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This invention relates to electric wave modi 
fying circuits and more particularly to Wave 
modifying circuits of the type in which the low 
frequency modulation content in a signal Wave 
comprising a multiplicity of short pulses of vary 
ing amplitude spaced by intervals longer than 
the duration of a pulse is increased. 

Radio object locating and distance measuring 
Systems (frequently called 'radar' systems) are 
known in which radio frequency pulses of very 
short time duration (called “transmitted pulses' 
or “emitted pulses') are emitted at intervals, 
reflections thereof are received from objects up 
on which the emitted pulses impinge and the re 
flection delay times for particular reflections are 
determined to provide indications of the distances 
of the object in which the respective reflected 
pulses are received. Radar Systems of the type 
in which the beam of the antenna, is continually 
moved so that its axis “follows’ or “tracks' the 
target are also known. In one such radar, a ro 
tating Wave guide Scanner is turned about the 
axis of a paraboloidal reflector... The Wave guide 
has an aperture which is displaced somewhat to 
One Side of the axis So that as the Scanner ro 
tates around the axis of the reflector, the axis 
of the radio beam describes a cone in Space. 
When the axis of the reflector is pointed directly 
at a target in Space, the radio beam does not point 
Squarely at the target and hence strikes it with 
Somewhat less than maximum intensity. How 
ever, Since the radio beam is describing a cone 
in Space about the reflector axis, it continues to 
project substantially the same amount of power 
toward the target at all positions in the scan 
ning cycle. On the other hand, if the target 
noves off the reflector axis, the bean at One part 
of its Scan points more directly at the target. While 
in the diametrically opposite part of its scan the 
beam points farther away from the target. In 
such a situation the echo pulses produced, each 
representative of the selected target, vary in 
amplitude at the frequency of rotation of the ro 
tating antenna. The motor turning the antenna, 
scanner at a low frequency, SUch as for example, 
60 cycles, is known as the lobing motor and this 
low frequency rotation is known as the lobing 
frequency. The modulation content of the wave 
at the lobing frequency is a mea SULre of the 
amount of angular displacement between the an 
tenna axis and a direct line from the antenna, 
to the target and can be utilized to produce two 
signals to move the antenna through horizontal 
and vertical angles until the antenna, axis and 
the line of sight to the target coincide. However, 
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due to the fact that the signal wave comprising 
Successive echoes from the same target compriseS 
a multiplicity of pulses of comparatively narrow 
width separated by periods of much greater dura 
tion during which no signal is received, the mod 
ulation component at the lobing frequency is very 
Small. In a typical radar, 480 radio frequency 
pulses (called the “transmitted pulses' or "emit 
ted pulses') are emitted each second, and each 
transmitted or emitted pulse has a duration of 
about one microsecond. Because in this typical 
case the pulse separation is about 2000 times the 
pulse duration, and also because the amount of 
pulse amplitude modulation at lobing frequency 
is very small (usually not more than 5 per cent) 
When the antenna, is “off target' by the maximum 
permissible amount, it can be seen that most of 
the frequency components which account for 
the amplitude of the wave produced by the 
echoes from a particular target consist of the 
pulse repetition frequency and its high harmon 
ics with Small side frequencies while the compo 
nent at the lobing frequency itself is very Small. 
For example, if the pulse amplitude somewhere 
in the above radar System were 50 volts modulated 
5 per cent, the video signal component at lobing 
frequency would be less than about 1 millivolt. 
To amplify this component up to the required 
anplitude of several volts Without System over 
load, it is necessary to filter out all components 
of a, frequency greater than the lobing frequency. 
This is very difficult to accomplish without ex 
cessive phase shift at the lobing frequency. 

It is an object of this inventi On to prosyide a 
3 novel wave transforning circuit. 

It is another object of this invention to pro 
vide means for transforming a Wave comprising 
a series of relatively short pulses of substantially 
Similar total energy Spaced by time periods which 
are longer than the duration of any of the pulSeS 
and the amplitudes of which vary at a low fre 
quency, into a wave in which the low frequency 
nodulation content is greatly increased. 

It is another object of this invention to provide 
means for satisfactorily extracting from a Wave 
of relatively short pulses spaced apart by time 
periods greater than the duration of ainy pulse 
and amplitude modulated at a, relatively low fre 
quency the modulation component at this low 
frequency. 

In accordance with the Specific embodinent of 
this invention, chosen by way of example for 
purposes of illustration, there is disclosed a wave 
transforming circuit which for convenience has 
been called a “lobing detector' inasmuch as it 
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"detects' or makes usable the modulation Com 
ponent of a wave comprising a plurality of rela 
tively short pulses Spaced apart by relatively 
long time intervals, said pulses being modu 
lated at the lobing frequency. In a specific form 
of the invention, the lobing detector comprises 
a condenser charged to a fixed potential shortly 
before the reception of a selected video pulse 
and which is partially discharged a few micro 
Seconds later by the received selected video echo. 
Signal from the target being tracked. The dis 
charge of the condenser is thus caused to vary in 
amount in accordance With the modulation of the 
lobing frequency. This lobing frequency com 
ponent of the condenser voltage is the desired 
Signal that is used to operate the angle tracking 
System to vary the position of the antenna, axis 
So that it is “on target' in both elevation and 
azimuth, or, in other words, so that the error 
angle in azimuth (horizontal angle) and eleva 
tion (vertical angle) is reduced to substantially 
Zero. 
The invention Will be more readily understood 

by referring to the following description taken 
in connection with the accompanying drawings 
forming a part thereof in which: 

Fig. 1 is a Schematic block diagram of a radar 
System employing a wave transformer or lobing 
detector in accordance with the invention; 

Fig. 2 is a circuit diagram of the wave trans 
former or lobing detector; 

Fig. 3 is a circuit diagram of the signal selector 
used in the system of Fig. 1; 

Fig. 4 is a circuit diagram of the delay circuit 
and pulse generator used in the system of Fig. 1; 

Fig. 5 shows a modification of the lobing de 
tector of Fig. 2; and 

FigS. 6, 7 and 8 are diagrammatical and graph 
ical representations to aid in understanding the 
invention. 

