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WARNING NOTICES

DANGEROUS VOLTAGES EXIST IN THIS EQUIPMEBNT

Be careful when working on the plate, collector, and dec power supply
circuits,

DON'T TAKE CHANCES!
EXTREMELY DANGEROUS VOLTAGHES EXIST IN THE FPOLLOWING UNIT:

Receiver-Transmitter Radar RT-752/PP8—4 5,000-volt circuits

Dangerous voltages are developed in pulse unit Z201 (fig. 3-14), on mag-
netron V901 (fig. 3-74), and on cable connecting magnetron V901 with
pulse unit Z201.
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CHAPTER 1
INTRODUCTION

' 1-1. Scope

a. This manual covers direct support, general
support, and depot maintenance procedures for
Radar Set AN/PPS-4A (including Radar Set
AN-PPS—-4 modified by MWO 11-5840-211-1).
It includes functioning of the equipment, block
diagram discussions, and system theory (chap 2) ;
direct support troubleshooting, adjustment and
alignment, repair, and removal and replacement
(chap 38); direct support testing procedures
(chap 4); general support troubleshooting, re-
pair, removal and replacement, and disassembly
and reassesmbly of tripod (chap. 5) ; depot main-
tenance (chap 6) ; and depot overhaul standards
(chap 7).

b. Operating instructions and organizational
maintenance procedures are contained in TM 11-
5840-211-12,

1-2. Indexes of Publications

a. DA Pam 810-4. Refer to the latest issue of
DA Pam 310-4 to determine whether there are
new editions, changes, or additional publications
pertaining to the equipment.

b. DA Pam 310-7. Refer to DA Pam 310-7 to
determine whether there are modification work
orders (MWO’s) pertaining to the equipment.

1-2.1 Maintenance Forms, Records, and
Reports

a. Reports of Maintenance and Unsatisfactory
Equipment. Department of the Army forms and
procedures used for equipment maintenance will
be those described by TM 38-750, The Army
Maintenance Management System.

b. Report of Packaging and Handling Deficien-
ctes. Fill out and forward DD Form 6 (Packaging
Improvement Report) as prescribed in AR 700-
58/ NAVSUPINST 4030.29/AFR 171-13/MCO
P4030.29A, and DLAR 4145.8.

¢. Discrepancy in Shipment Report (DISREP)
(SF 361). Fill out and forward Discrepancy in
Shipment Report (DISREP) (SF 361) as pre-
scribed in AR 55-38/NAVSUPINST 4610.33B/
AFR 75-18/MCO P4610.19C, and DLAR 4500.15.

1.3. Reporting Errors and Recommending
Improvements

You can help improve this manual. If you find any
mistakes or if you know of a way to improve the
procedures, please let us know. Mail your letter,
DA Form 2028 (Recommended Changes to Publi-
cations and Blank Forms), direct to: Commander,
US Army Communications and Electronics Mate-
riel Command and Fort Monmouth, ATTN:
DRSEL-ME-MQ, Fort Monmouth, NJ 07703. A
reply will be furnished direct to you.

1-4. Reporting Equipment Improvement
Recommendations (EIR)

If your Radar Set AN/PPS-4A needs improve-
ment, let us know. Send us an EIR. You, the user,
are the only one who can tell us what you don’t
like about your equipment. Let us know why you
don’t like the design. Tell us why a procedure is
hard to perform. Put it on an SF 868 (Quality
Deficiency Report). Mail it to Commander, US
Army Communications and Electronics Materiel
Readiness Command and Fort Monmouth, ATTN:
DRSEL-ME-MQ, Fort Monmouth, NJ 07703. A
reply will be furnished direct to you.

Change 4 1-1
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CHAPTER 2
FUNCTIONING OF EQUIPMENT

Section |. SYSTEM FUNCTION

2-1. Groupings of Components

The general functioning of Radar Set AN/PPS-
4A can be explained best by dividing the set into
nine systems, each of which performs one or more
specific functions. The function of each system
and the relationship between these systems and
the overall radar set are shown in the system
functional block diagram (fig. 7-4), and ex-
plained in further detail in paragraphs 2-2
through 2-10. The components of the radar set
are grouped into systems as follows: .

a. Transmitting system.

b. RF system.

c. Receiving system.

d. Automatic frequency control (afc) system.

e. Ranging system.

f. Audio system.

g. Automatic gain control (age) system:

h. Power converter system.

. Control system.

2-2. Transmitting System

a. The transmitting system (fig. 7-4) per-
forms the following functions:

(1) Generates the radiofrequency (RF)
pulse which is applied to the RF system for radia-
tion into space.

(2) Generates the negative blanking pulse
which is sent to the receiving system to blank the
receiving system signal intermediate frequency
(IF) amplifiers during the transmitted pulse
interval.

(8) Generates the negative gate which is
used to start the linear sweep in the ranging sys-
tem.

(4) Receives from the ranging system the
multiar pulse whose negative overshoot termi-
nates the negative gate.

b. The RF pulse has a peak power of 0.5 kilo-
watt and is transmitted at a frequency between
8,900 and 9,400 megahertz (MHz). The pulse
width of the RF pulse is 0.2 microsecond and the

pulse repetition frequency is approximately

8,000 pulses per second (pps).
¢. The transmitting system consists of the com-
ponents in the transmitter unit and magnetron

Voo1.

2-3. RF System

a. The RF system (fig. 7-4) performs the fol-

lowing functions:
(1) Radiates, in a narrow beam, the RF

pulse generated by the transmitting system.

(2) Receives the target echo pulse which is
fed to the receiving system.

(8) Attenuates and couples a magnetron
pulse to the afc system for mixing with the local
oscillator signal.

b. The RF system contains a duplexer which
prevents high-power magnetron pulses from
damaging the components of the receiving system
during transmit time, but permits the target echo
to pass to the receiving system during the time
the transmitter is not transmitting.

¢. The RF system consists of a microwave as-
sembly and a parabolic reflector.

2-4. Receiving System
a. The receiving system (fig. 7T—4):—

(1) Generates the local oscillator sigmal.

(2) Mixes the target echo pulse with the
local oscillator signal to develop IF signals of 80
MHz.

(3) Amplifies the IF signals.

(4) Detects the amplified IF signals to pro-
duce video signals which are amplified and sent
to the ranging system.

(5) Receives, amplifies, and detects 30-MHz
rangemarks from the afc system when POWER
switch S101 is in the RANGE position.

(6) Receives from the agc system the agc
voltage which controls the overall gain of the re-
ceiving system.
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b. The receiving system consists of klystron
local oscillator V902, signal mixer crystals CR901
and CR902, and the components in the IF ampli-
fier unit.

2-5. Automatic Frequency Control System

a. The automatic frequency control system
(fig. 74) performs the following functions:

(1) Receives an attenuated magnetron pulse
from the RF system.

(2) Mixes this pulse with the local oscilla-
tor signal from the receiving system.

(8) Develops a direct current (dc) wvoltage
which controls the frequency of the local oscilla-
tor so that the IF signal is maintained at 30 MHz.

(4) Generates precision rangemarks which
are used for range calibration of the ranging
system.

b. The afc system consists of afc mixer crystal
CR908, the components in the afc unit, and the
afc search and control circuit contained in the
audio unit.

2-6. Ranging System
a. The ranging system (fig. 7-4) performs the
following functions:

(1) Receives from the tramsmitting system
the negative gate which starts a linear sweep.

(2) Receives the video signal from the re-
ceiving system.

(3) Generates and sends to the audio and
agc systems a boxcar detector voltage whose am-
plitude is dependent upon the position of the
range gate and the nature of the target being
gated.
(4) Receives from the agc system the agc
voltage which is converted and displayed on the
RANGE EXTENSION METERS meter.

(5) Provides current to deflect the RANGE
EXTENSION METERS meter according to the
mode of operation.

(6) Generates a multiar pulse which termi-
nates the negative gate from the transmitting
system.

(7) Receives from the control system the
range voltage which determines the range of the
detected target.

b. The ranging system is composed of the com-
ponents in the range unit and the strobe unit.

2-7. Audio System

a. The audio system '(fig. 7-4) filters and am-
plifies the boxcar detector voltage from the rang-
ing system and produces an audio. .signal which

2-2

can be detected in the headsets as a sound indica-
tive of a moving target.

b. The audio system is comprised of the audio
unit, audio transformer T1, audio filter FL8, and
RF filters FL108 and FL104.

2-8. Automatic Gain Control System

a. The automatic gain control system (fig. 7-
4) performs the following functions:

(1) Receives the boxcar detector voltage
from the ranging system.

(2) Develops an age voltage which controls
the gain of the signal IF amplifiers in the re-
ceiving system.

(8) Provides current to deflect the needle
of the RANGE EXTENSION METERS meter
when targets are detected.

b. The agc system is composed of two transis-
tor stages located in the audio unit and potenti-
ometer R105.

2-9. Power Converter System

a. The power converter system (fig. 7-4) per-
forms the following functions:

(1) Receives a positive dec voltage (+22.5 to
+27.5) from an external power source.

(2) Converts the dc input voltage to a
square wave; steps the voltage up or down, as
necessary, by transformer action; rectifies and
filters part of the secondary output to obtain the
dc voltages for use in the radar set.

(8) Provides the following dc voltages to
other functional systems in the radar set: +270,
+250, +120, +24, -20, -150, and root mean
square voltages 6.8, 7.0, and 2.7.

b. The power converter system is composed of
the power converter unit, capacitor C6, and reac-
tor L1.

2-10. Control System
a. The control system (fig. 7-4) provides a

means of—

(1) Turning the radar set on and off.

(2) Protecting the circuits in the radar set.

(8) Selecting the modes.of operation.

(4) Visually and aunally indicating detected
targets.

(6) Indicating the range of the detected
targets.

(6) Visually indicating the position of the
rangemarks and calibrating the ranging system.

(7) Connecting an external power source to
the radar set.



(8) Adjusting the voltage output of the
power converter system.

(9) Testing the condition of battery charge
when a battery is used as the external power
source.

(10) Turning on and off, and adjusting inten-
sity of the lamps in the radar set.

(11) Adjusting the volume of the aural indi-
cation of detected targets.

T™ 11-5840-211-35

(12) Selecting the strobo mode of operation.

b. The control system is composed basically
of RANGE EXTENSION METERS meter M101,
variable resistors R101, R102, R104 and R106;

switches S101, S102, S103, S104, S105, S106, and
S107; fuses F101 and F102; and receptacles J102,
J103, and J104.

Section Il. COMPLETE BLOCK DIAGRAM

2-11. Purpose of Complete Block Diagram

The complete block diagram of Radar Set
AN/APS4A (fig. 7-5) can be used as a quick
review of the basic functioning of the equipment
by a radar repairman. The diagram also enables
a repairman who is familiar with radar princi-
ples, but who is not acquainted with this par-
ticular set, to gain a basic understanding of the
units and stages in the equipment. When troub-
leshooting, the block diagram is valuable
because it enables the repairman to narrow
down troubles to a particular stage within the
equipment. This type of troubleshooting is
important because it eliminates a considerable
amount of operating time loss that results when
the equipment has to be shut down to await a
higher category of maintenance.

2-12. Timing

a. When the radar set is turned on (POWER
switch at TRANSMIT), power is applied after
a 90-second time-delay to the circuits in the set.

b. Unijunction transistor Q204 generates a
pretrigger (retrigger circuit) approximately 5
microseconds prior to generation of the trans-
mitted RF pulse in the transmitting system (fig.
7-5). These pretriggers are produced at the rate
of approximately 3,000 pulses per second. The
trailing edge of this pretrigger pulse produces
a zero time trigger which causes silicon control-
led rectifier SCR202 to conduct through the
pulseforming circuit to produce a —4.5-kilovolt
(kv) pulse. The 4.5-kv output from the pulse-
forming circuit drives magnetron V901. The
pulse-forming circuit also produces a negative
gate to trigger the ranging system, and a blank-
ing pulse to prevent saturation of the signal IF
amplifiers in the receiving system during the
time of the transmitted pulse.

e The important pulses and waveforms used
in timing the radar set are shown in figure 2-1
and discussed in (1) through (9) below.

(1) The trailing edge of the pretrigger pulse
serves to generate the —4.5-kv pulse from the
pulse-forming circuit in the transmitting
system, causing the magnetron to produce a
pulse of RF energy that has a duration of
approximately 0.2 microsecond (B, fig. 2-1).

(2) The negative gate (C, fig. 2-1) triggers
the linear sweep circuit in the ranging system.

(3) The blanking pulse (D, fig. 2-1) blanks
the IF amplifiers in the receiving system during
the transmitted pulse interval to prevent satu-
ration due to excessive transmitted pulse
leakage.

(4) The duration of the sweep from the
linear sweep circuit in the ranging system
varies from 0 to 53.3 microseconds (E, fig. 2-1),
and depends upon the position of the range gate.

(5) The sweep from the linear sweep circuit
triggers the multiar in the comparator circuit
of the ranging system to produce a 1.8-
microsecond pulse (F, fig. 2-1). This pulse, in
turn, triggers the blocking oscillator in the
range gate circuit of the ranging system. The
overshoot of the multiar pulse triggers the
negative gate discharge circuit to terminate the
negative gate and linear sweep.

(6) The blocking oscillator produces a range
gate of 0.2-microsecond duration (G, fig. 2-1) and
applies the range gate to the boxcar detector
in the ranging system.

(7) Target echo pulses pass through the
mixer and signal circuits of the receiving sys-
tem and are amplified and converted into video
signals (H, fig. 2-1).

(8) The video signals, coincident with the
range gate, are gated and detected by the box-
car detector in the ranging system. When the
return is from a fixed target, the video signals
have a constant amplitude; thus, the boxcar
detector voltage is essentially of a constant
amplitude. In this case, the signal fed to the
audio system is a steady dc voltage, and no

Change' 1 2-3



™ 11-5840-211-35

audio signals will be head in the headsets. When
the return is from a moving target, the video
signals will vary in amplitude and will produce
the boxcar detector voltage shown in I, figure
2-1. When this voltage is fed to the audio
system, it is filtered and amplified to produce
audio signals (K, fig. 2-1) which can be heard
in the headsets.

(9) Moving targets in the presence of
ground clutter at the same range will produce
an audio signal in the headsets. Fixed targets
and moving targets separated by range or
azimuth bearing will not produce an audio
signal in the headsets, but will provide a visual
indication by causing the needle of the RANGE
EXTENSION METERS meter to deflect to the
left to a minimum value.

2-13. Complete Block Diagram Discussion

Functionally, Radar Set AN/PPS—-4A is divided
into nine systems: transmitting, RF, receiving,
automatic frequency control, ranging, audio,
automatic gain control, power converter, and
control. Each system in the block diagram is
inclosed in a block made of a solid line. Group-
ings of stages that act together as a complete
circuit are inclosed in blocks made of broken
lines. Signal paths are shown on the diagram
by solid lines with arrowheads; mechanical con-
nections are shown by dashed lines; waveguides
are shown by double lines. The separate sys-
tems are discussed in a through i below.
a. Transmitting System.

(1) Thermal delay circuit. The thermal
delay circuit consists of thermal delay relay
K201 and relay K202. Approximately 90 seconds
after the POWER switch is set at STANDBY,
TRANSMIT, or RANGE, thermal relay K201
will actuate and energize relay K202. The +24
volts is applied through the control system
through energized relay K202 to the pretrigger
circuit if the POWER switch is set at
TRANSMIT or RANGE.

(2) Pretrigger circuits. The pretrigger cir-
cuit produces a negative pulse at approximately
3,000 pps. The trailing edge of this pulse turns
on silicon controlled rectifier SCR202, in the
pulse-forming circuit. The amplitude of this
pulse at the silicon controlled rectifier (SCR202)
gate is 4 volts, and the duration is 0.4 mic-
roseconds.

(8) Pulse forming circuit. The pulse-forming
circuit consists of silicon controlled rectifier
SCR202, a charging choke, pulse-forming line,
and a pulse transformer (components of pulse
unit Z201). The pylse-forming line is charged
from the +270-volt line through the charging
choke. Each time SCR202 is triggered, the pulse-
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forming line discharges through a bifilar-wound
pulse transformer which, in turn, develops a
negative pulse that drives magnetron V901 once
every 330 microseconds, develops a negative 60-
volt pulse which is applied to negative gate cir-
cuit C205 and CR205 in the transmitting system,
and applies a negative 60-volt pulse as a nega-
tive blanking pulse to the receiving system
where it blanks the signal IF amplifiers during
the transmitted pulse interval and thus pre-
vents the amplifiers from becoming saturated.

(4) Magnetron V901. When the magnetron
V901 is pulsed, it generates 0.2-microsecond
pulses of RF energy that are radiated into space
by the antenna system. These RF pulses have
a peak power of 0.5 kilowatt and a frequency
between 8,900 and 9,400 MHz.

(6) Magnetron current filter C208 and R205.
Magnetron current filter C203 and R206
attenuates the 3,000-pps variation from the
magnetron current to permit measurement of
a voltage at test jacks J204 and J206, which is
proportional to the magnetron current.

»
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Figure 2-1. Basit timing circuit,



(6) Negative gate circuit C205 and CR205
and negative gate discharge circuit Q201 and
CR206. The negative 60-volt pulse from the
pulse transformer charges capacitor C205 in the
negative gate circuit through diode CR205, and
thus generates the negative gate which is applied
to the linear sweep circuit in the ranging system.
When the negative overshoot of the multiar
pulse from the ranging system reaches the nega-
tive gate discharge circuit, it passes through diode
CR206 and turns on transistor Q201, driving
Q201 to saturation. This, in turn, allows capaci-
tor C2056 to discharge through transistor Q201
and terminates the negative gate.

b. Rf System.

(1) Balanced duplexer. The balanced du-
plexer (consisting of dual-channel limiter V908
and two short slot hybrid couplers which are in-
tegral portions of hybrid waveguide assemblies
No. 1 and 2) acts as a switch to prevent high-
power RF energy from entering the receiving sys-
tem during transmission, and to allow the target
echo pulses to enter the receiving system during
reception.

(2) Afc coupler. The afc coupler provides
an attenuated sample of the magnetron output
energy for use in the afc system.

(8) Directional coupler. The directional
coupler provides an attenuated sample of magne-
tron output energy to permit measurement of
magnetron output power and frequency by means
of external test equipment.

(4) Antenna. The antenna consists of two
dipoles mounted on the antenna feed assembly
and a parabolic reflector. The RF energy from
magnetron V901 is radiated from the dipoles to-
ward the parabolic reflector which focuses the
RF energy into a narrow beam. Target echo
pulses are collected by the reflector, focused to-
wards the two dipoles and routed through the
microwave assembly to the receiving system.

¢. Receiving System.

(1) Frequency converter. The {frequency
converter, consisting of klystron local oscillator
V902 and balanced signal mixer (CR901 and
CR902) produces a 30-MHz IF signal by mixing
received target echo pulses with a continuous RF
signal provided by klystron local oscillator V902.
The 80-MHz IF signal is fed to the signal IF am-
plifier and detector circuits.

(2) Signal IF amplifier and detector. The
signal IF amplifier and detector consists of a
double-tuned input network; signal IF preampli-
fier Q508; signal IF amplifiers Q601, Q502,
Q508, Q504, and video detector CR501. If POW-
ER switch S101 is set to TRANSMIT, the signal
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IF amplifier and detector amplifies and detects
the 80-MHz IF signals from the frequency con-
verter and feeds the resulting video signals to
the video amplifier circuits. If POWER switch
S101 is set to RANGE, the +24-volt supply is dis-
connected from the emitter of signal IF preampli-
fier Q508, preventing the 80-MHz IF signals
from the frequency converter from entering the
signal IF amplifiers. Instead 30-MHz rangemarks
from the afc system are applied to the input if
signal IF amplifier Q501; are amplified by Q501,
Q502, Q603, Q504, and Q505; and detected by
video detector CR501. These rangemarks provide
a means of range-calibrating the ranging system.

(8) Video amplifier. The video amplifier,
consisting of amplifier Q506 and emitter follow-
er output stage Q507, ampifies the video signals
from the signal IF amplifier and detector, and
feeds them as a video signal to the boxcar detec-
tor circuit in the ranging system.

(4) Blanking and limiting circuit. The
blanking and limiting circuit receives the nega-
tive blanking pulse from the transmitting system
and applies a portion of this pulse to signal IF
amplifiers Q501, Q502, and Q508. The negative
blanking pulse disables these amplifiers during
the transmitted pulse interval, thus preventing
saturation and generation of noise due to leakage
of the transmitted pulse. This noise otherwise
would be amplified by the signal IF amplifiers
and heard in the headsets.

d. Automatic Frequency Control System.

(1) Afc mizer. Afc mixer CR903 mixes the
signal from klystron local oscillator V902 with
the attenuated magnetron pulses from the age
coupler in the RF system to produce a pulsed IF
signal which is applied to the afc IF amplifiers.

(2) Afe IF amplifiers. Afc IF amplifiers
Q701 and Q702 amplify the pulsed IF signal
from the afc mixer and feed the amplified signal
to the precision rangemark generating circuit and
to the afc discriminator.

(8) Afc discriminator. The afc discriminator
CR701, CR702, CR704, and CR705 samples the
IF signal from the afc IF amplifiers and produces
a pulse error signal whose amplitude is a fune-
tion of the frequency of the IF input signal. The
afc disecriminator produces a zero output for input
signals of approximately 29 MHz; positive video
pulses for input signals below 29 MHz; and neg-
ative video pulses for signals above 29 MHz.

(4) Afc video amplifier circuit. The afe
video amplifier circuit, consisting of emitter fol-
lower Q708 and amplifiers Q704 and Q705, am-
plifies only the negative video pulses (corre-
sponding to an intermediate frequency above 29

a_



TM 11-5840-211-35

MHz) from the afc discriminator and feeds them
to the afc search and control circuit.

(6) Afc search and control circuit. The afc
search and control circuit consists of detector cir-
cuits C708. CR608, and R625, amplifiers Q607
and Q606, and relaxation oscillator Q608. When
no signals are applied to the detector circuit, the
afec search and control circuit produces a sweep
voltage on the reflector of klystron local oscilla-
tor V902 which sweeps the klystron frequency
approximately five times each second. When neg-
ative video pulses from the afc video amplifier
circuit enter the afc search and control circuit, the
sweeping action is stopped and the pulses are con-
verted into a negative dc voltage which is ampli-
fied, and coupled to the reflector of local oscilla-
tor V902 to adjust the local oscillator frequency,
and thus maintain the IF frequency at 30 MHz.

(6) Precision rangemark generating circust.
The precision rangemark generating circuit is
composed of delay line DL701 and relay K701.
This circuit receives the amplified IF signal from
the afc IF amplifiers and produces a series of ac-
curately spaced 80-MHz pulses (fig 2-22).
These pulses are applied to the receiving system
when the POWER switch is set at RANGE and
are used as rangemarks for calibration of the
ranging system.

¢. Ranging System.

(1) Ltnear sweep circuit. The linear sweep
circuits consists of linear sweep switch Q401 and
linear sweep generators Q402 and Q408. The neg-
ative gate from the transmitting system causes
linear sweep switch Q401 to energize linear-
sweep generators Q402 and Q408. The linear
sweep generator produces a linear sweep whose
length varies from 0 to 68 microseconds depend-
ing upon the length of the negative gate. The
linear sweep is fed to pickoff circuit C406 and
CRA11 in the comparator circuit.

(2) Strobe circuit. The strobe circuit, com-
posed of relaxation oscillator CR1002, double
emitter followers Q1001 and Q1002, and a volt-
age divider, produces a sweep of 10- or 5-second
duration, or a constant dc voltage depending
upon the setting of STROBE switch S106 in the
control system. The strobe circuit provides for au-
tomatic scanning of the range by allowing the
range gate to strobe through 500 meters beyond
the setting of the RANGE METERS indicator
when STROBE switch S105 is in the LONG (10
seconds) or SHORT (6 seconds) position. The
output of the strobe circuit is fed to the compara-
tor circuit, and is also used to deflect the needle
on the RANGE EXTENSION METERS meter in
the control system.
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(8) Comparator circuit. The comparator cir-
cuit consists of pickoff circuits C406 and CR411,
and multiars Q404 and T401. When the voltage
of the linear sweep rises to a voltage greater than
the range voltage applied to diode CR411 from
range potentiometer R108 (adjusted by the
RANGE CONTROL handwheel), diode CR411
will conduct and cause multiars Q404 and T401
to develop a multiar pulse which is fed to the
range gate circuit. A portion of the multiar pulse
is fed to the negative gate discharge circuit in the
transmitting system.

(4) Ramge gate circuit. The range gate cir-
cuit is composed of differentiating circuits C410
and R416, and blocking oscillators Q406 and
T402. Differentiating circuits C410 and R416 dif-
ferentiate the multiar pulse to produce a positive
pulse that triggers blocking oscillators Q406 and
T402. Blocking oscillators Q406 and T402 pro-
duce a 10-volt, 0.2-microsecond range gate which
is coupled to the detector circuit.

(6) Detector circuit. The detector circuit,
composed of boxcar detectors CR413, CRA414,
and R424 and double emitter followers Q406 and
Q407, gates, detects, and “stretches” the video
signals that are supplied by the receiving system.
The boxcar detector voltage is fed to the audio
and agc systems through double emitter follow-
ers Q406 and Q407.

f. Audio System.

(1) Audio amplifier circuit. Low-pass filters
‘R601 and C602 remove the period-to-period steps
of the incoming boxcar detector voltage from the
ranging system and provide a relatively smooth
audio output to amplifier Q601. Amplifier Q601
amplifies the audio signal from the low-pass fil-
ter and feeds it through audio filter FL8 and am-,
plifier Q609 to push-pull emitter followers Q602
and Q603. A portion of the sigmal from audio
filter FL8 is fed back through lmiting circuits
CR601, CR606, R606, R607, and C606 to ampli-
fier Q601 to prevent overdriving of the succes-
sive amplifier stages with large input signals.
The output of push-pull emitter followers Q602
and Q608 is fed to audio transformer T1.

(2) Audio transformer and RF filters. Au-
dio transformer T1 is used to couple the audio
signal through RF filters FL108 and FL104 to
HEADSET receptacles J102 and J108 in the con-
trol system.

g. Agc System.

(1) Diode CR602. Before the boxcar detec-
tor voltage from the ranging system enters the
age system, diode CR602 is not conducting ap-
preciable current. When the boxcar detector volt-
age enters the agc system, diode CR602 conducts



an amount of current proportional to the ampli-
tude of the input signal and sends a negative
voltage to amplifier Q604.

(2) Amplifier Q604. When the negative
voltage from diode CR602 is applied to amplifier
Q604, the current in amplifier Q604 increases
and causes a decrease in the voltage drop across
filters R619 and C607. This filter delays the age
action. The output voltage across capacitor C607
is fed to emitter follower Q605.

(3) Emitter follower Q605. Before the box-
car detector voltage enters the agc system, the
output of emitter follower Q605 is an age volt-
age of approximately -3.5 volts. When the out-
put across filter capacitor C607 decreases, the age
output voltage of emitter follower Q605 de-
creases. The agc voltage is fed to the receiving
system to control the gain of the signal IF am-
plifiers, and to the strobe circuit in the ranging
system to indicate the presence of targets. As the
agc voltage becomes more negative, the gain of
the receiving system incresses. When no targets
are being gated, the agc voltage output of emit-
ter follower Q605 is determined by the agc volt-
age level picked off VOLUME control R105 in
the control system.

h. Power Converter System.

(1) Flip-flop circuit. A flip-flop circuit,
consisting of multivibrators Q801 and Q802,
transformers T801 and T802, and switch S102 is
used to convert the dc input voltage to ac in or-
der that the transformer may change the input
voltage to the various voltages required through-
out the system. The circuit receives its energizing
voltage through the control system from an ex-
ternal power source, and produces a square-wave
output on the secondaries of transformer T801.
Switch S102 is used to select the taps on the pri-
mary of T801, thereby allowing the radar to op-
erate over an input voltage range of +22.5 to
+27.5 volts. Three secondary windings of trans-
former T801 produce square waves of 7, 6.3, and
2.7 volts rms amplitude to supply the filaments
and lamps of the radar set. The outputs from the
remainder of the secondary windings of trans-
former T801 are rectified and filtered.

(2) Rectifier and filter circuit. The square
wave outputs of the secondary transformer T801
are rectified by diodes and filtered by capacitors.
The dc outputs of these circuits are—

(a) +270 volts to the transmitting system.
(b) +250 volts to the receiving system.
(¢) -160 volts to the afc system.

(d) +120 volts to the ranging system.
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(e) +24 volts to the ranging, receiving,
audio, afc, and agc systems.
(f) 20 volts to the ranging, receiving,
audio, agc, and afc systems.
i. Control System.

(1) POWER switch. The 24-volt dc output
from the external power source is applied
through 24 VDC BAT ONLY receptacle J104,
low-pass filters FL101 and FL102, protective
diode CR101, to POWER FUSE F102 and to
POWER switch S101. Diode CR101 protects the
equipment against incorrect connection of the
battery leads. If the POWER SWITCH is set to
any position except OFF, the 24-volt dc power
will be applied through interlock switch S1 to
the power converter system and to thermal relay
K201 in the transmitting system. In the TRANS-
‘MIT and RANGE positions, +270 volts from the
power converter system is applied through
XMTR fuse F101 to the transmitting system. In
addition, if the POWER switch is set to RANGE,
+24 volts will be applied to relay K701 in the afc
system to switch the precision rangemarks into
the receiving system and remove the +24 volts
from the emitter of signal IF preamplifier in the
receiving system.

(2) VOLTAGE ADJ switch. VOLTAGE
ADJ switch S102 compensates for input voltage
variations of the external power source by vary-
ing the primary-to-secondary turns ratio of trans-
former T801 in the power converter system.

(3) STROBE switch. The rarnging system
mode of operation, either short, long, or normal,
is determined by the position of STROBE switch
S105. This switch provides for the application of
a 5- or 10-second sweep or a constant dc voltage
to the strobe circuit in the ranging system.

(4) RANGE EXTENSION METERS me-
ter. Agc voltage, and strobe and range calibration
signals are indicated on RANGE EXTENSION
METERS meter M101. When BATTERY TEST
button S104 is depressed, the +24-volt output of
the power converter system is applied across volt-
age dividers CR1002, R1005, and R1006 and is
measured by meter M101 to determine the proper
position of the VOLTAGE ADJ switch.

(5) RANGE CONTROL handwheel. Rota-
tion of the RANGE CONTROL handwheel
varies the wiper arm of potentiometer R103 and
thus varies the range voltage supplied to the
ranging system for manual positioning of the
range gate. The position of the range gate is in-
dicated by the RANGE METERS indicator.
RANGE CALIBRATION 1st MARK variable
resistor R101 and RANGE CALIBRATION 7th
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MARK variable resistor R102, connected in
series with potentiometer R103, provide adjust-
ments for accurate calibration of the range gate
position.

(6) VOLUME control. VOLUME control
R105 functions as a voltage divider to furnish
a steady dc voltage (agc voltage level) to the age
system and thus control the gain of the receiv-
ing system.

(7) TELESCOPE
LIGHTS,

LIGHT, TRIPOD
and PANEL LIGHTS switches.

TELESCOPE LIGHT switch S1038 connects 2.7-
volt ac power to the telescope lamp. TRIPOD
LIGHTS SWITCH S106 and PANEL LIGHTS
switch S107 connect 2.7-volt ac power to the
tripod and panel lamps, respectively; variable
resistors R106 and R104 vary the intensity of
these lamps.

(8) HEADSET  receptacles. HEADSET
receptacles J102 and J103 couple the audio
signal from the audio system to the headsets.

Section lll. TRANSMITTING SYSTEM FUNCTION

2-14. General

a. The transmitting system produces pulses
of RF energy at fixed intervals. The RF
detected pulse width (pw) is 0.2 +0.02 mic-
rosecond and the prf is approximately 3,000 pps.
The frequency of the RF output is from 8,900
to 9,400 MHz. The nominal peak power output
is 0.6 kilowatt (kw), and the average power is
0.3 watt. The transmitting system also produces
a negative blanking pulse for the receiving sys-
tem and a negative gate which triggers the
linear sweep circuit in the ranging system. A
negative gate discharge circuit is provided to
terminate the negative gate immediately after
the range gate is triggered.

b. The relationship of the transmitting sys-
tem with repsect to other functional systems of
the radar set is covered in paragraph 2-13.

2-15. System Block Diagram Discussion
(Fig. 2-2.)

a. Thermal Delay Circuit. The thermal delay
circuit consists of thermal delay relay K201 and
relay K202. The thermal delay circuit delays the
l application of +24 volts to the prf generator for
approximately 90 seconds in order to allow the
tube filaments of the radar set to heat. When
POWER switch S101 is placed in the STANDBY,
TRANSMIT, or RANGE position, +24 volts is
applied to the heating element of thermal delay
relay K201, and the ac filament voltages are
supplied to the vacuum tubes in the radar set.
Approximately 90 seconds after the POWER
switch has been placed in one of the positions
specified above, relay K201 closes, and relay
K202 is then operated by +24 volts. The oper-
ated relay K202 allows +24 volts from the power
M converter system to be applied to the prf
generator via POWER switch S101. Relay K202
is a self-holding relay and allows relay K201 to
restore.
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b. Modulator. The modulator is composed of
a pretrigger unijunction transistor Q204
generator, blocking oscillator consisting of
transistor Q2056 and pulse transformer T202,
and SCR driver Q206, and SCR202. The repeti-
tion rate of the trigger is 3,000 pps. The blocking
oscillator provides a 4.0-volt, 0.4-microsecond
pulse to turn on silicon controlled rectifier
SCR202.

¢. Pulse-Forming Circuit. The pulse-forming
circuit consists of pulse unit Z201. Pulse unit
Z201 consists of a charging choke, a pulse-
forming network (pfn), and a pulse transformer.
Positive 270 volts is applied to the charging
choke of pulse unit Z201, and the capacitors in
the pulse-forming line charge to approximately
540 volts. The 4-volt pulse from the modulator
blocking oscillator (zero time pulse) is applied
to the gate of silicon controlled rectifier SCR202
and triggers the silicon controlled rectifier into
conduction. When the silicon controlled rectifier
conducts, the pulse-forming line discharges
through the rectifier and the primary of the
pulse transformer of pulse unit Z201. Jack J203
serves as a test point at the anode of SCR202.
The 4.6-kv output of the secondary of the pulse
transformer is applied to the cathode of magnet-
ron V901,

d. Magnetron Current Filter. The pulse trans-
former also provides an output to magnetron
current filter C218 and R220 which partially
removes the 5,000-pps variation. This average
magnetron current is provided for measure-
ment at test point jacks J204 and J205 as a vol-
tage across 1,000-ohm resistor R220. Therefore,
1 volt dc across resistor R220 corresponds to 1
milliampere (ma) of magnetron current.

e. Negative Gate Circuit. A negative 60-volt
pulse developed across winding 4-11 (not shown)
of the pulse transformer charges capacitor C2056
through diode CR206 and resistor R210 to
generate the negative gate, which triggers the
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linear sweep circuit in the ranging system. In
addition, this winding supplies the receiving sys-
tem with a negative 60-volt blanking pulse.

f. Negatirve Gate Discharge Circuit. The neza-
tive gate discharge circuit consists of transistor
Q201, diode CR206, and resistors R211 and
R212. The negative overshoot of the multiar
pulse from the ranging system turns transistor
Q201 on, and drives it to saturation. Transistor
Q201 then appears as a low impedance allowing
capacitor C205 (in the negative gate circuit) to
discharge through transistor Q201 toward
ground.

g. Magnetron V901. Magnetron V901 re-
ceives a pulse of approximately 4.5kv, having a
duration of 0.2 microsecond, from the pulse
transformer of pulse unit Z201 and delivers RF
energy in the form of a nominal 0.5-kw pulse to
the RF system.

2-16. Thermal Delay Circuit

a. Thermal delay relay K201 has a time delay
of approximately 90 seconds which postpones the
application of +24 volts to the modulator to al-
low the tube filaments of the radar set to preheat.
Thermal delay relay K201 is operated by +24
volts, and the relay contacts close approximately
90 seconds after POWER switch S101 is set to
STANDBY, TRANSMIT, or RANGE.

b. If the POWER switch is set to STANDBY,
TRANSMIT, or RANGE, +24 volts will be ap-
plied through pin 26 of plug P101 and jack J101,
and pin F of jack J201 and plug P201, to the
heating element (pins 2 and 3) of thermal delay
relay K201. After approximately 90 seconds, the
bimetallic element of the thermal delay relay
closes contacts 5-7, and the current flows through
the coil (pins 1 and 5) of relay K202. When re-
lay K202 is operated, contacts 8-6 and 2—4 will
close, and contacts 3—4 and 7-8 will open. When
contacts 3—4 open, the thermal delay heating ele-
ment circuit is opened. When contacts 2—4 close
the circuit through pins 1 and 5, and contacts 2-
4 form a low-resistance path to ground, thus
forming a holding circuit for relay K202. When
contacts 8-6 close, +24 volts is applied to the
modulator from either the TRANSMIT or
RANGE position of the POWER switch, pin 19
of plug P101 and jack J101, and pin A of jack
J201 and plug P201. In this manner, there is a
delay of approximately 90 seconds before +24
volts applied to the modulator. The purpose of
this delay is to prevent magnetron V901 from
being pulsed prior to an adequate warmup peri-
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od for the magnetron filament. The lack of a
proper warmup period may result in damage to
the magnetron.

2-17. Modulator A201

«. When +24 volts is applied to the prf gener-
ator from the thermal delay circuit, the prf gen-
erator will provide a 0.4-microsecond, 4-volt trig-
ger pulse to silicon controlled rectifier SCR202.
This is accomplished by using the trailing edge
of pretrigger pulse generated by unijunction os-
cillator Q204 to trigger a blocking oscillator cir-
cuit, using transistor Q205 and pulse transform-
er T202. An emitter follower stage, consisting of
transistor Q206 and transformer T203, accepts
the blocking oscillator output and develops a
driving signal of 4 volts to the SCR202 which
functions as a trigger switch.

b. Unijunction transistor Q204 is a three-ter-
minal silicon element whose unique operating
characteristics allow generation of a bistable os-
cillation, using only one active element. The im-
portant characteristics of this solid state device
are a negative resistance characteristic uniform
with temperature, a high pulse current capability,
a stable firing voltage, and a very low value of
firing current. The unijunction transistor is
basically made up of the two ohmic contacts
placed on the opposite ends of an n-type silicon
bar (A, fig. 2-4). A normal resistance of be-
tween 35,000 and 10,000 ohms exists between
these two contacts. A p-type junction contact
(emitter) is located on the opposite side of the
bar from the ohmic contact. If one of the ohmic
contacts (B.) is grounded and the other (B:) has
an applied positive voltage, a net positive voltage
will exist at the silicon bar if no voltage is applied
to the emitter. This can be illustrated as being
represented by a voltage divider circuit (B; fig.
2—-4). When a low positive potential (below the
level of voltage developed at the silicon bar) is
impressed on the emitter a reverse bias will exist
between emitter and both contacts. A threshold
voltage will be reached, however, if the voltage
impressed on the emitter will be exceeded by the
voltage level developed at the silicon bar by the
ohmic contacts. After this point is reached, the
emitter to ohmic contact (B,) is forward-biased.
Holes are injected in the silicon bar from the
emitter, and a decrease in resistance is achieved
between the emitter and contact B.. From this
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point to saturation, the emitter voltage will de-
crease with increase in emitter current. The uni-
junction transistor has three operation states: a
reverse-biased (open state) or high positive re-
sistance state, a negative resistance state, and a
low positive resistance state. The voltage current
emitter characteristics of the unijunction transis-
tor are shown in C, figure 2—4. The transition
points are the peak and valley point. To the left
‘of the peak point is the cutoff region of high
positive resistance between the emitter and con-

tact B.. Between the peak and valley point is the

negative resistance region where the emitter volt-
age decreases with increased emitter current. The
valley point represents the saturation point of
hole migration between emitter and contact B..
After the wvalley point, the emitter voltage once
again increases with increased emitter current.
The dynamic resistance between emitter and con-
tact B, is once again positive but of low value.

c. If relay K202 is operated and the power
switch is set to TRANSMIT or RANGE, +24
volts from the power converter will be applied to
the emitter of Q204 (fig. 7-6). Resistor R213
and capacitor C217 serve to decouple the pulse
signal from the pretrigger generator from other
circuits in the radar set. Capacitor C219 charges
toward +24 volts through resistors R213, R202,

EMITTER
JUNCTION

OHMIC

CONTACTS
N-TYPE

SILICON BAR

A.CONSTRUCTION OF UNIJUNCTION TRANSISTOR

+ VOLTAGE

B2

B. UNIJUNCTION TRANSISTOR REPRESENTATIVE
CIRCUIT

and R221. The voltage across C219 is impressed
on the emitter of unijunction transisbor Q204.
Until the voltage level of 14 volts is reached, uni-
junction transistor Q204 is back-biased (or in the
open state) so that the emitter to base B, is u rel-
ative high resistance value. If a voltage level of
14 volts is exceeded, the unijunction transistor
will be forward-biased. The unijunction transis-
tor will go from a negative resistance state to a
closed state. The resistance of emitter to base 1
(grounded) becomes very low. Capacitor C219
discharges through unijunction transistor Q204.
When capacitor C219 is sufficiently discharged,
the current from the emitter to base 1 of the uni-
junction transistor will fall below the current
that will sustain forward bias, and the unijunc-
tion transistor will revert to its open state. The
charging time constant of C219 may be varied by
changing R202. Varying the charging time con-
stant varies the repetition rate from 100 to 600
microseconds. During the interval of unijunction
transistor Q204 forward conduction, the ohmic
contact value between base 1 and base 2 is al-
tered. Current will flow from +24 volts through
(R228 and base 2 to base 1, to ground, and de-
velop a negative pulse of 6 microseconds dura-
tion. This pulse serves as a trigger pulse whoee
leading edge is used to pulse the klystron local

PEAK POINTS

EMITTER VOLTAGE

A

VALLEY POINTS

EMITTER CURRENT

C.TYPICAL EMITTER CHARACTERISTICS OF
UNIVUNCTION 211-35-TH-4

Figure 8-~4. Unijunction transistor characteristics.
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Figure 8-5. Simplified version of silicon controlled
rectifier.

oscillator blanking gate. The trailing edge serves
as the zero pulse timing trigger. The pretrigger
pulse is ac coupled through the network of C221,
CR211, CR212, and R224 to blocking oscillator
Q205. Capacitor C221 serves as a dc blocking
capacitor, and CR211, CR212, and R224 form a
differentiator and clipping circuit. After the 5-
microsecond trigger pulse is differentiated, the
leading and trailing edge of the pretrigger pulse
is retained at the junction of C221 and CR211.
Diode CR212 is a diode in series with the dif-
ferentiated pulse, and presents a high resistance
to the negative-going part of the differentiated
pulse so that only a small portion of the negative
pulse is developed at the junction of voltage di-
vider CR212 and R224. Diode CR212 presents a
low resistance to the positive-going portion of the
differentiated pulse so that almost all of this
pulse is present at the junction of voltage di-
vider CR212 and R224. The amplitude of this
positive-going signal (the trailing' edge of the
trigger) is 5 volts and is used to trigger the
blocking oscillator formed by Q206 and T202.
The primary of transformer T202 is connected to
the collector of transistor Q205. The secondary
is connected to the emitter of transistor Q205.
When no signal is impressed on the base, only a
small residual current flows through Q205, mak-
ing the emitter positive with respect to the base.
Therefore, transistor Q206 normally is near cut-
off. When a positive pulse is impressed on the
base of transistor Q205, the emitter to base cur-
rent increases; this, in turn, increases the collec-
tor current. A negative-going pulse is developed
on the primary of T202. This negative-going
pulse is mutually coupled to the secondary of
T202. The pulse transformer with a turns ratio
of 5.8 : 1 : 2 delivers much of this negative-going
pulse to the emitter of transistor Q205, further
increasing the emitter current and collector cur-

rent in turn. This regenerative process is cumula-
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tive until saturation is achieved; at which time,
the process is reversed. The collector current be-
gins to increase, developing a positive-going volt-
age on the primary of T202. The positive-going
voltage mutually coupled to the secondary of
T202 and, therefore, to the emitter of transistor
Q2065, acts to cut off transistor Q205. Therefore,
a positive pulse, having the fast rising slope and
fast falling slope of a typically high-gain regen-
erative circuit, is developed across the tertiary
winding of T202 (mutually coupled from the
other windings of T202). The amplitude and
width of this pulse is 4 volts and the duration is
0.4 microsecond.

d. In the blocking oscillator circuit, CR218
serves to dampen the positive “overshoot” in the
primary of T202. Resistor R225 is a current limit-
ing resistor. The positive pulse developed in the
tertiary winding of T202 is coupled to emitter
follower transistor Q206. This transistor func-
tions to present a low impedance to pulse-form-
ing circuit switching silicon controlled rectifier
SCR202. Transformer T203 is used as the cou-
pling element between emitter-follower transistor
Q206 and silicon controlled rectifier SCR202. Re-
sistor R226 serves as a current limiting resistor.
Resistor R228 is used to eliminate misfiring of
the SCR by presenting a low impedance discharge
path at the gate.

