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ABSTRACT

The pulse analyzer AN/APA-64 is a device which,
when used with a suitable search receiver, indicates
on meters the pulse width and pulse-repetition frequency
of received radar signals. It is designed for aircraft
use and can be operated remotely. A special holding
cireuit with an automatic-reset feature allows readings
to be logged from only a short burst of pulses. Acom-
plete circuit description of this equipment and a2 sum-
mary of its characteristics are included.

PROBLEM STATUS

This is an interim report on this problem; a final
report on the over-all system is in preparation.

AUTHORIZATION

NRL Problem No. R06-18
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AN/APA-64 PULSE ANALYZER

INTRODUCTION

A pulse analyzer was needed which could be operated in conjunction with a search re-
ceiver and which would indicate by meter presentation the video characteristics, pulse
width, and pulse-repetition frequency of a wide variety of radars. In addition, it was de-
sired that the instrument perform its intended functions from one sweep of “burst’ of pulses
from the particular radar under observation. Using as a reference the wartime work of
C. C. Loomis and J. W. Christensen' of the Radio Research Laboratory, Harvard University,
such a pulse analyzer giving satisfactory results was designed and developed at the Naval
Research Laboratory.

PRELIMINARY CONSIDERATIONS

The main problem in such design is one of separating variables, that is, of separating
pulse length, pulse-repetition frequency, and amplitude on the assumption that radar video
characteristics are repetitive in nature, Since amplitude change is the least useful infor-
mation, it was eliminated in this instance by means of a special pulse-shaping circuit that
preserves pulse length and pulse-repetition frequency and eliminates amplitude variations.
The network sensitive to pulse-repetition frequency is of straight-forward design; pulse-
length-sensitive networks are generally more difficult to obtain since it is practically im-
possible to eliminate pulse frequency.

The video output of most search receivers is of the order of 1 to 3 volts. It varies with
the receiver power supply and also with the signal strength as the receiver approaches or
recedes from the radar under observation. Since a meter system would be sensitive to all
these changes, it is necessary to eliminate amplitude variations so as to produce only a
small percentage error from this factor. The pulse-repetition frequency coming through
the system would remain unaffected, but pulse-length indications would be influenced by
amplitude and shape changes. In consequence, it is necessary to amplify, and generate by
shaping, an equivalent pulse for measurement purposes,

The effective range of a radar determines the number of pulses it must receive back
from the target in a single sweep. Therefore a pulse analyzer must be capable of coming
to equilibrium with the same number of pulses in order to present the pulse information
accurately. In short, any analyzer must give the same indications of a single radar whether
it is sweeping across or continuously tracking a target. From the standpoint of usability,

Loomis C. C., “Radar Video Analyzer,” Harvard University Radio Research Laboratory
Report 411-220. August 1, 1945.
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there must be no inherent transients generated in the analyzer greater than any transient
that may occur in the radar signal during reception, and the analyzer must be reasonably
insensitive to signal-amplitude changes.

The received energy sweep of a scanning radar, for instance, is very low since the
modern radar antenna mounts will allow rapid motion and, with modern antennas, produce
reasonably narrow beams. In addition, the radar energy duty cycle is low. As the radar
beam scans past the receiving antenna, it is also noted that the signal-amplitude range is
large due to the shape and sharpness of the radar antenna beam. On the assumption that
the receiver gain is constant throughout .a single sweep of the radar beam, the beam forms
a pulse-amplitude pattern or envelope vs time. It is necessary that the design of the an-
alyzer be such as to accept pulses whose amplitudes are well down the sides of the ampli-
tude envelope as well as to accept pulses from the top, or flatter portion of the envelope.
Incorporation of this feature provides the minimum number of pulses required to ascer-
tain repeatable readings of the indicating meters without undue restrictions or serious lim-

itations.

Meter presentation of pulse data must further function to hold each indication of pulse-
width and pulse-repetition frequency long enough for the operator to note correctly with
ease and confidence the information presented him.

