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READ THESE INSTRUCTIONS CAREFULLY

1 (). These instructions pertain only to those pages which have
different effectivities,

2 (). The effectivity columns in paragraph 3 indicate the production
cut«in serial number of materiel which has been modified, and the DA MWO
which contains instructions for modifying existing materiel produced prior
to this production cut«in serial number. Process these pages as follows:

a. If the serial number of the materiel in use is of the applicable
production cut~in serial number or higher, apply changes as indicated in
paragraph 3.

b. 1If the serial number of the materiel in use is below the applicable
production cutw~in serial number, and the pertinent DA MWO has been accome~
plished, apply changes as indicated in paragraph 3.

¢. If the serial number of the materiel in use is below the applicable
production cut«in serial number, but the pertinent DA MWO has not been
accomplished, do not change the manual until such time as the modification
is completed. Retain the change pages with this instruction sheet in the
front of the manual. After the modification is completed, apply the changes
as indicated in paragraph 3.

3 (). In accordance with the instructions contained in paragraph 2,
the new pages, as enumerated below, will be inserted in the manual and the
old pages will be removed. The material on a new or revised page affected
by these changes is indicated by a vertical line in the margin of the page.
Added or revised illustrations are indicated by a vertical line adjacent
to the RA PD or ORD G number.
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Effectivity
Production cut-in

01d pages New pages DA MWO gserial no,
19-22 i 19-22(C2) 9-1400-250-50/28 See Note
19-22(C2) 19-22(C4) 9-1400-250-30/41 165

25, 26 25, 26, 26,1 9-1400-250-50/28 See Note

47, 48 : 47, 48 9-1400-250-50/28 See Note
57-59 i 57, 58, 58.1, 59 | 9-1400-250-50/28 See Note

61, 62 j 61, 62, 62.1 9-1400-250-50/28 See Note
67, 68 67, 68 9-1400-250-50/28 See Note

87, a8 87, 88 9-1400-250-50/28 See Note
103, 104 103, 104, 104.1 9-1400-250-50/28 See Note
117-120 117, 118, 118.1, 9-1400-250-50/28 See Note

119, 120

118.1(C3) 118.1(C6) 9-1430-251-30/27 K27

119, 120(¢2) 119, 120(C6) 9~1430-251-30/27 K27

163-166 5 163-166 9-1400-250-50/28 See Note
193-197 193-196, 196.1, 9-1400-250-50/28 See Note

i
i

197

Note. Equipment changes as reflected in DA MWO 9-1400-250-50/28 will be
cut-in to production systems with suffix serial numbers 160, 161, 164 through
168, 170 through 179, 182, and 186 through 196.

4 (U). Retain the transmittal sheets in the front of the manual for

future reference,
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LOPAR preknock pulse. The LOPAR
preknock, a positive, 40-volt, 1-micro-
second pulse, occurs at a repetition
rate of 500 pulses per second. Thisg
pulse has a steep leading edge that
precedes the LOPAR syne and trans-
mitter sync pulses by 23.5 microsec-
onds. The LOPAR preknock triggers
the MTI circuits, and supplies an IFF
trigger (preknock) pulse to the SIF
IFF aystem. In addition, the LOPAR
preknock triggers the acquisition-
track synchronizer of the target track.
ing radar system, and the receiver and
marker circuits whenever the acquisi-
tion radar-select circuits are condi-
tioned for LOPAR gystem synchroni-
zation. Pretriggering is required for
aystem stability before the LOPAR
sync pulse triggers the LOPAR sys-
tem into operation.

LOPAR sync pulse. The LOPAR sync,
a positive, 40-volt, 0.15-microsecond
pulse, occurs at a repetition rate of
500 pulses per second. The sync
pulse is initiated and synchronized by
the LOPAR preknock pulse and de-
leyed 23.5 microseconds. This LOPAR
sync pulse triggers the PPI sweep
circuits and marker circuits whenever
the acquisition radar-select circuits
are conditioned for LOPAR system
synchronization.

Transmitter sync pulse. The trans-
mitter syne, a positive, 40-volt, 0.1-
microsecond pulse, is in time coinei-
dence with the LOPAR sync pulse.
This narrow pulse is required for
proper triggering of the acquisition
trigger amplifier in the transmitter
circuits because of a characteristic of
the blocking oscillator transformer in
the acquisition trigger amplifier.

MTI test pulse. The MTI test pulse,
a positive, 6.volt, 7-microsecond pulse,
occurs 10 microseconds after the lead-
ing edge of each LOPAR preknock
pulse. This delay effectively places
the test pulse in time between the
LOPAR preknock and LOPAR sync
pulses. The test pulse is used by the
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MTI circuits for the generation of
an internally used automatic gain con-
trol voltage and is also used during
checks and adjustments of the MTI
circuits.

Composite MTI auto synec and dis-
abling pulse. The MTI auto sync and
disabling pulse is a composite pulse
consisting of a positive 10-volt anto
sync pulse and a negative 32-volt dis-
abling pulse. The auto sync pulse, de-
veloped from each LOPAR preknock
pulse, has a steep leading edge and a
time duration of 1 microsecond. This
pulse is used as a trigger pulse and is
superimposed upon the leading edge
of the disabling pulse. The disabling
pulse has a steep negative-going lead-
ing edge, a flat portion with a dura-
tion of 1500 microseconds, and a posi-
tive-going exponential trailing edge
with a duration of 500 microseconds.
This pulse is used as a disabling gate.
The auto syne pulse and the positive-
going trailing edge of the disabling
pulse cccur simultaneously in the MTI
circuits and are combined for appli-
cation as a composite timing feedback
to the input of the acquisition-track
gsynchronizer. The application of this
pulse causes the synchronizer to be
accurately synchronized with the oper-
ation of the MTI circuits.

b. The presentation system and target
tracking radar system can alzo be synchro-
nized by the HIPAR system. The acquisition
radar-select circuits (fig. 2) provide & means
of selecting preknock and sync pulses from
the LOPAR or HIPAR system. Other func-
tions of the radar-select circuits are given in
paragraph 13. Selection of these pulses per-
mits video frem the HIPAR or LOPAR system
to be displayed on the presentation system.
The HIPAR sync pulse and preknock pulse
(TM 9-1430-250-20,10) occur at a repetition
rate hetween 400 and 445 pulses per second
and have a time duration of 1 microsecond.

(5)

18 {U). Acquisition-Track Synchronizer

The acquisition-track synchronizer (fizg. 2)
produces five output pulses at a repetition rate
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of 500 pulses per second. The functional cir-
cuits, pulses, and their distributions are dis-
cussed in a through d below.

Note. The grid zone references shown in parentheses
in a through d below refer to figure 24, TM 9-1430—
254-20/6, unless otherwise indicated.

a. Preknoek Pulse Circuits.

(1) During normal operation, a composite
MTI auto sync and disabling pulse
(fig. 3) from the trigger pulse-video
amplifier (B3) is applied to the acqui-
sition-track synchronizer (B5). Sync
amplifier V1 (B5) is first triggered
by the positive auto sync portion of
the composite input pulse, and then
cut off by the negative disabling por-
tion of the same input pulse. The 1-
microsecond LOPAR sync pulse from
transformer T1 (B5) synchronizes
repetition rate oscillator V2A (B5) at
500 pulses per second, which is the
established pulse repetition rate of the
LOPAR system. Oscillator V2A is a
blocking oscillator. FREQ LOPAR
variable resistor R6 (A4) permits
manual adjustment of the free-
running oacillations of V2A to a fre-
quency lower than the repetition rate
of the MTI auto sync pulses. Variable
resistor R8 is adjusted with connector
P39 (B3) disconnected to insure that
V2A remains synchronized by oscil-
lating at a frequency lower than the
auto sync rate. The disabling pulse
drives V1 (B4) far below cutofl to

line driver {D5), electronic gate (C9),
and trigger pulse-video amplifier (B3)
of the MTI cirenits, and through con-
tacts 1 and 6 (C16) of deenergized
preknock/syne select relay K12 on the
LOPAR control-indieator to the STC
(D17) of the receiver circuits. This
preknock pulse iz also distributed to
the acquisition interference suppressor
(C12) and the FAST AGC amplifier
(D12). The positive 85- to 45-volt out-
put pulse developed in the cathode cir-
cuit of V6A (B8) is designated as the
IFF trigger (preknock) pulse. This
trigger pulse is supplied from connec-
tor J6 through the acquisition slip ring
(B22) in the acquisition antenna ped-
estal to the coder—control unit of the
IFF equipment {par. 1244(3)). In
addition, the prekmock pulse from con-
nector J2 (B8) is applied through con-
tacts 4 and 2 {(C2) of deenergized pre-
knock select relay Kb in the LOPAR
relay assembly, to the acquisition
range generator (C17) in the HIPAR
control-indicator, and through cable
run 24 (D20) to the acquisition-track
synchronizer in the target radar con-
trol console of the trailer mounted
tracking station. The HIPAR pre-
knock pulse (B1), not used during
LOPAR operation, is applied through
contacts 8 and 6 of deenergized pre-
knock select relay K5 to terminating
resistor R1.

prevent premature triggering of V2A b. LOPAR Sync Pulse Circuits.

by spurious noise pulses. (1)
(2) The output of repetition rate oscillator
V2A (B5b) is a positive 1-microsecond
pulse which is applied to trigger ampli-
fier V3A (A7) and through a voltage
divider network consisting of resistors
R47 and R48 to 10-microsecond delay
network Z2 (B7) within the MTI test
pulse circuits (par. 18¢). The same
pulse is also applied to the control grid
of pulse amplifier V6A, and to connec-
tor J2 (B8). From connector J2, the
LOPAR preknock pulse is distributed
to the MTI oscilloscope (C8), delay
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The positive LOPAR preknock pulse
from repetition rate oscillator VZA
(B5) is amplified by trigger amplifier
V3A (A7). This amplifier produces a
negative pulse that triggers delay mul-
tivibrator V4A and V4B (A9), =a
monostable multivibrator which pro-
duces a negative output pulse. The
output is applied to temperature con-
trolled delay network Z1 (Al0), a
part of a delay circuit consisting of
SYNC DELAY LONG PULSE vari-
able resistor R21 (B10), contacts 6
and 1 (A10) of deenergized pulase
width select relay K2, and pulse delay
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diode V3B (B10). This circuit pro-
duces a negative 283.5-microsecond
pulse, the width of which is controlled
by variable resistor R21. Pulse width
select relay K2 (B10) cannot be ener-
gized when the acquisition-track syn-
chronizer is used as part of the
LOPAR system. The negative pulse
developed at the cathode of V3B is
direct-coupled to pulse delay ampli-
flera VBA (B9) and V5B (B10),
which are operated in cascade. The
amplified output pulse from VBB is
differentiated by blocking oscillator
transformer T2 (Al1l)., The resultant
gignal is a negative and a positive
pulse, The negative pulse is coinci-
dent with the LOPAR preknock pulse,
and the positive pulse oceurs 23.5 mi-
croseconds after the LOPAR preknock
pulse. This positive pulse triggers
sync pulse blocking oscillator V2B
(B11), operating as a single-swing
blocking oscillator. The output of
V2B appears in the cathode circuit as
& positive 0.15-microsecond LOPAR
sync pulse and is applied through con-
nector J4 and network Z61 to contact
2 of LOPAR sync select relay K1
{B14) in the director station group.
This sync pulse is applied through
contacts of deenergized relay K1 and
contacts of deenergized long range
{LR) sync select relay K3 (B17) to
the writing gun driver (A1lR), and
pulse and logic generator in the LR
PPI (B18). This same sync pulse is
applied through deenergized short
range (SR) sync select relay K2 (A17)
to identical units in the SR PPI. These
assemblies are part of the presentation
system discussed in paragraph 83,
LOPAR sync is also applied through
contacts 2 and 6 (D16) of energized
preknock/sync select relay K12 to the
STC in the LOPAR control-indicator.
The LOPAR sync pulse is applied to

— Modified Handling
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(2)

(3)
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During LOPAR video presentation,
the HIPAR syne pulse is applied
through contacts of deenergized HI-
PAR syne select relay K4 (C13).
Then, as alternate HIPAR syne, it is
applied through the contacts of ener-
gized SR syne select relay K2 (A17)
to the SR PPI (D18) or through con-
tacts of energized LR sync select re-
lay K3 (B17) to the LR PPI (B18),
whichever is selected for HIPAR video
preview, During HIPAR video pres-
entation, the LOPAR sync pulse is ap-
plied through contacts of energized
LOPAR sync select relay K1 (Bl4).
Then, as alternate LOPAR syne, it is
applied through the contacts of ener-
gized SR sync select relay K2 to the
SR PPI or through contacts of ener-
gized LR sync select relay K3 to the
LR PPI, whichever is selected for
LOPAR video preview. Refer to para-
graph 13 for HIPAR and LOPAR pre-
view control theory.

From the output of sync pulse block-
ing oscillator V2B (B11) the LOPAR
sync pulse is also applied to sync
pulse amplifier V7A. The amplified
output of V7A is applied through
blocking oscillator transformer T4 to
the grid of syne pulze blocking oscilla-
tor V7B (B12). Bloecking oscillator
V7B produces the positive 20- to 40-
volt, 0.1-microsecond transmitter sync
pulse. The transmitter sync pulse is
applied through connector J5 and
cable run 23 (A16) to SYNC test jack
J5 (C21) in the acquisition RF power
supply control in the acquisition re-
ceiver-transmitter where it can be
monitored and used to synchronize test
equipment. In addition, the transmit-
ter sync pulse ig applied through con-
tacts 5 and 6 (B21) of deenergized arc
suppressor relay K1 to the acquisition
modulator {B23) to trigger the acqui-
sition trigger amplifier,

¢. MTI Test Pulse Circuit. The LOPAR pre-
ing box (D20) from network Z61  knock pulse from repetition rate oscillator V2ZA
{B13) for use with the T1 trainer. (B5) iz applied through a voltage divider net-

CONFIDENTIAL 21
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work consisting of resistors R47 and R48 to
10-microsecond delay network Z2 (B7). This
delay line provides a 10-microsecond delay be-
tween its input and output signals. The delayed
pulse is transformer-coupled to MTI test pulse
blocking oscillator V6B (B8)., The positive 8-
volt, T-microsecond MTI test pulse from V6B is
applied to the MTI video amplifier (C3) and
the delay line driver (D5) of the MTI system.
This pulse occurs in time between the preknock
and the LOPAR sync pulses. Test pulse adjust
variable resistor R1 (D4) controls the pulse
amplitude applied to the delay line driver.

d. Terminating Resistors. The five output
pulses (par. 17) from the acquisition-track
synchronizer are distributed to the wvarious
loads by means of a coaxial cable. This type of
transmission line has only one characteristic
impedance which is a determining factor in
optimum matching of source to load. When a
load impedance (equal to the characteristic im-

CONFIDENTIAL
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pedance of the eoaxial cable) is connected to
the output end of the cable, an identical im-
pedance appears at the input end of the cable.
There is only one value of impedance which a
cable assumes. If this cable is very long, a ter-
minating resistor equal to the ac resistance of
the cable will provide the optimum impedance
match. Therefore, the type of signal, imped-
ance matching, and length of transmission line,
determine the need of a terminating resisfor
at the end of a coaxial cable. When the proper
impedance matching is satisfied, problems of
standing waves, ringing, pulse distortion, and
power losses are minimized. The pulse distri-
bution circuits from the acquisition-track syn-
chronizer have an approximate characteristic
impedance of 72 ochms. The reference designa-
tion, physical location, locational diagram ref-
erence, and functional diagram reference for
each terminating resistor used is given in table
IV, TM 9-1430-254-20/6.
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LOPAR preknock pulse. The LOPAR
preknock, a positive, 40-volt, 1-micro-
second pulse, occurs at a repetition
rate of 500 pulses per second. This
pulse has a steep leading edge that
precedes the LOPAR sync and trans-
mitter sync pulses by 23.5 microsec-
onds. The LOPAR preknock triggers
the MTI circuits, and supplies an IFF
trigger (preknock) pulse to the SIF
IFF system. In addition, the LOPAR
preknock triggers the acquisition-
track aynchronizer of the target track.
ing radar system, and the receiver and
marker circuits whenever the acquisi-
tion radar-select circuits are condi-
tioned for LOPAR system synchroni-
zation. Pretriggering is required for
system stability before the LOPAR
sync pulse triggers the LOPAR gys-
tem into operation.

LOPAR sync pulse. The LOPAR syne,
a positive, 40-volt, 0.15-microsecond
pulse, occurs at a repetition rate of
500 pulses per second. The syne
pulse is initiated and synchronized by
the LOPAR preknock pulse and de-
layed 23.5 microseconds. This LOPAR
gync pulse triggers the PPI sweep
circuits and marker circuits whenever
the acquisition radar-select circuits
are conditioned for LOPAR system
synchronization,

Transmitter sync pulse. The trans-
mitter syne, a positive, 40-volt, 0.1.
microsecond pulse, is in time coinci-
dence with the LOPAR sync pulse.
This narrow pulse is required for
proper triggering of the acquisition
trigger amplifier in the transmitter
circuits because of a characteristic of
the blocking oscillator transformer in
the acquisition trigger amplifier.
MTI test pulse. The MTI test pulse,
a positive, 6-volt, 7-microsecond pulse,
occurs 10 microseconds after the lead-
ing edge of each LOPAR preknock
pulse. This delay effectively places
the test pulse in time between the
LOPAR preknock and LOPAR syne
pulses. The test pulse is used by the

TM 9-1430-250-20/1%

MTI circuits for the generation of
an internally used automatic gain con-
trol voltage and is also used during
checks and adjustments of the MTI
circuits,

Composite MTI auto sync and dis-
abling pulse. The MTI auto syne and
disabling pulse is a composite pulse
consisting of a positive 10-volt anto
sync pulse and a negative 32.volt dis-
abling puise. The auto sync pulse, de-
veloped from each LOPAR preknock
pulse, has a steep leading edge and a
time duration of 1 miereosecond. This
pulse iz used as a trigger pulse and is
superimposed upon the leading edge
of the disabling pulse. The disabling
pulse has a steep negative-going lead-
ing edge, a Aat portion with a dura-
tion of 1500 microseconds, and a posi-
tive-going exponential trailing edge
with a duration of 500 microseconds.
This pulse iz used as a disabling gate.
The auto sync pulse and the positive-
going trailing edge of the disabling
pulse occur simultangously in the MTI
circuits and are combined for appli-
cation as a composite timing feedback
to the input of the acquisition-track
synchronizer. The application of this
pulse- causes the synchronizer to be
accurately synchronized with the oper-
ation of the MTI circuits.

b. The presentation system and target
tracking radar system can also be synchro-
nized by the HIPAR system. The acquisition
radar-select circuits (fig. 2) provide a means
of selecting preknock and sync pulses from
the LOPAR or HIPAR system. Other func-
tions of the radar-select eircuits are given in
paragraph 13. Selection of these pulses per-
mits video from the HIPAR or LOPAR system
to be displayed on the presentation system.
The HIPAR sync pulse and preknock pulse
(TM 9-1430-250.20,10) occur at a repetition
rate between 400 and 445 pulses per second
and have a time duration of 1 microsecond.

(3)

18 (U). Acquisition-Track Synchronizer

The acquisition-track synchronizer (fig. 2)
produces five output pulses at a repetition rate

CONFIDENTIAL 19
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of 500 pulses per second. The functional eir-
cuits, pulses, and their distribution are dis-
cussed in a through d below.

MNote, The grid zone references shown in parentheses
in a through d below refer to figure 24, TM 9-1430-
254-20/6, unless otherwise indicated.

a. Preknock Pulse Circuits.

(1)} During normal operation, a composite
MTI auto synec and disabling pulse
{fiz. 3) from the trigger pulse-video
amplifier (B3) ig applied to the acqui-
gition-track synchronizer. Syne ampli-
fier V1 (Bh) is first triggered by the
positive auto syne portion of the com-
postte input pulse, and then cut off
by the negative disabling portion of
the same input pulse. The l-micro-
second LOPAR sync pulse from trans-
former T1 (B5) synchronizes repeti-
tion rate oscillator V2A (B5) at
506 pulses per second, which is the
established pulse repetition rate of the
LOPAR system. Osciliator V2A is a

dified Handling C4
Authorized

The positive 1-microsecond preknock
pulse output from cathode-follower V3
(A7) is applied through connector J7
{B9) and distributed to the acquisition
interference suppressor (D12), fast
AGC amplifier, and to the STC (D17).
In addition, the preknock pulse from
connector J7 (B10) is applied through
contacts 4 (C2) and 2 of deenergized
preknock seleet relay KB, in the LO-
PAR relay assembly, to the acquisi-
tion range generator (C17) in the
target designate control-indicator, and
through cable run 24 (D16 and D20)
to the acquisition-track synchronizer
in the target radar control console of
the trailer mounted tracking station
(D24). The HIPAR AAR preknock
pulse (B2}, not used during LOPAR
operation, is applied through contacts
8 and 6 of deenergized preknoek se-
leet relay K5 to terminating resistor
R1.

blocking oscillator. FREQ LOPAR b. LOPAR Sync Pulse Gircuits.

variable resistor R6 (A4) permits (1)
manual adjustment of the free-
running oscillations of V2A to a fre-
quency lower than the repetition rate
of the MTI auto sync pulses. Variable
resistor R6 is adjusted with connector
P39 (B3) disconnected to insure that
V2A remains synchronized by oscil-
lating at a frequency lower than the
auto sync rate., The disabling pulse
drives V1 (B4} far below cuteff to
prevent premature triggering of V2A
by spurious noise pulses.

{2) The output of repetition rate oscilla-
tor V2A is a positive I-microsecond
pulse which is applied to cathode-fol-
lower V3 (A7) and through trans-
former T5 to the 10-microsecond delay
network Z2 of the MTI test pulse cir-
cuits. The same pulse is also applied
to the control grid of pulse amplifier
V6A and to connector J2 {B8). From
connector J2, the preknock pulse is
distributed to the MTI oscilloscope
{C8), delay line driver (D5}, elec-
tronic gate, and trigger pulse-video
amplifier (C8) of the MTI circuits.

The positive preknock pulse from
repetition rate oscillator V2A is ap-
plied as a trigger pulse to delay multi-
vibrator V4A and V4B (B8}, a mono-
stable multivibrator which produces
a2 negative output pulse. The output
is applied f{o temperature controlled
delay network Z1 {B9), a part of a
delay circuit consisting of DELAY
LONG PULSE variable resistor R21
(A3), and DELAY SHORT PULSE
variable resistor R52 and associated
contacts 1 and 6 of pulse width select
relay K2. Relay K2 is energized only
when the acquisition-track synchro-
nizer is used as part of the tarpet
tracking system described in para-
graph 28, TM 9-1430-250-20/6. This
circuit produces a negative 23.5 micro-
second pulse, the width of which is
controlled by DELAY LONG PULSE
variable resistor R21. The negative
23 5.microsecond pulse is direct-cou-
pled to pulse delay amplifiers V5A and
V5B. The amplified output puise from
V5B is differentiated by blocking os-
cillator transformer T2. The resultant

20 CONFIDENTIAL
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gignal iz a negative and a positive
pulse. The negative pulse is coincident
with the LOPAR preknock pulse, and
the positive pulse occurs 23.5 micro-
seconds after the LOPAR preknock
pulse, This positive pulse triggers sync
puise blocking oscillator V2B (BE10),
operating as a single-swing blocking
oscillator. The output of V2B appears
in the cathode circuit as a positive
0.15-microsecond LOPAR sync pulse
and is applied through connector J4
and network Z61 to contact 2 of LO-
PAR sync select relay K1 (Bl4) in
the director station group. In systems
using AAR, the sync output from con-
nector J4 (A25) is applied through
connector J47 to network Z61. An
additional syne output from connector
J47 is applied through a cathode fol-
lower amplifier (B27) to connector
J33 (D27) on the auxiliary acquisi-
tion interconnecting box for use by
the ECCM console. This sync pulse is
applied through contacts of deener-
gized relay K1 and contacts of deener-
gized long range (I.R) sync select re-
lay X3 (B17) to the writing gun
driver (Al8B), and pulse and logic gen-
erator in the LR PPI (B18). This
same sync pulse is applied through de-
energized short range (SR) sync se-
lect relay K2 (A17) to identical units
in the SR PPI. These assemblies are
part of the presentation system dis-
cussed in paragraph 83, LOPAR sync
is also applied through contacts 2 and
6 (D16) of energized preknock,/sync
select relay K12 to the STC in the LO-
PAR control-indicator. The LOPAR
sync pulse is applied to the auxiliary
acquisition interconnecting box (D20)
from network Z61 (B13) for use with
the T1 trainer.

During LOPAR video presentation,
the HIPAR sync pulse is applied
through contacts of deenergized HI-
PAR sync select relay K4 (C13}.
Then, as alternate HIPAR sync, it is
applied through the contacts of ener-
gized SR sync select relay K2 (A17)

to the SR PPI (D18) or through con-
tacts of energized LR sync select relay
K3 (B17) to the LR PPI (B18),
whichever is selected for HIPAR video
preview. During HIPAR video pres-
entation, the LOPAR sync pulse is
applied through contacts of energized
LOPAR sync select relay K1 (Bl4).
Then, as alternate LOPAR syne, it is
applied through the contacts of ener-
gized SR sync select relay K2 to the
SR PPI or through contacts of ener-
gized LR sync select relay K3 to the
LR PPI, whichever is selected for LO-
PAR video preview. Refer to para-
graph 13 for HIPAR and LOPAR pre-
view control theory.

(3) From the output of sync pulse block-
ing oscillator V2B (B10), the LOPAR
syne pulse is also applied to sync pulse
amplifier VTA. The amplified output of
V'7A is applied through blocking oscil-
lator transformer T4 to the grid of
sync pulse blocking oscillator V7B
{B11). Blocking oscillator V7B pro-
duces the positive 20. to 40- volt, 0.1-
microsecond transmitter sync pulse.
The transmitter sync pulse is applied
through connector J5 and cable run 23
(A16) to SYNC test jack J5 (C21) in
the acquisition RF power supply con-
trol in the acquisition receiver-trans-
mitter where it can be monitored and
used to synchronize test equipment. In
addition, the transmitter sync pulase is
applied through contacts 5 and 6
(B21) of deenergized arc suppressor
relay K1 to the acquisition modulator
{B23) to trigger the acquisition trig-
ger amplifier.

e. MTI Test Pulse Cireuit. The LOPAR pre-
knock pulse from repetition rate oscillator V2A
(B5) iz applied through transformer T5 (A8)
to 10-microsecond delay network Z2 (B7). This
delay line provides a 10-microsecond delay be-
tween its input and output signals, The delayed
pulse is transformer-coupled to M'T1 test pulse
blocking oscillator V6B (B8). The pogitlive 6-
volt, 7-microsecond MTI test pulse from V6B
is applied to the MTI video amplifier (C3) and
the delay line driver (D5) of the MTI syatem.
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This pulse occurs in time between the preknock
and the LOPAR sync pulses. Test pulse adjust
variable resistor R1 (D4) controls the pulse
amplitude applied to the delay line driver.,

d. Terminating Registors. The five output
pulses (par. 17) from the acquisition-track syn-
chronizer are distributed to the various loads by
means of a coaxial cable. This type of trans-
mission line has only one characteristic im-
pedance which is a determining factor in op-
timum matching of source to load. When a load
impedance (equal to the characteristic imped-
ance of the coaxial eable) is connected to the
output end of the cable, an identical impedance
appears at the input end of the cable. There is
only one value of impedance which a cable as-

CONFIDENTIAL i erdis o

sumes. If this cable is very long, a terminating
resistor equal to the ac resistance of the cable
will provide the optimum impedance match.
Therefore, the type of signal, impedance match-
ing, and length of transmission line, determine
the need of a terminating resistor at the end
of a coaxial cable. When the proper impedance
matching is satisfied, problems of standing
waves, ringing, pulse distortion, and power
losses are minimized. The pulse distribution
circuits from the acquisition-track synchro-
nizer have an approximate characteristic im-
pedance of 72 ohmas. The reference designation,
physical location, locational diagram reference,
and functional diagram reference for each ter-
minating resistor used iz given in table IV,
TM 9-1430-254-20/6.
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volt, 2-microsecond pulse is developed acroas
winding 3, 4 of pulse transformer T3. Reverse
current diode V3 prevents reverse charging
of network Z1 or the oscillation of V2 after
the discharge of Z1. Transformer T3 steps up
and inverts the negative 550-volt pulse to a
positive 800-volt pulse and applies the high-
voltage trigger pulse through connector J2
{B4) to the acquisition modulator pulse-shap-
ing circuits. The output pulse of T3 can be
monitored at trigger pulse monitor test point
TP2.

22 (U). Acquisition Modulator Pulse-
Shaping Circuits

a. The acauisition modulator pulse-shaping
circuits (fig. 4) are triggered by the positive
800-volt, 2-microsecond pulses from the ac-
quisition trigger amplifier and develop 6- to
6.5-kilovolt, 1.8-microsecond pulses at a repeti-
tion rate of 500 pulses per second. The high
amplitude of the output pulses is required to
trigger the magnetron circuit.

Note. The grid zone references shown in parenthesea
in b and ¢ below refer to figure 26, TM 9-1430-254-20/6.

b. The positive trigger pulse from the ac-
quisition trigger amplifier is applied to thyra-
tron switch V1 (B5). Prior to the applica-
tion of this pulse to V1, the capacitors of pulse
forming network Z1 (A6) are resonant-
charged to approximately 12 kilovolts. The dc
charging voltage is received from the acquisi-
tion HV power supply through charging in-
ductor L3 (A5). When triggered, V1 (B5)
ionizes and provides a discharge path for net-
work Z1. Although network Z1 resonant-
charges to approximately 12 kilovolts, the dis-
charge pulse develops to one-half that voltage
because of power transfer losses. Thus, a
negative 6- to 6.5-kilovolt, 1.3-microsecond
trigger pulse is developed across the primary
of HV pulse transformer T1 {(Al3). As net-
work Z1 discharges, a network consisting of
inductor L2 (B5), resistor R2, and capacitor
Cl, in the plate circuit of thyratron switch V1,
forms a step in the leading edge of the high-
voltage pulse. This step reduces magnetron
arcing, moding, and erratic operation. In-
verse current diode V2 prevents reverse charg-
ing of network Z1 or the oscillation of V1
after the discharge of Z1, Inner cover shorting

™ 9-1430-250-20/11

interlock switch 82 (B6) is provided to dis-
charge network Z1 when the modulator access
cover is removed. Capacitors C3 and C4 are
provided for filtering of inverse current.

¢. The modulator control-indieator (DS3)
provides the thyratron capsule heater voltage,
which contrels the acquisition modulator pulse-
shaping circunits. Variable transformer T1
(D2) controls the voltage supplied to the pri-
mary winding of capsule voltage transformer
T2. Transformer T2 supplies capsule heater
voltage to thyratron awitch V1 (Bb). The cap-
sule heater voltage is adjnstable to provide
an optimum gas pressure within V1. Over-
load relay K1 (D3) is a protective reley that
removes high voltage should there be excessive
inverse current through diode V2 (BB). Ca-
pacitor Cl1 (D3) insures that overload relay
K1 does not respond to momentary surges of
inverse current. Resistors R1 (D4), R2, R3S,
and R4 are provided to fix the operating range
of relay K1 and are also used by the metering
circuit. Inverse current may be monitored by
modulator test meter M1 (D3) when meter
switch S1 ig set to INVERSE CURRENT (FS
100 MA). Meter M1 also monitors the heat-
ing element voltage of the gas capsule in thyra-
tron switch V1 when switch 31 is set to THY—
RES VOLTAGE FS 10V,

23 (U). Magnetron Circuits

a. The magnetron circuits are part of the
transmitter cireuits (fig. 4) and are located in
the acquisition receiver-transmitter. These cir-
cuits produce 1.3-microsecond, l-megawatt
pulses of RF energy, using the high voltage dc
pulse as a trigger,

b. The magnetron circuits consist of a HV
pulse transformer circuit inside the magnetron
hot box, a tunable magnetron—5795, and
associated control and tuning circuits. The HV
pulse transformer receives the negative 6- to
6.5-kilovolt, 1.3-microsecond trigger pulse from
the acquisition modulator. The trigger pulse is
stepped up to 40 to 50 kilovolts to trigger the
magnetron. When triggered, the magnetron
oscillates at a frequency in the S-band. The
frequency of the magnetron can be varied over
its normal operating range of 8100 to 8500
megacycles by using a reversible tuning drive.
The 1 megawatt of RF energy generated by
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the magnetron is conveyed through the wave-
guide to the acquisition antenna system (par.
24) for radiation into space.

Note. 'The grid zone references shown in parentheses
in ¢ through j helow refer to figure 25, TM 9-1430~-254-20/6,
unless otherwise indicated.

¢. The negative 6- to 6.5-kilovolt trigger pulse
from network Z1 (A6) in the acquisition modulator
is applied to HV pulse transformer T1 (A18) in
the magnetron hot box where the pulse is stepped
up to 40 to 50 kilovolts and is applied to tunable
magnetron V1 (Al5). A small portion of this
pulse is applied as an AFC gate pulse (par. 58¢)
through connector J7 (Bl4) to the aequisition
AFC circuits. When the negative trigger pulse
from transformer T1 is applied to the cathode of
magnetron V1, the magnetron oscillates for the
1.3-microsecond duration of this pulse. Thus, the
pulsations occur at a frequency between 3100
and 3500 megacyeles, and develop an output
peak power of 1 megawatt for 1.3 microseconds.
The output from the magnetron occurring at a
repetition rate of 500 pulses per second, is coupled
through a 10-centimeter waveguide to the ac-
quisition antenna system for transmiszion into
space.
~d. The operating frequency of magnetron V1
is lincarly varied by a magnetron tuning drive
powered by reversible split-phase motor B2 (C15).
Driving voltages for this motor are controlled by
two momentary contact switches and two push-
button switch-indicators deseribed in (1) through
4) below,

(1) MAG FREQ switch 82 (C13) on the
acquisition RF power supply econtrol
provides local control.

(2) MAG FREQ switch 83 (C12) on the
frequency and power meter provides
local control during transmitter meas-
urements,

(3) FREQUENCY INCREASE switeh-indi-
cator A5 (C8) on the LOPAR control-
indicator provides remote control.

4) FREQUENCY DECREASE switch-in-
dicator A6 (C9) on the LOPAR control-

indicator provides remote control.

(5} In systems using AAR, remote control
of the magnetron frequency is trans-
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ferred to the ECCM econsole through
closed contacts 10-4 and 9-2 of ener-
gized transmitter eontrol relay K6 (fig.
57, D3).

e. The operation of any one of these switches
or switch-indieators determines the direction of
rotation of motor B2 (C15) and the direction of
change in the magnetron frequeney. These fre-
quency control signals are applied to the auxiliary
acquisition interconnecting box (ID10) for use by
the T1 trainer. The rotation of B2 is determined
by the phase relationship between the control
voltages on the motor windings. The phase re-
lationship between these voltages is determined
by the applied ac phase and the effect of capaecitors
C3A (Cl14) and C4, which cause the voltage ap-
plied to one motor winding to be shifted approx-
imately 90 degrees in phase. The switches and
switch-indicators are interconnected so that only
one can be used at a time to operate motor B2,
When switeh 83 (C12) or 82 (C13) is set to RAISE,
or switch-indicator A5 (C8) is depressed, 120 volts
ac is applied through terminals 1 and 3 of con-
nector J25 (C15) to motor B2. Terminal 5 of con-
nector J25 is permanently connected to neutral.
When switch S3 (C12) or 82 (C13) is set to
LOWER, or switch-indicator A6 (C9) is de-
pressed, 120 volts ac is applied through terminal
3 of connector J25 to motor B2, and terminal 1
of connector J25 is connected to neutral. In this
manner, the operation of switch 82 or S3 and
switch-indicator A5 or A6 control the direction
of rotation of motor B2, As the motor rotates,
the size of the resonant cavity within tunable
magnetron V1 (Al15) is changed to vary the
magnetron frequency. A relative indication of
the frequency of magnetron V1 is provided by
MAGNETRON FREQUENCY meter M1 (C7)
on the LOPAR control-indicator. The meter
scale is graduated from 0 to 100 in increments
of 5, which represent divisions of the transmitter
frequency spectrum. The lowest or zero indica-
tion on meter M1 corresponds to a frequency of
3100 megacycles, while the highest or full scale
indication corresponds to 3500 megacycles. Volt-
age for meter M1 is supplied through magnetron
frequency measure variable resistor R1 (D15) in
the magnetron tuning drive. Resistor R1 is
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mechanically connected to motor B2 so that
voltage for meter M1 is varied linearly whenever
the magnetron frequency is changed. The output
of resistor R1 is, therefore, proportional to the
frequency of the magnetron. In systems using
AAR, the voltage from R1 through meter M1 is

Authorized

applied to the ECCM console through closed
contacts 9 and 2 of energized transmitter control
relay K5 (fig. 57, C3).

f. Average magnetron current may be moni-
tored by two metering circuits described in (1)
and (2) below.
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primary reflector, the 356-mil indicated angle
corresponds to a maximum beam angle of 391
mils. Elevation data is also applied from eleva-
tion transmitter {synchro} Bl to the auxiliary
acquisition interconneecting box (D7) for use by
the T1 trainer. In systems using AAR, elevation
data is applied from synchro Bl through closed
contaets 12-7, 11-5, and 10-4 of transmitter con-
trol relay X5 (fig. 55, B3) in the auxiliary ac-
quisition relay assembly to connector J33 for use
by the ECCM console.

d. Foeur automatic elevation scanning conditions
(table II} have been designated for setting the
angular limits of primary reflector coverage, and
secondary injection and retraction points of op-
eration. Any of the four scan conditions {figs. 16
and 17) can be selected by changing the mechan-
ical position of three microswitches in the electro-
mechanical control hox (par. 29g).

e. The pencil-shaped beam has a 5.5-degree
vertical beam width at the half-power points
and a constant 1.4-degree beam width in azimuth.
The width of the RF beam in either the horizontal
or vertical plane is different for any cross-section
of the beam length. The effective beam width
is chosen as that point along the beam (half-power
point) having 8 db less power than the point
having maximum power. This beam extends to
an effective range of 250,000 yards. At a re-
flector elevation of zero degrees, the effective
pencil-beam ground range is reduced because of
earth curvature. When the pencil beam is
changed into a cosecant-squared beam (fan-
shaped), the effective range is shortened to pro-
vide a broader high-angle coverage. This fan-
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shaped beam has a constant 1.4-degree width in
azimuth and an effective range of 175,000 yards,
With 2 beam elevation of 22 degrees, detection
of targets is possible up to an altitude of 195,000
feet.