2-18. Pulse Unit Z201

a. The pulse-forming circuit receives an input
of +270 voits from the power converter system
and a 4-volt trigger pulse from the modulator to
trigger switch SCR202. The pulse-forming circuit
provides the following outputs:

(1) A negative 4.5-kilovolt pulse to. the
magnetron.

(2) A negative gate to the ranging system.

(8) A negative 60-volt blanking pulse to
the receiving system.

‘(4) A sampling of the magnetron current to
the magnetron current filter.

b. Positive 270 volts applied through variable
resistor R207 when POWER ewitch S101 is set at
TRANSMIT or RANGE. Variable resistor R207
controls the current in pulse unit Z201 and, sub-
sequently, the magnetron pulse current. Filter
0208, C207, and L201, filters any ripple from the
+270-volt supply.

¢. During the charging period of the pulse-
forming circuit, silicon controlled rectifier SCR-
202 does not conduct and presents an infinitely:
high resistance.
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d. When +270 volts is applied across the un-
charged circuit, electrons will flow from ground
through the pulse transformer primary winding
to charge the pulse-forming line. The flow of
electrons from pin 10 to pin 5 of the charging
choke builds up a magnetic field in the winding
of the charging choke. When the pulse-forming
line is charged to +270 volts, the magnetic field
around the charging choke will collapse, releas-
ing its stored energy, continuing current flow to
the pulse-forming line and capacitor C216, caus-
ing them to charge to approximately 540 volts.
Holding diode CR203 is reverse-biased when the
pulse-forming line is fully charged, and prevents
the pulse-forming line from discharging into the
power source. Therefore, the pulse-forming line
will remain fully charged until silicon controlled
rectifier SCR202 conducts.

e. While the pulse-forming line is charging,
silicon controlled rectifier SCR202 is not conduct-
ing. When the 4-volt positive trigger pulse from
the modulator is applied to the gate electrode of
SCR202, the rectifier conducts and acts as a closed
switch. The silicon controlled rectifier is a solid
state four layer semiconductor (PNPN) device
equivalent to a thyratron. In its normal state,
prior to being triggered, there is no current flow
from anode to cathode. As illustrated in figure
2-5, an imaginary cutting of the four-layer semi-
conductor device into a complementary pair of
transistors shows that, as the gate electrode cur-
rent increases, the base current of transistor No.
1, the collector current of transistor No. 1, in-
creases. Since the collector of transistor No. 1
is also the base of transistor No. 2, it increases
collector current of transistor No. 2. It is obvious
that, since the collector of transistor No. 2 is the
base of transistor No. 1, a regenerative cycle is
achieved. Once the cycle is started by injection of
gate electrode current beyond a threshold level,
the positive feedback nature of the PNPN semi-
conductor device will continue until, in effect,
transistors No. 1 and No. 2 will be driven into
saturation. All three junctions are forward-biased
so that, in effect, the four-layer device acts as a
two-layer device. Current will flow from anode
to cathode. Similarity to the thyratron is that a
trigger pulse must be utilized to turn on the sili-
con controlled rectifier and, once conduction
starts, the gate electrode has no further control.
Conduction will continue in the silicon controlled
rectifier until the current from anode to cathode
drops below a low value called the holding cur-
rent. Then SCR202 is brought into conduction by
the positive trigger developed in the modulator,
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it permits the pulse-forming line to discharge
through the pulse transformer primary winding.
The voltage on these capacitors divides between
the impedance of the pulse-forming line and the
impedance of the pulse transformer primary
winding. A pulse of approximately 270 volts,
having a width of 0.2 microsecond, is developed
across the primary winding by this discharge cur-
rent. The width of this pulse depends upon the
total capacitance and total inductance of the
pulse-forming line.

/. Because the impedance of the pulse-forming
line is slightly larger than the impedance looking
into the primary of the pulse transformer, a neg-
ative reflected pulse is developed after the 0.2-
microsecond pulse. This negative reflective pulse
reduces the anode current of SCR202 to a value
below its holding current; this action switches
off the rectifier.

g. Pins 8 and 9 of pulse unit Z201 receive 7
volts rms from the power converter system to
heat the magnetron filament. The plate return of
the magnetron is through magnetron current fil-
ter C203 and R205 to pin 8 of pulse unit Z201.
Jack J203 serves as a test point for checking the
waveform at the anode of silicon controlled
rectifier SCR202. Resistor R227 is inserted in
series with J208 to eliminate the possibility of
misfire of the SCR202.

h. Filters, consisting of C212, C213, L204,
C214, C215, and L205, filter any ripple from the
magnetron filament voltage.
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Figure 2-6. Four layer diode, voltage current
characteristics.



2-19. Negative Gate Circuit

a. The negative gate circuit receives a negative
pulse from pulse unit Z201 and generates the
negative gate which is applied to the linear sweep
circuit in the ranging system.

b. The pulse transformer of pulse unit Z201
has a range trigger winding (winding 4-11) that
develops a negative 60-volt pulse which charges
capacitor C206 through diode CR206 and current
limiting resistor R210. The charge on capacitor
C206 appears as a negative gate to the linear
sweep circuit in the ranging system. This gate is
applied to the ranging system through pin D of
plug P201.

¢. Winding 4-11' also supplies a negative 60-
volt blanking pulse to the sigmal IF amplifiers in
the receiving system. This pulse is necessary to.
prevent the high-power transmitter pulse from
driving the receiving system into saturation. The
blanking pulse is supplied from pin 4 of pulse
unit Z201 to output jack J206.

2-20. Negative Gate Discharge Circuit

a. To prevent range instability, a negative gate
discharge circuit is used to discharge capacitor
C206 in the negative gate circuit. This discharge
circuit consists of emitter follower Q201, resistor
R211, R212, and diode CR206.

b. Emitter follower Q201" is biased at cut off
by resistor R212 and, therefore, appears as a high
impedance to capacitor C206. The negative over-
shoot of the multiar pulse from the ranging sys-
tem forward biases diode CR206 allowing current
flow through diode CR206 and emitter follower
Q201. This current flow drives emitter follower
Q201 into saturation and allows capacitor C206
to discharge through emitter follower Q201 to-
ward ground.

2-21. Magneiron V901

a. Magnetron V901 is a wvariable, resonant
cavity, magnetron oscillator which generates
short pulses of high-power RF energy at fre-
quencies between 8,900 and 9,400 MHz.

b. Magnetron V901 consists of an indirectly-
heated diode (resonant cavity) mounted between
the poles of a permanent magnet. The position
of the diode is such that the electric field existing
between the cathode and plate is perpendicular
to the magnetic field of the permanent magnet.
When the magnetic field is of the proper
strength, the cathode is made sufficiently nega-
tive with respect to the grounded plate, and os-

T™ 11-5840-211-35

cillations will take place within resonating cav-
ities of the magnetron. The frequency of the os-
cillations produced is determined by the size of
these resonating cavities. Magnetron V901 can be
mechanically tuned from 8,900 to 9,400 MHz by
variation of the size of the resonating cavities.
This is accomplished by rotating the MAG.
TUNER control which is attached to the tuning
shaft of the magnetron.

¢. The 7 volts rms from the power converter
system is applied to the magnetron filament
through the bifilar-wound pulse transformer.
The cathode of the magnetron is attached to one
side of the filament input. A pair of filament in-
put leads carries the 7-volt rms filament voltage
and the 4.5-kv pulse from pins 1 and 8 of pulse
unit Z201 through plug P901 to jack J901 of the
magnetron. Due to a 2-volt drop in the secondary
windings of the pulse transformer, only 6 volts
are applied to the magnetron filament. Since the
bifilar-wound secondary windings of the pulse
transformer are in series opposition to one an-
other, and since the voltages developed across
them are equal and in phase, they effectively
cancel one another and only b6 volts, the filament
voltage, appears across the magnetron filament.

d. The negative 4.5-kv pulse is applied to the
cathode of the magnetron and causes oscillations
to occur in the resonating cavities of the magne-
tron. These oscillations will be between 8,900 and
9,400 MHs, depending upon the adjustment of
the MAG. TUNER control.

e. The magnetron has a pickup loop which is
inductively coupled to the oscillating magnetic
field produced by the resonating cavities. Part of
the pickup loop lead in the resonation cavity ex-
tends into a section of the waveguide that is part
of the magnetron structure. The lead acts as a
probe which introduces 0.2-microsecond pulses of
0.5-kw RF energy into the section of waveguide
on the magnetron. This waveguide section also
contains an iris which acts as a mechanical trans-
former which resembles an iris. The purpose of
the transformer is to match the impedance of the
magnetron to that of the waveguide. A choke
joint (para 2-26¢) connects the section of wave-
guide on the magnetron to hybrid waveguide as-
sembly No. 1 of the RF system.

2-22. Magnetron Current Filter

a. The magnetron current filter, which con-
sists of resistor R220 and capacitor C218, pro-
vides the means for measuring the magnetron
current.
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b. Resistor R220 is connected between the
secondary of the pulse transformer (pin 8 of
pulse unit Z201) and ground. Capacitor C218 is
connected in paralled with resistor R220. Elec-
tron flow through the filter circuit is from the
pulse transformer secondary through the magne-
tron to ground, and from ground through resis-

tor R220 back to the pulse transformer second-
ary. The voltage developed across resistor R220
and filtered by capacitor C218 is measured be-
tween test jacks J204 and J205 on the transmitter
unit by means of an external voltmeter. The aver-
age magnetron current is equal to the voltage
across resistor R220 divided by the 1,000-chm re-
sistance of resistor R220.

Section IV. RF SYSTEM FUNCTION

2-23. General

a. The RF system channels RF pulses from the
magnetron in the transmitting system to the an-
tenna which radiates them outward into space.
The RF system also channels the target echo
'pulses from the antenna to the signal mixers in
the receiving system.

b. The relationship of the RF system with
respect to other functional systems of the radar
set is covered in paragraph 2-18.

2-24. System Block Diagram Discussion
é’lz 2-7) ‘o9

a. General. The RF system consists of the
balanced duplexer, those portions of hybrid wave-
guide assemblies No. 1 and No. 2 which are not
part of the balanced duplexer, the antenna, the
afc coupler, and the directional coupler. Magne-
tron V901 which is attached to hybrid waveguide
assembly No. 1 is part of the transmitting system.
Klystron V902, signal mixer crystals CR901 and
CR902, and afc fixer crystal CR908 are mounted
on hybrid waveguide assembly No. 2. The klys-
tron and the signal mixer orystals are part of the
receiving system; the afc mixer crystal is part of
the afc system.

b. Balanced Duplezer. The balanced duplexer
~ consists of two short slot hybrid couplers which

are integral parts of hybrid waveguide assemblies
No. 1 and No. 2, and of the dual channel limiter.
The balanced duplexer is a microwave device
which connects the antenna to the transmitting
system during transmission and to the receiving
system during reception. This action is accom-
plished by using the dual channel limiter in con-
junction with the two short slot hybrid couplers
as a switch which is operated by the energy from
the transmitting system, and which protects the
sensitive components of the receiving system
from the damaging effect of the high emergy
from the transmitting system.

¢. Afc Coupler. The afc coupler provides a
sample of the magnetron output energy (50- to
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60-db attenuated magnetron pulses) for use in
the afc system. This unit consists of the flexible
waveguide assembly and the afc attenuator lo-
cated on the narrow wall of hybrid waveguide as-
sembly No. 2.

d. Directional Coupler. The directional cou-
pler (fig. 2-7) provides a sample of the magne-
tron output energy (15- to 17-db attenuated mag-
netron pulses) to permit measurements of mag-
netron power and frequency by means of external
test equipment. Test echo pulses from external
test equipment may also be supplied through the
directional coupler. This unit consists of a short
section of closed rectangular waveguide mounted
on the board wall of hybrid waveguide assembly
No. 1, and the directional coupler cable assembly.

e. Antenna. The antenna (fig. 2-7) consists of
two dipoles mounted on the antenna feed assem-
bly and a parabolic reflector. Rf energy from the
magnetron radiates from the dipoles on the an-
tenna feed assembly and is focused into a conical
beam of a 6.2-degree solid angle at the half-pow-
er points by the parabolic reflector. Returned
target echoes are collected by the reflector,
focused to the dipoles of the antenna feed assem-
bly, and channeled back to the receiving system.

2-25. Waveguide Theory

The term waveguide refers to a single hollow
conductor that is used to guide electromagnetic
waves from one place to another.

a. Mode of Operation. The description of
waveguide operation makes use of the electro-
magnetic waves within the guide. It is possible to
propagate several different types of electromag-
netic waves within a waveguide. Each of theee
wave types is characterized by a different electric
and maguetic field configuration. Associated
with each type wave is a cutoff frequency; that
is, the waveguide will not propagate that type
wave when the frequency of the wave is less than
a critical cutoff value, determined by the dimen-
sions of the waveguide. The dimensions of the
waveguide used in Radar Set AN/PPS-4A were
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chosen to propagate the wave type having the
lowest cutoff frequency in comparison with the
other wave types that can be propagated. When-
ever the waveguide propagates the wave type
having the lowest cutoff frequency, the wave-
guide is said to be operating in the dominant
mode.

b. Field Configuration. The electric and
magnetic field configuration in the waveguide of
Radar Set AN/PPS—-4A is illustrated in figure
2-8.

(1) The electric field is prependicular to
the A walls, has maximum intensity at the center
of the A walls, and decreases sinusoidally to zere
at the B walls.

(2) The magnetic field is in the form of
loops that lie in planes parallel to the A walls
‘(perpendicular to the electric field).

¢. Choke Joints (fig. 2-9). Choke joints are
used as a convenient mechanical means of con-
necting two sections of a waveguide together
with & minimum loss of energy. The choke joint
consists of a plain flange and a choke flange (A,
figure 2-9). The choke flange has a circular slot
a quarter of a wavelength deep and at an average
distance of a quarter of a wavelength from the
inner surface of the guide. The L-shaped cavity
formed when the choke flange is attached to the
plane flange (B, fig. 2-9) is similar to a one-half
wavelength transmission line shorted at the far
end (X). When energy attempts to leak out of
the waveguide at the point, standing waves of
voltage and current are set up on the L-shaped
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Figure 2-8. Waveguide characteristics.
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cavity, and the short at the far end is reflected to
the input end (Y) which is one-half wavelength
away. Thus, the choke joint effectively short cir-
cuits the two sections of waveguide at Y in spite
of the fact that there is no metallic connection at
Y. In Radar Set AN/PPS—4A, choke joints are
used to connect the magnetron to the RF system
and to connect the antenna feed assembly to hy-
brid waveguide assembly No. 1.

d. Flange Gaskets. Flange gaskets are used
wherever two sections of plain flange waveguide
are connected. The flange gaskets ensure a good
surface-to-surface contact over the entire flange
area, and thereby prevent or minimize energy
leakage from the waveguide at the joint.

2-26. Balanced Duplexer

a. General. The balanced duplexer (fig. 2-7)
is the microwave equivalent of a fast electromag-
netic switch. During transmission, the function of
the balanced duplexer is to connect the antenna
to the transmitting system while at the same time
isolating the receiving system from the transmit-
ting system so as to prevent damage to signal
mixer crystals CR901 and CR902 by the high
energy pulses. During reception, the function of

PLAIN FLANGE —\/\
4

CHOKE FLANGE

B. CROSS SECTION OF CHOKE JOINT
ELS840-211-35-TM-9

Figure $-9. Choke joints.



the balanced duplexer is to connect the antenna
to the receiving system and to prevent the target
echo pulses from entering the transmitting sys-
tem. This action is obtained by using the combina-
tion of the dual channel limiter and the short
slot hybrid couplers which are parts of hybrid
waveguide assemblies No. 1 and No. 2. The op-
eration of these components and the description
of the signal paths during transmission and re-
ception are described below.

b. Dual Channel Limiter (fig. 2-10). The
dual channel limiter is a semiconductor device.
A schematic representation of one limiter section
is shown in figure 2-10. Each limiter section con-
tains two varactor limiter diodes which provide a
low loss path between the input and output at
Jow power levels of less than 1 milliwatt. When
high energy rf pulses from magnetron V901 en-
ter the input of each of the semiconductor limiter
sections, the limiter diodes interact and are for-
ward conducting. This provides a short circuit in
the waveguide section. The two limiter diodes
are positioned 1/4-wavelength apart so that the
isolation provided by each of the diodes is addi-
tive, thereby providing very high attenuations to
the high incident RF energy. The energy of the
target echo pulses is not sufficient to cause the
limiter diodes to interact and become forward
conducting, therefore, the target echo pulses pass
through the limiter. In this case, the characberis-
tic impedance of dual channel limiter is equal to
the characteristic impedance of the adjacent
waveguide and hence, the limiter immpedance is
“matched” to the impedance of the waveguide.

¢. Short Slot Hybrid Coupler (fig. 2-11). The
short slot hybrid coupler is basically a broadband
directional coupler with a coupling ratio of 8 db
and an isolation in excess of 25 db. The 90-degree
phase-shift characteristic of the hybrid is shown
in figure 2-11. At the coupling aperture located
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Figure 2-10. Section of dual channel limiter.

TM 11-5840-211-33

in the center wall of the short slot hybrid there
is a 90-degree phase difference between the sig-
nal which passes through the aperture and the
signal which continues in a straight line path past
the aperture along the waveguide. Since the short
slot hybrid coupler has an isolation of 25 db or
greater, there is no backward wave shown on fig-
ure 2-11 when the signal passes through the
a) .
d. Signal Path During Transmission (fig. 2-
11). The path of the RF pulses from the magne-
tron is shown in A of figure 2-11. When the
high power RF pulses reach the dual channel
limiter, the diodes conduct and an effective short
circuit appears across the input of the dual chan-
‘nel limiter. The relative phase angles of 0, 90,
and 180 degrees of the signal vectors which rep-
resent the magnitude and direction of the ener-
gy flow in the waveguide are indicated in figure
2-11 as /0, /90, and /180, respectively. For con-
venience, the phase angle of the RF pulses from
the magnetron is chosen to be /0; this may be
done arbitrarily since only the relative angles are
significant. At the two coupling apertures lo-
cated in the center wall of the short slot hybrid
couplers, there is a 3-db split in energy and a
phase difference of 90 degrees between the sig-
nals as described previously. The signal incident
on the input of the dual channel limiter under-
'goes a phase shift of 180 degrees when it is re-
flected from the actuated limiter. As shown in A,
figure 2-11, the signal vectors back to the mag-
netron are 180 degrees out of phase and, being
equal in magnitude, they cancel. The signal vec-
tors to the antenna are in phase and they add.
However, the effective short circuit across the in-
put of the dual channel limiter does not prevent
some of the incident magnetron energy from
leaking through the dual channel limiter. It is
shown in A, figure 2-11 that the leakage signal
vectors to the balanced signal mixer are 180 de-
grees out of phase and, being equal in magni-
tude, they cancel. This provides additional pro-
tection for the signal mixer crystals. The leakage
signal vectors which are in phase and add are ab-
sorbed by the dissipative termination.

e. Signal Path During Reception (fig. 2-11).
The path of the received target echo pulses from
the antenna is shown in B, figure 2-11. Since the
power of the target echo pulses is not sufficient
to activate the dual channel limiter, a matched
impedance appears across the input of the dual
channel limiter. As a result, the target echo
pulses pass through the dual channel limiter. As
is shown in B, figure 2-11, the signal vectors to
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the balanced signal mixer are in phase and add;
the signal vectors to the termination are 180 de-
grees out of phase and, being equal in magni-
tude, they cancel.

2-27. Afc Courlor
(fig. 2-12)

Coupling between the afc coupler flange and hy-
brid waveguide assembly No. 1 is accomplished
by means of a circular iris (window) in the cen-
ter of the narrow wall of hybrid waveguide as-
sembly No. 1. The sample of magnetron energy
is channeled through the flexible waveguide as-
sembly and hybrid waveguide assembly No. 2 to
the afc mixer crystal CR903 where it is combined
with the pulsed signal from the klystron local
oscillator to form IF pulses for use in the afc sys-
tem. Depending on the adjustment of the afc at-
tenuator, the afc coupler provides an attenuation
of from 50 to 60 db between the power level in
hybrid waveguide assembly No. 1.and the afc
mixer crystal.

2-28. Directional Coupler
(fig. 2-12)

Coupling between the directional coupler and
hybrid waveguide assembly No. 1 is accomplished
by means of two slotted irises (windows) sym-
metrically spaced on a diagonal of hybrid wave-
guide assembly No. 1. The directional coupler
contains a pickup probe which terminates in the
directional coupler cable assembly. Applicable
test equipment may be conmnected to the coaxial
connector at the end of the cable assembly for
aligning and testing procedures; for ezample,
checking the power level and frequency of the
RF pulses from the magnetron. The directional
coupler provides an attenuation of from 15 to 17
db between the power level in hybrid waveguide
assembly No. 1 and the coaxial connector output.
The exact directional coupler attenuation is
stamped on the directional coupler surface.

2-29. Energy Flow in RF System
(fig. 2-12)

An overall view of the energy flow in the RF
system is shown in figure 2-12. As shown on the
figure, transmitted pulses from magnetron V901
are channeled through hybrid waveguide assem-
bly No. 1 into the antenna. A sample of the mag-
netron energy passes through the circular iris in
the afc coupicr flange, through the afc attenua-
tor, and thrrugh a 8-db attenuator pad before
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reaching afc mixer crystal CR908. Another sam-
ple of the magnetron energy passes through the
slotted irises into the directional coupler. The
target echo pulses are channeled from the anten-
na through hybrid waveguide assemblies No. 1
and 2 before reaching the balanced signal mixer
comprised of signal mixer crystals CR901 and
CR902. The continuous signal from klystron
local oscillator V902 is fed into hybrid wave-
guide assembly No. 2 and is channeled to signal
mixer crystals CR901' and CR902 and afc mixer
crystal CR903.

2-30. Antenna

a. General. The antenna consists of a double
dipole antenna feed assembly and a parabolic re-
flector. The antenna has a gain of approximately
27 db with a side lobe attenuation of approxi-
mately 19 db.

b. Parabolic Reflector. The reflector is para-
bolic in shape with an overall diameter of 14.5
inches. This overall diameter includes the neces-
sary mounting structures. The effective reflection
surface of the reflector is 13.6 in¢hes in diameter,
and the focal length of the parabola is 4.6 inches.

¢. Antenna Feed Assembly (fig. 2-18). The
antenna feed assembly is a waveguide that pro-
vides tapered impedance matching between the
rectangular waveguide input and the dipoles so
that maximum power can be transferred to the
exciter dipole. The antenna feed assembly is
twisted to provide vertical polarization of the
radiated béam. The radiating elements are two
fixed dipoles located approximately one-half
wavelength (A/2) apart. The two dipoles are de-
signated as the exciter dipole and the parasitic
dipole. The parasitic dipole is made longer than
the exciter dipole to obtain the desired radiation
pattern. The exciter dipole is positioned at ap-
proximately the focal point of the parabolic re-
flector.

d. Mode of Operation. The exciter dipole is
excited directly by the RF pulses from the mag-
netron which flow through the antenna feed as-
sembly. The parasitic dipole is in turn excited by
the radiated energy from the exciter dipole. The
size and spacing of the two dipole elements are
chosen so that the parasitic dipole acts as an in-
ductive reactance at the magnetron frequency
(8,900 to 9,400 MHz). As a result, the fields
radiated toward the parabolic reflector by the two

dipoles are in phase and therefore reinforce each
other; the fields radiated from the dipoles away
from the parabolic reflector are out of phase and

(
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Figure 8-18. Energy flow in microwave assembly of RF system.

cancel each other. The parasitic dipole may be
thought of as a reflecting element though, in
fact, both the exciter dipole and the parasitic
dipole radiate. The parabolic reflector reflects
the incident energy from the dipoles in the form
of a focused beam whose maximum intensity is
coincident with the parabolic axis.

e. Radiation Pattern (fig. 2-14). The radiation
pattern of the antenna is shown in figure 2-14.
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Because of the directional characteristics of the
parabolic reflector, most of the radiated energy
is concentrated in the forward direction, as is
evidenced by the large size of the main lobe com-
pared to the side lobes. The broken lines adjacent
to the axis of the main lobe represent points
along which the radiated power density is one-
half as great as it is on the axis. The angle be-
tween these broken lines is defined as the beam
width which equals 6.2 degrees.

U,
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Section V. RECEIVING

2-31. General

a. The receiving system receives the target
echo pulses from the antenna in the RF system
and produces video signals which are fed to the
boxcar detector in the ranging sysbem.

b. The relationship of the receiving system
with respect to other functional systems of the
radar set is covered in paragraph 2-14.

2-32. System Block Diagram Discussion
(¥i’:2-15) 9

a. General. The receiving system consists of
the frequency converter, the signal IF amplifier
and detector, the video amplifier, and the blank-
ing and limiting circuit.

b. Frequency Converter. The frequency com-
verter mixes a pulsed signal provided by klystron
local oscillator V902 with the received target
echo pulses and produces a 30-MHz IF signal
which is fed to the signal IF amplifier and detec-
tor. The mixing action is called heterodyning and
takes place in the balanced signal mixer.

c. Signal IF Amplifier and Detector. The sig-
nal IF amplifier and detector consists of a dou-
ble-tuned input network, signal IF preamplifier
Q5608, five signal IF amplifier stages Q501
through Q505, and video detector CR501 (fig.
2-15). If POWER switch S101 (fig. 7-18) is set
to TRANSMIT, the 80-MHz IF signals from the
frequency converter (fig. 2-16) will be amplified
in signal IF preamplifier Q608 and in signal IF
amplifiers Q501 through Q505, and detected in
video detector CR501. The detected video signals
from video detector CR501 are then fed to the
video amplifier. If POWER switch S101 is set to
RANGE, the dc power will be removed from sig-
nal IF preamplifier Q508 to prevent 30-MHz IF
signals from entering signals IF amplifier Q501.
The rangemarks from the afc system are then ap-
plied to the input of signal IF amplifier Q501 of
the signal IF amplifier and detector. These range-
marks are amplified and detected in the same

T™ 11-5840-211-35
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Figure 2-14. Antenna radiation pattern.

SYSTEM FUNCTION

manner as the 30-MHz IF signals and provide a
means of range calibrating the ranging system.

d. Video Amplifier. The video amplifier con-
sists of amplifier Q506 and emitter follower out-
put stage Q507. The video amplifier amplifies
the detected video signals or range marks from
the signal IF amplifier and detector, and sends
them to the boxcar detector in the ranging sys-
tem.
e. Blanking and Limiting Circuit. The blank-
ing and limiting circuit is activated by the blank-
ing pulse from the transmitting system and sends
a pulse to the signal IF amplifiers. This pulse
blanks the amplifiers during the transmitted
pulse interval and thus prevents any leakage, due
to the transmitted pulse, from saturating the am-
plifier and detector.

2-33. Frequency Converter

a. The frequency converter consists of local os-
cillator V902 and a balanced signal mixer.

b. Local oscillator V902 is a type 2K25/723B
reflex klystron (fig. 2-16). The reflex klystron
is a velocity-modulated microwave oscillator, the
operation of which depends upon the modulation
or change of speed of electrons passing through
it. Electrically, it consists of a filament, a cathode,
an accelerator grid, two resonator grids, an in-
ternal cavity resonator, and a reflector. The fila-
ment (fig. 2-17) indirectly heats the cathode of
the klystron, causing it to emit electrons. A
stream of electrons is formed and accelerated by
the positive potential on the accelerator and grid
cavity structure, and passes through the resona-
tor grids 1 and 2 of the internal cavity resonator,
causing an oscillation to take place in the cavity.
An oscillating field is set up between the resona-
tor grids, causing the velocity of the electrons to
change as they pass through the grids. When ree-
onator grid 2 is positive with respect to resona-
tor grid 1, the electrons are further accelerated;
when resonator grid 2 is negative with respect to
resonator grid 1, the electrons are decelerated.
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After the electrons pass through the resonator
grids they encounter a retarding field produced
by the negative voltage which is applied to the
reflector cap. Those electrons which were
accelerated while passing through the

’ resonator grids travel further into the retard-
ing field and thus have to traverse a longer path
to return to the resonator grids. Those electrons
which passed through the resonator grids an
instant later and were decelerated, traverse a
shorter path in the retarding field and thus
return to the resonator grid at the same time
as the accelerated electrons. In this manner the
electrons are formed into bunches and deliver
energy to the oscillating field within the inter-
nal cavity resonator as they pass through it.
The energy delivered by the bunches is taken
from the klystron cavity by means of a loop
coupling, through a coaxial output probe. The
frequency of oscillation is influenced mainly by
the size of the cavity responator and, to a lesser
extent, by the value of the negative reflector
voltage.

¢. Coarse tuning of the klystron is accom-
plished by turning the tuning knob (fig. 2-16)
on the tube which will vary the size of the cavity
' resonator. Tuning the turning knob in a coun-
terclockwise direction compresses the tuner
bow on the side of the tube and increases the
spacing between the walls of the cavity
resonator grids. Increasing the spacing between
the walls of the internal cavity resonator
decreases the capacitance of the cavity and
increases the resonant frequency. Fine tuning
of the klystron is accomplished by changing the
reflector voltage. The negative voltage on the
reflector determines the transit time of the elec-
trons between the first passage and their return
passage through the grids of the internal cavity
resonator. Making the reflector more negative
decreases the transit time and increases the fre-
quency. The power output of a type 2K25/723B
kylstron drops to one half power (3-db point)
when the reflector voltage varies the frequency
approximately 26 MHz from the natural reso-
nant frequency of the cavity resonator. This cor-
responds to a change in reflector voltage of
’ approximately 10 volts. Potentiometer R632
(para 2—46¢) in the afc search and control circuit
of the afc system varies the reflector voltage
from —70 to —145 volts which, together with the
’ coarse tuning control on the klystron, covers the
tuning range from 8,900 to 9,400 MHz.

d. The accelerator grid (pin 1) of local oscil-
lator V902 (fig. 2-17) is connected to +250 volts.
The electrostatic field between the cathode (pin

TM 11-5840-211-35

8) and the accelerator grid, internally connected
to the resonator grids, accelerates electrons
emitted by the cathode. The output of the klys-
tron is coupled to the waveguide assembly by
a coaxial output probe extending through pin
4 of the tube base. The waveguide assembly con-
ducts the RF energy to the signal and afc
mixers. The klystron power level at the mixers
can be adjusted by the local oscillator
attenuator to the narrow wall of hybrid
waveguide assembly No. 2. Capacitor C901 pro-
vides a low impedance path to ground for any
RF signals and prevents them from reaching
the reflector of local oscillator V902.

e. The balanced signal mixer (fig. 2-18), con-
sisting of signal mixer crystals CR901 and
CR902 and portions of hybrid waveguide
assemblies Nos. 1 and 2, mixes the target echo
pulses with the RF output of local oscillator
V902 to produce an IF output of 30 MHz. The
balanced signal mixer utilizes two separate
mixer channels in order to help cancel noise
generated by local oscillator V902.

f. The operation of the balanced signal mix
is illustrated in figure 2-18. The relative phase
angles [0 of the vectors are indicated as [0 in
the figure. Other symbols used are: target echo
pulse (E), local oscillator signal (LO), 30-MHz IF
signal (IF), and local oscillator noise (N). The
local oscillator signal LO /¢, and local oscillator
noise, N [9, enter hybrid waveguide assembly
No. 2 and undergo a 3-db split in energy and
a 90-degree phase shift at the coupling aperture.
The target echo pulse, E /9, also undergoes a 8-
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ELS840-211-35-TM-16
Figure £2-16. Local oscillator V902, cutaway view.
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Figure 2-17. Local oscillator V902, simplified
schematic diagram.

db split in energy and is shifted in phase by 90
degrees. The local oscillator signal and target
echo pulse are mixed at signal mixer crystals
CR901 and CR902. Since the local oscillator fre-
quency is 30 MHz higher in frequency than the
target echo pulse, the output of the signal mixer
crystals will be a 30-MHz IF signal. In addition,
since signal mixer crystal CR902 (1N23ER) is re-
versed in polarity with respect to signal mixer
crystal CR901 (1N23E), the IF signal compo-
nents of the signal mixer current will be in phase.
Since the local oscillator noise is mixed with the
local oscillator and target echo pulse in the signal
mixers, the noise components of the signal mixer
output will be 180 degrees out of phase. These
signals are routed through short lengths of
coaxial cable to signal IF preamplifier Q508 of
the signal IF amplifier and detector. Since the IF
signal components of the signal mixer current are
in phase they will add at the input of signal IF
preamplifier Q508 while the noise components
will cancel due to their phase difference of 180
degrees.

2-34. Signal IF Preamplifier Q508
(fig. 7-7)

«. General. The sensitivity of the receiving
system is determined largely by the amount of
noise generated within the components of the re-
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ceiving system. The amount of noise generated in
the input stages is of particular concern because
of the low-level signals to be amplified by these
stages. The input stage of the signal IF amplifier
is made solid state to reduce the filamentary
losses of the radar set. A diffused base mesa ger-
manium transistor, having a low noise figure and
high gain, is used in the input stage. Transistor
Q508 is a type 2N2996 transistor.
b. Signal IF Preamplifier.

(1) The 80-MHz IF signals from the bal-
anced signal mixer are summed through capaci-
tors C501 and C502 to a common point on one
side of inductor L541. The noise components of
the balanced mixer output are 180 degrees out of
phase and will therefore cancel when they appear
at this common point. Provision is made for mea-
suring the dc component of the crystal current
for test and alignment purposes by connecting a
milliameter to jack J506 or J507. The crystal cur-
rent filter networks, consisting of L501, L502,
L511, C508, C504, C549 and L503, L504, L513,
C505, C506, C550, prevent the 30-MHz IF sig-
nal from reaching the meter, and also prevent
any stray pickup by the meter leads from reach-
ing the input circuit and causing oscillations.
During normal operation, the outputs of the
crystal current filter networks are grounded;
when the crystal current is to be measured, the
output is grounded through jack J506 or J507
and the meter.

(2) The 30-MHz IF signal output appear-
ing at the junction of capacitors C501 and C502
is coupled to the base of signal IF preamplifier
Q508 by a double-tuned input network which
consists of inductors L6507 and L541 and capaci-
tors €574 and C558. The network is the equiva-
lent of a transformer which matches the low out-
put impedance of the signal mixer crystals to the
input impedance of signal IF preamplifier Q508.
Trimmer capacitor C553 is included in the net-
work to adjust for variation in signal coupling.
This network is adjusted to provide the required
gain and bandwidth characteristics at the output
of the signal IF preamplifier.

(8) Signal IF preamplifier Q508 amplifies
the 80-MHz IF signal applied to the base and
develops an amplified 30-MHz IF signal across
collector load inductor L510, which resonates
with collector capacitance of signal IF preampli-
fier Q608 at 30 MHz. The amplified signals de-
veloped at the collector of signal IF preamplifier
Q508 are coupled through capacitor C518 to the
base of succeeding IF amplifier Q501.
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Figure 2-18. Balanced signal mizer, functional schematic diagram.

(4) The emitter bias for signal IF preampli-
fier Q5608 is developed across resistor R562, by-
passed by capacitor C588. Decoupling network
L5642, L548, C589, C590, and C591 isolates the
IF signals of IF preamplifier Q508 from the +24-
volt power source. Resistor R568 is in parallel
with collector load inductor L510 to lower the
“Q” of the inductor to minimize the possibility
of oscillation. Resistors R550 and R551 are in
series from +24 volts to ground. This voltage di-
vider provides a bias to the base of IF preampli-
fier Q508. Capacitor C592 is provided to ac cou-
ple the input network of L507, L6541, C574, and
C558 to the base of IF preamplifier Q508.

2-35. Signal IF Amplifiers Q501 through Q505

a. General. The five signal IF amplifiers are
type 8N35 tetrode traneistors and each is con-
nected in a common emitter configuration. The
interstage coupling networks between stages are
capacitance-coupled, double-tuned networks. The
collector circuit voltage for each stage is de-
coupled through inductance-capacitance net-
works. This decoupling is provided between
stages and the +20-volt power source. The emit-

ter circuit voltage for each stage is supplied
through resistance-capacitance networks from the
-20-volt power source:

(1) When POWER switch S101 (fig. 7-13)
is in the TRANSMIT position, the signal ap-
plied to base No. 1 of signal IF amplifier Q501
is the IF signal from signal IF preamplifier
Q508. When POWER switch S101 is in the
RANGE position, the signal applied to base No.
1 of signal IF amplifier Q501 consists of the 30-
MHz rangemarks from the afc system coupled
through capacitor C569.

(2) An age voltage is applied from the age
system to the emitter of signal IF amplifier Q501
and to base No. 2 of all the signal IF amplifiers
Q501 through Q505 in order to vary their ‘gain
as the input level changes. This prevents satura-
tion of the amplifiers when large signals are ap-
plied and also provides a means of presenting a
visual indication on the RANGE EXTENSION
METERS meter when a target is gated. Resistors

R546 and RT501 (thermistor) stabilize the gain
with temperature changes by causing the age volt-
age to vary slightly with temperature.
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(8) The limiting and blanking circuit for
signal IF amplifiers Q501 through Q508 is cov-
ered in paragraph 2-38.

b. Signal IF Amplifier Q501. Signal IF ampli-
fier Q501 amplifies the 30-MHz input IF signals
applied to base No. 1 and develops 30-MHz out-
put IF signals across the interstage network con-
sisting of inductors L522 and L5385 and capaci-
tors C515 and C570.

(1) The collector voltage is supplied from
the +24-volt power through collector load induc-
tor 1522, and through the decoupling network
(a above). Resistor R528 drops the incoming +24
volts to approximately +20 volts (which is the
voltage at the collector of Q501 since only a neg-
ligible dc voltage drop is caused by the induc-
tors).

(2) The emitter bias is developed across
emitter resistor R503 and the series network con-
sisting of resistors R506, R509, R518, R517,
R521 and R546, in parallel with RT501, in the
age voltage line. The emitter is returned to ac
ground through bypass capacitor C514.

(3) The base 2 bias is developed across re-
sistor R505 and the resistor network on the agc
voltage line. Base 2 is returned to ac ground
through bypass capacitor C516. Inductor L514
serves as & high impedance path to ground for
the RF input to base No. 1 of Q501 and has a
low dc resistance for the emitter to base satura-
tion current.

(4) Inductor L5615 and capacitor C518 form
a decoupling network which isolates the +20-volt
line ((1) above) from IF signals on the collec-
tor of signal IF amplifier Q501 and also isolates
the collector of signal IF amplifier Q502 from
the collector of Q501. Similarly, resistor R506
and capacitor C539 form a decoupling network
which isolates the agc voltage line from IF sig-
nals on the emitter and base 2 of Q501, and also
isolates base 2 of Q502 from the emitter and base
2 of Q501.

c. Signal IF Amplifiers Q502 Through Q505.
The discussion of signal IF amplifier Q501 is ap-
plicable to signal IF amplifiers Q502 through
Q505 with the following additions:

(1) The emitter bias for signal IF amplifiers
Q5602 through Q505 is developed across the emit-
ter resistor of each amplifier and the resistor net-
work in the —20-volt collector supply.

(2) In addition to the 38,300-micromicro-
farad bypass capacitors C565, C520, C627, and
C529, the emitters of signal IF amplifiers Q502
through Q504 are bypassed by l-microfarad ca-
pacitors C554, €556, and C557. The emitter of
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signal IF amplifier Q505 is bypassed with capaci-
tor C5568 which has a value of 40 microfarads.
These capacitors maintain a constant emitter bias
level for large input pulses, preventing the sig-
nal IF amplifiers from blocking after the pulses
are removed.