CIRCUIT DESCRIPTION

The basic block diagram of the Radar Video Analyzer is shown in Figure 1. The signal
input from the search receiver goes through a section that amplifies and shapes the pulse
for measurement. Thereafter the pulse enters first a pulse-width network and then a volt-
meter to indicate pulse width. In the same manner, the pulse goes into a pulse-repetition-
frequency network and another voltmeter to indicate repetition frequency. Also, from the
shaping section the pulse goes into an automatic-reset circuit which generates a trigger on
the first pulse to reset each voltmeter, thereby makingthem ready to indicate any new in-
formation coming to them. Figure 2isanover-all schematic diagramof the equipment.

PULSE

PULSE PULSE — WIDTH :
——— | AMPLIFYING AND VLT
(NPUT NETWORK METER

SHAPING

PULSE-FREQUENCY
VOLT _
BEENGRE METER

AUTOMATIC

RESET

Fig. 1 - Basic block diagram of pulse analyzer
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Shaping

Amplification of the pulse signal is accomplished in two stages. Although it produces
little or no gain advantage, the first stage is necessary in order to allow a positive or neg-
ative input polarity feature. A tube with high transconductance was chosen so as to enable
the preservation of pulse shape. The second stage uses a high transconductance pentode
amplifier with sufficient gain to operate the triggered shaping circuit. This two stage am-
plifier is followed by a cathode follower to reduce loading on the amplifier and to provide
a low source impedance for operating the differentiator. This combined amplifier and cath-
ode follower preserves the shape of the pulses over the output range of the usual search
receiver.

The shaping multivibrator is a slave circuit which locks onto pulse-repetition frequency
and produces an output pulse whose length is controlled by the triggers from the differentiator.
The multivibrator is a single-shot type, that is, it must be triggered on and off. This is
accomplished by biasing the first tube to cut off and allowing the second tube to conduct.
The first tube of the multivibrator, as used in shaping, is triggered on by the positive trigger
pip from the differentiator; the plate voltage drops due to plate current, and this drop is
coupled to the grid of the second tube. This cuts off the second tube and allows its plate
voltage to rise to supply-voltage level very quickly. When the first tube is cut off again by
the negative differential pip, the resulting rise in its plate voltage is coupled to the grid of
the second tube causing the latter to conduct. This causes the plate voltage of the second
tube to drop again to normal level.

The output of the shaping multivibrator is fed to a cathode follower. The use of a fol-
lower enables considerable capacitive loading to be present without destroying materially
the shape of the pulses. Figure 3 shows the schematic circuit of the amplifier and shaper.
The first tube is the input stage, and from it pulse polarity may be selected. The second
stage is a pentode pulse amplifier feeding a cathode follower. From the follower the pulses
are fed into a special differentiator which triggers the shaping multivibrator, and the shaped
pulses are fed to the subsequent circuits through a cathode follower.

Pulse Width Measurement

Pulse width is a difficult variable to measure. Since the repetition rate is so difficult
to eliminate, it is accepted and its effects minimized by circuit design. For proper opera-
tion of the pulse-width section of the device, the pulse coming to it for measurement must
have constant amplitude. This is already provided by the shaping circuits previously con-
sidered.

It is necessary in the shaping circuit to preserve the width property of the incoming
pulses., H pulses were rectangular, the width could be measured between any two corre-
sponding points along the sides of the pulse. For usual oscilloscope measurement, the
width of a practical pulse is often taken to be the width measured at points 6 db down from
peak. Pulses are not square even as output from a radar. As observed, they usually have
a sharp leading edge with rapid rise time and a more gradual trailing edge with slower
fall time. Regardless of the shape of the pulse coming from a radar, it does not look the
same after it has traveled through a search receiver. Even further distortion of the shape
of the pulse occurs when the receiver is detuned somewhat to separate signals that may be
nearly on the same radio frequency. A search receiver may also have reasonably narrow-
band i-f amplifiers, and with the practice of detuning for signal separation the channels
become in effect even more narrow. By the time the pulse has traveled through a narrow-
band i-f and through the video amplifier it has been widened so that it is difficult to define

- i
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the actual width relative to the initial pulse. This distortion is greatest and most notice-
able with short pulses.

A circuit designed to operate at the 6-db points would be of doubtful value. Since re-
peatability of readings is desired, this circuit would have increasingly less value as the
amplitude range of operation increased. Under these circumstances, a circuit designed
to measure pulse width at any fixed level would be of little use.