Referring more particularly to the drawings, 
Fig. shows, by Way of example for illustrative 
purposes, an automatic tracking radar system in 
the three coordinates of range (slant distance to 
the target from the observing station), azimuth 
(horizontal angle between a reference direction 
and the vertical plane containing the line of 
Sight to the target) and elevation (the vertical 
angle between the horizontal plane and the line 
of sight to the target). Fig. 1 is a single line 
block diagram to show the relationship of the 
Various major elements of the system and is not 
intended to be a circuit diagram. It is to be un 
derstood that only elements necessary to show 
the operation of the wave transforming circuit 
or lobing detector of this invention have been 
shown and that various elements of an automatic 
tracking radar system in three coordinates, such 
as, for example, the oscilloscope and details of 
the range detector unit, have not been shown 
inasmuch as they are not necessary to explain 
the action of the lobing detector. 

In the arrangement of Fig. 1, an ultra-high 
frequency pulse modulated wave is produced in 
a transmitter 9. The transmitter may comprise, 
for example, a high voltage rectifier of any suit 
able form which supplies about 12,000 volts to a 
Suitable charging circuit or element capable of 
producing a still higher voltage. After the charg 
ing voltage builds up to about 21,000 volts, any 
Suitable rotary Spark gap discharges the capac 
itor in the charging circuit. This discharge takes 
place in about one microsecond and causes the 
magnetron Oscillator in the transmitter to oscil 
late for this brief period and send short pulses 
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of radio frequency energy through a T-R box 
to the antenna. System 2. A suitable antenna 
System is disciosed in an application by A. P. King, 
Serial No. 499,450, filed August 21, 1943, and in a 
corresponding British Patent 586,689, complete 
accepted March 27, 1947. 
The antenna arrangement may, for example, 

comprise an open-ended circular antenna, Wave 
guide 3, the longitudiinal axis of which is angul 
larly related to the principal axis of the parabo 
loidal reflector 4. The aperture at the open end 
of the guide is in the focal plane of the reflector 
and placed a small distance to the side of the 
reflector axis. The antenna, guide is connected 
to the T-R box by means of a stationary main 
transmission guide extending perpendicularly to 
the reflector axis and ultra-high frequency pulse 
modulated waves are Supplied to and collected 
from the guide. Means (not shown in Fig. 1) are 
provided for rotating the axis of the short Wave 
guide about the reflector axis, and therefore for 
rotating the center of the aperture about the 
reflector focus, whereby the axis of the Inaximum 
directive lobe describes in space a cone of sub 
stantially circular cross-section, and lobe nutation 
is secured Without moving the reflector 3. Means 
are also provided for moving the arrangement 
for the purpose of aligning - the refector a Xis, 
which coincides With the axis of the directive 
coine, with any direction in Space. This means 
comprises, by way of example, an azimuth motor 
5 for varying the horizontal angle between the 

ireflector axis and the line between the antenna, 
and the target and an elevation notor for varying 
the vertical angle between the reflector axis and 
the line between the antenna, and the Selected 
target it is desired to follow or track. The opera 
tion of the azimuth and elevation motors 5 and 
6 is controlled by signals from an angle tracking 

unit to be described below. Mounted So as 
to rotate with the antenna, scanner 3 are two 
low frequency generators represented by the boxes 
8 and 8-A. These two generators, which are 

called the lobing generators, generate sinusoidal 
waves at the Iobing frequency, that is, the fre 
quency of rotation of the wave guide antenna 3 
and which are 90 degrees apart in phase. These 
Waves are applied to the respective azimuth and 
elevation phase detectors 30 and 3A in the angle 
tracking unit 7 and are used as reference waves. 

Radio frequency pulses emitted by the antenna. 
3 and reflected by the reflector 4 strike one or 
more objects and produce reflections or echoes 
therefrom which are received by the same an 
tenna System and transmitted through the T-R. 
box to the receiver 9. The T-R, box may be 
of any desirable type, for example, that employ 
ing a Western Electric Company 709-A tube in 
a resonant cavity. This tube is filled With an 
ionizable gas and has a small gap therein. Dur 
ing reception, with the low voltages of the re 
ceived energy, the gas is not ionized, the cavity 
is tuned to resonance and the received energy is 
applied to the receiver 9. During the transmis 
sion of a pulse from the transmitter í ?, the volt 
ages due to the pulse ionize the gas, thus detuning 
the cavity and Substantially preventing most Of 
the energy of the pulse from reaching the re 
ceiver 9. 
In the receiver 9, the received waves are heter. 

odyned to a convenient intermediate frequency 
and these intermediate frequency Waves are ann 
plified, detected, and applied to the signal selec 
tor 20 a circuit diagran of Which is shown in 
Fig. 3. s 
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Pulse energy from the transmitter 0, in the 
nature of a synchronizing pulse, controls the 
range unit 2 which is essentially a variable delay 
circuit or unit and produces a pulse 202 (see Fig. 
8-B) of predetermined length a controllable pe 
riod of time after the initiation of the pulse from 
the transmitter O. A suitable range unit is dis 
closed in an application of L. A. Meacham, Serial 
No. 491,791, filed June 22, 1943 and which issued 
as Patent 2,422,204 on June 17, 1947. The output 
pulse from the circuit 2 is applied to a delay 
circuit and pulse generator 22 which, for exam 
ple, produces a pulse 22 (see Fig. 8-I) which has 
a duration corresponding to a range of, for ex 
ample, 400 yards, the pulse starting after a time 
interval shown in Fig. 8-F, corresponding to a 
range of 400 yards from the start of the pulse in 
the range unit 2. The unit 22 is shown in Eig. 
4 and will be described more fully below. The 
output pulse from the range unit 2 f is also applied 
to a range tracking unit 23 which is mechanically 
coupled (this connection being indicated by the 
dash line between the units 23 and 2) to the 
range unit 2 to vary a condenser therein in such 
a Way as to vary the time each output pulse in the 
range unit is delayed from the corresponding unit 
pulse from the transmitter 9. Inasmuch as the 
preSent invention does not relate to automatic 
range tracking no details are given herein of the 
range tracking unit but reference is made to a 
copending application of B. M. Oliver, Serial No. 
523,721, filed February 24, 1944, which shows, by 
Way of example, an arrangement utilizing signals 
from a signal selector and pulses from a range 
unit to produce a voltage which drives a motor 
in one direction or the other to vary the delay 
period in the range unit in Such a manner that 
the target is tracked in range. 
The delay circuit shown in Fig. 4 produces a 