(3) One-microfarad capacitors C561, C562,
Cb559, and Cb31 are placed in parallel with the
collector decoupling capacitors of signal IF am-
plifiers Q502, Q608, Q504, and Q505 to main-
tain the collector power supply voltage at a con-
stant level.

d. Interstage Coupling Network. The double-
tuned, interstage coupling network is shown in
figure 7-7. The primary circuit of the interstage
network consists of inductor L522 and output ca-
pacitance of signal IF amplifier Q501. The sec-
ondary circuit consists of inductor L535, and the
series combination of capacitor C570 and the in-
put capacitance C.. of signal IF amplifier Q502.
The circuits are capacity-coupled by capacitor
C515 and effectively loaded on one side only by
the input resistance R.. of signal IF amplifier
Q502. The values of inductors L522 and L5356
and of capacitors C515 and C570 are chosen fo
give the interstage network transitional coupling
a bandwidth of approximately 10 MHz. The re-
sultant bandwidth of the entire IF amplifier is
approximately 6 MHz.

2-36. Video Detector
(fig. 7-7)

a. Video detector CR501 in the signal IF am-
plifier and detector circuit demodulates the 30-
MHz IF signals and produces video signals. The
output produced is the envelope of the amplified
30-MHz IF signal.

b. The 30-MEz output from the collector of
the last signal IF amplifier stage Q505 is coupled
by capacitor C533 and inductor L521 to video de-
tector CR501. The combination of inductors L526
and L521, and capacitor C660 forms a double-
tuned network. Video detector CR501' conducts
during positive signal excursions producing a
rectified output current. A low-pass filter, con-
sisting of capacitors C566, C567, and C568, in-
ductors L533 and L534, and resistors R633, R534,
and R504, filters the 30-MHz component of the
rectified output. The resulting signals obtained
across load resistor R524 consist of positive video
signals which are routed to amplifier Q506 of the

video amplifier.



2-37. Video Amplifier

a. Amplifier Q506 amplifies the detected
video signals and/or range marks, and develops
the amplified signals across the load impedance,
consisting of inductor L6540, capacitor C577, and
resistors R525 and R530. The parallel combina-
tion of inductor L540 and capacitor C677 forms
a video peaking circuit which increases the high
frequency response to obtain the required video
bandwidth. The low frequency response is main-
tained by dc coupling between stages.

b. The emitter bias for amplifier Q506 is de-
veloped across resistors R528 and R631. Resistor
R528 is bypassed by capacitor C585 to provide a
low impedance path to ground for the video sig-
nals. Resistor R531 is left unbypassed in the emit-
ter circuit to obtain some negative feedback. The
base No. 2 bias is developed across resistor R629
which is bypassed by parallel capacitors C588 and
C686 to provide a low impedance path for the
video and 80-MHz signals. Capacitor C534 and
inductor L520 form a decoupling network which
provides the necessary decoupling between IF
amplifier Q506 and the other IF amplifier stages.

¢. Limiting is required to prevent an excessive
signal output of amplifier Q606 from passing
through emitter follower output stage Q507 to
the boxcar detector in the ranging system, and
causing the diodes in the boxcar detector to con-
duct upon reception of a signal from a large un-
gated target. Limiting is accomplished by fixing
the collector-emitter bias of amplifier Q506 at a
value which will allow the amplifier to be limited
for large input pulses and will limit the input to
emitter follower output stage Q507 to approxi-
mately +8.5 volts.

d. Emitter follower output stage Q607 isolates
the video load at output jack J602 from the col-
iector of video amplifier Q506, and matches the

input impedance of the ranging system.

e. The output signal from the collector of am-
plifier Q506 is fed to the base of emitter follow-
er output stage Q607. The output signal from
Q507 is developed across emitter resistor R627.
Resistor R523, capacitor C536, and paralleled ca-
pacitors C548 and C568 form a decoupling net-
vork which provides the necessary decoupling
dor the +24-volt power supply. To limit the pow-
er dissipation of emitter follower output stage
Q507, dropping resistor R526 and bypassing ca-
pacitor C537 are placed in the collector circuit
to provide a low impedance path to ground for

video signals.
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2-38. Blanking and Limiting Clrcuit
(fig. 72?) "

a. General. The purpose of the blanking and
limiting circuit is to prevent the signal IF ampli-
fiers from becoming over-loaded and saturated
due to leakage of the transmitted RF pulses
through the dual channel limiter and into the
balanced mixer.

b. Circuit Functioning.

(1) When the magnetron fires, a negative
blanking pulse is developed in pulse unit Z201
of the transmitting system and is coupled via a
coaxial cable to plug P508 of the IF amplifier
unit. The blanking pulse is coupled through re-
sistor R642 to diode CR507 which has a fixed
bias obtained across capacitor C684. That part of
the blanking pulse more negative than the diode
bias therefore appears across diode load resistor
R548, and is coupled through capacitor C582 to
a voltage divider consisting of resistors R540,
Rb41, and R544.

(2) The pulse which appears across resistor
R540 is applied to diodes CR502, CR508, CR504,
and CR505. These diodes are normally back
biased at approximately 0.5 volt which is de-
veloped across resistor R6540 by applying +24
volts to the voltage divider formed by R544,
R541, and R540. The back bias prevents possible
conduction of diodes CRG502 through CR506
when RF signals are applied, and permits the IF
signals to pass through the signal IF amplifier
stages. This bias is overcome by the negative
blanking puise which appears across resistor
R640 when the magnetron fires, so that these
diodes conduct and a low-impedance shunt is
presented across the tuned circuits of stages
Q608, Q601, Q602, and Q508, through the re-
spective diodes and capacitors C582 and C584,
thus effectively shorting the IF signal to ground.
Circuit components without reference designa-
tions, two 100-ohm resistors, one 2,200-ohm re-
sistor, one 470-.uf capacitor, and one crystal diode
1N127A are used to eliminate objectionable noise
pulses which may develop and blank out the tar-
get signals after 300 hours of radar set service.

NOTE
The above components are mounted in
the blanking pulse subchassis. Inductor
L5641 has been removed.

(8) Each diode presents an impedance to
its respective amplifier stage and this impedance
decreases as the forward current increases; there-
fore, limiting is provided on large amplitude sig-
nals (after the reverse bias voltage has been over-
~~me).

2-2¢
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Section VI. AUTOMATIC FREQUENCY CONTROL SYSTEM FUNCTION

2-39. General

a. The automatic frequency control (afc) sys-
tem maintains the receiving system local oscilla-
tor frequency at 30 MHz above the output fre-
quency of the transmitting system so that the 30-
MHz tuned circuits of the signal IF amplifiers in
the receiving system can operate at maximum
efficiency. Automatic frequency control of the
local oscillator is accomplished by mixing the
local oscillator signal and a sample of the mag-
netron output pulse of the transmitting system.
The resultant difference frequency signal is am-
plified and fed to a discriminator circuit which
produces a pulse error signal having an' ampli-
tude which is a function of the difference fre-
quency. This pulse error signal is amplified and
converted into a negative dc voltage which con-
trols the local oscillator frequency and maintains
the difference frequency at 30 MHz.

b. The relationship of the afc system with re-
spect to the other functional systems of the radar
set is covered in paragraph 2-13.

2-40. System Block Diagram Discussion
(fig. 2-19)

a. Afc Mizer. Afc mixer CR903 mixes the sig-
nal from local oscillator V902 with the atten-
uated magnetron pulses from the afc coupler in
the RF system to produce a pulsed IF signal
which is applied to the afc IF amplifiers. The
frequency of this signal is the difference between
the frequencies of the local oscillator and the
magnetron.

b. Afc IF Amplifiers. Afc IF amplifiers Q701
and Q702 amplify the pulsed IF signal from the
afc mixer and feed the amplified signal to delay
JJine DL701 in the precision rangemark generat-
ing circuit and to the afc discriminator.

¢. Afc Discriminator. The afe discriminator,
consisting of a network of passive elements, pro-
duces a pulse error signal having an amplitude
‘which is a function of the frequency of the IF
signal from the afc IF amplifiers. The afe dis-
criminator produces zero output for input sig-
nals having a frequency of approximately 29
MHz, positive video pulses for input signals of
less than 29 MHz, and negative video pulses for
input signals of greater than 29 MHz.

d. Afc Video Amplifier Circuit. The afc video
amplifier circuit consists of emitter follower
Q7038 and amplifiers Q704 and Q705. The afc
video amplifier circuit amplifies the negative
video pulses from the afc discriminator and feeds
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them to the afc search and control circuit. Posi-
tive video pulses do not pass through the afe
video amplifier circuit.

e. Afc Search and Control Circuit. The afc
search and control circuit consists of detector cir-.
cuit C708, CR603, and R625; amplifiers Q607
and Q606; and relaxation oscillator CR608. The
afc search and control circuit converts the ampli-
fied negative video pulses from the afc video am-
plifier circuit into a dc voltage which is directly
coupled to the reflector of local oscillator V902,
thereby controlling the local oscillator frequency.
When no negative video pulses are received from
the afc video amplifier, relaxation oscillator
CR608 produces a sweep voltage on the reflector
of local oscillator V902 which sweeps the klys-
tron frequency, increasing it slowly and decreas-
ing it rapidly approximately five times each sec-
ond.

f. Precision Rangemark Generating Circuit.
The precision rangemark generating circuit con-
sists of delay line DL701 and relay K701. The in-
put signal to this circuit is the amplified IF sig-
nal from the afc IF amplifiers. Delay line DL701
generates 30-MHz pulses which are used as a
means of calibration of the RANGE METERS in-
dicator when POWER switch S101 (fig. 7-13) is
in the RANGE position. This position of the
POWER switch operates relay K701 causing it to
apply the rangemarks to the signal IF amplifiers
of the receiving system.

2-41. Afc Mixer

Afc mixer CR903 is a type 1N23C crystal which
is mounted within hybrid waveguide assembly
No. 2 (fig. 2-12). High power magnetron pulses
from the transmitting system are attenuated by
the afc attenuator in the RF system and coupled
to the afc system by the afc coupler. The atten-
uated magnetron pulses are mixed with the sig-
nal from local oscillator V902 in afc mixer crystal
CR908. The output of the afc mixer are 0.2-micro-
second pulses of IF energy having a frequency
which is the difference between the local oscilla-
tor and magmetron frequencies. These pulsed IF
signals are applied to the afc IF amplifiers.

2-42. Afc IF Amplifiers

a. General. The afc IF amplifiers are two
identical common emitter tetrode stages, Q701
and Q702, connected by a single-tuned interstage
coupling network.

(
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b. Operation (fig. 7-8).

(1) The pulsed IF input sigmals to afc IF
amplifiers Q701 and Q702 are the signals from
afc mixer crystal CR908 which is coupled to base
No. 1 (bl) of afc IF amplifier Q701 through a
single-tuned network. The single-tuned network
is resonant at 30 MHz and consists of the capaci-
tance of the crystal holder and the capacitance of
the coaxial cable connected in parallel with in-
ductor L/701. The pulsed IF signals are ampli-
fied by afc IF amplifier Q701 and are fed to afc
IF amplifier Q702 through a single-tuned inter-
stage coupling network. This network, consisting
of variable load inductor L702, input capacitor
C706, and the collector-to-ground capacitance of
transistor Q701 is tuned to resonate at 30 MHz.
The IF signals are further amplified by afc IF
amplifier Q702 and are fed directly to the afc
discriminator, and also are coupled to delay line
DL701 through coupling capacitor C706.

(2) The forward bias for afc IF amplifier
Q701 is obtained by connecting base No. 1 (bl)
to ground through inductor L701, and the emit-
ter to —20 volts through resistor R701. Resistor
R701 is bypassed to ground by capacitor C702.
The reverse bias for base No. 2 (b2) of transistor
Q701 is obtained by connecting base No. 2 (b2)
to -20 volts through resistor R702 which is by-
passed to ground by capacitor C704. Inductor
L708 and capacitor C701 form a decoupling net-
work which isolates the +24-volt power supply
from the IF signals on the collector of transistor
Q701, and also isolates the collector of tramsistor
Q701 from the collector of transistor Q702. The
forward bias for transistor Q702 is obtained by
connecting base No. 1 (bl) to ground through
inductor L706 and connecting the emitter to -20
volts through resistor R703 which is bypassed to
ground by capacitor C709. The reverse bias for
base No. 2 (b2) of transistor Q702 is obtained by
connecting base No. 2 (b2) to —20 volts through
resistor R704 which is bypassed to ground by ca-
pacitor C710. Inductor L705 and capacitor C703
form a decoupling network which isolates the
+24-volt power supply from the IF signals on
the collector of transistor Q702. Capacitor C717
prevents spurious oscillations resulting from
large input signals from being passed to the afc
discriminator. The output of afc IF amplifier
Q702 is developed across variable load inductor
L704 and is fed directly to the afc discriminator.
A portion of the output signal of afc IF ampli-
fier Q702 is coupled through capacitor C705 to

delay line DL701.
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2-43. Afc Discriminator
(fig. 7-8)

a. General. The IF pulses from afc IF ampli-
fier Q702 are applied to the afc discriminator at
the junction of capacitors C711 and C712. Capaci-
tors C711 and C712, together with inductor L707,
form a circuit which determines the voltage which
appears across diode CR702 (E.) and across diode
CR701 (E.). The afc discriminator produces zero
output for input signals having a frequency of
approximately 29 MHz; positive video pulses for
input signals of less than 29 MHz; and negative
video pulses for signals of greater than 29°' MHz
(fig. 2-20).

b. Operation With Continuous Wave Input.
The network consisting of capacitors C711 and
and C712 and inductor L707 can be considered
as part of two series resonant circuits. One of
these circuits consists of capacitors C711, C712,
and C721; inductor L707, the interelectrode ca-
pacitance of diodes CR701 and CR704, and the
wiring capacitance. This circuit is resonant below
30 MHz. The other circuit consists of capacitors
C711, C712, and C720; inductor L707, the inter-
electrode capacitance of diodes CR702 and CR
705, and the wiring capacitance. This circuit is
resonant above 80 MHz. Thus. if a continuous

[ e—— |0 USEC

A. DIFFERENCE FREQUENCY BELOW 29 MHZ

1

B. DIFFERENCE FREQUENCY AT 29 MHZ

C. DIFFERENCE FREQUENCY ABOVE 29MHZ
ELS840-211-35-TM-20

Figure 8-20. Afo disoriminator output pules.



wave input signal having a frequency below 80
MHz is applied to the afc discriminator, this fre-
quency is nearer the resonant frequency of the
first series resonant circuit than the resonant fre-
quency of the second series resonant circuit. Un-
der these conditions E, the output signal of the
first series resonant circuit, will exceed E,, the
output signal of the second series resonant cir-
cuit. If the applied signal has a frequency above
80 MHz, this frequency is nearer the resonant
frequency of the second series resonant circuit
and E, will in turn be larger than E.. The output
signal E, is detected by diode CR701 and capaci-
tor C714 and produces a charge on capacitor
O714. The output signal E, is detected by
diode CR702 and capacitor C718, and pro-
duces a charge on capacitor C718 of the polarity
indicated in figure 7-8. The met charge on capaci-
tors C713 and C714 constitutes the output volt-
age of the afc discriminator. If E, exceeds E,, the
net charge on capacitors C718 and C714 will be
positive; if E, is larger than E, then the net
charge on the capacitors will be negative; if E,
and E, are equal, the net charge on the capacitors
is zero. The result of this discriminator action for
a continuous wave input is shown by the discrimi-
nator response, the solid curve in figure 2-21.

¢. Normal Operation. In normal operation, the
signal applied to the afc discriminator consists of
0.2-microsecond modulated IF pulses from the afe
IF amplifiers rather than a continuous wave sig-
nal. With this pulsed input, the output consists
of video pulses rather than a continuous wave.
Due to the short duration of the IF pulses, the
output voltages (E: and E,) of the two series

resonant circuits do not have sufficient time to
reach their maximum values and as a result the
IF pulses applied to the afc discriminator (E)
are larger than the output voltages (E. and E,).

$ CONTINUOUS
WAVE

+| RespoNsENS

AFC
DISCRIMINATOR
OUTPUT VOLTAGE

OMHZ
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During the megative half-cycle of the input volt-
age (E), both capacitors C713 and C714 are
charged through diode CR702 in such a way that
the junction of CR702, C718, and R720 is nega-
tive with respect to the junction of C713 and
C714, and the junction of C713 and C714 is nega-
tive with respect to ground; during the positive
half-cycle of voltage E only C714 will be charged
positive with respect to ground through diodes
CR704 and CR705. As a result, a met negative
charge remains on the capacitor even when the
two output voltages (E, and E,) are equal. The
entire discriminator response for continuous wave
operation is shifted negatively and becomes the
new response for the pulsed input (dashed curve,
fig. 2-21). The dashed curve represents the locus
of the peaks of the afc discriminator video out-
put pulses as the frequency of the IF input
pulses varies. For proper operation of the afc
system, a negative afc discriminator video output
pulse of 0.1 to 0.8 volt is required at the desired
IF frequency. As a result the discriminator is
normally tuned to obtain this value at 30 MHz.
The afc discriminator video output pulses are ap-
plied to the afc video amplifier cireuit.

(1) Resistors R705 and R706 form a virtual
center tap for inductor L707. Capacitors C720
and C721, in conjunction with diodes CR704 and
CR705, form a voltage doubler circuit for volt-
ages developed across inductor L707. The volt-

age doubling is obtained as a result of the charg-
ing of capacitors C720 and C721 through diodes
CR704 and CR705, respectivély, during alternate
half-cycles, and the discharging of capacitors
C720 and C721 through diodes CR702 and CR-
701, respectively, during the interventing half-
cycles. This action causes the voltages on capaci-
tors C720 and C721 to be added to the voltage

CROSSOVER FREQUENCY
FOR CONTINUOUS

WAVE INPUT

[+] / \\
H
CROSSOVER 29MHZY,

FREQUENCY
FOR PULSE

INPUT LOCUS OF
= PULSE PEAKS

i FREQUENCY
IN MHZ

EL5840-211-35-TM-2I

Figure 2-21. Afc discriminator response.
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developed across inductor L707 during each half-
cycle.

(2) The four diodes of the afc discrimina-
tor are forward-biased by resistor R720 which is
connected to +24 volts, and resistor R722 which
is connected to —20 volts. The diodes are forward-
biased in order to avoid loss of that portion of
the signal which would otherwise be required to
overcome the forward conduction voltage of the
diodes. Resistor R721 functions as a lead for the
afc discriminator, thereby tending to minimize
the effects of environmental changes in the
characteristics of emitter follower Q708 in the
afc video amplifier circuit.

2-44. Afc Video Amplifier Circuit
(tig. 7-8)

a. General. The afc video amplifier circuit con-
sists of emitter follower Q703 and amplifiers
Q704 and Q705. Emitter follower Q703, the in-
put stage, presents a high impedance to the afc
discriminator. Amplifier Q704 is biased so that
it is in & conducting state at all times. Amplifier
Q705 is biased in its cutoff region so that only
positive video pulses will forward bias transistor
Q705 and be amplified. Therefore, only negative
video pulses will appear at the output of ampli-
fier Q705, corresponding to afc discriminator in-
put pulses of greater than 29 MHz.

b. Operation. The video input pulses are cou-
pled by capacitor C715 to the base of emitter fol-
lower Q703. Resistor R707 provides forward bias
for emitter follower Q708. The video output
pulses of emitter follower Q708 are developed
across resistor R710 and are coupled through an
rc network, consisting of capacitor C716 and re-
sistors R711 and R712, to the base of amplifier
Q704. Amplifier Q704 is forward-biased by the
network consisting of resistors R711, R712, R719,
and R714. Resistor R714 is bypassed by capacitor
C719 to prevent excessive degeneration. Resistor
R719 stabilizes the gain, and resistor R714 stabi-
- lizes the operating point of amplifier Q704. De-
pending upon the polarity of the input pulses,
amplifier Q704 develops either positive or nega-
tive video pulses across load resistor R718. These
video pulses are coupled through capacitor C707
to the base of amplifier Q705. Amplifier Q705
is biased below cutoff by returning the base and
the emitter to ground through resistors R715 and
R717, respectively. As a result, amplifier Q705
amplifies positive input pulses and remains cut
off during negative input pulses. Therefore, only
negative pulses are developed across load resis-
tor R716. The output pulses are coupled through
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capacitor C708 to the detector circuit of the afc
search and control circuit in the audio unit. Emit-
ter resistor R717 provides degeneration to stabi-
lize the gain of amplifier Q705.

2-45. Afc Search and Control Circuif
(fig. 7-11)

a. General. The afc search and control circuit
consists of two direct-coupled amplifier stages
and a relaxation oscillabor which are operated at
a reference voltage of —150 volts 8o as to be com-
patible with the negative dc voltage required by
the klystron reflector of local oscillator V902.
The first stage consists of amplifier Q607 which
is biased in its cutoff region so that no current
flows in the amplifier without an input signal.
Relaxation oscillator CR608 consists of a four-
layer diode (type 1N8772) with a capacitor con-
nected to its anode. The output of relaxation os-
cillator CR608 is a positive-going sawtooth volt-
age at the anode of the four-layer diode. The sec-
ond amplifier stage consists of amplifier Q606,
which is forward-biased so that it conducts at all
times. The collector of amplifier Q606 is directly
connected to the klystron reflector of Jocal oscil-
lator V902 in the receiving system.

b. Relazation Oscillator CR608.

(1) Relaxation oscillator CR608 is a two-
terminal four-layer diode which has a negative
resistance characteristic. This characteristic per-
mits its application as a relaxation oscillator. A
more detailed description of a four-layer diode
can be found in paragraph 2-18e.

(2) When the anode voltages, V,, is less
than 20 volts, the four-layer diode is reverse-
biased and only a small leakage current will flow
through it. Capacitor C610, therefore, charges
through the network consisting of resistors R628,
R636, R631, and R633, and the vollage, V,, rises
exponentially. When V, reaches 20 volts, an
avalanche effect occurs causing a sudden buildup
of current through relaxation oscillator CR608.
Capacitor €610, therefore, discharges rapidly
through the small resistance of the four-layer
diode, and resistor R629, and V, drops rapidly
to 1 volt. As soon as the discharge current reaches
a low value, the holding current value, capacitor
C610 starts charging again, and the cycle is re-
peated so that a sawtooth oscillation is generated
at the anode. Resistors R628 and R631 and ca-
pacitor C610 are the principal elements that de-
termine the frequency of the sawtooth oscillation
which is approximately 5 Hz.

¢. Circuit Functioning.

(1) With mo input signal from amplifier



Q705 in the afc video amplifier circuit, amplifier
Q607 is cut off. The positive-going sawtooth in-
put of relaxation oscillator CR608 is amplified by
amplifier Q606 so that a negative-going sawtooth
voltage is impressed on the klystron reflector of
local oscillator V902, forcing an increase in the
output frequency of V902. This results in a saw-
tooth modulation of the frequency of the local
oscillator signal which covers the local oscilator
dynamic tuning range.

(2) When the increasing output frequency
of local oscillator V902 passes through a fre-
quency which is 80 MHz above the frequency of
magnetron V901, neagtive video pulses will be
developed at the output of amplifier Q706 in the
afc video amplifier circuit. These negative video
pulses discharge capacitor C708 (fig. 7-8)
through diode CR6038 (fig. 7-11) and, in the
periods between pulses, the capacitor discharges
through the path formed by resistors R716 (fig.
7-8), R625 (fig. 7-11), R627 and input resist-
ance of amplifier Q607. The charge time constant
is large so that amplifier Q607 is held in the con-
ducting state during the entire period between
pulses, thereby producing the required de output
level at the collector of amplifier Q607. If am-
plifier Q607 conducts sufficiently to lower the
voltage at the anode of four-layer diode CR608
below 20 volts, the sawtooth oscillation will be
discontinued. The afc search and control circuit
then acts as a normal two-stage dc amplifier, am-
plifying the voltage input at the base of ampli-
fier Q607, and feeding it to the klystron reflec-
tor of local oscillator V902 from the collector of
amplifier Q606.

(8) If the difference frequency sigmals rise
above 30 MHz, the negative video pulses from
the afc discriminator increase in amplitude, there-
by decreasing the negative dc voltage output of
the afc search and control circuit which is applied
to the klystron reflector of local oscillator V902.
This change in reflector voltage decreases the
local oscillator output frequency in order to
maintain the difference frequency at 30 MHz. If
the difference frequency signals fall below 80
MHz, the negative video pulses from the afc
discriminator decrease in amplitude, thereby in-
creasing the negative dc output from the afc
search and control circuit. This change, in turn,
increases the local oscillator output frequency.
When the local oscillator frequency is increased
sufficiently to obtain 80-MHz difference fre-
quency signals, the negative video pulses of the
afc discriminator are just large enough to prevent
any further change in the reflector voltage, that
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is, lock-on occurs. This action of the afc search
and control circuit maintains the difference fre-
quency at 30 MHz.

(4) Resistors R628, R630, R681, R683, and
‘R636 and potentiometer R632 form the collector
load for amplifier Q607 and the bias network for
amplifier Q606. Resistors R629 and R639 stabi-
lize the operating point and gain of stages Q607
and Q606. Potentiometer R682 adjusts the nega-
tive voltage to the klystron reflector of klystron
local oscillator V902 to cover the tuning range
of 8,980 to 9,430 MHz. Diode CR607 compen-
sates for temperature-caused changes in the base-
to-emitter voltage drop of amplifier Q606.

(6) AFC/MFC switch S601, located on the
audio unit, provides a means of manually adjust-
ing the reflector voltage of the klystron local os-
cillator for alignment purposes. By placing the
switch in the MFC position, the input voltage to
amplifier Q606 is held fixed at a point midway
between the limits of the sawtooth oscillation.
With the switch in this position the quiescent re-
flector voltage (and hence the klystron frequen-
cy) may be adjusted to obtain a 30-MHz differ-
ence frequency by varying potentiometer R632.
This procedure insures that the sawtooth oscilla-
tion of the local oscillator frequency is centered
about the 30-MHz difference frequency.

2-46. Precision Rangemark Generating
Circuit

a. General, Delay line DL701 receives the am-
plified pulsed IF signal from afc IF amplifiers
Q701 and Q702 through coupling capacitor C7056
and produces precision rangemarks to calibrate
the RANGE METERS indicator and thereby in-
sure a range accuracy of +25 meters. Calibration
is necessary to offset any changes in the slope of
the linear sweep of the ranging system caused by
temperature. The RANGE position of the POW-
ER switch operates relay K701 located in the afc
unit with +24 volts, and this relay connects the
precision rangemarks from the output of delay
line DL701 to the signal IF amplifiers in the re-
ceiving system. At the same time, operated relay
K701 removes the +24 volt source from the emit-
ter and the base of signal IF preamplifier Q508,
thereby disabling the preamplifier and prevent-
ing target echo signals from passing through the
receiving system. The precision rangemarks,
which are spaced to simulate target returns from
approximately 500, 1,600, 2,600, 3,500, 4,500,
6,600, 6,600, and 7,600 meters, are amplified by
the signal IF amplifiers as though they were
large fixed target returns. The amplified range-
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marks are then routed to the ranging system
through the video detector (para 2-36) and the
video amplifier (para 2-37) of the receiving sys-
tem. Diode CR706 is included to help suppress
voltage transients from winding of K701 which
cause fuses to blow in the system.

b. Operation.

(1) Delay line DL701 (fig. 2-22) is a
hermetically sealed unit containing a quartz de-
lay rod with piezo-electric crystals attached to
each end. When the 80-MHz IF pulse is fed from
afc IF amplifier Q702 to delay line DL701, the
pulse excites the imput crystal of DL701 and
causes the crystal to propagate the pulse through
the quartz delay rod to the output crystal where
it appears as a 30-MHz pulse at the output crys-
tal. The first output pulse is delayed in time by
the delay of the line which, in this case, is the
equivalent time of a roundtrip of radar energy
from a target at 500 meters range (approx. 8.38
microseconds). A portion of the energy from the
first input pulse is reflected by the output crystal
back through the delay line to the input erystal
where it is again reflected. This reflected energy
is converted to a second 80-MHz output pulse by
the output crystal. This second output pulse is

DELAY LINE DL 70!

CRYSTALS

30- MHZ IF PULSE
FROM AFC IF
AMPLIFIER Q702 )

PIEZOELECTRIC

separated from the first output pulse by twice the
delay of the line, or approximately 1,000 meters.
This process of meflection occurs repeatedly,
thereby producing output pulses equivalent to
target echos received from targets at approxi-
mately 500, 1,600, 2,600, 8,600, 4,600, 6,600,
6,500, and 7,600 meter ranges. Losses within the
delay line cause successive pulses to be reduced
in amplitude. This output train of pulses is ap-
plied through contacts 1 and 6 of operated relay
K701 (fig. 7-8) to base No. 1 of signal IF am-
plifier Q501 in the receiving system. Capacitor
C718 bypasses to ground any inductive transients
formed when relay K701 is restored.

(2) The precision rangemarks are furnished
only when relay K701 is energized by placing
POWER switch S101 in the RANGE position.
In this position, in addition to application of
rangemarks, the +24-volt supply is disconnected
from the plates of signal IF preamplifier Q508
in the receiving system by:relay K701, so that the
target echo signals are not present at signal am-
plifier Q501 when the 80-MHz rangemark pulses
from delay line DL701 are applied.

RANGE MARKER SIGNALS
(METERS)

QUARTZ DELAY ROD

NOTE
FOR RADAR SETS FORMERLY IDENTIFIED AS
AN/PPS-4, SERIAL NUMBERS 4QS AND HIGHER,
SUBSTITUTE °4,500" FOR THE "4,800° LISTED
UNDER RANGE WARKER SIGNALS (METERS).

_____ '~.~~~~‘000

TO RELAY
K701
$00 -

ELSG40-211-35-TM-22

Figure 2-22. Delay line DL701, functional schematic diagram.
Section Vil. RANGING SYSTEM FUNCTION

2-47. General

a. The ranging system gates the video return
signals so that video from only a certain 80-meter
range increment will be detected. The position of
the 80-meter range increment is determined by

2-36

the RANGE CONTROL handwheel on the con-
trol panel. The output of the ranging system is
obtained from peak detecting (stretching) video
signals synchronized with the range gate. This
output is fed to the audio and agc systems.



b. The relationship of the ranging system with
respect to other functional systems of the radar
set is covered in paragraph 2-18.

2-48. System Block Diagram
(tig. 2-28)

a. Linear Sweep Circuit. The linear sweep cir-
cuit consists of linear sweep switch Q401 and
linear sweep generator Q402 and Q408. Linear
sweep switch Q401 is switched by the negative
gate from the transmitting system. This negative
gate begins at the same time as the transmitted
pulse and is turned off just after the multiar
pulse is generated. Linear sweep switch Q401 en-
ergizes the linear sweep generator which remains
energized for the duration of the negative gate.
The linear sweep generator produces a linear
sweep (varying from 0 to 63 microseconds in
length and from 0 to 45 volts in amplitude)
which is coupled to the comparator circuit.

b. Strobe Circuit. The strobe circuit consists of
relaxation oscillator CR1002, double emitter fol-
lower Q1001 and Q1002, and a voltage divider.
The circuit has three modes of operation: long
strobe, short strobe, and strobe off or normal. In
both the long and short strobe modes, the strobe
circuit provides an automatic strobing (scanning)
of the range gate; in both modes, the range gate
strobes through a range of 500 meters, beginning
with the setting on the RANGE METERS indi-
cator, and then quickly returns to the range indi-
cated on the RANGE METERS indicator to re-
peat the strobe cycle. In the long strobe mode,
the period of the +2 to —1.4-volt sawtooth sweep
is approximately 10 seconds; in the short strobe
mode, the period is approximately 5 seconds. In
the normal mode, the strobe circuit produces a
steady de voltage of approximately 2 volts. The
age voltage from the agc system is fed to the
strobe circuit and summed with the strobe volt-
age to indicate the presence of a target on
RANGE EXTENSION METERS meter M101.
The strobe voltage is fed to the comparator cir-
cuit.

¢. Comparator Circuit. The comparator circuit
consists of pickoff circuit C406, CR41l1l, and
multiar Q404, T401. Pickoff diode CR411 in the
comparator circuit will not conduct the linear
sweep to the multiar until the linear sweep volt-
age exceeds the range voltage from potentiome-
ter R108 which reverse-biases pickoff diode
CRA411. The output of the strobe circuit is fed to
the comparator circuit and regulates the time that
it will take for the linear sweep voltage to rise
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to the value of the range voltage. In the long and
short strobe modes, as the strobe output becomes
more negative, the linear sweep takes a longer
time to rise to the value of the range voltage.
Therefore, there is a longer time interval be-
tween the beginning of the linear sweep and the
beginning of conduction by pickoff diode CR411.
When pickoff diode CR411 conducts, a pulse of
approximately 1.8-microsecond duration is gen-
erated by multiar Q404 and tramsformer T401
and coupled by the output winding of the trans-
former to the differentiating circuit in the range
gate circuit. The pulse is also coupled by the out-
put winding to the transmitting system where the
negative overshoot of the multiar pulse turns off
the negative gate from the transmitting system.
The time delay between the beginning of the
linear sweep and the beginning of conduction by
pickoff diode CR411 is proportional to the range
of the range gate; as the strobe voltage increases
negatively, the range of the range gate increases,
and there is an automatic range strobing effect.

d. Range Gate Circuit. The range gate circuit
consists of differentiating circuit C410, R416
narrows the multiar pulse in order to avoid mul-
tiple triggers. The positive differentiated multiar
pulse triggers blocking oscillator Q405 which
produces a range gate that has an amplitude of
approximately 10 volts and a duration of 0.2
microsecond. Transformer T402 couples the gate
to the detector circuit.

e. Detector Circuit. The detector circuit con-
gists of boxcar detectors CR413, CR414, C418,
R424, and double emitter follower Q406, Q407.
Video signals from the video amplifier in the re-
ceiving system are also fed to the boxcar detector
when the POWER switch is at TRANSMIT.
When the POWER switch is at RANGE, range-
marks replace the video signals. The video sig-
nals (or rangemarks) which coincide with the
range gate are “stretched” or peak-detected by
capacitor C418 and resistor R424 to obtain the
peak amplitude of each video signal. When only
a fixed target is present, the video amplitude will
be constant and a constant dc voltage will be de-
veloped across capacitor C418. If a moving target
as well as a fixed target is present, the video am-
plitude will vary with each video signal and a
boxcar detector voltage, with a wave form simi-
lar to that illustrated in figure 2-23, will be de-
veloped across capacitor C418. The voltage across
capacitor C418 is fed through double emitter fol-
lower Q406, Q407 to the audio and agc systems.
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2-49. Linear Sweep Circuit
(fig. 7-9)

a. Diodes CR405 and CR417 in the linear
sweep circuit are Zener diodes. A Zener diode
has the property of maintaining a constant volt-
age across itself regardless of the current
through it (up to the maximum rating of the
diode) once it has been sufficiently reverse-
biased to pass the Zener breakdown point and to
conduct in the Zener region (fig. 2-24). Diodes
CR405 and CR417 are 30-volt Zener diodes; that
is, they reach the Zener breakdown point when
approximately 30 volts of reverse bias are applied
across each of them.

b. Before the negative gate from the transmit-
ting system enters the linear sweep circuit, the
conditions listed in (1) through (5) below are
present.

(1) Linear sweep switch Q401 is switched
on (in full conduction). Electrons flow from -2
volts through voltage divider R407 and R428 to
ground to provide an emitter bias; and through
resistor R407, from the emitter to the base of
linear sweep switch Q401, through diode CR402,
and resistor R401 to +24 volts, placing linear
sweep switch Q401 in full conduction. The im-
pedance of resistor R401, diode CR402, and re-
sistor R402 prevents linear sweep switch Q401
from saturating in order for it to have faster turn
off time. Diode CR408 is not conducting.

(2) Since linear sweep switch Q401 is in
full conduction, electrons also flow from the
emitter to the collector of Q401, through collec-
tor load resistor R404, through current-limiting
resistor R405 to +120 volts. Electrons also flow
through diode CR406, resistor R409, and diode
CR415 to +60 volts, Capacitors C416 and C404
are uncharged since linear sweep switch Q401 is
in full conduction and diode CR407 prevents the
voltage on these capacitors from going below
ground.

(3) The reverse bias developed across Zener
diodes CR405 and- CR417 by electron flow
through resistor R405 causes the diodes to reach
the Zener breakdown point and to conduct in the
Zener region. Because of this, the voltage at the
junction of diode CR417 and resistor R404 re-
mains at +60 volts. Sixty volts is tapped off at
this point for use in the bootstrap emitter follow-
er Q402 circuit of the linear sweep generator, and
in the strobe unit. Capacitor C401 decouples any
RF ripple from the +60 volts.

(4) Bootstrap emitter follower Q402 in the
linear sweep generator is always conducting be-
cause it is forward-biased; its base never goes be-
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low ground, and its emitter impedance (constant
current generator Q403 and resistor R412) is con-
nected to the -20-volt supply. Voltage divider
R403 and R411 provides a base voltage for con-
stant current generator Q403. Capacitor C403 and
voltage divider R403 and R411 filter and provide
a constant base voltage. Constant current genera-
tor Q403 in the linear sweep generator is op-
erated under conditions whereby a constant base
current (Iz) provides a constant collector current
(Ic) even though the collector voltage (V) in-
creases (fig. 2-25).

(5) Electrons flow from the collector of
constant current generator Q403 tc capacitor
C405 and through diode CR415 to +60 volts
which charges capacitor C405 to 60 volts.

¢. When the negative gate from the transmit-
ting system enters the linear sweep -circuit
through pin L of jack J401 and plug P401, the
conditions listed below occur.

(1) Diode CR402 is reverse-biased by the
negative gate and electron current flow through
linear sweep switch Q401 stops, cutting off
Q401. Capacitor C402 coup'es the negative gate
to the base of Q401 to hasten cutoff. Linear
sweep switch Q401 is reverse-biased by the -20-
volt supply in order to keep it at cutoff. Diode
CR403 limits the hase-to-emitter voltage of Q401
to the forward voltage drop of diode CR403, ap-
proximately 0.5 volt. This prevents reverse break-
down of the base-to-emitter junction of Q401.
Resistor R402 limits the amount of current fol-
lowing through diode CR403. )

(2) When linear sweep switch Q401 cuts
off, its collector rises to approximately +60 volts
and reverse-biases diode CR406 to cutoff.

(3) When diode CR406 cuts off, capacitors
C416 and C404 charge toward 60 volts through
resistors R409, R410, and diode CR415. The
charging time constant is determined by the
values of resistors R409, R410, and capacitors
C416, C404. To obtain a linear increase in volt-
age with respect to time on a capacitor, the elec-
tron current flow charging the capacitor must be
constant. Bootstrap emitter follower Q402 is used
to obtain a constant charging electron current
flow for capacitor C416 and C404, and therefore
a linear voltage rise at the base of bootstrap
emitter follower Q402. The dc voltage developed
at the junction of resistors R409 and R410 deter-
mines the base current of bootstrap emitter fol-
lower Q402 which develops a voltage at its emit-
ter identical to the voltage developed at its base.
The voltage developed at the emitter of boot-
strap emitter follower Q402 is fed back via ca-
pacitor C405 to be added to the +60-volt charg-
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ing source of capacitors C416 and C404. There-
fore, as the sweep voltage increases on the emit-
ter of bootstrap emitter follower Q402, the volt-
age on capacitor C405 increases. Diode CR415
cuts off when the voltage on capacitor C405 rises
above 60 volts. In this manner, the increasing
sweep at the emitter of bootstrap emitter folow-
er Q402 is coupled to the more positive side of
registor R409. Therefore, both ends of resistor
R409 rise in voltage by the same amount, and the
voltage across resistor R409 remains essentially
constant. As a result, the electron current flow
through resistor R409 is constant, capacitors
C416 and C404 charge linearly, and a linear
sweep (fig. 2-23) appears at the emitter of boot-
strap emitter follower Q402.

(4) Electron current flow from the emitter
through the base of bootstrap emitter follower
Q402 to capacitors C416 and C404 must be kept
relatively constant so that it does not affect the
linear sweep voltage. This electron current flow
is kept constant by constant current generator
Q403 which is provided with constant base cur-
rent (I,) and, because of its characteristics (fig.
2-25), supplies constant collector current (Ic).
Therefore, an increase in the linear sweep volt-
age at the collector of constant current generator
Q403 produces only a negligible increase in the
collector current of Q403 and electron current
flow from the emitter through the base of boot-
strap emitter follower Q402 is kept relatively
constant.

d. When the negative overshoot of a multiar
pulse from the ranging system is applied to the
emitter follower (Q201) stage, the action of the
emitter follower stage will be to remove the neg-
ative gate to the linear sweep switch (Q401)
stage, causing the conditions listed in (1) and
(2) below to occur.

FORWARD
CURRENT +

REVERSE BIAS (VOLTS)
@

2ENER BREAKDOWN
POINT

ZENER
REGION

REVERSE
CURRENT

- ELS840-211-35-TM-24

Figure 2-24. Zener diode characteristic curve.
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Figure 2-25. Constant current generator Q403,
characteristic curve.

(1) Diode CR402 is forward-biased by +24
volts, linear sweep switch Q401 begins to con-
duct again, the conditions listed in b above occur,
and the cycle repeats.

(2) Capacitors C416 and C404 discharge
through resistor R410, diode CR406, linear sweep
switch Q401, and resistor R407. Diode CR407
prevents the voltage on capacitors C416 and
C404 from going below ground.

e. The linear sweep developed at the emitter
of bootstrap emitter follower Q402 is coupled to
the comparator circuit.

2-50. Strobe Circuit

a. General. In the strobe circuit, diode CR-
1002 (fig. 2-26) is a four-layer diode whose
characteristics are discussed in paragraph 2-18e.
Diodes CR1001 and CR1003 are Zener diodes
whose properties are discussed in paragraph 2-
49a. The Zener breakdown point of diode CR-
1001 is reached when approximately 5§ volts of
reverse bias are applied across the diode. After
this breakdown point is reached, the voltage drop
across diode CR1001 will remain at approximate-
ly 5 volts regardless of the current passing
through the diode (up to the maximum current
rating of the diode). In the strobe circuit, Zener
diode CR1001 is used to maintain a 5-volt drop
across capacitor C1001. The Zener breakdown
point of diode CR1008 is reached when a 2-volt
reverse bias is applied across the diode. The 2-
volt drop across diode CR1003 provides a refer-
ence voltage for the normal strobe circuit output
to compensate for the voltage drop across diodes




CR409 and CR411 (fig. 7-9) in the comparator
circuit (para 2-51).
b. Long Strobe Mode.