The points of most rapid rise and fall in a pulse do not change their relative time
positions when capacitance-loading and narrowness of band pass are increased within
limits. This is particularly true where pulse shape is determined by capacitive loading
somewhere in the i-f or videoamplifier. The measurement of the time interval between
the points of most rapid rise and fall is repeatable on successive attempts.

At the points of most rapid rise and fall the slope of the pulse is greatest. Trigger
pips for operating the pulse-width circuits are easily obtained by differentiating the pulse.
Since the time lengths being measured are of the order of microseconds, the trigger pips
themselves would have to be made very short compared to the pulse length being measured.
However, the triggering properties of the differentiated pulse have compensating errors
which make changes in amplitude a second order effect for pulse-width indication.

Figure 4 illustrates the differential pips of a square pulse, assuming the triggered
circuit is “flipped” on and “flopped” off at the same corresponding positive and negative
voltage. As the amplitude of the square pulse increases, the amplitude of the differential
pips increases. In so doing the trigger points move forward along the time axis, although
the relative time between triggering points changes very slightly if at all.

In the present design these pips are used to trigger a blocked, or one-shot multivi-
brator to introduce, for measurement purposes, a large and constant-amplitude pulse whose

e S
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Fig. 4 - Differentiated square pulse
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length in time is controlled by these pips. In using a trigger to operate a “flip-flop” circuit
of this type, however, it is found that the voltage required to “flip” it on is less than the vol-
tage to “flop” it off. Since it is thus possible to trigger on the “flip-flop” and not be able to
trigger it off again, the differentiator circuit must be designed to overcome this objection.
This is accomplished by providing a shorter time constant for the positive than for the negative

C Cc
: I o o} r—
R 3
2 EERI
Rz
o o o o o
R, Rg
+SWING R= ————
-SWING R = R,

Fig. 5 - Conventional differentiator and modified differentiator circuits
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trigger pip. Figure 5 shows the conventional differentiating circuit and the modification
to accomplish the desired time constants. By paralleling the resistance branch with a
crystal diode and a series resistor, this arrangement automatically switches another re-
sistor in parallel for one polarity which does not appear in the circuit to the other polarity.

With this type of differentiator, circuit symmetry is destroyed and a second order
error is introduced because time spacing between triggering levels will increase with amp-
litude. Figure 6 shows how this error occurs and its variation with amplitude, but this
slight disadvantage is not objectionable since the trigger circuit will always operate prop-
erlyor not at all, thus adding greatly to the dependablility of the instrument.

The pulse-width-measuring circuit operates in the following manner. The pulses from
the shaping section are fed into a pulse-width-sensitive network, which is an R-C combina-
tion where the capacitor is charged through the resistance. The voltage to which the con-
denser is charged is a function of time and the R-C product of the network. To change range
of operation or change scales it is only necessary to switch in different values of R or C.

As shown in detail in a subsequent section, the voltage due to charge on the capacitor is
measured by a peak wltmeter calibrated in microseconds.

The simple R-C network is frequency ~sensitive and will give the correct information
only when one pulse is applied. It is clearly seen that after each pulse the stored charge
must be removed in order to produce the correct information from several pulses and
eliminate the effects of frequency. Voliage due to charge on the condenser must be measured
at peak value.

The problem presented to the peak voltmeter by a wave shape like that shown in Fig-
ure 7 is a difficult one. It can be seen that the energy in the output wave is very low, and
consequently a large number of pulses would be required to charge the peak voltmeter to
peak value. Tactically, this would be an undesirable situation since only a large number
of pulses would enable the indicating meter to give the correct indication. The loss of time
in receiving the necessary number of pulses is very undesirable, and therefore means have
been employed to increase or amplify the energy level of the wave to operate the peak volt-
meters.