29 {C). Control of Elevation Scanning

a. The electro-mechanical control beox (figs. 15
and 18) controls scanning of the acquisition an-
tenna (fig. 18) by providing electrical motive
power for the primary and secondary actuators.
Automatic scan limits of the primary reflector
and injection of the secondary reflector are con-
trolled by the mechanical adjustment of secondary
inject-retract switch S1 (13, fig. 15), primary
lower limit switch 82 (11, fig. 15), primary upper
limit switch 83 (10, fig. 15). The mechanical
operating limits of the primary and secondary
actuators are protected by pressure-operated
microswitches within the actuator housings (fig.
18). The primary actuator housing contains two
microswitches, and the secondary actuator hous-
ing contains four microswitches. The function of
the nine microswitches is given in b and ¢ below.

b. The limits of automatic scan for the pri-
mary reflector are determined by the mechanical
position of switches S8 and S2 (10 and 11, fig. 15}
in the electro-mechanical control box. Switch
53 iz & pressure-operated, momentary-contact
microswitch that operates in conjunction with
certain relays (2, fig. 15) on the electro-mechanical
control panel. The function of S3 is to reverse
the direction of rotation of motor B3 (fig. 18),
which is mechanically coupled to the primary
actuator whenever the primary reflector reaches

Table JT {11}, Aulomalic Elevation Scanning Condilions (U}

Cosacent har Conecant bar Upper sutc
Pencil beam injection beging injection completed acan hmit
Complete
Ind Ind scarn
Sean Reflctor Beam dial Reflector Beam Refiector Beam ReAector Hesm disl period in
condétion sngle angle mila angle angle engle angle angle angle mile seconda
1 4] 2° a5 0 2 ol £ 9° 22 356 40
{fig. 16}
2 0 2 as
{fig. 18) to to Lo 2f 8" 3 10° 4.5° 13 196 20
2 6° 107
3 0" 2¢ 35 .
{fig. 17} to to to 4 10 5" 14° 6.5° 1 267 28
4 10° 178
4 e 2° 35
{fig. 17) to to to 8" 14° T 18 93 22 356 40
g 14° 249
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Figure 18 (11).

a preselected upper limit of travel. Switeh 82
(11, fig. 15) is also a pressure-operated microswitch
that operates in conjunction with certain relays
in the electro-mechanical control panel. This
switch reverses the direction of the primary
actuator motion when the primary reflector
reaches a preselected lower limit of travel. Thus,
the adjustment of S2 and 83 presets the angular
limits of reflector motion determining the angular
travel (scan) of the radiated beam. Two micro-
switches in a housing on the primary actuator
{fig. 18) are safety limit switches for motor B3.
One switch is designated the primary up safety
switch and the other is designated the primary
down safety switch. These switches, ¢ below,
stop the aperation of motor B3 at either end of
the actuator stroke should S2 and S3 in the electro-
mechanical control box fail or be improperly ad-
justed.
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¢. The injection and retraction points of the
secondary reflector (fig. 18) are determined by
the mechanieal position of seeondary inject-retraet
switch 81 {13, fiz. 15). Switch 81 and certain
relays in the electro-mechanical control panel
operate the secondary actuator and motor B2
(fig. 18). Switch S1 is mechanically operated by
a small cam on a control switeh plate (12, fig. 15)
mechanically coupled to the primary actuator.
The cam is connected by the injection-control rod
(fig. 18) to the secondary reflector. The control
switeh plate moves up or down as the primary re-
flector angle is changed. As the angle of the
primary reflector is increased, 81 is operated, re-
lays are energized, the secondary actuator is
driven by motor B2, and the secondary reflector
bars are injected into the primary reflector.
When the secondary reflector is fully injected,
a de voltage is applied across the field winding
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CHAPTER 7 (C}
RECEIVING SYSTEM

Section | {C). GENERAL

31{C). Purpose

a. The receiver circuits amplify and convert
low-level S-band (8100 to 8500 megacycles)
RF energy, supplied by the acquisition antenna
system to video signals. These video signals
are applied through the moving target indica-
tor (MTI) system to the presentation system.

b. Through the use of two similar receiving
channels, the main receiving channel (par.
33) and the auxiliary receiving channel (par.
45), three modes of operation are available in
the receiver cireuits; basic receiver, anti-jam
display (AJD) receiver, and jam sirobe (JS)
only receiver. The hasic receiver mede of
operation is used, when no electronic counter-
measures (ECM)} environment exists, to am-
plify and convert reflected RF echoes from the
main acquisition antenna to target video gig-
nals for presentation on the PPI’s. For oper-
ation in ECM environments, either the AJD
or JS only receiver mode is used. In the AJD
mode, RF energy from both the main and
auxiliary acquisition antennas is utilized to
provide target and JS video to the PPI's. The
RF echoes and jamming signals from the main
antenna are processed through the main re-
ceiving channe! and, at the same time, jam-
ming signals from the auxiliary antenna are
processed through the auxiliary receiving
channel. Because the auxiliary antenna is
omni-directional, and has a larger coverage
patiern than any of the side lobes from the
main antenna, the output from the auxiliary
receiving channel is greater than that from
the main channel at all azimuths except that
of the main lobe of the main antenna. The
output from the auxiliary channel is compared
with the output from the main channel and
at all azimuths except that of the main lobe,
the larger output from the auxiliary channel
effectively cancels the output from the main
channel. In this manner, RF echoes from non-
jamming targets are converted to video sig-
nals for conventional display on the PPI’s,

Z14-752 O - bk - 2

while RF echoes and jamming signals from
jamming targets are converted to video sig-
nals for display as JS video, at all azimuths
where the major lobe of the main antenna en-
counters a jamming signal. In the JS only re-
ceiver mode of operation, operation of the re-
ceiver circuits is essentially the same as that
for the AJD mode; however, only JS video is
applied to the PPI's.

32 {U). Block Diagram Analysis

a. General. The receiving circuits (fig. 19}
are comprised of five groups of equipment lo-
cated in two different areas of the NIKE.
HERCULES Anti-Tactical Balligtic Missile
{ATBM) system. The groups are the aecqui-
sition antenna system and aequisition re-
ceiver-transmitter group, located in the LO-
PAR antenna-receiver-transmitter group; and
the battery control consocle, auxiliary acquisi-
tion interconnecting group, and the director
station group, located in the trailer mounted
director station. The portion of the receiver
circuits located in the acquisition antenna sys-
tem and the acquisition receiver-transmitter
group have {wo parallel channels, main and
auxiliary, that operate in a similar manner fo
provide three 60-megacycle IF outputs to the
receiver circuits in the auxiliary acquisition
interconnecting group. These three outputs are
processed through the interconnecting group
and the director station group to provide video
output signals corresponding to the selected
receiver mode; i.e, basie receiver, anti-jam dis-
play {(AJD) receiver, or jam strobe {JS) only
receiver. Operation of the receiving circuits
in each of the three modes of operation is dis-
cussed in b through d below.

b. Basic Receiver,

(1) In the basic receiver mode of opera-
ation only the main receiving chan-
nel is used. The RF echoes are re-
ceived by the acquisition antenna and
applied to the acquisition duplexer.
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The acquisition duplexer functions as
an electronic switch to allow received
echoes to pass but prevents trans-
mitted RF pulses from entering the
receiver ecircuits. Received echoes
from the duplexer are applied through
the main noise generator {used to test
receiver performance) to the main
magnetie circuit lecated in the acqui-
aition receiver-transmitter group.
The magnetic circuit encases a miecro-
wave RF amplifier consisting of a
traveling-wave tube. Control of the
de grid voltages used by the traveling.
wave tube, and monitoring of grid
current and grid voltage is provided
by the acguisition RF power supply
contrel. The amplified RF output of
the main magnetic cirenit is applied
to the receiver-tuner. The receiver-
tuner contains two nonamplifying
tuned RF stapes (preselectors), one
for the main channel and one for the
auxiliary channel. The receiver-tuner
also contains a local oscillator and a
tuning drive motor that are mechan-
ically coupled o the main and auxil-
iary preselectors by a gear train,
thereby providing auxiliary and main
channel frequencies that are tuned in
unison. The AFC circuits function as
a servo loop to automatically adjust
the receiver-tuner in step with
changes in the acquisition transmitter
frequency. The outputs of the re-
ceiver-tuner are described in {a)
through (¢) below,

{a} The amplified RF echoes received
from the magnetic circuit are at-
tenuated by the preselector in the
receiver-tuner to remove noise and
unwanted frequencies and then ap-
plied to the main signal frequency
converter.

(b) The local oscillator output fre-
quency is applied to the main signal
frequency converter.

(¢) A sample of the local oscillator out-
put is applied to the automatic fre-

dified Handling c5
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guency control {(AFC) circuits
{par. 54).

{2) The attenuated RF echoes from the

preselector and the local oscillator
frequency, both from the receiver-
tuner, are heterodyned in the main
signal frequency converter to produce
& 60-megacyele IF signal which is
applied to the main IF pre amplifier.
The main IF pre amplifier provides
two stages of 60-megacycle amplifi-
cation. This amplifier produces suffi-
cient output to overcome transmission
line losges and still provide a high
signal-to-noise ratio at the load. The
amplifier has two outputs. One out-
put is applied fo the main electronie
frequency converter in the auxiliary
acquisition interconnecting group, but
this is not & signal flow path when the
basic receiver mode is selected. The
second output from the main IF pre
amplifier i3 the main normal IF and
is applied through normal IF select
relay K2 to the acquisition IF pre
amplifier. In the basic receiver mode
of cperation, the auxiliary receiving
channel operstes in 3 manner similar
to that described above for the main
channel. However, the output from
the auxiliary IF pre amplifier is not
used except during test purposes when
normal [F select relay K2 applies aux-
iliary normal IF instead of the main
normal IF to the aecquisition IF pre
amplifier. In certain selected systems,
only one IF output is provided from
the main IF pre amplifier. The 60-
megzcycle IF output supplies an IF
input to the main electronic frequency
converter and to the normal IF select
relay K2.

(3) The gain of the acquisition IF pre

amplifier is controlled by the sensi-
tivity time control (STC) or the man-
ual gain control located in the battery
control console. The normal IF sig-
nal from the pre amplifier is applied
through attenuator Z2 which provides
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a match to the signal cable impedance the IF filter to the main acquisition
to IF select relay K1. In the basic re- IF amplifier. One video output from
ceiver mode of operation the normal the main acquisition IF amplifier
IF signal is applied through K1 and (pre-MTI video) is applied to the MTI
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circuits. The remaining output (by-
pass video) is applied to the fast
AGC amplifier where an AGC control
voltage is developed to control the
gain of the main acquisition IF ampli-
fier., The AGC voltage can either be a
fixed value or a gated fast AGC volt-
age. The fast AGC amplifier reduces
the effect of CW jamming signals
through fast time constant circuits de-
scribed in parapraph 53. The fast
AGC amplifier also applies the bypass
video signal and two gate pulses to
the MTT circuits.

¢. AJD Receiver.
{1} The AJD receiver mode of operation

utilizes both the main and auxiliary
receiver channels. The 60-megacycle
main IF output from the main IF pre-
amplifier is applied through network
Z3 to the main electronic frequency
converter. Network Z3 also provides
an insertion point for main IF from
the T'1 trainer. The main electronic fre-
quency converter supplies a dicke-fix
IF input to the wide-band IF am-
plifier. The dicke-fix circuits consist-
ing of two identical wide-band ampli-
fiers, a fixed attenuator, IF filter, main
acquisition TF amplifier, and a fast
AGC amplifier, provide circuitry to
reduce the effects of strong transmis.
gsion jamming signals., The two wide-
band amplifiers provide amplification
and limiting of the dicke-fix IF. The
output of the wide-band IF' amplifier
is applied to a fixed attenuator,
through energized IF select relay K1
and the IF filter to the main acquisi-
tion IF amplifier. The IF select relay
K1 is energized when the AJD mode
of operation is selected. The use of a
fixed attenuator at the output of the
wide-band IF amplifier reduces the
amplitude of the dicke-fix IF input to
the main acquisition IF amplifier,
thereby providing the same AGC level
for both normal and dicke-fix IF in-
puts. The signal output from the
wide-band amplifier is increased at the
expense of the noise pulses. This action
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(2)

iz due to the relative nonuniformity of
the power density (noise being broad-
band} over the handwidth of the am-
plifier. The main acquisition IF am-
plifier is a narrow-band IF amplifier.
The narrow bandpass provides a cor-
rection factor for the wide-band am-
plifier signal input. Detection circuits
within the main aequisition IF ampli.
fier provide bypaas video, applied to
the fast AGC amplifier (par. 53) and
pre-MTI video applied to the M'TT cir-
cuits (par. 59)}. An AGC bias input
from the fast AGC amplifier provides
gain control feedback,

An additional output from the main
electronic frequency converter is a
main IF signal that has been shifted
in frequency from 60 to 48 megacycles.
This 48-megacycle IF signal is applied
through the main IF filter to the IF
coupler where it is combined with the
52.megacycle auxiliary IF output of
the auxiliary channel. The operation
of the auxiliary receiving channel is
identical to that of the main receiving
channel up to the auxiliary IF pre
amplifier, except that no duplexer is
required because the auxiliary antenna
iz used only for receiving. The 60-
megacycle auxiliary IF output from
the auxiliary IF pre amplifier is ap-
plied through network Z4 to the aux-
iliary electronic frequency converter.
Network Z4 also provides an insertion
point for auxiliary IF from the T1
trainer. The auxiliary converter oper-
ates similar o the main converter;
however, the shift in frequency is
from 60 to 52 megacycles. The 52.
megacycle IF signal is applied from
the auxiliary converter through the
auxiliary IF filter to the IF coupler.
The 48-megacycle IF signal from the
main IF filter and the 52-megacycle
IF signal from the auxiliary IF filter
are combined in the IF coupler to form
a2 composite IF signal. The output
from the IF coupler is applied to two
amplifier and limiter stages. The two
identical amplifier and limiter units
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are used in cascade to provide the de-
gired results of producing only one
effective output, that being of the
stronger signal. The process of pro-
ducing an output at the stronger sig-
nal is known as stronger-signal FM
capture. The stronger signal, either
the 48-megacycle IF from the main
channel, or the 52-megacycle IF from
the auxiliary channel, is applied to the
electronic frequency discriminator.
The receiver gain has been set so that
the stronger signal will be that of the
main acquisition antenna at its major
lobe.

{3) The electronic frequency discrimina-
tor is a dual channel discriminator.
The discriminator will accept either
a 48-megacycle or a 52-megacycle in-

Section I (C).

33 (U). Purpose

a. The main receiver ecircuits amplify and
convert the low-level RF echoes received by the
acquisition antenna system into video signals.
When jamming gignals are present, the dicke-
fix circuits can be used with the main receiver
circuits to permit a better display of target
information. A fast reacting automatic gain
control (FAGC) is used with the dicke-fix eir-
cuits to compensate for rapid changes in signal
level that are associated with certain types of
jamming. The main receiver cireuits will pro-
vide, in addition to the normal IF, a converted
main IF for strobe generation in association
with the auxiliary receiver circuits.

b. The main receiver circuits (fig. 19) con-
sist of the acquisition antenna, acquisition du-
plexer, noise generator, main magnetic circuit,
acquisition RF power supply control, receiver-
tuner, main signal frequency converter, main
IF pre amplifier, acquisition IF pre amplifier,
sensitivity time control (STC), IF filter, and
main acquisition IF amplifier. When the dicke-
fix mode of operation is used, the main elec-
tronic frequency converter, two wide-band IF
amplifiers, and the fixed IF attenuator are
switched into the main receiver circuits.
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put from the amplifier-limiter. The
diseriminator will only produce a video
output (JS viden) when a 48-mega-
cyele input is the stronger. The IS
video from the electronic frequency
discriminator is applied to the MTI
circuit where it is mixed with the
video from the dicke-fix circuits,

d. JS Only Receiver. When the JS only re-
ceiver mode of operation is selected, receiver
operation is the same as with the AJD receiver
mode of operation. Both J8 video from the elec-
tronic frequency discriminator and dicke-fix
video from the dicke-fix circuits are applied to
the MTI circuits: however, the two video sig-
nals are not mixed as in AJD receiver mode.
Only the JS video is applied from the MTI
circuits to the presentation system.

MAIN ACQUISITION-RECEIVER CIRCUITS

34 (U). Acquisition Antenna System

a@. The acquisition antenna system (fig. 5)
conveys, radiates, and beams acquisition trans-
mitier output RF pulses. During receiving
intervals between transmitter pulses, the same
system receives, beams, and conveys received
RF to the acquisition receiver circuits.

b. During receiving intervals, the acquisi-
tion antenna receives and beams the received
RF into the antenna pillbox (3, fig. 13). From
the pillbox, the RF signals are conveyed
through the rotary coupler (fig. 10) in the
wavegnide circuits to the acquisition duplexer
(fig. 6), which terminates the acquisition an-
tenna system. The duplexer acts as an elec-
tronic switch, short-circuiting receiver input
during transmitting periods and blocking the
transmitter during receiving periods. TR tube
V4 (fig. 26, B14, TM 9-1430-254-20/6), pre-
vents the passage of transmitted pulses to the
receiver circuits. ATR tubes V2 and V3 prevent
the passage of received RF signals to magme-
tron V1. Received RF signals passed by V4 are
transferred through a noise generator (par.
43) to the magnetic circuit. When deenergized,
the noise generator has no effect on the passage
of signals.
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35 (U). Main Magnetic Circuit vided by a traveling-wave tube enclosed by a

a. The magnetic circuit is an RF amplifier magnetic circuit. The main channel magnetic
of microwave frequencies received from the  circuit is identical in operation to the mag-
acquisition duplexer. Amplification is pro- netic circuit used in the auxiliary channel. Be-
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39 (C). Acquisition IF Pre Amplifier

Note. The grid zone references shown in parentheses
in @ and b below refer to figure 26, TM 9-1430-254-20/6.

a. The IF input signal from normal IF se-
lect relay X2 is applied to the acquisition IF
pre amplifier (A45). The signal selected by
relay K2 is the main IF (normal) during the
normal mode of operation and auxiliary IF
(normal) during testing of the auxiliary chan-
nel {par. 46). The acquisition IF pre amplifier
consists of a series of tuned IF amplifiers.

b. The first IF amplifier stage consists of
V1 and V2 (A45) connected in a tuned cascode
circnit to provide high gain and low noise.
The amplifier stages consisting of V3, V4, and
V5 provide tuned amplification of the 60-
megacycle signal. Amplifier stages V3, V4,
and V5 are supplied a gain bias from STC
(par. 42) circuits through IF GAIN switch
33 (D47) in the NOR position. The IF GAIN-
INCR variable resistor R8 (C47) provides a
variable bias when IF GAIN switch 53 is set
to the LOC position, The acquisition IF pre
amplifier output at connector J1 (A47) is
applied to attenuator Z2. Attenuator Z2 pro-
vides an impedance match between connecting
cables, The output from attenuator Z2 is ap-
plied through IF select relay K1 (B80) and a
narrow-band IF filter to the main aequisition
IF amplifier (B81). The IF select relay Kl
{B80) selects the normal IF signal from the
acquisition IF amplifier in the deenergized state
and terminates the dicke-fix IF (par. 5le¢).

40 (C). Main Acquisition IF Amplifier

@. The main acquisition IF amplifier (fig.
19) converts 60-megacycle signal pulses into
video signals for the MTI circuits.

Note. The grid zone references shown in parentheses
in b below refer to figure 26, TM 9-1430-254-20/6.

b. The main acquisition IF amplifier (D82)
receives IF signal pulses from the IF filter.
These signals are amplified by six stages of
voltage amplification provided by IF amplifiers
V1 through V6. From V6, the signal is further
amplified by high gain IF power amplifier V7.
The output of V7 is coupled through trans-
former T8 to video amplifier V8. Diode CR2
provides detection of the 60-megacycle IF and

TM 9-1430-250-20/11
Avthorized

applies the detected signal to video amplifier
V8. Video amplifier V8 supplies two video out-
puts for the MTI circuits {par. 81). Although
both output video signals consist of apprexi-
mately 1-microsecond pulses, the bypass video
is negative, while the MTI videc is positive.
Bypass video is applied to the fast AGC ampli-
fier and MTI video is applied to the delay line
driver {(par. 64).

¢. The IF amplifiers, V1 through V5, are
supplied with back-bias that protects these tube
circuits from overloading effects produced by
interference from strong signals of certain
forms of continuous-wave jamming. Genera-
tion of this bias is determined by the amplitude
and duration of the applied signal after 6
microseconds.

41 (C). Main Electronic Frequency Converter

Note. The grid zone references shown in parentheses
in @ and & belgw refer to fipure 26, TM 9-1430-254-20/6.

a. The main electronic frequency converter
receives a 60-megacycle IF input from the main
IF pre amplifier at connector J1 (A50). Test
relay K1 provides a means of removing the
dicke-fix 60-megacycle output at connector J3

uring testing of the main channel. The 60-
megacycle input is fed through the main elec-
tronic frequency converter to output conmector
J3. This output ig applied to the wide-band IF
amplifier (A78) as 60-megacycle dicke-fix IF
(par. 51). Test relay K1 (B51) is energized
when JS alignment switch 81 on the auxiliary
acquisition control-indicator (D52} is set to the
MAIN ADJ position. The IF amplifiers, V1
and V2, are transformer-coupled IF amplifier
stages with a gain bias being applied from
MAIN ADJ variable resistor R7 (Cb1) on the
auxiliary acquisition control-indicator. The
output from V2 is coupled through transformer
T3 to impedance matching transformer T4.
The secondary of transformer T4 provides a
balance input impedance to parallel mixers V3
and V4.

b. A 108-megacycle oscillator circuit con-
sisting of oscillator V8, crystal Y1, and associ-
ated components produce a local oscillator
signal fed through buffer stage V7T to trans-
former T6. Transformer T6 provides a hal-
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ance input to the two mixer stages, V8 and
V4. The 60-megacycle TF input from trans-
former T4 is mixed with the local oscillator
signal from transformer T6 to produce an IF
frequency of 48 megacycles. The IF amplifier
stage V& provides one stage of 48-megacycle
amplification through transformer T5 to oui-
put connector J2, The 48-megacycle IF output
at connector J2 i3 applied through the main
IF filter (Bb5) and attenuator J26 (B58) to
the IF coupler (B60). The main IF filter pro-
vides a 3db, 0.9-megacycle bandwidth at a
center frequency of 48 megacycles.

42 (U). Sensitivity Time Control

a. The sensitivity time control (8TC) (fig.
18) generates a variable negative pulse to
reduce the gain of the acquisition IF pre am-
plifier.

b. The RF echo signals reflected from
nearby targets contain more energy than the
reflected signals from distant targets, caus-
ing video displays of nonuniform brilliance on
the radar indicators. The STC is, therefore,
provided to reduce the gain of the acquisition
IF pre amplifier for signals received from
short ranges within the limits of 18,000 and
25,000 yards. This aids in minimizing over-
brilliance at the center of the PPI and aids in
improving video definition of short-range tar-
get displays. As a result, a uniform brilliance
is provided over a full sweep range for indi-
cators in the presentation system.

Note. The grid zone references shown in parentheses
in ¢ through e below refer to figure 26, TM 9-1430-
254-20/6.

¢. The 8TC (B34) controls the gain of the
acquisition IF pre amplifier by producing a
negative pulse whoge flat portion may be ad-
justed for a duration of 10 to 30 microseconds
and whose decay portion may be adjusted for
a duration of 2 to 100 microseconds. This
negative pulse is clamped to a dc voltage level,
which is variable between 0 and —20 volts
and applied through contacts 6 and 5 of IF
GAIN switch 33 (D47) in the NOR position
to tuned IF pre amplifiers V3, V4, and V5
(A45) in the acquisition [F pre amplifier.

d. The input signal (B33) to the STC is
the positive acquisition preknock pulse from
the acquisition-track synchronizer when the
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AGC is off. When GAIN AGC variable resistor
R7 (C34) on the LOPAR control-indicator is
turned to its full clockwise position, contacts
A and B of the switch on R7 close iluminating
AGC indicator D86 and energizing preknock
sync select relay K12 to turn on the AGC.
When relay K12 energizes, contacts 2 and 6
(B32) apply HIPAR/LOPAR sync from the
acquisition-track synchronizer to the input of
the STC instead of the preknock applied when
the AGC is off. The sync is used instead of
the preknock to delay the STC AGC pulse te
allow the AJD receiver to measure noise (par.
43¢). The sync pulse occurs a measured time
after preknock allowing time for the noise
measurement. This input pulse is applied fo
FLAT variable resistor R2 (B33) and mono-
stable multivibrator V1. Multivibrator V1 is
triggered by the input pulse producing a posi-
tive square-pulse output. Variable resistor R2
controls the time duration of this square wave,
thereby setting the range of maximum redue-
tion of the IF pre amplifier gain. This posi-
tive pulse is passed without inversion or am-
plification through the cathode follower cir-
cuit of paraphase amplifier V2A (B34) to
eryatal diodes CR1 and CR4, and the resist-
ance-capacitance (RC) discharge network con-
gisting of capacitor Cb5, resistor R14, and
DURATION variable resistor R13. Crystal
diodes CR1 and CR4 prevent the discharge
network from discharging back through VZA,
As the RC network discharges, an exponential
trailing edge is produced on the positive pulse.
Since DURATION variable resistor R13 con-
trols the discharge time of the RC network,
R13 determines the maximum STC range. Ad-
justing R13 varies the pulse shape and range
limits over which IF pre amplifier gain expo-
nentially returns to normal. The modified posi-
tive square wave then passes through cathode
follower V3A to converter amplifier V2B
where signal inversion cccurs. The input of
V2B is clamped to a dec level by crystal diode
CR2 producing amplitude limiting, so that the
maximum duration of the exponential decay is
limited to approximately 100 microseconds.
Thus, IF pre amplifier bias returns to normal
at approximately 18,000 yards. The output
pulse from V2B is a negative STC pulse
which is applied to OFF—STC variable re-
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CHAPTER 8 (C)
MOVING TARGET INDICATOR SYSTEM

61 (U). Purpose

a. The moving target indicator {MTI) circuits
in the MTI system reduce video interference from
fixed objects and other radar systems. Since
stronger RF echoes are received from fixed objects
than from moving targets, the stronger RF
echoes (clutter) frequently prevent efficient de-
tection and accurate designation of the moving
target. The MTI ecircuits reduce the intensity
of clutter displayed on the cathode-ray tube indi-
cators of the presentation system. Moving tar-
gets are visible when they are in an area where
clutter is present. Common sources of clutter
are mountains, hills, woodlands, cloud formations,
and precipitation. The MTI circuits also remove
clutter produced by other radar units and certain
types of enemy jamming, and provide switching
circuits for the seleetion of the various modes of
operation as described in paragraph 63.

b. The MTI circuits make use of the fact that
the amplitude of suceessive video signals received
from a fixed object remains relatively constant,
whereas the amplitude of those received from a
moving target varies. A portion of the MTI
circuit adds the signals algebraically to obtain a
sum signal for application to the indicators in
the presentation system. Another portion of the
MTI circuits may be selected to compare succes-
sive pulse intervals in order to reject random or
pulsed video signals that are not synechronized
with the transmitted pulse rate. This reduces
the clutter created by radars not operating with
the same pulse repetition frequency (PRF). The
resulting video information is amplified and ap-
plied to the indicators in the presentation system.

62 (U). Block Diagram Analysis

a. The delay line driver in the moving target
indicator (MTI) circuits (fig. 26) receives MTI
video from the main acquisition IF amplifier in
the acquisition receiving system (par. 52). Video
gate 1 pulse and video gate 2 pulse from the fast
AGC amplifier (par. 53) in the acquisition re-
ceiving cireuits are applied to the delay line
driver. Three additional inputs, the LOPAR
preknock pulse, processor feedback video, and

the MTI test pulse are received. The input sig-
nals modulate a 15-megacyele sinusoidal carrier,
generated within the delay line driver, and pro-
duce a compound signal, A portion of the com-
pound signal is amplified and detected to produce
the nondelay video supplied as one input to the
trigger pulse-video amplifier. The remaining or
undetected portion of the compound signal volt-
age is transferred to the MTI delay line as a
modulated 15-me carrier, wherein passage of
signals is delayed 2000 microseconds. From the
MTI delay line, the delayed modulated, 15-me
carrier is applied as delay video to the delay
amplifier. After amplification and detection by
the amplifier, the delay video is supplied as one
of the inputs to the trigger pulse-video amplifier
{(par. 67). The delay video and nondelay video
are added algebraically in the trigger pulse-video
amplifier to caneel clutter. The delay and non-
delay video signals are also applied to the ac-
guisition interference suppressor. The algebraic
sum of both video signals becomes the phase 1
and 2 video (residual video) signals applied to
the MTI video amplifier. During this time, the
delay preknock pulse from the delay amplifier
and the preknock pulse from the acquisition-
track synchronizer, are used to generate the MTI
auto sync and disabling pulse. This pulse is
utilized to synchronize the operation of the ac-
quisition-track synchronizer in the director station
group.

b. The phase 1 and 2 residual video output of
the trigger pulse-video amplifier is applied to the
MTI video amplifier for amplification and de-
velopment into three signals: the MTI video,
which is applied to the acquisition interference
suppressor; the test video, which is applied to the
MTI oscilioscope; and the automatic gain control
(AGC) voltage, which is applied as a feedback
signal to the delay amplifier. Of these outputs,
only MTI video is supplied to the acquisition
interference suppressor. The acquisition in-
terference suppressor also receives delay and non-
delay video from the trigger pulse-video amplifier
and bypass video (dicke-fix video when operating
in the AJD mode) from the acquisition IF ampli-
fier. Video gate 1 pulse and gate 2 pulse from
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(B37) is energized removing the
ground on V2 and one gate (4, fig.
29) appears for each antenna revo-
lution at a time coincident with the
azimuth point determined by sector
selection and with a duration deter.
mined by the setting of SECTOR
WIDTH variable resistor R8 (C82).
(b) Range selector.

1. Theoutput of V2 (F, fig. 30 and B,
fiz. 29) (B33), consisting of a
series of negative preknock pulses,
is applied to range phantastron
diode-1 V3A. For each preknock
pulse supplied to V3A (function-
ing as an isolation stage), a nega-
tive output signal is produced.
These signals are applied to the
control grid of range phantastron
V4, a conventional phantagtron.
The leading edge of the phanta-
stron pulse (C, fig. 31) is in time
coincidence with each gated pre-
knock pulse (B, fig. 81). A nega-
tive pulse in the plate circuit of
V4 is isolated from the loading
effects of the range control cir-
cuits by range phantastron diode-
2 V3B.

2. A fixed vailue de voltage is applied
to the cathode circuits of diode
V3B. Current flows from ground
through resistor R27 (D34),
SECTOR RANGE variable resis-
tor R25, connector P1-3, contacts
4 and 10 of energized sector MTI
relay KB, contacts 4 and 5 of de-
energized MTI mode relay K&,
connector P1-7, MTI CKT TEST
switch S1C (D30), P1-11, range
phantastron diode-2 V3B, and re-
sistor R16 toward 250 wvolts.
This de voltage and the operation
of V3B (C33) limit the maximum
plate voltage that can be devel-
oped at range phantastron V4.
Varying the dc voltage varies the
width of the phantastron output
pulse, thereby controlling the

CONFIDENTIAL

range within which MTI video is
displayed.

. The negative rectangular wave

output from the cathode of V4 (C,
fig. 31) (B33) is differentiated by
capacitor C15, and resistors R20
and R21. Differentiation produces
sharp negative and positive spikes
(D, fiz. 31). The differentiated
pulses are applied to the control
grid of bistable gating multivi-
brator V5A (A32). When the
negative pulse triggers V54, it
produces a positive gate pulse (E,
fig. 31) applied to gate generator
V6A. This same positive gate
pulse is applied as an MTI gate
pulse through connector J6 (B34)
to cathode-follower amplifier
{D51). The MTI gate pulse is ap-
plied through cathode-follower
stage V3 to the T1 trainer. Tube
V6 acts somewhat like a cathode
follower, coupling the gate out-
puts from V5 to gating amplifier
V7A. With a positive gate applied
to the grid of V64, plate current
will increase,causing a large volt-
age drop across common cathode
resistor R44 (A32). This positive
voltage, also developed at the cath-
ode of V7A, will bias the tube be-
yond cutoff. Therefore, the by-
pass video (dicke-fix video if IF
gelect relay X1 is energized (par.
51c}), applied to the grid of V7A
will not be amplified. With the
negative gate applied to the grid
of V6B, the tube will be cut off,
reducing the voltage developed
across common cathode variable
resistor R45 (B31). With the bias
on V7B reduced, the MTI video
applied to its grid will be ampli-
fied. Conversely, when no MTI
trigger is present, V6A will be cut
off, reducing the wvoltage devel-
oped across common cathode re-
sistor R44, With the bias on VTA
reduced, any bypass or processor,
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or dicke-fix video applied to the (¢) MTI off. When neither SECTOR

grid will be amplified. By the
same reasoning, V7B will now be
cut off due to increased plate cur-
rent through V6B. SW BAL vari-
able resistor R45 is adjusted to
equalize conduction on both halves
of V7 so the switching waveform
will not appear in the plate
circuit,

CONFIDENTIAL

MTI nor 360° MTI mode iz se-
lected (switch-indicators A8 and
AT illuminated white), the cathode-
ray tube sweeps display bypass
video only, and the output of 4-ke
detector V1B (B32) is grounded
through contacts 9 and 1 of deen-
ergized relay X5 (A37), con-
tacts 1 and 6 of deenergized MTI
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PPI and by the setting of RANGE switch S1
on the side of the PPI. The range and gain
awitch limits the amplitude of the sweep saw-
tooth to a predetermined level regardless of
the range selected.

g. The sweep sawtooth is then applied to the
second dc amplifier where it is amplified to
the level required by the deflection plates of
the CRT (par. 86). Push-pull sweep voltages
are then applied to the deflection plates of the
CRT.

k. The X and Y sweep voltages are also ap-
plied to the fail-safe circuit (par. 87} in the
pulse and logic generator, The fail-safe circuit
is a relay amplifier with parallel inputs for the
X and Y sweep voltages. If both sweeps are
present in the PPI, normal collector voltage is
applied to the CRT. If both sweeps are miss-
ing, a fail-safe collector voltage will be applied
to the CRT. This insures that the CRT will
not be damaged when the acquisition antenna
i3 not rotating.

i. The writing gun driver (par. 83) also
supplies a negative 2500-volt potential to the
writing gun cathode in the CRT. During the
normal sweep interval a video unblanking pulse
modulates this voltage so that video at close
range will not be too bright and video at maxi-
mum range will be of increased intensity.

77 {U). 4-KC Oscillator

a. The 4-kc oscillator generates a 4-kc
sinusoidal carrier that supplies reference and
excitation voltages for synchro resolvers and
asaociated units in the marker, MTI, and
aweep circuits.

Note. The grid zone references shown in parentheses
in & below refer to figure 37, TM 9-1430-264-20/86.

b. The 4-kc oscillator {D2), located in the
director station group, is comprised of oscilla-
tor V1, and power amplifiers V2 and V3, and
associated circuits and controls. Although out-
put transformer T3 (B4), a part of the direc-
tor atation group, is externally located, it is a
functional part of the 4-kc oscillator. A func-
tional analysis of the 4-ke oscillator is pre-
gented in (1) through (5) below,

(1) The 4-kc sinusocidal signal is gener-
ated by oscillator V1 (AZ), a dual
triode connected as a push-pull audio

Z14-702 O - &b -1
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(2)

(3)

frequency osciilator. The frequency of
oscillation iz determined by the reso-
nant frequenecy of a tank circuit eon-
gisting of inductor L1 (B2), and ca-
pacitors C1 and C3. Pogitive feedback
is provided by the auto-transformer
action of L1 and the coupling of C1
and C38. A degree of degenerative
feedback is provided by C2 to offset
part of the regenerative feedback.
This prevents V1 from being driven
alternately into cutoff and saturation,
producing sine-wave oscillations that
are distorted in amplitude. The plate
voltage of V1 is determined by the
setting of ACQ ADJ variable resistor
R5 (B1), which is part of a voltage
divider completed by resistors R4 and
R6. Adjustment of Rb controls the
output amplitude of V1.

The 4-ke sinusoidal output from os-
cillator V1 is applied tc power am-
plifiers V2 and V3 which are con-
nected for push-pul! operation. These
amplifiers are provided with degener-
ative feedback through capacitors C5
and C6. This feedback limits the out-
put signals to 240 volis peak-to-peak
and improves amplifier stability in
addition to decreasing signal dister-
tion. The 240-volt outputs of V2 and
V3, 180 degrees out of phase with
each other, are applied across the
primary of transformer T3 (B4) lo-
cated in the director statien group.
At the secondary of T8, the 170.veolt
(peak-to-peak) output 4-kc carrier
signal appears at terminal 3.

The 4-ke carrier signal from terminal
3 of T3 (B4) is distributed to the
following :

{a} The electronic gate (C5) in the di-

rector station group.

() The pulse persistence generators

(C7 and C9) in the battery control
sole.

(¢} The B scope modulation eliminator

{C11) in the target radar control
console.

(d) The mark generator (Cll) in the

CONFIDENTIAL

target radar control console.
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(¢} The azimuth blank generator (D11}
in the target radar control console.
{4} The 4-ke carrier signal from terminal
2 of T3 {B4) is distributed fo the fol-
lowing:

(a) Through the auxiliary acquisition
interconnecting bex (A9) for use by
HIPAR or AAR Systems.

{b) Through the auxiliary acqguisition
interconnecting box {A9)} for use by
the T1 trainer.

78 (U). Acquisition Azimuth Resolver

a. Acquigition azimuth reselver B2 (fig. 32),
is camparable to a small dual rotary trans-
former in which a eylindrical rotor (second-
ary) is mounted within a cylindrical stator
{primary). The stator, consisting of two field
windings, is so constructed that the magnetic
fields of each winding are digplaced 90 de-
grees from each other. The rotor is similarly
constructed. The two rotor windings are desig-
nated the north-south (N-8) winding and the
east-west {E-W) winding. When maximum
coupling exists between a rotor winding and a
stator winding, the resolver may be considered
similar to a transformer with a 1:1 turns ratio.
The rotor is considered oriented when the
output signal of the N-8 rofor is maximum as
the azimuth position of the acquisition antenna
reaches north (6400 mils} or south (3260
mils), and the output signal of the E-W rofor
is maximum at east {1600 mils) or west (4800
mils}, The functional application of this re-
solver is given in b below.

b. Acquisition azimuth resolver B2 (fig. 34,
B2, TM 9-1430-254-20/6) in the acguisition
antenna pedestal, uses only one of its two
stator windings. One winding (52-84) is
grounded and is, therefore, not used. The other
winding (S1-88)} is energized by a 4-kiloeycle
CW sine-wave carrier with an amplitude of
approximately 80 volts peak-to-peak. The 4-
kiloeycele input signal is received from the 4-ke
oscillator {fig. 37, D2, TM 9-1430-254-20,6)
discussed in paragraph 77. The resolver rotor,
which is mechanically connected to, and rotates
in synchronization with, the acquisilion an-
tenna receives induced 4-kilocycle signals from
the stator winding. These 4-kilocycle signals
are amplitude-modulated whenever the acqui-
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sition antenna is rotating. The modulation
envelope of signals induced in the E-W rofor
winding (R2-R4) is displaced by 90 electrical
degrees from the modulated envelope, of those
induced in the N-8 rotor winding (R1-R3). The
LOPAR N-8 and E-W output signals from B2
are applied to the resolver amplifier (fig. 34,
C2, TM 9-1430-254-20,/6).

79 {U). Resolver Amplifier

a. The resolver ampiifier (fig. 32) contains
a channel of amplification for each of the two
acquisition azimuth resolver output signals.
The resolver amplifier increases the amplitude
of the resolver LOPAR N-S and E-W signals
to insure that the output signals have suffi-
cient voltage to supply load requirements, and
isolates the acquisition azimuth resolver from
load variations.

Note. The figure and zone references shown in paren-
theses in b below refer to TM 9-1430-254-20/6.

b. The resolver amplifier (fig. 34, D2} con-
taing a LOPAR N-§S amplifier channel and a
LOPAR E-W amplifier channel, Since these two
signal channels are identical, only the funetional
analysis of the LOPAR N-8 amplifier channel
is given. The output of the N-8 rotor winding
(R1-R3) of acquisition azimuth resolver B2 is
a modulated 4-kilocycle sine-wave signal that
is applied to voltage amplifier V1 (fig. 34, C2).
The amplified output of VI, a& conventional
resistance-coupled voltage amplifier, is applied
to power amplifier V2, Amplifier V2 is a con-
ventional power amplifier with transformer
coupling to the load circuits. The output signal
level of the modulated envelope is T0 to 80
volts peak-to-peak. Output transformer T2
matches the impedance of the resolver ampli-
fier to the characteristic impedance of the
distribution circuit used for the LOPAR N-S
signal. The terminating impedance of the distri-
bution circuit consists of resclver stator wind-
ings and transformer primary windings.
Transformer T2 (fig. 34, C3) also provides
a degenerative feedback voltage from its sec-
ondary winding to the input circuit of ampli-
fier V1. The feedback voltage is used to min-
imize signal distortion. Antennz rotation is
stopped when LOPAR ANTENNA ROTA-
TION OFF switch-indicator A9 on the LOPAR
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auxiliary control-indicator (fig. 38, D1) is illumi-
nated amber. When switch-indieator A9 is de-
pressed, antenna rotation relay K2 is deenergized
and its eontacts 3 and 5 (fig. 17, Bi9) open to
remove the +250-volt (SW) de potential supplied
to the resolver amplifier eliminating a personnel
safety hazard and possible equipment damage.
Interlock switéh 83 (fig. 34, D1) iz actuated
whenever the aceess cover for the resolver ampli-
fier on the aequisition antenna pedestal is re-
moved. The LOPAR N-§ and E-W amplified
outputs of the resolver amplifier are applied to
HIPAR select relay K1 (fig. 34, C5) located on
the LOPAR auxiliary control-indicator. In se-
lected systems using AAR, the LOPAR resolver
signals are applied through normally closed con-
tacts 5-15 of HIPAR/AAR select relay K1 (fig.
34, Al) and normally closed contacts 1 and 6 of
HIPAR/AAR select relay K3 (fig. 34, A2) to
the ECCM console.