pulse, called a "clearing-out pulse' to be described 
more fully below, which is applied to the device 
shown in Fig. 2 and which, for convenience, will 
be designated the "lobing detector.' A selected 
portion of the video signal from the receiver is 
taken from the signal selector 20 and applied to : 
the input of the lobing detector as indicated in 
Fig. 2. This input (as shown in Fig. 6) comprises 
a plurality of relatively short echo pulses 2 (all 
from the Same target) separated by relatively 
long intervals 220 of practically no signal energy. 
If the antenna, is said to be "on-target,' that 
is, if its reflector axis passes through the target, 
all of the pulses 20 will be of substantially the 
Sane amplitude but if the antenna, is not ained 
directly at the target, the received pulses 20 f from 
the Selected target Will be stronger in one posi 
tion of the antenna, than in another due to the 
fact that the lobe is highly directional. The 
pulses 2) Will under these conditions have an 
envelope at the lobing frequency which, for ex 
ample, is 60 cycles. For an arrangement wherein 
480 pulses are transmitted per second and assum 
ing that each transmitted pulse has a duration of 
about i microsecond there is a period of time 
220 of approximately 2082 microseconds between 
Successive video or echo signals from the 
Selected target, that is, from the target being 
tracked or followed by the movement, of the 
antenna, reflector axis. It Will be apparent from 
a consideration of Fig. 6 that the modulation con 
tent at the lobing frequency of 60 cycles is very 
small, being equal to the direct current compo 
nent of the signal multiplied by the modulation 
index (per cent modulation divided by 100). 
Most Of the frequency components Which account 
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for the amplitude of the pulse modulation exist 
as small side bands about the pulse frequency and 
its numerous high harmonics, the component at 
the modulating frequency being by itself very 
Small. The present invention in One of its more 
important aspects is concerned with the extrac 
tion from a pulse wave of the general type shown 
in Fig. 6, information as to variation in amplitude 
of the obing frequency. The lobing detector 24. 
produces a substantially sinusoidal Wave at the 
lobing frequency which is amplified by the am 
plifier 25 and applied to both the azimuth phase 
detector 38 and the elevation phase detector 3 
of the angle tracking unit 7. There signals are 
produced which are applied (through amplifiers 
36 and 37, respectively) to the motors 5 and 6 
to drive these motors in a direction to align the 
axis of the antenna, with the line of Sight to the 
Seiected target both in azimuth and elevation. 
Before going into a detailed description of how 
the output wave of the lobing detector 24 is pro 
duced and the manner in Which it is utilized in 
the rest of the angle tracking unit 7 to control 
the azimuth and elevation motors 5 and 6, re 
spectively, reference will be made to Figs, 2, 3 and 
4 which are circuit diagrams of the elements 24, 
20 and 22, respectively, represented by boxes in 
the system of Fig. 1. 

Reference Will first be made to Fig. 4. Which dis 
closes a circuit 22 for producing a pulse 22 (See 
Fig. 8-) which has a duration corresponding to 
a range of 400 yards and the initiation of which 
is delayed by a period of time corresponding to 
a range of 400 yards after the initiation pulse 
from the range unit 2. This circuit also pro 
duces the “clearing out” pulse 206 (see Fig. 8-E) 
for the lobing detector 24. The circuit 22 com 
prises tubes Vi, V2, V3, V4 and V5, the first three 
of which make up the so-called “delay circuit' 
and the last two of which form the pulse gen 
erator for generating the delayed pulse 2A2 hav 
ing a duration corresponding to 400 yards range. 
The function of the delay circuit comprising the 
tubes V, W2 and V3 is to produce a pulse 208. 
The range unit output pulse, shown in Fig. 

8-B as the pulse 202, is applied to the control 
element of the tube W through resistor , a grid 
leak resistor 42 being connected in the circuit 
between the control element and ground. The 
cathode is connected directly to the SuppreSSOr 
grid and to ground through the parallel-con 
nected resistor 53 and condenser A4 to apply 
bias to the grid. The cathode is placed at a 
positive potential with respect to ground by 
means of a voltage-dividing potentiometer con 
prising resistances 43, 45 and 46 while the screen 
grid is placed at positive potential with respect 
to ground by neans of the resistor 46 which is 
connected to the positive terminal of a source 
47 of approximately 300 volts. The negative 
terminal of the source it is connected to ground. 
The screen grid is also connected to ground 
through the conden ser 48. The anode is Con 
nected to the positive terminal of the source 4 
through resistor 9 and is connected to the con 
trol element of the tube W2 through condienser 
50 and resistor 5 . Between the common ter.. 
minal of the elements 5 and 5A and ground is 
a tuned circuit comprising inductance men 
ber 52 and adjustable capacity member 53 of a 
few micronicrofarads. The cathode of the tube 
W2 is connected directly to ground and to the 
Suppressor grid. The screen grid is connected 
through the resistance member 54 to the posi 
tive terminal of the source and through the 
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condenser 55 to ground. The anode of the tube 
V2 is connected through the resistorS 58 and 
57: " to the positive terminal of the source ?i, the 
common terminal of resistances 56 and being 
connected to ground through the condenser 58. 
The anode of the tube W2 is connected by leanS 
of a connection 59 to the lobing detector 2á 
shown in Fig. 2 and through a condenser 6 
and a resistance 6 to the control element of 
the tube V3, a resistor 62 being connected be 
tween the common terminal of the members 6, 
and 6 and ground. The Cathode of the tube 
W3 is connected directly to ground and to the 
suppressor grid while the screen grid is coin 
nected to the positive terminal of the Source 4 
through the resistor 63 and to ground through 
the condenser 54A. The anode of the tube W3 
is connected through the resistors 64 and 55 to 
the positive terminal of the source 4, the com 
mon terminal of the members 64 and 65 being 
connected to ground through the condenser 66. 
The anode of the tube V3 is also connected to 
the control element of the tube Wa through the 
condenser 6 and the resistance 68, the connon 
terminal of the members 67 and 68 being con 
nected to ground through the leak resistor 63. 
The cathode of the tube WA is connected directly 
to the Suppressor grid and through the parallel 
connected resistance member and condenser 
lf to ground. The cathode is placed at a posi 
tive potential With respect to ground by means 
of the Voltage-dividing potentionetter between the 
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positive terminal of the source 47 and ground 
comprising the resistances 70, ESA and 2. The 
Screen grid is placed at a positive potential by 
means of a connection to the positive terminal 
of the Source through the resistor 2 and is 
connected to ground through the condenser i3. 
The anode of the tube . V? is Connected to the 
positive termina of the Source through the 
resistor A and is connected to the control ele 
ment of the tube W5 through condenser 5 and 
resistor 76, the common terminal of these last, 
two members being connected to ground through 
the tuned circuit T comprising the parallel 
connected inductance member and the ad 
justable condenser 78 of only a few micronicro 
farads. The cathode of the tube V5 is directly 
Connected to the Suppressor grid and to ground. 
The Screen grid is connected to the positive ter 
minal of the Source 47 through the resistor Fº 
and is connected to ground through the con 
denser 80. The anode of the tube W5 is con 
nected to the positive terminal of the Source A 
through the resistors 8 f and 82, the common 
terminai of these last two members being con 
nected to ground through the condenser 83, he 
anode of the tube W5 is also connected through 
the coupling condenser 86 to the control ele 
ment of the tube V6 in Fig. 3. 
The Operation of the circuit arrangement in 