The energy amplifier actually is a pulse widener, and the operation of this section is
illustrated in Figure 8 with accompanying waveforms. Initially, the circuit is at rest and
points (A), (B), (C), and (C’) are at ground potential. A pulseisimpressed, andpoint(A)rises
immediately above ground along the leading edge of the pulse. The cathode of the triode
V; also rises in the same manner gince it is directly connected to point (A). This rise of
cathode voltage cuts off V;. Point(B)shows a very small rise since the diode V; is conduct-
ing; however, C, is charged to a voltage nearly equal to the voltage of the incoming pulse.
During the time that the incoming pulse keeps point (A) above ground, C, is charged through
the diode V, and resistance R,. Since this is the network of the pulse-width-sensitive circuit,
at the charge on C, is a function of time along the straightest portion of an R-C time curve.
When the trailing edge of the pulse comes along, points (A) and (C) return to ground, and V,
no longer conducts. Simultaneously, point (B) is forced negatively by the amount of charge
voltage on C,. This keeps V; cut off so that the charge is left on C,. But the charge on C,
gradually leaks off through R, and R;, and the potential on point (B) returns to ground at a
fixed time due to the time constant of R,, R,, and C,. As this happens, the bias on V; van-
ishes, and the tube comes into conduction removing the charge lefton C,. C, then discharges
through V, and R,. Point (C) then is at ground potential again and the whole circuit is atrest
ready for the next pulse.

If a pulse of rectangular shape, amplitude E, and width W is impressed upon a pure re-
sistance, the current is E/R and the peak power is E*/R. If this peak power is multiplied

e
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by the time duration of the pulse,a quantity is obtained which has the dimensions of energy
and which is a measure of the apparent “energy” in the pulse. Caution must be exercised,
when using the term “energy” in connection with a video pulse because in certain nonlinear
video circuits the energy is not readily available. This is particularlytrue inthe pulse-widener
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Fig. T - Integration of a square pulse
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Fig. 8 - Pulse width networkand energy amplifier with waveforms at important points
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circuit illustrated in Figure 8. The wave shape at point (c) is the same as at point (¢’),

but the actual energy available is quite different. At point (¢), current has been sacrificed
in order to maintain voltage due to charge on condenser C,. Actually, the output cathode
follower tube is the element in the circuit that accomplishes energy amplification, in the
sense that the tube supplies the energy to operate or charge the meter circuit. The amount
of energy is determined by the wave shape.

Pulse-Repetition-Frequency Measurement

The measurement of pulse-repetition frequency necessitates elimination of undesirable
parameters and preservation of the desirable one. Perhaps the simplest method in this case
is to use a blocked or “one-shot” multivibrator which generates a pulse of constant am-
plitude equal to the difference between supply voltage and plate voltage at saturation. The
length of this pulse is determined entirely by the time constant of the grid circuit of the
conducting tube and can be switched to change the indicator range. The multivibrator is
triggered by a trigger signal from the incoming pulse. Amplitude and pulse length are
eliminated, while frequency is preserved.

The pulse length of the output pulse from the multivibrator must be such that the mul-
tivibrator operates properly at a frequency at least slightly more than twice the indicator
scale setting, This will guarantee that, for any frequency above maximum scale reading,
the meter will always indicate off~scale The meter will still indicate off-scale at the fre-
quency at which the multivibrator will “divide”. For example, suppose the full scale” setting ”
is 500 PRF and signal of 1100 PRF is coming through. The multivibrator has begun to
“divide " giving 550 pulse to the averaging circuit. But suppose further that the averaging-
circuit limit is 500 PRF. The meter then indicates off scale.

The pulse output of the multivibrator is positive, but in order to operate the averaging
circuit with the peak voltmeter, the pulses must be inverted. This is accomplished by a
limiting-triode amplifier whose output amplitude is constant over the entire frequency
range. With negative pulses applied to the averaging circuit, the positive peak armplitude
from the averaging circuit will be proportional to the frequency. The positive peaks are
applied to the peak volimeter through a cathode follower.

It is necessary to cover puise-repetition-frequency in three ranges. This necessitates
switching the capacitive element of the averaging circuit simultanecusly with switching of
the multivibrator pulse output. The grid return resistor in the conducting tube of the mul-
tivibrator is switched to enable changing the pulse length output. A relay placed near the
relative circuits accomplishes the switching and is operated remotely from the control

panel.

The averaging circuit is a high impedance circuit and therefore must be used with a
cathode follower, which later is an impedance transforming device capable of providing
suitable driving current for the voltmeters. Figure 9A illustrates the basic averaging
circuit.