80 (V). Auxiliary Resolver Amplifier

The auxiliary resolver amplifier (fig. 34, B4,
TM 9-1430-254-20/6) compensates for line losses
that occur in the cable between HIPAR and
LOPAR systems and insure equal amplitude of
the HIPAR and LOPAR resolver signals. Since
the N-§ and E-W channels of the auxiliary re-
solver amplifier are similar, operation of only the
E-W channel is discussed. The HIPAR E-W
signal from connector P1-2 (fig. 34, A4, TM 9-
1430-254-20/6) is applied to transformer T3-1 in
the auxiliary resolver amplifier. The signal is
coupled across T3 and applied through E-W ad-
just variable resistor R27 to voltage amplifier V5.,
The amplified output of V5 is applied to power
amplifier V6. The output of V6 is coupled
through output transformer T4 to the LOPAR
auxiliary control-indicator and to the HIPAR
control-indicator. A feedback voltage from the
secondary winding of T4 is applied to the input
circuit of V5 to minimize signal distortion. HI-
PAR and LOPAR resolver signals are applied
from their respective resolver amplifier through
the auxiliary acquisition interconnecting box (fig.
84, B3, TM 9-1430-254-20/6) for use by the T1
trainer.

81 (V). Radar Select and Preview Circvits

a. The HIPAR and LOPAR resolver signals
are applied to the radar select and preview cir-
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cuits. In this section, sweep signals from one
radar system will be selected for presentstion
on both PPI's. Either PPI can select alternate
video for previewing. Refer to paragraph 13
for the functional description of the radar select
and preview circuits.

b. The resolver signals from the selected ae-
quisition radar system are applied to each pulse
persistence generator. Since the pulse persistence
generators and PPI’s are identical, only the long
range PPI sweep channel and associated pulse
persistence generator will be discussed.

82 (V). Pulse Persistence Generator

o. The modulation eliminator section of the
pulse persistence generator converts amplitude-
modulated 4-kc carrier signals (resolver output
signals) into low-frequency sinusoidal signals and
applies them to sweep generating circuits of a
cathode-ray tube (CRT) employing electrostatic
deflection.

b. The modulation eliminator consists of two
identical bridge-type demodulators using crys-
tal diodes. This assembly demodulates the N-8
and E-W acquisition antenna azimuth position
gignals and supplies two low-frequency quadra-
ture voltages representing X and Y vector com-
ponents of antenna beam azimuth to the sweep
generator (par. 85).

Notze, The grid zone references shown in parentheses
in ¢ through g below refer to figure 34, TM 9-1430-254-20/6.

¢. The two bridge-type demodulators (Bll)
are identical in operation. Each consists of an
input transformer, a load resistor, and a bridge
rectifier containing four crystal diode rectifiers
and four precision resistors. Transformer T1
gupplies a controlling reference voltage to diag-
onally opposite junctions of arms of each bridge
demodulator. The rectifiers are silicon junction
diodes having a high back impedance, a high
inverse peak voltage, and a high current capacity.
The precision resistor in series with the diode in
each arm of the bridge compensates for slight
differences in conduction of the crystal diodes.
The load for the N-S signal demodulator is re-
gistor R7 (B10), whereas the load for the E-W
signal demodulator is resistor KB.

d. The N-S8 and E-W input signals are ap-
plied through X OFF—NOR—Y OFF switch
81 (B10) to the primaries of transformers T2
and T3, respectively. There is a phase differ-
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auxiliary control-indicator (fig. 38, D1) is il-
luminated amher. When switch-indicator A9 is
depressed, antenna rotation relay K2 is deener-
gized and its contacts 3 and 6 (fig. 17, B19)
open to remove the +250-volt (SW) dc poten-
tial supplied to the resolver amplifier eliminat-
ing a personnel safety hazard and possible
equipment damage. Interlock switch 83 (fig.
34, D1) is actuated whenever the access cover
for the resolver amplifier on the acquisition an-
tenna pedestal is removed. The LOPAR N-S
and E-W amplified outputs of the resolver am-
plifier are applied to HIPAR select relay K1
(fig. 34, C5) located on the LOPAR auxiliary
control-indicator. In selected systems using
AAR, the LOPAR resolver signals are applied
through normally closed coniacts 5-15 of HI-
PAR/AAR select relay K1 (fig. 34, Al) and
normally closed contacts 1 and 6 of HIPAR/
AAR select relay K3 (fig. 34, A2) to the ECCM
console.

80 (U). Auxiliary Resolver Amplifier

The auxiliary resolver amplifier (fig. 34, B4,
TM 9-1430-254-20/6) compensates for line
losses that occur in the cable between HIPAR
and LOPAR systems and insure equal ampli-
tude of the HIPAR and LOPAR resolver sig-
nals. HIPAR/AAR resolver signals at connec-
tor J30 (fig. 34, A3, TM 9-1430-254-20/6) are
applied to differential resolver B1 (fig. 34, B6.6,
TM 9-1430-254-20/6) before being applied to
the auxiliary resolver amplifier. Differential
resolver Bl provides correction for error or
phase difference in acquisition azimuth orienta-
tion through the adjustment of the HIPAR
AZIMUTH ZERO ADJUST knob. Distortion of
HIPAR/AAR 4-kc resolver signals, caused by
extra lengths of cable, is reduced by the use of
a filter assembly {(fig. 34, A6.4, TM 9-1430-
254-20/6). The filter assembly contains vari-
ous values of capacitance and inductance that
may be switched into the line by switches $S1C
and S2L. The 4-ke line is tuned by the correct
amount of inductance or capacitance and line
losses are reduced to resistive losses only. Since
the N-S and E-W channels of the auxiliary re-
golver amplifier are similar, operation of only
the E-W channel is discussed. The HIPAR
E-W signal from connector P1-2 (fig. 34, B6.1,
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TM 9-1430-254-20/6) is applied to trans-
former T3-1 in the auxiliary resolver amplifier,
The signal is coupled across T3 and applied
through E-W adjust variable resistor R27 to
voltage amplifier V5. The amplified output of
V5 is applied to power amplifier V6. The out-
put of V6 is coupled through output trans-
former T4 to the LOPAR auxiliary control-in-
dicator. A feedback voltage from the secondary
winding of T4 is applied to the input circuit of
V5 to minimize signal distortion. HIPAR and
LOPAR resolver signals are applied from their
respective resolver amplifier through the auxil-
iary acquisition interconnecting box (fig. 34,
B3, TM 9-1430-254-20/6) for use by the T1
trainer.

81 {U). Radar Select and Preview Circuits

@¢. The HIPAR and LOPAR resolver signals
are applied to the radar select and preview cir-
cuits. In this section, sweep signals from one
radar system will be selected for presentation
on both PPI's. Either PPI can select alternate
video for previewing. Refer to paragraph 13
for the functional deseription of the radar se-
lect and preview circuits.

b. The resolver signals from the selected ac-
quisition radar system are applied to each pulse
persistence generator. Since the pulse persist-
ence generators and PPI's are identical, only
the long range PPI sweep channel and assoei-
ated pulse persistence generator will be dis-
cussed.

82 (V). Pulse Persistence Generator

a¢. The modulation eliminator section of the
pulse persistence generator converts amplitude-
modulated 4-ke earrier signals (resolver output
signals) into low-frequency sinusoidal signals
and applies them to sweep generating circuits
of a cathode-ray tube (CRT) employing elec-
trostatic deflection.

b. The modulation eliminator consists of two
identical bridge-type demodulators using crys-
tal diodes. This assembly demodulates the N-S
and E-W acquisition antenna azimuth position
signals and supplies two low-frequency quadra-
ture voltages representing X and Y vector com-
ponents of antenna beam azimuth to the sweep
generator (par. 85).
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ence of 90 degrees between the input signals of
T2 and T3, and these signals have only half the
amplitude of the 4-ke reference signal supplied
to transformer T1. This amplitude relationship
insures that the 4-kc reference signal effectively
gates the diode pairs of the bridge-rectifier cir-
cuits. Switch 81, when set to Y OFF or X OFF,

T™ 9-1430-250-20/11
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removes the input signal to the respective
modulation eliminator. By this means, the
input transformer is grounded with respect
to the lead, and the ocutput of the associated
bridge circuit iz zero. The X OFF and Y
OFF positions of switch S1 are used during
aweep generator adjustments.
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e, The output signals of the modulation elimi-
nator are developed from the two control input
signals diseussed in (1) and (2) below.

{1} The two eontrol inputs are the N.S
and K-W resolver signals received
from the videc select and preview cir-
cuits (par. 13). Each signal consists
of an amplitude-modulated 4-ke car-
rier. The frequency of modulation is
determined by the rotation speed of
the acguisition antenna when an in-
put to the PPI sweep circuits iz sup-
plied from acquisition azimuth re-
golver B2 (par. 78) in the acquisition
antenna pedestal (D2). As the re-
solver rotor makes one complete revo-
lution, the output voltage varies
through a single cycle of amplitude
modulation. In this manner, two
envelopes, 90 degrees ocut of phase,
with 100-percent modulation, having
a maximum peak-to-peak amplitude of
80 volts, are generated for each 360
degrees of rotor rotation,

(2) The second contirol input is a 4-ke
sinusoidal signal with a constant am-
plitude level of 170 wvolts peak-to-
peak, received from the 4-ke oscillator
{par. 77). This steady ac reference
signal in the audio frequency band is
used as excitation voltage for the pri-
mary of transformer T1 {A10). This
transformer supplies the reference
voltage to the two bridge-rectifier type
demodulators.

f. With no resolver signal input to the de-
modulators, no current flows through load re-
sistors R7 and R8 because the electrical bridge
cireuit of each demodulator is in a balanced
condition. The condition of balance exists be-
tween the junction of conducting diode recti-
fiers in each bridge rectifier and the grounded
center tap of transformer T1. When a resolver
signal is received, the bridge circuit unbalances
in proportion to the amplitude induced in the
transformer secondaries, and current flows
through alternate halves of T2 or T3 secondary
and the associated load resistor during one in-
put cycle. A change in phase of 180 degrees
of the resolver signal with respect to the ear-
rier reference from T1 occurs each 180 degrees
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of antenna rotation and causes the current to
reverse its direction of flow through the asscei-
ated load resistor {R7 or RB). The change in
phase occurs because the phase of the voltage
induced in the quadrature windings of the re-
solver rotor with respect to the 4-ke excita-
tion stator voltage depends on the azimuth
hemisphere through which the antennsa is ro-
tating. Thus, full-wave rectification of the
modulated carrier appears at R7 and R8. This
voltage is filtered by a dual section RC filter
that removes the 4.ke carrier components., The
RC filter for the X voltage output consists of
resistors R (B11l) and R10, and capacitors
C3 and C4. The RC filter for the Y voltage out-
put is identical to the X voltage filker and con-
sists of resistors R5 and R6, and capacitors C1
and C2. These filters are designed to remove
cross modulation products of the output volt-
ages.

g. The signals from the modulation elimina-
tor are two low-frequency ac outputs of equal
amplitude. One output signal is the modified
X sine-wave envelope having 40-volt peak-to-
peak amplitude change, and the other is the
modified Y sine-wave envelope of equal ampli-
tude. These sine waves are 90 degrees out of
phase, so that one represents a sine function
with respect to the change of antenna azimuth
and the other a cosine function.

k., The Y slope and X slope variable resistors
R15 and R16 adjust the length of the sweep on
the face of the CRT. Variable resistors R18
and R21 are zero setting variable resistors for
the first dc amplifier stage in the sweep gen-
erators.

83 {C). Writing Gun Driver

a. The writing gun driver {fig. 32) receives
a sync pulse to produce the negative and posi-
tive range pulses that control electronic gate 4
in the feedback circuit of the first de amplifier
in the X and Y sweep generators. This dc am-
plifier produces a sweep signal upon the appli-
cation of the range pulses.

5. The writing gun driver also produces &
negative video unblanking pulse that is applied
to the cathode of the writing gun in the cath-
ode-ray tube (CRT). The pulse is of such a
shape that a target at close range will not
appear at too high intemnsity and a target at
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Note. The grid zone references shown in parentheses
in ¢ through f below refer to fiure 34, TM 9-1430-
264-20/6.

¢. The two bridge-type demodulators {(B11)
are identical in operation. Each consists of an
input transformer, a load resistor, and a bridge
rectifier containing four crystal diode rectifiers
and four precision resistors, Transformer T1
supplies a controlling reference voltage to diag-
onally opposite junctions of arms of each bridge
demodulator. The rectifiers are silicon junction
diodes having a high back impedance, a high
inverse peak voltage, and a high current ca-
pacity. The precision resistor in series with the
dicde in each arm of the bridge compensates
for slight differences in conduction of the crys-
tal diodes. The load for the N-S signal demod-
ulator is resistor R7 (B10), whereas the load
for the E-W signal demodulator is resistor R8.

—Modified Handling TM 9-1430-250-20/1)
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d. The N-8 and E-W input signals are ap-
plied through X OFF—NOR—Y OFF switch
51 (B10} to the primaries of transformers T2
and T3, respectively, There is a phase differ-
ence of 90 degrees between the input signals
of T2 and T3, and these signals have only half
the amplitude of the 4-ke reference signal sup-
plied to transformer T1. This amplitude rela-
tionship insures that the 4-kc reference signal
effectively gates the diode pairs of the bridge-
rectifier circuits. Switch S1, when set to Y
OFF or X OFF, removes the input signal to the
respective modulation eliminator. By this
means, the input transformer is grounded with
respect to the load, and the output of the as-
sociated bridge circuit is zero. The X OFF and
Y OFF positions of switeh S1 are used during
sweep generator adjustments.
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e. The output signals of the modulation elim-
nator are developed from the two control input
signals discussed in (1) and (2) below.

(1) The two control inputs are the N-S
and E-W resolver signals received
from the video select and preview cir-
cuits (par. 13). Each gignal consists
of an amplitude-modulated 4-ke ecar-
rier. The frequency of modulation is
determined by the rotation speed of
the acquisition antenna when an in-
put to the PPI sweep circuits is sup-
plied from acquisition azimuth re-
solver B2 (par. 78) in the acquisition
antenna pedestal (D2). As the re-
solver rotor makes one compiete revo-
lution, the output voltage varies
through a single cycle of amplitude
modulation. In this manner, two
envelopes, 90 degrees out of phase,
with 100-percent modulation, having
a maximum peak-to-peak amplitude of
80 wolts, are generated for each 360
degrees of rotor rotation.

(2) The second control input is a 4-ke
sinusoidal signal with a constant am-
plitude level of 170 wvolts peak-to-
peak, received from the 4-ke oscillator
(par. 77). This steady ac reference
signal in the audio frequency band is
used as excitation voltage for the pri-
mary of transformer T1 (A10Q). This
transformer supplies the reference
voltage to the two bridge-rectifier type
demodulators.

f. With no resolver signal input tc the de-
modulators, no current flows through load re-
sistors R7 and R8 because the electrical bridge
circuit of each demodulator is in a balanced
condition. The condition of balance exists be-
tween the junction of conducting diode recti-
fiers in each bridge rectifier and the grounded
center tap of transformer T1. When a resolver
signal is received, the bridge ecircuit unbalances
in proportion to the amplitude induced in the
transformer secondaries, and current flows
through alternate halves of T2 or T3 secondary
and the associated load resistor during one in-
put cycle. A change in phase of 180 degrees
of the resolver signal with respect to the car-
rier reference from T1 occurs each 180 degrees
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of antenna rotation and causes the current to
reverse its direction of fiow through the associ-
ated load resistor (R7 or R8). The change in
phase occurs because the phase of the voltage
induced in the quadrature windings of the re-
solver rotor with respect to the 4-kc excita-
tion stator voltage depends on the azimuth
hemigphere through which the antenna is ro-
tating. Thus, full-wave rectification of the
modulated carrier appears at R7 and R8. This
voltage is filtered by a dual section RC filter
that removes the 4-kc earrier components. The
RC filter for the X voltage output comsists of
resistors R9 (Bll) and R10, and capacitors
C3 and C4. The RC filter for the Y voltage out-
put is identical te the X voltage filter and con-
gists of resistors R5 and R6, and capacitors C1
and C2. These filters are designed to remove
cross modulation produets of the output wvolt-
ages.

g. The signals from the modulation elimina-
tor are two low-frequency ac outputs of equal
amplitude. One output signal is the modified
X sine-wave envelope having 40-volt peak-to-
peak amplitude change, and the other is the
modified Y sine-wave envelope of equal ampli-
tude. These sine waves are 30 degrees out of
phase, so that one represents a sine function
with respect to the change of antenna azimuth
and the other a cosine function.

h. The Y slope and X slope variable resistors
R15 and R16 adjust the length of the sweep on
the face of the CRT. Variable resistors R18
and R21 are zero setting variable resistors for
the first de amplifier stage in the sweep gen-
erators.

83 (C). Writing Gun Driver

@. The writing gun driver (fig. 32) receives
a sync pulse to produce the negative and posi-
tive range pulses that control electronic gate 4
in the feedback circuit of the first de amplifier
in the X and Y sweep generators. This dc am-
plifier produces a sweep signal upon the appli-
cation of the range pulses.

b. The writing gun driver also produces a
negative video unblanking pulse that is applied
to the cathode of the writing gun in the cath-
ode-ray tube (CRT). The pulse is of such a
shape that a target at close range will not
appear at too high intensity and a target at
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Table IV (CMHA). Targel Destgnate Control Relay Energization (U)

™ 9-1439-250.20/11

PPIL range Energized Deenergized
Unit display ! relays relays

SR target designate control 75,000 yds K1 K2, K3
150,000 yds None K1, K2, K3

LR target designate control ( IIPAR 150,000 yds K2 K1, K3

aystem selected) 350,000 yds K2, K3 K1

LR target designate control {LOPAR 150,000 yds None K1, K2, K3

system selected} 250,000 yds K3 K1, K2

* For range selection theory vefer to paragraph 111,

control (B6) set to maximum, RG METER
MAX variable resistor R11 (B5) adjusts the
indication on range meter M1 to 150 X yards.

h. Quadrant wound variable resistor R18
has two wiper arms set 90 degrees apart. The
two arms of variable resistor R18 are mechan-
ically coupled to the azimuth control. When the
designate circle is positioned over target video,
the azimuth control is positioned at the azi-
muth of the target video. The mechanical cou-
pling between the azimuth disc and variable
resistor R18 also positions the wiper arms at
an angle equivalent to the azimuth of the tar-
get video. Since the wiper arms are 90 de-
grees apart, the outputs will be sine and cosine
functions of the inputs. One input is negative
and the other is positive so that a complete
circle can be described in vector components.
The two outputs from variable resistor RI18

Section V (U).

107 (U). Purpose

a. The video circuits (fig. 1), a part of the
presentation system, use input signals from
six sources in order to develop video signals
for display (par. 78} on three cathode-ray
tube (CRT)} indicators.

b. The input signals for the video circuits
are received from the moving target indicator
{MTI) circuits (par. 61), the marker circuits
(par. 117), the fire unit integration facility
(FUIF) interconnecting equipment (par. 101),
the plan position indicator (PPI) sweep circuits
(par. 75), the time share relay assembly (par.
102), and the B scope indicator sweep circuits
{par. 88). Although the inputs from the FUIF
interconnecting equipment and the time share

CONFIDENTIAL

are range multiplied by the sine of the azimuth
angle (R Sine A = X analog) and range mul-
tiplied by the cosine of the azimuth angle {R
COS A = Y analog).

1. The X and Y analog outputs are then ap-
plied to cathode followers V4B (C4) and V4A,
From the cathode circuit, these voltages are
applied to the time share relay assembly (par.
102). The Y ZERO variable resistor R37 (C4)
and X ZERO variable resistor R38 (C5) are
adjusted for zere output from the cathode
followers with ne signal input.

J. If the designate circuits are in the desig-
nate enable condition, the time share relay as-
sembly (par. 102) will provide the necessary
signals to the pulse and logic generator (par.
103) to display the designate cirele and desig-
nate semicircle on the FPI’s.

VIDEO CIRCUITS

relay assembly are relay control grounds and not
video signals, the inputs control the generation
of gymbols in the presentation system. The dis-
play of these symbols is discussed in the sym-
bol positioning circuits (par. 99). The video
signals developed in the video circuits are
displayed upon two CRT indicators in the bat-
tery control console and upon one CRT in the
target radar control console. These indicators
are designated the short range {SR) PPI, the
long range (LR) PPI, and the B scope indi-
cator.

108 (U). Block Diagram Analysis

@¢. The two PPI's (fig. 37), through the func-
tions of the writing gun drivers (par. 109)
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and the CRT's enable the display of video sig-
nals, The CRT in use in each PPI is a 834-inch
controlled persistence direct view storage tube.

b. The video and mark mixer (par. 71) in
the MTI circuits supplies acquisition video and
marks to the writing gun driver in each PPI and
through the cathode follower amplifier to the T1
trainer. The writing gun driver amplifies the
video and marks signals and applies them to the
CRT. The video signals applied to each PPI are
from the HIPAR system or the LOPAR says-
temn. The selection of video is discussed in the
radar select and preview circuits (par. 13).

¢. The video and mark mixer in the MTI
circuits also supplies acquigition video only to
the B scope indicator during normal operation.

d. The PPI HV power supply (par. 110)
furnishes the required high dec potential as
necessary for the operation of the PPI's,

e¢. The pulse persistence generator (par.
111} supplies the necessary signals to control
the persistence and erase functions in the PPI.

f. The azimuth blank generator (par. 112),
located in the target radar control console, re-
ceives azimuth sector blanking signals from
the B scope indicator sweep circuits (par. 88)
and 4-kc carrier input from the acquisition-
track synchronizer. The azimuth blank gen-
erator supplies azimuth blanking signals to the
B scope video amplifier, % below.

g. The B scope indicator (par. 113), located
in the target radar control consocle, displays
apon g 10-inch CRT, a selected area of the PPI
presentation. The B scope indicator includes
the video circuit portion of the B scope marker
generator, ¢ below, and the B scope video am-
plifier, k below. The display containg acquisi-
tion video received from the B scope video am-
plifier. The unblanking pulse, also received
from this assembly, unblanks the CRT dur-
ing the intervals of normal range sweep, azi-
muth sweep, and intersweep. During inter-
sweep intervals, the target track antenna circle
is displayed. The generation and application
of this symbol is the function of the B scope
indicator aweep circuits (par. 88).

h. The B scope video amplifier (par. 114),
an assembly in the B scope indicator, amplifies
the acquisition video received from the MTI
circuits to the level required to intensity modu-
late the electron beam of the CRT in the B

— Modified Handling
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scope indicator. The B scope video amplifier

also supplies unblanking pulses to the same

CRT and generates an end-of-sweep pulse for

application to the B scope marker generator.

i. The B scope marker generator {par. 115),
an assembly in the B scope indicator, receives
an end-of-sweep pulse at the end of each range
(vertical) sweep from the B scope video am-
plifier. This end-of-sweep pulse enables the
B scope marker generator to develop the sym-
bol unblanking pulse for the B scope video
amplifier,

J. The power supply assembly (par. 116b
(2)), located in the target radar control con-
sole, supplies the necessary high de¢ potentials
to the B scope indicator.

109 (U). Writing Gun Driver

a. The video amplifier section of the writing
gun driver amplifies the video and marks
from the video and mark mixer, and applies
them to the writing gun grid in the CRT. It
also produces the video unblanking pulse (par.
83) that allows video to be displayed on the
CRT.

Note. The grid zone references shown in parenthezes
in & and ¢ below refer to fipure 30, TM 9-1430-254--20/6.

b. The video and marks from the video and
mark mixer are applied through ACQ VIDEQ
GAIN variable resistor R9 (A8) to connector
P3-2 on the writing gun driver (D10). ACQ
VIDEO GAIN variable resistor R9 (A8) is
used to vary the intensity of video presentation
on the PPIL.

¢. The acquisition video and marks are then
applied through capacitor C19 (A8) to the
control grid of video amplifier V8, The con-
trol grid of V6 iz clamped at approximately
—6.6 volts by crystal diode CR16, video ampli-
fier 1 grid bias variable resistor R57, and re-
sistor R58. The video and marks are ampli-
fied and inverted by V8 and are then applied
through capacitor C22 to the control grid of
video amplifier V7. The control grid of V7 is
clamped at approximately —#6.6 volts by crystal
diode CR17 (A10), and resistors R61 and
R62. The signal is further amplified and in-
verted by V7 and applied to cathode follower
mixer V8 (All). The control grid of V8 is
clamped at approximately —3 volts by crystal
diode CR18, and resistors R66 and R67. The
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positive video and marks signal from V8 is
then applied to the grid of the writing gun in
the CRT (B14). The video signals modify the
static potential of —2650 volts on the grid.

110 {U). Cathode-Ray Tube

e¢. The cathode-ray tubes (CRT’s) used in
the long range (LR) and the short range {(SR)
plan position indicators (PPI’s) are high
persistence direct-view storage tubes, The CRT
produces a bright wvisual display for direct
viewing of target information electrically
atored within the viewing surface. By using
external controls, the persistence of the dis-
play can be controlled or the display can be
instantly erased.

b. The CRT is divided into three sections;
the writing section, the flooding section, and
the viewing section. As video signals modulate
the electron beam from the writing gun, an
image is displayed on the storage grid.

¢. The two modes in which the CRT operates
are the writing mode and the erase mode. The
CRT has a high persistence, and, if left un-
controlled, the display would not fade out as
a normal indicator would. To prevent this, the
display on the CRT has to be removed period-
ically. The process of removing the display is
called erasing and is covered in paragraph 111.

d. The writing gun section of the CRT con-
sigts of the writing gun, the writing gun grids,
the deflection plates, and the storage grid. A
beam of electrons is emitted by the writing
gun and travels toward the more positive po-
tential near the face of the CRT. The number
of electrons in the electron beam is controllied
by the potential on the first grid: The second
and fourth grids have a positive potential and
act as accelerating grids. Grid 3 is the focus-
ing grid and the potential on this grid is con-
trolled by the adjustment of a focus variable
resistor in the writing gun driver. The focus-
ing grid focuses the electron beam to a very
fine point at the storage grid, The deflection
plates deflect the beam in accordance with the
sweep voltage or the symbol-modulated symbol
positioning voltages., As the electron beam
strikes the storage grid, electrons are emitted
due to secondary emission and are collected
by collector grid 5.

CONFIDENTIAL - Mocifes Handtine

e. The flooding section consists of the view-
ing gun, flood grids 1 through 5, and the back-
ing electrode. The backing electrode is eapaci-
tive-coupled to the storage grid in the writing
gun section so that any potential seen on the
backing electrode is also seen on the storage.
grid. There is no electrical connection to the
storage grid.

f. The viewing gun emits a low velocity elec-
tron beam that forms a virtual eathode imme-
diately before the storage grid. The electron
beam is defocused by adjusting variable resis-
tors on the side of the PPI so that the virtual
cathode i8 of equal potential over the entire
face of the storage grid. The electrostatic lens
action of the viewing gun controls the spray of
electrons such that it is collimated and ap-
proaches the storage grid as a parallel electron
beam. When this spray of electrons reaches
the storage grid, electrons will be passed only
at the points where information has been
written. This has the effect of controlling the
storage function and the brightness of the dis-
play.

g. The imaging section consists of the vir-
tual cathode formed by the viewing gun, the
storage grid, and the phosphor screen. The
storage prid serves as the persistence control
element, and the phosphor screen serves as
the collector.

k. The controlled persistence indicator pro-
vides a bright, nonflickering display of stored
information for a predetermined length of time
after the writing has been accomplished. This
is accomplished by applying a continuous train
of pulses from the pulse persistence penerator
(par. 111} to the backing electrode at a rate
no lower than the phosphor flicker frequency,

Note. The grid zone references shown in parentheses
in i through & below refer to figure 30, TM 9-1430-
254-20/6.

1. The writing gun cathode connection on
the CRT iz connector J26-A (Bl4) and has
an average potential of —2500 volts applied
from the voltage regulator section in the writ-
ing gun driver (par. 83). This voltage is
altered by the video unblanking pulse (par.
83) during the normal sweep interval. The
writing gun grid connection on the CRT is
connector J26-D (B14) and has an average
potential of —2650 volts supplied by the volt-

166 CONFIDENTIAL



CONFIBENTIAL - ™

establishes the selected code for each of
three modes of SIF/IFF operation and
provides remote control eircuits for the
video decoder. These coding controls
are readily accessible behind the ac-
quisition operators. The contro! assem-
bly is comprised of three multipole-
multiposition rotary switches and one
toggle switch, which are used in con-
junction with three switch-indicators on
each PPI in the IFF control circuits to
provide three modes of SIF/IFF opera-
tion.

f. The functional operation of the IFF equip-
ment (fig. 43) is presented in (1) through (6} be-

low.

@)

@)

The acquisition-track synehronizer (par.
1B) produces timing pulses which syn-
chronize the operation of the LOPAR
transmitter cireuits with the operation
of the SIF/IFF system. One of these
pulses is the 20- to 40-volt IFF trigger
pulse. The IFF trigger pulse is in co-
incidence with the LOPAR preknock
pulse (fiz. 3). A second pulse is the
transmitter syne pulse which is applied
to the LOPAR transmitter circuits. This
pulse cccurs 23.5 microseconds after the
LOPAR preknock pulse and triggers the
transmitter eircuits at 500 pulses per
second. Pretriggering of the SIF/IFEF
circuits by the IFF trigger pulse is re-
quired by the coding characteristics of
the IFF equipment.

Nofe. The grid zome references shown in
parentheses in (2} through (6) below refer to
figure 36, TM 95-1430-254-20/6, unless other-
wise indicated.

The IFF trigger pulse (preknock) is ap-
plied through acquisition slip ring ter-
minal 22 (D14} to the coder-control unit
(D16}, where each trigger pulse is pro-
cessed intc pulse-pairs. These pairs
carry the coding (interpulse spacing) of
one of the three available challenge
modes, ¢ below. From the coder-control
unit, the pulse-pairs are applied to the
receiver-transmitier (fig. 43) where they
initiate IFF transmitter operation and
simultaneously establish the reception
period of the IFF receiver.

dified Handiing
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(4)

)

(6)
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The transmitter section of the receiver-
transmitter (A16) penerates and applies

" to the IFF antenna an RF carrier which

is pulse modulated by the selected coding
developed in the coder-control unit. The
IFF antenna radiates these RF challenge
signals for transpender reception by any
target detected by the LOPAR system.
These IFF challenge signals are recetved
by the receiver portion of the transponder
equipment within the target. The trans-
ponder, in turn, transmits a reply com-
prised of coded RY signals at the fre-
quency to which the IFF equipment
is tuned.

The coded RF reply signals transmitted
from the target are received by the IFF
antenna and applied to the receiver
section of the receiver-transmitter. The
receiver converts the RF input infe
LOPAR IFF video, z succession of
pulses designated the coded pulse train
(fig. 43). From the receiver section of
the receiver-transmitter (A16}, the LO-
PAR IFF video is applied through ae-
Guisition slip ring terminal 24 (Al4) and
deenergized IFF video select relay K2
{B9) to the video decoder (AB) in the
eguipment cooling cabinet, a part of the
trailer mounted director station. The
video decoder is conditioned by the re-
mote switching control (B8) on the IFF
auxiliary control-indicator.

On the remote switching control, a two-
position TEST ~OPERATE switch (TM
11-5840-202-10} controls decoder group
AN/TPA-3 (SIF portion of the IFF
equipment), When set to TEST, this
switch conditions the decoder group so
that a coded pulse train from the re-
ceiver-transmitter is passed without
change through the video decoder (par.
i125f) to the video and mark mixer (fig.
31, D41, TM 9-1480-254-20,/6). This
conditioning of the decoder group per-
mits normal IFF challenging from either
PPI (A3 or Bb).

The video and mark mixer (fig. 43) com-
bines the IFF video with bypass and
MTI wvideo. The resultant signals are

then mixed with the acquisition marks.
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The output of the video and mark
mixer produces the LOPAR acquisi-
tion video and marks applied to the
video circuits (fig. 37). The IFF video
appears on the indicators of the pres-
entation system as a symbol consisting
of one or more arcs with the same
azimuth, but at & position slightly
greater in range than the target video.
In this manner, the target video and
its IFF identification symbeol, if any,
can be viewed to determine the target
identity. Additional circuit features,
provided by the IFF control circuits,
promote accurate identification by
means of various interrogation modes,
g below,

Note. The grid zone references shown in parentheses
in g and i below refer to figure 36, TM 9-1430-254-20/86,
unless otherwise indicated.

g. The challenge mode is selected by depress-
ing one of the three mode switch-indicators,
IFF CHALLENGE MODE 1 switch-indicator
A2 (A3), IFF CHALLENGE MODE 2 switch-
indicator A3 (A2), or IFF CHALLENGE
MODE 3 switch-indicator A4 (Al)} located on
either PPI. These switch-indicators are identi-
cal on both the long range and short range
PPI's, have the same designation, and perform
the same function. The three switch-indieators
provide control of the challenging modes that
may be transmitted by the IFF equipment phy-
sically located on the acquisition antenna, and
condition the video decoder located in the eguip-
ment cooling cabinet {B8) to one of three modes,
The three modes of video presentation and the
functions of each switch-indicator are discussed
in (1} through (4) below.

{1) When IFF CHALLENGE MODE 1
switch-indicator A2 on either PPI is
lluminated green, mode 1 is selected.
This mode is the normally used condi-
tion of IFF operation. Mode 1 permits
interrogation and identification of all
aireraft containing a transponder con-
ditioned to respond to any mode chal-
lenge signal from the IFF eguipment.
When switch-indicator AZ is de-
pressed, section S1D applies frame
ground (LOPAR IFF mode 1) through
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the director station group (BB}, to ac-
quisition slip ring terminal 14 {(C14)
to energize a mode 1 relay in the coder-
control unit (D16). This relay, in
turn, conditions the interpulse code
spacing to an interval of 3 microsec-
onds, Section S1B {B3) appliea frame
ground (LOPAR IFF chsallenge)
through deenergized contaects 15 and
5 (D8) of IFF seleet relay X4 and
through the director station greup to
acquisition slip ring 20 (B14) to initi-
ate the challenge mode in the coder-
control unif, Section S1C applies
frame ground to the video decoder
(AB) to condition this unit for mode 1.
When IFF CHALLENGE MODE 3
switch-indicator A4 (A1} is illuminat-
ed green, mode 8 is selected. This mode
permits interrogation and identifica-
tion of a group of aireraft by means of
the IFF reply from the lead aireraft
only. Thus, a selected transponder is
actuated and a single IFF reply is re-
turned. The use of this mode prevents
crowding of the presentation system
with a large number of IFF symbols
which would be obtained if mode 1
were used. Switch-indicator A4, sec-
tion S1D, applies frame ground (LO-
PAR IFF mode 3) through the director
station group (B5) to acquisition slip
ring terminal 18 (B14) to energize a
mode 3 relay in the coder-control unit.
This relay, in turn, conditions the in-
terpulse spacing to an interval of 8
microseconds. Section S1B {Bl) ap-
plies frame ground {(LOPAR IFF
challenge) through deenergized con-
tacts 15 and 5 {D3) of IFF select relay
K4 and through the director station
group to acquisition slip ring 20 (B14)
to initiate the challenge mode in the
coder-control unit. Section S1C (Bl}
applies frame ground to the video de-
coder (A8) to condition this unit for
mode 3.

When IFF CHALLENGE MODE 2
gwitch-indicator A3 is illuminated
green, mode 2 is selected. This mode
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(4)

(8)
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is intended for detailed recognition of
& particular aircraft and, therefore,
permits interrogation and identifica~
tion of any single aircraft in a group
of aircraft. The IFF reply is received
from only that aircraft which has its
transponder conditioned to reply in
this mode. The reply is displayed on
the PPI's as two defined arcs. With
switch-indicator A8 depressed, a
frame ground (LOPAR IFF chal-
lenge) is applied through deenergized
contacta 15 and 5 (D3) of IFF gelect
relay K4 and through the director sta-
tion group to acquisition slip ring 20
(B14) to initiate the challenge mode
in the coder-control unit.

When any one of the three switch-
indicators, A2, A8, or A4, is illumi-
nated green the IFF equipment is con-
ditioned to receive an emergency mode
reply from a challenged target trans-
ponder,

The IFF challenge indication is ap-
plied from the coder-control unit
through acquisition slip ring 15 (C14),
the director station group, and the
auxiliary acquisition interconnecting
box (D10) to the T1 trainer.

k. The IFF control circuits mounted on the
auxiliary fire control-indicator and both PPI's
remotely control the IFF or SIF equipment.

Remote

control is possible only after certain

switches in the IFF equipment are properly set.
The IFF controls and related switches (TM 9-

1430-258-12/2) for remote operation are given
in (1) through (5) below.

(1)

When a LOCAL-REMOTE switch
(TM 11-1191) on the coder-control
unit is set to REMOTE, all front panel
operating controls of the coder-control
unit are electrically transferred to the
asuxiliary fire control-indicator and
both PPI's. In order to challenge by
remote control, s CHALLENGE toggle
switch on the coder-control unit muast
be set to OFF. The coder-control
CHALLENGE switch, when set to
ON, overrides the three IFF CHAL-

Z14~752 C » bb - 4
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(2)

(3)

(4)
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LENGE MODE switch-indicators, A4
{Al)}, A8, and A2, on the two PPI's.
Since the IFF equipment has self.con-
tained power supplies, only primary ac
power is supplied from the LOPAR
system. The dc power is furnished by
the IFF power supply when the IFF
POWER switch {(TM 11-1181) on the
receiver-transmitter (A16) and & sim-
ilar switch at the coder-control unit
are set ON, These switches are nor-
mally left in the ON position so that
the IFF equipment is automatically
energized when the LOPAR system is
energized.