(1) When STROBE switch S105 is set at
LONG (fig. 2-26), capacitor C1001 charges very
quickly through resistors R1022, R1004, and
thermistor RT1002. When this charge reaches ap-
proximately 5 volts, Zener diode CR1001 Dbe-
comes sufficiently reverse-biased to conduct in
the Zener region, maintaining a constant 5-volt
potential across capacitor C1001. Capacitors
C1003 and C1004 begin to charge toward 165
volts through resistors R1022, R1004, and R1003,
thermistor RT1002, and diode CR1001, produc-
ing a sweep at the bhase of emitter follower
Q1001. Resistors R1022, R1004, and R1003,
thermistor RT1002, diode CR1001, and capaci-
tors C1003 and C1004 determine the 10-second
time constant for the long strobe. The charge
electron current flow for capacitor C1004 passes
from resistor R1003 through pin N of plug P105
and jack J105, through STROBE switch S105,
and through pin P of jack J105 and plug P105
to capacitor C1004. When the parallel combina-
tion of capacitors C1003 and C1004 is charged to
approximately 15 wvolts, the voltage applied
across four-layer diode CR1002 (the sum of the
voltages across capacitor C1001 and the parallel
combination of capacitors C1003 and C1004) is
20 volts, which is the switching voltage (V) of
the diode. Four-layer diode CR1002 starts to
switch to the “closed” state and will remain in
this state until the current through it falls below
holding current (l.). When diode CR1002
switches to the “closed” state, capacitors C1003,
C1004, and C1001 discharge through resistor
R10083, diode CR1001, and diode CR1002; Zener
diode CR1001 stops conducting in the Zener
region since the diode is no longer reverse-biased
and begins to conduct in the conventional way
when it becomes forward-biased. Since four-layer
diode CR1002 has certain pulse current limita-
tions, resistor R1003 is used to limit the current
as capacitors C1003 and C1004 discharge so that
the current limitations of diode CR1002 are not
exceeded. When capacitors C1003, C1004, and
C1001 discharge, the current through four-'ayer
diode CR1002 falls.below the holding current
(I.) and the diode switches to the “open” state.
Variable resistor R1004 makes it possible to ad-
just the charging time of capacitors C1003 and
C1004. Thermistor RT1002 compensates for any
changes in the capacitance of capacitors C1003
and C1004 due to temperature changes in order
to maintain a constant rc time constant for the
circuit. As temperature increases, the resistance
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of thermistor RT1002 decreases to compensate
for the increase in the capacitance of capacitors
C1003 and C1004. Capacitor C1001 in conjunc-
tion with diode CR1001 ensures that the four-
laver diode conducts in the negative resistance
region (current increases through the four-layer
diode with voltage decrease between terminals)
instead of positive resistance region. The voltage
across CR1001 will be equal to the voltage across
capacitor C1001. Although the vol!tage across the
four-layer diode decreases, the current through it
is forced to increase.

(2) Emitter followers Q1001 and Q1002
present a very high impedance to the electron
current flow from the -150 volt supply and limits
electron flow to the output circuit which is con-
nected to the emitter of emitter follower Q1002.
This reduces the shunting effect of the output
circuit so that the charging time constant of ca-
pacitors C1003 and C1004 is not materially af-
fected.

(3) The sweep voltage developed across ca-
pacitors C1003 and C1004 increases the forward
base to emitter bias on emitter follower Q1001,
causing it to conduct. The electron current flow
from emitter follower Q1001 increases the for-
ward base to emitter bias on emitter follower
Q1002 causing it to conduct. Therefore, the
sweep appears at the emitter of emitter follower
Q1002. The voltage drop across resistor R1012
forward hiases emitter follower Q1002.

(4) The output of the emitter followers is
approximately a 10-second sweep that varies from
approximately +1 to -14 volts. The output of
voltage divider R1017, R1009, R1018, and R102%
is fed through pin U of plug P105 and jack J105,
through switch S105, through pin 23 of plug
P101 and jack S101 to the comparator circuit and
through pin M of jack J105 and plug P105 to
resistor R1014, through pin W of plug P105 and
jack J105 to RANGE EXTENSION METERS
meter M101, causing the needle on the meter to
deflect from zero to approximately 500 meters
over a period of 10 seconds. Variable resistor
R1017 (strobe amplitude adjust) adjusts the am-
plitude of the output of the strobe circuit so that
the needle on the RANGE EXTENSION ME-
TERS meter M101 deflects to an indication of ap-
proximately 500 meters. Potentiometer R1025
(zero adjust) adjusts the dc level of the sweep
output so that the needle on RANGE EXTEN-
SION METERS meter M101 starts deflecting
from zero. Zener diode CR1003 and resistor
R1013 cause RANGE EXTENSION METERS
meter M101 to deflect from the same point in the
long strobe, short strobe, and normal modes after
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capacitors C1001, C1003, and C1004 have been
discharged.

(5) Voltage divider R1015 and R1014 sums
the strobe voltage with the agc voltage, which
is fed in through pin 20 of jack J101 and plug
P101,through pin C of jack J105 and plug P105,
to capacitor C1005, so that when a target is

detected the needle on RANGE EXTENSION
METERS meter M101 will deflect backward due
to the variation in the agc voltage.

c. Short Strobe Mode. With STROBE switch
S105 at SHORT (fig. 2-27), capacitor C1003
charges toward 150 volts through resistors
R1004, R1022, thermistor RT1002, and diode
CR1001 which determine the charging time con-
stant of capacitor C1003. The only difference
between the short and long strobe mode circuits
is the elimination of capacitor C1004 from the
short strobe mode circuit. The output of the
short strobe mode circuit causes the needle on
the RANGE EXTENSION METERS meter
M101 to deflect from zero to an indication of
approximately 500 meters over a period of
approximately 5 seconds.

d. Normal Mode.

(1) When the STROBE switch S105 is set at
OFF (fig. 2-28), resistor R1007 is connected in
parallel with capacitors C1001 and C1003 and
provides a discharge path for these capacitors
so that they will be uncharged when STROBE
S105 switch is returned to LONG or SHORT. It
is necessary for capacitors C1001 and C1003 to
be uncharged when STROBE switch is set at
SHORT so that the short strobe sweeps will
always start at zero.

(2) Reverse bias supplied for Zener diode
CR1003 (fig. 2-29) from +24 volts through resis-
tor R1013 which limits the current through the
M diode. The 2.2-volt drop across diode CR1003 pro-
vides an output to the comparator circuit. This
output passes through pin (V) of plug P105 and
jack J105, through switch S105 to the com-
parator circuit. The agc voltage enters the
strobe circuit through switch S105, through pin
S of jack J105, and plug P105 to the junction
of capacitor C1005 and resistor R1015 and is
summed with the strobe voltage in the voltage
divider consisting of resistors R1014 and R1015.
RANGE EXTENSION METERS meter M101
indicates the sum of the agc and strobe voltages.
The needle on meter M101 will deflect to approx-
imately midscale, depending on the setting of
VOLUME control R105, when no targets are
detected. When targets are detected, the
decrease in agc voltage will cause a backward
deflection of the meter needle.
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2-51. Comparator Circuit
(Fig. 7-9.)

a. The comparator circuit is composed of pick-
off circuit C406, CR411, and multiar Q404, T401.
A multiar operates in a similar manner as a
blocking oscillator except that the multiar has
a pick-off diode in its feedback loop. The pickoff
diode opens the feedback loop until the multiar
is triggered. In this configuration, the multiar
is very sensitive but it will not be triggered by
noise.

b. Capacitor C406 couples the linear sweep
voltage from linear sweep circuit Q401, Q402,
Q403 through transformer T401 to pickoff diode
CR411 in the cmmparator circuit. Diode CR411
is reverse-biased by the range voltage from
potentiometer R103 through pin 48 of plug Q101
and jack J101 and pin D of jack J401 and plug
P401, and therefore, does not conduct and trig-
ger multiar Q404 through the terminals 5 and
6 winding, T401 until the linear sweep rises to
a voltage which exceeds the range voltage.
When the sweep exceeds the range voltage,
diode CR411 conducts and triggers multiar
Q404. The output multiar pulses are fed to
through jack J408 and plug P408 to the trans-
mitting system where the negative overshoot of
the multiar pulse cuts off the negative gate. The
multiar pulse is also applied to the local oscil-
lator blanking circuit. The multiar pulses are
also coupled to the range gate circuit to trigger
the range gate. The lower the reverse bias on
diode CR411, the sooner the linear sweep will
cause diode CR411 to conduct, and the sooner
the range gate will be generated. Therefore, the
smaller the range voltage, the sooner target
echoes are gated by the range gate, and the
shorter the range of the detected target. In this
manner, the range voltage determines the
range at which targets will be gated or the posi-
tion of the range gate. The range voltage is
directly proportional to the setting of poten-
tiometer R103, controlled by RANGE
CONTROL handwheel.

c. The voltage from the strobe unit passes
through pins T, U, or V (depending on the mode
of operation) of plug P105 and jack J105,
through pin 23 of plug P101 and jack J101,
through pin H of jack J401 and plug P401, to
resistor R406. Resistor R406 and capacitor C419
decouple any ripple from the strobe voltage. In
the normal (strobe off) mode, diode CR409,
biased by the strobe voltage, cuts off the nega-
tive overshoot of the linear sweep and restores
the voltage level at the junction of transformer
T401 and capacitor C406 to zero.
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d. The period of the long strobe is approxi-
mately 10 seconds; the period of the short strobe
is approximately 5 seconds; the period of the
linear sweep is usually never greater than 538
microseconds (+10%). Comparing the period of
either strobe to the period of the linear sweep,
the strobe voltage is essentially constant for each
individual linear sweep. With each successive
linear sweep, the strobe voltage appears at a more
negative dc level than it did during the preceding
linear sweep, and diode CR409 cuts off a smaller
amount of the negative overshoot restoring ca-
pacitor C406 to a more negative voltage level. In
the long and short strobe modes, the voltage
level to which capacitor C406 is restored varies
from 0 to approximately -8.6 volts.

e. With capacitor C406 restored to a negative
voltage on the pickoff diode (CR411) side, the
linear sweep starts at a negative voltage instead
of zero. Therefore, it takes longer for the sweep
to rise to the value of the range voltage (which
remains constant for a particular setting of the
RANGE CONTROL handwheel). With each
successive more negative dc level of the strobe,
it takes more time before the range gate will open
the detector circuit to gate a target, and targets
from a greater range are detected. Thus, there is
an automatic strobing (scanning) of the range
gate as indicated by the movement of the needle
on RANGE EXTENSION METERS meter

M101.

A AR
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f. Resistor R418 prevents the range voltage
from loading down the sweep where it is coupled
into the multiar circuit. Capacitor C415 filters
any ripple that is coupled through the capaci-
tance of diode CR411.

g. Resistor R415 and capacitor C409 filter any
ripple from the +24-volt supply. The electron
flow through the large resistance of resistor
R414 to +24 volts, slightly forward biases multiar
Q404 so0 that the first few tenths of a volt of the
linear sweep triggers the multiar. When pickoff
diode CR411 begins to conduct, the linear sweep
is applied through coupling capacitor C408 to the
base of multiar Q404, causing it to conduct.

h. Conduction by multiar Q404 results in elec-
tron current flow through winding 38 to 4 of
transformer T401; this causes a voltage to be in-
duced in winding 5 to 6 and winding 1 to 2. The
induced voltage in winding 1 to 2 is fed to the
range gate circuit and through jack J408 and
plug P408 to the transmitting system. The in-
duced voltage in winding 5 to 6 supplies regen-
erative feedback. The polarity of the induced
voltage is such that terminal 6 is positive with
respect to terminal 5, thus increasing the forward
bias on multiar Q404 causing it to conduct more.
This action continues until the transistor is
driven into saturation and electron current flow
through winding 8 to 4 ceases to increase. After
saturation current flow through 8 to 4 winding
becomes constant, feedback voltage is no longer
induced in transformer windings 5 to 6 and 1 to
2. The base bias, provided by the sweep and the
voltage across resistor R414, is not sufficient to
keep multiar Q404 in saturation. Electron cur-
rent flow through winding 8 to 4 decreases, and
the voltage induced in winding 5 to 6 and wind-
ing 1 to 2 is in the reverse direction making ter-
minal 2 negative with respect to terminad 1 and
terminal 6 negative with respect to terminal 5.
As transistor Q201 in the transmitter unit (fig.
7-6) conducts, it provides a low impedance
across the terminals 1 and 2 winding on the neg-
ative overshoot of this pulse, and this damps
out the overshoot. The negative voltage at ter-
minal 6 cuts off multiar Q404 and charges capaci-
tor C408 to hold off multiar Q404 for the dura-
tion of the linear sweep so that there is only one
multiar pulse per linear sweep. i

2-52. Range Gate Circvit
(fig. 7-9)

a. Capacitor C410 couples the multiar pulse
from the comparator circuit to the base of block-
ing oscillator Q405 in the range gate circuit. Be-
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fore the multiar pulse triggers blocking oscilla-
tor Q405, the transistor is held at cutoff by the
zero bias established by returning the base to the
emitter through the low value of resistance of
resistor R416.

b. The blocking oscillator Q405 output pulse
is only 0.2-microsecond wide. Since the multiar
pulse is 1.8 microsecond wide, it must be dif-
ferentiated to avoid triggering blocking oscilla-
tor Q4056 more than once. Capacitor C410 and
resistor R416 differentiate the multiar pulse. The
differentiated positive pulse is applied to the
base of blocking oscillator Q405, causing it to
conduct. Electron flow through the primary
winding of transformer T402 (terminals 2 to 1)
produces a change in magnetic flux that induces
a negative voltage across the secondary winding
(terminals 8 and 4). This negative voltage on
the secondary of transformer T402 forward biases
blocking oscillator Q406 so that it conducts more.
This action continues until Q405 is driven into
saturation and electron flow ceases to imcrease.
Since electron flow becomes constant after satura-.
tion, the voltage induced in the secondary wind-
ing (terminals 8 to 4) falls to zero and blocking
oscillator Q405 is cut off. When electron flow
stops, the collapsing field around the secondary
winding (terminals 8 to 4) induces a voltage in
the primary winding (terminals 2 to 1) which is
shunted to ground by diode CR412. During the
time the flux in transformer T402 is collapsing,
the voltage induced across the winding connected
to terminals 1 and 2 is series aiding the applied
voltage (+24 volts). This series aiding voltage is
applied to diode CR412 so that it conducts in the
forward direction and shunts the induced volt-
age. This prevents the circuit from generating a
“punch through” voltage that would damage
Q405.

c. Resistor R417 and capacitor C411 decouple
the ripple output of blocking oscillator Q405
from the common +24-volt supply. The output
of the blocking oscillator, the range gate, is trans-
formed to the tertiary winding (terminals 6 to 6)
of transformer T402, and is routed to the boxcar
detector of the detector circuit.

2-53. Detector Circuit
(tig. 7-9)

a. The output of blocking oscillator Q405 on
winding 6 to 6 of transformer T402 is used as a
range gate to gate video at a range determined
by the setting of the RANGE CONTROL hand-
wheel.



b. The pulse developed on the secondary
winding of T402 is approximately 20 volts. Volt-
age divider R422 and R428 is connected across
tertiary winding 6 to 6 of transformer T402 so
that the center tap of the winding is effectively
at the same voltage as the junction of resistors
R422 and R428. This arrangement causes one-
half of the 20-volt amplitude of the pulse on the
secondary winding to appear across resistor R422
and the other half across resisbor R428.

¢. With no video entering the boxcar detector
of the detector circuit, the junction of resistors
R422 and R423 is at 0 volt. When the range gate
is developed on winding 6 to 6, & 10-volt drop
appears across resistor R422 and a 10-volt drop
appears across resistor R428. Pin b is positive
with respect to pin 6. As the gate rises, the volt-
age across resistors R422 and R428 forward
biases diodes CR418 and CR414, causing them to
conduct, and allowing the range gate to charge
capacitors C412 and C418. Resistors R418 and
R419 present an impedance to the charging cur-
rent so that capacitors C412 and C418 do not
charge immediately to the peak of the blocking
oscillator pulse, and therefore, a peak on the gate
does mot occur and the top of the gate is flat. The
gate must be flat as it charges capacitors C412
and C418 in order to gate all the video that
would fall within the width of the gate.,Since
the range gate is equal in amplitude on both ca-
pacitor C412 and C418, diodes CR418 and CR-
414 will conduct an equal amount, the junction
of diodes CR418 and CR414 will remain at 0
volt, and no voltage will appear on capacitor
C418. When the gate begins to fall off, diodes
CR418 and CR414 are reverse-biased due to the
charge on capacitors C412 and C418, and there-
fore, the capacitors cannot discharge through the
diodes. Between range gates, approximately 1
volt is discharged by capacitors C412 and C418
through resistors R420 and R421, respectively, so
that diodes CR418 and CR414 will conduct on
the next ramge gate. With the capacitors now
charged to approximately 9 volts, the next 10-volt
range gate will overcome the charge on capaci-
tors C412 and C418 and cause diodes CR418 and
CR414 to conduct an equal amount.

d. Video signals (or rangemarks) pass from
the video amplifier thirough jack J502 and plug

P502 in the receiving system, through plug P407
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and jack J407 in the ranging system, and are cou-
pled by capacitor C417 to the boxcar detector.
Diode CR408 and resistor R408 restore the posi-
tive excursions of the video signals to ground
potential. The negative video signals pass to the
junction of resistors R422 and R423 which pro-
vide a virtual center tap for winding 5-6 of trans-
former T402. The negative video signals, that are
coincident with the range gate, appear across
diodes CR418 and CR414. Since diodes CR414
and CR418 conduct equally, the voltage at the
junction of diodes CR413 and CR414 is equal to
the voltage at the junction of resistors R422 and
R428, which is the voltage of the detected video
signal or —4 volts in this case. Capacitor C418
charges to a voltage that is proportional to the
voltage of the video signal. When a moving tar-
get is detected, the video signals are of varying
amplitude because they have been amplitude
modulated at an audio rate due to the doppler
effect; therefore, the voltage on capacitor C418
will vary in amplitude at an audio rate. Resistor
R424 and capacitor C418 “stretch” or hold this
voltage from one gate to another. Emitter follow-
ers Q406 and Q407 presents a high impedance
and prevents any voltage leak from capacitor
C418. Emitter follower Q406 is forward-biased
by the voltage across resistors R427 and R425.

e. When a video signal does not coincide with
the range gate, a voltage drop, equal in ampli-
tude to the video signal, is developed across re-
sistor R422 and across resistor R428. Since the
maximum amplitude of the video signal is 4
volts, the voltage across resistors R422 and R428
is not sufficient to overcome the 9-volt charge
(c above) on capacitors C412 and C418; diodes
CR418 and CR414 do not conduct, the junction
of diodes CR418 and CR414 remains at zero and
the voltage on capacitor C418 does not change.
Therefore, video signals that enter the detector
circuit between range gates are not detected.

f. The voltage that is developed across capaci-
tor C418 is negative and decreases the output
voltage of emitter follower Q406. The decreased
output voltage of emitter follower Q406 de-
creases the output voltage of emitter follower
Q406. The boxcar detector voltage from emitter
follower Q407 is developed across resistor R426
and is fed to the audio and age systems through
pin A of plug P401 and jack J401 and pin N
of jack J601 and plug P601.
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Section Viil. AUDIO SYSTEM FUNCTION

2-54. General

a. The audio system receives and amplifies the
boxcar detector voltage from the ranging system.
A low-pass filter in the audio amplifier circuit
smoothes the boxcar detector voltage which is
then amplified. The amplified audio signals are
then coupled to the headsets through RF filters.
These filters block RF energy generated within
the radar and thus prevent radiation from the
headset leads.

b. The relationship of the audio system with
respect to the other functional systems of the
radar set is covered in paragraph 2-18.

2-55. System Block Diagram Discussion

a. Audio Amplifier Circuit. The audio ampli-
fier circuit consists of low-pass filter R601 and
C602, amplifiers Q601 and Q609, push-pull emit-
ter follower Q602 and Q608, audio filter FLS3,
and a limiting circuit composed of CR601, CR-
606, R606, R607, and C606. The low-pass filter
removes the period-to-period steps of the incom-
ing boxcar detector voltage from the ranging sys-
tem and provides a smooth output (audio signal)
to the amplifier Q601. The audio signal from the
low-pass filter is applied through amplifier Q601
and audio filter FL8 to amplifier Q609. The out-
put of audio filter FLS8 is also returned to the
input of amplifier Q601 through the limiting cir-
cuit. This negative feedback prevents overdriving
of successive amplifier stages. The amplified out-
put of Q609 is coupled through complementary
emitter followers Q602 and Q608 to audio trans-
former T1.

b. Audio Transformer and RF Filters. Audio
transformer T1 is a stepdown autotransformer
which couples the audio signal to the headsets.
RF filters FL103 and FL104, inserted in series
with the output lines, prevent RF radiation from
the headset leads, which might cause interference
in nearby receiving equipment.

2-56. Audio Amplifier Circult
(fig. 7-11)

a. The boxcar detector voltage from the detec-
tor circuit in the ranging system enters the audio
system through pin N of jack J601 and plug
P601. Capacitor C601 couples this voltage to the
low-pass filter consisting of resistor R601 and ca-
pacitor C602. The filter attenuates the high fre-
quencies generated by the step changes in the
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boxcar detector waveform and feeds the resultant
signal through coupling resistor R602 to the base
of amplifier Q601. The amplified signal from the
collector of Q601 is developed across resistor
R641 and is routed through pin P of plug P601
and jack J601 to audio filter FL3 on the receiver-
transmitter center section. This filter attenuates
signals above 1,000 Hz and is necessary to remove
the 1,800-Hz signal generated by the power con-
verter system. The filtered audio signal is re-
turned through pin R of jack J601 and plug
R601, and is coupled through capacitor C605 to
the limiting circuit consisting of diodes CR601
and CR606, resistors R606 and R607, and capaci-
tor C606. The filtered audio signal is also routed
to the base of amplifier Q609 through capacitor
C608.

b. The limiting circuit prevents large audio
signals from overdriving amplifier Q609 and
complementary emitter followers Q602 and
Q603, but allows small signals to be sufficiently
amplified. Large audio signals are produced
when either the noise generated by the signal IF
amplifiers or close range, slow moving targets
are gated by the range gate. When the signal
from audio filter FL8 exceeds the forward con-
ducting voltage of either diode CR601 or CR606,
that diode starts to conduct. During the negative
half-cycles of the signal from audio filter FLS,
corresponding to the positive half-cycles of the
boxcar detector voltage from the ranging system,
diode CR606 conducts. Resistors R606 and R607
and capacitor C606 form a low-pass filter which
ensures that only the large low frequency signals
will appear across resistor R604. The negative
half-cycles are added across resistor R604 to the
positive half-cycles of the boxcar detector voltage.
The input to amplifier Q601 is thereby decreased
enough so that overdriving of amplifier Q609
and push-pull emitter follower Q602 and Q608
will not occur.

¢. During the positive half-cycles of the signal
from audio filter FLS8, corresponding to the-ne-
gative half-cycles of the boxcar detector voltage
from the ranging system, diode CR601 conducts.
These positive half-cycles are filtered by the low-
pass filter, and are added to the negative half-
cycles of the boxcar detector voltage across R604,
thus decreasing the input to amplifier Q601 and
preventing overdriving of amplifier Q609 and
complementary emitter followers Q602 and Q608.

d. Amplifier Q601 is forward-biased by cur-
rent from the voltage divider network consisting
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Figure $-90. Audio system, dlock diagram.

of resistors R608 and R604. Emitter resistor R606
provides degeneration which is necessary in order
to maintain a relatively constant and predictable
gain and a relatively stable dc operating point.

e. Capacitors C605 and C608 couple the audio
signal from audio filter FL8 to the base of am-
plifier Q609. The dc forward bias of divider net-
work consists of resistors R622 and R628. Degen-
eration is provided by resistor R685.

/. The output signal of amplifier Q609 is de-
veloped across resistor R624 and is coupled
through capacitor C604 to the base of emitter fol-
lower Q602 and to the base of emitter follower
Q608. These stages form a complementary sym-
metry circuit since Q602 is an NPN transistor
and Q608 is a PNP transistor. The complemen-
tary symmetry circuit is utilized in class B opera-
tion; that is, when no signal is present, emitter
followers Q602 and Q608 are not conducting and
there is no signal flow to audio transformer T1.
When the signal from amplifier Q609 is positive,
it forward biases emitter follower Q602, causing
it to conduct. Emitter follower Q603 remains
nonconducting. Signal flow is set up in the series
circuit consisting of the +24-volt supply, resistor
R608, emitter follower Q602, and audio trans-
former T1. Due to this action, the positive half-
cycles of the signal from amplifier Q609 are
passed to audio transformer T1. During the ne-
gative half-cycles of the signal from amplifier

Q609, emitter follower Q603 is forward-biased
and is caused to conduct; emitter follower Q602
remains nonconducting. Therefore, the negative
half-cycles are also passed to audio transformer
T1.

g. The audio signal from emitter followers
Q602 and Q608 is fed through pin S of plug
P601 and jack J601 to terminal 5 of audio trans-
former T1. Resistor R609 biases audio transform-
er T1 so that with very low frequency signals
(80 to 100 Hz), the transformer core saturates
before the audio signal can reach its peak value.
Because of this saturation, the audio signal is dis-
torted; that is the wave shape of the audio, sig-
nal is clipped before it reaches its peak value.
This type of distortion changes the original audio
signal to a signal which contains harmonics of the
original frequency. This increasing of the fre-
quency makes an otherwise almost inaudible
audio signal of a very low frequency (80 to 100
Hz) more audible in the headsets. Resistor R608,
which is connected to +24 volts, limits the power
dissipated in emitter follower Q602. Resistor
R618, which is connected to —20 volts, is the pow-
er lkimiting resistor for emitter follower Q603.

A. Resistor R687 and capacitor C611 remove
the ripple from the +24-volt supply and prevent
interaction of audio system circuits with other
circuits in the radar set.
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2-57. Audio Transformer and RF Filter

Audio transformer T1 is a stepdown autotrans-
former in which the secondary winding is not
used. The output of the audio amplifier circuit
is fed to terminal 5 of the primary winding. The
audio output signal from terminal 2 of audio sig-
nal T1 is fed through pin 21 of jack J101 and
plug P101 to RF filter FL108. The filter removes
any RF signals before feeding the audio signal

through pin J of jacks J102 and J108 to the head-
sets. The audio output reference (ground poten-
tial) is taken from terminal 1 of audio transform-
er T1 and is routed through pin 46 of jack J101
and plug P101 to RF filter FL104. This fiker
performs the same function as RF filter FL108.
The filtered audio output reference is fed
kthrough pin K of jacks J102 and J108 to the

headsets.

Section iX. AUTOMATIC GAIN CONTROL SYSTEM FUNCTION

2-58. General

a. The automatic gain control (agc) system
generates a negative dc voltage (agc voltage)
which controls the gain of the signal IF ampli-
fiers in the receiving system. The agc system pre-
vents output signals of the signal IF amplifiers
from having an amplitude greater than the am-
plitude that can be passed by the limiting action
of video amplifier Q506 in the receiving system.
This limiting action would clip off the peaks of
the amplified signals, causing them all to be at
practically the same amplitude, and would de-
stroy the amplitude modulation present in the
useful output of the signal IF amplifier and de-
tector which is necessary to achieve the desired
audio signal for the headsets. Therefore, the age
system controls the gain of the receiving system
to keep the amplitude of signals at a level that
will pass through video amplifier Q506 without
being clipped. The agc system receives the box-
car detector voltage from the ranging system and
develops an agc voltage which controls the gain
of signal IF amplifiers Q501, Q502, Q503, Q504,
and Q506 in the receiving system. The agc volt-
age is also fed to the strobe circuit in the ranging
system where it is used to cause a deflection of
the needle on the RANGE EXTENSION ME-
TERS meter.

b. The relationship of the automatic gain con-
trol system with respect to other functional sys-
tems in the radar set is covered in paragraph 2-
18. The physical location of the component parts
of the agc system is covered in paragraph 2-8.

2-59. § Block O Oi
&'i:';-s ° iogram Discussion

a. The agc system consists of diode CR602,
amplifier Q604, filter R619 and C607, and emit-
ter follower Q605

b. Prior to the boxcar detector voltage from
the ranging system entering the agc system, the
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following conditions exist: diode CR602 is not
conducting, and amplifier Q604 is developing a
steady negative dc voltage. This negative dc volt-
age is being fed as an agc voltage through filter
R619 and C607 and emitter follower Q606 to the
strobe circuit in the ranging system, and to the
signal IF amplifiers in the receiving system.

c. When the boxcar detector voltage from the
ranging system is applied to diode CR602 as a
negative voltage, the diode conducts, and a nega-
tive voltage is applied to the base of amplifier
Q604. Diode CR602 is normally reverse-biased
and will not conduct until the applied voltage is
great enough to overcome this bias. The boxcar
detector voltage has one step for each repetition
rate.

d. The current in amplifier Q604 increases
and causes a decrease in the voltage drop across
filter R619 and C607. This filter delays the age
action to the receiving system. The output across
capacitor C607 is fed to the base of emitter fol-
lower Q605.

e. This decreased voltage on the base causes a
decrease in the negative output of emitter follow-
er Q605. This decreased output is fed as an age
voltage to the strobe circuit in the ranging sys-
tem, and to the signal IF amplifiers in the re-
ceiving system.

f. When no targets are being gated, the age
voltage (the negative output of emitter follower
Q6065) is determined by the setting of VOLUME
control R106 on the control panel which applies
an agc voltage level to the base of emitter fol-
lower Q606.

2-60. Diode CR602

(fig. 2-82)

a. Before the boxcar detector voltage is fed to

emitter follower Q407 in the ranging system,
electron flow from -20 volts causes voltage

drops to appear across resistors R426 (ranging
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Figure 2-81. Automatic gain control system, block diagram.

system), R610, R611, R615, R616, and R612. The
voltage drops across resistors R426, R610, and
R611 are potentials which, due to their polarity,
bias the cathode of diode CR602 positive with
respect to the anode. The voltage drops across re-
sistors R616 and R612 bias amplifier Q604 and
the anode of diode CR602. Therefore, under
these conditions, diode CR602 does not conduct.

b. When the boxcar detector voltage is applied
to emitter follower Q407, electron flow through
Q407 is decreased and, therefore, the drop across
resistor R610 is decreased. When the voltage drop
across resistor R610 is decreased, the cathode of
diode CR602 becomes negative with respect to the
anode, and diode CR602 conducts the negative
signal to the base of amplifier Q604.

c. Variable resistor R615, connected between
+24 volts and -20 volts, controls the reverse bias
voltage level of diode CR602. As the wiper arm
of variable resistor R615 is moved toward -20
volts, the voltage drops across resistors R6ll,
R610, and R426 become less. This decrease in
voltage across resistors R610 and R426 reduces
the reverse bias on the cathode of diode CR602,
and, therefore, a less negative boxcar detector
voltage is required to cause diode CR602 to con-
duct.

2-61. Amplifier Q604

Amplifier Q604 is biased to conduction in ap-
proximately the center of its operating region by

voltages developed across resistors R616, R612,
and R618 (fig. 2-32). The negative signal from
diode CR602 increases the current in biasing re-
sistor R612, thus increasing the forward bias and
causing amplifier Q604 to conduct more current.
This increased current causes a large voltage drop
across resistor R617, and decreases the resultant
total voltage drop across amplifier Q604 and re-
sistor ‘'R618. Since amplifier Q604 and resistor
R618 are connected in parallel with a filter con-
sisting of resistor R619 and capacitor C607, the
voltage on capacitor C607 decreases. This de-
crease is not instantaneous since capacitor C607
discharges slowly to reach the lower voltage.
This slow discharge acts as a delay in functioning
of the agc system to prevent distortion or block-
ing of the doppler pulses passing through the re-
ceiving system. These pulses, of varying ampli-
tude, form the doppler envelope wave form
which determines the pitch of the audio signal
heard in the headsets.

2-62. Emitter Follower Q605

a. When diode CR602 (fig. 2-32) is not con-
ducting, the output of emitter follower Q605, a
negative dc voltage of approximately -8 volts, is
developed across resistor R621. VOLUME CON-
TROL potentiometer R105 on the control panel,
connected in series with resistor R109 and +24
volts, acts as a voltage divider and develops a
voltage-to-bias emitter follower Q605 through re-
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sistor R620. This voltage adjusts the agc voltage
level when diode CR602 is not conducting. When
potentiometer R105 is adjusted counterclockwise,
more positive voltage is obtained from the volt-
age divider and the forward bias on emitter fol-
lower Q605 is decreased.

b. When diode CR602 conducts, the decrease
in the voltage across capacitor C607 decreases the
forward bias on emitter follower Q605. There-
fore, current flow in emitter follower Q605 is de-
creased and the output developed across resistor
R621 decreases.

¢. The age voltage output of emitter follower
Q605 is applied to the strobe circuit in the rang-
ing system and to the signal IF amplifiers in the
receiving system. When the output of the agc sys-
tem decreases toward ground (becomes more

positive), the gain of signal IF amplifiers Q501,
Q502, Q608, Q504, and Q505 in the receiving
system is decreased. A decrease in the output of
emitter follower Q605 also causes a backward de-
flection of the needle of the RANGE EXTEN-
SION METERS meter.
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Section X. POWER CONVERTER SYSTEM FUNCTION

2-63. General

a. The power converter system furnishes ac
and dc voltages for the operation of Radar Set
AN/PPS—4A. The power converter system oper-
ates on a nominal voltage of +24 volts dc from
an external power source. The voltage may be as
low as +22.5 and as high as +27.5 volts for satis-
factory operation of the radar set. The power con-
verter system is not regulated, but the voltages it
furnishes can be kept at the proper value by ad-
justment of VOLTAGE ADJ switch S102 in the
control system. The output voltages of the power
converter system are +270, +250, -150, +120,
+24, and -20 dc and 7, 6.3, and 2.7 volts rms.

b. The relationship of the power converter sys-
tem with respect to other functional systems of
the radar set is described in paragraph 2-13.

2-64. System Block Diagram Discussion
(fig. 2-38)

a. Power Converter System. The power con-
verter system consists of a flip-flop circuit, rec-
tifiers, and filters.

b. Flip-Flop Circuit. The flip-flop circuit, con-
sisting of multivibrators Q801 and Q802, trans-
formers T801 and T802, and switch S102 (con-
trol system), receives its energizing dc voltage
from an external power source, and produces a
square wave output at the secondary winding of
transformer T801. Oscillations of approximately
1,400 Hz are produced due to the characteristics
of saturating iron core transformer T802. The
primary of transformer T801 provides the load
for multivibrators Q801 and Q802. The turns
ratio between the primary and secondary of trans-
former T801 can be adjusted by VOLTAGE
ADJ switch S102 which selects the primary taps.
This allows the radar to operate over an input
voltage of +22.5 to +27.5 volts. Transformer
T801 has three windings which produce square
waves of 7, 6.3, and 2.7 volts rms to supply the
filaments and lamps of the radar. The outputs
from the remainder of the secondary taps of
transformer T801 are rectified and filtered.

¢. Rectifiers and Filters. In order to produce
dc voltages for the operation of the radar set, the
Square wave outputs of the multitapped second-
ary of transformer T801 are rectified and filtered
by diodes and capacitors. The outputs of the rec-
tifers and filters are—

(1) Positive 270 volts to the tra itti
system. nemitting
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(2) Positive 250 volts to receiving system.

(8) Negative 150 volts to the afc system.

(4) Positive 120 volts to the ranging system.

(5) Positive 24 vults to the ranging, receiv-
ing, audio, agc, and afc systems.

(6) Negative 20 volts to the ranging, re-
ceiving, age, audio, and afc systems.

2-65. Flip-Flop Circuit

a. Dc input of +22.5 to +27.5 volts is supplied
from POWER switch S101 through pin 26 of
plug P101 and jack J101 (fig. 7-18), and
through pin 14 of jack J801 and plug P801 (fig.
7-12), by means of an external power source
having its negative terminal grounded through
interlock switch S1 in the center section of the
receiver-transmitter. The positive dc voltage is
applied to the emitter of multivibrators Q801 and
Q802. The collectors of multivibrators Q801 and
Q802 are returned to ground through the pri-
mary windings of T801. Voltage divider R801
and R802 etablished the initial starting bias re-
quired for the bases of multivibrators Q801 and
Q802.

b. Starting oscillation of the circuit depends on
the unbalance existing between the apparently
identical circuits of multivibrators Q801 and
Q802. This is due mainly to transistor unbalance.
Because of this unblanace, when the two transis-
tors start to conduct, one will conduct with a
slightly higher current.

c. Assume that multivibrator Q801 conducts
more than multivibrator Q802 at the start of op-
eration. This action would cause electrons to flow
from terminal 1 of transformer T801, making
terminal 1 positive with respect to terminal 8.
Electrons will also flow from terminal 2 to termi-
nal 1 of transformer T802, making terminal 1
positive with respect to terminal 2. The polarity
of transformer T802 is such that terminal 8 will
then be positive with respect to terminal 5. The
negative voltage at terminal 5 will cause multi-
vibrator Q801 to conduct more and the positive
voltage at terminal 3 will drive multivibrator
Q802 toward cutoff.

d. The flux in the core of transformer T802
increases at a relatively constant rate until satura-
tion of the core is reached. At ccre saturation,
further increase in current does not increase the
flux in the core. Since the flux remains compara-
tively constant, no voltage is induced in windings
8-5. The induced voltages quickly fall to zero,
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Figure 2-33. Power converter system, block diagram.

reducing the base current so that multivibrator
Q801 can no longer be held in saturation. This
causes the voltage to increase across multivibra-
tor Q801, thus decreasing the current flow
through winding 1-2 of transformer T802.

e. As the current flow in winding 1-2 of trans-
former T802 decreases, the flux in the core de-
creases and a negative voltage is induced acrose
winding 1-2 of transformer T802. Due to the
polarity of the transformer, terminal 3 of the
transformer becomes negative and terminal 5 be-
comes positive. The positive voltage at terminal
5 drives multivibrator Q801 further into cutoff:
the negative voltage at terminal 3 drives multi-
vibrator Q802 to conduction. Multivibrator Q801
is maintained at cutoff and multivibrator Q802
conducts heavily until the core of transformer
T802 saturates. The saturation which takes place
under this condition will be in the opposite direc-
tion to the saturation which occurred in d above.
Once this saturation takes place, the current in
winding 1-2 will decrease and the polarity of the
induced voltages will reverse, thereby switching
multivibrator Q801 from cutoff to conduction
and multivibrator Q802 from conduction to cut-
off. The cycle continues to repeat itself at a rate
of 1,400 Hz.

f. When multivibrator Q801 starts to conduct
and multivibrator Q802 starts to cut off, electron
current flow from terminal 8 to terminal 1 of
transformer T801 increases and electron current
flow from terminal 8 to terminal 15 decreases.
Therefore, the flux developed by winding 8-1
and the flux developed by winding 8-15 add to
induce square wave voltages across T801. Termi-
nal 16 is positive with respect to terminal 88.
When multivibrator Q802 starts to conduct and
multivibrator Q801 starts to cut off, a square
wave voltage is induced across the secondary
windings of transformer T801. However, on this
half of the cycle, terminal 33 is positive with re-
spect to terminal 16. The output square wave
voltage is determined by the turns ratio of the
primary and secondary windings of transformer
T801. This 5610-ohm feedback loop resistors (fig.
7-12) are current limiting resistors of particular
importance when transformer T802 is saturated.
When this transformer is saturated, it will have
almost zero impedance; therefore, the 510-ohm
resistors are used to prevent the impedance in the
feedback loop from becoming zero and thereby
causing damage to the transformers, or blowing

fuses.
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g. The amount of transformer load in the col-
lector circuit of the transistors is determined by
the terminal of transformer T801 which has been
selected by VOLTAGE ADJ switch S102 in the
control system. The purpose of this switch is to
obtain the proper secondary-to-primary turns
ratio, so that when the external power source is
a battery, the voltage of which has decreased
with use, it may still supply the proper voltages
for the radar set without the use of a regulated
supply.

2-66. Rectifiers and Filters

a. The voltages tapped from the secondary to
transformer T801 (fig. 7-12) are ac voltages.
For use in the radar set, these ac voltages are
changed to dc voltages by means of full-wave
rectifier diodes CR801 through CR810 and CR-
812 and CR813.

b. Diodes CR809 and CR810 form a full-wave
rectifier to produce the +270-volt output. Elec-
trons will flow freely from the cathodes of diodes
CR809 and CR810 to the anodes when the anodes
are positive with respect to the cathodes. There-
fore, diode CR809 will conduct when terminal 16
is positive (during the positive half of the square
wave); diode CR810 will conduct when terminal
16 is negative (during the negative half of the
square wave). This flow of electrons produces a
positive dc voltage. Full-wave rectifiers CR803
and CR804, CR805 and CR806, and CR812 and
CR813 function in the same manner as full-wave
rectifier CR809 and CR810.

c. Diodes CR807 and CR808 form a full-wave
rectifier to produce the 150-volt output. Elec-
trons will flow freely from the cathodes of diodes
CR807 and CR808 to the anodes when the cath-
odes are negative with respect to the anodes.
Therefore, diode CR807 will conduct when ter-
minal 16 is negative (during the negative half of
the square wave); diode CR808 will conduct
when terminal 16 is positive (during the positive
thalf of the square wave). This flow of electrons
produces a negative dc voltage across the output
load. Full-wave rectifier CR801 and CR802 func-
tions in the same manner as full-wave rectifier
CR807 and CR808.

d. As discussed in b and c above, energy is
supplied from a rectifier in pulses. The fluctua-
tions can be reduced considerably if some energy
can be stored in a capacitor while the rectifier is
putting out its pulse and allowed to discharge
from the capacitor between pulses.
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e. Pulses conducted by full-wave rectifier CR-
803 and CR804 charge capacitor C802 to the peak
voltage of rectifier diodes CR803 and CR804
within a few cycles. The charge on capacitor C802
represents a storage of energy. When the output
of full-wave rectifier CR803 and CR804 falls, the
voltage across capacitor C802 does not fall im-
mediately. Instead, the energy stored in capacitor
C802 is discharged through its load during the
time that full-wave rectifier CR803 and CR804
is not supplying energy. The voltage across ca-
pacitor C802 decreases very slowly due to the
large value of the capacitor (60 uf). Full-wave
rectifier CR803 and CR804 does not begin to pass
current until its output voltage exceeds the volt-
age across capacitor C802. Therefore, the ampli-
tude of the fluctuations is greatly decreased and
the output is a relatively steady dc voltage.

f. Capacitors C801, C804, C805, and C806
function as filters in the same manner as capaci-
tor C802. Resistors R803 and R804 divide the
voltage across capacitors C805 and C806 so that
individual voltage ratings are not exceeded. Re-
sistor R808 is the bleeder resistor for capacitor
C804.

g. Capacitor C807 is part of a pi-type filter cir-
cuit for the +270-volt line. Capacitor C6 and in-
ductor L1 located in the center section of the re-
ceiver-transmitter (fig. 2-34) constitute the rest
of the pitype filter circuit. The function of ca-
pacitors C807 and C6 is the same as that of ca-
pacitors C807 and C6 is the same as that of capac-
itor €802. Inductor L1 supplies its stored energy
to the load, thus maintaining a constant current
source to the load and eliminating ripple. Resis-
tor R807 is the bleeder resistor for capacitor
C807.

h. The rectifiers and filters in the power con-
verter system deliver the following outputs:

Maximum ripple

Output (volts de) (ma) ¢ ’.:.“1‘“‘.‘; pl::: " (volta)
+270 ____ 26 ._ 0.3
+120 __ 12 1.6
+260 - 3 0.3
+24 60 04
+20 _. 40 __ - 0.4
+160 8 0.4

NOTE

In the radar set, the ripple voltages will
be equal to, or less than, those shown
above.

t. The voltages listed in the chart in 2 above
are used in the following functional systems of
the radar set:
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Figure 2-34. Control circuit power distribution, simplified schematic diagram.
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(1) Positive 270 volts is applied through ter-
minal board TB1, in the center section of the
receiver-transmitter, to P101 and J101, through
control system fuse F101, through P101 and
J101, to the transmitter system through J201
and P101 to R207.