Refering to Figure 9B the capacitor C does not conduct direct current. Therefore
1
F- a+b

and the pulses at the output will assume an average d-c level. Then

“ i t'_. =
A o~ sy, b =y 1 S B
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Where a is a constant determined by the pulse length output of the multivibrator and h is
a constant determined by the amplitude of the output of the limiting amplifier. Thus
= Khb sothat the frequencyis proportionaltothe positive peak voltage level of the pulses.
Hence, the voltage applied to the peak voltmeter is proportional to frequency.

The time required for the circuit to come to equilibrium after the pulses are intro-
duced is a function of the time constant of R and C. If the time constant (product of R and C)
is very large, the averaging circuit produces very good square waves but reaches equilib-
rium too slowly. Hence, in terms of normal bursts of pulses presented to the averaging
circuit, several bursts would be required to obtain an accurate reading of repetition fre-
quency. On the other hand, if the time constant of R and C is too short, the averaging
circuit will differentiate the pulses, thereby making the frequency have a second order
effect on the meter indications.

One other consideration effects the time constant compromise. The wave shape of the
compromise averaging circuit will no longer be square but will have a slight though notice-
able decay. As examined from the point of view of charging the peak voltmeter capacitor,
it is seen that the available time for charging becomes shorter as the voltmeter capacitor
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RECTANGULAR WAVES AT GRID OF CATHODE FOLLOWER

-

..B-
"RECTANGULAR WAVES AT CATHODE OF CATHODE FOLLOWER

Fig. 10 - Transient response of averaging circuit

approaches full charge; that is to say, the trailing edge of the pulse is lower in voltage am-
plitude than the voltage due to the charge in the voltmeter.

Since the voltmeter requires a positive going voltage, a cathode follower isused inthe
output of the averaging circuit. Since it servesasanimpedance transforming device between
the averaging circuit and the voltmeter, the cathode follower provides a low-impedance
driving source for the volimeter.

Figure 10 A shows the transient response of the averaging circuit as the voltage is
applied to the cathode follower, while Figure 10B shows the voltage output of the cathode
follower and the manner in which the negative peak voltage is clipped. The cathode fol-
lower is cut-off as the pulse voltage swings negatively, and at this cut-off point the instan-
taneous voltage of the cathode reaches zero. The cathode cannot go more negative but
does follow the positive swing of the pulse voltage.

Fortunately, the cathode follower is able to drive the voltmeter to full charge more
rapidly than the averaging circuit is able to reach equilibrium. Thus, the averaging cir-
cuit is the limiting factor for rapid operation of the pulse-repetition-frequency measure-
ment.

Figure 11 is a diagram of the pulse-repetition-frequency section with important wave
forms.

Voltmeter Circuits

Each measuring section of the pulse analyzer requires a vacuum tube voltmeter to
present the measured information so as to be easily and accurately observed. One meter
presents pulse-repetition frequency and the other presents pulse length. Since the analyzer
is to operate from a short burst of pulses as received from a sweeping radar, the voltmeter
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Fig. 11 - Schematic diagram, pulse repetition frequency section

must hold the proper indication long enough for the operator to log this information. The
metering circuit must be independent of frequency. Further, the metering circuit must be
such that, after the information is obtained, the meters can be reset at will. Also, the
meters must reset automatically for each new set of pulses.

A long-time, constant-storage circuit enables the indicator to hold its reading after
the signal has passed, and the leakage resistance is made as large as possible so that
the loss of charge on the storage capacitor is small over the period required for the
operator to obtain the information.

The capacitor or storage circuit is charged through a diode switching tube, and the
voltage on the capacitor due to the charge is applied to the grid of a vacuum tube in a volt-
meter bridge circuit. The main sources of leakage resistance are between cathode and
filament on the diode and in the grid circuit of the voltmeter tube. Both the cathode and
filament of the switching diode may act like emitters, and the element with the highest
potential will act like an anode. For example, if the cathode is elevated to a potential rel-
atively higher than the filament, it is seen that the cathode becomes an anode with respect
to the filament, and current will flow which will slowly discharge the storage capacitor.
The opposite effect is produced by ionization in the voltmeter triode due to high plate volt-
age. These two effects tend to cancel each other, but some improvement may be effected
by grounding the filaments and reducing their temperature.
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Fig, 12 - Basic voltmeter circuit

Reducing the temperature in the diode will increase the resistance of the tube, and
this increase is undesirable since it will increase the resistance of the charging circuit.
However, as the filament temperature is reduced, the emission drops faster at first than
the plate resistance increases. Hence, an optimum filament temperature can be found,
and such has been determined experimentally. Reducing the filament temperature of the
reduced ionization within the triode. A good eguilibrium can be reached in the circuit be-
tween the diode and the triode by adjusting the filament temperatures and plate voltage.
Finally, factory variations in some cases make it necessary to select individual tubesfor
service in the voltmeter.