Alternate action CHOP ON—CHOP
OFF switch-indicator A18 (C2) on the
auxiliary fire control-indicator is used
under adverse presentation display
conditions to distinguish IFF video
from acquisition video, When switch-
indicator AI8 is depressed illuminat-
ing CHOP ON indicator green, a frame
ground is applied through the director
station group (B5) to acquisition slip
ring terminal 11 (B14) to energize &
chop circuit relay in the coder-control
unit. This chop cirenit periodically in-
terrupts & suceession of pulse-pairs
used to develop the transmitter chal-
lenge signals. Accordingly, the IFF
reply signals are also interrupted. The
end result of the displayed video is a
clearly defined series of short dashes
forming an arc slightly greater in
range then the acquisition target video.
When switch-indicator Al18 is de-
pressed illuminating CHOP OFF indi-
cator amber, frame ground is removed
and the chop circuit does not operate.
Alternate action LONG GTC—SHORT
GTC switch-indicator A17 {C1) on the
asuxiliary fire control-indicetor is used
to conform with the operating range
of the LOPAR system. When switch-
indicator A17 is depressed illuminat-
ing SHORT GTC indicator white, a
frame ground is applied through ac-
quisition slip ring terminal 13 (B14),
to control a GTC relay located in the
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{b)

coder-control unit. Switch-indicator A17
is depressed iliuminating LONG GTC
indicator white when the video circuits
(fig. 84, C31, TM 9-1430-254-20/6) are
set for 250,000-yard displays. This set-
ting will condition the receiver section
of the receiver-transmitter {A16) to have
a high gain for distant IFF video re-
ception and to reduce the gain for rela-
tively close IFF video reception in order
to maintain a uniform intensity of IFF
presentation. During SHORT GTC
operation of switch-indicator Al7, the
gain of the receiver in the receiver-trans-
mitter iz reduced to a level required for
short range signals and short range dis-
plays on the presentation system. The
manual gain of the receiver is adjusted
by IFF GAIN variable resistor R14A
{C8). The brightness and definition of
the [F1" video symbols displayed by the
presentalion systemy is determined by
the setting of IFF VIDEQ variable re-
sistor R69 (fig. 28, C46, TM 8-1430-
254-20,6) on the video and mark mixer,
The [FI® POWER on indicator Al9
(C3) (illuminated green), provides an
indication that IFF power has heen
applied to the selected (HIPAR or LO-
PAR) svstem. When LOPAR is se-
lected, IFF select relay K4 (1D3) is de-
energized. The ac power (LOPAR IFF
power on) from the video decoder (AS8)
is applied through contacts 7 and 16 of
deenergized K4 to a rectifier consisting
of CR3, CR4, CR5, and CR6 (C8) in
the auxiliary fire control-indicator. The
de voltage from the rectifier is applied
to energize IFF power on relay K6,
applying —28v LD through contacts 5
and 3 of K6 to illuminate green lamps
DS1 and DS3 (C3). Selection of HIPAR
will apply HIPAR select ground to
energize K4 (D8). HIPAR IFF power
is applied through contacts 8 and 16 of
K4 to the rectifier consisting of CR3,
CR4, CR5, and CR6. As long as ac
power is received from either of the se-
lected systems, indicator Al9 is illumi-
nated green. When the ac power is
removed, indicator Al19 is illuminated
white.
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124.1 (U). AAR IFF Equipment Integration
and Operation

a. The identification friend-or-foe (IFF') equip-
ment in AAR systems functions identically to the
IFF equipment described in paragraph 124 for
HIPAR systems. AAR IFF econtrol cireuits
differ from IFF control circuits in systems using
HIPAR in that certain functions are transferred
to the AAR system through relays within the
AAR relay assembly. A description of the AAR
IFE control cireuits that differ from those in
systems using HIPAR is given in b through f
below.

Note. The grid zone references shown in parentheses in
b through 7 below, refer to figure 56, TM 9-1430-254-20/6
unless otherwise indicated.

b. The mode 1 and 8 relay control circuits in
the LOPAR and AAR coder-control units are con-
trolled through the switching provided by LO-
PAR-AAR select relay K2. When AAR is se-
lected, contacts 1-2-9 and 8-4-10 of relay K2 (B7)
remove the mode 1 and 3, activate ground circuits
from the LOPAR coder-control, and apply mode
1 and 3 ground eircuits to the AAR coder-control
unit. The IFF challenge ecircuits for modes 1, 2,
and 3 are switched through the contacts of IFF
challenge relay K17 (B8). When IFF CHAL-~
LENGE MODE 1, 2, or 3 switeh-indicator is de-
pressed, a ground is applied from connector J2-P
(B4) on the PPl to energize IFF challenge relay
K17 (B8). Contacts 9 and 2 of relay K17 apply
~28-volt challenge voltage to the AAR IFF sys-
tem. During the LOPAR mode of operation an
IFF challenge ground is applied through contacts
104 of X17 (B7) and through contacts 15 and
5 of deenergized relay K4 (D8) to the LOPAR
IFF system. The IFF challenge ground applied
through contacts 6-15 of energized IFF select
relay K4 (D8) has no function in systems using
AAR.

¢. If the output power of the transmitter within
the interrogator set is normal, the depressed IFF
CHALLENGE MODE 1, 2, or 3 switch-indicator
will illuminate. When the transmitter power is
normal an ac voltage is applied from the LOPAR
and AAR systems to contacts 8 and 7, respective-
ly, of LOPAR-AAR challenge relay K3 (C7). Re-
lay K3 applies the ac voltage through contact 12
to energize IFF challenge relay K7 (D3). Con-
tacts 3-5 of K7 apply a ground to both long and
short PPI’s to illuminate the respective IFF mode
switch-indicator,
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d. CHOP ON—CHQP OFF switch-indicator
AlR (C2) control circuit is transferred between
the LOPAR and AAR IFF systems through con-
tacts 1-2-9 of LOPAR-AAR select relay K1 (C7).
The circuits controlled by LONG GTC—SHORT
GTC switeh-indicator A17 (Cl) are switched be-
tween the LOPAR and AAR IFF systems
through contacts 7-8-12 of relay K1 (C7).

e. The IFF control circuits are energized when
IFF power on relay K6 (C38) is energized. AC
power from the LOPAR or the AAR IFF system
is applied to contacts 7 and B, respectively, of
IFF select relay K4 (D8). The ac power from the
selected mode is applied through contact 16 to
the bridge rectifier network consisting of diodes
CR3 through CRS6 to energize relay X6 (C3).

f. The IFF ground circuit is switched through
contacts 7-8-12 of LOPAR-AAR select relay K2
(B7). IFF GAIN variable resistor R14B (C3)
is supplied with an IFF ground from connector
J31-44. Acquisition radar switch S1B (A5), con-
tacts 1-2-3-12, has no function in AAR systems.

125(C). Selective Identification Facility
Equipment and Circuits

@. The selective identification facility (SIF)
equipment is added to the identification friend
or foe (IFF) equipment to form the SIF/IFF
gsystem (fig. 43). This system, in conjunction
with the IFF remote control circuits, provides
the IFF and SIF/IFF symbols used in the dis-
plays on the presentation system (fig. 1). The
addition of the SIF equipment also provides
greater flexibility in the interrogation of targets
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within range of the LOPAR system. The SIF
equipment (fig. 43) consists of remote switching
control C-1903/TPA-3, video decoder MX-1995/
TPA-3, and associated controls and circuits.

b. The SIF/IFF control circuits include the
controls and indicators which permit the SIF/
IFF equipment to be remotely controlled from
the PPI’s and auxiliary fire control-indicator in
the trailer mounted director station. For further
information on the remote controls and indica-
tors used with the SIF/IFFE equipment (interro-
gator set AN/TPX-27), refer to TM 9-1430-
253-12/2. Since the remote operation of SIF
equipment and IFF equipment is similar, only
pertinent controls and indicators of the SIF
equipment are discussed in ¢ through e below.

Note, The grid zone references shown in parentheses in
¢ through g below refer to figure 36, TM 9-1430-254-20/86,
unless otherwise indicated.

¢, When a TEST-OPERATE switch (TM
11-5840-202-10) on the remote switching con-
trol (B8) is set to OPERATE, the video decoder
(A8), remote switching econtrol, and mode
switch-indicators, IFF CHALLENGE MODE 1
A2 (A8), IFF CHALLENGE MODE 2 A3, IFF
CHALLENGE MODE 3 A4, become electrically
effective, thereby causing the SIF equipment
(fig. 43) to become operative. This requires that
three rotary coding switches on the remote
switching control be set to the proper numerical
code associated with the prevailing mode se-
lected by mode switch-indicator A2, A3, or Ad.
This eonditioning of SIF circuits insures that
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the IFF reply signals are decoded by the video
decoder and IFF video is applied to the presen-
tation system (fig. 1).

d. When the separately furnished SIF equip-
ment for IFF decoder group AN/TPA-3 is not
available, a temporary modification is required
for the remote control of the IFF equipment.
This modification connects input connector P204
{A8) to output connector P201 (B8) so that the
video decoder is bypassed. Bypassing transfers
the IFF video from the receiver-transmitter di-
rectly to the presentation system. In addition,
it is necessary to add a temporary strap between
terminals 126 (C6) and 156 (A9) in the director
station group so that when ac power (LOPAR
IFF power on) is applied, IFF power on relay
K6 (C8) energizes, illuminating IFF POWER
ON indicator lamps, DS1 and DS3 (C8). For
normal SIF/IFF operation, when the SIF
equipment is provided, the two temporary con-
nections must be removed.

e. The three mode switch-indicators, A2
(A3), A3, and Ad, allow the operators to select
one of three modes. Each mode has a different
number of codes available and varies the flexi-
bility of the SIF/IFF system (fig. 43). In all
three modes, the transmitted interpulse spacing
is identical to normal IFF operation. When a
TEST-OPERATE awitch (TM 11-5840-202—
10} located on the remote switching control
(B8) is set to OPERATE, the video decoder
(AB) and mode switch-indicators A2 (A3),
A3, and A4 become electrically -effective.
With switch-indicator A2 depressed, IFF
CHALLENGE MODE 1 is sclected. This mode,
in conjunction with the setting of one of three
rotary switches (TM 11-5840--202-10) on the
remote switching control, makes available 37
codes to the SIF/IFF gsystem. With switch-in-
dicator A3 depressed, mode 2 is selected. In this
mode, the remote switching control (B8) makes
available to the video decoder an additional 64
codes. With switch-indicator A4 depressed,
mode 3 is selected and another 64 codes are
added. Therefore, through the action of switch-
indicators A2, A3, and A4 and the rotary
switches (TM 11-5840-202-10) on the remote
switching control, a total of 165 codes are pro-
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vided in the SIF/IFF system. Emergency mode
presentation, in conjunction with SIF/IFF
operation, is identical to the emergency mode
described in the normal IFF operation in para-
graph 1249 (4).

/. Either HIPAR or LOPAR IFF video is
applied to the video decoder (AB). The type of
video input is determined by which video is
selected by contacts of IFF video select relay
K2 (B9). This relay is controlled by VIDEO
SELECTED—LOPAR READY switch-indica-
tor Al and VIDEQ SELECTED.--HIPAR
READY switch-indicator A2 on the LOPAR
control-indicator, and identical switch-indica-
tors A3 and A2 on the HIPAR control-indicator
{par. 13b). When relay K2 iz energized, HIPAR
IF'F video is supplied to the videc decoder. When
LOPAR video is selected, relay K2 is deener-
gized and LOPAR IFF video is supplied to the
video decoder,

¢g. Video decoder MX-~1995/TPA-3 (A8) re-
ceives LOPAR IFF video (pulse train) from the
output of the receiver section of the receiver-
transmitter (A16). This LOPAR IFF video is
amplified and applied to an internal delay line.
The delay line transforms the time-sequential
series of pulses into a time-coincident array. If
the pulse spacing in the frain is correct, the
pulses will appear simultaneously at taps in the
delay line. This array of pulses is applied
through a bank of relays to a diode matrix,
made up of two series of germanium diodes.
The diode matrix, in conjunction with the re-
lays, analyzes the pulse configuration to deter-
mine if the configuration corresponds to the
code selection at the remote control box. If the
code ig satisfied, a positive voltage pulse is pro-
duced by the diode matrix. This pulse is clipped,
amplified, and supplied at output connector J204
(A8) for use as LOPAR IFF video in the video
and mark mixer. IFF video from the T1 trainer
is applied to the video and mark mixer through
the auxiliary aequisition interconnecting box
(D10) during simulated exercises. If the code is
not satisfied, this positive pulse either does not
appear or is inhibited by a ‘killer” circuit so
that there is little or no output from the video
decoder,
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WARNING
(Insert: RA PD 404264)
HIGH VOLTAGE
is used in the operation of this equipment
DEATH ON CONTACT

may result if personnel fail to observe safety precautions

Never work on electronic equipment unless there is another person nearby who is
familiar with the operation and hazards of the equipment and who is competent in
administering first aid. When the technician is aided by operators, he must warn
them about dangerous areas,

Whenever possible, the power supply to the equipment must be shut off before
beginning work on the equipment. Take particular care to ground every capacitor
likely to hold a dangerous potential. When working inside the equipment, after the
power has been turned off, always ground every part before touching it.

Be careful not to contact high-voltage connections or 115 volt ac input connections
when installing or operating this equipment.

Whenever the nature of the operation permits, keep one hand away from the
equipment to reduce the hazard of current flowing through vital organs of the body.

EXTREMELY DANGEROUS POTENTIALS

greater than 500 volis exists in the following units:

Battery control console: LOPAR antenna-receiver-transmitter
PPI (LONG AND SHORT RANGE) group:
PPI HV power supply (LONG AND Acquisition modulator
SHORT RANGE) Acquigition receiver-transmitter
Director station group: Target radar conirol console:
MTI oscilloscope Auxiliary acquisition control
Acquisition HV power supply interconnecting group
~-1000v power supply Azimuth indicator

P ot ok Tt Bt VBt b Ak ke b b oy i i ot o e e p— —r bk ko S et

—— e bt pmn T Pt e ik T T e e et bk Tt ek bt ek ek oy ke i

For artificial respiration, refer to FM 21-11.
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RADIATION HAZARD
RA PD 461681

This equipment contains the following radioactive tubes:

OAZ OB2 0C3 6164 ATR5922
OA2WA OB2WA 6163 ATR5821 TR5927

Refer to TM 38—250, AR 755—380, and AR 55—55 for safety information relative
to shipping, storage, handling, and disposal of radioactive tubes.

[

FIRST AID FOR RADIOACTIVE CONTACT

The following first aid procedure for wounds caused by a radioactive particle
represents the only reasonable first aid treatment which would possibly be available.

a, Stimulation of mild bleeding by normal pressure about the wound and by
use of suction cups.

b. If the wound is of the puncture type, or the opening is quite small, an incision
should be made to promote free bleeding and to facilitate cleaning and flushing of
the wound.

c. Evacuate patient to a medical facility where monitoring of the wound can be
accomplished. All such wounds should be examined by a2 medical officer,

d. For wounds involving the extremities, pending medical attention, place a
lightly constricting band (tourniquet) 2 to 4 inches closer to the heart than the site
of the wound, The band should be tight enough to halt the flow of blood in superficial
blood vessels but not tight enough to stop the pulse (arterial flow)

CLEANING SURFACES ON WHICH TUBES HAVE BEEN BROKEN

Wet Method, Put on rubber or plastic gloves, Pick up large fragments with
forceps; then, using a wet cloth, wipe across the area. Make one wipe at a time and
fold cloth in half, using the clean side for wiping each time. When cloth becomes too
small, discard and start again with a clean piece of cloth, Care must be taken not
to rub the radicactive particles into the surface being cleaned by using a back and
forth motion. All debris and cloths used for cleaning should be sealed in a container
such as a plastic bag, heavy waxed paper, ice cream carton, or glass jar for
disposal,
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WARNING

NIKE-HERCULES ATBM RADIO-FREQUENCY
RADIATION HAZARD

Radio-frequency radiations from radar antennas and associated equip-
ment could present a potential hazard to battery personnel, The effect of
rf radiation is not cumulative but it could be hazardous. Rf radiation heats
the body tissues and when the intensity is high may produce enough heat
to damage the tissues permanently. Damage to the body tissue is not im-
mediately apparent. Precautions should be taken to insure that personnel
are not exposed to rf radiations of hazardous intensity levels.

A power level of 0.01 watt per square centimeter, although not con-
sidered potentially hazardouns, is stipulated by AR 40-583 as the maximum
permissible exposure level for personnel subjected to rf radiation fields.
Personnel should not be permitted to enter areas where they may be ex-
posed to levels above 0.01 watt per square centimeter,

A power intensity of 0.01 watt per square centimeter is present along
the axis of the transmitted beam at the following distances from NIKE-
HERCULES ATBM radar antennas. In each instance, the intensity rapidly
diminishes as the distance is increased.

ANTENNA DIETANCE
High Power Acquisition Radar-Non Scanning 430 feet
High Power Acquisition Radar-Scanning 38 feet
Low Power Acquisition Radar-Non Scanning 125 feet
Missile Tracking Radar-NIKE-AJAX Mode 265 feet
Target Tracking Radar-Wide Pulse Mode 3565 feet

The intensity of the beam from target tracking radar in the narrow
pulse mode, the low power acguisition radar when scanning, the missile
tracking radar in the NIKE-HERCULES mode, and the target ranging
radar is inconsequential under operating conditions.

This information is based upon average power outputs and may be
used as a puide to prevent radio-frequency radiation hazards.
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CHAPTER 1 (U)

INTRODUCTION

Section 1 (U). GENERAL

1 (U). Scope

a. This technical manual, containing theory
of operation, is published for the information
and guidance of organmizational maintenance
personnel engaged in the maintenance of the

Radar Course Directing Central (RCDC)
equipment of the NIKE-HERCULES Anti-
Tactical Ballistic Missile (ATBM) System.

This is one of a series of technical manuals
on operation, emplacement, and maintenance of
the NIKE-HERCULES ATBM system. Refer
to TM 9-1400-250-10/2 for a listing of publi-
cations indexes, administrative publications,
formas and records publications, supply publica-
tions, and NIKE technical manuals,

b. This is one of five technical manuals
covering QOrganizational Maintenance: Theory:
RCDC with ATBM capabilities, These man-
uals are listed below.

(1) Low Power Acquisition Radar (LO-
PAR) System, TM 9-1430-250-20/11.
{2) High Power Acquisition Radar (HI-
PAR} System, TM 9-1430-250-20/10.
(3) Target Tracking, Target Ranging,
and Missile Tracking Radar Systems
and Radar Test Set Group, TM 9-
1430-250-20/6.
(4) Computer System and Recording De-
vices, TM 9-1430-250~-20/3,
(5) Tactical Control and Power Distribu-
tion System, TM 9-1430-250-20/12,
¢. For a description of the relationship
among all major systems in the RCDC refer to
TM 9-1430-253-12/2. A block diagram level
discussion of each major system is presented,
followed by a block diagram level description
of all systems contained in each major system.
The theory of operation of all assemblies and
main gignal flow paths within each system is
then covered at a functional schematic diagram
level.

d. Throughout this manual, references to the
functional schematic diagrams in TM 9-1430-
254-20/6 are used to show the relationships of
major circuits and to facilitate circuit tracing
to various assemblies. Unit schematic dia-
grams in TM 9-1430-257-20 provide complete
electrieal schematics of the individual assem-
blies.

Note. Some of the functional diagrams in TM 8-
1430-254-20/8 show circuits shared by the HIPAR and
LOPAR systems, and the shared circuit signal flow
names indicate both HIPAR and LOPAR operation,
Only the theory of LOPAR operation is discussed in

this manual. For the theory of HIPAR operation refer
to TM 9-1430-260-20/10.

¢. Theoretical waveforms discussed in this
manual may differ from acetual observed wave-
forms taken on the equipment in a typical sys-
tem. Although the amplitude of the theoretical
waveforms expressed in text may differ from
the actual waveforms, the duration of theoret-
ical and actual waveforms is consistent.

f. Knowledge of the operating information
provided in TM 9-1430-253-12/2 is helpful in
understanding the theory of operation pre-
sented in this manual.

g. (Deleted)

k. This manual is technically correct for all
NIKE-HERCULES ATBM systems provided
Department of the Army Modification Work
Orders (DA MW(’s) listed in the remainder
of this subparagraph have been incorporated.

(1) 9-1400-250-30/40 provides better
unit adjustments so that direct cur-
rent level requirements can be met
with 2 minimum of tube selection (all
systems).

(2) 9-1400-250-30/41 modifies acquisi-
tion-track synchronizer to reduce peak
syne output current and adds cathode
follower stage to permit dividing of
system preknock load (suffix serial
numbers 001 through 026).
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{(3) 9-1460-250-50/28 provides facilities
for connecting the radar-signal simu-
lator station AN/MPQ-TI1 (T1
trainer) and adds functions for an-
nual service practice to the NIKE-
HERCULES ATBM system {suffix
serial numbers 001 through 026),

(4} 8-1430-251-30/25 reduces zero set
drift in sweep generator and permits
displacement of fire unit integration
facility symbols from the plan posi-
tion indicator (PPI} center during
checks and adjustments to allow use
of cathode-ray tubes which are burned
in the center (all systems}.

(5) 9-1430-251-30/27 (revised) improves
HIPAR transfer time and reduces
noise and distortion on the acquisition
presentation {suffix serial numbers
001 through 0286).

{6) 9-1430-251-30/29 equalizes video sig-
nal-to-noise ratio for LOPAR and HI-
PAR or AAR; eliminates need for
PPI and B scope readjustment each

Section {I {U). FORMS,

3 (U). Forms, Records, and Reports

Refer to TM 38-7560 for instructions on the
use and completion of all forms required for
operating and maintaining this equipment.

4 {U). Reporting of Equipment Manual
Improvements
The direct reporting of errors, omissions,
and recommendations for improving this man-

time the video input is switched; and
eliminates resistor overload by replac-
ing the video and mark mixer (all
systems).

{7) 9-1430-254-30/1/6 eliminates TV in-
terference in the acquisition radar re-
ceiver {selected systems}.

(8) Field change 1003 provides facilities
and adds functions for system compat-
ibility with the ECCM console for
those NIKE_-HERCULES ATBM sys-
tems having AAR (selected systems).

1. For a complete listing of DA MWOQ's ap-
plicable fo the LOPAR system, refer to TM 9-
1430-257-20,

2 {U). Nomenclature

Cross-reference indexes of technical manual
nomenclature and official nomenclature for
items of the RCDC of the NIKE-HERCULES
ATBM system are provided in TM 9-1430-257—
20, TM 9-14306-257-20/4, TM 9-1430-258-20,
and TM 9-1430-259-20.

RECORDS, AND REPORTS

ual by the individual user is authorized and en-
couraged. DA Form 2028 will be used for re-
porting these improvemenis. This form may
be completed using pencil, pen, or typewriter,
DA Forms 2028 will be completed by the indi-
vidual using the manual and forwarded di-
rectly to: Commanding General, U. 8, Army
Missile Command, ATTN: AMSMI-SMPT,
Redstone Arsenzl, Alabama 35809.
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CHAPTER 2 (CMHA)
LOW POWER ACQUISITION RADAR SYSTEM OPERATING DATA

5 {U). Synchronizing System

Composite MTI auto synec
and disabling pulse at
500 pps

500 pps established by MTI
or self-contained circui-
try

LOPAR preknock, IFF
trigger { preknock),
LOPAR sync, MTI
test, transmitter syne

23.5 microseconds

Input pulse. ...
Pulse output frequency

QOutput pulses. .

6 (CMHA). Transmitting System

Tunable magnetron (5-
band} type 5795

3100 to 3500 me, 20 me
bandwidth extension

Transmitter type. ..........

Magnetron frequency . .. .. ..

Magnetron current . .. ... ... 30 ma

Range....... .............. 250,000 yds

Warmup time. ... .......... 5 min

Frequeney control .......... Automatic

Frequency tuning rate. . .... 18 me/sec

Operating frequency range... 3100 to 3500 mc in 8-band

Type of modulation......... Pulse

Pulse shape. .. ......... .... Rectangujar

Repetition rate. .. ... . .... 500 pps

Pulse duration . . ... .._., 1.3 psec

Peak RF power output...... 1 megw

Average RF power output. .. 625w

Modulator type. ........... Line type soft tube modu-
lator

Peak modulator power 1.5 megw

cutput.

7 (CMHA), Acquisition Antenna System

Antenna type.............. Pillbox-reflector

Cosecant-squared beam 175,000 yds
range.
Pencil beam range. ......... 250,000 yds
Antenna coupling .......... TR and ATR duplexing
Antenna polarization........ Horizontal

35 db (pencil beam)
32 db (cosecant-squared

Antenna gain. . .......... ..

beam)
Antenna backlash,.......... Antenna backlash gear
provided
Antenna beam elevation Variable from 35.5 to 391
angle. mils
Antenna azimuth beam- 25 mils
width.

Azimuthsean.............. Continuous through 6400

mils

214-792 O~ b~ 5
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40 sec {up and down from
35 to 391 mils)

Pencil beam at 35 mils;
changes to cosecant-
squared beam from 35
to 107 mils; cosecant-
sguared from 107 to 391
mils. Secans from 35 to
391 mils in automatie
sean.

Pencil beam from 35 to
107 mils; changes to
cosecant-squared beam
from 107 to 178 mils;
cosecant-squared from
178 to 391 mils. Scans
from 35 to 231 mils in
automatie sean.

Pencil beam from 35 to
178 mils; changes to
cosecant-squared heam
from 178 to 249 mils;
cosecant-squared from
249 to 391 mils, Scans
from 35 to 303 mils in
automatie sean.

Pencil beam from 35 to
249 mils; changes to
cosecani-squared beam
from 249 to 320 mils;
cosecant-squared from
320 to 391 mils. Secans
from 35 to 391 mils in
automatic scan.

Elevation scan method. ... ..
Elevation scan rate .. . ... . ..

Secan condition 1............

Secan econdition 2. ... ... ...

Sean condition 3...........

Scan condition 4...........

Aceuracy . ................ +150 yds in range, 18
mils in azimuth

Drive . ................ 3-speed, 400-cps, 3-phase
motor

Rotational speed . . ......... 5, 10, or 15 rpm in azi-
muth

Operation Hmits. ... ........ 6400 mils (360°) contin-
uous

8 (CMHA). Receiving System

Main channel:

Recejver type. ........... Superheterodyne

RF amplifier, ... ......... Traveling-wave fube type
6784

Loeal oscillator. ... ....... 6BL6 reflex klystron

IF bandwidth............ 4 me

IF. . 60 me

Noise figure. ........ ..... 7.5 db

Video bandwidth .. ....... Zme
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Auxiliary channel:

Receiver type. ... ..... .. Superheterodyne
RF amplifier ... . ... Traveling-wave tube type
6784

Loeal oscillator....... ... SBLS6 reflex klystron
ishared with main re-

ceiver channel)

iFbandwidth .. . ...... 1me
IFS. o B el oo, 60 me
Overall noise fgure 8 t09db

Video handwidth .

9 (U). MTI System

MTI type
MTI mode

700 to 730 ke

Video cancellation

360-degree coverage; sec-
tor of any controllable
azimuth and range; or
off

20 db at 5 rpm

10 (CMHA). Presentation System

PPl . cvevvvo o oo On battery control consols:
two 8-3/4-inch control-
led-persistence direct-
view storage cathode-
ray tubes with electro-
static deflection; con-
tinuous display in range
and azimuth of area
surrouniding the NIKE-
HERCULES ATBEM
system; coverage on
each scope is 6400 mils
in azimuth. The short
range PPI covers 75,000
or 156,000 yds (select-

MTI subelutter visibility.
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able) in range. The
long range PPI covers
150,000 or 250,000 yds
iselectable) in range
with LOPAR or 150,000
or 350,000 yds (select~
able) in range with
HIPAR.

On target radar contro}
censole: 10-n. cathode-
ray tube with electro-
static deflection, Modi-
fied B-type presentation
displaying a sector of
PPI dispiay 220,000 yds
in range and 1966 mils
in azimuth.

B scope indicator. . ..

11 (U). Miscellaneous Data

a. Complete System Power Requirements.
Complete system power requirements are given
in TM $-14306-253-12,2,

b, Fire Unit Integration Facility (FUIF)
System. Functional characteristics of FUIF
are given in TM 9-1430-253-12/2 and TM 9-
1430-250-20,/12.

¢. Identification Friend or Foe (IFF) Sys-
tem. Provisions have been made for use of
SIF/IFF equipment AN/TPX-27 (Interroga-
tor Set) in the IFF system. AN/TPX-27 in-
corporates the seleciive identification feature
(SIF). Technical characteristics of the IFF
system are given in TM 11-1191, TM 11-5840-
202-20, and TM 11-5840-204-20.

CONFIDENTIAL
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CHAPTER 3 (C)
FUNCTIONAL DESCRIPTION OF LOW POWER ACQUISITION RADAR SYSTEM

Section [ {C). RELATIONSHIP OF LOPAR SYSTEM TO NIKE-HERCULES ATBM SYSTEM

12 {C). Purpose

@. The low power acquisition radar (LOPAR)
system (fig. 1), part of the Radar Course Directing
Central (RCDC), is a complete microwave range
and direction sensing system. The functions of
the LOPAR system are to locate, interrogate, and
designate targets in the area defended by the
NIKE-HERCULES Anti-Tactical Ballistic Mis-
sile (ATBM) system. A combination of NIKE-
HERCULES ATBM systems may be employed
as units of the Army Air Defense Fire Distribution
System {(AADFDS): Missile Master or Missile
Monitor. In either of these integrated air defense
systems, each NIKE-HERCULES ATBM system
is tactieally monitored and controlled by an Army
Air Defense Command Post (AADCP). When
the NIKE-HERCULES ATBM system is em-
ployed as an individual defense unit, the LOPAR
system can be operated independently to provide
surveillance of the air traffic in the surrounding
defense area. When the NIKE-HERCULES
ATBM system is used as a unit of an integrated
air defense system, the LOPAR system receives
target identification information from AADCP.
Thig information is linked to the LOPAR system
through 2 fire unit integration facility (FUIF)
(par. 122} and is displayed on a long range plan
position indicator (PPI) and a short range PPI
in the trailer mounted director station.

b. The LOPAR system (fig. 1) is capable of
detecting targets 15 square meters in size (B-58
type aireraft) within an RF beam range of 250,000
vards., The beam consists of pulsed RF energy
with a focused radiation pattern. Target de-
tection is accomplished by continuously rotating
the beam through 360 degrees in azimuth and
scanning in elevation between 2 and 22 degrees.
The maximum elevation position affords deteetion
in excess of the ceiling of modern aireraft. The
LOPAR system allows rapid acquisition of selected
targets by the target tracking radar system
through simultaneous video presentation of ac-
quisition video signals and certain mark signals
on cathode-ray tube indicators. These signals
represent range and azimuth information. When

a target within the range of the target tracking
radar system is designated, target range and
azimuth position data is electrically transferred
from the LOPAR system to the target tracking
radar system. Since the range of the LOPAR
system is greater in any given direction than the
range of the missile, sufficient time is allowed for
evaluation of the target, its designation to the
target tracking radar system, and the launching
of one or more missiles. Additional target in-
formation is available through the use of associ-
ated target identification and designation equip-
ment (par. 123) consisting of the selective identi-
fication feature identification friend or foe (SIF/
IFF) equipment and the FUIF equipment.

12.1 (U). Systems with Auxiliary Acquisition
Radar (AAR) Capability

a. Certain ATBM systems have the capability
of using the AAR acquisition radar in place of
HIPAR. The AAR system is used with the elec-
tronic counter-countermeasures (ECCM) console
to provide integration of the LOPAR and AAR
acquisition radars. The ECCM console is located
in a separate trailer and connected to the RCDC
system through interarea cables. The video from
both the LOPAR and AAR systems are observed
simultaneously by personnel at the ECCM console
to determine which video is more desirable for
acquisition. An indication is given from the
ECCM console to the battery control officer when
a change in radar is desirable.

b. The radar-select circuits used in switching
from LOPAR to AAR are functionally the same
as those used in switching from LOPAR to
HIPAR, described in paragraph 18. The HIPAR
select switches select AAR in place of HIPAR in
those systems using AAR. All radar-select fune-
tions are the same for systems using AAR as
those using HIPAR with the exception of addi-
tional relay energizing circuits to the AAR relay
assembly. Relays within the AAR relay assembly
function to transfer control of certain circuits to
the ECCM console. A functional description of
the circuits controlled by the ECCM console and

CONFIDENTIAL 7
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the tactical transfer procedures are given in TM
9.1430.250-20/12 under integrated auxiliary ac-
quisition radar (AAR) capabilities.

¢. Throughout the circuit functions, covered by
this manual, the term HIPAR will indicate AAR
for those systems using AAR and the circuit
functions described are identical unless otherwise
indicated.

13 (V). Combined Acquisition Radar Systems

6. General. The NIKE-HERCULES Anti-
Tactical Ballistic Missile (ATBM) system com-
bines a high power acquisition radar (HIPAR)
system (TM 9-1430-250-20/10) and a low power
acquisition radar (LOPAR) system in the RCDC
which utilizes one presentation system (par. 78)

T™M 9-1430-250-20/11

that is shared by the two radar systems. In ad-
dition, either acquisition radar system may furnish
designated target position data to the target
tracking radar system (TM 9-1430-250-20/6).
With both acquisition radar systems, radar-select
circuits are provided for manual selection of
either the HIPAR system or the LOPAR system.
The video of the radar system not selected may
be previewed on either plan position indicator
(PPD). If this alternate radar system provides a
better presentation, it may be selected. This
enables the battery control officer to change ac-
quisition radar systems when the presentation is
impaired due to the use of electronic counter-
measures. The choice of which aequisition

GONFIDENTIAL 8.1
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radar system to use is a tactical decision de-
pendent on the maximum effectiveness of each
acquisition radar system for a given tactical
situation. The selection is accomplished by
manually  depressing both VIDEQ SE-
LECTED — LOPAR READY switch-indicators
simultaneously for the LOPAR aecquisition
radar system or both VIDEO SELECTED —
HIPAR READY switch-indicators simultane-
ously for the HIPAR acquisition radar system.
If no manual selection is made, the presenta-
tion gystem automatically receives video from
the LOPAR acquisition radar system. The
radar-select circuits used in switching to the
LOPAR system or to the HIPAR system and
previewing alternate video are given in b
through { below.

Note. The figure and grid zone references shown in
parentheses in & through { below refer to TM 9-1430-
254-20/6, unless otherwise indicated.

b. HIPAR-LOPAR Switching. The acquisi-
tion radar-select ecircuits are controlled by
VIDEO SELECTED — LOPAR READY
switch-indicator A8 (fig. 23, A6) and VIDEQ
SELECTED — HIPAR READY switch-indi-
cator A2 (fig. 28, A5) on the HIPAR control-
indicator, and VIDEO SELECTED — LOPAR
READY switch-indicator Al (fig. 28, A1) and
VIDEO SELECTED — HIPAR READY
switch-indicator A2 (fig. 23, A2) on the LO-
PAR control-indicator. With both the long
range (LR} and shori range (SR) PPI's re-
ceiving LOPAR video, the VIDEQ SELECTED
indicators and the LOPAR READY indicators
of VIDEO SELECTED — LOPAR READY
swifch-indicators A3 and Al on the HIPAR
and LOPAR control-indicators illuminate
{green and amber, respectively). The HIPAR
READY indicators of VIDEQO SELECTED —
HIPAR READY switch-indicators A2 on the
HIPAR and LOPAR control-indicators illumi-
nate amber, and the VIDEC SELECTED in-
dicators of VIDEQ SELECTED — HIPAR
READY switch-indicators A2 on the HIPAR
and LOPAR control-indicators extinguish.
During LOPAR video presentation, HIPAR
video may be previewed on the LR PPI by de-
pressing and holding VIDEQ SELECTED —
HIPAR READY switch-indicator A2 (fig. 23,
A5} on the HIPAR control-indicator or on the
SR PPI by depressing and holding VIDEQ

™ 9-1430-250-20/11

SELECTED — HIPAR READY switch-indi-
cator A2 (fig. 23, A2) on the LOPAR control-
indicator. When the presentation system is re-
ceiving HIPAR video, the VIDEQ SELECTED
indicaters and HIPAR READY indicators of
VIDEQ SELECTED — HIPAR READY
switch-indicators A2 (fig. 23, A2 and A5) on
the HIPAR and LOPAR control-indicators
illuminate (green and amber, respectively),
and the LOPAR READY indicators of VIDEQ
SELECTED — LOPAR READY switch-indi-
cators A8 (fig. 28, A8) and Al (fig. 23, Al) on
the HIPAR and LOPAR econtrel-indiecators illu-
minate {amber}. The VIDEQ SELECTED in-
dicators of VIDEQ SELECTED — LOPAR
READY switch-indieators A3 and Al on the
HIPAR and LOPAR control-indicators extin-
guish. LOPAR video may be previewed on the
LR PPI by depressing and holding VIDEQ
SELECTED — LOPAR READY switch-indi-
cator A3 on the HIPAR control-indicator or
on the SR PPl by depressing and holding
VIDEO SELECTED — LOPAR READY
switch-indicator Al on the LOPAR control-
indicator.
¢. Erase.

Note. Preview erase, (1} and (2) below, occcurs
when HIPAR or LOPAR video is selected for preview
on either PPI, and select erase, (3) below, occurs
when either HIPAR or LOPAR is selected for presen-
tation on both PPI's,

{1} LR PPI preview erase. Due to the
long persistence of the image on the
LR PPI, it is necessary to erase the
image of the presentation on the LR
PPI prior to and after the preview
presentation of HIPAR or LOPAR
video. Depressing VIDEQO B8E-
LECTED — HIPAR READY switch-
indicator A2 (fig. 23, A5) on the HI-
PAR controi-indicator energizes erase
relay K8 (fig. 28, C6) by applying a
ground to K3 through section S1D
{fig. 23, B5). Erase relay K3 (fig.
23, C8) is also energized when VIDEOQO
SELECTED — LOPAR READY
switch-indicator A3 on the HIPAR
control-indicator (fig. 23, A6} is de-
pressed. Switch-indicator A3 supplies
a ground to K3 through section 81D
(fig. 23, B6) of switch-indicator A3.

CONFIDENTIAL S
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(2)

When K3 energizes, contacts 2 and ¢
(fig. 31, AB) provide a ground to
erase relay K4 through capacitor C1.
This causes K4 to energize momen-
tarily until C1 charges to the drop-out
voltage of K4. Contacts 5 and 3 (fig.
31, A5) of K4 close to apply —28
volts stored on capacitor C16 (fig. 31,
C7) to manual erase relay K5 in the
LR pulse pergistence generator. Relay
K5 is momentarily energized and its
contacts 4 and 10 apply a momentary
ground to initiate an erase pulse in
the pulse persistence generator which
is applied to the LR PPI. When the
depressed switeh-indicator is rede-
pressed, relay K3 deenergizes. Con-
tacts 1 and 9 (fiz. 81, A5) of K3
cloge to provide a ground through ca-
pacitor C2 to momentarily energize
relay K4 and the erase cycle is re-
peated. Resistor R2 is switched by
contacts 5, 6, and 11 of K3 to assure
that there is no charge on the capaci-
tor that is to be switched into the
relay eircuit. Refer to paragraph 111
for display persistence and erase cir-
cuit theory.

SR PPI preview erase. Due to the
long persistence of the image on the
SR PPI, it is necessary to erase the
image on the SR PPI prior to the pre-
view presentation of HIPAR or LO-
PAR video. Depressing VIDEQ SE-
LECTED — HIPAR READY switch-
indicator A2 (fig, 23, A2) on the LO-
PAR control-indicator energizes erase
relay K14 (fig. 23, C1) by applying
a ground to K14 through section S1C
(fig. 23, B2) of switch-indicator AZ2.
Erase relay Kl4 is also energized
when VIDEO SELECTED — LLOPAR
READY gwitch-indicator Al on the
LOPAR control-indicator (fig. 23, Al)
is depressed. Switch-indicator Al ap-
plies a ground to K14 through section
51D (fig, 23, B1} of switch-indicator
Al, When K14 energizes, contacts 2
and 9 (fig. 31, C5) of K14 provide a
ground to erase relay K1bH (fig. 31,
C5) through -capacitor C4. This
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causes K15 to energize and remain
energized until C4 charges to the
drop-out voltage of K15. Contacts 5
and 3 (fig. 31, Cb) of K15 close to mo-
mentarily energize manunal erase relay
K5 in the SR pulse persistence genera-
tor (fig. 31, D7). This initiates an
erase pulse in the pulse persistence
generator which is applied to the SR
PPI. When the depressed switch-indi-
cator is redepressed, relay K14 deener-
gizes, Contacts 1 and 9 (fig. 81, Cb)
close to provide a ground through ca-
paciter C3 to momentarily energize
X15 and the erase cycle is repeated.
Resistor R10 is switched by contacts
5, 6, and 11 of K14 to assure that
there is no charge on the capacitor
that is to be switched into the relay
circuit. Refer to paragraph 111 for
digplay persistence and erase circuit
theory.

HIPAR-—LOPAR select erase. Due
to the long persistence of the images
on both PPI's it is necessary to erase
these images prior to the video dis-
play of the radar system selected for
presentation. Depressing VIDEO SE-
LECTED ~- HIPAR READY switch-
indicators A2 (figz. 23, A2 and AB)
energizes erase relays K14 (fig. 23,
Cl) and K3 (fig. 28, CB8). Switch-
indicator A2 (fig. 23, A2) while de-
pressed applies a ground to K14
through section 81C of switch-indi-
cator A2. Switch-indicator A2 (fig.
23, AB) while depressed applies a
ground to K3 (fiz. 23, C6) through
section S1D of A2. Erase relays K14
(fig. 23, C1) and K3 (fig. 23, C6)
may also be energized by depressing
VIDEO SELECTED — LOPAR
READY switck-indicators Al (fig.
23, A1) and A3 (fig. 23, A6). Switch-
indicator Al while depressed applies
a ground through section S1D (iig.
23, Bl1) to erase relay K14. Switch-
indicator A3 while depressed applies
a ground through section S1D to
erase relay K3.