(2) Positive 250 volts is applied through ter-
minal board TB1, in the center section of the
receiver-transmitter, to local oscillator V902 of
the receiving system.

(3) Negative 150 volts is applied through
terminal board TB1, in the center section of the
receiver-transmitter, to the strobe unit of the
ranging system at resistors R1002 and R1022
and to the afc system at internal test point
E601, and to the control system.

(4) Positive 120 volts is applied through ter-
minal board TB1, in the center section of the
receiver-transmitter, to the ranging system at
resistor R405.

(5) Positive 24 volts is applied through ter-
minal board TB1, in the center section of the
receiver-transmitter to the following points:

(@) To the range unit of the ranging sys-
tem at resistors R410, R415, R417, and R425 and
emitter follower Q407.

() To the strobe unit of the ranging sys-
tem at resistors R1012 and R1013 and diode
CR1007.

(¢) To the IF signal amplifier of the
receiving system at resistor R523 and capacitor
C548 and resistor R544.

@) To the audio system at resistors R637
and R608.

(e) To the afc system at resistors R707,

R711, R713, and R716, emitter follower Q703,
and inductor L705.

() To internal test points E615 and E613
of the agc system.

@) To the search and control circuit of the
afc system at pin 2 of relay K701 in the afc unit.

(6) Negative 20 volts is applied through ter-
minal board TB1, in the center section of the
receiver-transmitter, to the following points:

(a) To the range unit of the ranging sys-
tem at resistors R407, R412, and R426 and inter-
nal test point E428.

(b) To the strobe unit of the ranging sys-
tem at double emitter follower Q1001 and Q1002.

(¢) To the IF signal amplifier of the
receiving system at resistors (R522, R527, R528,
and R529).

(d) To the audio system at resistor R613
and internal test point E603.

(e) Tothe afc system at internal test point
E731.

() To the agc system at resistors R616
and R617 and internal test point E616.

J. The three ac secondary windings of trans-
former T801 (terminals 30-31, 32-33, and 34-35)
produce the following voltages:

(1) A voltage of 6.3 volts rms is supplied to
the filament of local oscillator V902 of the
receiving system.

(2) A square wave 14 volts peak to peak is
supplied to the filament of magnetron V901 of
the transmitting system.

(3) A voltage of 2.7 volts rms is supplied to
the various lamps on the receiver-transmitter
control panel, tripod, and telescope.

Section XI. CONTROL SYSTEM FUNCTION

2-67. General

a. The control system contains all the
switches, controls, indicators, and receptacles
which enable the radar operator to control,
monitor, and adjust the radar set. Two
cartridge-type fuses in the control system pro-
tect the radar set from short circuits or over-
loads.

b. The relationship of the control system with
respect to other functional systems in the radar
set is covered in paragraph 2-13.

2-68. Power Receptacle, Power Fuse, Power
Switch, and Transmitter Fuse

a. The external power source is connected by
a power cable to 24 VDC BAT. ONLY receptacle
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J104 (fig. 2-34) of the receiver-transmitter. The
negative output of the external power source
passes through low-pass filter FL101, pin 37 of
plug P101, jack J101, interlock switch S1, pin 2
of jack J801 and plug P801 of the power conver-
ter unit, pin 1 of plug P801, and jack J801, and
grounded in the center section of the receiver-
transmitter. Low-pass filter FL101 is a sealed
unit containing a pi-network of capacitance and
inductance to attenuate the ac components
generated by the power converter system and
prevent them from feeding back out of the
power cable to cause radio interference with
other electronic equipment in the area. The
positive output of the external power source is
connected

(
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through low-pass filter FL1102, reverse polarity
diode CR101, and 2-ampere POWER FUSE F102
to wafer B and C of three-wafer POWER switch
S102: Low-pass filter FL102 functions similarly
to filter FL101. Fuse F102 prevents damage to
the radar set that might result from accidental
short circuits or overloads.

b. If the POWER switch is set at STANDBY,
TRANSMIT, or RANGE, +24 volts will be ap-
plied through wafer B of the POWER switch,
through pin 26 of plug P101 and jack J101,
through pin 14 of jack J801 and plug P801 to
the power converter system, and will emergize
this system. Positive 24 volts will also be applied
through wafer B of the power switch, through
pin 26 of plug P101 and jack J101, through pin
F of jack J201 and plug P201 to the heating ele-
ment of thermal delay relay K201 in the trans-
mitting system. Thermal delay relay K201 pro-
vides a 90-second delay in operating relay K202.
At the same time that the +24 volts from the ex-
ternal power supply is applied to the heating ele-
ment of thermal delay relay K201, the same +24
volts is applied to the coil of relay K202 in the
transmitter system. The +24 volts from the ex-
ternal power supply will also be applied through
wafer C, when the POWER switch is at the
RANGE position, through pin 89 of plug P101
and jack J101, through pin C of jack J701 and
plug P701 to the coil of relay K701 in the afc sys-
tem. If the POWER switch is set at STANDBY,
TRANSMIT, or RANGE +270 volts from the
power converter system will be applied through
pin 6 of plug P801' and jack J801, through pin
18 of jack J101 and plug P101, through XMTR
FUSE F101, through pin 15 of plug P101' and
jack J101, through pin E of jack J201' and plug
P201 to resistors R207 and R229 in the transmit-
ting system.

c. When the POWER switch is set at TRANS-
MIT or RANGE, +24 volts from the power con-
verter system will be applied through pin 8 of
plug P801 and jack J801, pin 17 of jack J101 and
plug P101, shorted pins 14 and 15 of wafer A of
the POWER switch, pin 19 of plug P101 and
jack J101, pin A of jack J201 and plug P201, and
to pin 6 of relay K202 in the transmitting system.
When relay K202 becomes operated, +24 volts
will then be applied through pins 6 and 8 of re-
lay K202 to the modulator and the local oscilla-
tor blanking circuit in the transmitting system.

d. If the POWER switch is set at TRANSMIT
and if the 90-second delay has elapsed, the radar
will transmit and receive RF energy.

T™ 11-5840-211-35

e. If the POWER switch is set at RANGE and
if the 90-second delay has elapsed, the radar will
transmit normally but the signal IF amplifier
stages will not receive the returned RF energy.
Twenty-four volts will be applied from the ex-
ternal power supply through wafer C of the
POWER switch, through pin 89 of plug P101
and jack J101, through pin J of jack J701 and
plug P701, to the coil of relay K701 of the afc
system. When relay K701 becomes operated, +24
volts is removed from the signal IF preamplifiers
in the receiving system, thus preventing target
echoes from passing through the receiving sys-
tem; rangemarks from the delay line in the afc
system are connected to the signal if amplifier
stages in the receiving system for range calibra-
tion and testing procedures.

f. If the POWER switch is set at STANDBY
and if the 90-second delay has elapsed, the radar
set will not transmit but will be ready for opera-
tion or testing with no time delay when switched
to TRANSMIT or RANGE. The tube filaments
will be heated and relay K202 will be operated.

2-69. VOLTAGE ADJ Switch and BATTERY
TEST Switch

a. VOLTAGE ADJ switch S102 (fig. 7-13) is
a two-deck seven-position switch which compen-
sates for long-term voltage variations of the ex-
ternal power source, such as a battery, where volt-
age output varies with condition of charge and
with environmental conditions. This compensa-
tion, accomplished by varying the primary-to-sec-
ondary turns ratio of transformer T801 in the
power converter system, maintains constant op-
erating voltages for the radar set circuits. Posi-
tion 1 of the VOLTAGE ADJ switch is used for
a +27.5-volt input, which is normally provided
by a fully charged 24-volt battery. This position
of the switch makes use of the entire primary of
transformer T801. Switch position 2 utilizes less
of the transformer primary, this increasing the
ratio of secondary-to-primary turns. This position
is for a +26.5 volt battery output. Each numeri-
cally higher position of the VOLTAGE ADJ
switch utilizes fewer primary turns, thus increas-
ing proportionately the ratio of secondary-to-pri-
mary turns. Position 7 corresponds to a +22.6
volt input.

b. BATTERY TEST switch S104 (fig. 2-85),
when depressed, permits RANGE EXTENSION
METERS meter M101 to indicate the level of the
+24-volt line from the power converter system.
When the switch is not depressed, meter M101

2-59



TM 11-5840-211-35

indicates the summed agc and strobe voltages
which pass through pin W of plug P105 and jack
J105 or the constant dec voltage which passes
through pin V of plug P105 and jack J1056 from
the strobe circuit (para 2-50). The +24-volt out-
put of the power converter system is applied
through pin Y of jack J105 and plug P105,
across a battery test circuit consisting of zener
diodes CR1006 and CR1007 and voltage divider
R1005 and R1006. Diodes CR1007 and CR1006
are 9-volt Zener diodes which maintain a con-
stant voltage drop across themselves once they
have had sufficient bias applied to make them
conduct in the Zener region (para 2-49). When
switch S104 is depressed, the output of the bat-
tery test circuit, the difference in potential be-
tween the +24-volt output of the power converter
system and the 18-volt drop across diodes CR:
1006 and CR1007, is applied through resistor
R1019 and pin X of plug P105 and jack J105 to
the positive side of meter M101; the negative
side of meter M101 is grounded. The battery test
circuit makes meter M101 more sensitive to
changes in the power converter system output
voltage since approximately only 6 volts must be
measured across resistor R1005 instead of the
+24-volt output. Resistor R1019 limits current
flow through meter M101, thereby providing me-
ter protection and setting meter M101 for an ap-
proximate half-scale deflection when the output
voltage of the power converter system is correct.

2-70. STROBE Switch S105 and RANGE
EXTENSION METERS Meter M101

a. STROBE switch S106 is a three-pole, three-
throw wafer switch which can be set at one of
three positions: LONG, SHORT, or OFF.

b. When set at LONG, the STROBE switch
(pin contacts 3 and 4, fig. 2-26) connects a 10-
second sweep from the strobe circuit (through
pin U of plug P105 and jack J105) through pin
28 of plug P101 and jack J101 to the comparator
circuit in the ranging system. This 10-second (or
long strobe) sweep moves the range gate at a
linear rate through a 500-meter range (beginning
at the range indicated on the RANGE METERS
indicator) and quickly returns it to the original
range to begin strobing again. The STROBE
switch also connects the 10-second sweep through
pin M of jack J105 and plug P105 to resistor
R1014 in the strobe circuit where the age and the
strobe voltages are summed to provide an output
to RANGE EXTENSION METERS meter M101.
The summed agc and strobe voltages pass
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through pin W of plug P106 and jack J105, and
cause the needle of meter M101 to deflect from
0 to 500 meters during a period of 10 seconds, at
the end of which the meter needle quickly re-
turns to zero. Thus meter M101 indicates the
strobing of the range gate. If a large target en-
ters the range gate as the range gate is strobing,
the age voltage decreases and provides a slight
deflection to the left of the needle of meter
Mi101.

¢. When set at SHORT, the STROBE switch,
pin contacts 1 and 4, (fig. 2-27), connects a 5-
second sweep from the strobe circuit (through
pin T of plug P106 and jack J105) through pin
28 of plug P101 and jack J101, to the comparator
circuit in the ranging system. This short strobe
sweep functions in the same manner as the long
strobe sweep except that, since the short strobe
sweep has only a 5-second period, it causes the
needle of meter M101 to deflect from 0 to 500
‘meters in 5 seconds and moves the range gate
through a 500-meter sector in 5 seconds.

d. When set at OFF, the STROBE switch, pin
contacts 2 and 4, (fig. 2-28), connects a constant
dc voltage (through pin V of plug P105 and jack
J105) through pin 23 of plug P101 and jack
J101 (fig. 2-27), to the comparator circuit in the
ranging system. This voltage allows the range
gate to remain at the range indicated on the
RANGE METERS indicator. The STROBE
switch also connects the constant dc voltage
through pin M of jack J106 and plug P105 to
resistor R1014 in the strobe circuit where the age
and the constant dc voltages are summed to pro-
vide an output to meter M101. This output
passes through pin W of plug P1056 and jack
J105, and causes an approximate midscale deflec-
tion of the needle of meter M101. If a large target
enters the range gate, the age voltage decreases
and causes a deflection to the left of the needle
of meter M101.

2-71. RANGE CONTROL Handwheel, 1st
MARK and 7th MARK RANGE
CALIBRATION Controls

The RANGE CONTROL handwheel and
RANGE CALIBRATION controls (fig. 2-86)
vary the range voltage input to the ranging sys-
tem by ordinary voltage divider action.

a. Range Control Handwheel. The RANGE
CONTROL handwheel varies the position of the
wiper arm of 50k potentiometer R108 and regis-
ters the position of the range gate on the
RANGE METERS indicator (para 2-74). Poten-
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Figure $-35. BATTERY TEST switch, simplified schematic diagram.

tiometer R108 is part of a voltage divider, con-
sisting of series resistors R1021, R101A, R101B,
R102A, and R102B, and paralled resistors R108
and R107. The voltage divider is connected be-
tween the +60 volts supplied through pin D of
jack J106 by the ranging system, and range
ground. The range voltage obtained from the
wiper arm of potentiometer R108 is routed
through pin 48 of plug P101 and jack J101 to
the ranging system where it is used to determine
the range of the range gate. The range gate is at
minimum range when the wiper arm of potenti-
ometer R103 is closest to ground (RANGE
CONTROL handwheel in the completely coun-
terclockwise position); while maximum range is
attained when the arm is closest to the +60-volt
source (RANGE CONTROL handwheel in the
completely clockwise position). Capacitor C1002,
in the strobe unit, which is shunted across the
series resistors, provides additional filtering for
the +60-volt line. Resistors R107 and R108, con-
nected in parallel with potentiometer R108, pro-

vides & nonlinear output from the wiper arm of
potentiometer R108 to correspond with the slight
nonkinearity of the range sweep. The degree of
nonlinearity of the range voltage output is deter-
mined by the setting of variable resistor R107.

b. RANGE CALIBRATION 1st MARK and
7th MARK controls. The RANGE CALIBRA-
TION 1st MARK and 7th MARK controls are
used to calibrate the RANGE METERS indicator
with range marks developed by delay line DL701
in the afc system when the POWER switch is set
at RANGE. The RANGE CALIBRATION 1st
MARK control varies variable resistor R101A
and R101B. The RANGE CALIBRATION 7th
MARK control varies variable resistors R102A
and R102B. Varying these resistors increases or
decreases the resistance in voltage divider R1021,
R101A, R101B, R102A, R102B, R108, R108, and
R107 and thereby varies the output voltage
(range voltage) of potentiometer R108. In this
manner, the range voltage can be increased or de-
creased without changing the setting of potenti-
ometer R108.

2-61



TM 11-5840-211-35

'r +eov Frow  J08 "
SYSTEM D l mo2! J/ #ro pios
1002 tox U
2UF s/ P/0 J108
- I
- '
l STROBE UNIT l oS cw (1a7 wanx]
- - - U
< ~
\\
\\
noze ~
3, ] <
"08 LN N
470K ! 3
M | 0
L LINEAR | |
pe N X } 1
1 swmee HANOWHEEL Ccw$ ll? " |
| |
' ]
! |
A P/0 PIOI
0 moras || !
/0 3101 XS I
cw \xj |
JAngE voutasE :
™ ' {
|
o | | vores
p
S Lol |. UNLESS OTHERWISE SHOWN
P/0 J108 /k \\ RESISTORS ARE IN ONMS .
A ~ l 2. woicaTes
P/O PlO8 N Q : EQUIPMENT MARKING .
\\ '
N
= RANGE GRD

ELB840-211-38-T-36

Figure 8-36. RANGE CONTROL handwheel and RANGE CALIBRA TION ocontrols,
simplified schematic diagrom.

2-72. VOLUME Control and HEADSET
Receptacles
a. VOLUME Knob. The VOLUME knob
varies the wiper arm of potentiometer R1005
(tig. 7-18) which forms voltage divider with re-
sistor R1019. This voltage divider varies the out-
put of the agc system, which controls the gain of
the signal IF amplifiers in the receiving system.
b. HEADSET Receptacles. Tow HEADSET
receptacles (fig. 2-87), mounted on the radar
control panel, are connected in parallel across
audio output autotransformer T1. The audio sig-
nal from T1 is passed through low-pass filters
FL1038 and FL104 before being applied to pins
J and K of HEADSET receptacles J102 and J108.
Low-pass filters FL108 and FL104 are sealed by-
pass units containing pi-networks of capacitance
and inductance to attenuate high frequency audio
signal components.

2-73. Lamp Switches

The control panel of the radar set has three con-
trols that adjust the illumination of the telescope,
(dials, and indicators of the radar: The TELE-
SCOPE LIGHT switcl&,.»ﬂge TRIPOD LIGHTS
switch, and the PANEL LIGHTS switch.
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Figure $-37. HEADSET receptacles, simplified
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a. TELESCOPE LIGHT Switch. TELESCOPE
LIGHT switch S108 (fig. 7-18) is a simple push-
button switch which, when depressed, connects
the 2.7-volt rms output of the power converter
system to the telescope lamp. The 2.7-volt rms
output passes through pin 10 of jack J101 and
plug P101, through switch S108, through pin 11
of plug P101 and jack J101, and through filter
FLI to the telescope lamp. This lamp is used to
illuminate the recticule pattern of the telescope.
RF ftilter FL1 prevents any RF interference with
other electronic equipment in the area.

b. TRIPOD LIGHTS Switch. The TRIPOD
LIGHTS switch is used to switch the tripod lamp
on and off as well as to vary the intensity of the
flamp. The control is attached to the shaft of
variable resistor R106 and integral on—off switch
8106. Variable resistor R106 is in series with the
2.7-volt rms supply and the tripod lamps so that
adjustment of the variable resistor varies the volt-
age across the lamps. The full counterclockwise
position opens switch S106; clockwise rotation
from this position closes switch S106 and removes
resistance from the circuit to provide increasing
illumination from the lamps. The output from
switch S106 passes through pin 86 of plug P101
and jack J101, and through RF filter FL2 which
prevents any radio interference with other:elec-
tronic equipment in the area.

¢. PANEL LIGHTS Switch. The PANEL
LIGHTS switch is used to switch the panel lamps
on and off as well as to vary the intensity of the
lamps. The PANEL LIGHTS switch is attached
to the shaft of variable resistor R104 and integral
on-off switch S107. Variable resistor R104 is in

T™ 11-5840-211-35

series with the 2.7-volt rms supply and the panel
lamps, so that adjustment of the variable resistor
varies the voltage across the lamps. The five
panel lamps (DS101, DS102, DS108, DS104, and
DA105) are connected in parallel. The. full coun-
terclockwise position opens switch S107; clock-
wise rotation from this position closes switch
S107 and removes resistance from the circuit to
provide increasing illumination from the lamps.

2-74. RANGE METERS Indicator

a. The RANGE METERS indicator (fig. 2-
38) displays the range of the range gate in me-
ters when the radar is operating in the normal
mode. If the radar is operating in either the long
ar the short strobe modes, the indicator displays
the starting point of the range gate strobe. The
actual position of the range gate in this case is
equal to the indication on the RANGE METERS
indicator plus the indication on the RANGE EX-
TENSION METERS meter.

b. The RANGE METERS indicator is a four-
digit indicator which is mechanically connected to
the shaft of the RANGE CONTROL handwheel
through 4-to-1 ratio bevel gears. In addition to
the RANGE METERS indicator, the RANGE
CONTROL handwheel shaft is also connected to
the wiper arm of potentiometer R1038 (para 2-
71) through 1-to-2 antiback lash gearing. When
the RANGE CONTROL handwheel is rotated
through 20 complete turns, the wiper arm of 10-
turn potentiometer R108 travels from one ex-
treme to the other, and the RANGE METERS
indicator varies from 0 to 8,000 meters.



TM 11-5840-211-35

2-64

ANTIBACKLASH GEAR
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CHAPTER 3
DIRECT SUPPORT MAINTENANCE

Section |. GENERAL

3-1. Scope of Maintenance

The maintenance duties assigned to the direct
support repairman of Radar Set AN/PPS-4A are
listed below together with references to the para-
graphs covering the specific maintenance func-
tions.
a. Localization of trouble to—

(1) Control Panel (para 3-16)

(2) Strobe Unit (para 8-21)

(8) Automatic Frequency Control Unit C-
8115/PPS-4 (para 3-28).

(4) Audio Unit MX-2925/PPS—4 (para 8-

(56) Amplifier, Intermediate Frequency
AM-4175/PPS—4A (para 3-19).
(6) Power <Converter CV-1803/PPS—4A
(para 8-24).
(7) Range Unit MX-2924/PPS—4 (para 3-
21).

22)

(8) Transmitter,
(para 3-17).

(9) Microwave unit (para 8-18)

b. Adjustment and alignment of—

(1) Radar Set, AN/PPS—4A (TM 11-5840
211-12).

(2) Receiver-Transmitter, Radar RT-752/
PPS—4 (paras 3-26 through 8-62).

(8) Center Section (paras 8-80 through 8-
52).

(4) Strobe unit (para 8—45)

(6) Automatic Frequency Control Unit C-
8115/PPS—4 (paras 8-40 and 8-41.

(6) Audio Unit MX-2925/PPS—4 (para 8-
51).

(7) Amplifier, Intermediate Frequency
AM-4175/PPS-4A (para 8-84). v

(8) Power Comverter CV-1808/PPS—4A
(para 8-47).
@) (9) Range Unit MX-2924/PPS-4 (para 8-

Radar T-967/PPS4A

(10) Transmitter,
(para 3-30).

Radar T-967/PPS4A

(11) Microwave unit (paras 8-88 and 8-41)
¢. Repair of—
(1) Case, Receiver-Transmitter CY-2783/
PPS—4 (para 8-56).
(2) Radar Set AN/PPS—4A (para 8-58)
(8) Cable Assembly, Special Purpose CX-
4984/U (para 8-54).
(4) Cable Assembly, Special Purpose CX-
4935/U (para 3-54).
(6) Headset, Electrical H-183/PPS—4 (para
8-66).
(6) Receiver-Transmitter, Radar RT-762/
PPS—4 (para 8-58).
(7) Strobe unit (para 3-67)
(8) Microwave unit (para 8-58)
d. Removal and replacement of —
(1) Center section (paras 8-60 through 8-
69).
(2) Strobe unit (para 8-60)
(8) Automatic Frequency Control Unit C-
8115/PPS—4 (para 8-65).
(4) Audio Unit MX-2925/PPS—4 (para 8-
64).
(5) Amplifier, Intermediate Frequency
AM-4175/PPS—4A (para 3-68).
(6) Power Converter CV-1803/PPS—4A
(para 8-66).
(7) Range Unit MX-2924/PPS—4 (para 8-
62)
(8) Transmitter,
(para 8-61).
(9) Microwave unit (para 3-67)
(10) Radome (para 38-59)
(11) Control panel (para 8-59)
'(12) Indicator, azimuth (para 8-70)
(18) Tripod leg assembly (para 8-71)

Radar T-967/PPS4A

3-2. Tools, Test Equipment, and Materials
Required

Refer to the basic issue items list (BIIL) and

the maintenance allocation chart (MAC) in TM

11-5840-211-12.
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Section ll. DS TROUBLESHOOTING

WARNING
When servicing Radar Set AN/PPS—4A, be extremely careful of the high voltages
supplied to the receiver-transmitter. Always set the POWER switch S101 to the OFF
position when working inside the receiver-transmitter.

3-3. General Troubleshooting Procedures

The direct support troubleshooting procedures in
this section supplement the procedures described
in TM 11-5840-211-12. The systematic trouble-
shooting procedures that can be performed at or-
ganizational maintenance category are carried to
a higher maintenance category in this section.
Troubleshooting procedures begin with opera-
tional and sectionalization checks. Localizing
techniques used in the direct support trouble-
shooting procedures are more advanced. The fol-
lowing information will aid in performing pro-
cedures necessary to determine the faulty opera-
tion.

a. General. The first step in troubleshooting a
defective Radar Set AN/PPS—4A is sectionaliza-
tion of the fault. Sectionalization means tracing
the fault to the battery, the tripod, the headsets,
or to the receiver-transmitter. Sectionalization is
usually accomplished at the organizational main-
tenance echelon as outlined in TM 11-5840-211-
12. The second step is to localize the fault. Local-
ization means tracing the fault to a removable and
replaceable unit or part as outlined in this section.
When the trouble has been localized, the defec-
tive unit is removed and referred to higher cate-
gory of maintenance for repair. A known good
unit is substituted for the defective unit.

b. Troubleshooting Aids. The following aids
are designed to reduce work and aid in localizing
the trouble:

(1) Visual inspection. The purpose of the
visual inspection is to locate faults without test-
ing or measuring circuits. All visual signs should
be observed and an attempt made to localize the
fault to a particular unit of the radar set.

(2) Performance tests. Performance tests
frequently indicate the general location of trou-
ble. In many cases the tests will help in deter-
mining the exact nature of the fault. Perform-
ance tests are given in. TM 11-65840-211-12.

(8) Block diagrams. The individual system
block diagrams (ch. 2), the functional block dia-
gram (fig. 7-4), and the complete block diagram
(fig. 7-5) give the electrical and mechanical re-
lationship among the systems, components, and
stages of the radar set. By observing symptoms
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and reasoning possible causes, it is possible to
trace the trouble to a particular block.

(4) Schematic diagrams. The schematic dia-
grams are useful in tracing troubles between
components or to individual stages within a com-
ponent.

(5) Location of parts illustrations. The lo-
cation of parts illustrations show location of units
authorized to be removed and replaced by the di-
rect support repairman.

3—4. Voltage Measurements

a. Purpose. Voltage measurements are an aid
in determining circuit conditions and in evaluat-
ing clues in the course of troubleshooting. Care-
fully read the notes on the voltage charts and
exactly duplicate the conditions under which the
normal readings were obtained.

b. Equipment and Conditions. The component
voltages and test point voltages listed below
were made with a 20,000-chm-per-volt meter. All
voltage measurements were made with respect to
ground unless otherwise stated. In making volt-
age measurements, insulate the entire test probe
except for the extreme tip with tape or sleeving.
A momentary short circujt can ruin a transistor.

NOTE
The normal variations of transistor char-
acteristics may cause the emitter, base,
and collector voltage readings to vary
considerably between radar sets. If the
voltage measurements obtained fall
within the values listed below, it may be
assumed that the circuit is operating
properly.
¢. Precautions. Observe the following pre-

cautions when measuring voltages greater than
500 volts:

(1) Shut off the power.

(2) Discharge the high voltage capacitors.

(3) Connect the multimeter leads to the test
points.

(4) Step away from the multimeter.

(56) Turn on the power.

(6) Note the reading on the multimeter.



(7) Turn off the power.
(8) Discharge the high voltage capacitors.
(9) Remove the multimeter leads.

TM 11-5840-211-35

d. Transmitter Unit. Voltage measurements in
the transmitter unit are made at relays K201,
K202 and at pulse unit Z201.

Component Test point Voltage to ground Remarks

K201 . . -4Pin 8 +23 to +28 Power switch at TRANSMIT

K202 . . .-{Piné 22.8 to 26.2 K202 operated

K202 . .-1Pin8 22.8 to 25.2

2201 __ .-{Pins 8 and 9 6.7 rms to 7.3 rms V901 filament voltage measured be-

tween pins.
e. Range Unit.
Voltage to ground
Transistor Emitter Collector Base Remarks

Q401 . ... .._{-3t0-T -0.8 to -1.6 -2.6 to -6.6 POWER switch at STANDBY
Q2._.... . .]-08to-18 55 to 60 0.4 to 0.8

Q408 . eed 4.75 to <525 -0.8 to -1.8 -4.26 to -5.26

Q404 __ -0 22t0 25 0.4 t0 0.8

Q405 __ ] 23.8 to 26.2 0

Q06 __. _. . __|04¢t01 2.15 to 2.66* 0.8 to 2 POWER switch at TRANSMIT
(771 ¢ . -1 to -3 22.8 to 26.2* 0.4to1*
sMeasure with respect to jack J408.

f. IF Amplifier Unit.

Voitage to ground

Transistor Emiteer Collector Base 1 Base 2 Remarks

Q501 ... ._|-04t0-1 18.8 to 21.2 0 -0.3 to 0.8 POWER switch at
Q602.  _|-0.4to-1 18.8 to 21.2 0 0.3 to 0.8 TRANSMIT.
Q5608 . 404 to 1 18.8 to 21.2 0 -0.3 to 0.8 Adjust VOLUME con-
QS04 . __[-0.4to-l 18.8 to 21.2 0 0.3 to 0.8 trol for age voltage
Q606 .. __|-04to1 18.8 to 21.2 0 0.3 to 0.8 of -3 volts.

Q605 ... __|-0.8t0~1.9 1.6to 8.6 0.7 to 1.2 0.7 to-2.0

Q507" = ._{17t0 20 10.5 to 19.6 1.5 to 8.5

Q508 _....__|s.1 to 6.1 0 5.1 to 5.9

sOoanect a l.“t-,“l capacitor between the negative side of capacitor 0836 (flg. 8-18) and ground when taking voltage measurements at trans-

fstors Q06 and Q507.
g. Audio Unit.

Voitage to ground
Transistor Emitter Collector Base Remarks

Q60 __________| 0.3 to 0.8 8 to 17 0.9 to 1.6 POWER switch at TRANSMIT
Q602 __________|0to £1 15 to 25.2 0to 1

Q603 o ——-__]0 to 21 -12 to -20 Oto =1

Q604 .. -4-0.2 to 1.3 -1.6 to ~11 0.7 to 2

Q606 . _.._._| 10 to -6 -19 to -21 1to 6.5

Q608 . _____12t05° -80 to -160 2.6 to 6*

Q607 . _____]05t08 2to 22 1.5 to 8.5°

Q609 __________10.3t0 08 8 to 17 0.9 to 1.6
sMeasure with respect to -180-volt supply.

A. Afec Unit.

Volitage to ground

Transistor Emitter Collector Base 1 Base 2 RPemarks
Q701 _____]-0.4 to -1 22.8 to 26.2 0 0.3 to 0.8 POWER switch at
Q702 _____|-04 to -1 22.8 to 26.2 0 0.8 to 0.8 STANDBY.
Q708 ——__J11to 21 22.8 to 25.2 10 to 20

Q704 .._-J4 t0 9.5 12 to 18 5 to 10

Q705 _..._J0 22.8 to 26.2 0

3_‘-
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1. Power Converter Unit.

TB1 (terminals) Voltage to ground Remarks
1 22.8 to 26.2
5 137 to 262
3 237 to
4 2297to 271 Pin 4 voltage adjusted by
6 114 to 126 external power source,
6 22.8 to 25.2
7 0 Ground potential
8 0
9 =19 to =21
10 =140 to =158 _ .
11 12 to 13.2 peak to peak Measure with respect to pin 12
12
18 13 to 14.5 peak to peak Measure with respect to pin 14
14
16 19 to 27.5 Dependent on external power source
j. Strobe Unit.
Voltage to ground
Transistor Emitter Collector Base Remarks
Q1001 .4 to 0.8 with -19 to -20 0 to —16 maxi- POWER switch at STANDBY
respect to base mum sweep.
Q1001. -5to -11
sweep.
Q1002 .4 to 0.8 with -19 to -20 0.4 to 0.8 with STROBE switch at LONG
respect to base respect to base
of Q1002. of Q1001.

3-5. Waveform Analysis

a. Waveforms may be observed at various
test jacks and at other significant points in the
circuits of the radar set by using Oscilloscope
AN/USM-281 or equivalent. Detailed instruc-
tions for operating the oscilloscope are included
with the test equipment. The normal waveforms
that should be obtained at test jacks and at
other significant points are shown on waveform
illustrations located in each system mainte-
nance paragraph. By comparing observed
waveforms with the normal waveforms, trouble
can sometimes be quickly located.

b. Before comparing the waveforms with the
normal waveforms, carefully read the notes on
the waveform illustrations and exactly dup-
licate the conditions under which the normal
waveforms were obtained. If an observed
waveform does not resemble the normal
waveform, trouble is indicated.

¢. A departure from the normal waveform
indicates trouble between the point at which the
waveform is observed to be normal and the
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point at which the waveform is observed to be
abnormal. For example, if a waveform is
observed to be normal at the grid/base of a
stage, and abnormal at the plate/collector of the
same stage, it is an indication that the trouble
is in that stage.

d. When a waveform at a certain point is
observed to be abnormal, the cause may be the
absence of signal from another unit. The point
at which to start checking waveforms is at the
unit input jack.

3-6. Replacing Parts

Careless replacement of parts often creates new
troubles. When replacing parts, observe the fol-
lowing precautions:

a. Before a part is unsoldered, note the posi-
tions of the leads. If a part, such as a trans-
former or a switch, has a number of connections.
tag each of the leads in order to make the propex
connections when replacing the part. Be careful
not to damage other leads by pulling or pushing
them away.



b. Make well-soldered joints. A carelessly
soldered joint may create a new trouble and is
one of the most difficult troubles to locate. Be
careful not to allow drops of solder to fall into
the equipment; they may cause short circuits.

c. When replacing a part in the RF or IF cir-
cuits, place it in exactly the same position as the
original part. A part that has the same electrical
value but different physical size may cause trou-
ble in high frequency circuits. In such circuits,
use the same type capacitor for replacement and
the same length lead because of the self-resonant
frequencies of different brands of capacitors.
When replacing parts in high frequency circuits,
give particular attention to proper grounding;
use the same ground as in the original wiring.
Failure to observe these precautions when re-
placing parts in high frequency circuits may re-
sult in decreased gain or possibly in unwanted
oscillations.

d. Whenever a part has been replaced, make
any necessary adjustments and check the perform-
ance of the equipment to be sure that the original
trouble has been remedied and that no new trou-
ble has developed in the equipment as a result
of the repair.

3-7. Interlock Switch S1
(fig. 8-1)

The radar set has one interlock switch that opens
when the radome is pulled approximately 1 inch
from the receiver-transmitter center section.
When open, the interlock switch disconnects the

+24-volt external power source input from the -

power converter systems and transmitting system
and also discharges capacitor C6 (fig. 3-1) in the
power converter system.

WARNING
The primary function of the interlock
switch is to protect personnel against in-
jury from voltages greater than 500
volts.

To disable the interlock switch, pull the interlock
switch full forward. When the interlock switch
is disabled, observe the following precautions:

a. Avoid personal contact with all parts of the
radar set as carefully as if you were servicing a
piece of rotating machinery with the safety
guards refoved.

b. Do not permit any part of your body to
make direct contact with the radar set ground
potential.

T™M 11-5840-211-35

¢. Make a habit of keeping both hands in your
pockets or behind your back when making ob-
servations of energized circuits.

3-8. Fuses

Radar Set AN/PPS—4A contains a POWER fuse
and a XMTR fuse. The fuses protect vital cir-
cuits within the radar set. Fuse replacement pro-
cedures are given in TM 11-5840-211-12.

3-9. Testing and Replacing Tubes,
Transistors, and Diodes

a. Tube Testing and Replacement. The tubes
in Radar Set AN/PPS—4A are the magnetron
(V901) in the transmitting system and the klys-
tron (V902) in the receiving system. These tubes
should be tested by observing their performance
in the circuits. If a tube is suspected of being de-
fective, it should be replaced.

b. Testing and Replacing Transistors and
Diodes. Transistors are tested and replaced at
higher category, of maintenance. Diodes however
are checked for forward and backward resistance.
Place the multimeter leads across the diode, then
reverse the leads across the diode. A low resist-
ance reading should be obtained in one direction
and a high resistance reading should be observed
in the reverse direction. Testing of the four-layer
diodes is described in paragraph 38-10.

3-10. Testing Four-Layer Diodes

a. Connect the test apparatus as shown in A,
figure 8-2. Make sure that the variable auto-
transformer is turned to the minimum voltage
position. Set the oscilloscope at external sweep.

b. Apply 115-volt, 50-Hz power to the variable
autotransformer.

¢. Turn the variable autotransformer to in-
crease the voltage until a vertical trace twice
nominal Vg of the diode is obtained on the oscil-
loscope.

NOTE
The oscilloscope trace may be slightly
elliptical because of the unbalance of
capacitance and resistance.

d. Eliminate effects of unbalance by depress-
ing switch S1, and adjusting variable resistor R1'
and variable capacitor C1 to obtain a single verti-
cal line. Release switch S1 and remove the input
power by turning the variable autotransformer to
the minimum voltage position.

3-5
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Figure 3-1. Receiver-transmitter, center section, front side.

e. Depress switch S1 and adjust the variable
autotransformer such that the equivalent vertical
deflection is 1 1/2 times nominal V, of the four-
layer diode under test. Release switch S1.

f. Calibrate the full horizontal deflection of
the oscilloscope for 50 volts.

g. Insert the four-layer diode to be tested, and
depress switch S1. The oscilloscope display
should be similar to that shown in B, figure 3-2.

h. Determine breakdown voltage Vs and hold-
ing current 1. from the oscilloscope display, indi-
cated by the vertical and horizontal traces:

horizontal deflection (volts)

L (ma) =
1,000
t. Release switch S1 and remove the input

voltage by turning the variable autotransformer
to the minimum voltage position.

3-6

3-11. Check and Repair of Power Cable,
Headsets, Telescope Light Cable, and
Telescope

a. Continuity. When measuring for continuity,
the ohmmeter leads sometimes are not long
enough to be connected to the end of the cable.
The following procedure is given as a convenient
method of determining the condition of a cable:

(1) Place a resistor of known value (50,000
ohms or more) from one end of the cable to
ground.

(2) Connect the ohmmeter leads between
the cable and ground at the other end of the
cable.

(8) If the meter indicates approximately
50,000 ohms, the cable has continuity.

(4) If the meter indicates infinite resistance,
the cable is open.
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Figure 3-8. Four-laoyer diods tester.

(6) If the meter indicates zero resistamce, the
cable is shorted to ground.

(6) If the meter indicates much less than
50,000 ohms, but not necessarily zero, the cable
has a dc leakage path to ground.

b. Power Cable.

(1) Using Multimeter TS-852B/U, check
the continuity of the power cable between pin A
on one connector and pin A on the commnector at
the other end of the cable. Repeat the procedure
for pin B.

(2) Damaged connectors may be unscrewed,
pulled back, and disconnected from the cable
with a soldering iron. The two connectors are not
molded but have watertight glands.

(8) If the cable is damaged, replace it with
a new cable.

c. Headset. Using Multimeter TS-852B/U,
check for continuity between pin J and pin K om
plug P102 or plug P108. (The other eight pins
are open.) If there is mo continuity, the headset
is defective. Defective headsets should be re-
placed.

d. Telescope Light Cable.

(1) Place POWER switch S101 in the
STANDBY position.

(2) Depress the TELESCOPE LIGHT but-
ton; if the telescope lamp does not light, replace
with a new lamp. (Refer to the replacement pro-
cedure for the telescope lamp in TM 11-5840-
211-12.)

(8) Depress the TELESCOPE LIGHT but-
ton if the lamp still does not light; check the 2.7-
volt rmss output of the power converter unit (para

7
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8-24). If a 2.7-volt rms level is present, the tele-
scope light cable has a break, or one of its con-
nectors is damaged.

(4) Damaged comnectors may be unscrewed,
pulled back, and disconnected from the cable
with a soldering iron. The two connectors are not
molded but have watertight glands.

(5) If the cable is damaged, replace it with
a new cable.

e. Telescope. Refer defective telescopes to ord-
nance maintenance for repair.

3-12. Parts Substitution

a. Do not substitute parts indiscriminately.
Substitute only when the following conditions
are satisfied:

(1) The trouble has been isolated to a
specific stage.
(2) The tube or transistor has been replaced.

b. When an open capacitor is suspected, con-
nect a known good capacitor of equal value
across the capacitor and check the operation of
the component.

¢. When all other possibilities of trouble are
ruled out, substitute a good part for the one
which is suspected of being defective.

3-13. Intermittents

a. If the operation of @ component is intermit-
tently faulty, the trouble may be impossible to lo-

cate when the component is functioning normal-
ly. Such trouble can often be found by connecting
an oscilloscope to appropriate test points and
lightly tapping each part in the suspected stage
or portion of the component with a nonmetallic
pencil or insulated rod and, at the same time,
watching the oscilloscope. Lightly tap all the
parts, tubes, transistors, and wiring. If the oscil-
loscope presentation remains normal, repeat the
tapping process at adjoining stages.

b. Intermittent operation can be caused by
loose connections, broken wires, or parts (in-
cluding tubes and transistors) with internal de-
fects. Sometimes intermittent trouble can be lo-
cated by observing erratic behavior of one of the
controls.

3-14. Special Test Equipment Required but
not Supplied With Radar Set AN/PPS—

4A

The following chart lists the special test equip-
ment that is not supplied with Radar Set AN/
PPS—4A, but is required to maintain the radar
set. The chart also lists a reference that covers
each item and gives a brief description of the use
of each item.