Fig. 4. Will now be described. The grid of the tube 
W is biased below cut-off because of the con 
nection of the cathode to the positive terminal 
of the Source 47 through the voltage divider com 
prising the resistances 43, 45 and 6. When the 
pulse 22 is applied to the tube W, it conducts 
plate Current for the instant that this grid is 
above the cut-off voltage. The cut-off line 23 is 
shown in Fig. 8-C. The condenser 5 has been 
charged from the 300-volt “B” supply through 
the resistor 49. When V draws plate current 
during the pulse, condenser 53 is suddenly 
charged negatively through the path comprising 
condensers 44 and 50 and tube Vi. The plate 
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voltage drop is about 200 volts and the grid of 
the tube W2 is driven negative by the Sane 
amount. The Li-C network T begins an OScilla 
tion which is quenched after one-quarter cycle 
because the voltage across it begins to Swing 
positive and the grid of the tube V2 begins to 
draw current. The oscillatory voltage has pra. C 
tically the same form as the pulse 204 shown in 
Fig. 8-D which is the grid voltage curve of the 
tube W2. The cut-off line 205 for the tube W2 
is also shown in this figure. The large negative 
grid voltage 264 applied to the grid of tube W2 
cuts off this tube for a length of time equal to 
one-fourth of the period of one oscillation of the 
network and produces a plate Voltage Wave 
having the shape shown in Fig. 8-E. The sloping 
Sides of this Wave are caused by the condenser 60 
and the total stray capacity of the lead 59 shunt 
ing the resistor 56 but do not interfere with the 
Operation of the lobing detector circuit to which 
this Wave is applied by means of the connection 
59. The grid of the tube V3 is coupled to the 
plate of the tube V2 through the 10 micronicro 
farad condenser 6. This condenser and the 270 
Ohm, resistance 2 have a Very Short time constant 
and differentiate the plate Voltage wave produced 
on tube V2 to a form shown in Fig. 8-F, the pulse 
287 in this figure being delayed from the pulse 
282 by a time interval corresponding to substan 
tially 400 yards range. The differentiated pulse 
27 is amplified and changed in polarity by the 
tube W3 to produce a pulse 208 having the wave 
form shown in Fig. 8-G. This output is applied 
to the grid of the tube V4 Which is biased below 
cut-off by connecting its cathode to the B volt 
age. Supply All through the Voltage divider air 
rangement comprising the resistances T0, A and 
A2. The positive pulse 28 applied to the control 
grid causes the plate voltage of this tube to drop 
Suddenly (obviously the negative pulse 209 has 
no effect on the tube) . Network Ti” starts to 
Oscillate, but the OScillation stops at the end of 
One-quarter cycle. When the grid of the tube V5 
begins to SWing positive and draw a grid current. 
The Operation of the tube V4 is similar to that 
of tube V except that its grid pulse has been 
delayed by the time of one-quarter cycle of an 
OScillation of the network T (corresponding to 
400 yards range). The grid voltage wave 20 of 
the tube V5 is shown in Fig. 8-H. Tube V5 is 
cut off by this large negative grid voltage and 
produces an Output Voltage pulse 22 similar to 
that shown in Fig. 8-I. This voltage is applied 
to the grid of the tube W6 in the signal selector 
circuit shown in Fig. 3. The length of the pulse 
2:2 shown in Fig. 8-I corresponds to a range of 
approximately 400 yards and it starts after a time 
interVal Corresponding to a range of approxi 
mately 400 yards after the range unit pulse 292 
shown in Fig. 8-B. The length of the pulse pro 
duced by the pulse generators V4 and V5 may be 
adjusted by means of the condenser 78. 

Reference will now be made to Fig. 3 which 
shows tubes W6 and W7 and their associated cir 
cuit Connections which comprise a suitable signal 
Selector 23. The output pulse 22 from the tube 
V5 of Fig. 4 is applied to the control grid of the 
tube V6 through the coupling condenser 84 and 
the resistor 85, the common terminal of these last 
two elements being connected to ground through 
the resistor 86. The cathode of the tube V6 is 
Connected to grouild through a resistor 3 and is 
also directly connected to the suppressor grid. 
The anode and screen grid of the tube W6 are 
Connected to the positive terminal of the source 
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47 through the resistor 88 and to ground through 
the resistor 89 which is shunted by a condenser 
90. Tube W6 serves as a cathode follower, the 
output connection being made from the cathode 
of the tube W6 to the cathode of the tube W. 
The video signal from the receiver 9, shown by 
Fig. 8-A and comprising for each transmitted 
pulse cycle a pulse 200 representative of a trans 
mitted pulse and one or more pulses which are 
reflections or echoes from the targets (the pulse 
representing the target to be followed being des 
ignated by the reference character 2) is applied 
to the control grid of the tube WT through the 
coupling condenser 9 and the resistor 92. The 
common terminal of the members 9 and 92 is 
connected to ground through the resistor 96. The 
cathode of the tube W is connected to the Sup 
pressor grid thereof while the Screen grid is con 
nected to the positive terminal of the source 47 
through the resistors 93 and 94, the common ter 
minal of these two resistors being connected to 
ground through the condenser 95. The output 
from the signal Selector 20 shown in Fig. 3 to the 
lobing detector of Fig. 2 is taken from the screen 
grid of the tube W7 through the connection 96. 
The anode of the tube WT is connected to the posi 
tive terminal of the Source 4 through resistors 
9 and 98, the connon terminal of these resistors 
being connected to ground through the con 
denser 99. The anode of the tube W is connected 
to an amplifier 00, the output of which is applied 
to the range tracking unit 23. The manner in 
Which such a Selected signal is utilized for range 
tracking is described, by way of example, in the 
Copending application of B. M. Oliver, Serial No. 
523,721, filed February 24, 1944. 
The operation of the signal selector shown in 

