuit 
tube, this voltage exceeding the sum of the cut— 
oil’ bias of this tube and the positive peak 
values of the video voltage supplied through the 
cathode circuit of the ?rst separator circuit tube 
whereby only the very high amplitude positive 
trigger pulses in the cathode circuit of said ?rst 
separator circuit tube are su?icient to produce 
such changes of grid voltage in said third sep 
arator circuit tube as to produce plate current 
pulses therein, a two-stage ampli?er coupled to 
the plate circuit of the third separator circuit 
tube, the output stage of the two-stage ampli- - . 
?er being a cathode follower stage for produc 
ing output voltage variations in the same sense 
as the input voltage variations in the input cir 
cuit of the third separator circuit tube, and 
hence for producing positive high amplitude 
pulses corresponding to the positive trigger 
pulses, a thyratron having a control grid cou 
pled to the cathode follower output circuit of 
said two-stage ampli?er to be ?red recurrently 
by said ampli?ed positive trigger pulses, the out 
put circuit of the thyratron providing high 
power control current pulses timedaccording to 
said trigger pulses, and a feedback loop circuit 
between the output circuit of the two-stage am 
pli?er and the grid bias circuit of said third 
separator circuit tube, said feedback loop cir 
cuit comprising a one-shot multivibrator includ 
ing a normally conductive input tube portion 
with a grid circuit coupled to the output cir 
cuit of said two-stage ampli?er and a normally 
non-conductive output tube circuit with its an 
ode circuit coupled to the grid circuit of said 
third separator circuit tube, cross couplings be 
ing provided between the control grids and the 
anodes of the two tuba of the multivibrator, and 
a capacitor integrator connected in the output 
circuit of said multivibrator and the grid cir 
cuit of said third separator circuit tube for re 
ceiving current impulses from the output tube 
of said multivibrator corresponding to its pe 
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riods of conductivity and supplementing‘ the 
negative bias normally supplied to the control. 
grid circuit of said third separator circuit tube 
by an amount variable automatically to suppress 
changes of output amplitude of said two-stage 
ampli?er. 

6. A composite wave sending system compris 
ing a ?rst ampli?er tube circuit receiving posi 
tive trigger pulses in its grid input circuit and 
producing ampli?ed negative pulses in its 
plate output circuit, a second ampli?er tube cir 
cuit receiving video input signals in its grid in 
put circuit and producing an ampli?ed and in 
verted version thereof in its plate output circuit, 
means connected between the plate output cir 
cuit of said ?rst tube and the cathode of the 
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tive pulse voltage excursions of the plate volt 
age of said second tube greatly exceeding in 
magnitude the ampli?ed versions of the video 
grid input voltage thereof, a third ampli?er tube 
circuit receiving high amplitude positive pulses 
in its grid input circuit and producing high 
amplitude negative pulses in its plate circuit, 
and a fourth ampli?er tube circuit having its 
plate coupled to the plate of said third tube 
and its grid input circuit coupled to the plate 
of said second tube, the fourth tube producing 
low amplitude positive output voltage variations 
corresponding to the positive video voltage var 
iations in the input circuit'of the second tube 
and also producing high amplitude positive 
pulses corresponding to the input pulses of the 
?rst tube, these output components being com 
bined in the intercoupled plate circuits of the 
third and fourth tubes with the high amplitude 
negative pulses produced by the third tube. 

7. A composite wave sending system compris 
ing a ?rst ampli?er tube circuit receiving posi 
tive trigger pulses in its grid input circuit and 
producing ampli?ed negative pulses in its plate 
output circuit, a second ampli?er tube circuit 
receiving input video signals in its grid input 
circuit and producing an ampli?ed and inverted 
version thereof in its plate output circuit, means 
including a recti?er coupling the plate output 
circuit of said ?rst tube to the .cathode of the 
second tube for causing high amplitude negative 
pulse voltage excursions of the plate voltage of 
said second tube greatly exceeding in magni 
tude the ampli?ed versions of the video grid 
input voltage thereof, a third ampli?er tube cir 
cuit receiving high amplitude positive pulses in 
its grid input circuit and producing high am 
plitude negative pulses in its plate circuit, and 
a fourth ampli?er tube circuit having its plate 
coupled to the plate of said third tube and its 
grid input circuit coupled to the plate of the 
second tube, the fourth tube producing low am 
plitud positive output voltage variations corre 
sponding to the positive video voltage variations 
in the input circuit of the second tube and also 
producing high amplitude positive pulses corre 
sponding to the input pulses of the ?rst tube, 
these output components being combined in the 
intercoupled plate circuits of the third and 
fourth tubes with the high amplitude negative 
pulses produced through the operation of the 
third tube. 

8. Apparatus for combining three input sig 
nals to provide a composite transmission wave 
and for receiving said composite wave and sep 
arating it into three output signals respectively 
corresponding to said three input signals, the 
?rst and third input signals being distinct pulse 
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trains, comprising: ?rst, second and third vac 
uum tubes; means for impressing the respec 

' tive ones of said input signals upon the respec 
tive ones of said three vacuum tubes; means 
including a coupling between said ?rst and sec 
ond vacuum tubes for combining versions of the 
?rst and second of said input signals into a ?rst , 
composite signal with negative polarity high 
voltage pulses; a fourth vacuum tube; means 
including a coupling between the output cir 
cuits of said third vacuum tube and said fourth 
vacuum tube and a coupling between the out 
put circuit of said second vacuum tube and the 
input circuit of said fourth vacuum tube for 
combining a version of said ?rst composite sig 
nal with a version of said third input signal 
to provide the composite transmission wave; 
three separator circuit vacuum tubes; means for 
impressing said composite transmission wave 
upon a ?rst of said separator circuit vacuum 
tubes, a coupling between said last-mentioned 
vacuum tube and a second of said separator 
circuit vacuum tubes; means associated with 
said last-mentioned vacuum tube for utilizing 
the output signals corresponding to the third 
input signal; means associated with said ?rst 
separator circuit vacuum tube for utilizing the 
output signals corresponding to the second in 
put signal; a coupling between said last-men 
tioned vacuum tube and the third separator cir 
cuit vacuum tube; means including an ampli 
?er coupled to said last-mentioned vacuum tube 
for utilizing a third of said output signals; and 
means including a single-stability multivibrator 
and a voltage storage capacitor interposed be 
tween said third separator circuit vacuum tube 
and said ampli?er for variably biasing said third 
separator circuit tube according to the output 
level of said amplifier, said multivibrator hav 
ing its input circuit coupled to the output cir 
cult of said ampli?er and its output circuit con 
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nected to said capacitor and to the grid circuit 
of said third separator circuit vacuum tube. 

DAVID E. KENYON. 
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