NOTE
Certain items of special test equipment
listed in the chart below may be avail-
able in Maintenance Kit, Electronic
Equipment MK-541/PPS—4.

Test equipment Reference Use

Afc Unit Bench Test Cable ___________| Para 8-16 To connect afc unit to center section

CX8121/FPFS=, mounting plate.

Audio Unit Bench Test Cable ___.______] Para 8-15 To connect audio unit to center section

CXx8123/PPS-4 mounting plate.

{F Amplifier Unit Bench Test Cable ___| Para 8-15 To connect IF amplifier unit to center

CX8124/PPS=, section mounting plate.

Power Converter Unit Bench Test Para 8-18 To connect power converter unit to

Cable. CX8122/PPS~/, center section mounting plate.

Range Unit Bench Test Cable .._._.___| Para 3-15 To connect range unit to center sec-

CX8119/PPS~4, tion mounting plate.

Transmitter Unit Bench Test Cable .___{ Para 83-16 To connect transmitter unit to center
section mounting plate.

IF Amplifier Unit Alignment Cover ___J Fig.:3-3 To provide access to tuning adjust-
ments for gain and bandwidth ad-
justment procedures and trouble-
shooting in the LF amplifier unit.

Terminated Test Cable . _....__]Para 8-15 To apply a signal to IF amplifier unit

% between stages during alignment.
wgmwcwcupm...m Para 315 To connect afc crystal jack J907 on
=L microwave unit to dc meter for
measurement of crystal current.
Clip Leads To extend multimeter leads for making
voltage measurements where conven-
fent.
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Test equipment Reference Use
% Coaxial Cable BNC to Banana Plug ___| Para 8-15 To connect sweep generator to variable
CX8117 /PPS- 4 attenuator for IF amplifier unit
" ate alignment and troubleshooting.
Unit to IF Amplifier Unit Test Para 8-48 To connect range mark circuit between
Cable. CG2/96/PPS=/, , IF amplifier unit and afc unit,
when one of these units has been
removed from center section during
troubleshooting.
* Oou‘lal ‘Cable with Amphenol Con- Para 3-18 To troubleshoot IF amplifier unit
Dectors (male-female). CG2497/PF and/or transmitter unit, and to
S=/ connect blanking pulse from the
tranamitter unit to the IF amplifier
unit input.
% Coaxial Cable with Amphenol Con- Para 3-15 To troubleshoot IF amplifier unit
dectors (female-female). CX8120/ ’ and/or range unit.
PPS-/ ‘To connect IF amplifier unit to the
range unit.

Corner Reflector TM 11-5840-Q11-12 To conduct radar performance test.

Dummy Mixer Fig. 34 : To align and troubleshoot afc unit
and IF amplifier unit.

Four-Layer Diode Tester ......___| Para 810 To test four-layer diodes CR608 of
the audio unit, CR1002 of the
strobe unit, CR204 of the trans-
mitter unit.

¥ Coaxial Cable Uhf to Banana Plug ____J Para 8-16 To connect the sweep generator to
CX8116/FPPS=4 the horizontal input of the oscillo-
scope for IF amplifier unit align-
ment and troubleshooting.

Ground Plane 4-foot by 8-foot sheet of copper, To provide a ground for units being
'1/18 inch thick, Sise is dependent tested.
upon placement of test equipment
and sise of work area.

Group 'Strap Birnbach Co., No. 868 or equivalent. To cannect test equipment and IF
Length dependent upon arrange- amplifier unit to ground plane.
ment of test equipment.

Insulated Tuning Tools: ,

Tool A Cambridge Thermionic Corporation, To make tuning adjustments for the
Part No. 2280. afc unit.

Tool B Cambridge Thermionie Corporation, To make tuning adjustments for the
Part No, 2088. IF amplifier unit.

Plugs for Tip Jacks : Herman H. Smith, Inc. Part No. To permit access to test jacks with a
900 or equivalent. voltmeter for voltage measurements

and with an oscilloscope for wave
form analysis.

Repair Patchcord Para 8-48 To connect plug P101 to jack J101
when the control panel is separated
from the receiver-transmitter center
section.

Small Phone Plug and Wire ___________| Herman H. Smith Inc., Part No. 480 To provide a connection between

or equivalent. No. 22 wire, 2 feet crystal current jacks on the IF am-
long. plifier unit and a dec meter.

To permit measurement of crystal
current during system alignment
and troubleshooting.

Control Panel Support Fixture _______J] Fg. 8-6 To prevent damage to control panel
when separated from the radar set.

Test Capacitor Ceramic 1,000-p2f capacitor with To align and troubleshoot the IF

alligator clips soldered to each amplifier unit.
Jead.
J

*Part of MK-541/PPS-/ Change 4 ( 3-°
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UNIT -AS

r'd

Test equipment Reference Use
Test Resistor Carbon, 33,000 ohms, .1/4 watt To provide isolation between test
point E2 on the IF amplifier unit
and the oscilloscope during IF
amplifier unit alignment and
troubleshooting.
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EL5640-211-35-TM-41
Figure 3-3. IF amplifier unit alignment cover.

< outrur  3-15. Fabrication Information for Special

Cables
The following chart lists the special cables re-

L

3603 I
' il

T

PPS-4A and provides the necessary information

]: 1 quired for testing and aligning Radar Set AN/
- Ve

360 ® for fabricating the cables. Certain cables listed in
INPUT 6 wh < outpuT the chart below may be available in Maintenance
o2 Kit, Electronic Equipment MK-541/PPS—4.
< NOTE NOTE
UNLESS OTHERWISE SHOWN
1 rcsisrons wme w onus All conductors are connected between
ELS840-211-35-TM-42 corresponding pins of connector 1 and
Figure 3-4. Dummy mizer, schematic diagram connector 2, and must be protected at
) ’ ) each pin termination with a 1/2-inch
length of sleeving.
Conncctors
Special eable Conductors 1 2
Afc Unit Bench Test Cable ________ L 7 conductors, No. 20 hookup wire. SM-D-336968-9 SM-D-337008-9
MIL-W-16878, type E, 18 inches

Audio Unit Bench Test Cable ______ |

IF Amplifier Unit Bench Test
Cable.

3-10 Change 4

long.

14 conductors, No. 20 hookup wire; |SM=D=10 8M-D-1022720-16
MIL-W-16878, type E, 18 inches 16 1022720-
long.

7 conductors, No. 20 hookup wire;  |SM-C- 336900-09 SM-C-836727-9
MIL-W-16878, type E; 18 inches ’
long.
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Connectors

Special cable Conductors

1

5985-00-729-0862 J701
6936-00-756—3426 P601
59356-00-764-8787 P501
5936-00-687-2205 J801
5986007663432 J401
5936-00-754-8727 J201
6936-00-866-3010 J101
5380-00-660-9476

5380-00-640-9476

5935-00-058-1641 P701
5986-00-736-8438 J601
5985-00-828-0769 J501
5935-00-474-6109 P801
69356-00-756-3431 P401
5935-00-828-0769 P201
5985-00-617-8265 P101
5985-00-656—4186 J206
5830-00-640-9476

Change 4

3-10.1






T™ 11-5840-211-35

Connectors
Special cable Conductors 1 2
Power Converter Unit Bench Test 24 conductors, No. 20 hookup wire; | SM-D-336776-36 SM-C-336865-36
Cable. MIL-W-16878, type E; 18 inches
long.
Range Unit Bench Test Cable ... L 9 conductors, No. 20 hookup wire; SM-D-336958-8 SM-D-337008-3
MIL-W-16878, type E; 18 inches
long.
Transmitter Unit Bench Test Cable | 9 conductors, No. 20 hookup wire; SM-C-836900-9 SM-C-336956
MIL-W-16878, type E; 18 inches
long.
Repair Patcheord 97 conductors, No. 20 hookup wire; | SM-C-336856-650 SM-D-336776-50
MIL-W~16878, type E; 18 inches
long.
Coaxial Cable with Aniphenol RG-166/U, MIL~C-17B; 18 inches | SM-D-336969 SM-D-336956
Connectors (male-female). long.
Coaxial Cable with Amphenol RG-196/U, MIL-C~17B; 18 inches | SM-D-336969 SM-D-336959
Connectors (female-male). long.
Afc Unit to IF Amplifier Unit RG-62/U, MIL-C-17B; 18 inches MS-85170 MS-35171
Test Cable. long.
Coaxial Cable BNC to Banana Plug | RG-62/U, MIL-C-17B, 18 inches BNC (male) General Radio Co.,
long. Type 274-MB.
Coaxial Cable BNC to Clip Leads __] RG-62/U, MIL-C-17B, 18 inches BNC (male) Figure 3-6
long.
Terminated Test Cable ____________ L RG-68A/U, 2 feet long. Refer MS-35168 Refer to B, figure
to A, figure 3-17. 8-1.
Coaxial Cable Uhf to Banana Plug _J. RG-62/U, MIL-C-17B, 18 inches Amphenol, 83-1SP General Radio Co.,
long. Type 274-MB.
lo— § —ote—— § —ote— § —o /Q
C—13
: i \/
|
! l g
] 1]
NOTES
I. TO BE FASRICATED FROM
3/4-INCH PLYWOOD.
—" fo— 1-1/2 = 3-¥4 |- 2. ALL DWMENSIONS IN INCMES.
3. SIDES AND BOTTOM OF EACH
SHELF LINED WITH SPONGE
RUBBER GLUED TO PLYWOOD
7 T
7 [}
(:/ 1--_1T l
] C _ ] ELB840-211-35-TM-43

Figure 3-5. Control pansl support fizture.
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e BNC
o/
i RG-S8A/U

@ 18 INCHES LONG

Fm———————

WIRE, NO. 22

ALLIGATOR CLIPS
EL5840-211-35-TM-44

Figure 3-6. Coaxial cable BNC to clip leads.

TEST LEADS, WIRE, NO. 22
[c— 2 reer—.l
ALLIGATOR CLIPS
RG-58A/U
l}\
MS -35168 \couuscron

A. CABLE, BNC TO CLIP LEADS, TERMINATED IN
50-OHM RESISTOR

FILL WITH EPOXY RESIN
OR SILICON RUBBER

/SOLDER

50-0HM
1/2- WATT RESISTOR

N

I

oo Ws. !

BRASS OR COPPER
SHELL

4

7%

zc.
)

Z,

22277,

N

TEST LEADS, WIRE, NO. 22

ALLIGATOR CLIP

B. DETAILED DRAWING OF CONNECTOR
ELS840-211-35-TM-45

Figure 8-7. Terminated test cable.

3-16. Troubleshooting Based on Starting
Procedures

a. General. Troubleshooting based on starting
procedures will aid in detecting the cause of ab-
normal operation of Radar Set AN/PPS—4A.
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b. Preliminary Checks and Adjustments.

(1) Additional damage may be caused if
power is applied to equipment in which a com-
plete or partial short circuit exists. When any of
the following conditions apply, check for short
circuits before applying power to the radar set:

(a) A replaced fuse has blown.

(b) Smoke observed.

(¢) Overheated parts observed or smelled.

(d) Abnormal symptoms reported from
operational tests indicating the possibility of a
partial or complete short circuit.

(2) Check the input power cable.

(8) Set the control panel switches as fol-
lows:

(a) POWER switch S101 at OFF.
(b) VOLTAGE ADJ switch S102 at posi-
tion 1.
(¢) STROBE switch S105 at OFF.
¢. Removal and Replacement of Control Panel.

(1) In order to perform items 11 and 12 of
the troubleshooting chart, it is necessary to re-
move the control panel from the receiver-trans-
mitter. Proceed as follows: set the POWER
switch at OFF; release the four trunk-type
latches that secure the control panel to the re-
ceiver-transmitter, and remove the control panel.

NOTE
Jack J101 on the receiver-transmitter
and plug P101 on the control panel are
separated when the control panel is re-
moved.

CAUTION

Care should be taken in handling the
control panel to prevent damage to me-
ter M101 (fig. 8-8), strobe unit, and
exposed wiring. Set the control panel in
an upright position and secure it in
place with the support fixture. Connect
the repair patchcord between piug P101
at the bottom portion of the control
panel (fig. 3-8) and jack J101 at the
bottom of the receiver-transmitter cen-
ter section (fig. 8-9). Use an oscillo-
scope at the test points indicated, and
synchronize the oscilloscope from jack
J1 of the range unit.

NOTE
In order to synchronize the oscilloscope,
the radar set POWER switch must be set
at TRANSMIT or RANGE.

(2) After completion of the troubleshooting
procedures, perform the following procedures to
reassemble the control panel to the receiver-trans-
mitter.



(a) Make sure that the POWER switch is
set at OFF. Remove the repair patchcord be-
tween plug P101 on the control panel (fig. 8-8)
and jack J101 on the receiver-transmitter center

section (fig. 3-9).

TM 11-5840-211-35

(b) Install t%e control panel on the re-
ceiver-transmitter by aligning the locating pin at
the bottom of the control panel with the corre-
sponding hole at the bottom of the center section
and fastening the four trunk-type latches that se-
cure the control panel in place.

Probable trouble; checks; and corrective measures

Item Trouble symptom
1 RANGE EXTENSION METERS meter
needle indicates zero or below half-

scale deflection when the POWER switch
is at TRANSMIT, STROBE switch is

at OFF, VOLUME ADJ switch is at posi-
tion 1 and the BATTERY TEST button
is depressed and held after a delay of

90 seconds.

2 After 90-second delay, the RANGE EX-
TENSION METERS meter needle indi-
cates less than 100 meters and no

sound is heard in the headsets when the
RANGE METERS indicator is set at
8,000 meters and VOLUME control is
rotated to full clockwise position.

3 RANGE EXTENSION METERS meter
needle does not deflect when range
calibration procedures (TM 11-5840-
211-12) are performed.

a. Defective external power supply. Set the VOLTAGE
ADJ switch at positions 2 through 7 in progressive
steps until the meter needle indicates in center
of red zone. Check external power source; if
battery is being used, it may be discharged.

b. Defective POWER FUSE F102. Replace the blown
POWER FUSE (TM 11-5840-211-12),

e. Defective interlock switch S1. Check the interlock
switch S1 (para 3-25).

d. Defective power cable or connections. Check for
continuity and for proper mating.

o. Defective power converter unit. Check +24-volt
output of power converter unit. If +24-volt
output is not present, refer to the power converter
troubleshooting chart (para 3-24).

/. Defective meter circuit. Check meter circuit compo-
nents R1005, R1019, R1006, CR1008, CR1007 in
the strobe unit and meter M101. Replace faulty
resistors or diodes. If meter M101 is defective,
refer the control panel to higher category of
maintenance.

Potentiometer R615 in the audio unit out-of-adjustment.
Perform threshold adjustment (para 3-51). If
symptoms persist, refer to agc system troubleshooting
chart (para 3-23), receiving system troubleshooting
chart (para 3-19), or ranging system troubleshooting
chart (para 8-21). If corrective action corrects meter
needle indication but no sound is heard in the head-
sets, refer to the audio system troubleshooting chart
(para 3-22). If corrective action provides sound in
the headsets, but does not correct the meter needle
indication, check meter M101. Check the strobe unit
of the ranging system; refer to the ranging system
troubleshooting chart (para 3-21). If the rushing
sound heard in the headsets varies approximately 5
Hz, refer to afc system troubleshooting chart (para
8-20).

a. Potentiometer R615 out-of-adjusiment. Perform

threshold adjustment .(para 3-51).

b. XMTR FUSE F101 blown. Replace blown XMTR
FUSE F101.

¢. Afc system out-of-adjustment. Perform afc system
adjustments (paras 8—40 and 3—41).

d. Defective range mark circuit in afc system or no
sweeping action, Refer to afc system troubleshoot-
ing chart (para 3-20).

o. Defective agc system. Refer to age system trouble-
shooting chart (para 3-23).

/. Defective power cable or connections. Check power
cable for continuity (TM 11-5840-211-12) and
for proper mating.

9. Defective ranging system. Refer to ranging system
troubleshooting chart (para 8-21).
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Item Trouble sy:nptom

Probable trouble; checks; and corrective measurcs

4 RANGE EXTENSION METERS meter
needle deflection is very small when
range calibration procedures (TM
11-5840-211-12) are performed.

5 No moving target sounds heard in
headsets during radar performance test
(TM 01-5840-211-12).

6 RANGE EXTENSION METERS meter
needle does not advance from 0 +50-
10 meters to 500 +10-50 meters in 4 to
6 seconds when the POWER switch is
at TRANSMIT, the STROBE switch is
at SHORT, and the RANGE METERS
indicator is set to approximately

5,000 meters.

7 RANGE EXTENSION METERS meter
needle does not advance from 0+50-

10 meters to 500 + 10-60 meters in 8 to
12 seconds when the POWER switch

is at TRANSMIT, the STROBE switch is
at LONG, and the RANGE METERS
indicator is set to approximately 5,000
meters.

8 RANGE EXTENSION METERS meter
and RANGE METERS indicator lamps
do not light or vary in brightness

when the PANEL LIGHTS switch is
rotated clockwise.

9 Tripod lamps do not light and vary in
brightness when the TRIPOD LIGHTS
switch is rotated clockwise.

3-14

a. Afc system out-of-adjustpent. Perform afc system
adjustments (paras 3-40 and 3—41).

b. Defective afc system. Refer to the afc system
troubleshooting chart (para 3-20).

a. Defective audio system. Refer to audio system
troubleshooting chart (para 3-22).

b. Defective afc system. Refer to afc system trouble-
shooting chart (para 3-20).

o. Defective receiving system. Refer to receiving system
troubleshooting chart (para 3-19).

d. Defective ranging system. Refer to ranging system
troubleshooting chart (para 3-21).

e. Defective tranamitting system. Refer to transmitting
system troubleshooting chart (para 8-17).

" a. Potentiometer R1025 in the strobe unit out-of-ad-

justment. Perform RANGE .EXTENSION ME-

. TERS meter zero adjustment R1025 (para 8—44).

b. Potentiometer R10U7 in the strobe unit out-of-ad-
justment. Perform strobe amplitude adjustment
(para 3—45).

o. Potentiometer R1004 in the strobe unit out-of-ad-
justment. Perform strobe period adjustment
(para 3—45).

d. Defective STROBE switch S105. Check contacts of
STROBE switch S106. If defective, remove and
replace the control panel. Refer the defective
control panel to higher category of maintenance.

e. Defective meter M101. Check for defective meter
M104. If defective, remove and replace the control
panel. Refer the defective control panel to higher
category of maintenance.

/. Defective ranging system. Check strobe unit of
ranging system; refer to ranging system trouble-
shooting chart (para 8-21).

Same as item 6 above.

a. Defective lamps. Replace the defective lamps (TM
11-5840-21112).

b. Defective resistor R104 or control knob. Check
resistor R104, control knob, and switch 8107,

If defective; remove and replace the control panel.
Refer the defective control panel to higher
category of maintenance.

¢. Defective power converter system. Check 2.7-volt rms
output of the power converter system at pin 10 of
connector J101. If not present, refer to the power
converter system troubleshooting chart (para
3-24).

a. Defective lamps. Check for defective lamps. Replace
the defective lamps. If wiring is defective, remove
and replace the control panel (para 3-59). Refer
the defective control panel to higher category of
maintenance.

b. Defective resistor R108 or control knob. Check
resistor R106, control knob, and switch S108. If
defective, remove and replace the control panel
(para 3-59). Refer the defective control panel to
higher category of maintenance.

¢. Defective tripod lamp cable or connection. Check
tripod cable and connections.
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Trouble symptom

Probable trouble; checks; and corrective measures

glf

Telescope reticule does not illuminate
when the TELESCOPE LIGHT button
is depressed.

aa Either no waveform is observed on oscil-
loscope or range gate waveform ob-
served on oscilloscope does not move
when STROBE switch (s at OFF, and
RANGE CONTROL handwheel is
rotated. -(Oscilloscope is connected

to J404 on range unit.)

12 Less than 10 rangemarks appear on
oscilloscope with POWER switch at
RANGE and oscilloscope connected
at J404 on range unit.

a. Defective telescope lamp. Check telescope lamp; re-
place if defective (TM 11-5840-211-12).

b. Defective telescope lamp cable or connection. Check
for proper mating of lamp cable connector.

o. Defective TELESCOPE LIGHT switch 8108. Check
switch S108. If defective, remove and replace the
control panel (para 3-659). Refer the defective
control panel to higher category of maintenance.

a. Wiring or range unit defective. Refer to ranging
system troubleshooting chart (para 3-21).

b. Defective potentiometer R103. Check potentiometer
R108. If defective, remove and replace the con-
trol panel (para 3-69). Refer the defective control
panel to higher category of maintenance.

o. Defective potentiometers R101, R102, and R107, or
resistor R108. Check potentiometers R101, R102
and R107 and resistor R108. If defective, remove
and replace the control panel (para 8-59). Refer
the defective control panel to higher category of
maintenance.

a. Afc system out-of-adjustment. Perform afc system
tuning adjustment (paras 3—40 and 8—41).

b. Defective receiving system. Refer to receiving system
troubleshooting chart (para 3-19).

3-17. Transmitting System Troubleshooting

WARNING
Extremely dangerous voltages exist in
the transmitting system of Radar Set
AN/PPS—4A. High voltages are de-
veloped in pulse unit Z201, on magne-

tron V901, and on the cable connecting
the magnetron with the pulse unit.

a. D¢ Resistance of Transformers, Coils, and
Relays in Transmitting System. The following
chart lists the transformers, coils, and relays in
the transmitting system:

De resistance
Transformer, coll, or relay (fig. No.) Terminals (ohms)

K201 3-14 2-38 160 max
K202 314 1-8 16K max
Z201 charging choke 314 5-10 120 max
Z201 pulse transformer, primary -— 2-8 0.02 max
Z201 pulse transformer, secondary —_______._____ . - 1-8 2.10 max
Z201 bifilar secondary (II) - 3-9 2.2Q max
Z201 range trigger winding - 411 0.02 max

b. Transmitting System Waveforms. Wave-
forms obtained during performance of trouble-
shooting procedures should be as flustrated in
figure 3-11. If the desired waveform is not ob-
tained, proceed as directed in the troubleshooting
procedures.

WARNING
Before following the procedure below,
check to see that POWER switch S101
is in the OFF position.

¢. Preparation of System Components for
Troubleshooting. To make the transmitting sys-
tem accessible for troubleshooting or alignment—

(1) Release the four trunk-type latches that
fasten the control panel on the receiver-transmit-
ter, and remove the control panel.

CAUTION

Care should be taken in handling the

control panel to prevent damage to me-

ter M101, the strobe unit, and exposed

soldered connections.

(2) Place the control panel in the support
fixture.

(8) Connect the repair patch cord between
plug P101 on the control panel and receptacle
J101 on the rear of the center section.
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Figure 3-8, Strobe unit on rear of control panel.

(4) Release the four trunk-type latches that
fasten the front section (radome) on the receiver-
transmitter, and remove the radome.

CAUTION
Care should be taken to prevent denting
the reflector or damaging the dipoles of
the antenna feed.

(5) Disable interlock swhch S1 (fig. 8-1)
by pulling the interlock shaft to the full forward
position. Refer to the warning notice in para-
graph 8-7.

(6) Remove the cover of the transmitter
unit by unscrewing four binding head screws, and
lifting off the cover (fig. 8-12).

(7) Remove the antenna feed assembly (fig.
8-1) from hybrid waveguide assembly No. 1 by
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removing the four No. 8-32 x 1/2 binding head
screws and four No. 8 lockwashers from the an-
tenna feed assembly flange.

(8) Secure the dummy antenna to the flange
of hybird waveguide assembly No. 1 with the
four No. 8-32 x 1/2 binding head screws and
four No. 8 lockwashers removed in (7) above

NOTE
When it is necessary to make voltage
measurements in the transmitter unit,
perform (9) below.

(9) Remove the transmitter unit from the
center section of the receiver-transmitter (para 8-
61). Connect the transmitter bench test cable be-
tween plug P201 on the transmitter unit and jack
J201 (fig. 3-13) on the center section mounting
plate.
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Figure 3-9. Receiver-transmitter, center section, rear side.

d. Transmitting System Troubleshooting Chart.

WARNING
Extremely dangerous voltages exist in the transmitting system. Positive 270 volts exists at
pulse unit Z201 and at modulator A201. Voltages from 300 to 5,000 volts are developed in
pulse unit Z201.

Rem Trouble symptom Probable trouble; checks; and corrective measures
1 No waveform (A, fig. 8-11) at pin 2 a. Defective power converter system. Check for +24
of modulator A201 on the transmitter volts at local oscillator circuit board (fig. 3—-13).
unit with POWER ewitch at TRANSMIT If +24 volts is not present, check for +24 volts at
and STROBE switch at OFF. terminal 6 of TB1 in the center section (fig. 3—-

17



TM 11-5840-211-35

Item

Trouble symptom

Probable trouble; checks; and corrective measures

3-18

Warning: Set POWER switch at STAND-
BY for the following checks in item 2.

No waveform (B, fig. &-11) at J208 on
transmitter unit with POWER switch
at TRANSMIT and STROBE switch at
OFF.

Pulse width is greater or less than 0.2
+0.02 usec of 50% points at directional
coupler J908 (fig. 3-1) with POWER
switch at TRANSMIT and STROBE
switch at OFF.

18). If +24 volts is not present, refer to power
converter system troubleshooting chart (para
8-24).
b. Check for +24 volts at pin 1 on modulator A201.
If +24 volts is not present, check for +24 volts at
pins 1 and 8 of relay K202, If not present proceed
to ¢ below.
¢. Defective relay K201 or K202. Check relays K201
and K202. If defective, remove and replace the
transpitter unit (para 8—61). Refer the defective
transmitter unit to higher category of maintenance.
d. Defective modulator A201. Check waveform at pin
8 on modulator A201 (negative 2 volts, 5 usecs
wide at baseline). If satisfactory results were ob-

* ¢ tained in a, b, and ¢ above and no waveform is
present, remove and replace the tranamitter unit
(para 8-61). Refer the defective transmitter unit
to higher category of maintenance.

a. Blown XMTR FUSE F101. Check XMTR FUSE
‘F101; replace ¥ necessary.

b. Defective power converter system. Check for +270
volts at pin 5 on Z201. If not present, check for
+7270 volts at terminal 4 of TB1 in the center
section. If not satisfactory, refer to the power

.converter system troubleshooting chart (para
8-24).

¢. Defective diode CR208. Check diode CR208 in trans-
mitter unit. If defective, remove and replace trans-
mitter unit (para 8-61). Refer defective transmit-
ter unit to higher category of maintenance.

d. Defective capacitor C216. Check capacitor G216 for
voltage breakdown. If defective, remove and re-
place transmitter unit (para 3—61). Refer defective
transmitter unit to higher category of maintenance.

¢. Defective transformer or winding in pulse unit Z201.
Perform resistance checks on pulse unit Z201
(a above). If defective, remove and replace trans-
mitter unit (para 3-61). Refer defective transmit-
ter unit to higher category of maintenance.

f. Defective modulator A201. If defective, remove and
replace transmitter unit (para 8-61). Refer defec-
tive transmitter unit to higher category of
maintenance.

g. Defective pulse unit Z201. Remove and replace the
transmitter unit (para 8-61). Refer the defective
transmitter unit to higher category of maintenance.

a. Defective power converter system. Check for +270
x1 volts at terminal 4 of TB1 in the center sec-
tion. If not satisfactory, refer to the power con-
verter system troubleshooting chart (para 38-24).

b. Potentiometer R207 out-of-adjustment. Check for
+0.4 to +1.7 volt at jacks J204 and J205 on the
transmitter unit. If voltage is not correct, adjust
potentiometer R207 to obtain proper pulse width
(para 3-32).

e. Defective pulse unit Z201. Remove and replace the
transmitter unit and refer the transmitter unit
to higher category of maintenance for repair. If
replacement of the transmitter unit does not cor-
rect the trouble, proceed to step d below.

d. Defective magnetron V901. Replace magnetron V901
(para 3-67).
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Trouble symptom

Probable trouble; checks; and corrective measures

Power output is greater or less than 27-
80 dbm at directional coupler J908
with POWER switch at TRANSMIT
and STROBE switch at OFF.

Pulses are missing in the frequency
spectrum with 10-MHsz bandwidth when
the POWER switch is at TRANSMIT
and the STROBE switch is at OFF.

No waveform (C, fig. 8-11) at the junc-
tion of CR206 and C206 (fig. 8-14)
on rear of circuit board with the
POWER switch at TRANSMIT and the
STROBE switch at OFF.

a. Pulse repetition rate unsatisfactory. Perform pulse
repetition rate adjustment (para 8-82).
b. Defective magnetron V901. Replace magnetron V901
(para 8-67).
Defective magnetron V901. Replace magnetron V90l
(para 8-67).

a. Defective transistor Q201. Remove and replace the
transmitter unit (para 3—61). Refer the defective
transmitter unit to higher category of maintenance.

b. Defective pulse unit Z201. Check output at jack
J208 (fig. 8—12) with oscilloscope. A negative
waveform 54 to 70 volts in amplitude, should be
Ppresent. If waveéform is not present, remove and
replace the transmitter unit. Refer the transmitter
unit to higher category of maintenance.

3-18. RF System Troubleshooting

a. General. The RF system troubleshooting chart is based on operation of the radar set in an area

having stationary targets at close range.

Rem Trouble symptom Probable trouble; checks; and corrective measures
1 Target echoes from the close stationary Defective dual-channel limiter. Replace the dual-
targets are extremely weak. channel limiter (para 3-68).
2 ‘Crystals CR901 and CR902 buraed out ______{. Defective dual-channel limiter. Replace the dual-

Target echoes are weaker than those
normally obtained.

channel limiter (para 8-08) and crystals CR901 and
CR902 (para 8-69).

a. Low magnetron output. Refer to transmitting system
troubleshooting chart (para 3-17).

b. Misalignment of afc system. Refer to afc system
troubleshooting chart (para 8-20).

0. Defective or unbalanced signal mixer crystals. Refer
to receiving system troubleshooting chart (para
8-19).

d. Damaged antenna feed assembly. Replace antenna
feed aseembly (para 3-68).

¢. Foreign matter in RF system waveguide. Disassemble
and clean RF system (para 8-68).

/- Misaligned or defective signal IF amplifiers. Refer
to receiving systems troubleshooting chart (para
8-19).

3-19. Receiving System Troubleshooting

a. Controls and Adjustments. The folowing chart lists the controls and adjustments that are func-

tional parts of the receiving system:

Coatrols and adjustments (m Funetion
L5268, L5626, L5234, L5238, L5a2, 3-16 Primary tuning inductors for IF
L8510, L507. amplifiers.
L521, L5865, L5386, 16537, 1538, L589 _.__| 3-16 Secondary tuning inductors for IF
amplifiers.
538, Cs28, Ctia4, €531, 0815, C676 ] 3-18 Variable coupling capacitors for IF
amplifiers.
Cs88 818 Secondary tuning eapacitor for IF
amplifiers.
Tuning knob of klystron V903 ...._._.J8-1 Adjusts the sige of the cavity in the
headsets.
VOLUME control R105 . ______.__. 3-8 Adjusts level of signal heard in
T™ 11-5840-211-12 headsets.
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Figure $-10. Waveforms for troubleshooting based
on starting procedures.

b. Normal Indications at Receiving System
Test Jacks. Test jacks J506 and J507 (fig. 3-8)
provide a means for measuring the current for
signal mixer crystals CR901 and CR902. The nor-
mal current measured (crystal current sweeps) is
between 0.5 and 1.0 milliampere at each test jack.
In-lock current is variable with the position of
the range gate.

3-20

A. PIN 2, MODULATOR AZ20I
2V/VERTICAL DIVISION
80 USEC/HORIZONTAL DIVISION

8.J203
100 V/ VERTICAL DIVISION
80 USEC/HORIZONTAL DIVISION

C. E213
I0V/ VERTICAL DIVISION
80 USEC/HORIZONTAL DIVISION

EL5840-211-35-TM-49
Figure 3-11. Transmitting system waveforms.



Figure 3-12. Transmitter unit, cover attached.

¢. Dc Resistance of Coils. The following chart
lists the coils in the receiving system, references
a figure that shows the location of each, and
gives the dc resistance of every winding:

Location Maximum de
Cotl (fig. no.) resistance (ohms)
L501 through LB11 3-16 1
L513, L5614 3-16 1
L5156 through L520 3-17 1
L521 through L526 3-16 1
L529 through L532 816 1
1535 through L539 3-16 1
L5638, 1584, L5410 3-16 b
L1, L544 3-16 6
1542, 16548 3-17 1

d. Waveforms. Figures 8-19 and 8-20 illus-
trate waveforms for a normal receiving system.

e. Preparation of System Components for
Troubleshooting.

(1) The receiving system consists of the
components in the IF amplifier unit, the klys-

TM 11-5840-211-35

tron, and the signal mixer crystals. The IF am-
plifier unit is located on the rear of the center
section of the receiver-transmitter (fig. 3-9). The
klystron and the signal mixer crystals are at-
tached to the microwave assembly which is lo-
cated on the front section of the receiver trans-
mitter (fig. 3-1).

WARNING
Before following the procedures de-
scribed below, make sure that the POW-
ER switch is in the OFF position.

CAUTION
Care should be taken in handling the
control panel to prevent damage to me-
ter M101, the strobe unit, and exposed
soldered conmections.

(2) To make the receiving system accessible
for troubleshooting, proceed as follows:

(a) Release the four trunk-type latches
that fasten the control panel on the receiver
transmitter, and remove the control panel.

CAUTION
Care should be taken to prevent denting
the reflector or damaging the dipoles of
the antenna feed.

(b) Release the four trunk-type latches
that fasten the front section (radome) on the re-
ceiver-transmitter, and remove the radome with
the reflector attached.

(¢) Place the control panel in the support
fixture.

‘(d) Connect the repair patch cord be-
tween plug P101 on the control panel and jack
J101 on the center section.

(e) Disable interlock switch S1 (fig. 3-1)
by pulling the mterlock shaft to the full forward
position. Refer to warning notice in paragraph
3-1.

f. Receiving System Troubleshooting Chart.

Ttem Trouble symptom

Probable trouble; checks; and corrective measures

1 Crystal currents at jacks J506 and J507
on the IF amplifier unit have the same
polarity with the POWER switch at
TRANSMIT.

2 No current at either jack J606 or J507
on the IF amplifier unit with the
POWER switch at TRANISMIT.

Defective crystals CR901 and CR902 in the microwave

gssembly. Remove crystals CR901 and CR902 and
insert crystals designated on the stencil next to the
crystal holder (para 8-68).

a. Plugs P504 and P6505 which terminate the coaxial

cables attached to the IF amplifier unit are not
connected to jacks J905 and J906 on hybrid wave-
guide assembly No. 2 (fig. 3-1). Check to see

that plugs P504 and P505 are properly connected
to jacks J905 and J906.

22
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Item

Trouble symptom

Probable trouble; checks: and corrcctive measures

3-22

Current at only jack J506 or J507 on
the IF amplifier unit with the
POWER switch at TRANSMIT.

Current at jacks J506 and J507 on
the IF amplifier unit is less than
0.4 ma with POWER switch at
TRANSMIT.

b. Defective coaxial cables. Check continuity of coaxial
cables; replace if defective.

¢. Crystals CR901 and CR902 not in their respective
receptacles. Check to see that crystals CR901
and CR902 are in their receptacles.

d. Klystron plug P902 not connected to klystron jack
J902 on hybrid waveguide assembly. Check to
see that the klystron plug P90 is properly
connected to jack J902.

¢. Incorrect voltage at klystron anode (outer case of
klystron). With a multimeter, check for 260 (+10,
~0) volts at the outer case of klystron.

f. Incorrect klystron reflector voltage at jack J604 on
the audio unit (fig. 3-58). Check for -70 to -145
volts at jack J604 on the audio unit.

g- Klystron attenuator out-of-adjustment. Adjust the
klystron attenuator (para 3—41) to obtain an out-
put of 0.5 to 1.0 ma at jacks J506 and J507 on
the IF amplifier unit.

a. Plug P504 or P505 not connected to jacks J905 or
J906 (2a above). Check to see that plugs P504
and P605 are connected to jacks J905 and J906.

b. Defective coaxial cables (2b above). Check con-
tinuity of coaxial cables; replace if defective.

¢. Orystals CR901 and CR902 not in receptacles. Check
to see that crystals CR901 and CR902 are in their
receptacles.

d. Defective crystals CR901 and CR902. Check crystals
CR901 and CR902; replace if defective.

o. Defective capacitors C549, C504, C508 (fig. 3-15).
If there still is no current at jack J607 on the IF
amplifier unit, disconnect the milliameter from
the phone plug cord; check to see that the plug
on the phone plug is inserted in jack J507 on the
IF amplifier unit. One wire from the phone plug
cord should measure continuity from the center
conductor of plug P504 on the IF amplifier unit;
the other wire should measure continuity to
ground. If they do not, remove and replace the
IF amplifier unit and refer the defective IF am-
plifier unit to higher maintenance category for
repair,

f. Defective capacitors 0550, C506, C506 (fig. 3-15),
or inductors L5183, L504, and L5083 (fig. 8-16).

If there still is no current at jack J506 on the IF
amplifier unit, disconnect the millimeter from the
phone plug cord; check to see that the plug on
the phone plug is inserted into jack J506 on the
IF amplifier unit. One wire from the phone plug
cord should measure continuity to the center
conductor of plug P505 on the IF amplifier unit;
the other wire should measure continuity to

~ ground. If they do not, remove and replace the
IF amplifier unit and refer the defective IF
amplifier unit to higher maintenance category for
repair.

a. Klystron requires tuning. Tune the klystron (para
8-41).

b. Klystron attenuator out of adjustment. Adjust the
klystron attenuator (para 3-41) to obtain a crystal
current of 0.5 to 1.0 ma.

¢. Incorrect voltages being applied to the klystron.
Check to see that 6.3 volts rms, +250 volts, and
the negative dc voltages are being supplied to
the klystron.
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Trouble symptom

Probable trouble; checks; and corrective measures

Current at jacks J506 and J'50'7 on
the IF amplifier unit is greater than
1.1 ma. with POWER switch at

TRANSMIT.

Note. Tnstall the IF amplifier unit alignment
cover (para 3-14) on the IF amplifier unit.
iConnect the oscilloscope vertical input to J408
and syne input to J401 on the range unit.

No transmitter pulse and no receiver
nolse (fig. 8—-19) at jacks J408
and J401 on range unit (fig. 3-556) will
the POWER switch at TRANSMIT,
the RANGE METERS indicator at the
value specified on the RANGE CALI-
BRATION plate for the 7th MARK,
and the VOLUME control rotated
fully clockwise,

Transmitter pulse displayed on the
oscilloscope but no receiver noise
‘(fig. 8-19) at jacks J403 and J40d on
range unit (fig. 8-65) with the
POWER switch at TRANSMIT, the
RANGE METERS indicator at the
volume specified on the 7th MARK,
and the VOLUME control rotated
fully elockwise.

Transmitted pulse approximately 2 usec
wide at jacks J408 and J401 on the
range unit (fig. 83-55) with the P
POWER switch at TRANSMIT and the
RANGE METERS indicator at the
value specified on the 7th MARK.

Transmitter pulse displayed but no
rangemarks observed on the oscillo-
scope (waveguide fig. 3-20) at jacks
J408 and J401 of the range unit (fig.
8-66) with the POWER switch at
RANGE and the RANGE METERS
indicator at the value specified on the
RANGE CALIBRATION plate for
the 7th MARK.

d. Crystals CR901 and CR902 defective. Check crystals
CR901 and CR902; replace if defective.
o. Defective klystron. If the klystron does not tune
properly remove and replace the klystron
. (para 3-68).
Local oscillator attenuator out of adjustment. Adjust
the local oscillator attenuator (para 8-41).

a. Defective power converter system. Insert one lead of
& 33,000-ohm resistor into test point E2 (IF am-
plifier unit alignment cover). Connect the other
lead of the 33,000 - ohm resistor to the oscillo-
scope probe. Check for an inverted version of
the waveform (fig. 8—-19) at test point E2. If the
waveform is not present, disconnect plug P501
from the IF amplifier unit and check for +120,
+24, and -20 volts de, 6.3 volts ac rms, and age
voltage at appropriate terminals of TB1 (para
3—4). If the voltages are not present, refer to the
power converter system troubleshooting chart
*(Para 3-24).

b. Defective age system. If the age voltage cannot be
adjusted between 2.5 and 5.5 volts by varying
VOLUME control R106, refer to the age system
troubleshooting chart (para 8-28).

o. Defective interconnecting cable between the range
unit and the IF amplifier unit. Disconnect plug
P407 from the range unit and jack J502 from the
IF amplifier unit and check the interconnecting
cable for continuity; replace the defective cable.

d. Defective IF amplifier unit. Remove and replace
the IF amplifier unit (para 8-83). Refer the
defective IF amplifier unit to higher category of
maintenance.

a. Volume control R106 out of adjustment. Check
VOLUME control R105 adjustment (para 3-49).
If R106 is defective, remove and replace the con-
trol panel (para 8-59). Refer the defective con-
trol panel to higher category of maintenance.

b. Defective IF amplifier unit. Remove and replace
the IF amplifier unit (para 3-63). Refer the
defective IF amplifier unit to higher category of
maintenance.

a. ‘Defective transmitter unit. Disconnect plug P508
‘from jack J206 on the transmitter unit. With
oscilloscope, measure the blanking pulse at jack
J206. The pulse should be between 54 and 70
volts. If not, refer to the tranamitting system
troubleshooting chart (para 8-17).

b. Defective blanking pulse subchassis. Remove and
replace the IF amplifier unit (para 3-63). Refer
defective IF amplifier unit to higher category of
maintenance.

a. Defective interconnection cable. Remove plug P503
from jack J702 on the afc unit and check the
cable.

b. Afc system out of alignment. Refer to afc system
alignment procedures (para 3-38).

3-23
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Figure 3-13. Receiver-transmitter, rear side, panel removed.