Fig. 3 will now be described. This circuit, act 
ing as a gate, permits only those signals which 
occur within a certain small range (time) inter 
Val to be passed on to operate the automatic 
ranging equipment which includes the range 
tracking unit 23 and the lobing detector 24 the 
output of Which is used for automatic angle 
tracking. In this process Of Selection, Video Sig 
nals from the receiver 9 represented in Fig. 
8-A are combined with the 400 yard pulse 22 
which is present in the output of the tube V5. 
The combination of these two is effected in the 
tube W. The pedestal pulse 22 having a 400 
yard width and a 400 yard delay behind the range 
pulse 22 obtained at the plate of the tube V5 
is applied to the grid of the tube V6. The cath 
ode current and Voltage across the cathode re 
sistor 8: follow the voltage applied to the grid 
of this tube. The positive potential across the 
resistOr 8 is also applied to the Cathode of the 
tube. W. Since the resistor is common to both cir 
cuits. This has the effect of placing a more neg 
ative bias on the grid of the tube Wii during the 
application of positive pulses 2 2 to the grid of 
the tube W6. The incoming video signals from 
the receiver 9 are applied in the negative phase 
(as shown in Fig. 8-J) to the grid of the tube 
W. Both the Video and pedestal pulses, there 
fore, cause a decrease in the plate current and 
a rise in the plate voltage of the tube WT. If the 
echo pulse corresponding to the desired target 
occurs within the time span of the pulse 22, 
the two Will be Superposed as shown in Fig. 8-J, 
the echo 20 forming a notch in the pedestal 
pulse. 2 4. In the operation of the range track 
ing unit 23, as described, for example, in the 
copending application of B. M. Oliver, Serial No. 
523,721, filed February 24, 1944, the range unit 
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is controlled from the range tracking unit 23 in 
such a way that the output pulse from the range 
unit occurs at a time which will cause the ped 
estal pulse 24 to bracket the echo pulse 2 
COrresponding to the selected target. The output 
of the signal selector 20, which is applied to the 
tube V8 of the lobing detector 24 shown in Fig. 
2 by means of the connection 96, the condenser 

and the resistor 02, and to the control ele 
ment Of the tube V9 thereOf through the elle 
ments 96, to and 03, is shown in Fig. 8-K. As 
shown in this figure, only those video signals 
within the time span of pulses 22 pass through 
the signal selector. The tubes W8 and W9 are 
connected in parallel so as to amplify the signals 
applied to their control elements. The two 
cathodes are connected together and each is 
connected to ground through resistors 04 and 
95 in series, the latter of which is adjustable. 

The condenser 66 is connected in parallel. With 
the Series-connected circuit comprising the elle 
ments 4 and 05. The anodes of the tubes 
W8 and W9 are connected together and through 
the anode-cathode path of the tube WO to the 
positive terminal of the Source 4. The cath 
odes of the tubes W8 and W9 are placed at a pos 
itive potential by means of the Voltage divider 
comprising the resistors 05, 04 and fol. The 
cathode of the tube WO is connected to ground 
through the condenser f08. The control elle 
ment of the tube W is connected by means of 
the resistor f09 and the connection 59 to the 
anode of the tube W2 in the delay circuit shown 
in Fig. 4. The potential appearing across the 
condenser 8 is applied through resistance ff0 
to the control grid of the tube Wil, this grid 
being connected to ground through the condenser 

f. The cathode of the tube W is connected 
to ground through the resistor 2 and the anode 
of the tube W is connected directly to the posi 
tive terminal of the source 47. The lobing out 
put wave is taken from across the resistance 2 
through the coupling condenser 3. 
The operation of the lobing detector will now 

be described. The lobing detector, as indicated 
in the System of Fig. 1, is part of the angle track 
ing unit 7. Its function is to extract the 60 
cycle lobing frequency from the Selected rea 
ceiver video signal and pass this frequency to 
the rest of the angle tracking unit. Referring 
to Fig. 6, the pulses 20 correspond to the pulses 
20i in Fig. 8-K, there being one of these pulses 
for every transmitted pulse and thus they are 
approximately 2082 microSeconds apart. There 
is no signal energy in the wave between the 
pulses 20. If the antenna, 2 does not have its 
reflector axis aimed at the target, the pulses 
20 will lie under a 60 cycle sinusoidal envelope, 
there being one complete cycle of the 60 cycle 
lobing frequency for every eight pulses, or in 
other words, for every complete rotation of the 
wave guide 3 eight pulses will be emitted. If 
the antenna axis is “off-target' the pulses emit 
ted at some points of the rotation of the antenna. 
will, because of the highly directional sensitivity 
of the antenna, produce a larger amplitude echo 
pulse 20 than others and the envelope 22 will 
be a sine Wave the amplitude of which and the 
phase of which (with respect to the two refer 
ence waves generated by the 60 cycle generators 
8 and 8-A) can be used to generate signals 

to Center the antenna. With respect to the target. 
Inasmuch as the Wave of Fig. 6 has a low mod 
ulation content at the lobing frequency, the 
lobing detector is essentially a wave transformer 
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as it produces an output wave, such as that 
shown in Fig. 7, which has a much larger mod 
ulation content at the lobing frequency. 

Referring now to Fig. 2, the grid of the tube 
V) is connected to the plate of the tube V2 
in the 400 yard delay circuit, and the large poS 
itive plate voltage pulse 206, Fig. 8-E, carries 
the grid of W 0 positive, beginning with the 
start of the range unit pulse 202 and lasting 
for the 400 yard delay interval. The condenser 
98 in the cathode circuit of the tube W. 
charges during the period that the grid of this 
tube is carried positive by the pulse 206. When 
the grid voltage decreases, the tube V is cut 
off and the condenser 8 remains charged. 
The above charging action occurs immediately 
after the range unit pulse 202. The selected 
signal shown above the cut-off line 25 in Fig. 
8-K and which is applied to the tubes W8 and 
W9 in parallel occurs after the range unit pulse 
202 by a time equivalent to the 400 yard delay 
interval plus one-half the 400 yard range pulse 
22, or 600 yards. It follows then that the con 
denser 38 will have baen charged and left at 
its maximum potential (represented by the line 
222 in Fig. 7) before the video signal is applied 
to the lobing detector by means of the connection 
96. The cathode bias of the tubes V8 and W9 is 
adjusted so that the only signals on top of the 
400 yard range pedestal 2 in Fig. 8-K cause 
the tubes W8 and W9 to conduct. Since the un 
grounded side of the condenser f08 is connect 
ed to the plates of the tubes W8 and W9, this 
Condenser is partially discharged. When the se 
lected signal of Fig. 8-K causes plate current 
to flow in W8 and W9. The amount by which the 
condenser 8 is discharged is dependent, upon 
the amount of plate current flowing in the tubes 
W8 and W8 and therefore upon the amplitude 
of the signal pulse applied to the grids thereof. 
If the antenna, is not pointing exactly at the 
target, the amplitude of the selected echo pulses 
2 from the receiver will vary at the lobing fre 
quency (as explained above in connection with 
Fig. 6) and the potential to which the condenser 
98 is discharged will vary from pulse to pulse 