T,
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d. LOPAR Select. In LOPAR operation, a
ground is applied to the VIDEQ SELECTED
indicators of VIDEQ SELECTED—LOPAR
READY sawitch-indicators Al (fig. 23, Al) and
A3 (fig. 23, A6) through normally closed contacts
7 and 16 (fig. 23, D5) of radar select relay K1 in
the HIPAR control-indicator. LOPAR video is
applied to the SR PPI through normally closed
contacts 1 and 6 (fig. 28, C50) of video select re-
lay K1 and related circuitry in the video and mark
mixer to connector J7, and through normally
closed contacts 3 and 2 (fig. 30, D6) of SR video
preview relay K4 in the battery control console
LOPAR video is applied to the LR PPI through
normally energized contacts 2 and 6 (fig. 28, C50)
of video select relay K1 and related circuitry in
the video and mark mixer to conmector J7, and
through normally closed contacts 3 and 2 (fig.
30, A6) of LR video preview relay K5. The SR
PPIL (fig. 24, D18} receives LOPAR sync from
the acquisition-track synchronizer (fig. 24, B10}
through normally closed contacts 3 and 2 (fig.
24, B14) of LOPAR sync select relay K1 in the
director station group and normally closed con-
tacts 3 and 2 (fig. 24, A1T) of SR sync select relay
K2 in the battery control console. The LR PPI
(fig. 24, B18) receives LOPAR sync from the
acquisition track-synchronizer (fig. 24, B10)
through normally closed contacts 3 and 2 (fig.
24, Bl4) of LOPAR sync select-relay K1 in the
director station group, and normally closed con-
tacts 8 and 2 (fig. 24, B17) of LR syne select relay
K3. LOPAR resolver signals from acquisition
azimuth resolver B2 (fig. 34, B2) are amplified by
the resolver amplifier (fig. 34, C2) and applied
through the demodulator cireuits of the pulse
persistence generator to the LR and SR PPIs.
LOPAR resolver signals are applied to the LR
PPI from the LOPAR resolver amplifier through
normally closed contaets 1 and 18, and 5 and 15
(fig. 34, C6) of HIPAR select relay K1 in the
LOPAR auxiliary control-indicator and normally
closed contacts 1 and 13, and 8 and 14 (fig. 34,
C8) of LR preview relay K7 in the battery control
console. In systems using AAR, the LOPAR re-
solver signals are applied through normally closed
contacts & and 15 of HIPAR/AAR select relay
K1 (fig. 34, Al} and normally closed contacts 1
and 6 of HIPAR/AAR select relay K3 (fig. 34,
A2). The SR PPI receives LOPAR resolver sig-
nals from the LLOPAR resolver amplifier through
pnormally closed contacts 1 and 13, and 5 and 15
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(fig. 34, C5) of HIPAR select relay K1 in the
LOPAR auxiliary control-indicator, and normally
closed contacts 1 and 13, and 3 and 14 (fig. 34, C8)
of SR preview relay X6 in the battery control
console. Due to the long persistence of the
image in the PPI’s, the image has to be erased
periodically, To perform this function, the pulse
persistence generator provides the display storage
tube in each PPI with a train of erase pulses.
The erase pulses are generated automatically at
12,500-microsecond intervals. Refer to paragraph
111 for display persistence erase ecircuit theory.
The relay contacts associated with IFF video
select relay K2 (fig. 23, C11) are functionally 2
part of the IFF control circuits (par. 124). Relay
K2 selects either HIPAR or LOPAR IFF video
for display in the presentation system. With relay
K2 deenergized, relay contacts 3 and 2 (fig. 36,
BY) connect LOPAR IFF video to (and disconnect
HIPAR IFF video from) the video decoder (par.
124) in the selective identification feature identi-
fication friend or foe (SIF/IFF) system. The
relay contacts associated with preknock select
relay K5 (fig. 23, C10) are functionally a part of
the LOPAR sync distribution. These contacts
(fig. 24, B2) seleet either HIPAR or LOPAR
preknock pulses to control the synchronization
of the target tracking radar system (TM 9-1430-
250-20/6) and to control the operation of the ac-
quisition range generator (par. 120). With relay
K5 deenergized, contacts 4 and 2 (fig. 24, C2)
apply the LOPAR preknock pulses to the ac-
quisition-track synchronizer (fig. 24, D24) in the
target radar control console and the acquisition
range generator (fig. 24, C17) in the HIPAR con-
trol-indieator,

e. HIPAR Preview (LR PPI). With the
presentation system in LOPAR operation, the
HIPAR system video may be previewed on
either the SR or LR PPI. Depressing and hold-~
ing VIDEQ SELECTED—HIPAR READY
switch-indicator A2 (fig. 23, A5) on the HIPAR
control-indicator allows the surveillance acqui-
sition operator to preview HIPAR video on the
LR PPI for the time that this switch-indicator
is depressed. When switeh-indicator A2 on the
HIPAR control-indicator is depressed, a ground
is applied to LR syne select relay K3 (fig. 23, C9),
LR video preview relay K5 and LR preview relay
K7 (fig. 28, D9) in the battery control console
through closed contacts of section 81D (fig. 23,
B5) of switch-indicator A2 causing these relays
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to energize. Energizing K5 applies preview ac-
quisition video (HIPAR video) to the LR PPI
through contacts 1 and 2 of energized LR video
preview relay K5 in the battery control console.
When K3 (fig. 24, B17) is energized, alternate
syne (HIPAR syne) is applied to the LR PPI
from the auxiliary acquisition interconnecting box
through normally closed contacts 2 and 3 (fig. 24,
C13) of HIPAR sync select relay K4 in the director
station group, and contacts 1 and 2 {fig. 24, B17)
of energized LR sync select relay K3 in the battery
control console. Energizing LR preview relay
K7 (fig. 34, C8) causes the application of alter-
nate resolver signals (HIPAR resolver signals)
to the LR PPI from the HIPAR resolver ampli-
fier. These resolver signals are obtained from
the auxiliary resolver amplifier (fig. 34, B5) and
applied to the LR PPIT through normally closed
contacts @ and 17 (fig. 34, D9), and 11 and 18
of radar select relay K1 in the HIPAR control-
indicator, contacts 2 and 18 (fig. 34, C8), and 4
and 14 of energized LR preview relay K7 in the
battery control console, and demodulator circnits
in the LR pulse persistence generator.

f. HIPAR Preview (SE PPI). If the presen-
tation system is in LOPAR operation, the HIPAR
video may also be previewed on the SR PPI by
depressing and holding VIDEQ SELECTED
HIPAR READY switch-indicator A2 (fig. 23,
A2) on the LOPAR control-indicator. The HI-
PAR video may be previewed for the time switch-
indicator A2 is depressed. When switch-indicator
AZ is depressed, a ground is applied to SR syne
select relay K2 (fig. 28, C9), SR video preview re-
lay K4 (fig. 23, D9); and SR preview relay K6 in
the battery control console through the closed
contacts of section S1C (fig. 28, B2) of switch-
indicator A2 causing these relays to energize.
Acquisition video (preview HIPAR video) is
applied to the SR PPI through contacts 1 and 2
{fig. 30, D6) of energized relay K4 in the battery
control console. When SR sync select relay K2
(fig. 24, A17) is energized, alternate sync (HIPAR
sync) is applied to the SR PPI from the auxiliary
acquisition interconnecting box through normally
closed contacts 2 and 3 (fig. 24, C18) of HIPAR
sync select relay K4 in the director station group,
and contacts 1 and 2 (fig. 24, A17) of energized
K2. Energizing SR preview relay K6 (fig. 34,

CB) causes the application of alternate resolver

signals (HIPAR resolver signals) to the SR PPI
from the HIPAR resolver amplifier. The appli-
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cation of HIPAR alternate resolver signals occurs
through normally closed contacts 9 and 17 (fig.
34, D9), and 11 and 18 of radar seleet relay K1
in the HIPAR. control-indicator and contacts 2
and 13 (fig. 34, C8), and 4 and 14 of energized X6
in the battery control eonsole.

g. HIPAR Select. The selection of the HIPAR
system is accomplished by depressing VIDEQ
SELECTED—HIPAR READY switch-indica-
tors A2 (fig. 23, A5 and A2) on the HIPAR and
LOPAR control-indicators simultaneously. Se-
lecting the HIPAR system energizes radar select
relay K1 (fig. 23, C5) in the HIPAR control-indi-
cator by applying —28 volts through section S1B
(fig. 28, B5) of switeh-indicator A2 on the HIPAR
control-indicator, section S1D (fig. 28, B2) of
switch-indicator A2 on the LOPAR eontrol-indi-
cator, and contacts 8 and 6 (fig. 23, B3) of ener-
gized alarm control relay K11 in the LOPAR con-
trol-indicator. In systems using AAR, —28V
BC is applied directly to S1D on A2 without being
applied through relay K11. As soon as the con-
tacts of K1 close, it remains energized through
holding contacts 15 and 6 (fig. 23, D5). Contacts
16 and 8 of K1 apply a ground to lamps DS1 and
DS2 (fig. 23, A5 and A2) in VIDEQ SELECTED
—HIPAR READY switch-indicators A2 on both
the HIPAR and LOPAR control-indicators caus-
ing the VIDEQ SELECTED indicator of each
of the switch-indicators to illuminate (green).
A ground is applied through contaets 4 and 14
of K1 to the following relays causing them to
energize: IFF select relay K4 (fig. 23, D2) in the
LOPAR contral-indicator; HIPAR select relay K1
(fig. 28, Bl1l) in the LOPAR auxiliary control-
indicator; HIPAR—ILOPAR select relay K2 (fig.
23, C10) in the video and mark mixer; preknock
select relay K5 in the LOPAR relay assembly;
HTPAR sync select relay K4 (fig. 23, D10),
LOPAR sync select relay K1 (fig. 28, D11), and
IFF video select relay K2 (fig. 23, Cl11) in the
director station group; and, except during pre-
view, through normally closed contacts 5 and 15
{fig. 23, D9) of LR preview relay K7, and contacts
5 and 15 of SR preview relay K6 to control
HIPAR relays in the PPI's. Contacts 4 and 14
of radar select relay K1 alse supply a ground to
energize HIPAR relay K2 in the designate con-
trol driver (fig. 32, D8). HIPAR relay K2 (fip.
23, B8) in the designate control driver supplies
a HIPAR mode indication to the T1 trainer
through energized contacts 7 and 12. Contacts
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10 and 17 (fig. 34, D9}, and 12 and 18 of radar
select relay K1 close to condition alternate re-
solver signal circuits for LOPAR preview. LO-
PAR sync select relay XK1 (fig. 24, Bl4) condi-
tions the alternate syme eireuits for LOPAR
preview. Video select relay K1 (fig. 28, B50),
and HIPAR—LOPAR select relay K2 (fig. 28,
A48 and B50) provide the switching necessary
to apply HIPAR video to the LR PPI through
normally closed contacts 3 and 2 (fig. 30, A6}
of LR video preview relay K5 and to the SR
PPI through normally closed contacts 3 and 2
(fig. 30, D6) of SR video preview relay K4 in
the battery control console. (Refer to para-
graph 71 for theory of the video circuits in the
video and mark mixer.) HIPAR syne select re-
lay K4 (fig. 24, C13) applies HIPAR sync to the
LR PPI {fig. 24, B18) and the SR PPI (fig. 24,
D18) through contacts 2 and 1 {fig. 24, C13) of
energized K4, and normally closed contacts 3 and
2 (fig. 24, A17) of 8R synec select relay K2 for the
SR PPI and normally closed contacts 3 and 2
(fig. 24, B17) of LR symne select relay K3 for the
LR PPI. HIPAR resolver signals from the auxil-
iary acquisition interconnecting box (fig. 34, A3)
are amplified by the auxiliary resolver amplifier
(fig. 34, A4) and applied to the LR and SR PP[’s.
The HIPAR resolver signals are applied to the
LE PPl from the auxiliary resolver amplifier
through contacts 2 and 13 (fig. 34, C5), and 6 and
15 of energized HIPAR select relay Kl in the
LOPAR auxiliary control-indicator, normally
closed contacts 1 and 13 (fig. 34, C8), and 3 and
14 of LR preview relay K7 in the battery control
console and demodulator circuits in the LR
pulse persistence generator. The HIPAR resolver
signals are applied to the SR PPI from the auxil-
iary resolver amplifier through contacts 2 and 13
(fig. 34, C5), and 6 and 15 of energized HIPAR
select relay K1 in the LOPAR auxiliary control-
indicator, closed contacts 1 and 13 (fig. 34, C8)},
and 3 and 14 of deenergized SR preview relay K6
in the battery control console and demodulator
circuits in the SR pulse persistence generator.
The relay contacts associated with IFF video
select relay K2 (fig. 28, C11) and IFF select relay
K4 (fig. 28, D2) are functionally a part of the
IFF control cireuits (par. 124). Relay K2 selects
either HIPAR or LOPAR IFF video for display
in the presentation system. With relay K2 ener-
gized, relay contacts 2 and 1 {fig. 36, B9) connect
HIPAR IFF video to (and disconnect LOPAR
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IFF video from) video deeoder MX-1995/TPA-3
in the SIF/IFF system. Contacts 3, 4, and 14
of IFF select relay K4 (fig. 23, D2) supply a PPI
squelch ground to the antenna rotation control of
the selected radar. The PPI presentations are
squelched when the antennz is not rotating.
Contacts 7, 8, and 16 (fig. 36, D3) of K4 control
switching in the IFF power on indicator circuit
so that the indication is for the selected radar.
The relay contacts associated with preknock se-
lect relay K5 (fig. 28, C10) are functionally a
part of the LOPAR sync distribution. These
contacts (fig. 24, C2) select either HIPAR or
LOPAR preknock pulses to control the syn-
chronization of the target tracking radar sys-
tem (TM 9-1430-250-20/6) and to control the
operation of the acquisition range generator (par.
120). With relay K5 energized, contacts 5 and
2 (fig. 24, C2) apply HIPAR preknock pulses to
the acquisition-track synchronizer (fig. 24, D24}
in the target radar control console and the ac-
quisition range generator {fig. 24, C17) in the
HIPAR control-indicator.

k. LOPAR Preview (LR PPI). LOPAR video
may be previewed when the presentation system
is in HIPAR operation by depressing and holding
either of the VIDEQ SELECTED—LOPAR
READY switch-indicators. If VIDEO SE-
LECTED—LOPAR READY switch-indicator A3
(fig. 23, A6) on the HIPAR control-indicator is
depressed, a ground is applied through section
S1D (fig. 28, B6) of switch-indicator A3 to LR
syne select relay K3 {fig. 23, C9), LR video pre-
view relay K5, and LR preview relay K7 (fig. 23,
D9) in the battery control console. Energizing
LR video preview relay K5 (fig. 30, A6) applies
preview acquisition video (LOPAR video} to the
LR PPI through closed contacts 2 and 1 {(fig.
30, A6) of energized K5 in the battery control
console. When LR sync select relay K3 (fig. 24,
B17} is energized, alternate syne (LOPAR sync)
is applied to the LR PPI (fig. 24, Al18) through
contacts 2 and 1 (fig. 24, B14) of energized LO-
PAR syne select relay K1 in the director station
group and contacts 1 and 2 (fig. 24, B17) of ener-
gized K3 in the battery control console. Ener-
gizing LR preview relay K7 (fig. 84, D8) applies
alternate resolver signals (LOPAR resolver sig-
nals) to the LR PPL. The alternate resolver sig-
nals are applied through contacts 10 and 17 (fig.
84, D9), and 12 and 18 of energized radar select
relay K1 in the HIPAR control-indicator, con-

CONFIDENTIAL 13



™ 9-1430-250-20/11

tacts 2 and 13 (fig. 34; CB), and4 and 14 of ener-
gized K7 in the battery control console and the
demodulator dircuits of the LR pulse persistence
generator.

1. LOPAR Preview (SR PPI). The LOPAR
video may also be previewed on the SR PPI
by depressing and holding VIDEQ SELECTED—
LOPAR READY switch-indicator Al {fig. 23, Al)
on the LOPAR control-indicator. Depressing
switch-indicator Al provides a ground to SR syne
select relay K2 (fig. 23, C9), SR video preview
relay K4, and SR preview relay K6 (fig. 23, D9)
in the battery control console through section
S1D (fig. 28, B1) of switch-indicator Al. Ener-
pizing SR video preview relay K4 applies preview
acquisition video (LLOPAR video) to the SR PPI
through contacts 1 and 2 (fig. 80, D6) of ener-
gized K4 in the battery control console. When
SR sync relay K2 (fig. 24, Al17) is energized,
alternate syne (LOPAR syne) is applied to the
SR PPI (fig. 24, D18) through contacts 1 and 2
{fig. 24, Bl14) of energized LOPAR sync select
relay K1 in the director station group, and con-
tacts 1 and 2 (fig. 24, A17) of energized K2 in
the battery control console. Energizing SR pre-
view relay K6 (fig. 34, D8) applies alternate
resolver signals (LOPAR resolver signals) to the
SR PPI through contacts 10 and 17 (fig. &4, D9),
and 12 and 18 of energized radar select relay K1
in the HIPAR control-indicator, contacts 2 and
13 (fig. 34, C8), and 4 and 14 of energized K6 in
the battery control console, and through de-
modulator circuits in the SR pulse persistence
generator.

j. AAR Select. When radar select relay Kl
(fig. 28, D4} is energized by depressing VIDEQ
SELECTED-HIPAR READY switch indicator
A2 on the LOPAR control-indicator (fig. 23, A2)
and VIDEO SELECTED-HIPAR READY
switch-indicator A2 on the HIPAR control-in-
dicator (fig. 23, A5}, a ground is applied through
contacts 4 and 14 of relay K1 to energize the fol-
lowing relays within the auxiliary aequisition relay
assembly: LOPAR-AAR select relay K9 (fig. 54,
D3), LOPAR-AAR seleet relay K15, LOPAR-AAR
select relay K1, LOPAR-AAR IFF challenge re-
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lay K3, and LOPAR-AAR select relay K2. Relay
K15 supplies & ground through contacts 7 and 12
to energize transmitter control relays K5, K8,
and K7 (fig. 54, C5) and receiver control relays
K8, K13, K18, and MTI control relays K12 and
K14. Relays within the auxiliary aecquisition
relay assembly function to transfer system op-
eration to the AAR mode and ECCM console
control,

(1) CONT REQ-CONT REL switch-indi-
cator All (fig. 54, Al), CHANGE
RADAR switch-indicator Al8 (fig. 54,
B1), and CONT TRAN AUTO-CONT
TRAN REMOTE switch-indicator Al2
{fig. 54, Cl) are functionally a part of
the ECCM console control cireuits. The
function of each relay within the auxil-
iary acquisition relay assembly and the
ECCM console control circuits are des-
scribed under integrated auxiliary ae-
quisition radar (AAR) capabilities in
TM 9-1430-250-20/12, The specific fune-
tion of each relay within the AAR relay
assembly, as it affects the contents of
this manual, is described in the appro-
priate paragraphs.

(2) ACQUISITION RADAR switch SI1A
(fig. 54, B2) applies a squelch ground
from contact 12, in either the LOPAR
ONLY or HIPAR position, to energize
squelch interlock relay K11 (fig. 54, C8).
Energizing relay K11 removes the PPIL
squeleh ground applied to contact 2 of
LOPAR-AAR select relay K9 (fig. 54,
C3). 'This action prevents the PPI from
being squelched when in the HIPAR or
LOPAR OHLY mode. Squelch inter-
lock relay K11 is energized when using
AAR from a ground applied to connector
J30-67 on the auxiliary acquisition inter-
connecting box (fig. 54, D6). ACQUI-
SITION RADAR switch S1A in the
AAR position completes the remote con-
trol ground path from CONT TRAN
AUTO-CONT TRAN REMOTE switch-
indieator Al2 (fig. 54, C1).
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Section Il (U). LOW POWER ACQUISITION RADAR SYSTEM

14 (U). Purpose

The primary purpose of the low power ae-
quisition radar (LOPAR) system (fig. 1) is to
detect targets approaching the area defended
by the NIKE-HERCULES ATBM system. As-
sociated equipment, consisting of a fire unit
integration facility (FUIF) system (par. 122)
or selective identification feature identification
friend or foe (SIF/IFF) equipment (par. 124),
challenges and designates the target as friend
or foe. When a target is identified as a foe,
target data is transferred from the LOPAR
system to the target tracking radar system.
This permits the target tracking radar system

to acquire the target and the LOPAR system
to revert to surveillance.

15 (U). System Division

The LOPAR system (fig. 1) is functionally
divided into seven systems described in a through
¢ below.

a. Synchronizing System. The acquisition syn-
chronizing system (par. 16) synchronizes the
operation of the complete LOPAR system.
The synchronized systems are given in b
through g below. The synchronization is pro-
duced by timing pulses generated in the ae-
quisition-track synchronizer circuits. These
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circuits provide four different pulses at a con-
stant rate and time sequence for distribution
by the synchronizing system to the six associ-
ated systems. The four pulses are: LOPAR
preknock, moving target indicator (MTI) test,
transmitter sync, and LOPAR sync. The
LOPAR preknock pulse initiates the operation
of the receiver, MTI, presentation, and as the
IF'F trigger, the operation of the selective iden-
tification feature identification friend or foe
(SIF/IFF) systems. In addition, the LOPAR
preknock pulse triggers an identical acquisi-
tion-track synchronizer in the target tracking
radar system. When triggered, this second
synchronizer generates the preknock and sync
pulses used by the target tracking radar system
(TM 9-1430-250-20/6). The transmitter sync
pulse triggers and times the operation of trans-
mitter circuits in the transmitting system. The
syne pulse synchronizes the operation of cer-
tain portions of circuits in the presentation
aystem. The MTI test pulse is used in the ad-
justment and operation of the MTI system.
The MTI auto-sync and disabling pulse syn-
chronizes the acquisition-track synchronizer
circuits with the MTI system.

b. Transmitting System. The transmitting
system (par. 19) produces the l-megawatt RF
pulses that are radiated into space by the ac-
quisition antenna, This system consists of the
transmitter circuits and associated power sup-
plies and control cireuits. The transmitter cir-
cuits use transmitter sync pulses to initiate
generation of the high-power RF pulses. When
tranasferred to the antenna system, these pulses
with peak power of 1 mepawatt, are formed
into a beam for radiation into space.

¢. Acquisition Antenna System. The acqui-
sition antenna system (par. 24) consists of a
main channel and an auxiliary channel. The
main channel provides a means for conveying,
shaping, and radiating 8-band RF pulse energy
into the defense area of the NIKE-HERCULES
ATBM system. It also provides the means for
collecting the reflected S-band RF pulses and
conveying these pulses through a waveguide
and duplexer to the main receiver channel in
the receiving system. The auxiliary channel is
a receiving channel only and provides a means
for collecting the ECM and/or reflected S-band
RF energy and conveying these RF pulses

™ 9.1430.250-20/11

through a waveguide to the auxiliary receiver
channel in the receiving system. The antenna
system includes the units that drive the an-
tenna in azimuth and elevation, and furnishes
azimuth positional information in the form
of resolver signals to the sweep circuits of the
presentation system.

d. Receiving System. The receiving system
(par. 31) with AJD capabilities consists of a
dual channel receiver (auxiliary and main)
and automatic frequency contrel (AFC) cir-
cuits (par. 54). The dual channel receiver
functions to convert the received RF echoes
from the antenna system into target video that
is ultimately displayed by the presentation gys-
tem. The AFC circuits automatically tune
the receiver to a proper operating frequency by
sampling RF from the transmitter circuits and
using the RF samples as a frequency reference.

e. MTI System. The MTI system (par. 6la)
functions to reduce video interference from
fixed objects. This system consists of the MTI
circuits and the associated power supplies and
control circuits. The MTI circuits, in devel-
oping the video from the receiving system (par.
31}, electronically distinguish between moving
target video and fixed target video {(clutter).
Ag a result, the MTI circuits provide improved
displays of target video in the presentation sys-
tem (par. 73). The MTI circuits also generate
an automatic sync and disabling pulse which
is used to accurately time the circuits in the
acquisition-track synchronizer (par. 18). The
mixing of IFF video, target video, and various
presentation marks, though not an MTI fune-
tion, is included in the discussion of MTI cir-
cuits for functional purposes.

f. Presentotion System. The presentation
system (par. 73) provides means of visually
displaying all targets within range of the low
power acquigsition radar (LOPAR) system and
high power acquisition radar (HIPAR) system.
In addition, the presentation system provides
a means of indicating the slant range and azi-
muth of any selected target and of applying
target video and position data to the B scope
indicator. The presentation system also dis-
plays IFF video received from the SIF/IFF
gsystem (par. 124). The presentation system
consists of the marker circuits, PPI sweep cir-
cuits, symbol positioning circuits, B scope in-
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dicator sweep circuits, video circuits, and FUIF
interconnecting equipment. The marker cir-
cuits (par. 117) provide signals to form marks
for the video circuits, The video circuits (par.
107) enable the display of target video on the
three indicators. The PPI's (par. 75) and B
scope indicator presentation (par. 88) are
gynchronized with the acquisition antenna posi-
tion. The B scope indicator sweep circuits pre-
gent a selected expanded portion of the display
presented by the PPl sweep circuits., The B
scope indicator video and the sweep circuits are
functionally associated with the LOPAR sys-
tem. The fire unit integration facility (FUIF)
interconnecting equipment (par. 101) electri-
cally ties the presentation system through a
tactical data link to FUIF equipment (par.
122). The FUIF equipment controls the gen-
eration of FUIF video symbols in the presenta-
tion system which, in turn, develops and dis-
plays the symbol video.

g. SIF/IFF System. The SIF/IFF system
{par. 124) supplements the LOPAR system by
enabling additional target identification in-
formation to be furnished to the presentation
aystem (par. 73). The SIF/IFF system is

CONFIDENTIAL - Moifed Handing

provided as the source of local target identifi-
cation when the LOPAR system is employed
in an individual defense unit, However, when
the LOPAR system is part of an integrated
defense system, the LOPAR presentation sys-
tem receives target identification information
through FUIF equipment (par. 122) linked to
the Army Air Defense Command Post
(AADCP). The SIF/IFF gystem consists of
three parts: the IFF equipment, the IFF con-
trol circuits, and the SIF equipment. The IFF
equipment, although not a basic part of the
LOPAR system, is provided as auxiliary equip-
ment which can be used in conjunction with
the operation of the LOPAR system. The IFP
control circuits, an integral part of the LOPAR
system, provide a means for remote control of
the IFF eguipment., The SIF equipment is
added to the IFF equipment to make available
a greater number of IFF codes and to permit
rapid code changes. When IFF equipment is
provided, it may be operated by the IFF con-
trol circuits in synchronization with the LO-
PAR system to interrogate a target. The re-
sponse of the target is received by the SIF/IFF
gystem and displayed in the presentation sys-
tem.
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CHAPTER 4 (U)
ACQUISITION SYNCHRONIZING SYSTEM

16 {U}). Purpose

The synchronizing system (fig. 2) provides
accurately timed pulses to synchronize the
operation of the low power acquisition radar
(LOPAR) system and the target tracking
radar system. Identical acquisition-track syn-
chronizers are used in both radar systems. The
acquisition-track synchronizer which synchro-
nizes the LOPAR system is also used to estab-
lish the timing pulses {LLOPAR preknock} that
trigger the acquisition-track synchronizer in
the target tracking radar system. During
LOPAR operation, the target tracking radar
system is synchronized with the LOPAR sys.
tem. Although the acquisition-track synchro-
nizer in the LOPAR system can be self-trig-
gered by internal circuits, it is normally trig-
gered by a timing pulse (composite MTI auto
sync and disabling pulse) from the moving
target indicator (MTI} circuits. The pulse
repetition rate established by the acquisition-

track synchronizer for the LOPAR system and
the target tracking radar system is 500 pulses
per second.

17 {U). Block Diagram Analysis

¢. The low power acquisition radar (LO-
PAR) synchronizing system (fig. 2) consists
of pulse generating circuits in the acquisition-
track synchronizer, and external distribution
circuits. The acquisition-track synchronizer,
located in the director station group of the
trailer mounted director station, receives one

input pulse and produces five output pulses.
The input pulse is the composite MTI auto
sync and disabling pulse from the moving tar-
get indicator (MTI) circuits. The output pulses
are LOPAR preknock, LOPAR syne, trans.
mitter syne, IFF trigger (preknock), and MTI
test. These pulses (fig. 3) are discussed in (1)
through (5) below.

ALT HIPAR OR
LOPAR $YNC PULSE
XMTR
SYNG PULSE. TRANSMITTER CIRCUITS PPI SWEEP CIRCWITS
SIF/IFF SYSTEM
HIPAR
1FF SYNC PULSE HIPaR OR
TRIGGER HIPAR gg:%npur.,se
FULSE ERENOC MARKER CIRCUITS
PULSE
LoPAR HIPAR OR
ACOUISITION -TRACK SYNC PULSE . :;::ns:rmn HIEAR)
-SELECT
SYNCHRONIZER LOPAR mcoirs PREKNOCK TARGET TRACKING
PREKNOCK PULSE PULSE RADAR SYSTEM
- —
w]  ACQUISITION-TRACK ]
-1
MTI AUTO | LOPAR 3 SYNCHRONIZER
SYNC AND | PREKNDCK | ooy L — 3
DiSABLING | PULSE PULSE
PULSE
LOPAR SYNC PULSE
MTI CIRCUITS
u LOPAR FREXNGIR.PUICE RECEIVER CIRGUITS

ORD G2588I2

Figure 2 (U). LOPAR synchronizing aystem—block diagram (U).

i+ 152 O =45 - b
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MTI AUTO SYNC AND DISABLING PULSE
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|
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LOPAR SYNG PULSE
MAX
0 oirs
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— 0.8 USEL
—
TRANSMITTER
SYNC PULSE
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< 23.5 USEC -
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ORD G258426
Figure § (U). LOPAR synchronizing system —ideal waveforms in time sequence ().
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LOPAR preknock pulse. The LOPAR
preknock, a positive, 40-volt, 1-micro-
second pulse, occurs at a repetition
rate of 500 pulses per second. This
pulse has a steep leading edge that
precedes the LOPAR sync and {rans-
mitter sync pulses by 23.5 microsec-
onds. The LOPAR preknock triggers
the MTI circuits, and supplies an IFF
trigger (preknock) pulse to the BIF/
IFF system. In addition, the LOPAR
preknock triggers the acquisition-
track synchronizer of the target track-
ing radar system, and the receiver and
marker circuits whenever the acquisi-
tion radar-select circuits are condi-
tioned for LOPAR system synchroni-
zation. Pretriggering is required for
system stability before the LOPAR
sync pulse triggers the LOPAR sys-
tem into operation.

LOPAR sync pulse. The LOPAR syne,
a positive, 40-volt, 0.15-microsecond
ptlse, occurs at a repetition rate of
500 pulses per second. The syne
pulse is initiated and synchronized by
the LOPAR preknock pulse and de-
layed 23.5 microseconds. This LOPAR
syne pulse triggers the PPI sweep
circuits and marker circuits whenever
the acquisition radar-select circunits
are conditioned for LOPAR system
synchronization.

Transmitter sync pulse. The trans-
mitter syne, a positive, 40-volt, 0.1-
microsecond pulse, is in time coinei-
dence with the LOPAR sync pulse.
This narrow pulse is required for
proper triggering of the acquisition
trigger amplifier in the tranamitter
circuits because of a characteristic of
the blocking oscillator transformer in
the acquisition trigger amplifier.
MTY test pulse. The MTI test pulse,
a positive, 6-volt, T-microsecond pulse,
occurs 10 microseconds after the lead-
ing edge of each LOPAR preknock
pulse. This delay effectively places
the test pulse in time between the
LOPAR preknock and LOPAR sync
pulses. The test pulse is used by the
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MTI circuits for the generation of
an internally used automatic gain con-
trol voltage and is alsoc used during
checks and adjustments of the MTI
circuits.

Composite MTI! aulo sync and dis-
abling pulse. The MTI auto sync and
disabling pulse is a composite pulse
consisting of a positive 10-volt auto
syne pulse and a negative 32-volt dis-
abling pulse. The auto sync pulse, de-
veloped from each LOPAR preknock
pulse, has a steep leading edge and a
time duration of 1 microsecond. This
pulse is used as a.trigger pulse and is
superimposed upon the leading edge
of the disabling pulse. The disabling
pulse has a steep negative-going lead-
ing edge, a flat portion with a dura-
tion of 1500 microseconds, and & posi-
tive-going exponential trailing edge
with a duration of 500 microseconds.
This pulse is used as a disabling gate.
The auto sync pulse and the positive-
going trailing edge of the disabling
pulse occur simultaneously in the MTI
circuits and are combined for appli-
cation as a composite timing feedback
to the input of the acquisition-track
synchronizer. The application of this
pulse causes the synchronizer tc be
accurately synchronized with the oper-
ation of the MTI circuits.

b. The presentation system and target
tracking radar system can also be synchro-
nized by the HIPAR system. The acquisition
radar-select circuits (fig. 2) provide a means
of selecting preknock and sync pulses from
the LOPAR or HIPAR system. Other func-
tions of the radar.select circuits are given in
paragraph 13. Selection of these pulses per-
mits video from the HIPAR or LOPAR system
to be displayed on the presentation system.
The HIPAR sync pulse and preknock pulse
(TM 9-1480-250-20,10) occur at a repetition
rate between 400 and 445 pulses per second
and have a time duration of 1 microsecond.

(5)

18 (U). Acquisition-Track Synchronizer

The acquisition-track synchronizer (fig. 2)
produces five output pulses at a repetition rate
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of B0OO pulses per second. The functional cir-
cuits, pulses, and their distributions are dis-
cussed in a through d below.

Note. The grid zone references shown in parentheses
in ¢ through 4 below refer to figure 24, TM 9.1430.
254.20/6, unless otherwise indicated.

a. Preknock Pulse Circuits.

{1} During normal operation, a composite
MTI auto sync and disabling pulse
{fig. 3} from the trigger pulse-video
amplifier (B3) is applied to the acqui-
gition-track synchronizer (B5). Syne
amplifier V1 (B5) is first triggered
by the positive auto sync portion of
the composite input pulse, and then
cut off by the negative disabling por-
tien of the same input pulse. The 1.
microsecond LOPAR sync pulse from
transformer T1 (B5) synchronizes
repetition rate oscillator V2A (B5) at
500 pulses per second, which is the
established pulse repetition rate of
the LOPAR system. Oscillator VZA
is a blocking oscillator. FREQ LO-
PAR variable resistor R8 (Ad4) per-
mits manual adjustment of the free-
running oscillations of V2A to a fre-
quency lower than the repetition rate
of the MTI auto sync pulses, Variable
resistor R6 is adjusted with connector
P39 (B3) disconnected to insure that
V2A remains synchronized by oscil-

contacts 1 and 6 (Cl16) of deener-
gized preknock sync select relay K12
on the LOPAR control-indicator to
the STC (D17} of the receiver cir-
cuits. This preknock pulse is zlso
distributed to the acquisition inter-
ference suppressor {(Cl2) and the
FAST AGC amplifier (D12). The
positive 35- to 45-volt output pulse
developed in the cathode circuit of
V6A (B8) is designated as the
IFF trigger {(preknock) pulse. This
trigger pulse is supplied from con-
nector J6 through the acquisition slip
ring {B22) in the acquisition antenna
pedestal to the coder-contrel unit of
the IFF equipment (par. 124d(3)).
In addition, the preknock pulse is ap-
plied through contacts 4 and 2 (C2)
of deenergized preknock select relay
K5 in the LOPAR relay assembly, to
the acquisition range generator (C17)
in the HIPAR control-indicator, and
through cable run 24 (D20) to the
acquisition-track synchronizer in the
target radar contrel conscle of the
trailer mounted tracking station. The
HIPAR preknock pulse (Bl}, not
used during LOPAR operation, is ap-
plied through contacts 8 and 6 of de-
energized preknock select relay K5 to
terminating resistor R1.

lating at a frequency lower than the b. LOPAR Sync Pulse Circuils.
auto sync rate. The disabling pulse {1} The positive LOPAR preknock pulse

drives V1 (B4) far below cutoff to
prevent premature triggering of V2A
by spuricus noise pulses.

(2) The output of repetition rate oscilla-
tor V2A (B5) is a positive 1-micro-
second pulse which is applied to trig-
ger amplifier V3A (A7) and to the
10-microsecond delay network (BT7)
of the MTI test pulse cirenits {par.
18¢)}. The same pulse is also applied
as the LOPAR preknock pulse to con-
nector J2 (B8). From connector J2,
the preknock pulse is distributed to
the MTI oscilloscope (C8}, delay line
driver {D}5), electronic gate (C9),
and trigger pulse-videe amplifier
{B3) of the MTI circuits, and through
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from repetition rate oscillator V2ZA
{B5) is amplified by trigger amplifier
V3A (AT). This amplifier produces a
negative pulse that triggers delay mul-
tivibrator V4A znd V4B (AS8), =
monostable multivibrator which pro-
duces a negative output pulse. The
output is applied to temperature con-
trolled delay network Z1 (Al0), a
part of a delay circuit consisting of
SYNC DELAY LONG PULSE vari-
able resistor R21 (B10}, contacts 6
and 1 {A10) of deenergized pulse
width select relay K2, and pulse delay
diode V3B (B10). This circuit pro-
duces a negative 23.5-microsecond
pulse, the width of which is controlled
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diode V3B (B10). This circuit pro-
duces a negative 23.5-microsecond pulse,
the width of which is controlled by
variable resistor R21. Pulse width
select relay K2 (B10) cannot be ener-
gized when the acquisition-track syn-
chronizer is used as part of the LOPAR
system. The negative puise developed
at the cathode of V3B is direct-coupled
to pulse delay amplifiers V5A (B9) and
V5B (B10), which are operated in cas-
cade. The amplified output pulse from
V5B ig differentiated by blocking oscil-
lator transformer T2 (All). The re-
sultant signal is a negative and a positive
pulse. The negative pulse is coincident
with the LOPAR preknock pulse, and
the positive pulse occurs 23.5 microsec-
onds after the LOPAR preknock pulse.
This positive pulse triggers sync pulse
blocking oscillator V2B (B11), operating
as a single-swing blocking oseillator.
The output of V2B appears in the cath-
ode circuit as a positive 0.15-microsecond
LOPAR syne pulse and is applied
through connector J4 and network Z61
to eontact 2 of LOPAR sync select relay
K1 (B14) in the director station group.
In systems using AAR, the syne output
from connector J4 (A25) is applied
through connector J47 to network Z61.
An additional sync output from con-
nector J47 is applied through a cathode
follower amplifier (B27) to connector J33
(D27) on the auxdliary acquisition inter-
connecting box for use by the ECCM
console. This sync pulse is applied
through contacts of deenergized relay K1
and contacts of deenergized long range
(LR) sync select relay K38 (BI7) to
the writing gun driver (A18), and pulse
and logie generator in the LR PPI (B18).
This same syne pulse is applied through
deenergized short range (SR) sync select
relay K2 (AL7) to identical units in the
SR PPI. These assemblies are part of
the presentation system discussed in
paragraph 83. LOPAR sync is also ap-
plied through contacts 2 and 6 (D16) of
energized preknock/syne seleet relay
K12 to the STC in the LOPAR control-
indicator. The LOPAR sync pulse is

odified Handling
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applied to the auxiliary acquisition in-
terconnecting box (D20) from network
Z61 (B13) for use with the T1 trainer.
During LOPAR video presentation, the
HIPAR syne pulse is applied through
contacts of deenergized HIPAR syne
select relay K4 (C13). Then, as alter-
nate HIPAR syne, it is applied through
the contaets of energized SR sync select
relay K2 (Al17) to the SR PPI (D18) or
through contacts of energized LR syne
select relay K3 (B17) to the LR PPI
(B18), whichever is selected for HIPAR
video preview. During BIPAR video
presentation, the LOPAR sync pulse is
applied through contacts of energized
LOPAR sync select relay K1 (Bl4).
Then, as alternate LOPAR syne, it is
applied through the contacts of ener-
gized SR sync select relay K2 to the
SR PPI or through contacts of ener-
gized LR sync select relay K3 to the
LR PPI, whichever is selected for LO-
PAR video preview. Refer to para-
graph 13 for HIPAR and LOPAR pre-
view control theory.