3-20. Avtomatic Frequency Control System chart lists the controls and adjustments that are
Troubleshooting functional parts of the afc system.
a. Controls and Adjustments. The following
Controls and adjustments Location (fig. no.) Function

AFC/MFC switch S601 . .____] [ 3-58 Selects automatic frequency control or
manual frequency control of local
oscillator

Potentiometer R632 8-58 Controls the reflector voltage of
klystron local oscillator V902

Klystron tuning knob 3-50 Controls the frequency of oscillation
of klystron local oscillator V902

3-24
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Controls and adjustments Location (fig. No.) Functivn
MAG. TUNER ___________ . $£-50 Controls the frequency of oscillation
of magnetron V901
Inductors L702, L704, and L707 _______| 3-59 Tune the afc IF amplifier any afc

discriminator

b. Normal Voltages at Test Points in the Afc
System. The following chart lists normal vol-
tages at test points in the afc system:

Location
Test point (fig. no.) Normal voltage to ground
708 3-25 -1to 1.6
E709 3-25 0to -0.5
E713 3-25 0
EN7 3-25 22.8 to 25.2 (power switch
at range).
E719 3-25 114 to 126
ET20 3-25 0
E721 3-25 0
E722 3-25 0
ET24 3-25 0
ET726 3-25 0
ET29 3-25 114 to 126
E731 3-25 -19 to -21
E601 3-26 -145 to —-158.3
E604 3-26 -145 to -150
E623 3-26 -6to -11

¢. Dc Resistance of Coils and Relays in the Afc
System. The following table lists the coils and
relay in the afc system, references a figure that
shows the location of each, and gives the dc
resistance of every winding.

Location Maximum d¢
Coil or relay | (fig. no.) Terminals resistance (chms)
L701______ K 1
L702______ 3-22 | ol 1
L703...... 13-22 | .. 1
L704.____. 3-22 | L. 1
L705..____] 3-22 | .. 1
L706.____. 3-22 | ool 1
L707_.____. 3-22 | .. | 1
K701______] 3-22 3and 7 600 and 700

d. Waveforms. Waveforms for a normal afc
system are illustrated in figures 3-27 through
3-30.

Figure 3-14. Transmitter unit removed
from chassis.

Change 1 3-25
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Figure 3-19. Waveform, transmitter pulse and
receiver noise.

Figure $-20. Waveform, rangemarks.

e. Preparation of System Components for
Troubleshooting.

(1) The afc system consists of all compo-
nents in the afc unit and all the components of
the afc search and control circuit in the audio
unit. The afc and audio units are located at the
hottom rear portion of the center section of the
receiver-transmitter (fig. 3-13).

WARNING

Before following the procedure de-
scribed below, make sure that the POW-
ER switch is in the OFF position.

3-30

Figure $-21. Afc unit, capacitors, diodes, and
transistors.

CAUTION
Care should be taken in handling the
control panel to prevent damage to
RANGE EXTENSION METERS meter
M101, the strobe unit, and exposed
soldered connections.

(2) To make the afc system accessible for
troubleshooting or alignment, proceed as fol-
lows:

(a) Release the four trunk-type latches
(fig. 3-13), that secure the control panel to the




Figure 3-22. Afc unit, resistors and inductors.

receiver-transmitter housing. Remove the control
panel, and place it in the support fixture.

TM 11-5840-211-35

Figure 3-23. Audio unit, capacitors, diodes, transistors,
and jacks.

(b) Install the repair patch cord between
plug P101 at the bottom portion of the control
panel (fig. 3-31) and jack J101 at the bottom
rear of the center section (fig. 3-13).

f. Afc System Troubleshooting Chart.

Item l Trouble symptom

Prohable trouble; chuecks; and corrective measures

Note. Whenever components are replaced in the afe system, the afe
sweep adjustment, klystron and maunctron tuning adjustments, testing
procedures for the afc system, and range calibration adjustment
procedures must be performed.

1 Voltage hetween jack J604 on the audio
unit (fig. 3-68) and ground does not
measure -70 to —145 volts with the
POWER switch at TRANSMIT and
the AFC/MFC switch S601 (on the
audio unit) at MFC.

a. Potentiometer R632 in audio unit out of adjustment.
‘Adjust potentiometer R632 in audio unit to ob-
tain normal indication.

b. Defective power cenverter system. Check for —150
volts at test point E601 in the audio unit (fig.
3-26). If not present, refer to the power con-
verter system troubleshooting chart (para 3-24).

¢. Defective afc search and control circuit in audio unit.
Refer the entire receiver-transmitter to higher
category of maintenance.
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Item Trouble symptom

Probable trouble; checks; and corrective measurcs

2 Voltage does not oscillate between -70
and -145 volts at approximately 5
Hz. at jack J604 on the audio unit with
the POWER switch at STANDBY, the
AFC/MFC switch S601 on the audio
unit at AFC, and the multimeter con-
nector between jack J604 and ground.
Note. For the following check, remove the
cover from the direstional coupler J908 access
hole and remove the dirc-tional coupler cap
(fig. 8-63). Place the pickup horn of the

speetrum analyzer over the directional coupler
access hole.

8 Lock-on (klystron spectrum stops
sweeping) does not occur when the
magnetron frequency is 30 MHz below
klystron frequency with the POWER
switch at TRANSMIT and the AFC/
MFC switch S601 (on the audio unit)
at AFC.

Note. For the following check connect
oscilloscope between ja~k J603 on the audio unit
and ground, usine tip jack plug at jack J603.

4 Afc error pulse (waveform A, fig. 3-
27) not observed on oscilloscope at
jack J603 on the audio unit (fig. 3—-
58) with the POWER SWITCH AT
TRANSMIT and the AFC/MFC
switch S601, on the audio unit,

at MFC.

Note. For the following check, connect the
oxrilloscope between jack J701 on the afe unit
and ground, using tip plug at jazk Jiol,
5 Afc error pulse (waveform B, fig.
3-27) not observed on oscilloscope
at J701 on the afc unit (fig. 3-59) with
the POWER switch at TRANSMIT
and the AFC/MFC switch S601 (on the
audio unit) at MFC.

Defective afc search and control circuit in the audio
unit. Refer to item 1¢ above.

Klystron local oscillator V902, afc attenuator and
inductor L707, and potentiometer R632 out of
alignment or adjustment. If lock-on does not occur
proceed to items 4 and 5 below. If lock-on does
occur farther away than 0.5 MHz from 30 MHz, ad-
just the afc attenuator (para 3-38). If the afc at-
tenuator is near either extreme of its positions,
also adjust L707 (para 3-38) in the afc unit. If
lock-on occurs with the klystron frequency 35 MHz
below the magnetron frequency, adjust potentiometer
R632 (para 3-41).

Klystron local oscillator V902, magnetron V901 fre-
quency out-of-adjustment and potentiometer R632
improperly tuned or improperly adjusted. Perform
the afc sweep adjustment R632 and klystron V902
and magnetron V901 tuning adjustments (para
3-41).

a. Inductor L707 improperly tuned. Perform afc unit
tuning adjustment (para 3—40b(1) through (9)).
Pull out afc attenuator (fig. 3-1) and retune
inductor L707.

*b. Defective mixer crystal CR903. Replace afc mixer

crystal CR903 and check the afc crystal current
(para 3-19 above). Replace crystal if necessary.

¢. Low power output from magnetron V901. Check
the power output from magnetron V901 (para
3-17). If the output is less than 27 to 33 dbm,
replace and retune the magnetron (paras 3-66
and 341).

d. Defective cable between the afc unit and the hybrid
waveguide assembly no. 2 (fig. 3-1). Check con-
tinuity in the cable between afc unit and hybrid
waveguide assembly No. 2 (fig. 3-1).

e. Defective afc unit. Refer the entire receiver trans-
mitter to higher category of maintenance.

3-21. Ranging System Troubleshooting

a. Controls and Adjustments. The following
chart lists the controls and adjustments that are
functional parts of the ranging system:

NOTE

When troubleshooting the ranging sys-
tem with the oscilloscope, random noise

3-32

(grass) will not be visible on the oscil-
loscope when a target is being gated.
Therefore, in order to get an indication
of random noise on the oscilloscope,
vary the RANGE CONTROL hand-
wheel until no target is being gated by
the range gate. If noise is still not visi-
ble, adjust the VOLUME control clock-
wise.



Figure 3-24. Audio unit, resistors.
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Figure 3-25. Afc unit, location of internal test points.
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Figure 3-26. Audio unit, location of internal test points.

Figure 3-27. Afc system error pulse.
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Controls and adjustments

Location (fig. mno.)

Function

RANGE CONTROL handwheel _______ TM 11-5340-211-12

STROBE switch S105 331
R1025 e 334
R1017 ] 3-34
R1004 . J— .

Controls the location of the 30-meter ‘
range gate by controlling the voltage
at which pickoff diode CR411 will
conduct.

Controls the mode of operation of the
radar set by selecting the voltage to ‘
be coupled into the comparator
circuit (one of two different sweeps
or a reference voltage).

Allows the adjustment of the meter
zero of the RANGE EXTENSION
METERS meter by varying the de
level of the meter input.

Allows the adjustment of the strobe
amplitude by varying the ratio of
resistance in the voltage divider of
the circuit.

Allows the adjustment of the time of
the strobe by varying the amount
of resistance in the charg.ng circuit
of capacitor C1003 which determines
the rc time constant.

b. Normal Indications at Ranging System Test
Points. The following chart lists the test points
that are provided to test the operation of circuits
in the ranging system, references a figure that

shows the physical location of each test point,
and gives or references the normal indication at
each point:

Test point Location (fig. no.) Normal indication
J4o1 . - -43-65 Wave form A, fig. 3-35
J402 (STROBE switch at LONG) ____. 3-56 Wave form B, fig. 3-35
J408 o e e e . 3-65 Wave form C, fig. 3-35
J404 e  3-55 Wave form D, fig. 3-36
J405 __. - - 3-55 Wave form E, fig. 3-36
J406 - e 3-55 Wave form F, fig. 3-36

¢. Dc Resistance of Transformers in Ranging
System. The following chart lists the transform-
ers in the ranging system, references a figure that

shows the location of each, and gives the dc re-
sistance of every winding:

Transformer Lo:ation (fig. no.) Terminals De resistance (ohms)
T401 - 333 12 Less than 1
34 Less than 1
-6 Less than'l
T402 o e e d] L 3-38 1-2 Less than1
34 Less than 1
5-6 Less than 1

d. Preparation of System Components for
Troubleshooting.

(1) The ranging system is composed of the
range unit and portions of the strobe unit. The
range unit is located on the rear side of the cen-
ter section of the receiver-transmitter (fig. 3-9).
The strobe unit is located on the rear section
(control panel of the receiver-transmitter (fig. 3-
8). The procedures necessary to prepare the
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range and strobe units for troubleshooting are
listed below'.

WARNING
Before following the procedures below,
check that the POWER switch is in the
OFF position.

CAUTION
Care should be taken in handling the



Figure 3-28. Afc sweep voltage.

control panel to prevent damage to me-
ter M101, the strobe unit, and exposed
soldered connections.

(2) To make the range and strobe units ac-
cessible for troubleshooting or alignment, pro-
ceed as follows:

(a) Release the four trunk-type latches
that fasten the control panel on the receiver-
transmitter, remove the control panel, and place
it in the support fixture.

(b) Connect the repair patch cord be-
tween plug P101 on the control panel (fig. 3-8)
and jack J101 on the rear of the receiver-trans-
mitter center section (fig. 3-9).

(¢) Remove the range unit from the cen-
ter section (para 3-62). Connect the range bench
test cable between plug P401 on the range unit
and jack 401 on the center section mounting
plate.

(d) Remove the five binding head screws
that fasten the cover on the range unit, and re-
move the cover.

NOTE

The cover need not be removed to gain

access to the test jacks.

T™ 11-5840-211-35
(d) Remove the five binding head screws
that fasten the cover on the range unit, and re-
move the cover.
NOTE

The cover need not be removed to gain
access to the test jacks.

Figure 3-29. Amplified afc sweep voltage.

e. Ranging System Troubleshooting Chart.

Item Trouble symptom

Probable trouble; checks: and corrective measures

1 No indication on RANGE EXTENSION
METERS meter M101 when the
POWER switch is at TRANSMIT, the
RANGE METERS indicator is at
8,000, the STROBE svwitch is at OFF,
and the VOLUME control R105 is
rotated fully clockwise.

As the RANGE CONTROL handwheel
is varied from 1 to 7,500 meters, the
needle on the RANGE EXTENSION
METERS mcter does not deflect to a
minimum value near 500 meters and
at approximately every 1,000 meters
thereafter, with the POWER switch at

(3]

a

. Defective Zener diode CR1003 in strobe unit. Check
CR1003 replace if defective.

b. Defective meter M'101 circuit in strobe unit. Check

[}

]

o

meter circuit resistors R1015 and R1014 in the
strobe unit; replace if defective.

. Defective agc system. Refer to agc system trouble-

shooting chart (para 3-23).

. Defective agc system. Set the RANGE METERS
indicator at 4,000. Check the output at jack J405
on the range unit (fig. 3-55). The output
should be a waveform similar to E, figure 3-35.
If this output is correct, refer to the agc system
troubleshooting chart (para 3-23).

. Defective strobe circuit. Remove and replace the
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Item Trouble symptom Probable trouble; checks; and corrective measures
RANGE, the STROBE switch at OFF, strobe unit (para 3-30) and refer the defective ‘
and the VOLUME control Ri05 rotated strobe unit to higher category of maintenance.
completely clockwise. ¢. Defective detector circuit, range gate circuit, com-

parator circuit, or linear sweep circuit. Remove

and replace the range unit (para 3-62) and refer

the defective range unit to higher category of ‘
maintenance.

3 Period of long strobe is not 10 +2 a. Defective capacitors C1001, C1003, or O1004 in the
seccnds with the POWER switch at strobe unit. Perform the strobe period and am-
TRANSMIT, the STROBE switch at plitude cdjustment (para 3—45). If the symptom
LONG, and the RANGE METERS persists, check capacitors C1001, C1008, and
indicator at a range where no targets C1004; replace the defective components.
are being gated. b. Defective resistor R1004, R1022, or thermister

RT1002 in the s:rcbe unit. Check continuity to
contacts 3, 4, 11 and 12 of the STROBE switch
8105. Check resistors R1004, and R1022 and
thermister RT1002. Replace the defective com-
ponents.

4 Needle on the RANGE EXTENSION a. Potenticmeters R1017 and R1025 in the strobe unit
METERS meter does not strobe to 500 out-of-adjustment. Perform the strobe amplitude
meters when the POWER switch is at adjustment (para 3—435). Check the voltage at the
TRANSMIT, the STROBFE. switch is at junction of resistor R1012 and potentiometer
LOXNG or SHORT, and the RANGE R1017. If the voltage at this point is not 12 to
METERS indicator is at a range where 18 volts, adjust potentiometers R1017 and R1025.
no targets are being gated. b. Defective Zener diode CR1001 or diode CR1002 in

the strcbe unit. If the measurement in the pre-
ceeding step is 12 to 18 volts, check Zener diode
CR1001; check four-layer diode CR1002 (para

3-10) ; remove and replace if defective.

5 Needle on RANGE EXTENSION ME- Defective resistor R1007 or potentiometer R1025 in
TERS meter does not start at 0-10+50 the strobe unit. Perform the RANGE EXTENSION
meters when the POWER switch is at METERS meter zero adjustment (para 3-27). Check
TRANSMIT and the STROBE switch resistor R1007 and continuity from R1007 to capaci-
is at SHORT. tor C1003; replace defective components.

Note. If items 1 through b above do not correct
the trouble proceed with the following
troubleshooting procedures.

6 Waveform A (fig. 3-35) not present on a. Multiar pulse not present at jack J408 on the range
the oscilloscope as measured at jack J401 unit. Check for the multiar pulse at jack J408
on the range unit with the POWER (fig. 3-38). If not present, check at test point
switch at RANGE, the RANGE ME- E407 for presence of a multiar pulse of approxi-
TERS indicator at 500, and the mately 15 volts in amplitude. If present, check
STROBE switch at OFF. transformer T401. If transformer T401 is defec-

tive, remove and replace the range unit and refer
the defective range unit to higher category of
maintenance.

b. Defective cable between J408 on the range unit and
P207 on the transmitter unit. Check for con-
tinuity of the interconnecting cable; replace if
necessary.

¢. Defective transmitting system. Refer to transmitting
system troutleshcoting chart (para 3-17).

7 Waveform (B, fig. 3-25) not observed a. Faulty connections to strobe unit. Check connections
on the oscilloscope at jack J402 on the to strobe unit.
range unit with the POWER switch b. Defective strobe unit. Remove and replace the strobe
at RANGE, the RANGE METERS indi- unit (para 3-60). Refer the defective strobe unit
cator at 500, and the STROBE switch to higher category of maintenance.
at OFF.

8 Dc voltage of 3.75 is not measured at a. Faulty connections between the control panel and
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jack J406 on the range unit with the
POWER :witch at RANGE, the RANGE
METERS indicators at 500, and the
STROBE switch at OFF.

the range unit. Check the connections between
the control panel and the range unit.

b. Positive 60 volts dc not present at test point E422
on the range unit (fig. 3-36). Check for +60
volts dc at test point E422,
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Item Trouble symptom

Probable trouble; chicks; and corrective measures

9 Waveform (C, fig. 3-35) not observed
on the oscilloscope at jack J408 on the
range unit with the POWER switch
at TRANSMIT, the RANGE METERS
indicator at a range where no targets
will be gated, and the STROBE switch
at OFF.

10 Waveform (D, fig. 3-85) not observed
on the oscilloscope at jack J404 on the
range unit with the POWER switch
at TRANSMIT, the RANGE ME-
TERS indicator at a range where no
targets will be gated, and the
'STROBE switch at OFF. Waveform
observed is similar to A, fig. 3-37.

11 Waveform (D, fig. 3-35) not observed

on the oscilloscope at jack J404 on the
range unit with the POWER switch

at TRAN'SMIT, the RANGE METERS
indicator at a range where no targets
will be gated, and the STROBE switch
at OFF. Waveform observed is similar
to B, fig. 3-317.

12 Waveform (E, fig. 3-35) not observed
on oscilloscope at jack J405 on range
unit with the POWER switch at
TRANSMIT, the RANGE METERS
indication at a range where no targets
will be gated, and the STROBE switch
at OFF.

. Defective diodes CR405 and CR417. Remove and

replace the range unit (para 3-62) and refer
the defective unit to higher category of mainte-
nance.

. Faulty ccble or connections between the receiving

system and the range unit. Check the intercon-
necting cabling.

. Defective receiving system. Refer to receiving system

troubleshooting chart (para 3-19).

. Negative 2.2 volts not present at jack J402 on the

range unit. Check the connection between the
strobe unit and the range unit.

. Voltare from 20 to 30 volts not present at jack

J406 on the range unit. Check the connection be-
tween the control panel and the range unit.

. Positive 60 volts not present at test point E422 in

the range unit. Check diodes CR405 and CR417
in range unit; if defective, remove and replace
the range unit (para 3-62) and refer the defec-
tive range unit to higher category of maintenance.

. No video input at jack J403. Check at jack J403

on the range unit for video input from the IF
amplifier unit. If not present, check the connec-
tions between the IF amplifier unit and the
range unit. If the connection is satisfactory, re-
move and replace the IF amplifier unit (para
3-63) and refer the defective IF amplifier unit
to higher category of maintenance.

. No video signals at jack J404. If there is no video

at jack J404, check for continuity between jack
J404 and test point E424. Check capacitor C417.
If defective, remove and replace the range unit
and refer the defective range unit to higher
category of maintenance.

Defective transistor Q406 or Q407, or defective diodes

‘CR413 or CR414. Remove and replace the range unit
(para 3-02) and refer the defective range unit to
higher category of maintenance.

3-22. Audio System Troubleshooting

a. Normal Indications at Audio System Test
Points. The following chart lists the test points
that are provided to test the operation of circuits

in the audio system, reference a figure that
shows the physical location of the test points, and
references or provides the normal indications at
the test points:

Test point Location (fig. no.) Normal indication
J6o1 -—-4.3-58 Wave form A, fig. 341
E624 8-26 Wave form B, fig. 3—41
E606 _______ 326 Wave form C, fig. 341
T, pin$ __ 8-13 Wave form D or E, fig. 3-41
E603 - -13-26 -19V to -21V
E605 38-26 21V to 24V
E609 ____ 3-26 0.9V ot 1.6V
E813 3-26 8V to 25.2V
E615 3-26 8V to 25.2V
E625 ___ 3-26 0.6V to 2.0V
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Figure 3-3u. Afc unit waveyorms.

b. D¢ Resistance of Audio Transformer TI1.
The following chart gives the dc resistance of

audio transformer T1, and references a figure
that shows its location:

Transformer Location (fix. no.) Terminals Dc resistance (ohms)
b R .3-13 1-6 50+5
1-2 8+1

c. Preparation of System Components for
Troubleshooting.

(1) When the radar set is completely assem-
bled, the audio unit, audio filter, audio trans-
former, and RF filters are inaccessible for trou-
hleshooting, aligning, and field testing. To make
these components accessible, follow the proce-

~-38

dure given below when troubleshooting, align-
ing, and/or testing the audio system.

WARNING

Before following the procedures in (2)
below, make sure that the POWER

switch on the control panel is in the
OFF position.
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Figure 3-31. Rear of control panel, strobe unit removed.

(2) To make the audio unit, audio filter
FLS, filters FL108, and FL104, and audio tfans-
former T1 accessible for troubleshooting, align-
ing, and/or testing, proceed as follows:

(a) Disconnect all cables that are con-
nected to the receptacles on the control panel of
the receiver-transmitter.

(b) Release the four trunk-type latches
that secure the control panel to the receiver
transmitter, remove the control panel, and place
it in the support fixture.

(¢) Conmect the repair patch cord between
jack J101 on the rear of the receiver-transmitter
center section (fig. 8-13) and plug P101 on the
rear of the control panel (fig. 3-81).

(d) Connect the power cable and the

headset cable to their respective receptacles on
the control panel.

(e) When it is necessary to check the in-
ternal test points in the audio unit, follow the
procedures given in the audio unit, follow the
procedures given in paragraph 8-64 to remove
the audio unit from the receiver-transmitter
mounting plate. To remove the audio unit cover,
and to connect the removed audio unit to the re-
ceiver-transmitter, follow the procedures given in
(f) and (g) below.

(f) Remove the five binding head screws
and five lockwashers that fasten the cover on the
audio unit, and remove the cover (fig. 8-58).

(g) Connect plug P601 on the audio unit
to jack J601 on the receiver-transmitter mounting
plate (fig. 83-60).

d. Audio System Troubleshooting Chart.

Probable trouble; checks; and corrective measures

Item Trouble symptom
1 Absence of rushing sound in headsets
when the POWER switch is at

TRANSMIT, the STROBE switch is at
OFF, and the radar set is not gather-
ing any large clutter.

a. Defective receiving or age system. With the oscillo-

scope, check for a waveform: (C, fig. 8-36) at jack
J408 on range unit. If not normal troubleshoot
the receiving system (para 8-19) and age system
(para 3-23).

b. Defective range unit. If waveform observed in a

above is normal, check at jack J601 on the audio
unit (fig. 8-68) for randome noise (grass).

If not present, troubleshoot the ranging system
(para 8-21).
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Ttem Trouble symptom

Probable trouble; checks; and corrective measures

2 Abnormally distorted sounds when
moving targets are being gated with

the POWER switch at TRANSMIT and
the STROBE switch at OFF.

8 Normal rushing sound in headsets but
moving targets cannot be detected with
the POWER switch at TRANISMIT

and the STROBE switch at OFF.

¢. Defective audio system. If randome noise is present
in b above, measure the noise level with the oscil-
loscope at pin 6 of audio transformer T1 (fig.
8-1). Amplitude of noise peaks should be 0.8
+0.4 volt when the VOLUME control is at extreme
clockwise position. If the level of noise is incorrect,
remove and replace the audio unit (para 3-64)
and refer the defective audio unit to higher cate-
gory of maintenance. If the level of noise is cor-
rect, check noise level at pin 2 of audio trans-
former T1. Level should be 0.2 £0.1 volt. If noise
level is incorrect, check audio transformer TU. If
defective, remove and replace the center section
and refer the defective center section to higher
category of maintenance.

d. Defective headsets. Check for correct noise level at
headset receptacles. If incorrect, check filters
FL108 and FL104. If defective, remove and re-
place defective control panel. Refer the defective
control panel to higher category of maintenance.
If noise level is correct, check the headset using
the multimeter. Resistance should be .10 +2 ohms
and a clicking noise should be heard in headsets
when multimeter leads are touched to the headset
terminals,

Defective audio amplifier circuit. Remove and replace
the audio unit (para 8—64). Refer the defective
audio unit to higher category of maintenance.

a. Defective transmitting system. Check the magnetron
power output (para 8-17) and replace magnetron
if defective (para 3-67).

b. Defective afc system out-of-adjustment. Check the
afc system tuning (para 3-40).

o. Defective receiving system. Troubleshoot the re-
celving system (para 38-19).

d. Defective age system. Troubleshoot the age system
(para 8-28).

3-23. Automatic Gain Control System
Troubleshooting

a. Controls and Adjustments. The following

chart lists the controls and adjustments that are
functional parts of the agc system:

Controls and adjustments Location (fig. no.) Funetion

VOLUME control R106 .o ccv e TM 11-6840-2L1-42

Potentiometer R616 324

Varies dc level of output from age
system when there is no gated video
by varying amount of resistance in
circuit of transistor Q608.

Varies age threshold bias on diode
CR602 by varying amount of re-
sistance in circuit of CR602.

b. Normal Indications at Agc System Test
Points. The normal indication at test point (fig.
3-23) is -2.56 to -b.b volts when the VOLUME
control R105 is completely clockwise, potentiom-
eter R615 is adjusted properly, and no signals
are gated.
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c. Preparation of System Components for
Troubleshooting. The components of the agce sys-
tem are located in the audio unit (figs. 8-28 and
8-24). To make the audio unit accessible for
troubleshooting, follow the procedures given in

paragraph 8-22¢.



d. Age System Troubleshooting Chart.
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NOTE
Normal indications on RANGE EXTENSION METERS meter are given in TM 11-5840-211-
12.
Item Trouble symptom Probable trouble; checks; and corrective measures

1

Abnormal indication on RANGE EX-
TENSION METERS meter when the
POWER switch is at TRANSMIT,
the STROBE switch is at OFF, and no

target is being gated.

No noise in headset or noise intensity
does not change as the VOLUME con-
trol is varied when POWER switch
is at TRANSMIT, the STROBE switch
is at OFF, and no target is being
gated.

De voltage at jack J602 on the audio
unit is not within the range of —2.6 and
5.5 volts when potentiometer R615
(threshold adjustment) is adjusted prop-
erly and VOLUME control is fully
clockwise with the POWER switch at
TRANSMIT, the STROBE switch at
OFF, and the RANGE METERS indi-
cator set 50 no targets are being gated.

De voltage at test point E612 in the
audio unit not within the range of -3
to —8 volts with controls set as in
item 8 above.

De voltage at test point E610 on the
audio unit {s not approximately -1 volt
when potentiometer R615 is fully
counterclockwise with POWER switch
at TRANSMIT, STROBE switch at
OFF, and RANGE METERS indicator

set 50 no targets are being gated.

a. Defective age system or strobe circuit in the ranging

system. Check the dc level at jack J602 on the
audio unit. The voltage should be —2.5 volts to
-5.5 volts when no signal is being gated and
VOLUME control is rotated completely clock-
wise. If voltage is correct, remove and replace
the strobe unit (para 3-60) and refer the defec-
tive strobe unit to higher category of main-
tenance.

b. Defective control system. If the voltage is not cor-
rect in a above, check the voltage at test point
E6813 (fig. 3-26) when VOLUME control is
varied. The de voltage should be approximately
+8 volts (VOLUME control completely clockwise)
to +24 volts (VOLUME control completely coun-
terclockwise. If the voltage is not correct, check
for +24 volts at terminal 156 of TBI. If not
satisfactory, refer to the power converter trouble-
shooting chart (para 8-24). If satisfactory, set the
POWER switch at STANDBY and check resis-
tors R105 and R109 in the control panel. If not
satisfactory, remove and replace the control panel
(para 3-59). Refer defective control panel to
higher category of maintenance.

a. Defective receiving system. Refer to receiving sys-
tem troubleshooting chart (para 3-19).

b. Defective ranging system. Connect the oscilloacope
to jack J601 on the audio unit. If there is no
random noise, troubleshoot the ranging system
(para 3-21).

¢.  Defective audio system. With a multimeter, check
the voltage at jack J601 on the audio unit. The
dc voltage should be approximately -2 volts. If
the voltage is not correct, troubleshoot the ranging
system (para 8-21).

Defective transistor Q606 in the audio unit. Check
voltage at test point E616 (fig. 3-26). Voltage
should be -20 +2 volts. Voltage at test point E612
should be approximately 0.5 volt more negative than
voltage at jack J602. If not correct, remove and re-
place the audio unit (para 3-64). Refer the defec-
tive audio unit to higher category of maintenance.

Defective transistor Q604 or diode CR602. Check the
voltage at test point E610 (fig. 3-26). Voltage
should be approximately —1 volt. If not correct, re-
move and replace the audio unit (para 8-64). Refer
the defective audio unit to higher category of
maintenance.

a. Defective potentiometer R6165. Check the voltage at
test point E614 (fig. 3-26) and vary potentiome-
ter R615 from fully counterclockwise to fully
clockwise. Voltage should vary from +24 volts to
—20 volts. If it does not, check potentiometer
R615. If defective, remove and replace the audio
unit (para 3—64). Refer defective audio unit to
higher category of maintenance.

b. Defective transistor Q604 -or diode CR602. Check
the voltage at test point E610 (fig. 3-268) with
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Item Trouble symptom Probable trouble; checks: and corrcetive maasures

potentiometer RG15 in extreme ccunterclockwise
position. Voltage should be approximately -1
volt. If it is not, remove and replace the audio
unit and refer the defective audio unit to higher
category of maintenance.

Defective potentiometer R615. Measure voltage at jack
J602 and rotate R615 from the fully counterclockwise
position until voltage indication at J692 begins to
change. Measure the voltage at test point £610 (fig.
3-26). Vcltage at J602 as divided by voltage at
E610 should be more than 3 volts. If not, remove
and replace the audio unit (para 3-64). Refer the
defective audio unit to higher category of mainte-

6 ‘De voltage at jack J602 on the audio

unit is not within the range of —2.5 and
-5.5 volts with potentiometer R615
fully counterclockwise, the VOLUME
control fully clockwise, the POWER
switch at TRANSMIT, the STROBE
switch at OFF, and the RANGE ME-
TERS indicator at a pcint where no

targets are being gated. nance.
Figure 3-32. Range unit, resistors, transistors, and Figure 3-33. Range unit, diodes, capacitors; and
‘ jacks. transformera.
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’ POWER switch S101

3-24. Power Converter System
Troubleshooting

a. Power Converter System Controls and

T™ 11-5840-211-35

Adjustments. The following chart lists the con-

trols and adjustments that are functionally
related to the power converter system:

Controls and adjustments

Location (fig. no.) Function

VOLTAGE ADJ. switch S102

Interlock switch S1

Battery test switch S104

TM 11-5840-211-12

T™ 11-5840-211-12

31
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Supplies the negative battery voltage
to multivibrators Q801 and Q802
when the switch is in any position
except OFF.

Determines the primary to secondary
turns ratio of power transformer
T801, and thereby controls the volt-
age output of the power converter
system.

Disconnects the +24-volt input from
the receiver transmitter when the
radome is removed from the re-
ceiver-transmitter.

When depressed, permits the monitor-
ing of thes+24-volt line from the
power converter system.

Figure 3-94. Strobe unit.

b. Power Converter System Fuse. POWER
FUSE F102 (TM 11-5840-211-12) has a rating
of 2 amperes and 260 volts. If an overload occurs
in the power converter system, this fuse blows
to prevent excessive current drain from the
external power source. :

¢. Normal Panel Meter Indication for Power
Converter System. RANGE EXTENSION
METERS meter M101, when used in conjunc-
tion with the BATTERY TEST switch, monitors
the +24-volt output of the power converter
system. If the meter is properly calibrated, the
needle of the meter indicates midscale when the
+270-volt supply output is set to +270 volts by
adjusting the input voltage.

d. Dec Resistance of Transformers in Power
Converter System. The following chart lists the
transformers in the power converter system,
references figures which show the physical posi-
tion of each transformer, and gives the dc resis-
tance of each winding.

NOTE
Resistance values given for transfor-
mers T801 and T802 are applicable only
when the transformers are discon-
nected from the power converter sys-
tem circuits.
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Transformer %ﬁ.‘m Terminals mwnﬂlahd;n)
T801 primary 3-42 1-16 0.5
T801 secondary : 3-42 | 16-27 5566
16-18 60
18-20 16
20-22 6
22-24 16
24-26 60
28-29 1
30-31 1
32-33 0.6
T802 primary| 342 | 1-2 16
T802 secondary 3-5 2
34 1
45 1

e. Preparation of Power Converter System
Components for Troubleshooting.

(1) General. The power converter system is
located on the front side of the center section
of the receuver-transmitter (fig. 3-1). The proce-
dures necessary to prepare the power converter
system for troubleshooting are listed in (2) and
(3) below.

(2) Power converter unit access. To make
the power converter unit accessible for troub-
leshooting, proceed as follows:

@) Set the POWER switch at OFF.

(®) Release the four trunk-type latches on
the front section (radome) of the receiver-
transmitter and remove the radome.

CAUTION
Care should be taken to prevent dam-
age to the parabolic reflector and to the
antenna feed assembly.

(¢) Remove the four No. 6-32 x 3/8 bind-
ing head screws that fasten the cover on the
power converter unit, and remove the cover.

(d) Pullinterlock switch S1 (fig. 3-1) to the
full forward position in order to disable the
interlock and connect the external power source
to the power converter system.

(¢) Connect the variable power supply to
24VDC BAT. ONLY receptacle J104 on the con-
trol panel (positive lead to pin A, negative lead
to pin B). Set the variable power supply for an
output voltage of 24 volts.

(/) Set the POWER switch at STANDBY.

(3) Power converter wunit troubleshooting
setup. Most troubleshooting can be accom-
plished with the power converter unit in place.
However, when necessary, the power converter
unit can be removed (para 3-66) from the
receiver-transmitter. When troubleshooting a
removed power converter unit, connect the
power converter bench test cable between plug
P801 on the power converter unit and jack J801
on the receiver-transmitter center section.

f. Power Converter System Troubleshooting
Chart.

WARNING
Extremely dangerous voltages exist in the power converter system. Set POWER switch
S101 at OFF before attempting to check any components.

Item Trouble symptom

Probable trouble; checks; and corrective measures

1 RANGE EXTENSION METERS meter
M101 indicates zero when the BAT-
TERY TEST switch 8104 is depressed
and the POWER switch is in any
position but OFF. No noise heard in
headsets when the POWER switch

is in the TRANSMIT position.

a. Blown POWER FUSE F102. Check POWER FUSE
F102 and replace if necessary. Check for 24-volt
output of external power source.

b. Faulty receptacle J104. Check 24 VDC BAT.ONLY
receptacle J104 for proper contact.

¢. Faulty interlock switch S1. Check interlocksswitch
81 for proper operation (para 3-26).

d. Faulty VOLTAGE ADJ switch S102. Check VOLT-
AGE ADJ switch for continuity. If defective, re-
move and replace the control panel (para 3-59).
Refer the defective control panel to higher cate-
gory of maintenance.

e. Faulty BATTERY TEST switch S104. Check BAT-
TERY TEST switch for proper operation. If defec-
tive, remoave and replace the control panel (para
3-59). Refer the defective control panel to higher
category of maintenance.

J. Incorrect voltage outputs. Measure output voltages
(para 3—4) with POWER switch at TRANSMIT.
If all voltages are low or zero, check for proper
contact of plug P801. Check resistors R801, R802,
R805 and R809 for signs of overheating or change
in value. If defective, remove and replace the
power converter unit (para 3-66). Refer the defec-
tive unit to higher category of maintenance.



T™ 11-5840-211-35

Trouble symptem

Probable troubls; checks; and corrective measures

POWER FUSE F102 continues to blow

RANGE EXTENSION METERS me-
ter indicates below red zone when
BATTERY TEST switch is depressed,
and POWER switch is not in OFF

position.

RANGE EXTENSION METERS meter
indicates above rod sone when
the BATTERY TEST switch is
depressed.

Positive 270 volts not present at termi-
nal 4 of TB1 (fig. 3-2) with the POW-
ER switch at TRANSMIT.

Negative 145 to —158.3 volts not mea-
sured at terminal 10 of TB1 (fig. 8-
18) with the POWER switch at
TRANSMIT.

b.

cable; if defective, remove and repair (para 8-54).
Defective switch 8101 or S102. Check continuity of
switches S101 and 8102. If defective, remove and
replace the control panel (para 3-59). Refer defec-
tive control panel to higher category of mainte-

nance.

Overload or short circuit within the radar set. Re-
move and replace the power converter unit (para
3-66). Refer the defective power converter to
higher category of maintenance.

Maladjustment of BOLTAGE ADJ switch S102.
Advance VOLTAGE ADJ switch to a higher
number, checking each position by depressing
BATTERY TEST switch. If each position fails to
produce a higher voltage, remove and replace the
control panel. Refer the defective control panel to
higher category of maintenance.

Deficient external power source. If position 7 fails
to produce a proper voltage, adjust external
power source. If a battery is used as power source,
replace battery.

Defective meter circuit. Refer to troubleshooting
based on starting procedure (para 3-16).

Maladjustment of VOLTAGE ADJ. switch 8102,
Turn the VOLTAGE ADJ. switch to a lower
number until a proper voltage is indicated.

Shorted primary of transformer T801. Place POW-
ER switch at OFF and perform a resistance mea-
surement of T801 primary winding. If defective,
remove and replace the power converter unit
(para 3-66). Refer defective power converter unit
to higher category of maintenance.

Defective meter circuit. Refer to troubleshooting
based on starting procedure (para 3-16).

Meter improperly calibrated.

Refer to para 4-20.

Capacitor C807 open. Check capacitor C807 and
leads for opens. If defective, remove and replace
the power converter unit (para 3-66). Refer the
defective power converter to higher category of
maintenance.

Defective diode CR809 or CR810. Check CR809 and
CR810. If defective, remove and replace the power
converter unit (para 3-66). Refer the defective
power converter to higher category of maintenance.

Defective capacitor C8 (fig. 3-1). Check capacitor
C8 in the receiver-transmitter center section. If
defective, remove and replace the center section.
Refer the defective center section to higher cate-
gory of maintenance.

Defective reactor L1 (fig. 3-1). Check reactor L1
in the receiver-transmitter center section. If defec-
tive, remove and replace the center section. Refer
the defective center section to higher category of
maintenance.

Variable power supply output incorrect. Adjust the
variable power supply until normal indication ls
observed.

Defective capacitors C805, C806 and leads. Check
capacitors C808, and leads for opens. If defective,
remove and replace the power converter unit
(para 3-66). Refer the defective power converter
unit to higher category of maintenance.
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Item

Trouble symptom

Probable trouble; checks; and corrective measures

. 10 |Measured ripple voltage exceeds YO.JJ

[ Y

B

18
peak-

Measured ripple voltage exceeds 0.4

Measured ripple voltage exceeds 1.5

qo_l?uk“ “observed on ﬁm&?’m 0.4

Positive 120 +6 volts not measured at
terminal b of TB1 (fig. 3-18) with the
POWER switch at TRANSMIT.

Positive 24 +1.2 volts not measured at
terminal 6 of TB1 (fig. 3-18) with the
POWER switch at TRANSMIT.

Negative 20 1 volts not measured at
terminal 9 of TB1 (fig. 3-13) with the
POWER switch at TRANSMIT.

peak-to-peak a8 observed on the oscillo-
scope when connected between termi-
nal 4 of TB1 (fig. 3-18) and ground

with the POWER switch at TRANS-
MIT after a delay of 90 seconds.

peak-to-peak &8 observed on the oscillo-
scope when connected between termi-
nal 10 of TB1 (fig. 3-18) and ground
with the POWER switch at TRANS-
MIT after a delay of 90 seconds.

peak-to-peak a8 observed on the oscillo-
scope when connected between termi-
nal § of TB1 (fig. 3-18) and ground

with the POWER switch at TRANSMIT
after a delay of 90 seconds.

when connected between terminal 6
of TB1 (fig. 3-18) and ground with
the POWER switch at TRANSMIT
after a delay1 of 90 soconils. ds 0.4
ripple voltage excee o
peak-to-peak &8 observed on the oscillo-
scope when connected between termi-
nal 9 of TB1 fig. (3-13) and ground
with the POWER switch at TRANS-
MIT and after a delay of 90 seconds.
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b. Defective diodes CR807 and CR808. Check diodes
CR807 and CR 808. If defective, remove and re-
place the power converter unit (para 8-66). Refer
the defective power converter unit to higher
category of maintenance.

a. Defective capacitor C804. Check capacitor C804 and
leads for opens. If defective, remove and replace
the power converter unit (para 3-66). Refer the
defective power converter to higher category of
maintenance.

b. Defective diodes CR805 or CR806. Check diodes
CR805 and CR806. If defective, remove and re-
place the power converter unit (para 3-66). Refer
the defective power converter to higher category
of maintenance.

a. Defective capacitor C802. Check capacitor C802 and
leads for opens. If defective, remove and replace
the power converter unit (para 3-66). Refer the
defective power converter to higher category of
maintenance.

b. Defective diodes CR803 and CR804. Check diodes
CR808 and CR804. If defective, remove and re-
place the power converter unit (para 3-66). Refer
the defective power converter to higher category
of maintenance.

a. Defective capacitor C801. Check capacitor C801 and
leads for opens. If defective, remove and replace
the power converter unit (para 8-66). Refer the
defective power converter unit to higher category
of maintenance.

b. Defective diodes CR801 and CR802. Check diodes
CR801 and CR802. If defective, remove and re-
place the power converter unit (para 3-66). Refer
the defective power converter unit to higher cate-
gory of maintenance.

Same as item 5.

Same as item 6a.

Same as item 7 a.

Same as item 8 a.

Same as item 9a.
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Item Trouble symptom

Probable trouble; checks; and corrective measures

18 With the oscilloscope connected be-

tween terminals 11 and 12 of TB1 (fig.

i 3-13), 6.11 to 6.62 volts rms not ob-
served with the POWER switch at
TRANSMIT after a delay of 90 seconds.
16 With the oscilloscope connected across
terminals 18 and 14 of TB1 (fig. 3-13),
6.65 to 7.35 volts rms not observed

on the oscilloscope with the POWER
switch at TRANSMIT after a delay

of 90 seconds.