Figure 12 shows the basic vacuum tube circuits in the voltmeter, which is a peak
reading device since the holding circuit is charged to peak value of the waveform pre-
sented. Hence, the voltmeter is independent of frequency, and is capable of being
rapidly charged to peak value of the presented waveform. Since the waveforms are made
to have high energy content, the voltmeter will require only a few cycles. For example,
the waveform from the pulse-length section is capable of charging the voltmeter to equi-
librium in two to three cycles. The waveform from the pulse-repetitien-rate section how-
ever, rises to equilibrium relatively slowly. In this case the voltmeter follows the transient
rise in peak value, but actually the voltmeter is capable of rising much more rapidly.
Accordingly, the voltmeters do not contribute to the limitations on speed of operation of
the analyzer.

Manual Reset Feature

It is obvious that some means are required for resetting the voltmeter to zero prior
to successive indications. This is accomplished by remcving the charge from the storage
condenser very quickly and at all other times maintaining the high leakage resistance in
this circuit. A 2D21 shielded thyratron connected across the condenser serves as a
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Fig, 13 - Complete volimeter circuit

suitable switch. The plate of the thyratron is connected to the positive side of the condenser
and the cathode to the negative or ground side. A negative bias sufficient to maintain cut-

off of the thyratron is established at the grid through a suitable network to allow pulsing

the grid. Suppose the plate of the tube is at a positive potential due to a charge on the con-
denser, and further suppose that a sharp pulse of sufficient amplitude to over—come the bias
on the thyratron appears at the grid. Under such circumstances the thyratron will fire and
discharge the condenser and then extinguish. This process resets the voltmeter and makes
it ready for another indication.

Each voltmeter consists of a vacuum tube voltmeter bridge the reset thyratron, and a
switching diode. The charging diode, voltmeter triode, the reset thyratron, and the storage
capacitor are contained in a sealed unit to assure the maintainance of the high impedance
cireuit. All of the remaining associated circuits are located outside the sealed unit, and in
the control box. The circuits directly appertaining to the vacuum tube portions are located
near the sealed unit, while the indicators and adjustments are located in the remote control
unit. Figure 13 shows the complete voltmeter circuit.

Manual reset is accomplished by momentarily removing the plate voltage from the volt-
meter tubes. This enables the grids to serve as diode plates which discharge the storage
capacitor.
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Fig. 14 - Automatic reset trigger circuit

Automatic Reset Feature

It has been pointed out that the indicating circuits must be reset before each indi-
cation. To relieve the operator of the burden of manual reset, an automatic reset has
been provided to function when the first pulse of a “signal burst” comes into the analyzer.
After the signal is gone the reading is left on the indicators. The operator may reset
at will with his manual control, or he can allow the unit to operate automatically,

The automatic reset Figure 14 is a trigger generator that operates on the first pulse
of a series of pulses, and this trigger is applied to the grids of the reset thyratrons in
the voltmeters. A condenser that is charged to plate supply voltage through a resistor
is the plate supply for the trigger generator, which is a shielded type 2D21 thyratron,
The plate of the thyratron is connected to the positive side of the condenser, while the
cathode is returned to a fixed positive bias through a small resistor. This bias is suf-
ficiently large to maintain the thyratron at cutoff, but the pulses from the pulse shaper
are of such amplitude as to overcome this bias and fire the tube. As the tube is fired by
the first pulse, most of the voltage in the condenser appears at the cathode of the thy-
ratron and is coupled to the reset tubes in the voltmeter. This voltage is large enough
to overcome the bias on the voltmeter reset thyratron grids.