From the output of sync pulse block-
ing oscillator V2B (B11), the LOPAR
syne pulse is also applied to syne pulse
amplifier VTA. The amplified output of
V7A is applied through blocking oscil-
lator transformer T4 to the grid of syne
pulse blocking oscillator V7B (B12).
Blocking oscillator V7B produces the
positive 20- to 40~ volt, 0.1-microsecond
transmitter syne pulse. The transmitter
syne pulse is applied through connector
J5 and eable run 23 (A18) to SYNC test
jack J5 (C21) in the acquisition RF
power supply control in the acquisition
receiver-transmitter where it can be
monitored and used to synchronize test
equipment. In addition, the transmit-
ter sync pulse is applied through con-
tacts 5 and 6 (B21) of deenergized are
suppressor relay K1 to the acquisition
modulator (B23) to trigger the acqui-
sition trigger amplifier.

c. MTI Test Pulse Circuit. The LOPAR pre-
knock pulse from repetition rate oscillator V2A
(B5) is applied through a voltage divider net-
work consisting of resistors R47 and R48 to

21
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10-microsecond delay network Z2 (B7). This
delay line provides a 10-microsecond delay be-
tween its input and output signals. The delayed
pulse is transformer-coupled to MTI test pulse
blocking oscillator V6B (B8). The positive 8-
volt, T-microsecond MTI test pulse from V6B is
applied to the MTI video amplifier (C3) and
the delay line driver (D5) of the MTI system.
This pulse occurs in time between the preknock
and the LOPAR sync pulses. Test pulse adjust
variable resistor R1 (D4) controls the pulse am-
plitude applied to the delay line driver.

d. Terminating Resistors. The five output
pulses (par. 17) from the acquisition-track syn-
chronizer are distributed to the various loads by
means of a coaxial cable. This type of transmission
line has only ane characteristic impedanee which
is a determining factor in optimum mateching of
source to load. When a load impedanee (equal
to the characteristic impedance of the coaxial
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cable) is connected to the output end of the eable,
an identical impedance appears at the input end
of the cable, There is only one value of impedanece
which a cable assumes. If this cable is very long,
a terminating resistor equal to the ac resistance of
the cable will provide the optimum impedance
match. Therefore, the type of signal, impedance
matching, and length of transmission line, deter-
mine the need of a terminating resistor at the end
of a coaxial cable. When the proper impedance
matehing is satisfied, problems of standing waves,
ringing, pulse distortion, and power losses are
minimized. The pulse distribution cireuits from
the acquisition-track synchronizer have an ap-
proximate characteristic impedance of 72 ohms.
The reference designation, physical location, lo-
cational diagram reference, and functional diagram
reference for each terminating resistor used is
given in table IV, TM 9-1430-254-20/6.
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CHAPTER 5 (V)

TRANSMITTING SYSTEM

19 (U). Purpose

6. The purpose of the transmitting system
is to produce RF pulses in the S-band of fre-
quencies. The pulse repetition frequency is de-
termined by the transmitter syne pulse produced
by the acquisition synchronizing system.

b. The transmitting system consists of the ac-
quisition modulator, magnetron circuits, and var-
jous control and measuring circuits. These cir-
cuits are located in the LOPAR antenna-receiver-
transmitter group, the auxiliary acquisition con-
trol interconnecting group, and the battery con-
trol console,

20 (U). Block Diagram Analysis

The acquisition transmitter circuits (fig. 4)
receive the transmitter sync pulse (par. 18b (3) )
from the acquisition-track synchronizer. The
syne pulse is applied to the acquisition modulator
to trigger the acquisition trigger amplifier. The
800-volt trigeer pulse, coincident with each sync
pulse, is used to trigger the pulse-shaping circuits.
The pulse-shaping eireuits utilize a 4~ to 8-kilovolt
de potential from the acquisition HV power sup-
ply and the input trigger pulse to produce and
shape a 6- to 6.5-kilovolt trigger pulse. Moni-
toring of inverse current and control of thyratron
capsule voltage for the pulse-shaping circuits is
provided by the modulator control-indicator.
The 6- to 6.5-kilovolt trigger pulse is applied to
the HV pulse transformer where it is stepped up
to 40 to 50 kilovolts for application to the tunable
magnetron. The HV pulse transformer also de-
velops an AFC gate pulse (par. 58¢) for use by the
acquisition AFC circuits. The tunable magnetron
converts the stepped-up modulator output trigger
pulses into 1-megawatt RF pulses for application
to the acquisition antenna system (par. 24). The
magnetron is tuned by the magnetron tuning
drive. Motor control voltages for the magnetron
tuning drive are provided through switches on
the frequency and power meter, the acquisition
RF power supply control, and the LOPAR con-
trol-indicator. A relative indication of magnetron
frequency is supplied from the magnetron tuning

drive to a meter on the LOPAR control-indicator.
When AAR i3 used in place of HIPAR, this indi-
cation is applied through the meter on the LO-
PAR control-indicator to the ECCM console.
Average magnetron current may be monitored on
meters on the acquisition RF power supply con-
trol on the LOPAR control-indicator and on the
LOPAR auxiliary control-indicator.

21 (V). Acquisition Trigger Amplifier

a. The acquisition trigger amplifier (fig. 4) de-
velops the 800-volt, 2-microsecond, high-voltage
pulse used to trigger the acquisition modulator
pulse-shaping circuits. The acquisition trigger
amplifier is Jocated in the acquisition modulator
ofthe LOPAR antenna-receiver-transmittergroup.
This amplifier produces one trigger pulse for each
acquisition transmitter syne pulse (par. 18 (8))
received from the acquisition-track synchronizer.

Note. The grid zone references shown in parentheses
in b below refer to figure 25, TM 9-1430 254-20/6, unless
otherwise indicated.

b. The acquisition transmitter sync pulse (fig.
3) from the acquisition-track synchronizer is ap-
plied through contacts 5 and 6 (A4) of deenergized
arc suppressor relay K1 to syne pulse amplifier
V1A (B2). The input synchronizing pulse is a
positive 20- to 40-volt, 0.1-microsecond pulse oc-
curring at a repetition rate of 500 pulses per sec-
ond. Amplifier V1A amplifies and inverts the
positive sync pulse. From VI1A, the negative

is applied through blocking oscillator trans-
former T1 (B3) and appears as a positive trigger
pulse at the control grid of single swing blocking
oscillator V1B. Blocking oscillator V1B, normally
biased to cutoff, oscillates and produces a positive
230-volt, 5-microsecond pulse at the output of T1.
This pulse is applied to trigger switch V2. Prior
to the application of this pulse to V2, the capac-
itors of 2-microsecond network Z1 are resonant-
charged to approximately 640 volts de by the ap-
plication of 320 volts de through inductor L1,
When triggered, V2 provides a discharge path for
network Z1. As Z1 discharges, a negative 550-

CONFIDENTIAL 23



CONFIDENTIAL - edited Hitg

TM 9-1430-250-20/11

"() woaBOIp §001q—sPNO40 J0jTIOUDLY UOHIINbOY (11) ¥ 94nbs g

I6€£299 QHO
HALLINSNYHL «~ ¥3AE03H NOLLISINDOY
E T PEVE] ]
YRRILHY N g Ty m zwm_._mmuw._ﬂs e ONINNL HIMOd ONY
i LNding TYAINYHIEN HOMLANSYR AMENDEHS
FI0SNOD
FGVII0A TOULNOD UGLOW
IBVLIOA HOLYHONI TOHLINOD
AULNOD HOLLYIIONI DANJ HONLINOVM e AH3LLlvE
HOLOW
= dnows
e OMINGD YOLYHaNI INLLIFNNOD
A -0% OL-OF Addng ljju =43.1NI
wimod IRIHEND NOULINOVN b i 108LNOD
Y NOLLISINDIY NOILISINDOY
AHYITIIXNY
[
HIZINOUHONAS
LN3¥UND ALY NOVHL
NOYLINGYI HEDBIML ROLLISINDIY FEUd ONAS sIHX ~NOILISINOOY
A-Op 010z MOUd
510
3Dyl
A-0DB
K9gns
SAINIMD
e = HINHOIENVHL SLIN0HIS UIMOD AH
24v 01 4T 31v 28N AH 35INd ¥3B0IUL AN-G OL-9 BNLIVHE 35N 20 AN-B Ou~p NOLMSINGIY
F
IVLI0A
ANZUNND
MLV
NOH LV HAHL BSYIANL
r
HOLVDIONS = TOHLNOD
HOLYINGON

HOLVYTINOOW NOLLISINDOV

CONFIDENTIAL



CONFIDENTIAL - ot tnso

volt, 2-microsecond pulse is developed across
winding 3, 4 of pulse transformer T3. Reverse
current diode V3 prevents reverse charging
of network Z1 or the oscillation of V2 after
the discharge of Z1. Transformer T3 steps up
and inverts the negative 550-volt pulse to a
positive 800-volt pulse and applies the high-
voltage trigger pulse through connector J2
(B4) to the acquisition modulator pulse-shap-
ing cireuits. The output pulse of T3 can be
monitored at trigger pulse monitor test point
TP2.

22(U). Acquisition Modulator Pulse-
Shaping Cireuits

@¢. The acquigition modulator pulse-shaping
circuits (fig. 4) are friggered by the positive
800-volt, Z2-microsecond pulses from the ac-
gquisition trigger amplifier and develop 6- to
6.5-kilovolt, 1.3-microsecond pulses at a repeti-
tion rate of 500 pulses per second. The high
amplitude of the output pulses is required to
trigger the magnetron circuit.

Note. The grid zone references shown in parentheses
in & and ¢ below refer to figure 25, TM 9-1430-254-20/6.

b. The positive tripgger pulse from the ac-
quisition trigger amplifier is applied to thyra-
tron switch V1 (B5). Prior to the applica-
tion of this pulse to V1, the capacitors of pulse
forming network Z1 (A6) are resonant-
charged to approximately 12 kilovolts. The de
charging voltage is received from the acquisi-
tion HV power supply through charging in-
ductor L8 (AB}. When triggered, V1 (B5)
ionizes and provides a discharge path for net-
work Z1. Although network Z1 resonant-
charges to approximately 12 kilovolts, the dis-
charge pulse develops to one-half that voltage
because of power transfer losses. Thus, a
negative 6- to 6.5-kilovolt, 1.3-microsecond
trigger pulse is developed across the primary
of HV puilse transformer T1 (A13). As net-
work Z1 discharges, a network consisting of
inductor L2 (B5), resistor R2, and capacitor
C1, in the plate circuit of thyratron switch V1,
forms a step in the leading edge of the high-
voltage pulse, This step reduces magnetron
arcing, moding, and erratic operation. In-
verse current diode VZ prevents reverse charg-
ing of network Z1 or the oscillation of V1
after the discharge of Z1, Inner cover shorting

™ 9-1430-250-20/11

interlock switch 82 (B6) is provided to dis-
charge network Z1 when the modulator access
cover is removed. Capacitors C3 and C4 are
provided for filtering of inverse current.

¢. The modulator control-indicator (D3)
provides the thyratron capsule heater voltage,
which controls the acquisition modulator pulse-
shaping circuits. Variable transformer TI1
(D2) controls the voltage supplied to the pri-
mary winding of capsule voltage transformer
T2. Transformer T2 supplies capsule heater
voltage {0 thyratron switeh V1 (B5). The cap-
sule heater voltage is adjustable to provide
an optimum gas pressure within Vi. Over-
load relay K1 (D3} is a protective relay that
removes high voltage should there be exceasive
inverse current through diode V2 (B5). Ca-
pacitor C1 (D3) insures that overload relay
K1 does not respond fo momentary surges of
inverse current. Resistors R1 {D4), R2, RS,
and R4 are provided to fix the operating range
of relay K1 and are also used by the metering
circuit. Inverse current may be monitored by
modulator test meter M1 (D3) when meter
switch ST is set to INVERSE CURRENT (FS8
100 MA). Meter M1 also monitors the heat-
ing element voltage of the gas capsule in thyra-
tron switch V1 when awitch 81 is set to THY —
RES VOLTAGE FS 10V.

23 (U). Magnetron Circuits

2. The magnetron circuits are part of the
transmitter circuits (fig. 4) and are located in
the acquisition receiver-transmitter. These cir-
cuits produce 1.3-microsecond, I-megawatt
pulses of RF energy, using the high voltage de
pulse as a trigger.

b, The magnetron circuits consist of a HV
pulse transformer circuit inside the magnetron
hot box, a tunable magnetron—5795, and
associated conirol and tuning circuits. The HV
pulse transformer receives the negative 6- to
6.5-kilovolt, 1.3-microsecond trigper pulse from
the acquisition modulator. The trigger pulse is
stepped up to 40 to 50 kilovolts to trigger the
magnetron, When triggered, the magnetron
oscillates at a frequency in the S-band. The
frequency of the magnetron can be varied over
its normal operating range of 3100 to 3500
megacycles by using a reversible tuning drive.
The 1 megawatt of RF energy generated by
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the magnetron is conveyed through the wave-
guide to the acquisition antenna system (par.
24) for radiation into space.

Note. The grid zone references shown in parentheses
in ¢ through 7 below refer to figure 25, TM 9-1430-
254.20/8, unless otherwise indicated.

¢. The negative 6- to 6.5-kilovolt tripger
pulse from network Z1 (A8) in the acquisition
modulator is applied to BV pulse transformer
T1 (Al13) in the magnetron hot box where
the pulse is stepped up to 40 to 50 kilovolts
and is applied to tunable magnetron V1 (Al15).
A small portion of this pulse is applied as an
AFC gate pulse (par. 58¢) through connector
J7 (Bl4) to the acquisition AFC circuits.
When the negative trigger pulse from trans.
former T1 is applied to the cathode of magne-
tron V1, the magnetron oscillates for the 1.3-
microsecond duration of this pulse. Thus, the
pulsations oceur at a frequency between 3100
and 3500 megacycles, and develop an output
peak power of 1 megawatt for 1.3 microsec-
onds. The output from the magnetron occur-
ring at a repetition rate of 500 pulses per sec-
ond, is coupied through a 10-centimeter wave-
guide to the acquisition antenna system for
transmigsion into space.

d. The operating frequency of magnetron
V1 is linearly varied by a magnetron tuning
drive powered by reversible split-phase motor
B2 (Cl15). Driving voltages for this motor
are controlled by two momentary contact
switches and two pushbutton switch-indicators
described in (1) through (4) below.

(1) MAG FREQ switch S2 (C138) on the
acquisition RF power supply control
provides local control.

{2) MAG FREQ switch 88 ({12) on the
frequency and power meter provides
local control during fransmitter
measurements.

{3) FREQUENCY INCREASE switch-
indicator A5 (C8) on the LOPAR
control-indicator provides remote con-
trol.

{4) FREQUENCY DECREASE switch-
indicator A8 (C%) on the LOPAR
control-indicator provides remote con-
trol,

¢. The operation of any one of these switches
or switch-indicators determines the direction
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of rotation of motor B2 (C15) and the direc-
tion of change in the magnetron frequency.
The rotation of B2 is determined by the phase
relationship between the control voltages on
the motor windings. The phase relationship be-
tween these voltages is determined by the ap-
plied ac phase and the effect of capacitors
C3A (Cl4) and C4, which cause the voltage
applied to one motor winding to be shifted
approximately 90 degrees in phase. The
switehes and!switch-indicators are intercon-
nected so that only one can be used at a time
to operate motor B2. When switch S3 (C12)
or 82 (C13) is set to RAISE, or switch-indi-
cator A5 (CB) is depressed, 120 wvolts ac is
applied through terminals 1 and 3 of con-
nector J25 {(C15) to motor B2. Terminal & of
connector J25 is permanently connected to
neutral. When switch S8 (C12) or 82 (C13)
is set to LOWER, or switch-indicator A6 (C9)
is depressed, 120 volts ac is applied through
terminal 3 of connector J25 to motor B2, and
terminal 1 of connector J25 is connected fo
neutral. In this manner, the operation of
switech 852 or S3 and switch-indicator Ab
or A6 control the direction of rotation of motor
B2. As the motor rotates, the size of the
resonant cavity within tunable magnetron V1
(A15) is changed to vary the magnetron fre-
quency. A relative indication of the frequency
of magnetron V1 is provided by MAGNETRON
FREQUENCY meter M1 (C7) on the LOPAR
control-indicator. The meter scale is graduated
from 0 to 100 in increments of 5, which repre-
sent divisions of the transmitter frequency
spectrum. The lowest or zero indication on
meter M1 corresponds to & frequency of 3100
megacycles, while the highest or full scale
indication corresponds to 8500 megacycles.
Voltage for meter M1 is supplied through mag-
netron frequency measure variable resistor Rl
(D15} in the magnetron tuning drive. Re-
sistor R1 is mechanically connected to motor
B2 so that voltage for meter M1 is varied
linearly whenever the magnetron frequency is
changed. The output of resistor Rl is, there-
fore, proportional to the frequency of the mag-
netron.

f. Average magnetron current may be moni-
tored by two metering circuits described in (1)
and (2) below.
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{1) Local! monitoring iz provided by
TEST 1 meter M5 {(B13) on the ac-
guisition RF power supply control
when TEST 1 switch S8 is set to 1
{AVE MAG CUR—F.S.50 MA).

{2) Remote monitoring is provided by
magnetron meter M2 (B7) on the
LOPAR auxiliary control-indicator.
Magnetron current is applied to
meter M2 through normally closed
contacts of MAGNETRON — RECTI-
FIER MA FS=1000 switch-indicator
A6 (AB) and MA FS=50 — RECTI-
FIER KV FS8=10 switch-indicator A7
{A9). If either switch-indicator A6
or A7 is depressed, magnetron cur-
rent is removed and the function as-
gociated with the depressed switch-
indicator is applied to meter M2,

g. The ground return cireunit for magnetron
current consists of three parallel-conneeted
paths given in (1) through {3) below.

{1} Normal. The normal or primary cur-
rent path is from ground through re-
gistor R36 (B14), capacitors C2 and
C7, and transformers T2 and T1 to
the cathode of magnefron V1 {Al15}.

{2} Metering. The metering or secondary
path is from ground through resistor
R34 (C13), AFC motor disable relay
K4, network Z1 (Al14), which func-
tions as a filter to prevent RF from
appearing in the metering circuits,
and through transformers T2 and T1
to the cathode of magnetron V1. The
voltage developed across R34 {((C13)
is proportional to the actual magne-
tron current and is used to actuate
meters M2 (B8) and M5 (B13).

(3} Safety. The safety or protective cur-
rent path is from ground through
voltage regulator V8 (B15}, current
limiting resistor R38, network ZI1
(Al4), and transformers T2 and T1
{0 the cathode of magnetiron V1. Regu-
lator V8 functions as a safety switch
to open or close this current path and
is normally deionized (open). If the
normal current path, {1) above,
should open, negative high voltage
trigger pulses would appear through-
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out the magnetron current return cir-
cuits. In this case, regulator V8
would ionize and shunt the metering
circuit path to protect components of
the metering circuits from damage by
excessive eurrent.

k. AFC motor disable relay K4 (C14) and
LOPAR ready relay K2 (CB), located in a
magnetron current path, are deenergized until
magnetron current starts to flow. Relay K4
is part of the AFC circuits {par. 54} in the
acquisition receiving system. When magne-
fron current reaches a value of approximately
10 milliamperes, relay K4 energizes and its
contacts {(fig. 27, Bl6, TM 9-1430-254-20:8)
close. This action completes part of the ener-
gizing circuit of motor-generator B3 in the
receiver-tuner ({par. 60). When magnetron
current is not sufficient to energize relay K4,
the AFC circuits are disabled. The magnetron
current also causes LOPAR ready relay K2
(C8) to energize. Contacts 2 and 4 of ener-
gized K2 complete the energizing path for
LOPAR on relay K1 (C8). Contacis 3 and 5
of energized K1 supply —28v LD power as
—28V LPLD (LOPAR light dimmer) power
to the LOPAR indicators and switch-indica-
tors. Other contacts of K1 connect —28v BC
power as —28v LP power for use in the LO-
PAR control-indicator.

i. An arc suppressor circuit is provided to
prevent excessive waveguide arcing. Since
ares may travel down the waveguide and dam-
age the magnetron window, the arc suppressor
circuit shuts off the transmitter -circuits
whenever excessive arcing is detected. The
arc suppressor cireuit is composed of arc sup-
pressor relay K1 {A15)}, capacitor Cl14, a probe
in the arc suppressor {A18), and capacitor CI1.
A sustained arc energizes relay K1 (A4)
which removes the transmitter sync pulse in-
put to the acquisition trigger amplifier (par.
21) as long as the arcing exisis. Capacitor Cl
prevents relay K1 from energizing on short,
sporadic arcs, while capacitor C14 (A15) keeps
relay K1 energized for a short time after each
arc. The acquisition duplexer and the fre-
quency and power meter circuits are discussed
in paragraph 26.

j. A forced air system is provided to cool
the magnetron. The cooling system consists

T™M 9-1430-250-20/11
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of the magnetron cathode blower (B11) and
the magnetren anode blower (All). The
motors in these blowers are immediately acti-
vated when main power is applied to the LO-
PAR system. As a precautionary measure,
the magnetron cannot be activated until both
motora are in operation. This safety feature
is provided by two switches operated by the
air stream pressure within the blower assem-
blies. In normal operation, 120 volts, phase A,
is applied through hot box interlock switch S2,
air actuated switch 81 in the magnetron cath-
ode blower, and inductor L1 to the primary of
filament transformer T2 (Al13). This 120
volts, phase 4, is also applied to air actuated
switch S1 (Al2) in the magnetron anode
blower. This switch controls the application
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of 120 volts, phase A, to the 5-minute delay
timer in the acquisition high-voltage circuits.
Thus, either switch will prevent the application
of magnetron high voltage if its associated
blower fails to provide sufficient pressure to
cool the magnetron. In addition, air actuated
switch S1 in the magnetron cathode blower
would prevent the application of magnetron
filaments. The distribution of ac power for
these circuits is given in TM 9-1430-250-20/12,
Protection of personnel is provided by hot box
interlock switch S2 in series with both air
actuated switches. When the access cover to
the magnefron hot box is removed, switch S2
opens to disable the magnetron filament and
high-voltage circuits.
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CHAPTER 6 (CMHA)
ANTENNA SYSTEM

24 (U). Purpose

The acquisition antenna system consists of
a main channel and an auxiliary channel. The
main channel provides a means for conveying,
shaping, and radiating S-band RF pulse energy
into the defense area of the NIKE-HERCULES
Anti-Tactical Ballistic Missile (ATBM) sys-
tem. It also provides the means for collecting
and conveying received S-band RF energy to
the main receiver channel., The auxiliary chan-
nel is a receiving channel only and provides
a means for collecting and conveying received
S-band RF energy to the auxiliary receiver
channel.

25 (U). Block Diagram Analysis

2. The main channel consists of the ac-
quisition antenna (fig. 5), rotary coupler, ac-
quisition duplexer, and frequency and power
meter. The auxiliary channel consists of the
auxiliary antenna subassembly and rotary
coupler, The antenna drive circuits, compres.
gor, and dehumidifier are common to the main
and auxiliary channels. The I-megawatt RF
pulses from the transmitter circuits are con-
veyed through waveguide circuits to the ac-
quisition antenna. These pulses travel as elec-
tromagnetic fields through an acquisition du-
plexer, which permits the use of a common
antenna for both transmitting and receiving,
to a rotary coupler. The rotary coupler ap-
plies the fields to the rotating acquisition an-
tenna. The antenna shapes the fields by means
of reflective elements into a beam and radiates
it. The rotary coupler is pressurized with de-
humidified air to prevent arcing. The relative
positioning of the reflective elements is con-
trolled by the electro-mechanical control box
to provide two different beam shapes. Beam
elevation is accomplished by varying the rela-
tive positioning of the elements and by in-
creasing the elevation angle of the reflective
surface. Beam elevation is indicated on 2 dial
coupled to elevation receiver motor Bl on
the LOPAR control-indicator. Antenna drive

circuits are provided to rotate the antenna in
azimuth at three different speeds.

b. The same antenna that radiates the
pulsed energy also receives RF energy and
collects and focuses this energy back into the
waveguide circuits. This energy returns
through the rotary coupler to the acquisition
duplexer and is passed to the receiver circuits
{pars 31 and 4b).

¢. An output taken from the transmitter is
connected to a frequency and power meter for
a check of transmitter operation. This meter
is used for power and frequency measurements
of the transmitted pulse.

d. The auxiliary antenna subassembly
mounted on the acquisition antenna is & re.
ceiving antenna only. It receives reflected S-
band energy and S-band jamming signals when
the LOPAR system is operating in an elec-
tronic countermeasures (ECM) environment.
The RF energy returns through the coaxial
line and rotary coupler to the auxiliary re-
ceiver channel.

26 (U). Waveguide Circuits

Note. The grid zone references shown in parentheses
below refer to figure 25, TM 9.1430.264.20/6, unless
otherwise indicated.

The waveguide circuits {fig. 5) in the an-
tenna system convey pulsed RF energy from
the transmitter circuits to the acquisition an-
tenna, and also convey received RF energy
from the acquisition antenna and the auxiliary
antenna subassembly to the main and auxiliary
receiver channels. The waveguide circuits are
that portion of the acquisition transmitter cir-
cuits between tunable magnetron V1 {(Al5)
and the acquisition antenna (A18). When mag-
netron V1 oscillates, the output RF energy is
coupled into the waveguide circuits, This RF
energy, in the form of high-power RF pulses,
ionizes TR tube V4 (A17), and ATR tubes V2
and V3, restricting the RF pulses to a path
through the acquisition duplexer and the rotary
coupler to the acquisition antenna. During the
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time intervals when magnetron V1 is not os-
cillating, received RF from the antenna is
transferred through the rotary coupler to the
duplexer. At the duplexer, TR tube V4 (par.
34) passes the RF pulses to the acquisition re-
ceiver circuits, and ATR tubes V2 and V3 pre-
vent the received signal from entering the
transmitter circuits. The coaxial probe cou-
pling in the waveguide circuits provides an
RF energy sample (fig. 26, A15, TM 9-1430-
254-20/6) of the magnetron output frequency
for use in the acquisition AFC circuits {par.
54). The unita and assemblies involved in the
transfer of the RF energy through the wave-
guide cireuits are discussed in ¢ through e
below.

Note. The key numbers shown in parentheses in a
below refer to figure 6.

a. Acquisition Duplexer, The acquisition
duplexer (fig. 6) is functionally common to
the transmitter circuits and receiver circuits.
The duplexer, functioning as an electronic
switch, electrically disconnects the receiver
from the acquisition antenna during trans-
mitting time and the magnetron circuit from
the acquisition antenna during receiving time.
This duplexing action prevents the transmitter
output pulse from entering and damaging the
gequisition receiver circuits, and prevents re-
ceived RF pulses from being absorbed in the
transmitter circuits during recejving time. The
waveglide circuits are thus used on a time-
shared basis. The duplexer is a series of three
gsections of 10-centimeter waveguide connected
between the tunable magnetron and the rotary
coupler. The first section, mechanically and
electrically coupled to the magnetron, per-
formsa the duplexing function. This duplexer
section contains an arc suppressor probe (13),
& transmit-receive (TR) tube (8), and two
anti-transmit-receive {ATR) tubes (9). The
second section is a flexible piece of waveguide
that assures proper mechanical alinement of
the waveguide circuits, The third section, cou-
pled to the rotary coupler, contains a directional
coupler (10) and an RF sampler probe per-
mitting an RF sample to be obtained for the
ACQ AFC circuits (6). These sections are dis-
cussed in (1) through {(4) below.

{1) The arc suppressor probe is a device
in the end of the duplexer into which

TM 9-1430-250-20/11

the RF pulse from the magnetron is
transmitted. This are suppressor is
part of the arc suppressor circuit in
the acquisition magnetron circuits
(par. 23). The function of the arc
suppressor i to deteet and prevent
waveguide arcing from traveling
through the waveguide to the magne-
tron window,

(2) The TR and ATR tubes (8 and 9)
are ionized by the RF pulses from
the magnetron. When icnized, the
TR tube presents a high impedance
and the ATR tubes present a low im.
pedance to the transmitter RF pulses.
As a result, the transmitter RF pulzes
(1) pass on to the rotary coupler with-
out entering the receiving circuits.
During receiving time, the received
RF signals (3) do not have sufficient
energy to ionize the TR or ATR tubes.
Therefore, the deionized ATR tubes
present a high impedance at the out-
put of the transmitting circuits and
received RF energy is blocked from
entering these circuits. At the same
time, the deionized TR tube presents
low impedance at the input to the re-
ceiving cireuits, and received RF sig-
nals (7) pass freely into the main
receiver channel.

(3) A waveguide probe, mounted adja-
cent to the directional coupler, samples
a portion of the RF pulses from the
transmitting eircuits. This RF sample
(6) is made available to the AFC cir-
cuits of the acquisition receiver sys-
tem (par. 54).

‘4) The directional coupler (10) is an in-
closed rectangular waveguide cavity
permanently attached to the side of
the acquisition duplexer. The coupler
receives an RF sample (11) through
irises (5) in the waveguide wall. This
RF sample (11) is made available for
measurements of transmitter output
by the frequency and power meter.

b. Frequency and Power Meter. The fre-
quency and power meter. (fig. 7) monitors the
output power, output frequency, and output
pulse shape of the transmitter circuits. This
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Transmitter RF pulses
RF signals to and from acquisition antenna (fig. 5)
Received RF sipgnals
}V’aveguide coupling flange to rotary coupler
rises
RF sample to ACQ AFC circuits (fig. 1)
Received RF signals to main receiver channel {fig. 1}

ORD G87686

8-TR tube
9-—ATR tubes
10— Directional coupler
11==RF sample to frequency and power meter {fig. 5}
12--Waveguide coupling flange to magnetron
13— Arec suppressor probe
14— Transmitter RF pulses from magnetron

Pigure 8 (U}, Acquisition duplexer—functional diagram (U).

unit is a permanently mounted test set in the
acquisition receiver-transmitter. Input signals
are obtained through a single coaxial cable
from the directional coupler. At the frequency
and power meter, this normally disconnected
coaxial cable is manually connected to one of

three inputs discussed in (3} through (5) be-
low. Output from the transmitter circuits is
monitored on meter M1. The operation of M1
is determined by POWER switch 84 and TEST
switch S2. The TEST switch has two positions
{BAL and MEAS) which determine the use
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Figure 7 (U). Frequency and power meter (U).

of internal bridge circuits. The normal posi-
tion of S2 is BAL, the spring-loaded position.
Basic bridge circuits for both positions of 82 2)
are given in (1) and (2) below.
Note. The grid zone references shown in parentheses
in (1) through (5} below refer to figure 25, TM 9-
1430-2564-20/6, unless otherwise indicated.
(1} Balance econdition. With TEST
switch 52 (C16) set to BAL, the cir-
cuits are conventional bridge (A, fig.
8) with meter M1 connected to indi-
cate bridge currents. Resistors RS, {3)
R1il, and R12 function as a voltage
divider providing a scaled voltage.
Variable resistors R4, R6, and R7
provide adjustment of the voltage
applied across the bridge circuit, and

CONFIDENTIAL

connector J5 provides the input under
measurement to the bridge ecircuit.
Measure condition, With TEST switeh
52 (C16) in the MEAS position, the
circuits are series-parallel (B, fig. B)
with meter M1 connected for calibra-
tion. With no signal applied to the
metering circuit, M1 internally in-
dicates branch current which is re-
corded as part of the power measure-
ment procedure.

Frequency measurement. When con-
nector P9 (B17) is manually con-
nected to FREQ METER—IN con-
nector J2, the RF pulse sample is ap-
plied through MEAS FREQ tunable
cavity Z1 te FREQ METER—QUT
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Figure 8 (). Frequency and power meter—bridge civeuit (U).

connector J8. When connector J6 is
manually connected to MEAS PWR
connector §5 by means of the patch-
ing cable {fig. 7), the RF sample
is applied to thermistor Z3, through
TEST swilch 82 (C16) to meter MI1.
When cavity Z1 is tuned to resonance
by the MEAS FREQ knob of Z1 (fig.
7y, meter M1 indicates a peak. The
MEAS FREQ dial, a mechanical
counter attached to the tunable cav-

ity, provides a numerical reference
for interpretation of {ranamitter
frequency. With the aid of a cali-
bration chart, the MEAS FREQ
counter reading is convertible to a
frequency reading, This chart (fig.
9) is calibrated at the factory for a
given meter assembly and the system
with which it is fo be used. The
chart has five frequency divisions and
five counter reading references. As a
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Figure 9 (U)}. Frequency and power meter—calibration chart (U},

conversion example, when the counter
indicates 2400, the actual measured
frequency is 3380 megacycles.

(4) Pulse measurement. When connector {b)
P% (B17) is manually connected to
CRYSTAL—IN connector J3 (fig. 7),
the RF pulse sample is applied to net-
work Z2 where the RF envelope is
filtered by a diode. The video output

CONFIDENTIAL

is available at VIDEO connector J4
when viewing of the pulse shape on a
test oscilloscope is desired.

Power measurement. When connec-
tor P9 (fig. 8} is manually connected
to MEAS PWR connector J5, the RF
pulse sample i3 applied through ther-
mistor Z3 and TEST switch 82 (C16)
to a bridge circuit. Manual operation
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of 82 produces a functional change
in the bridge circuits. Since TEST
switech S2 is spring-loaded to BAL,
power measurements require that
switch 82 be operated and held at
MEAS during measurements. BAL-
ANCE—CQOARSE variable resistor
Ré {(DP17) and BALANCE—FINE
variable resistor R7 balance the
bridge cirenits as indicated on meter
M1. Series resistor R1 is removed
from the M1 meter circuit by GALV
SENS switeh 81 (C186), a pushbutton
awitch. When switch 81 is depressed,
meter sensitivity is inereased. When
POWER switch 84 (C17) is set to
ON, the frequency and power meter
is energized. When switch S4 is set
to OFF, the meter is deenergized and
a protective meter short is applied
across meter M1,
Note., The key numbers shown in parenthesges in ¢
below refer to figure 10, unless otherwise indicated.
e. Rotary Coupler. The rotary coupler (fig.
5) serves as the waveguide coupling between
the stationary waveguide and the waveguide
of the acquisition antenna (fig. 25, A18, TM
9-1430-254-20/6). The main section of the
rotary coupler is a section of rigid coaxial con-
ductor with air dielectric. A mechanical break
in the outer conductor allows the upper half to
rotate while the lower half remains stationary.
Impedance continuity around the break is pro-
vided by two main resonant cavities {12) fune-
tioning as RF chokes. Impedance matching be-
tween the waveguide and the coaxial section is
provided by a tapered waveguide {9). Thelower
section (10} of the rotary coupler acts as a re-
ceiving or transmitting antenna. The main coax-
ial center conductor conducts the RF pulses to
the top of the rotating section {4} wherea knob
junction radiates the RF pulses into the upper
waveguide (1). The knob junction zlso acts
as a receiving antenna for RF gignals return-
ing through the upper waveguide. While the
rotary coupler provides both the mechanical
and electrical continuity of the waveguide cir-
cuits, it also provides an air-tight section of
the waveguide. The air-tightness is accom-
plished by means of a glass window (2 and 5)
at both ends of the rotary coupler. By this
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method, RF signals are allowed to pass through
the waveguide witheut attenuation and the
rotary coupler may be pressurized by the com-
pressor if arcing occurs in the rotary section.
The auxiliary section of the rotary coupler
serves as the coaxial coupling between the
coaxial line to the auxiliary antenna subassem-
bly and the coaxial line to the noise generator.
The auxiliary section of the rotary coupler
consists of the auxiliary coaxial center con-
ductor {11) in the center of the main coaxial
center conductor (3). A mechanical break in
the outer conductor allows the upper half to
rotate while the lower half remains s{ationary.
Impedance continuity around the break is pro-
vided by two suxiliary resonant cavities (14)
funetioning as RF chokes. The auxiliary an-
tenna subassembly and rotary coupler transfer
the RF signals to the noise generator in the
auxiliary receiving channel. The auxiliary
coaxial eenter conductor (11) is separated
from the ocuter conduector (main coaxial center
conduetor {3)) by dielectric spacers. The
spacers contain holes to permit air passage
through the coaxial line to the auxiliary an-
tenna subassembly thus permitting pressuriza-
tion of the coaxial line and auxiliary antenna
subassembly.

Note. The grid zone references shown in parentheses
in d below refer to figure 38, TM 9-1430-254-20/6, un-
less otherwise indicated.

d. Compressor. The compressor {fig. 11)
provides 10- to 16-psi air pressure for the
rotary coupler. Pressure is used to minimize
arcing within the coupler, The compressor
{B13)} receives 120-volt, 400-cps, 3-phase pump
motor excitation voltage through BARBETT
AC POWER switch S§6 (B9). Since swiich
S6 also applies power to other components in
the antenna system, power switch S1 (Al12) on
the compressor is provided as local control. Bel-
lows switch S2 (A13) energizes start relay K1
when air pressure falls below 10 psi and deener-
gizes the compressor when the air pressure
builds up to 16 psi. Pressure meter M1 indicates
air pressure in the line to the rotary coupler.
When bellows switch S2 fails to shut off the
compressor at 16 psi, normally cloged safety bel-
lows switch S3 opens at 23 psi to deenergize
start relay K1, shutting off compressor pump
motor B1. Switch S3 closes when the pressure

3 CONFIDENTIAL
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Authorized
RECEIVED RF
ECHOES FRCM _
AUXILIARY
ANTENNA
SUBASSEMBLY
OUTPUT
[3— -4~ = RF PULSES
TO ANTENNA
-I
]
4
RECEIVED RF
ECHOES TO
NOISE
GENERATOR
{AUXILIARY)
RF PULSES
|57 FROM
MAGNETRON
T
ORD 687656
1—Upper waveguide 8—Pressurization conneetion
—Window §—Tapered waveguide
3—~Main conxial center conductor 10—Lower section
4—Rotating section I1—Auxiliary coaxial center conductor
5—Window 12—Main resonant cavities
§—Waveguide mounting to duplexer 13—Knob junction
7—Pressurized waveguide 14—Auxilary resonant cavities

Figure 10 (U}, Rotery coupler—functional diagram ({1},
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1—Pressure meter M1
2—Power indicator Jight I1
3—Air pressure output to dehumidifier

4—Power switch 81
5—Connector J1

Figure 11 (U). Compressor (U).

is reduced by leakage to 17 psi. When power
switch S1 (A12) is set to ON, power indicator
light DS1 is illuminated. Start relay K1 oper-
ates the pump motor to maintain air pressure
within the preset limits.

e. Dehumidifier. The dehumidifier (fig. 12)
removes moisture from the pressurized air
furnished by the compressor for the rotary
coupler. Dry air reduces the corrosion and
arcing in the rotary coupler. The dehumidifier
congists of two regenerative desiccant tanks
(9, fig. 12), a heating element for each tank,
two solenoid-controlled air and steam wvalves,
two capillary tubes, and a cycle timer (8, fig.
12}. The cycle timer containg a 400-cps syn-
chronous motor, three eccentric cams, and
three microswitches, The motor drives the
cams which operate the microswitches, These

microswitches apply operating voltage to the
solenoids (1, fig. 12) which open and close
the air and steam valves, and apply excitation
voltage to the heater elements. Dehumidifier
operation is cycled so that one desiccant tank
is in use while the other is being regenerated
(dried). These components, with functional
descriptions, are discussed in (1) through (3)
below.

Note. The grid zone references shown in parentheses
in (1) through (3) below refer to figure 38, TM 8-
1430-254-20/6, unless otherwise indicated.