17 With the multimeter connected across
contact 5 of switch S106 and ground,
2.43 to 2.97 volts rms not measured
with the POWER switch at TRANSMIT
i after a delay of 90 seconds.

Defective secondary of transformer T801. Check second-
ary of transformer T801 for shorts. If defective,
remove and replace the power converter unit (para
8-66). Refer the defective power converter to higher
category of maintenance.

Same as item 15.

Same as item 16.

3-25. gpmﬂoml Check of Interlock Switch
1

WARNING

Power must be applied to the radar set
to check the operation of the interlock
switch. Since the interlock switch func-
tions to protect personnel from voltages
in excess of 500 volts, the warning
procedures in paragraph 3-7 shall be
reviewed before proceeding with the
operation check below.

a. Set the POWER switch to OFF.

b. Remove the radome (para 3-59).

¢. Set the POWER switch to TRAMSMIT, the
STROBE switch to OFF, and the VOLUME ADJ
switch to position 1, and depress the BATTERY

TEST button and hold for a delay of 90 seconds.

d. Push interlock switch to the full rearward
position and observe the RANGE EXTENSION
METERS meter needle.

(1) Meter needle should indicate in the
center of the red zone. If it does not, pull switch
S1 to the full forward position, remove power,
discharge capacitor C6, and check interlock
switch continuity. If defective, remove and
replace the center section and refer the defec-
tive center section to higher category of main-
tenance.

(2) If meter needle indicates anywhere but
in the center of the red zone and the continuity
check proves satisfactory, switch S1 is function-
ing properly and a malfunction exists elsewhere
in the radar set.
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ELS840-211-35-TM-T4
Figure 3-36. Range unit, location of internal test points.

Figure 3-37. Abnormal indications at range unit jack J4.

TM 11-5840-211-35

Figure 8-38. Multiar pulse.

Figure 3-39. Sweep at E415.

Figure 3-40. Square wave at E43S.
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a. In order to prepare the RANGE METERS
indicator for adjustment, perform procedures
given below.

(1) Place the POWER switch on the con-
trol panel in the OFF position.

(2) Release the four trunk-type latches that
secure the control panel to the rear of the re-
ceiver-transmitter, and remove the control panel
(fig. 3-8).

(8) Remove the strobe unit by removing
four binding head screws and disconnecting jack
J105 from plug P105 of the strobe unit by loosen-
ing two knurled captive screws.

(4) Identify, mark, and unsolder the three
connecting leads of potentiometer R103 (fig. 8-
31).

(5) Remove the RANGE CONTROL hand-
wheel (1) on the front of the control panel (fig.
3-43) by loosening the two setscrews (2) con-
tained in the neck of the handwheel. Remove the
hex nut seal (3).

NOTE
On first inspection of the handwheel,
the two setscrews might not be accessi-
ble. Turn the handwheel against the
limit stop until both setscrews are acces-
sible through the outer holes of the
handwheel.

(6) In order to gain access to potentiometer
R103 (11), remove the five binding head screws
(4, 5, and 6), three hex nuts (8), and three lock-
washers (7), that fasten the gearbox (10) of the
dial assembly to the control panel and remove the
dial assembly.

CAUTION
Care should be taken in handling the
control panel to prevent damage to me-
ter M101, the strobe unit, and the ex-
posed wiring.

b. Invert the dial assembly so that the cover
plate (16) of the dial assembly gearbox (fig. 8—
43) is facing upward. Remove the three flathead
screws (17) that secure the cover plate (16) to
the gearbox (10).

c. Hold the handwheel shaft (14) securely in
the gear assembly and carefully lift the cover
plate (16). Transfer the hold to the 96-tooth
bevel gear (18) on the handwheel shaft (14) and
remove the cover plate (11).

NOTE
Make sure that the handwheel shaft
(14) 1is held down at all times when re-
moving the cover plate (11) or the dial
assembly gearing will become separated.

KN

d. Rotate the handwheel shaft (14) in a coun-
terclockwise direction, as viewed from the
RANGE CONTROL handwheel, until the inter-
nal zero stop in potentiometer R103 (11) is
reached.

e. Lift the 96-tooth bevel gear (18) on the
handwheel shaft (14) until the gear just disen-
gages from the RANGE METERS indicator gear
(19).

f. Rotate the RANGE METERS indicator
(15), which registers the units and tenths digits,
until the zero mark is centered.

g. Press the handwheel shaft (14) and 96-tooth
bevel gear (18) downward in order to reengage
the RANGE METERS indicator gear (19). Re-
check the potentiometer zero stop against the
RANGE METERS indicator reading of zero.

h. If the RANGE METERS indicator (15)
does not indicate zero, repeat d through g above.

i. Replace the cover plate (16) on the dial as-
sembly gearbox and fasten the cover plate in
place with three 440 x 1/4 flathead screws (17).

j. Check for easy rotation of the handwheel
shaft (14).

k. Perform the procedures given below.

(1) Install the align the dial assembly on
the rear of the control panel (fig. 3-81) and se-
cure the dial assembly in place with two No. 8-
82 x 5/8 binding head screws (4) (fig. 73), two
No. 8-382 x 2 1/4 binding head screws (6), one
No. 8-82 x 1/2 binding head screw (5), three
No. 8 lockwashers (9), and three No..8-82 hex
nuts (8).

NOTE
Make sure that the potentiometer termi-
nal lugs do not make contact with the
control panel.

(2) Install the hex nut seal (8) and the
RANGE CONTROL handwheel (1). Secure the
handwheel in place with the two setscrews (2).

(8) Connect and solder the three previously
marked leads to potentiometer R108 (11).

(4) Install the strobe unit (fig. 8-8) on the
control panel and secure in place with four No.
6-82 x 5/8 binding head screws. Connect plug
P105 to jack J105 (fig. 8-31) and tighten the
two knurled captive screws.

(5) Install the control panel on the rear of
the receiver-transmitter and secure in place with
the four trunk-type latches.

NOTE
‘Make sure that jack J101 (fig. 8-9) is
in firm contact with plug P101 (fig. 8-
81) of the control panel.
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Figure 3-41. Audio unit waveforms.
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Figure 3-42. Power convertor unit, heat dissipation plate removed.

Section lll. ADJUSTMENT AND ALIGNMENT

3-26. General

This section contains complete adjustment and
alignment procedures for Radar Set AN/PPS-
4A. Paragrapns 3-27 through 3-49 contain in-
structions for adjustments and alignment of indi-
vidual syvstems while paragraphs 3-48 through
3-32 contain the complete alignment precedure
for the radar set. The complete alignment proce-
dure is to be used as a guide to completely adjust
and align the radar set after it has been out of

3-52

operation for a prolonged period or after it has
been extensively repaired.

3-27. Adjustment of the RANGE METERS
Indicator

If the RANGE METERS indicator fails to read
zero when the RANGE CONTROL handwheel
is turned to the full counterclockwise position,
adjustment is necessary. To adjust the indicator
follow the steps below.
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PORTION OF
CONTROL PANEL

EL5840-2I1-35-TM-81

Figure 3-43. Dial assembly, partial exploded view.
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3-28. RANGE EXTENSION METERS Meter METERS meter needle while adjusting R1005.
Calibration for Battery Test Adjust R1005 so that the meter needle is in the ‘
a. General. The RANGE EXTENSION center of the red zone of the meter. Release the
METERS meter deflection can be adjusted for BATTERY TEST button.

a midscale indication when the +24-volt output (10) Place the POWER switch in the OFF
of the power converter system is 24 +1.2 volts. position.

b. Procedure. To perform the RANGE (11) Dlsconnegt the voltmeter leads and‘
EXTENSION METERS meter calibration for remove the repair patch cord from plug P101
the battery test, proceed as follows: and jack J101.

(1) Place the POWER switch in the OFF (12) Disconnect the 24-volt storage battery
position. (BB—422/U) which was used for calibration.
CAUTION (13) Install the control panel on the rear of
the receiver-transmitter and fasten the four
Care should be taken in handling the trunk-type latches that secure the control panel
control panel to prevent damage to in place.

meter M101, the strobe unit, and the
exposed wiring. 3-29. Range Linearity Adjustment

(2) Remove the control panel from the rear a. General. The RANGE CALIBRATION con-
of the receiver-transmitter by releasing the four trols on the face of the control panel are
trunk-type latches and secure thee control panel adjusted to obtain linearity of the range sweep

in place with the support fixture (fig. 3-5). voltage.

(3) Connect the repair patch cord between b. Procedure. To adjust the range linearity,
jack J101 (fig. 3-13) on the center section of the proceed as follows:
receiver-transmitter and plug P101 (fig. 3-31) on (1) Follow the range calibration procedure
the control panel. in TM 11-5840-211-12, and calibrate the range

(4) Connect a known good 24-volt storage so that the first range mark appears at 500 +2
battery (BB-422/U) to the 24V DC BAT. ONLY meters and the 7th range mark appears at 6,500

receptacle. +2 meters.
CAUTION (2) Rotate the RANGE CONTROL hand-
Approximately 24 volts will be applied wheel until the RANGE METERS indicator
to Multimeter TS-352B/U. Make sure indicates 3,600 meters.
that the multimeter is set at a range (8) Adjust potentiometer R107 (fig. 3-31)
above this potential. until the needle of the RANGE EXTENSION

(6) Connect the positive lead of the mul- METERS meter deflects leftward to a minimum
timeter to pin 6 of terminal board TB1 (fig. 8-13) value.

on the center section. Connect the negative lead (4) Check to see that the needle of the
to ground, pin 7 of terminal board TBI1. RANGE EXTENSION METERS meter deflects
‘ CAUTION leftward to a minimum value at the following
Make sure that the VOLTAGE ADJ readings of the RANGE METERS indicator: 500
switch is in position 1 before turning +2 meters, 3,600 56 meters, and 6,600 =2
the POWER switch to STANDBY, meters.
TRANSMIT, or RANGE. (6) If the needle of the RANGE

(6) Place the POWER switch in the EXTENSION METERS meter does not deflect
TRANSMIT position and wait approximately 90 leftward to a minimum value within the toler-
seconds for the thermal delay relay to operate. ances given for the 1st or 7th rangemark, repeat

(7) Check for an indication of +24 +1.2 volts (1) through (4) above until it does.

at pin 6 of TB1 of the center section. Check for 3-30. Adjustmont and Alignment of tho

indication of +270 volts at pin 4 of TB1. On the
control panel, adjust variable power supply Transmitting System ‘
until +270 volts is present. All adjustment and alignment procedures for

(8) Depress and hold the BATTERY TEST the transmitting system are covered in parag-
button. Use a screwdriver to adjust potentiome- raphs 3-32 and 8-33. Before making any adjust-
ter R1005 on the strobe unit affixed to the rear ments, check the +270-volt output of the power ‘
of the control panel (fig. 3-8). converter system on terminal 4 of TB1 (fig.

(9) Observe the RANGE EXTENSION 3-13).
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3-31. Tools and Test Equipmont Required
a. Test Equipment. The following items of test

TM 11-5840-211-35

equipment are required to adjust and align the
transmitting system:

Test equipment Functional name Technical manual
Power Supply PP-1104C/G Variable power supply TM 11-6130-246-12
Test Set TS-147D/UP Radar test set TM 11-1247B
Oscilloscope AN/USM-281 Oscilloscope
Repair Patchcord Repair patch cord Para 3-14

NOTE
When using the above test equipment
in the following adjustment and align-
ment procedures, set the controls of the
test equipment as indicated in the
applicable technical manual.
b. Tools. Tool Equipment TE-113 is required
to aline and adjust the transmitting system.

3-32. Pulse Width, Repetition Rate, and
Power Output Adjustments

a. General. The pulse width and power output
are controlled by variable resistor R207. The
pulse width adjustment must-be made in con-
junction wilth the power output adjustment.
Variable resistor R202 controls the repetition
rate of the pulses.

b. Procedure.

(1) Set the POWER switch on the control
panel at OFF.

CAUTION

Care should be taken in handling the

control panel to prevent damage to

meter M101, the strobe unit, and the
exposed wiring.

(2) Release the four trunk-type latches that
fasten the control panel on the receiver-
transmitter, and remove the control panel.

(3) Place the control panel in the support
fixture.

(4) Connect the repair patch cord between
plug P101 on the control panel and receptacle
J101 on the rear of the center section.

(5) Unscrew the cover plate from the direc-
tional coupler access hole on the receiver-
transmitter housing (fig. 3-63).

(6) Unscrew the cap of the directional
coupler cable assembly.

() Connect the radar test set RF cable from
the radar test set to jack J908 in the access hole.

(8) Place the controls on the radar test set
in the transmitter position.

(9) Connect a 50-ohm coaxial cable, ter-
minated in _its characteristic impedance,
between the vertical input of the oscilloscope
and the crystal output jack of the radar test set.

(10) Set the POWER switch on the control
panel at TRANSMIT and observe the pulses on
the oscilloscope.

(11) Adjust variable resistor R207 (fig. 3-14)
to obtain a pulse width of 0.2 +0.2 usec at the
50% points.

(12) Adjust variable resistor R202 (fig. 3-14)
until the period between pulses on the oscil-
loscope is from 313 to 370 microseconds.

(13) Adjust variable resistor R207 until the
power output is between 24 and 27 dbm. Zero
the meter on the radar test set and adjust the
attenuator on the radar test set for an indica-
tion of 1 dbm on the radar test set meter. When
this meter indicates 1 dbm, the total attenua-
tion of the directional coupler (printed next to
the coupler), the radar test set RF cable (TM
11-1247B), and the attenuation control are
equal to the power output of the magnetron.

(14) Set the POWER switch at OFF. Remove
the 50-ohm coaxial cable and replace the cap on
the directional coupler cable assembly. Replace
the cover plate on the directional coupler access
hole. Remove the repair patch cord from jack
J101 and plug P101. Replace the control panel
on the receiver-transmitter and fasten the four
trunk-type latches to secure the control panel
in place.

3-33. Magmtroh Frequency Adjustment

During normal operation, the magnetron fre-
quency ‘'is adjusted by rotating the MAG.
TUNER on the magnetron. Rotation of the
MAG. TUNER varies the size of the resonating
cavity within the magnetron, and thus varies
the magnetron frequency. To align the magnet-
ron frequency with the klystron frequency,
refer to paragraph 3—41.
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3-34. Adjustment and Alignment of the
Receiving System

Paragraph 3-36 and 3-32 cover all the adjust-
ments in the receiving system. These adjustments

3-36. Bandwidth and Gain Adjustment Test

Equipment Setup

a. General. The seven tuning networks of the

= TF amplifier unit (six interstage networks and

the input network) are separately adjusted to

give an overall gain of approximately 86 db and

a bandwidth of 5.5 to 7 MHz. The test equipment

setup procedure for this adjustment is given in

b below. The procedure for the adjustment is
given in paragraph 8-37.

b. Test Equipment Setup Procedures. To set
up the test equipment (fig. 3-44) for the band-
width and gain adjustment (para 8-37), follow
the steps given below.

(1) Release the four trunk-type latches that
fasten the control panel on the receiver-trans-
mitter, and remove the control panel.

CAUTION

Care should be taken in handling the

control panel to prevent damage to meter

M101, the strobe unit, and the exposed

wiring.

(2) Release the four trunk type latches
that fasten the radome on the receiver-transmitter
and remove the radome with the reflector at-
tached.

CAUTION
Care should be taken to prevent denting
the reflector or damaging the dipoles
of the antenna feed.

3-86

are on the IF amplifier unit. The klystron tuning
adjustment is contained in paragraph 3-41.

3-35. Tools and Test Equipment Required
The following items of test equipment are re-

quired to completely align the receiving system: ‘

(8) Place the control pamel in the support
fixture.

(4) Connect the repair patchcord between
plug P101 on the control panel and jack J101
on the center section.

(5) Remove the antenna feed assembly from
hybrid waveguide assembly No. 1 by removing
the four binding head screws and four lockwash-
ers from the antenna feed assembly flange.

(6) Secure a dummy antenna to the flange
of hybrid waveguide assembly No. 1 with the
four No. 8032 x 1/2 binding head screws and
four No. 8 lockwashers removed in" (5) above.

WARNING
Interlock switch S1' is a protection
against dangerous voltages. Review the
warning procedures in paragraph 3-7
before disabling the switch.

(7) Disable interlock switch S1 (fig. 8-1)
by pulling the interlock shaft to the full forward
position.

{8) Remove the IF amplifier unit from the
mounting plate in the receiver-transmitter center
section (para 8-638). Connect the IF amplifier
bench test cable between jack J501 on the IF am-
plifier unit and plug P501 on center section
mounting plate. _

(9) Remove the nine No. 4-40 x 4/16 bind-
ing head screws and nine No. 4 lockwashers that
fasten the cover on the IF amplifier unit and re-
move the cover.

1



(10) Using a jewelers’ screwdriver, turn
variable capacitors C668, C676, C516, 0621, C524,
0626, and 0538 counterclockwise in order to
break the factory seal. Check that these capaci-
tors turn freely before proceeding to (11) below.

(11) Install the alignment cover using the
screws and lockwashers removed in (9) above.
Check that all screws are secured tightly.

(12) Replace the audio, afc, transmitter, and
range units as described in paragraphs 8-64, 3—
66, 3—61, and 8-62 respectively. Do not connect
plug P508 to jack J702 on the afc unit.

(18) Connect the coaxial cable with microdot
connector between jack J206 on the transmitter
unit and plug P508 on the blanking pulse cable.

(14) Use a ground strap to ground the re-
ceiver-transmitter, the IF amplifier unit, and all
test equipment to the ground plane.

(15) Connect one end of a 38,000-ohm re-
sistor to the center lead of a coaxial cable.

(16) Connect the outside shield of the coaxial
cable to an alligator clip and connect the alligator
clip to the chassis of the IF amplifier unit.

(17) Connect the other end of the coaxial
cable to the input of the sweep generator.

(18) Connect the terminated test cable to
the output of the sweep generator.

(19) Set the output of the sweep generator
with no attenuation added to give an output signal
of approximately 0.5 volt rms as the terminated
end of the terminated test cable. Measure the
output of the test cable with a vacuum tube
voltmeter. Set the sweep control on the sweep
generator to obtain a sweep centered at 30 MHs
with the sweep length set at a maximum value
on the sweep generator.

(20) On the control panel of the radar set,
set the POWER switch at RANGE; set the
RANGE METERS indicator at 7,000.

(21) Using tuning tool A, adjust resistor
R615 fully counterclockwise. With the multim-
eter, observe the output at jack J602 on the
audio unit. Vary the VOLUME control until the
output voltage at jack J602 on the audio unit is
approximately —4.4 volts.

(22) Set the POWER switch at OFF.

3-37. 8andwidth and Gain Adjustment
Procedure

a. General. When performing the bandwidth
and gain adjustment procedure, the following
factors should be taken into consideration.

(1) In the bandwidth and gain adjustment
procedure, turning the variable coupling capaci-
tor of each stage clockwise broadens the response
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curve viewed on the oscilloscope, for that stage,
and sometimes causes the response curve to be-
come asymmetrical. Adjusting the primary and
secondary inductors in the stage and readjusting
the coupling capacitor will restore the symmetry
at the desired bandwidth. If the dip in the re-
eponse curve is 8 db or greater, adjust the cou-
pling capacitor slightly counterclockwise and re-
adjust the primary and secondary inductors. Do
not allow the dip to remain at or below the 38-db
point.

(2) In many instances, it will be possible
to obtain the ideal response curve for the stages
(fig. 8—45). Figure 846 illustrates typical re-
sponse curves which are acceptable even though
they deviate from the ideal. Therefore, a stage
is considered properly adjusted when either the
ideal or the typical response curve is obtained
on the oscilloscope.

(8) Due to the interaction of a double-
tuned network, it may be necessary to tune the
primary and secondary inductors and the cou-
pling capacitor several times to obtain the re-
quired response curve for that stage.

(4) As each stage is tuned, the bandwidth
tends to become narrower. Therefore, tune each
stage carefully to obtain the proper bandwidth
as illustrated in figures 8345 and 3—46.

(6) In the following adjustment procedure
(b below), the cold side of the capacitor is the
side closest to ground potential and is indicated
as the curved side on the schematic symbol for
a capacitor.

(6) In the following adjustment procedure,
when instructed to retrim a stage, adjust the
coupling capacitor of the stage until the response
curve tends to flatten; readjust the primary and
secondary inductors of that stage to center the
response at 80 MHz with the proper symmetry.
Continue to alternately adjust the coupling ca-
pacitor and both inductors a little at a time until
the correct response curve is obtained for the
stage.

b. First Adjustment.

(1) Connect the terminated end of the ter-
minated test cable to the cold side of coupling
capacitor C526 through hole B in the alignment
cover (fig. 3—44). Connect the ground terminal
of the coaxial cable to the IF amplifier unit
chassis. Connect a 1,000-..f capacitor between
the cold side of capacitor C524 and ground by
connecting one clip on the 1,000-uuf capacitor
to a screw on the alignment cover and the other
clip to the cold side of capacitor 0524 through
hole C in the alignment cover.
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Figure 3-i4. Bandwidth and gain adjustment test equipment setup.

(2) Set the POWER switch at TRANSMIT.

(8) Place enough attenuation (approx 10
db) on the step attenuator to give a response of
approximately 0.5 volt as indicated on the os-
cilloscope.

(4) Using tuning tool A, turn the plunger
of capacitor C533 (hole A in the alignment cover)
clockwise approximately 2 turns.

(5) Set the frequency markers of the sweep
generator at 25, 30, and 86 MHz.

(6) Using tuning tool B, adjust secondary
inductor L5621 to peak the response curve at the
30-MHz marker on the oscilloscope.

(7) Using tuning tools B and A, adjust
primary inductor L526 and capacitor C538 until
the response curve is symmetrical about the 25-
to 856-MHz markers on the oscilloscope. In order
to observe the symmetry of the response curve,
set the center of the sweep control on the sweep
generator at 25 MHz, at 830 MHz, and then at
86 MHz.

(8) Adjust capacitor C533 (hole A in the
alignment cover) clockwise and retrim the stage
until the response curve on the oscilloscope is
similar to that illustrated in A, figure 8—46 or A,
figure 3-46.
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(9) Set the POWER switch at OFF.
¢. Second Adjustment.

(1) Connect the terminated end of the ter-
minated test cable to the cold side of coupling
capacitor C524 through hole C in the alignment
cover. Connect the ground terminal of the test
cable to the IF amplifier unit chassis. Connect
the 1,000-puf capacitor between ground and the
cold side of capacitor C621 through hole D in
the alignment cover.

(2) Set the POWER switch at TRANSMIT.

(3) Insert approximately 16 db more at-
tenuation on the step attenuator to obtain a re-
sponse of approximately 0.5 volt on the oscillo-
scope.

(4) Using tuning tool A, turn the plunger
of capacitor C526 (hole B in the alignment cover)
clockwise approximately 2 turns.

(6) Set the frequency markers of the sweep
generator at 25, 80, and 86 MHz.

(8) Using tuning tool B, adjust secondary
inductor L538 to peak the response curve around
the 30-MHz marker on the oscilloscope.

(7) Using tuning tools B and A, adjust
primary inductor L5625 and capacitor C526 until



the response curve is symmetrical about the 25-
and 85-MHz markers on the oscilloscope, and
is centered about the 80-MHz marker. In order
to observe the symmetry of the response curve,
set the center of the sweep control on the sweep
generator at 30 MHz.

(8) Using tuning tool A, adjust the plunger
on capacitor C526 (hole B in the alignment cover)
and retrim the stage until the response curve on
the oscilloscope is similar to that illustrated in B,
figure 3-46 or B, figure 8-46.

(9) Set the POWER switch at OFF.

d. Third Adjustment.

(1) Connect the terminated end of the ter-
minated test cable to the cold side of coupling
capacitor C521 through hole D in the alignment
cover. Connect the ground terminal of the test
cable to the IF amplifier unit chassis. Connect
the 1,000-uuf capacitor between ground and the
cold side of capacitor C515 (hole E in the align-
ment cover).

(2) Set the POWER switch at TRANSMIT.

(8) Insert approximately 15 db more at-
tenuation on the step attenuator to obtain a re-
sponse of approximately 0.5 volt on the oscillo-
8cope.

(4) Using insulated tuning tool A, turn
the plunger of capacitor C524 clockwise approxi-
mately 2 turns.

(5) Set the crystal frequency markers of
the sweep generator at 25, 80, and 36 MHz.

(6) Using tuning tool B, adjust secondary
inductor L6587 to peak the response curve around
or as close as possible to the 80-MHz marker on
this oscilloscope.

(7) Using tuning tools B and A, adjust
primary inductor L524 and capacitor C524 until
the response curve is symmetrical about the 25-
and 86-MHz markers on the oscilloscope and is
centered about the 30-MHz marker. If complete
:znmetty cannot be obtained, proceed to next

p.

(8) Using tuning tool A, adjust the plunger
of capacitor C524 clockwise and retrim the stage
until the response curve on the oscilloscope is
similar to that illustrated in C, figure 346 or
C, figure 8-45.

(9) Set the POWER switch at OFF.

e. Fourth Adjustment.

(1) Set the variable marker on the sweep
generator at 27 MHz. Using a grease pencil,
mark the point on the oscilloscope corresponding
to the 27-MHz marker. Set the variable marker
on the sweep generator at 38 MHz. Using a grease
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pencil, mark the point on the oscilloscope
corresponding to the 83-MHz marker.

(2) Connect the terminated end of the ter-
minated test cable to the cold side of coupling
capacitor C515 through hole E in the alignment
cover. Connect the ground terminal of the test
cable to the IF amplifier unit chassis. Connect
the 1,000—uuf capacitor between ground and the
cold side of capacitor C5676 (hole F in the align-
ment cover).

(8) Set the POWER switch at TRANSMIT.

(4) Insert approximately 15 db more at-
tenuation on the step attenuator to obtain a re-
sponse of approximately 0.6 volt on the oscillo-
scope.

(5) Using tuning tool A, turn the plunger
of capacitor C521 clockwise approximately 2
turns.

(6) Set the frequency marker of the sweep
generator at 80 MHz.

(7) Using tuning tool B, adjust secondary
inductor L5386 to peak the response curve around
the 30-MHz marker on the oscilloscope. If more
than one peak is observed, adjust inductor L5836
so that the center of the response is located at the
30-MHz marker.

(8) Using tuning tools B and A, adjust
primary inductor L5628 and capacitor C521 until
the response curve is symmetrical about the 27-
and 33-MHz markers on the oscilloscope and is
centered about the 80-MHz marker.

(9) Using tuning tool A, adjust the plunger
on capacitor C521 clockwise and retrim the stage
until the response curve on the oscilloscope is
similar to that illustrated in D, figure 8-46 or D,
figure 8—46.

(10) Set the POWER switch at OFF.
f. Fifth Adjustment.

(1) Disconnect the 1,000-.uf capacitor from
capacitor C576. Connect the terminated end of
the terminated test cable to the cold side of cou-
pling cupacitor C576 through hole F in the align-
ment cover. Connect the ground terminal of the
coaxial cable to the IF amplifier unit chassis.

(2) Set the POWER switch at TRANSMIT.

(3) Insert approximately 15 db more at-
tenuation on the step attenuator to obtain a re-
sponse of approximately 0.5 volt on the oscillo-
scope.

(4) Using tuning tool A, turn the plunger
of capacitor 0615 clockwise approximately 2
turns.

(5) Set the frequency marker of the sweep
generator at 80 MHz.

(6) Using tuning tool B, adjust secondary
inductor L535 to center the response curve around

3-5¢



TM 11-5840-211-35

the 30-MHz marker on the oscilloscope, even
though the response may appear asymmetrical.

(7) Using tuning tools B and A, adjust
primary inductor L6522 and capacitor C515 until
the response curve is as symmetrical as possible
about the 27- and 33-MHz markers on the oscillo-
scope and is centered about the 30-MHz marker.

(8) Using tuning tool A, adjust the plunger
on capacitor C516 clockwise and retrim the stage
until the response curve on the oscilloscope is
similar to that illustrated in E, figure 8-46 or
E, figure 8-45.

(9) Set the POWER switch at OFF.

g. Sizth Adjustment.

(1) Set the variable marker on the sweep
generator at 27.2 MHz. Using a grease pencil,
mark the point on the oscilloscope corresponding
to the 27.3-MHz marker. Set the variable marker
at 32.7 MHz. Using a grease pencil, mark the
point on the oscilloscope corresponding to the
32.7-MHz marker.

(2) Disconnect the terminated test cable
from the signal-generator. Connect a BNC to
BNC coaxial cable between the step attenuator
and the input jack on the dummy mixer. Connect
plugs P504 and P505 to the output jacks on the
dummy mixer (fig. 83—47).

(8) Set the POWER switch at TRANSMIT.

(4) Insert approximately 20 db more atten-
uation on the step attenuator to obtain a response
of approximately 0.5 volt on the oscilloscope.

(6) Using tuning tool A, turn the plunger
of capacitor C576 approximately 2 turns clock-
wise.

(6) Using tuning tool B, adjust primary
inductor L510 to center the response curve around
the 830-MHz marker on the oscilloscope.

(7) Using tuning tool B, adjust secondary
inductor L5389 until the response curve is symime-
trical about the 30-MHz marker on the oscillo-
scope.

(8) Using tuning tool B, adjust input tun-
ing inductor L507 to center the response curve
around the 80-MHz marker.

(9) Using tuning tool A, adjust the plunger
on capacitor C576 clockwise, and adjust inductors
L510 and L539 until the response curve is as sim-
ilar as possible to that illustrated in F, figure
846 or F, figure 8—45.

(10) Adjust capacitor C663 and inductor
L507 until the response curve is similar to that
illustrated in F, figure 846 or F, figure 8—45. If
the response is not centered about the 30-MHz
marker, readjust inductors L5190, L5689, and L507.

(11) Set the POWER switch at OFF.
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k. Gain Requirements.

(1) Disconnect the dummy mixer from the
signal generator. Connect the terminated test
cable to the step attenuator.

(2) Set the output of the sweep generator
(with no attenuation added) to give an output
signal of approximately 0.48 volt rms at the
terminated end of the terminated test cable as
measured with the vacuum tube voltmeter.

(8) Disconnect the terminated test cable
from the signal generator. Connect the step at-
tenuator to the input jack of the dummy mixer.

(4) Set the POWER switch at TRANSMIT.

(6) Vary the VOLTAGE control until the
output voltage at jack J602 on the audio unit is
approximately —4.4 volts as measured with the
multimeter.

(6) Adjust the step attenuator to obtain a
response of 0.5 volt on the oscilloscope. The at-
tenuation should be 85 db or greater. If it is not,
repeat the entire adjustment procedure beginning
with a above.

(7) Set the POWER switch at OFF.

t. Bandwidth Requirements.

(1) Set the POWER switch at TRANSMIT.

(2) Insert 8 db more attenuation on the
step attenuator.

(8) Using a grease pencil, draw a line on
the oscilloscope at the upper limit of the re-
sponse curve.

/N
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Figure 3-45. Ideal response curves for bandwidth
and gain adjustment.
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Figure 3-46. Typical response curves for bandwidth and gain adjustment.

(4) Remove 8-db attenuation on the step
attenuator.

(6) Adjust the variable frequency marker
on the sweep generator until the marker coincides
with one of the points at which the response
curve crosses the line drawn in (3) above on the
oscilloscope. Note the value at which the variable
frequency marker is set.

(6) Adjust the variable frequency marker
on the sweep generator until the marker coincides
with the second point at which the response
curve crossed the line drawn in (8) above on the
oscilloscope. Note the value at which the variable
frequency marker is set. The bandwidth, differ-
ence between this value and the value noted in
(6), above should be no less than 56 MHz nor
greater than 7 MHz. If the bandwidth is not
within these limits, repeat the entire adjustment
procedure beginning with a above. Observe the
response at each stage. When the proper response
cannot be obtained for a stage, adjust that stage,
and check and/or adjust all previous stages.

(7) Set the POWER switch at OFF.

(8) Deenergize all test equipment. Remove
all test cables and the repair patchcord. Remove
the audio, afc, transmitter, and range units (para
3-64, 365, 3-61, and 3—62 respectively). Remove
the alignment cover, and install the IF amplifier
unit cover with nine No. 440 x 1/2 binding head
screws and nine No. 4 lockwashers. Replace the
IF amplifier unit in the receive-transmitter (para
3-63). Replace the audio, afe, transmitter, and
range units (paras 3-64, 3-65, 3-61, and 3-62).
Replace the control panel on the receiver-trans-
mitter and fasten the control panel in place with
the four trunk-type latches.

(9) Remove the dummy antenna from the
flange of hybrid waveguide assembly No. 1 by
removing the four binding head screws and
four lockwashers from the dummy antenna. Se-
cure the antenna feed assembly to hybrid wave-
guide assembly No. 1 with the four No. 8-32 x
1/2 binding head screws and four No. 8 lock-
washers removed above. Replace the radome on
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Figure 3-47. Bandwidth and gain adjustment test esuipment setup, dummy mizer
in place.

the receiver-transmitter and fasten the radome (1) Afc unit tuning adjustments L702, L704,
in place with the four trunk-type latches. and L707.
(2) Klystron tuning adjustment.
3-38. Adjustment and Alignment of the
Avutomatic Frequency Control System

a. The following paragraphs cover all ad-

justments in the afc system. These adjustments . .
are in the afc unit and should be made with the 3-39. Tools and Test Equipment Required

(3) Magnetron tuning adjustment.
(4) Afc sweep adjustment R632.

afc unit removed from the receiver-transmitter. a, Test Equipment. The following items of
b. The following are the adjustments associated test equipment are required to completely align
with the afc system: the afc system.
Technical manual or
Test equipment Functional name operating parameters
Spectrum Analyzer TS-148/UP ______. | Spectrum analyzer TM 11-1249
Oscilloscope AN/USM-281 ___________| | Oscilloscope
Signal Generator TS—452A/U ________]| | Sweep generator ™ 11-6626-283-12
Generator, Pulse SG-366/U ___________ Pulse generator
Multimeter, Meter ME-26B/U ____.___ Vacuum tube voltmeter . __________] L T™™ 11-6625-200-15
Multimeter T'S-86@B/U _______.____| | Milliameter ___ --} T™™ 11-6625-366-15
Dummy Mixer .| Dummy mixer . ________________ +4 Para 3-14
Repair Patchcord Repair patchcord Para 3-14
Afc Unit Bench Test Cable ___________. Afc bench test cable . ________________1 Para 3-14
Plugs for Tip Jacks Tip jack plugs Para 3-14

.62



b. Tools. Tool Equipment TE-118 is required
to completely align the afc system.

3-40. Afc Unit Tuning Adjustment L702,
L704, and L707

a. General. Afc unit tuning adjustments L702,
L704, and L707 are adjusted so that the afc sys-
tem gives the desired response to the pulsed IF
input signals.

b. Procedure. To adjust L702, L704, and L707,
proceed as follows:

(1) Remove the afc unit from the mount-
ing plate of the receiver-transmitter center section
and remove the cover by following the procedure
in paragraph 8-65.

(2) Connect the afc unit to the receiver-
transmitter and test equipment as shown in figure
8-48.

(3) When the afc unit is connected to the
test equipment as shown in figure 348, the
sweep generator and dummy mixer perform the
function of the RF system by generating the in-
put to the afc unit.

(4) Turn on the oscilloscope and set the
horizontal display switch so that the oscilloscope
sweep will be generated from the output of the
signal generator.

(5) The following procedure is followed
to turn on and use the sweep generator:

(a) Connect the vacuum tube voltmeter
across the input terminals of the dummy mixer.

(b) Set the frequency control of the sweep
generator at 30 MHz.

(c) Set the attenuator switches on the
sweep generator to obtain no attenuation.

(d) Turn on the sweep generator.

(e) Adjust the  output control of the
sweep generator until an indication of 0.8 volt
rms is obtained on the vacuum tube voltmeter.

(f) Set the attenuator switches on the
:weep generator to obtain an attenuation of 86

b.

(6) Turn the POWER switch on the con-
trol panel to the STANDBY position.

(7) The afc discriminator response (fig.
8-49) will be displayed on the oscilloscope.

(8) Set the variable marker control on the
sweep generator to read 30 MHz.

(9) Adjust inductor L707 on the afc unit
(fig. 8-59) until f.,, the crossover frequency,
coincides with the position of the variable marker
as viewed on the oscilloscope.

(10) Adjust L702 and L704 on the afc unit
until the afc .discriminator response displayed on
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the oscilloscope appears similar to that shown in
figure 107. In adjusting L702 and L704 it is
necessary to compromise between the maximum
slope of the afc discriminator response at the
crossover frequency and the maximum amplitude
at the positive and negative peaks. The line
through the crossover frequency point should be a
straight line and the peaks should be equal and
greater than 0.8 volt in amplitude, separated by
5.5 +£1.5 MHz, and centered about the crossover
frequency.

(11) Due to the interaction of inductors
L702, L704 and L707. (9) and (10) above must
be repeated at least twice in order to obtain an
accurate response. -

(12) Replace the sweep generator in figure
8-48 with a pulse generator and disconnect the
oscilloscope from E709 on the afc unit.

(18) Set the pulse generator frequency con-
trol at 80 +0.1 MHz and the repetition rate at
4.5 £0.5 kHz.

(14) Connect the oscilloscope across the
dummy mixer input terminals.

(15) Adjust the pulse width control on the
pulse generator so that 0.8+0.03 microsecond
pulses are obtained on the oscilloscope. (Normal-
ly this will call for the minimum setting of the
pulse width control.) Disconnect the oscillo-
scope from the test setup.

(16) Adjust the output control of the pulse
generator until an output voltage of 0.2 volt rms
is obtained. To measure the output voltage on
the pulse generator panel meter it is necessary
to set the mode selector switch for generation of
a continuous wave output and to set the attenua-
tor switches on the pulse generator for no attenua-
tion. After the output voltage is set at 0.2 wolt
rms, return the mode selector switch to the posi-
tion where the output consists of RF pulses.

(17) Connect a vacuum tube voltmeter be-
tween jack J604 on the audio unit and ground.
Set AFC/MFC switch S601 on the audio unit at
MFC, and adjust potentiometer R632 on the
®mudio unit to obtain a reading of -110 volts on
the vacuum tube voltmeter.

CAUTION

Make sure that jack J604 on the audio
unit does not short to ground. Do not
connect a low resistance between jack
J604 and ground. Jack J604 has a po-
tential of -110 volts with respect to
ground. A low resistance between jack
J604 and ground may cause permanent
damage to the audio unit.
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(18) Set the attenuator switches on the pulse
generator for an attenuation of 8 +2 db, and set
AFC/MFC switch S601 at AFC.

(19) Adjust inductor L707 until the voltage at
jack J604 is —110 volts.

(20) Insert an additional 3db of attenuation by
means of the attenuator switches on the pulse
generator.

(21) Slowly increase the frequency of the pulse
generator output until a reading of —110 volts is
again obtained on the vacuum tube voltmeter at
jack J604 If the new frequency is above 31 MHz
perform (22) below; if it is at or below 31 MHz
proceed to (23) below.

(22) Set the frequency of the pulse generator at
31+0.1 MHz and adjust inductor L704 on the afc
unit to obtain —110 volts at jack J604 of the audio
unit.

(23) Decrease the attenuation of the pulse
generator by 6 db below the level set in (18) above.

(2)4) Slowly reduce the frequency of the pulse
generator until the voltage at jack J604 is —110
volts. If the new frequency is below 29 MHz per-
form (26); if it is at or above 290 MHz proceed to (26)
below.

(26) Set the frequency of the pulse generator at
29 +0.1. MHz and adjust inductor L702 on the afc
unit to obtain —110 volts at jack J604

(26) Slowly reduce the frequency of the pulse
generator output. The voltage at jack J604 should
become more negative and reach a saturation
value of —169 +1 volts, at a frequency not lower
than 27 MHz. There should be no further change in
this voltage as the frequency is decreased to 22
MHz.

NOTE

The procedure of (26) above insures that

lock-on will not occur at a false signal.

(27) When alignment is satisfactory, cement
the tuning slugs of inductors L'702, L704, and L707
in place with Compound, Sealing, Locking Retain-
ing, Grade EV, Bottle NSN 8030-00-614-9207.

(28) Deenergize all test equipment. Remove all
test cables and the repair patch cord. Follow the
procedure of paragraph 3-65 to replace the afc unit
in the receiver-transmitter.

3-41. Afc Sweep Adjustment R632 and Kly-
stron V902 and Magnetron V901 Tun-
Ing Adjustments
NOTE

The radar set must not be tuned above
9,400 MHz because instability of the radar
set will develop.

64  Change 3

a. General. The klystron V902 and magnetron
V901 tuning adjustments are performed in con-
junction with afc sweep adjustment R632 in order
to maintain the difference between the klystron
and magnetron frequencies at 30 MHz.

CAUTION

Care should be taken in handling the con-

trol panel to prevent damage to meter

M101, the strobe unit, and the exposed

wiring.

b. Procedure. To perform the adjustments, pro-
ceed as follows:

(1) Release the four trunk-type latches that
secure the control panel to the receiver-
transmitter housing, remove the control panel,
and place it in the support fixture.

(2) Release the four trunk-type latches that
secure the radome to the receiver-transmitter
housing, and remove the radome.

(3) Remove the antenna feed assembly from
hybrid waveguide assembly No. 1 (fig. 3-50) by re-
moving the four binding head screws and four
lockwashers from the antenna feed assembly
flange.

(4) Secure a dummy antenna to the flange of
hybrid waveguide assembly No. 1 with the four No.
8-32 x /2 binding head screws and four No. 8
lockwashers removed in (3) above.

(6) Install the repair patchcord between plug
P101on the control panel (fig. 3-31) and jackJ1010on
the center section (fig. 3-13).

(6) Connect the milliameter to jack J506 or J507
on the IF amplifier unit (fig. 3-56).

NOTE

Outputs at jacks J506 and J507 are of op-

posite polarity.

(7 Disable interlock switch S1 (fig. 3-50) by
pulling the interlock shaft to the full forward posi-
tion, and set the POWER switch at TRANSMIT.

(8) Position the pickup horn of the spectrum
analyzer adjacent to klystron V902 as shown in
figure 3-50.

(9) Adjust the spectrum analyzer controls
until a frequency spectrum (fig. 3-51) appears on
the spectrum analyzer oscilloscope. Note that the
magnetron frequency display and the klystron
frequency display are obtainable on the spectrum
analyzer.

(10) Measure the magnetron frequency at the
peak of the displayed spectrum. If necessary,
loosen the screw which secures the MAG. TUN-
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