at this same rate. After the condenser 8 is 
partially discharged, it maintains this value of 
charge until it is again charged at the time of 
the next range unit 202 pulse. The voltage on 
the condenser (8 will have a wave shape sim 
ilar to that shown in Fig. 7, and will have a large 
lobing frequency component as indicated by the 
dotted line 223 which is drawn through 
the mid-points of horizontal lines 224 represent 
ing the voltages to which condenser 08 is par 
tially discharged by the successive pulses. This 
Component 223 has a time delay of about one 
half the interval between two successive trans 
mitted pulses or /960 of a second. This corre 
Sponds to a phase delay of about 22% degrees 
(With 8 pulses per scan) which is compensated 
by shifting the phases of the reference waves 
from the generators 8 and 8-A as will be 
pointed out below. The voltage across the con 
denser 88 is applied through the resistor ) 
to the grid of the tube Vf f which operates as 
a Cathode follower output tube. The low-pass 
filter action of the resistor f f and the condenser 

reduces the spikes 225 of the wave shown 
in Fig. 7 and a signal is produced (if the point 
ing error is large) like the typical signal 226 
shown in Fig. 1. This signal is amplified in any 
Suitable amplifier 25 and applied to the azimuth 
and elevation phase detectors 30 and 3. 
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The lobing detector 24 delivers to the two 
phase detectors 30 and 3 a constant voltage 
if the antenna is “on-target' or, if it is not On 
target, a 60-cycle voltage whose amplitude and 
phase indicates the antenna pointing error. If 
the antenna is pointed directly at a target, as 
pointed out above, all reflected pulses will be 
of the same magnitude because the antenna, 
beam, or lobe, will sweep around in a cone, the 
axis of which will pass through the target. Un 
der this condition there will be no modulation 
of the video signal and a constant voltage only 
will be delivered to the azimuth and elevation 
phase detectors 3) and 3. If the antenna is 
not pointed directly at the target, stronger 
echoes will be received from lobes nearer the 
target than from those further away and since 
the speed of the lobe switching motor, that is, 
the motor (not shown) rotating the wave guide 
3, is, for example, 3600 revolutions per min 

ute, this results in a 60 cycle per second mod 
ulation of the reflected signal. It is the func 
tion of the rest of the angle tracking unit 7 to 
transform the 60 cycle lobing input into con 
trol voltages to drive the azimuth and eleva 
tion motors 5 and 6, thus changing the posi 
tion of the antenna, so that it will point directly 
at the selected target. Actually two control 
voltages are developed: one proportional to the 
antenna, error in azimuth and one proportional 
to the antenna, error in elevation. The ampli 
tude and polarity of each control voltage de 
notes the magnitude and direction of the cor 
responding antenna pointing error. 
As shown in the block diagram of Fig. 1, the 

modulated and amplified echo pulses are applied 
to the azimuth and elevation phase detectors 30 
and 3 ?, respectively. Two 60 cycle voltages 227 
and 228, balanced with respect to ground and 
which are 90 degrees out of phase with each 
other, are obtained from the two 60 cycle gen 
erators 8 and 8-A (if desired, the members 
28 and 8-A can be a single tWO-phase gener 
ator) are used as reference waves for deter 

is mining the instantaneous position of the antenna 
lobe. The azimuth reference Wave 227 would 
normally have a maximum when the axis of the 
antenna, beam is at its maximum horizontal dis 
placement from the reflector aXis and the elle 
vation wave 228 Would normally have a maxi 
nun when the axis of the antenna beam is at 
its maximum vertical displacement from the re 
flector axis were it not for the phase shift pro 
duced by the lobing detector. Because of this 
phase shift, the phases of the reference waves 
are shifted accordingly to compensate for it. 
One voltage 227 is applied to the azimuth phase 
detector 36 by means of the connection 20 and 
the other reference Voltage is applied to the ele 
Vation phase detector 3 by means of the con 
nection 2. Each phase detector produces an 
output voltage which is proportional to the com 
ponent in phase with its particular reference 
Carrier wave. Any suitable phase detector may 
he utilized; for example, reference is made to 
the double tube arrangement in Patent 1,539,903, 
issued June 2, 1925 to L. M. Ilgenfritz for pro 
ducing such a voltage component. The phase 
detector 30 comprises, for example, a double 
Vacuum tube circuit, wherein the grids of both 
tubes are varied in potential at a phase dif 
ference of 180 degrees by means of the refer 
ence wave 227 while the wave 226 is applied to 
the grid-cathode circuit of both tubes in the 
Same phase. If the phase displacement between 
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Waves 226 and 22 is Zero or 180 degrees (called 
the in-phase condition) a maximum signal is 
produced in the output circuit of the phase de 
tector. A lobing signal 90 degrees or 270 de 
grees out of phase with the reference frequency 
wave 22 results in no signal voltage in the out 
put circuit. If the phase of the lobing signal 
is between these two conditions, the output Will 
be a signal voltage, the amplitude of which is 
somewhere between zero and the maximum ob 
tained for the in-phase condition, depending On 
the phase difference. The elevation phase de 
tector 3 f is similar to the device 30 except that 
the reference Wave 228 is applied betWeen the 
grids of the two tubes so that the Voltages of 
the grids are 180 degrees apart instead of using 
the wave 22, in this manner as in the device 3. 
The same lobing signal 226 is applied to both 
the azimuth and elevation phase detectors, but 
since the 60 cycle reference waves 22 and 228 
for these two detectors are 90 degrees out of 
phase with each other, the resultant voltages 
will change in different manners. For example, 
when the lobing frequency is in phase (or 180 
degrees out of phase) with the azimuth refer 
ence wave 22, it will be 90 degrees out of phase 
With the elevation reference WaWe 228. This 
means that for this condition a signal voltage 
will be produced for controlling the azimuth 
circuit but no Voltage Will be produced in the 
elevation circuit. Obviously, for other condi 
tions, signals representing errors in both azi 
nuth and elevation Will be produced in the Out 
put circuits of the devices 3 and 33. 
The outputs of the phase detectors 3 and 3 