(1) When power is applied to the de-
humidifier, ac motor B1 (C19) in the
cycle timer is energized, —28 volts is
applied to terminal 11 of the cycle
timer, and 115V-400 CPS-—-ON indi-
cator lamp I1 (4, fig. 12) and 28V
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1—8glenoid (2)

2-—28V DC-—ON indicator lamp 12
3—28V DC—ON fuse F2

4—115V-400 CPS—ON indicator lamp 11
5—115V-400 CPS-ON fuse B
§--Power connector J1
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L= - T B - T R - W N

CRD 662395

T—HUMIDITY INDICATOR

8—Cycle timer

9—Regenerative desiccant tank (2}
10—0Dutlet to rotary coupler
11—Inlet from compressor

Figure 12 (U). Dehumidifier (U).

DC—ON indicator lamp 12 (2, fig.
12) illuminate, The dehumidifier
cycles continuously (table I} while
power is applied and stops when
power is removed. When power is
applied again, the cycling continues
from the phase in which it stopped.
One full cycle requires three hours.

Table I (U). Complele Dehumidifier Cycle (U

Microawlieh
Component Cam no.| contasts Time sctivnted

Tank-1 solenoid L1 3 11-3 50-180 minutes
Tank-2 solenoid L2 3 114 0-90 minutes
Desicennt tank no. 2 13.8 90-135 minutes

1 (heater 1}
Desiceant tank no. 1 12.8 0-45 rinutes

2 (heater 2}

(2) When power is applied to the dehu-
midifier and cyeling begins, a ecircuit
between terminals 12 and 6, 18 and 7,
and 11 and 4 on the cycle timer (B19)
is clogsed. Tank-1 sclenoid L1 remains
deenergized, and tank-2 solenoid L2 is
energized. The air and steam valve
asgociated with solenoid L1 remains
stationary, leaving the air ports open
and the steam-outlet port closed. The
air and steam wvalve associated with
solenoid 12 (C18) is actuated and
cauges its associated air ports to close
and steam-outlet port to open. Heater
1 (Al19) has remained deenergized,
while heater 2 {(C19) energizes and
vaporizes fhe moisture in the desic-
cant crystals of tank No. 2. Air under
pressure from the compressor {Al3)
flows through the open air ports of
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(3)

desiccant tank No. 1 to the check
valve and capillary tube. From the
check valve, the air flows through the
HUMIDITY INDICATOR (B20) to
the waveguide of the rotary coupler.
During this cycle, moisture in the air
stream is absorbed by the desiccant in
tank No. 1. Regeneration of desiccant
tank No. 2, which takes place during
the first 45 minutes of the cycle, oc-
curs when heater 2 vaporizes the
moisture from the desiceant in tank
No. 2 and discharges it as steam
through the open steam valve. A small
portion of the air stream from desic-
cant tank Neo. 1 supplies through its
capillary tube and the capillary tube
associated with desiccant tank No. 2 a
form of back pressure to desicecant
tank No. 2 to aid the steam discharge.
At the end of the first 45 minutes of
the cycle, cam 1 breaks the contact of
the microswitch connected to termi-
nals 6 and 12 of the cycle timer, and
heater 2 is deenergized. At the end
of 90 minutes, a new phase begins
when cams 2 and 3 activate the associ-
ated microgwitches. This causes
heater 1 and solencid L1 to energize
and solenoid L2 to deenergize. Sole-
noid L1 actuates its associated air
and steam valve which cauges the air
ports of desiccant tank No. 1 to close
and its steam-outlet port to open,
Similarly, solenoid L2 actuates the air
and steam valve of desiccant tank No.
2. The air flow is then channeled to
tank No. 2 while tank No. 1 i8 re-
generated.

The air stream leaving either desic-
cant tank passes through a small
amount of desiccant visible through a
window on the dehumidifier. This
window and desiccant is the HUMID-
ITY INDICATOR (7, fig. 12), Dry
desiccant crystals are blue; in absorb-
ing moisture from the output air
stream, the crystals become pink. The
color of the crystals indicates whether
or not the dehumidifier is providing
dehydrated air to the rotary coupler.
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27 (U). Acquisition Antenna

a. The acquisition antenna (fig. 13),
mounted on top of the acquisition antenna
pedestal, focuses and radiates into space the
pulses of RF energy received from the wave.
guide circuits. The antenna also receives RF
signals and focuses them into the waveguide
for use by the receiver circuits. The elements
within the antenna are protected from water
and dust by a Fiberglas cover which has no
adverse effect on the radiation patterm. The
lower section within the cover is a pillbox
antenna that receives RF energy from the
wavegnide circuits. The pillbox (3, fig. 13)
reflects the RF energy to the deflector, which
diverges this emergy onto the complete re-
flective surface. The feed-point of the wave-
guide is offset one inch from the focal peint
of the pillbox to prevent standing waves
and the resultant RF loss due to an impedance
mismateh, The reflective surface is composed
of two sets of evenly spaced horizontal bars
(1 and 2, fig. 13) placed so that they form a
parabolic cross section. One set, which is
spaced throughout the total reflective surface,
is the primary reflector (1, fig. 13). The other
set, which is found only in the lower section, is
the secondary reflector (2, fig. 13). The curva-
ture of the reflective surface may be changed
by retracting or injecting the secondary refiec-
tor bars. Changing the relative positioning of
the reflective bars produces either a pencil-
shaped or a fan-shaped beam in the vertical
plane. The reflective surface angle can also be
changed to vary the elevation angle through 9
degrees. Changing the reflective surface by
both methods varies the radiated beam between
2 and 22 degrees from the horizontal. The
beam width is a constant 1.4 degrees in azi-
muth, regardless of the elevation angle. Chang-
ing the elevation angle and the beam shape
constitutes a scanning process which is pro-
duced by an electro-mechanical control assem-
bly. Azimuth rotation of the antenna is pro-
duced by the antenna drive circuits (par. 30),
operated either simultaneously with or inde-
pendently of the scanning process. An antenna
rotational speed of 5, 10, or 15 rpm is selected
on the basis of tactical requirements.
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I—Primary reflector bars 3—Pillbox
2—Secondary reflector bars 4—Auxiliary antenna subassembiy

Figure 13 (U). Acquigition antenna—front view (U).
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b. The auxiliary antenna subassembly (7,
fig. 14) is mounted on and rotates with the
acquisition antenna. It is a modified Yagi an-
tenna that provides a coverage pattern extend-
ing beyond that of the side lobes of the main
acquigition antenna. Because of the extended
coverage pattern, the energy level of signals
received from jamming sources by the auxil-
iary antenna is higher than the energy level
received by the main acquisition antenna at
all azimuths except that of the main lobe of
the main acquisition antenna. The auxiliary
antenna consists of a driver element, four
directors, and three refleckors. The driver
element is a U-shaped dipole which aids in
providing the required coverage in excess of
that given by a normal Yagi antenna. The
entire auxiliary antenna subassembly is en-
closed in a thin Fiberglas radome which pro-
vides an effective weather seal and also serves
to support two of the reflectors.

28 (CMHA). Elevation Scanning

a@. The acquisition antenna {(fig. 13) is
equipped for manual or automatic elevation
scanning. The scanning process consists of
varying the elevation angle of the reflective
surface, In manual scan, the reflective surface
angle can be varied between (- and 9-degree
mechanical limits and stopped at any inter-
mediate angle. Secondary reflector injection
cccurs in conjunction with variation of pri-
mary reflective angle. When reflector motion
is stopped, a fixed beam pattern results. The
beam pattern can be either the narrow pencil-
shaped beam formed by the primary reflector
alone or the broad fan-shaped beam formed as
a result of secondary reflector injection. In
automatic scan, depending on the scan condi-
tion (mode) selected, the primary reflector con-
tinuously traverses between the mechanical
mode limits given in d below. Hence, automatic
scan provides a variable beam pattern. During
automatic scanning the beam wvaries continu-
cusly between the cosecant-squared (fan-
shaped) pattern and the pencil-shaped pattern.

b. For a fixed beam pattern, the reflectors
are positioned to a given elevation by depress-
ing and holding ANTENNA UP switch-indi-
cator A3 (fig. 38, A6, TM 9-1430-254-20/6)
oni the LOPAR control-indicator. The reflectors
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can be stopped at any elevation angle by re-
leasing switch-indicator A3 or when the an-
tenna is in the automatic seanning process,
by depressing ELEVATION FIXED — DOWN
SCAN switch-indicator A4 (fiz. 38, B6, TM
3.1430-254-20,/6) so that the ELEVATION
FIXED indicator of the switch-indicator is
illuminated. A continuously varying beam
pattern is selected by depressing switch-indi-
cator A4 so that the DOWN SCAN indicator
of the switch-indicator is illuminated, resulting
in the reflective surface automatically scanning
between preset angular limits. These limits
are determined by the primary upper and
lower limit switches S8 and 52 (10 and 11,
fig. 15) located in the electro-mechanical con-
trol box (8, fig. 15). The injection and re-
traction points of the secondary reflective bars
are determined by the secondary reflector in-
jection-control rod (86, fiz. 14) and secondary
inject-retract switch S1 (13, fig. 15}. Switches
81, 82, and 83 are factory-adjusted for the
angular limits of scan condition 2, d below.
These switches are readjusted in the field to
conform to tactical requirements peculiar to
apecific sites, such as those caused by terrain
characteristics and expected target altitude.

Note. The grid zone references shown in parentheses
in ¢ below refer to figure 38, TM 9.-1430-264-20/6, un-
less otherwise indicated.

¢. The reflective surface angle (figs. 16 and
17) is varied between ¢ and 9 degrees. These
angular limits of scan correspond to a change
of 2 to 22 degrees from the horizontal in the
elevation angle of the radiated beam. The
ANTENNA ELEVATION dial (C5), how-
ever, is calibrated in angular mils (0 to 400)
and indicates the limits of scan from 35 to
356 mils. The difference between the indi-
cated reflective angle and the actunal beam
angle is due to a shift in beam axis as the
beam pattern is changed. When the reflective
angle is zero degrees, the axis of the pencil-
shaped beam is 2 degrees (approximately 35
mils) above the horizontal. Each degree of
reflective change causes the beam to be ele-
vated 2 degrees. Injection of the secondary
reflector causes an additional 2-degree upward
shift in the beam axis during which time the
beam shape changes to a cosecant-squared pat-
tern. The injection of the secondary reflector
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l-—Primary reflector 5—DBrake (secondary)

2—S8econdary actuator 6—Secondary reflector injection-control rod
3—DBrake (primary) 7—Auxiliary antenna subassembly
4—Primary actuator 8§—Electro-mechanical control box

Figure 14 (U). Aequigition antenna—rear view (U).
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1—D<C power supply injection-control rod (primary reflector mechanical
2—DC reiays and panel connectors feedback}
3—Fuses and blown fuse indicators 8—Connector J5
4—Electro-mechanical control panel $—Connector J6
5—Connector J3 10—Primary upper limit switch 83
§—Connector J4 1i—Primary lower limit switch 52
7—Control switch plate coupling to secondary reflector i2—Controi switch piate
13—Secondary inject-retract switch 851

Figure 15 (U). Electro-mechanical control box—cover removed (U).
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Figure 168 (CMHA). Acquisition antenna beam pattern—scan conditions ! and 2 (U).

occurs while the primary reflector is in motion.
The injection process is completed when the
primary reflector is moved approximately 1
degree which corresponds to a change of 17.8
mils on the ANTENNA ELEVATION dial,
Because the change from a pencil-shaped beam

to a fan-shaped beam causes a 2-degree (35-
mil) upward shift in the RF beam axis, an.
tenna elevation transmitter (synchro) Bl
{(D34) sends apparent beam elevation data
that is 85 miis displaced from the actual beam
angle. Thus, at maximum elevation of the

CONFIDENTIAL as



™ 9-1430-250-20/11 anFmENTI AL i MOIE!E:'I:O:%:::“M

SCAN CONDITION 3
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Figure 17 (CMHA). Acquisition antennae beam pattern—scan positions & and § (U).
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primary reflector, the 356-mil indicated angle
corresponds to a maximum beam angle of 391
mils.

d. Four automatic elevation scanning con-
ditions (table II) have been designated for
setting the angular limits of primary reflector
coverage, and secondary injection and retrac-
tion points of operation. Any of the four scan
conditions (figs. 16 and 17) can be selected
by changing the mechanical position of three
microswitches in the electro-mechanical control
box (par. 29qa).

e. The pencil-shaped beam has a 5.5-degree
vertical beam width at the half-power points
and a constant 1.4-degree beam width in azi-
muth. The width of the RF beam in either the
horizontal or vertical plane is different for any
cross-section of the beam length. The effective
beam width is chosen as that point along the
beam (half-power point) having 3 db less
power than the point having maximum power.
This beam extends to an effective range of
250,000 yards. At a reflector elevation of
zero degrees, the effective pencil-beam ground
range is reduced because of earth curvature.
When the pencil beam is changed into a cose-
cant-squared beam (fan-shaped), the effective
range is shortened to provide a broader high-
angle coverage. This fan-shaped beam has a
constant 1.4-degree width in azimuth and an
effective range of 175,000 yards. With a beam
elevation of 22 degrees, detection of targets is
possible up to an altitude of 195,000 feet.

™ 9-1430-250-20/1)

29 (CMHA). Control of Elevation Scanning

a. The electro-mechanical control box (figs.
15 and 18) controls scanning of the acquisition
antenna {fig. 18) by providing electrical motive
power for the primary and secondary actu-
ators. Automatic scan limits of the primary
reflector and injection of the secondary re-
flector are controlled by the mechanical ad-
justment of secondary inject-retract switch S1
(13, fig. 15), primary lower limit switch S2
(11, fig. 15), primary upper limit switch 33
{10, fig. 15). The mechanical operating limits
of the primary and Becondary actuators are
protected by pressure-operated microswitches
within the actuator housings (fig. 18). The
primary actvator housing contains two micro-
awitches, and the secondary actuator housing
containg four microswitches. The function of
the nine microswitches is given in b and ¢
below,

b. The limits of automatic scan for the pri-
mary reflector are determined by the mechan-
ical position of switches 53 and 82 (10 and 11,
fig. 15) in the electro-mechanical control box.
Switch S8 is a pressure-operated, momentary-
contact microswitch that operates in conjunc-
tion with certain relays (2, fig. 15) on the
electro-mechanical control panel. The function
of 83 is to reverse the direction of rotation of
motor B3 (fig. 18), which is mechanically
coupled to the primary actuator whenever the
primary reflector reaches a preselected upper
limit of travel. Switch 82 (11, fig. 15) is also

Table IT (U). Automatic Elepation Sconning Conditions (L)

Cosecant bar Cosscant har Upper avic
Pencil beam injection begins injection completed scan limit
Complete
Ind Ind 8CED
Sean Reflector Beam dial Reflector Beam Reflector Beam | Reflector Beam diai period in
condition angle angle mila angle angle angle angle angle angle mils seconds
1 0° 2° 35 0° 2° 15 6° 95 22° 356 40
{fig. 16)
2 0 20 35
{fig. 16} to to to 20 g° 3° 10° 4.5° 138° 196 20
2° 6° 107
3 o 23 35
{fig. 17) to to to 4° 10° 5° 14° 6.5° 17° 267 28
4 i0° 178
4 0° 2° 35
{fig. 17) to to to 6° 14° e 18° 9° 22° 356 40
8° 14° 249
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Figure 18 (U). Aequisition antenna—electro-mechanical conirol system—rear view (U).

a pressure-operated microswitch that operates
in conjunction with certain relays in the elec-
tro-mechanical control panel. This switch re-
verses the direction of the primary actuator
motion when the primary reflector reaches a
preselected lower limit of travel. Thus, the
adjustment of 82 and 83 presets the angular
limits of reflector motion determining the
angular travel (scan) of the radiated beam.
Two microswitches in a housing on the pri-
mary actuator (fig. 18) are safety limit
switches for motor B3. One switch is desig-
nated the primary up safety switch and the
other is designated the primary down safety
awitch. These switches, e below, stop the oper-
ation of motor B3 at either end of the actuator
stroke should S2 and 33 in the electro-mechan-
ical control box fail or be improperly adjusted.

¢. The injection and retraction points of the
secondary reflector (fig. 13) are determined by
the mechanical posgition of secondary inject.
retract switch S1 (13, fig. 15). Switch 81
and certain relays in the electro-mechanical
control panel operate the secondary actuator
and motor B2 (fig. 18). Switch 81 is mechan-
ically operated by a small cam on a control
switch plate (12, fig. 15) mechanically coupled
to the primary actuator. The cam iz con-
nected by the injection-control rod (fig. 18) to
the secondary reflector., The control switch
plate moves up or down as the primary re-
flector angle is changed. As the angle of the
primary reflector is increased, S1 is operated,
relays are energized, the secondary actuator is
driven by motor B2, and the secondary reflector
bars are injected into the primary reflector.
When the secondary reflector is fully injected,

a8 CONFIDENTIAL
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of motor B2. This voltage produces electrieal
braking for the motor armature. When the
primary reflector is operated to decrease the
elevation of the radiated-beam, S1 is operated
again, and the rotation of motor B2 is reversed,
causing a reversal in the direction of secondary
actuator travel. This reversal ecauses a retraction
of the secondary reflector. The operation of the
secondary actuator includes the funetions of four
normally-closed, pressure-operated microswitches
in the secondary actuator housing (fig. 18).
Secondary injeet limit switch S1 and secondary
retract limit switch 84 are factory-set to operate
as electrical safety stops to limit the actuator
strokes. This limiting is accomplished by re-
moving voltages to motor B2. Secondary inject
safety switch S2 and secondary retract safety
switch S3 operate when the secondary reflector is
fully injected or retracted. Switches 82 and S3
prevent over-driving motor B2 and the resultant
damage to the antenna reflectors. The functional
operation of the switches discussed in ¢ below is
identified for both electro-mechanical control
panels, ordnance part numbers 91556212 and
9988%41.

Note. The grid zone references shown in parentheses
in d and e below refer to fipure 38, TM 9-1430-254-20/6,
unless otherwise indicated.

d. The mechanical power for moving both an-
tenna reflectors is provided by the primary and
secondary actuators (fig. 18). Mechanically, each
actuator is a jackscrew driven by a 3-phase, 120-
volt, 400-cps electric motor. Each jackserew is a
worm gear having a high step-down ratio de-
signed to handle heavy mechanical loads. The
primary actuator is operated by motor B3, and
the secondary actuator is driven by motor B2.
The application of field-coil energizing voltage for
these motors is controlled by de operated relays
(2, fig. 15) on the electro-mechanical control panel
and secondary inject-retract switch S1, primary
lower limit switch S2, and primary upper limit
switch 83 in the electro-mechanical control box.
The electro-mechanical control panel {4, fig. 15)
contains six de relays, a 150-volt dc power supply,
and four blown-fuse indicators. Control for pri-
mary and secondary actuator operation is pro-
vided by momentary contact ANTENNA UP
switch-indicator A3 (A6) and alternate action
ELEVATION FIXED—-DOWN SCAN switch-

214=-152 O - 4é - B
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indicator A4 (B6) on the LOPAR control-indica-
tor. When switch indicator A4 is depressed and
the ELEVATION FIXED indicator is illumi-
nated, this condition disables the antenna-scan
cireuit; whereas, by depressing and holding switch-
indicator A3 or by depressing switch-indieator
Ad to illuminate the DOWN SCAN indieator,
provides a ground to complete —28-volt relay
circuits, ¢ below, in the electro-mechanieal con-
trol panel. When switch-indicator A8 is de-
pressed and held, a manual scanning condition
is selected eausing the reflector to be driven up-
ward, increasing elevation angle. When the upper
mechanical limit of the reflector is reached, the
reflector motion is automatically stopped by pri-
mary up safety switch S2 (B34). To tilt the re-
flector and decrease the elevation angle, switeh-
indieator A4 is depressed to illuminate the DOWN
SCAN indicator selecting automatie scanning and
the primary reflector is driven downward. The
decreasing reflector angle can be stopped at any
position by depressing switch-indicator A4 to
illuminate the ELEVATION FIXED indicator
of the switch-indicator. In systems using AAR,
control of the antenna elevation is transferred to
the ECCM console through contacts 9-2 and 10-4
(fig. 55, C3) of energized transmitter control relay
K7 in the auxiliary acquisition relay assembly.

¢. The functional operation of the eleetro-
mechanical control system for antenna elevation
scanning is provided mainly by the electro-
mechanieal control box (fig. 18). Operation of
this control box and associated circuits is dis-
cussed in (1) through (10} below.

(1) Electrical power for the acquisition an-
tenna electro-mechanieal control system
is applied to the electro-mechanical con-
trol box from two voltage sources (8-
phase, 120 volts, 400-cps and —28 volts),
at connector P1 (B23). The 120 voits ac
is used to energize primary actuator
motor B3 (A84), secondary actuator
motor B2, and a 150-volt de power sup-
ply. The —28 volts is used as energizing
power for relays K3 through K6 given
in (2) below. Upon application of ac
voltage to the electro-mechanical con-
trol box, phase B energizes the dc
power supply on the electro-mechan-
ical control panel. This power supply,
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(2)

consisting of power transformer T1
{B30), bridge rectifier CR1, and as-
sociated circuits, supplies 150-volts de
as dynamic braking voltage for the
two actuator motors. The energizing
path to those relay circuits associated
with the mechanical position of the
antenna reflectors is completed by
ANTENNA UP or ELEVATION
FIXED — DOWN SCAN switch-in-
dicator A3 or A4 on the LOPAR con-
trol-indicator.

Of the six relays in the electro-me-
chanical control panel (D26), three
control the operation of primary ac-
tuator motor B3 (A34) and three
control the operation of secondary ac-
tuator motor B2 (C34). In the pri-
mary reflector group, primary down
relay K4 (B26) and primary up re-
lay K& (B28) control the application
of 3-phase voltage to primary actu-
ator motor B3. The relay coil of K4
is energized while the primary reflec-
tor is scanning downward; the relay
coil of K5 is energized while the re.
flector is scanning upward. Primary
braking relay K2 (C31) receives en-
ergizing power from the charge stored
on capacitor C5B and controls the
application of a de braking voltage
to motor B3. The remaining three re-
lays are in the secondary reflector
group. Secondary inject relay K6
(C28) and secondary retract relay K3
(C27) control the application of 3-
phase voltage to secondary actuator
motor B2, The relay coil of K6 is en-
ergized while the secondary reflector
is being injected. Complete injection
of this reflector forms a broad fan-
shaped RF beam. The relay coil of
K3 is energized while the secondary
reflector is being withdrawn. Com-
plete retraction of this reflector forms
a narrow, pencil-shaped RF beam.
Secondary braking relay K1 (C29)
energized by the charge on capacitor
C5A applies dec braking voltage to
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motor B2. The operational sequence
of these relays is given in (8) through
(10) below.

When the primary reflector of the
acquisition antenna is at an angle
within 0 to 9 deprees, and with the
ELEVATION FIXED indicator of
ELEVATION FIXED - DOWN
SCAN switch-indicator A4 illumi.
nated and ANTENNA UP switch-in-
dicator A3 depressed and held, the
manual scanning circuit is activated
and the reflector begins to drive up-
ward (increasing elevation angle).
The scanning action begins when
switch-indicator A8 connects a ground
to complete the ground path through
connector P1-A (D23), connector
P2.5 (B25), and contacts 16 and 7 of
deenergized primary down relay K4
(B26) to terminal 22 of primary up
relay K5 (B28). The —28-volt power
i3 applied to K5.21 through primary
up safety switch 32 (B34), contacts
15 and 5 of deenergized relay K4
(B26), connector P2-6 (B25), and
connector P1-1 (B23). With primary
up relay K5 (B28) energized, 3-phase
voltage is applied to primary actuator
motor B3 (A34). Phase A is applied
to primary actuator motor B3 through
connector P1-J (A23), connector P2-2,
fuse F4, contacts 12 and 18 of ener-
gized relay K5, and connectors P1.8,
P3-A, and P1-A (A33). Phase B is
applied to motor B3 through connector
P1.H (A23) and connector P2-1, fuse
F1, contacts 13 and 2 (A28) of ener-
gized relay KB, contacts 1 and 3
(A29) of deenergized primary brak-
ing relay K2, and conpectors P1.7,
P3-B, and P1-C. Phase C is applied
to motor B3 through connectors P1-C
(B23) and P2-3 (B25), fuse F2, con-
tacts 4 and 14 (B28) of energized
relay K5, contacts 6 and 4 (A2%) of
deenergized relay K2, and connectors
P1-5, P3-D, and P1-D. When 3-phase
power is applied to motor B3 by con-
tacts of KB, the motor rotates and

i
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the primary actuator begins to ex-
tend, causing mechanical links be-
tween the actuator and the reflector
to retract. As the links retraect, the
reflector moves to increase its eleva-
tion angle. When the primary reflec-
tor moves, an injection control rod
mechanically connected to the primary
reflector, also moves. The opposite
end of this rod is connected to a con-
trol switch plate in the electro-
mechanical control box. This plate
moves vertically (downward} when
the rod moves downward. A horizon-
tal ridge across the control switch
plate functions as a fixed cam. As
the plate passes momentary-contact,
pressure-operated microswitches 81,
82, or 83, the cam operates each
switch, The operational sequence of
circuit mieroswitches is functionally
deseribed in (4) through (10) below.
The injection point of the secondary
reflector bars depends on the preset
mechanical position of secondary in-
ject-retract switch 81 (C24) and the
angle of the primary reflector. When
the cam on the control switch plate
momentarily operates S1, secondary
inject relay K6 (C2B) is energized
and 3-phase power is applied to sec-
ondary actuator motor B2 (B34). The
energizing circuit to the coil of relay
K6 is from ground through S1B and
S1C of switch-indicator A4 (B6),
S1A and S1B of depressed switch-
indicator A3, connector P1-A (D23},
connector P2-5, and contacts 16 and
7 of deenergized primary down relay
K4 (B26) to the coil of K6. The —28-
volt power ig applied to K6 through
contacts 13 and 1 (C28) of deener-
gized secondary retract relay K3, con-
nector P1-15 (D32), secondary inject
safety switch 82, secondary inject
limit switch 81, connector P1-12, con-
nector P2-9 (C25), and momentarily
closed contacts of secondary inject-
retract switch S1. When contacts of
secondary inject-retract switch 81
open, after the ridge on the control
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switch plate has passed, relay K6 re-
mains energized due to its holding
contacts 14 and 4 (C26). With K6
energized, 3-phase ac voltage is sup-
plied to motor B2. Phase A is applied
through eonnector P1-J (A23), con-
nector P2-2, fuse F4, contacts 6 and
15 (B27) of energized relay K6, and
connectors P1-9 (B32), P4-A, and
P6-A to motor B2, Phase B is applied
through connector P1-H (AZ23), con-
nector P2-1, fugse F1 (A27), contacts
17 and 10 of energized relay X6, con-
tacts 2 and 8 (C29) of deenergized
secondary braking relay K1, and con-
nectors P1-10, P4-B, and P6-C to
motor B2. Phase C is applied through
connector P1-C (B23), connector P2-3
(B25), fuse F2, contacts 12 and 18
(C28) of energized relay K6, contacts
6 and 4 of deenergized relay K1
{C29), and connectors P1-11, P4-D,
and P6-D to motor B2, When see-
ondary inject relay K6 is energized,
its contacts 16 and 8 (C30) close to
apply a 150-volt de charging potential
from bridge rectifier CR1 (B31) to
charge capacitor C5A (C30). With
ac power applied, motor B2 rotates
and causes the secondary actuator to
begin injecting the secondary reflector
bars. Normally closed secondary in-
ject limit switch 81 (D33) is actuated
when the proper amount of injection
has oceurred. When switch S1 is ac-
tuated (opened), the —28-volt circuit
for the coil of relay K6 (C28) is
opened, and relay K6 deenergizes.
Action of K6 caunses phase A, phase
B, and phase C to be removed from
secondary actuator motor B2 when
contacts 15 and 6 (B26}, 17 and 10
(C28), and 18 and 12 of K6 open.
When K6 deenergizes while K3 is de-
energized, the 150-volt dc braking
voltage from bridge rectifier circuit
CR1 (B31) is applied to secondary
actuator motor B2. The load pre-
sented to CR1 by motor B2 causes the
braking voltage to reduce to 100 volis.
Application of the dc braking voltage
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(5)

alzo depends on the action of relay K1.
When K6 deenergizes, contacts 16 and
8 (C30) open, and contacts 16 and 7
close to disconnect the +150-volt dc
charging potential from capacitor
C5A and complete the discharge path
for C5A. Capacitor CBA discharges
through resistor R7, contacts 17 and
9 of deenergized K3, contacts 16 and
7 of deenergized K6, resistor R5, and
the coil of secondary braking relay
K1. The discharging of C5A through
K1 causes K1 to become energized and
to remain energized for approximately
400 milliseconds., While K1 is ener-
gized, its contacts 1 and 3 close to ap-
ply de braking voltage through con-
nector P6.C (C33) to one field winding
of B2, and contacts 4 and 5 close to ap-
ply the same voltage through connec-
tor P6-D to another field winding of
motor B2. Application of this dc
braking voltage acts as a dynamiec
brake and stops the motor almost in-
stantly, thus assuring that the sec-
ondary reflector will not coast. The
primary reflector, with the secondary
reflector completely injected, con-
tinues driving upward until a pri-
mary safety switech in the primary
actuator is actuated.

When ANTENNA UP switch-indica-
tor A3 (AG6) is depressed and held un-
til the primary reflector drives to its
upper limit, primary up safety switch
§2 (B34) in the primary actuator is
mechanically actuated. This safety
switch, a pressure-operated micro-
switch, opens the —28-volt circuit to
the coil of primary up relay K5 (B28)
causing K5 to deenergize. Prior to the
operation of primary safety switch
82, primary upper limit switch 33
(D24) operates. However, S8 has no
effect on the upper limit of reflector
travel even though it is operated by
the cam on the control switch plate in
the electro-mechanical control box.
This switch determines the upper
limit of reflector travel only when
switch-indicator A4 is in the DOWN
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dified Haniling
Authorized

(6)

CONFIDENTIAL

SCAN condition (automatic scan).
During manual scan, as contacts 12
and 18 (A26), 13 and 2 (A28), and
14 and 4 of Kb open, phase A, phase
B, and phase C are removed from pri-
mary actuator motor B3 (A34). In
addition, when contacts 15 and 6
(C31) of K5 open to remove the 150-
volt dc charging potential through
crystal diode CR2 and resistor R8 for
capacitor C5B, contacts 15 and & close
to complete the discharge path for
C5B. Capacitor C5B discharges
through R8, contacts 15 and 5 of de-
energized K5, contacts 13 and 1 of
deenergized primary down relay K4,
resistor R6, and the coil of primary
braking relay K2. The discharging of
C5B, through the coil of K2, causes K2
to become energized and to remain
energized for approximately 400 milli-
seconds. During the charging cycle,
CR2 enables C5B to charpge to a volt-
age level which insures the energiza-
tion of K2 during the discharge cycle.
When K2 is energized, contacts 2 and
3 (A29), and 4 and 5 are closed.
These contacts complete the 100-volt
de braking voltage circuit to two of
the field windings of B3. When this
voltage is applied across two wind-
ings, B3 stops almost instantly, thus
assuring that the primary reflector is
positioned at the same angle it is posi-
tioned when switch-indicator A3 is re-
leagsed. The difference between the
100-volt de braking voltage and the
150-volt de charging potential for
(5B is due to the loading characteris-
tics of the field windings of B3.

The primary reflector remains at its
upper limit until ELEVATION
FIXED -— DOWN SCAN switch-indi-
cator A4 on the LOPAR control-indi-
cator is depressed illuminating the
DOWN SCAN indicator. Depressing
switch-indicator A4 to illuminate the
DOWN SCAN indicator places the
electro-mechanical control system into
automatic scan with the following
results. A ground provided by switch-
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indicator A4 completes the energizing
path for primary down relay K4
{(B26)}. This circuit is applied from
ground through SIBR and S1C of
awitch-indicator A4, connector P1-B
{D28), normally closed contacts of
primary lower limit switch 82 (C24),
connector P2-10, and contacts 17 and
9 of deenergized primary up relay K5
to the coil of K4. From K4 the cir-
cuit is compileted through primary
down safety switch 81 (B34} to —28
volts at connector P2-6 {(B25). When
K4 is energized, 3-phase power is
applied to primary actuator motor B3
{A34). Phase A is applied from con-
nector P1-§ (A28) through connector
F2-2, fuse F4, contacts 12 and 18
{A26) of energized K4, and connector
P1-A (A33) to B3. Phase B is applied
from connector P1-H (AZ23) through
connector P2-1, fuse F1 (AZ27), con-
tacts 17 and 10 (A28) of energized
K4, contacts 6 and 4 (B29) of deener-
gized primary braking relay K2, and
connector P1-D (B33) to B3. Phase
C is applied from connector P1-.C
{B23} through connector P2-3 (B25),
fuse F2, contacts 4 and 14 (B26) of
energized K4, contacts 1 and 3 (A29)
of deenergized K2, and connector
P1-C (A33) to B3. With the 3-phase
voltage applied to B3 by contacts of
K4 the primary reflector begins driv-
ing downward (decreasing elevation}.
At a preset elevation angle, secondary
inject-retract switeh 31 (C24) is
actuated by the upward moving con-
trol switch plate. With 51 momen-
tarily actuated, the energizing circuit
i3 completed to the coil of secondary
retract relay K8 (C27)., This circuit
is completed through normally closed
contacts of secondary retract limit
switch 84 (C34) and secondary re-
tract safety sawitch 53, contacis 1 and
13 of deenergized secondary inject re-
lay K6 (C28), the coil of K3, contacts
17 and 9 (B25) of deenergized primary
up relay K5, normally closed contacts
of primary lower limit switch 852
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{C24), and contacts of S1B and S1C
in switch-indicator A4 (B6). When the
control switch plate passes S1 {C24},
relay K3 (C27) is kept energized by
its holding contaets 18 and 12 {C25).
With K8 energized, 3-phase power is
applied to secondary actuator moter
B2 (C34). Phase A is applied from
connector P1-J (A23) through con-
nector P2-2, fuse F4, contacts 8 and
16 {B27) of energized X3, and con-
nector P6-A (B33) to B2. Phase B
is applied from connector P1-H {A23)
through connector P2-1, fuse F1, con-
tacts 15 and 6 (B28) of energized K3,
contacts 6 and 4 {C29) of deenergized
secondary braking relay K1, and con-
nector P8-D (C33) to B2. Phase C
is applied from connector P1-C (B23)
through comnector P2-3 (B25), fuse
F2, contacts 4 and 14 (C28) of ener-
gized K3, contacts 2 and 8 (C29) of
deenergized K1, and connector P6-C
((33) to B2. The secondary reflector
retracts until secondary retract limit
switch S84 (C34) is actuated.
Secondary retract limit switch 84 is
actuated when the secondary reflector
is completely retracted. When actu-
ated, 84 opens and causes —28-volts
to be removed from the coil of second-
ary retract relay K38 (C27). With K3
deenergized, 3-phase power is re-
moved from secondary actuator motor
B2 (C34). In addition, contacts 9 and
17 (030} of deenergized relay K3,
and contacts 16 and 7 of deenergized
gecondary inject relay K6 complete a
discharge path for capacitor C5A to
energize secondary braking relay K1.
Energized K1 applies a de braking
voliage to B2. This voltage circuit,
completed by contacts of K1, is dis-
cussed in {4} above.

When the primary reflector reaches
a lower preset elevation angle, the
ridge on the control switch plate ac-
tuates primary lower limit switch S2
(C24) in the electro-mechanical con-
trol box. When normally closed 52
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opens, the ground from switch-indi-
cator A4 (B86) is removed from pri-
mary down relay K4 (B26). When
K4 is deenergized, power is removed
from primary actuator motor B3
(A34) by the energizing of primary
braking relay K2 (C21) for a brief
moment. When the normally open
contacts of 82 (C24)} close, primary
up relay K5 (B28) is energized. With
K5 energized, phase B and phase C
voltages applied to B3 are inter-
changed. Phase B is applied through
fuse F1 (A27), contacts 13 and 2
(A28) of energized K5, and contacts
1 and 3 {A29) of deenergized K2 to
connector P1-C {AS33). Phase C is
applied through fuse ¥2 (B25), con-
tacts 4 and 14 (B28} of energized K5,
and contacts 6 and 4 {B29) of deener-
gized K2 to connector P1-D (B33).
This phase reversal causes B3 f{o re-
verse its direction of rotation, and
the primary reflector begins to travel
upward {increasing elevation angle).
As g result, the control switch plate
moves downward and returns S2
{C24) to & normally closed position.
Relay K5 remains energized at this
time through primary upper limit
switch 83 {(D24) and holding contacts
16 and 8 (C25) of energized K5. The
primary reflector continues to travel
upward, and the secondary bars are
injected at a preset elevation angle of
the primary reflector. Injection of the
secondary reffector is given in {4)
above. The primary reflector travels
upward until the ridge on the control
switch plate actuates primary upper
limit switch 83 (D24) in the electro-

CONFIDENTIAL - *

dified Handling
Authorized

(10)

gized and apply a dc braking voltage
to B3. When K4 is energized, the 3-
phase voltage for B3 is transposed,
and B3 reverses direction, causing the
primary reflector to travel downward.
This automatic scanning process con-
tinues until switch-indicator A4 is
again  depressed, illuminating the
ELEVATION FIXED indicator.

If primary lower limit switch $2
{C24) {fails to operate, the primary
reflector eontinues to be driven down-
ward until primary down safety
switch S1 (B34} in the primary actu-
ator is mechanically actuated. This
switch insures that primary down re-
lay K4 ig deenergized when the pri-
mary reflector reaches 0 degrees and
the primary reflector travel is
stopped. If 82 is actuated and becomes
jammed in the operated position, the
electro-mechanical control system
functions the same as when AN-
TENNA UP switch-indicator A3
{AB) is depressed and held. Thus, a
ground is applied from connector P1-B
{D23) through S2 to connector P2-5
(B25)}. This condition causes the pri-
mary reflector to elevate until pri-
mary up safety switeh S2 (B34) in
the primary actuator is operated. Con-
sequently, primary up relay K& (B28)
becomes deenergized, K4 (B26) re-
mains deenergized, and primary actu-
ator motor B3 (A34) stops. As a re-
sult, the primary reflector remains at
maximum elevation.

30 {U). Antenna Drive Circuits

¢. The antenna drive circuits (fig. 5) pro-

mechanical control box. When S3 is
actuated, the —28-volt circuit for K5
{B28) is opened, causing K5 to become
deenergized. Contacts 17 and 9 (B25)
of deenergized K5 complete the ener-
gizing circuit for K4 (B26), causing
K4 to become energized. For a brief
period hefore K4 is energized, con-
tacts 15 and & (C31) of deenergized
K5 allow K2 (C81) to become ener-
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vide the motor power to rotate the antenna at
selected speeds of 5, 10, and 15 rpm. These
circuits consist of the components discuased
in (1) through (4) below.
{1} The motor speed control panel (fig.
5) contains three power relays to se-
lect three rates of rotation.
{2) The acquisition slip rings (fig. 5)
provide electrical connections between
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the stationary acquisition antenna
pedestal and the rotating acquisition
antenna.

{3} Acquigition azimuth drive motor Bl
{fig. 5) rotates the aecguisition an-
tenna at one of three speeds. This
motor containg three separate sets of
field windings, one set for each speed.
Mechanical coupling is provided by a
series of gears between the drive
motor and the acquisition antenna.

(4} Acquisition azimuth resolver B2 (fig.
B} is also mechanieally coupled to
acquisition azimuth drive motor Bl.
Asg the antenna rotates, the output of
B2 is used in developing sweep posi-
tioning voltages for the aequisition
presentation system {fiz. 1} when
the LOPAR system is selected.