While pulses are present at the grid of the thyratron the plate supply capacitor is
kept discharged, but when the pulses disappear the condenser will be allowed to charge.
The cathode wave form of voltage rises sharply, and voltage of similar wave form appears
at the grid. This grid voltage is produced by ion conduction as all the elements in the
tube are at about the same potential during gaseous conduction. A diode in series with
the thyratron grid prevents this voltage wave from entering the sensitive circuits, at the
same time allowing the pulses to reach the thyratron grid.

The condenser and resistor have been arbitrarily set at 1 microfarad and 1.8 megohm
respectively. If a shorter recovery time is desirable, R would be reduced, or, conversely,
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Fig. 16 - Bottom view of analyzer

for a larger recovery time R would be increased. Figure 14 shows the automatic reset
trigger circuit.

Power Supplies

The power requirements for the pulse analyzer are rigid. Since the unit is a meas—
uring device, care is taken to provide a regulated source of plate voltage, in this case by
using the conventional electronic regulator circuit and adapting it to meet the needs of the
pulse analyzer. A negative bias supply provides the necessary bias for the reset tubes in
the voltmeters, and all the necessary filament voltages are available from the main power
supply. These supplies operate from a primary source varying from 85 to 115 volts and
from 400 to 1600 cps. An alternating current fan operating from this supply voltage is
used because no filtering is necessary. In addition a 28-volt d-c source is required to
supply power to operate the control relays.
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Fig. 17 - Front view of analyzer and control unit

Designation, Size, and Weights:

UNIT SIZE WEIGHT
(Approx.)
ID-228/APA-64 (Control/Display) Standard Console Panel 4
.RF-38/APA-64 (Analyzer) A-1-D 4-T/8"W T4"H
19-3/4"D 30
RECOMMENDATIONS

At the time the pulse analyzer was developed, the best available tubes, components,
and techniques consistent with good engineering practice were used in the circuit design.
Since that time however, new tube types and new components have become available, some
of which would fit very well into the further development of the pulse analyzer.
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The analyzer is constructed in two separate units, one containing the power supplies
and all video circuits and the other the remote controls and presentation meters. While
presentation unit is assembled behind a standard aircraft console panel, the video unit is
constructed in an A-1-D aircraft rack with only fuses and connectors appearing on the
front panel. Connected to its associated equipment by cables, the video unit can be located
anywhere in the aircraft.

The internal construction of the video section is shown in Figure 15. The rack is so
constructed that the plane of the decks is vertical. This is done to allow a larger base
area which facilitates construction and service of the unit.

As shown in Figure 16, the section directly behind the panel contains all the video cir—
cuits, and is installed and cabled into the rack from terminals underneath the deck and on
both sides.

The second section contains the power supplies and the blower and is constructed and
installed in the rack in the same manner as the video unit.

The last section contains the peak voltmeters. The high impedance storage circuits and
the tubes are placed in a sealed unit to prevent dust and moisture from reaching these cir-
cuits and impeding their proper operation. The connections to the circuits within the sealed
section are made through transformer lugs which are hermetically sealed. A terminal board
is attached to the outside of this section at the bottom, and on this board are placed the ele-
ments of the voltmeter circuit that may be outside. This entire voltmeter section is installed
in the same manner as the other sections.

The presentation panel contains two meters, one for pulse length calibrated in micro-
seconds and the other for repetition frequency calibrated as PRF cycles. Associated with
these meters are range-changing swiiches and associated screwdriver adjustments. Also
on this panel are the power switch, pilot light, and the manual reset switch. The whole
assembly is encased with a cable connector on the back of the case. All functional controls
for the analyzer are on this panel assembly. Figure 17 shows this presentation panel and
calibrations.

SUMMARY OF CHARACTERISTICS

The ranges of operation of the pulse analyzer are:

PULSE-WIDTH PRF, INPUT,
MICROSECONDS cps VOLTS
0.5 - 5.0 50 -~ 500 " pos: 0.8 - 2,5
2.0 - 20 100 - 1000 neg: 1.0 - 2.5
500 - 5000
The power requirements of the analyzer are:
ALTERNATING CURRENT DIRECT CURRENT
VOLTAGE POWER FREQUENCY VOLTAGE POWER
85 - 115 150 W 400 - 1600 28 8W
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