after being amplified by the devices 32 and 33 are 
applied to the modulators 34 and 35, respectively, 
each of which may be, for example, of the copper 
oxide bridge type disclosed in Patent 2,025,158 
issued December 24, 1935 to F. A. Cowan. Also 
connected to each of these modulators is a 60 
cycle carrier wave derived from the power line 
and a phase shifting network 36A connected to 
the source 38. With no direct current input to 
each modulator, no 60-cycle Voltage appears in 
the modulator output. When a signal voltage is 
applied to the modulator 34, for example, there 
appears at the modulator output a proportional 
60-cycle voltage which either leads or lags the 
Voltage of the Source 38 by 90 degrees, depending 
On the polarity of the signal voltage. The outputs 
of the modulators 34 and 35 are applied to ami 
plifiers 36 and 3, respectively, and the outputs of 
these tWO amplifiers are applied to the azimuth 
and elevation motors 5 and 6, respectively, to 
drive the antenna, until it is “on-target” and 
thereby reduce the azimuth and elevation "error 
voltages' to zero. 

Fig. 5 shows a modification of the arrange 
ment shown in Fig. 2. In Fig. 5 portions to the 
left of the line X-X are intended to be the same 
as the portions to the left of the line X-X in 
Fig. 2 so they have not been reproduced in this 
figure. Moreover, in Fig. 5 all elements having 
the same reference characters as the correspond 
ing elements in Fig. 2 are similar and operate in 
a similar manner. The arrangement of Fig. 5 
differs from that of Fig. 2 in that the average 
potential of the heater for the cathodes in the 
tubes WO and W is made to follow the poten 
tial of the cathode of WÉ 9. This is accomplished 
by means of the equal resistors 3 and 3 ?, the 
common terminal of which is connected through 
resistor 32 to the cathode of the tube W and 
through resistor 33 to ground. Resistors 32 and 
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33 serve as a voltage dividing potentiometer, 

their common terminal being at a potential less 
than the cathode of Wilf by an amount equal to 
the bias across that tube and hence at the poten 
tial of the grid of W and the cathode of Wf O. 
This prevents or greatly minimizes leakage be 
tween the cathode and heater of either of these 
tubes and especially Wf 0, thus preventing the 
charge of the condenser 08 from leaking off 
during the interval between pulses and thereby 
producing an inaccurate output signal from the 
lobing detector. 
Since the amount by which the condenser 08 

is discharged each cycle is proportional to the 
Selected signal pulse strength, the average poten 
tial of this condenser and hence of the cathode 
of W. Will be less, the greater the average se 
lected signal strength. This variation in poten 
tial can be used to control automatically the 
receiver gain by well-known automatic gain con 
trol methods in such a manner as to hold the 
aVerage Selected Signal strength substantially con 
stant Over a wide range of receiver input. 
The circuit constants of an operative form of 

the invention have been indicated on the draw 
ing but it is to be understood that the invention 
is not limited to the use of these specific circuit 
constants as a change of one or more of the vari 
ables of the System may necessitate a change of 
the circuit Constants in a manner understood by 
all those skilled in the art. 
Although the present invention has been de 

Scribed in terms of various illustrative embodi 
mentS it should be realized that the invention 
and its Several features are susceptible of embodi 
ment in a Wide variety of other forms. Hence 
the invention is to be understood as comprehend 
ing such other forms as may fairly come within 
the spirit and letter of the appended claims. For 
example, the wave transforming circuit desig 
nated the lobing detector is not limited to use 
in radar Systems but may be used in any arrange 
ment Wherein it is desired to produce a wave of 
the general form shown in Fig. 7 from a wave of 
the general type shown in Fig. 6. Moreover, 
while in the arrangements of Fig. 2 and Fig. 5, 
the condenser fo8 is charged by the “clearing-out' 
pulse and discharged by the incoming echo pulses, 
it is obvious that in a modification, the condenser 
08 can be discharged to a reference potential and 

then charged by an amount depending on the 
amplitude of the echo pulse. In another modifi 
cation, the “clearing out' pulse can be caused 
to return the Condenser f08 to a potential which 
is not constant but rather varies in accordance 
With Some modulation which it is desired to com 
bine with the received signal. In the claims, the 
term “reference level' is intended to mean either 
a constant potential or one which varies in a 
desired manner. 
Application Serial No. 583,472, filed March 19, 

1945 contains claims relating to the system dis 
closed herein for keeping the axis of a rotating 
element aimed at an object. 
What is claimed is: 
1. In combination, means for forming a voltage 

Wave comprising a plurality of short pulses which 
may be of varying amplitude spaced apart by time 
intervals which are long compared to the dura 
tion of a pulse, an energy storage element, means 
for conditioning said storage element by varying 
the amount of energy stored therein until the 
energy reaches a reference level before the oc 
Currence of each pulse but after the occurrence 
of the immediately preceding pulse, and means 
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for applying each pulse to the storage element to 
vary the amount of energy stored therein by an 
amount depending on the amplitude of that pulse, 

2. The combination as in claim 1 in which said 
reference level is a constant potential. 

3. In combination, means for forming a Voltage 
wave connprising a plurality of short pulses of 
warying amplitude spaced apart by time intervals 
which are long compared to the duration. Of a 
pulse, a condenser, means for conditioning Said 
condenser by charging the energy therein until 
it reaches a, reference level before the occurrence 
of each pulse, and means for applying each pulse 
to the condenser to cause a partial discharge 
thereof by an amount depending. On the ampli 
tude of that plise. 
4. In combination, means for forming. a Wolt 

age wave comprising a plurality of short pulses of 
varying amplitudebut of the same polarity Spaced 
apart by time intervals which are long Compared 
to the duration of a pulse, said Voltage. Wave, have 
ing a low frequency envelope, an energy. Storage 
element, means for conditioning Said Storage elle 
ment by varying the amount of energy. Stored 
therein until the energy reaches a reference level 
before the occurrence of each pulse, and meanS 
for applying each pulse to the storage element to 
vary the amount of energy stored therein by an 
amount depending on the amplitude of that pulse. 

5. A circuit arrangement for modifying a volt 
age wave which comprises a plurality of short 
pulses of varying amplitude Spaced apart by time 
intervals which are long compared to the duras 
tion of a pulse to form a stepped. Voltage Wave, 
the potential of each step being determined by 
the amplitude of a corresponding iDulse in the 
input wave, said circuit comprising, an energy 
storage element, means for conditioning Said 
storage element for varying the amount of energy 
stored thereira until the energy reaches a refer 
ence lievel before the occurrence of each pulse in 
the input wave, and means for applying each 
pulse to the storage element to vary the amount 
of energy stored therein by an amount depending 
on the amplitude of that pulse, whereby there is it 
formed across said storage element a stepped 
voltage wave the time interval between adjacent 
steps being short compared to the duration of 
a Step. 

6. A circuit arrangement for modifying a volt- ; 
age input wave comprising a series of short pulses 
which comprises a condenser, means for condi 
tioning said condenser by charging the energy 
thereira UNtil it reaches a reference level before 
the occurrence of each pulse in the input Wave, 
and means for applying each pulse in the input 
wave to the condenser to partially discharge it by 
an amount depending on the amplitude of that 
pulse, whereby there is formed across said storage 
element a stepped voltage wave the time interval 
between adjacent steps being short compared to 
the duration of a step. 

7. The combination of the circuit arrangement 
of claim 6 with a radio circuit, and means for 
utilizing said stepped voltage Wave to control the 
gain of signals in Said radio circuit. 

8. In combination, a Space current device con 
prising an anode, a cathode and a contl’Ol elle 
ment, a condenser, means for connecting said 
condenser in circuit with the cathode of Said 
Space current device, means for applying to the 
cathode control element circuit of said device a, 
Voltage wave comprising a plurality of Short 
pulses of varying amplitude spaced apart by time 
intervais Which are long compared to the dura 
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6 
tion of a pulse, means for conditioning said cons 
deinser by varying the amount of energy Stored 
therein. Until the energy reaches a reference level 
3fore the occurrence of each pulse, and means 

for applying each pulse to the condenser to Vary 
the amount of energy stored therein by an amount 
depending on the intensity of that pulse. 

9. In combination, a first space current device 
comprising an anode, a cathode and a control 
element, a secondi Space ClIrrent deVice CONT1 priS 
ing an anode, a cathode and a control element, 
a condenser, means for connecting said condenser 
in circuit With the Cathode of Said first Space 
current device, means for applying to the Cathode 
control element circuit of Said first device a volt 
age wave comprising a plurality of short pulses 
of varying araplitude spaced apart by time inter 
vals which are long compared to the duration of 
a pulse, means for conditioning said condenser 
by varying the amount of energy stored therein 
until the energy reaches a reference level before 
the cerrance of each pulse, in eans for applying 
the Voltage variations acroSS Said COnden Serto 
the control element Circuit of Said Second Space 
Current device, and means for obtaining an out 
pif " Wave : from the Caithnode circuit Of Said : SecOld 
space current device. 

(). In coincination, a first Space current deVice 
coil prisiiig an anode, a cathode and a Control 
ellement, a second Space Current deVice compris 
iing an anode, a cathode and a control element, 
a cotideri Ser, means for Connecting Said condenser 
in circuit with the cathode of Said first space 
Cirent device, nears for applying to the Cathode 
COintrol efeltént. Ciclit Of Said first die Vice a Volt 
age wave. Coirprising a piurality of short pulses 
of Varying ainplitude. Spaced apart by time inter 
Was Winich are: Ong compared to the duration of 
a pulsa, neans for conditioning said condenser 
by varying the amount of energy stored therein 
until the energy reaches a reference level before 
the occurrence of each pulse, and means for 
appiying the Voltage Variations acroSS Said con 
der Ser to the Cathode-controi element circuit of 
Said SECOndi Space Ctrl'Erit de Vice, Said last-men 
tioned means including a low-pass filter circuit, 
and Ileans for obtaining an output Wave from 
the anode-cathode circuit of said second space 
Current deVice. 

11. In combination, a first space current device 
COImprising an anode, a cathode and a control elle 
ment, a Second Space current device comprising 
an anode, a cathode and a control element, a 
Condense, means for Connecting said condenser 
in circuit between the cathode and control elle 
ment of Said first space current device, means 
including Said Second discharge device for apply 
i:3g to the cathode-control element circuit of said 
first device a Voltage wave comprising a plurality 
of Short puises of varying amplitude spaced apart 
by tine intervals which are long compared to 
the duration of a pulse, means for conditioning 
Said coindenSei by varying the amount of energy 
Stored therein until the energy reaches a refer 
eace level before tie occurrence of each pulse, 
near S for applying each pulse to the condenser 
to Vary the aimount of energy stored therein by 
lain amount depending on the intensity of that 
pulse, a heater element for each of said cathodes, 
aid ineans for causing the potential of each of 
Said heaters to vary With the potential of -one 
Of the Cathodes. 

2. A circuit arrangement for modifying a volt 
age Wave which comprises a plurality of short 

  



2,451,632 
17 

pulses of varying amplitude Spaced apart by time 
intervals which are long compared to the dura 
tion of a pulse to form a stepped Voltage wave, 
the potential of each step being determined by 
the amplitude of a corresponding pulse in the 
input wave, said circuit arrangement comprising 
an energy storage element, means for applying 
each pulse to the storage element to vary the 
amount of energy stored therein by an amount 
depending on the amplitude of that pulse, and 
means for thereafter Varying the amount of 
energy stored in said storage element until it 
reaches a reference level before the occurrence 
Of the next pulse in the input Wave. 

13. A circuit arrangement for modifying a volt 
age wave Which comprises a plurality of short 
pulses of varying amplitude spaced apart by time 
intervals which are long compared to the dura 
tion of a pulse to form a stepped voltage wave, 
the potential of each step being determined by 
the amplitude of a corresponding pulse in the 
input wave, said circuit arrangement comprising 
an energy Storage element, means for applying 
each pulse to the storage element to almost in 
Stantaneously vary the amount of energy stored 
therein by an amount depending on the ampli 
tude of that pulse, and means for thereafter al 
most instantaneously varying the amount of 
energy Stored in said storage element until it 
reaches a reference level before the occurrence 
of the next pulse in the input wave. 
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14. A pulse generator comprising a condenser, 

a source of direct potential for charging said 
condenser, means for repeatedly connecting Said 
source to said condenser, a circuit for discharg 
ing said condenser after each charging thereof 
comprising a variable resistance, and means for 
utilizing each short Voltage pulse of a series of 
such pulses which are widely spaced in time to 
impulsively vary said resistance from a high Value 
to a low value which is dependent upon the 
amplitude of the pulse. 
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