Note. The grid zone references shown in parentheses
in b through d below refer to figure 38, TM 9-1430-
254-20/86.

b. The antenna drive circuifs receive 8-
phase, 400-eycle excitation voltage through
MAIN POWER switch S4 (B8), PRESENTA-
TION POWER switch 85, and BARBETT AC
POWER switch 86 on the acguisition power
control panel. With any one of the 5 RPM Al9,
10 RPM All, 15 RPM A1l2 switch-indicators
on the LOPAR auxiliary control-indicator (D1}
depressed, and with both ANTENNA DIS-
ABLE switeh 81 (C13) and azimuth drive
interlock switch S4 {(Cl4) on the acquisition
antenna pedestal in the closed position, associ-
ated 5 rpm relay K1, 10 rpm relay X2, or 15
rpm relay K3 in the relay assembly (Cl14)
{motor speed control panel) energizes. Since
the relay circuits and switch-indicator battery
circuits permit only one relay to cperate at a
time, only the relay associated with the speed
selected can be energized. When the selected
relay is energized, 3-phase power is applied to
the appropriate field windings, and motor Bl
rotates the antenna at the designated speed,

¢. ANTENNA DISABLE switch S1 (C13)
provides local control at the antenna pedestal
for disabling the speed control relays while
work is being performed on the antenna. In
series with this switch, i3 azimuth drive inter-
lock switch S84 (Cl14) which also disables the

Modified Handling
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speed control relays, Switch 84 operates when
the relay assembly (Ci4) is opened. The azi-
muth erientation indicater (C16), mechanically
coupled to acquisition azimuth drive motor Bl,
indicates locally the azimuth position of the
beam axis radiated by the acquisition antenna.
This azimuth position is also electrically trans-
mitted to the sweep circuits by acquisition azi-
muth resolver B2 (B18).

d. Switch-indicators A10 {(AZ2), All, and
Al2, contain holding coils so that when a
switch-indicator is depressed the circuif con-
nections will be held until another speed is
selected or LOPAR ANTENNA RQOTATION
OFF switch-indicator AS is depressed. To ex-
plain the operation of the rotation control
cirenits assume 5 RPM switch-indicator A10
iz depressed. Contacts S1D-NC of switch-in-
dicator A10 breaks any ground path fo the
holding coils of switeh-indicator Al or Al2,
causes switch-indicator Al10 to iluminate
{green), energizes holding coil L1 of switch-
indicator A10, and energizes 5 RPM relay K1
{B15) of the relay assembly. The holding coil
holds the contacts of switch-indicator AlG in
the condition selected. Contacts of energized
relay X5 perform switching to deenergize any
other speed control relay that may be ener-
gized and to apply 3-phase power to acquisi-
tion azimuth drive motor Bl (B16}. Contacts
S1B-NC (B2) opens the circuit to extinguish
the white indicators of switch-indicator Al0
and completes the circuit to energize antenna
rotation relay K2 (B2). Contacts 1, 2, and 6 of
K2 switch to change the illumination of switch-
indicator A9 from amber to white. Contacts
S1A-NO of awitch-indicator A9 are part of a
squelch circuit which squelches the PPI presen-
tation when the antenna is not rotating. If
switch-indicator A1l or Al2 is now depressed,
the holding coil of switch-indicator Al0 is de-
energized and the switches of the depressed
switch-indicator perform switching similar to
that of switch-indicator Al0. Depressing
LOPAR ANTENNA ROTATION OFF switch-
indicator A9 breaks the cireuit for any ener-
gized holding coil, antenna rotation relay X2
(A2}, and any energized motor control relay
on the relay assembly (C15) will be deener-
gized to stop antenna rotation.

™ 9-1430-250-20/11
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CHAPTER 7 {CMHA)
RECEIVING SYSTEM

Section | (CMHA). GENERAL

31 (CMHA). Purpose

a. The receiver circuits amplify and convert
low-level S-band (3100 to 3500 megacycles)
RF energy, supplied by the acquisition antenna
system to video signals. These video signals
are applied through the moving target indiea-
tor (MT1I) system to the presentation system.

b. Through the use of two similar reeceiving
channels, the main receiving channel (par.
33} and the auxiliary receiving channel (par.
45}, three modes of operation are available in
the receiver circuits; basic receiver, anti-iam
display (AJD) receiver, and jam strobe (JS)
only receiver. The basic receiver mode of
operation is used, when no electronic counter-
measures (ECM) environment exists, to am-
plify and convert reflected RF echoes from the
main acquisition antenna to target video sig-
nals for presentation on the PPI's. For oper-
ation in ECM environments, either the AJD
or JS only receiver mode is used. In the AJD
mode, RF energy from both the main and
auxiliary acquisition antennas is utilized to
provide target and JS video to the PPI’'s. The
BF echoes and jamming signals from the main
antenna are processed through the main re-
ceiving channel and, at the same time, jam-
ming signals from the auxiliary antenna are
processed through the auxiliary receiving
channel. Because the auxiliary antenna is
omni-directional, and has & larger coverage
pattern than any of the side lobes from the
main antenna, the output from the auxiliary
receiving channel is greater than that from
the main channel at all azimuths except that
of the main lobe of the main antenna. The
output from the auxiliary channel is compared
with the output from the main channel and
at all azimuths except that of the main lobe,
the Iarger output from the auxiliary channel
effectively cancels the output from the main
channel., In this manner, RF echoes from non-
jamming targets are converted to video sig-
nals for conventional display on the PPI’s,

while RF echoes and jamming signals from
jamming targets are converted to video sig-
nals for display as JS video, at all azimuths
where the major lobe of the main antenna en-
counters a jamming signal. In the JS only re-
ceiver mode of operation, operation of the re-
ceiver circuits is essentiglly the same as that
for the AJD mode; however, only JS video is
applied to the PPI's.

32 {U). Block Diagram Analysis

a. General. The receiving ecircuits {fig. 19}
are comprised of five groups of equipment lo-
cated in two different areas of the NIKE-
HERCULES Anti-Tactical Ballistic Missile
(ATBM} system. The groups are the acqui-
gition antenna system and acquisition re-
ceiver-transmitter group, located in the LO-
PAR antenna-receiver-transmitter group; and
the battery control consocle, auxiliary aequisi-
tion intercomnecting group, and the director
station group, located in the trailer mounted
director station. The portion of the receiver
circuits located in the acquisition antenna sys-
tem and the acquisition receiver-transmitter
group have two parallel channels, main and
auxiliary, that operate in a similar manner to
provide three 80-megacycle IF outputs to the
receiver circuits in the auxiliary acquisition
interconnecting group. These three outputs are
processed through the interconnecting group
and the director station group to provide video
output signals corresponding to the selected
receiver mode; i.e., basic receiver, anti-jarm dis-
play (AJD) receiver, or jam strobe {JS) only
receiver. Operation of the receiving circuiis
in each of the three modes of operation is dis-
cussed in b through d below.

b. Buasic Receiver.

{1) In the bagsic receiver mode of opera-
ation only the main receiving chan-
nel is used. The R¥ echoes are re-
ceived by the acquisition antenna and
applied to the acquisition duplexer.
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The acquisition duplexer functions as
an electrenic switch to allow received
echoes to pass but prevents trans-
mitted RF pulses from entering the
receiver circuits. Received echoes
from the duplexer are applied through
the main noise generator (used to test
receiver performance) to the main
magnetic circuit located in the aequi-
sition  receiver-transmitter group.
The magnetic circuit encases a micro-
wave RF amplifier consisting of a
fraveling-wave tube, Control of the
de grid voltages used by the traveling-
wave tube, and monitoring of grid
current and grid voltage is provided
by the acquisition RF power supply
contrel. The amplified RF output of
the main magnetic ecircuit is applied
fo the receiver-tuner. The receiver-
tuner contains two nonamplifying
tuned RF stages (preselectors), one
for the main channel and one for the
auxiliary channel. The receiver-tuner
also contains a loecal oscillator and a
tuning drive motor that are mechan-
ieally coupled to the main and auxil-
iary preselectors by a gear train,
thereby providing auxiliary and main
channel frequencies that are tuned in
unison. The AFC circuits function as
a servo loop to automatically adjust
the receiver-tuner in step with
changes in the acquisition transmitter
frequency, The outputs of the re-
ceiver-tuner are described in (o)
through (¢} below.

{a) The amplified RF echoes received

from the magnetic circuit are at-
tenuated by the preselector in the
receiver-tuner o remove noise and
unwanted frequencies and then ap-
plied to the main signal frequency
converter.

(b) The local oscillator output fre-

quency is applied to the main signal
frequency converter.

(¢} A sample of the local oscillator out-

put is applied to the automatic fre-
quency contrel (AFC) eircuits
{par. 54).

CONFIDENTIAL -
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The attenuated RF echoes from the
preselector and the local osecillator
frequency, both from the receiver-
tuner, are heterodyned in the main
gignal frequency converter to produce
a 60-mepacycle IF signal which is
applied te the main IF pre amplifier,
The main IF pre amplifier provides
two stages of 60-megacycle amplifi-
cation. This amplifier produces suffi-
cient output to overcome transmission
line losses and still provide a high
signal-to-noise ratioc at the load. The
amplifier has two outputs. One out-
put is applied to the main electronic
frequency converter in the auxiliary
acquisition interconnecting group, but
this is not a signal flow path when the
basic receiver mode is selected. The
second output from the main IF pre
ampiifier is the main normal IF and
is applied through normal IF select
relay K2 to the acquisition IF pre
amplifier. In the bagic receiver mode
of operation, the auxiliary receiving
channel operates in a manner similar
to that described above for the main
channel. However, the oufput from
the auxiliary IF pre amplifier is not
used except during test purposes when
normal IF select relay K2 applies aux-
ihary normal IF instead of the main
normal IF to the acquisition IF pre
amplifier.

The gain of the acquisition IF pre
amplifier is controlled by the sensi-
tivity time control (STC) or the man-
ual gain control located in the battery
control console. The normal IF signal
from the pre amplifier iz applied
through attenuator Z2 which provides
a match to the signal cable impedance
to IT select relay K1. In the basic re-
ceiver mode of operation the normal
IF signal is applied through K1 and
the IF filter to impedance matching
network Z62. From Z62 the IF sig-
nal is applied to the main acquisition
IF amplifier. One video output from
the main aecquisition IF amplifier
{pre-MTI video) is applied to the MTI
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circuits. The remaining output (by-
pass video) is applied to the fast
AGQC amplifier where an AGC control
voltage is developed to control the
gain of the main acquigition IF ampli-
fier. The AGC voltage can either be a
fixed value or a gated fast AGC volt-
age. The fast AGC amplifier reduces
the effect of CW jamming signals
through fast time constant circuits de-
scribed in paragraph 53. The fast
AGC amplifier also applies the bypass
video signal and two gate pulses to
the MTI circuits.

¢, AJD Receiver.
(1) The AJD receiver mode of operation

utilizes bhoth the main and auxiliary
receiver channels. The main IF pre
amplifier applies 60-mc IF signals to
the main electronic frequency con-
verter. The main electronic frequency
converter supphlies a dicke-fix IF input
to the wide-band IF amplifier. The
dicke-fix circuits consisting of two
identical wide-band amplifiers, a fixed
attenuator, IF filter, main acquisition
IF amplifier, and a fast AGC ampli-
fier, provide circuitry to reduce the
effects of strong transmission jam-
ming signals. The two wide-band am-
plifiers provide amplification and
limiting of the dicke-fix IF. The out-
put of the wide-band IF amplifier is
applied to a fixed attenuator, through
energized IF select relay K1, the IF
filter, and network 762, to the main
acquisition IF amplifier. The IF se-
lect relay K1 is energized when the
AJD mode of operation is selected.
The use of a fixed attenuator at the
output of the wide-band IF amplifier
reduces the amplitude of the dicke-fix
IF input to the main acquisition IF
amplifier, thereby providing the same
AGC level for both normal and dicke-
fix IF inputs. The signal output from
the wide-band amplifier is increased
at the expense of the noise pulses.
This action is due to the relative non-
uniformity of the power density
(noise hbeing broadband) over the

difted Handling
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bandwidth of the amplifier. The main
acquisition IF amplifier is a narrow-
band IF amplifier. The narrow band-
pass provides a correction factor for
the wide-band amplifier signal input.
Detection circuits within the main ac-
quisition IF amplifier provide bypass
video, applied to the fast AGC ampli-
fier (par. 53) and pre-MTI video ap-
plied to the MTI circuits {(par. 59}.
An AGC bias input from the fast AGC
amplifier provides gain control feed-
back.

An additional output from the main
alectronic frequency converter is a
main IF signal that has been shifted
in frequency from 60 to 48 mega-
¢ycles. This 48-megacycle IF signal
is applied through the main IF filter
to the IF coupler where it is com-
bined with the 52-megacycle auxiliary
IF output of the auxiliary channel.
The operation of the auxiliary receiv-
ing channel is identical to that of the
main receiving channel up to the aux-
iliary IF pre amplifier, except that no
duplexer is required because the aux-
iliary antenna is used only for receiv-
ing. The 60-megacycle auxiliary IF
output from the auxiliary IF pre am-
plifier is applied to the auxiliary elec~
tronic frequency converter. The aux-
iliary converter operates similar to
the main converter ; however, the shift
in frequency is from 60 to 52 mega-
cycles, The 52-megacycle IF signal is
applied from the auxiliary converter
through the auxiliary IF filter to the
IF coupler. The 48-megacycle IF sig-
nal from the main IF filter and the
52-megacycle IF signal from the aux-
iliary IF filter are combined in the IF
coupler to form a composite IF sig-
nal. The output from the IF coupler
is applied to two amplifier and limiter
stages. The two identical amplifier
and limiter units are used in cascade
to provide the desired results of pro-
ducing only one effective output, that
being of the stronger signal. The
process of producing an output at the
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stronger signal is known as stronger-
signal FM capture. The stronger sig-
nal, either the 48-megacycle IF from
the main channel, or the 52-megacycle
IF from the auxiliary channel, is ap-
plied to the electronic frequency dis-
criminator. The receiver gain has
been set so that the stronger signal
will be that of the main acquisition
antenna at its major lobe,

{3) The electronic frequency discrimina-
tor is a dual channel discriminator.
The diseriminator will accept either
a 48-megacycle or a 52-megacycle in-
put from the amplifier-limiter. The
discriminator will only produce a
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video output (JS video) when the 48-

megacycle input is the stronger. The

J8 video from the electroniec fre-

quency discriminator is applied to the

MTI circuit where it is mixed with

the video from the dicke-fix eircuits.

d. JS Only Receiver. When the JS only re-

ceiver mode of operation is selected, receiver

operation is the same as with the AJD receiver

mode of operation. Both JS video from the elec-

tronic frequency diseriminator and dicke-fix

video from the dicke-fix circuits are applied to

the MTI circuits; however, the two video sig-

nals are not mixed as in AJD receiver mode.

Only the JS video is applied from the MTI
circuits to the presentation system.

Section Il (CMHA). MAIN ACQUISITION-RECEIVER CIRCUITS

33 (U). Purpose

a. The main receiver circuitz amplify and
convert the low-level RF echoes received by the
acquisition antenna system into video signals.
When jamming signals are present, the dicke-
fix circuits can be used with the main receiver
circuits to permit a better display of target
information. A fast reacting automatic gain
control (FAGC) is used with the dicke-fix cir-
cuits to compensate for rapid changes in signal
level that are associated with certain types of
jamming. The main receiver circuits will pro-
vide, in addition to the normal IF, a converted
main IF for strobe generation in association
with the auxiliary receiver ecircuits.

b. The main receiver circuits (fig. 19) con-
gist of the acquisition antenna, acquisition du-
plexer, noise generator, main magnetic circuit,
acquisition RF power supply control, receiver-
tuner, main signal frequency converter, main
IF pre amplifier, acquisition IF pre amplifier,
sensitivity time control (STC), IF filter, and
main acquisition IF amplifier. When the dicke-
fix mode of operation is used, the main elec-
tronic frequency converter, two wide-band IF
amplifiers, and the fixed IF attenuator are
switched into the main receiver circuits.

34 (U). Acquisition Antenna System

a. The acquisition antenna system (fig. 5)
conveys, radiates, and beams acquisition trans-
mitter output RF pulses. During receiving

intervals between transmitter pulses, the same
gystem receives, beams, and conveys received
RF to the aequisition receiver circuits.

b. During receiving intervals, the aequisi-
tion antenna receives and beams the received
RF into the antenna pillbox (3, fig. 13). From
the pillbox, the RF signals are conveyed
through the rotary coupler (fiz. 10) in the
waveguide circuits to the acquisition duplexer
(fig. 6), which terminates the acquisition an-
tenna system. The duplexer acts as an elec-
tronic switch, short-circuiting receiver input
during transmitting periods and blocking the
transmitter during receiving periods. TR tube
V4 (fig. 26, B14, TM 9-1430-254-20/6), prevents
the passage of transmitted pulses to the re-
ceiver circuits. ATR tubes V2 and V3 prevent
the passage of received RF signals to magne-
tron V1. Received RF signals passed by V4 are
transferred through a noise generator {(par.
43) to the magnetic circuit. When deenergized,
the noise generator has no effect on the passage
of signals.

35 (V). Main Magnetic Circuit

a. The magnetic circuit is an RF amplifier
of microwave frequencies received from the
acquizition duplexer. Amplification is pro-
vided by a traveling-wave tube enclosed by a
magnefic circuit. The main channel! magnetic
circuit is identical in operation to the mag-
netic circuit used in the auxiliary channel. Be-
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cause amplification is provided ahead of the
receiver-tuner, sensitivity of the receiving cir-
cuits is eonsiderably improved.

b. The functional parts of the magnetic cir-
cuit {(fig. 20) are a magnetic focusing field,
a traveling-wave tube, two coupling cavities
with external coaxial cables, and two position-
ing screws. The magnetic focusing field is pro-
duced by permanent magnetic materials. This
field encompasses the helix of the traveling-
wave tube and focuses the electron stream into
a narrow beam. The magnetic circuit used in
this way insures a linear beam width over the
entire beam length. The traveling-wave tube
{fiz. 20) is a medium-gain, low-noise electron
tube consisting of an electron gun (analogous
to those of cathode-ray tubes), a helix (a long,
narrow, helically wound coil), and a collector.
The traveling-wave tube design permits high
frequency signal amplification with low noise
level.

Note. The grid zone references shown in parentheses
in ¢ through e below refer to figure 26, TM 5-1430-
264-20/8.

¢. Input signals from the acquisition du-
plexer (B14) are applied through the noise
generator to the input cavity in the main
magnetic circuit (B21). From the input cav-
ity, signals are inductively coupled to the helix

VERTICAL
POSITIONING SCREW

“I” INPUT CAVITY

3
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which encircles the beam of electrons from the
electron gun. Because of this encirclement, the
axis of the helix is superimposed on the axis
of the electron beam. The induced signal travels
along the helix toward the collector. The sig-
nal flow initiates an eleetrie field in the form
of a traveling wave that iz propagated along
the helix at nearly the same velocity as the
electron beam. The traveling wave modulates
the electron beam and sinee the beam is in
motion, energy is imparted to the original
helix signal. Interaction between the helix
fields and the electron beam continues as the
signal currents travel the length of the helix.
The wave is amplified as it moves toward the
collector. The amplified signals are inductively
coupled out of the output cavity and applied
through a coaxial cable to the waveguide of
the receiver-tuner {D25).

d. Micrometer positioning screws at one end
of the magnetic cireuit support the electron
gun of traveling-wave tube V6, and allow the
tube to be mechanically adjusted over a small
arc for precise centering of the beam and the
helix axes with the axis of the magnetic cir-
cuits. The proper alinement between the helix
and the magnetic axes is indicated by minimum
helix current on MAIN-HEL CUR meter M2
(C'7) on the acquisition RF power supply con-

HIGH VACUUM
GLASS TUBE

QUTPUT CAVITY

ELECTRON HELIX

GUN

— 3

MAGNETIC COLLECTOR
FOCUSING FIELD

(MAGNETIC CIRCUIT)

RA PD 46678!

Figure 20 (U }. Traveling-wave tube—functional diagram (U).
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trol while the positioning screws are being
turned. For maximum amplification, the veloc-
ity of the electron beam must be slightly faster
than the axial propagation of the signal wave.
Beam velocity is controlled by proper adjust-
ment of the helix voltage.

e. Optimum operation of the traveling.wave
tube is insured by well-regulated and adjust-
able voltages for each of the eight tube ele-
ments. The elements of V6 (B22) are the fila-
ment (heater), RF (beam-forming) cathode,
accelerating anodes G1 through G4, helix (field
amplifier), and plate {collector}. The element
voltages are supplied and controlled by the
acquisition RF' power supply contro] {par. 44}.

36 (CMHA). Receiver-Tuner

a. The receiver-tuner (fig. 19) consists of
a nonamplifying tuned RF stage for the main
channel and one for the auxiliary channel,
with a tunable generator that produces an RF
carrier of 3160 to 3560 megacycles,

b. The receiver-tuner consists of a main and
auxiliary preselector {(fig. 21}, a local oscillator
(fig. 22}, a tuning motor, and associated equip-
ment. The functional operation of the auxil-
iary preselector is identical to that of the main
preselector,

Note. The grid zone references shown in parentheses
in ¢ below refer to figure 26, TM 9-1430-254-20/6, un-
less otherwise indicated.

¢. Amplified RF echoes from the magnatic
circuit (B22) are received by the preselector,
a short section of waveguide containing an
adjustable coaxial cavity (3, fig. 21). This
preselector cavity is a resonant cylindrical
(coaxial) cavity that attenuates all signals ex-
cept the RF signals at the transmifter oper-
ating frequencies. As a result, the preselector
improves the selectivity of the receiving cir-
cuits. From the preselector, the selected sig-
nals are coupled through a section of waveguide
to the signal frequency converter. The local
ogcillator (fig. 22) ia a coaxial cavity, contain-
ing local oscillator V5 (reflex klystron} (2, fig.
22}, Local oscillator V5 and its tank circuit
formed by the cavity produce continuous oscilla-
tions at a frequency determined by the setting
of cavity resonance and the voltage on the re-
peller (6, fig. 22) of V5. The tuning of this
cavity is accomplished by mechanically vary-
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RF FROM
MAGNETIC
ClR/CUlT

-~

TO SIGNAL
FREQUENCY
CONVERTOR

. ORD G2598997

5~-Coupling post
6—Tuning plunger
7—-Tuning shaft

1—Cavity outer conduetor
2—Cavity inner conductor
3—Coaxial cavity
4—Coupling windows

Figure 21 (U). Preselector—simplified structural
view {U).

ing tuning plunger (7, fig. 22) which is elec-
trically alined with the tuning plunger (6, fig,
21) of the preselector cavity, so that the os-
cillation frequency of V5 is always 60 mega-
cycles above the transmitter f{requency. The
tuning of these cavities and the setting of re-
peller plate variable resistor R32 (B28) are
controlled by mechanical coupling to motor
generator B3 (B25). This motor automatically
varies the operating frequency of these sub-
assemblies in the receiver-tuner whenever con-
trol voltages are supplied to its windings from
the AFC circuits. From pickup loop (3,
fig. 22) within the loeal oscillator cavity, an
output is supplied to the main and auxiliary
gignal frequency converters. Also, a second
output from another pickup loop through con-
nector J11 (11, fig. 22) supplies a sample of
the oscillator frequency to the AFC frequency
converter (par. 56).
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QUTPUT TO
AUXILIARY
SIGNAL
FREQUENCY
CONVERTER

OUTPUT YO
AFC FREQUENCY
CONVERTER

1—Connector J43

2-—Local oscillator V5 {klystron)
3—Pickup loop

4—Connector J18

5—~Coaxial cavity

§—Repeller voltage contact
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4
MAIN SIGNAL
FREQUENCY
CONVERTER
8
6
" 7
el
N 8
§ 9
10
ORD 687639

T—Tuning plunger

§—Flexible lead

9-—Tuning shaft
10—Repeller voltage flexible conductor
11—Connector J11

Figure 22 (U). Local oscillator——functional diagram ().

37 (CMHA). Main Signal Frequency
Converter

&. The main signal frequency converter (fig.
19) combines two frequencies by hsterodyne
action to produce a third frequency. The auxil-
iary signal frequency converter is identical in
function to the main signal frequency con-
verter,

Note. The grid zone references shown in parentheses
in b and ¢ below refer to figure 26, TM 8-1430.254.20/86,
uniess otherwise indicated.

b. The main signal frequency converter
(C27) receives selected RF signals and a
steady carrier of continuous waves {(CW) from
the local oscillator. The RF signals have a
frequency in the 3100- to 3500-megacycle band,
while the CW carrier has a frequency 60 mega-
cycles higher in the 3160- to 3560-megacycle
band. The two input signals are applied across
erystal diode CR2 where heterodyning occurs.
From this action a 60-megacycle IF is pro-
duced. Crystal diode CR2 detects this lower
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or difference frequency and applies the new
frequency as an IF signal to the main IF pre
amplifier.

¢. The signal frequency converter (fig. 23)
is a closed-end section of waveguide attached
to the output waveguide of the preselector
{par. 36) in the receiver-tuner. The converter
waveguide contains the elements necessary for
mixing the loeal oscillator carrier with the RF
signals from the preselector and extracting the
60-megacycle IF signal (difference frequency).
The local oscillator aignal is introduced at con-
nector J31 (D27) which connects to an ele-
ment electrically coaxial in construction. The
coupling loop portion of this element functions
as a directional coupler. The RF signals enter
the converter waveguide through a coupling
iris (3, fig. 23). Signal mixing is accomplished
at the mixer loop (13, fig. 23). This loop is
terminated at one end in the crystal holder for
erystal diode CR2 (12, fig. 23}, The difference
frequency appears at the other end of the mixer
loop at connector J32 (C27). The RF filter
(10, figz. 23) around the output connector is
a powdered-iron sleeve functioning as a vari-
able impedance. This filter allows only the
frequencies of the IF band to pass to connector
Jd32. The tuning plunger (6, fig. 23) attached
to a resistance card attenuator (11, fig. 23) is
a tuning aid used during the preselector ad-
justments. When the plunger is depressed, the
card moves into the converter waveguide and
absorbs power. In this manner, the preselector
is coupled to a more resistive impedance and
can be accurately adjusted over the entire fre-
quency bandwidth.

38 (CMHA). Main IF Pre Amplifier

@. The main IF pre amplifier (fig. 19) am-
plifies the 60-megacycle IF output from the
main signal frequency converter.

Note. The grid zone references shown in parentheses
in b below refer to figure 26, TM 9-1430-254-20/6.

b. The main IF pre amplifier (C29) con-
sists of two grounded grid amplifier atages, V1
and V2, providing less feedback capacitance
and thereby reducing the possibility of oscilla-
tions at the high IF frequency of 60 mega-
cycles, The LC fiter network at V1 prevents
the input pulses from entering the current path
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SIGNAL INPUT FROM
LOCAL OSCILLATOR V5

IF QUTPUT TO MAIN
CR AUXILIARY IF PRE
AMPLIFIER

CRD GB7640

Local oscillator coupling loop

RF signal input from receiver-tuner

Iris (coupling aperture}

Preselector mounting flange

Waveguide mounting flange

Tuning plunger

Loop terminating impedance

goorgl)ector J31 (441 econnector on AUX SIG FRE

Connector J32 (J42 on AUX SIG FRE CON)
RF filter

Resistance card attenuator

gr I.:}t;;l diode CR2 holder (CR3 on AUX 531G FRE
Mixer loop

Co-~1onon oo

ot o et
[y Ta

—
[~

Figure 28 (U). Signal frequency converier—
simplified structural view (U).

of erystal diode CR2 in the main signal fre-
quency converter, The output at connector
J2 (C30) is at full gain while the output at
connector J3 is 20db below the full gain out-
put. The normal (attenuated) output at con-
nector J3 is applied to normal IF select relay
K2 (B44). The output at connector J2 is
fed to the main electronic frequency con-
verter (A50) to be used as IF for the dicke-fix
channel, described in paragraph 41.
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¢. In certain selected systems, connector J2
provides the only IF output from the main IF
pre amplifier. The IF output from J2 (C30.1,
fig. 26, TM 9-1430-254-20/6) is applied to the
amplifier relay assembly and to the main

Authorizad

electronic frequency converter (A50). Resis-
tors R8 and R5 {C30.2) within the amplifier
relay assembly provide an attenuated (mor-
mal) input to normal IF select relay K2,
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39 (CMHA). Acquisition IF Pre Amplifier

Note. The grid zone references shown in parentheses
in @ and b below refer to figure 26, TM 0-1430-254-20/6.

a. The IF input signal from normal IF se-
lect relay K2 is applied to the acquisition IF
pre amplifier (A45). The signal selected by
relay K2 is the main IF (normal) during the
normal mode of operation and auxiliary IF
(normal)} during testing of the auxiliary chan-
nel (par. 46). The acquisition IF pre amplifier
consists of a series of tuned IF amplifiers.

b. 'The first IF amplifier stage consists of
V1 and V2 (A45) connected in a tuned cascode
circuit to provide high gain and low noise.
The amplifier stages consisting of V3, V4, and
V5 provide tuned amplification of the 60-
megacycle signal. Amplifier stages V3, V4,
and V5 are supplied a gain bias from STC
(par. 42} circuits through IF GAIN switch
83 (D47) in the NOR position. The IF GAIN-
INCR variable resistor R8 (C47) provides a
variable bias when IF GAIN switeh 53 is set
to the LOC position. The acquisition IF pre
amplifier output at connector J1 (A47) is
applied to attenuator Z2. Attenuator ZZ2 pro-
vides an impedance match between connecting
cables, The output from attenuator Z2 is ap-
plied through IF select relay K1 (B80) a nar-
row-bangd IF filter, and impedance maiching
network Z62 {A82) without attenuation to the
main acquisition IF amplifier {(B81). The IF
select relay K1 (B80) selects the normal IF
signal from the aequisition IF amplifier in the
deenergized state and terminates the dicke-fix
IF (par. bic).

40 {CMHA). Main Acquisition IF Amplifier

a. The main acquisition IF amplifier (fig.
19} converts 60-megacycle signal pulses into
video signals for the MTI circuits.

Note. The grid zone references shown in parentheses
in b below refer to figure 26, TM 9-1430-254-20/6.

b. The main acquisition IF amplifier {D82)
receives IF signal pulses from the IF filter
through Z62. These signals are amplified by
six stages of voltage amplification provided
by IF amplifiers V1 through V6. From V§,
the signal is further amplified by high gain
IF power amplifier V7. The output of V7 is
coupled through transformer T8 to video am-

Modified Handling
Authorized

plifier V8 Diode CR2 provides deteetion of
the 60-megacycle IF and applies the detected
signal to video amplifier V8. Video amplifier
V8 supplies two video outputs for the MTI
cireuits (par. 61). Although both output video
signals consist of approximately 1-microsecond
pulses, the bypass video is negative, while the
MTI videc is positive. Bypass video is applied
to the fast AGC amplifier and MTI video is
applied to the delay line driver (par. 64).

¢. The IF amplifiers, V1 through V5, are
supplied with back-bias that protects these
tube circuits from overloading effects pro-
duced by interference from strong signals or
certain forms of continuous-wave jamming.
Generation of this bias is determined by the
amplitude and duration of the applied signal
after 6 microseconds.

™™ 9-1430-250-20/11

41 (CMHA)}. Main Electronic Frequency
Converter

Note. The grid zone references shown in parentheses
in @ and b below refer to figure 26, TM 9-1430-254-20/6.

@. The main electronic freqguency converter
receives a $0-megacycle IF input from the main
IF pre amplifier at connector J1 (A50). Test
relay K1 provides a means of removing the
dicke-fix 60-megacycle output at connector J3
during testing of the main channel. The 60-
megacycle input is fed through the main elec-
tronic frequency converter to output connector
J3. This output is applied to the wide-band IF
amplifier (A73) as 60-megacycle dicke-fix IF
(par. 51). Test relay K1 (B51) is energized
when JS alignment switeh 81 on the auxiliary
acquisition control indicator (D52) is set to the
MAIN ADJ position. The IF amplifiers, V1
and V2, are transformer-coupled IF amplifier
stages with a gain bias being applied from
MAIN ADJ variable resistor R7 (C51) on the
auxiliary acquisition control-indicator. The
output from V2 is coupled through transformer
T3 to impedance matching transformer T4.
The secondary of transformer T4 provides a
balance input impedance to parallel mixers V3
and V4,

b. A 108-megacycle oscillator circuil con-
sisting of oscillator V6, crystal Y1, and associ-
ated components produce a local oscillator sig-
nal fed through buffer stage V7 to trans-
former T6. Transformer T6 provides a bal-
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ance input to the two mixer stages, V3 and
V4. The 60-megacycle IF input from trans.
former T4 is mixed with the local oscillator
signal from transformer T6 to produce an IF
frequency of 48 megacycles. The IF amplifier
stage V5 provides one stage of 48-megacycle
amplification through transformer TS to out-
put connector J2, The 48-megacycle IF output
at connector J2 is applied through the main
IF filter (B55) and attenuator J26 (B58) to
the IF coupler (B60). The main IF filter pro-
vides a 3db, 0.9-megacycle bandwidth at a
center frequency of 48 megacycles.

42 (U). Sensitivity Time Control

a¢. The sensitivity time control (STC) (fig.
19) penerates a variable negative pulse to
reduce the gain of the acquisition IF pre am-
plifier,

b. The RF echo signals reflected from
nearby targets contain more energy than the
reflected signals from distant targets, caus-
ing video displays of nonuniform brilliance on
the radar indicators. The STC is, therefore,
provided to reduce the gain of the acquisition
IF pre amplifier for signals received from
short ranges within the limits of 18,000 and
25,000 yards, This aids in minimizing over.
brilliance at the center of the PPI and aids in
improving video definition of short-range tar-
get displays. As a result, a uniform brilliance
is provided over a full sweep range for indi-
cators in the presentation system.

Note. The grid zone references shown in parentheses
in ¢ through e below refer to figure 26, TM 9-1430-
264-20/6.

¢. The STC (B34) controls the gain of the
acquisition IF pre amplifier by producing a
negative pulse whose flat portion may be ad-
justed for a duration of 10 to 30 microseconds
and whose decay portion may be adjusted for
a duration of 2 to 100 microseconds. This
negative pulse is clamped to a de voltage level,
which is variable between 0 and —20 volts
and applied through contacts 6 and 5 of IF
GAIN gwitch 83 (D47) in the NOR position
to tuned IF pre amplifiers V3, V4, and V5
(A45) in the acquisition IF pre amplifier.

d. The input signal (B33) to the STC is
the positive acquisition preknock pulse from
the acquisition-track _synchronizer when the
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AGC is off. When GAIN AGC variable resistor
R7 (C34) on the LOPAR control-indicator is
turned to its full clockwise position, contacts
A and B of the switch on R7 close illuminating
AGC indicator D86 and energizing preknock
sync select relay K12 to turn onm the AGC.
When relay K12 energizes, contacts 2 and 6
{B32) apply HIPAR/LOPAR sync from the
acquisition-track synchronizer to the input of
the STC instead of the preknock applied when
the AGC is off. The sync is used instead of
the preknock to delay the STC AGC pulse to
allow the AJD receiver to measure noise (par.
43¢). The sync pulse occurs a measured time
after preknock allowing time for the noise
measurement. This input pulse is applied to
FLAT variable resistor R2 (B33) and mono-
stable multivibrator V1. Multivibrator V1 is
triggered by the input pulse producing a posi-
tive square-pulse output. Variable resistor R2
controls the time duration of this square wave,
thereby setting the range of maximum redue-
tion of the IF pre amplifier gain. This posi-
tive pulse is passed without inversion or am-
plification through the cathode follower cir.
cuit of paraphase amplifier V2ZA (B34) to
crystal diodes CR1 and CR4, and the resist-
ance-capacitance (RC) discharge network con-
gisting of capacitor C5, resistor Rl14, and
DURATION variable resistor R13. Crystal
diodes CR1 and CR4 prevent the discharge
network from discharging back through V2A.
As the RC network discharges, an exponential
trailing edge is produced on the positive pulse.
Since DURATION wvariable resistor R13 con-
trols the discharge time of the RC network,
R18 determines the maximum STC range. Ad-
justing R18 varies the pulse shape and range
limits over which IF pre amplifier gain expo-
nentially returns to normal. The modified posi-
tive square wave then passes through cathode
follower V3A to converter amplifier V2B
where signal inversion occurs. The input of
V2B is clamped to a dc level by crystal diode
CR2 producing amplitude limiting, so that the
maximum duration of the exponential decay is
limited to approximately 100 microseconds,
Thus, IF pre amplifier bias returns to normal
at approximately 18,000 yards. The output
pulse from V2B is a nepative STC pulse
which is applied to OFF—STC variable re-
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sistor R9 (C35) on the LOPAR control-indicator.
Since variable resistor R9 controls the pulse am-
plitude applied to cathode follower V3B, the IF
pre amplifier gain may also be varied over the
STC range by this resistor.

e. During the time V2B furnishes an output,
paraphase amplifier V2A also produces an output
from its plate circuit. This output, a negative
10- to 30-microsecond square-blanking pulse, is
combined with the combined negative square
pulse and exponential negative pulse from con-
verter amplifier V2B, and the composite pulse is
applied to cathode follower V3B. These negative
pulses are combined at the input of V3B. When
OFF—STC variable resistor R9 (C35) is turned
fully counterclockwise, the output of V2B is
effectively removed from R9 and only the output
of V2A is applied to V3B. Switch contacts A and
B of R9 close to illuminate OFF indicator DS3.
Because the average output of V2A and V2B is
applied to V3B, when the cutput of V2B is not
added to the output of V2A, the input to V3B is
considered attenuated. Cathode follower V3B as-
sures linear reproduction of the composite STC
pulse. The output from V3B is clamped by erystal
diode CRS3 to a variable dc level. This level is
established by GAIN-—-AGC variable resistor R7
(C34) on the LOPAR control-indicator until R7
is turned to its full clockwise position, illuminating
AGC indicator DS6, energizing relay K12 and
switching to AGC. From V3B, the resultant
composite negative signal is applied to IF GAIN
switch 83 (D47) on the acquisition RF power
supply control. With switch 83 in NOR position,
the compaosite STC signal is applied to the grid
bias circuits of V3, V4, and V5 in the acquisition
IF pre amplifier (B45). With switch 83 in the
LOC position, the STC has no contrel over IF
pre amplifier gain. In systems using AAR, control
of the LOPAR receiver gain is transferred to the
ECCM console in the AAR mode. Closed con-
tacts 11-5, 12-7, and 3-10 of receiver control relay
K8 (fig. 26, D36.4) transfer received gain control
to the ECCM congole. Closed contacts 104 of
energized receiver control relay K18 (fig. 26,
C36.4) transfer the energizing path of preknock-
sync select relay K12 (fig. 26, C36.2) to the ECCM
console.

43 (U). Main Noise Generator

2. The noise generator is a microwave noise
source that provides a standard for testing the
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performance of the acquisition radar receiving
circuits.

Note. The grid zone references shown in parentheses
in b and ¢ below refer to figure 26, TM 9-1430-254-20/6.

b. The noise generator (B16), in conjunction
with its external power supply and econtrol
circuits, comprises an ‘assembly of permanent test
equipment. This generator is a closed section of
waveguide attached to the aequisition duplexer.
The noise source consists of four gas-filled tubes
connected in series. The noise signals are injected
into the receiving circuits from the output of the
acquisition duplexer, and the resultant signals are
obtained at the bypass video output of the ac-
quisition IF amplifier for metering. The RF
echo signals must pass through this generator
before reaching the magnetic circuit (B21), and
the generator is automatically deenergized when-
ever the acquisition transmitter system is in op-
eration. When the generator is energized, only
noise signals are applied to the receiving circuits.

¢. The noise generator tubes comprising V7
(B16) are filled with argon gas under low pressure.
It is this gas that provides the source of stable
noise. Because these tubes contain an inert gas
and no filaments, high voltage is required for
tube operation. The high voltage is supplied
from 2500-volt, 400-cps transformers T3 and T4
(C44). These transformers also provide current
regulation for the load by inciuding a built-in
inductor in series with their primary windings.
Transformer T4 iz used to supply high voltage
for the auxiliary noise generator. Transformer
T4 is connected in parallel with T3 and receives
the same primary power. The function of the two
noise generators is identical. Application of pri-
mary voltage to transformers T8 and T4 is con-
trolled by either pushbuiton NOISE GEN—EXC
switch S§1 (C46) on the acquisition RF power
supply control or by NOISE ADJUST switch-
indicator A2 (B39) on the LOPAR auxiliary con-
trol-indicator. Switch S1 directly applies 120
volts ac to transformers T3 and T4 whereas switch
81B of switch-indicator A2 energizes noise gen-
erator relay K1 (C46). Relay K1, in turn, applies
120 volts ac to T3 and T4. Switch-indicator A2
however, cannot apply dc energizing voliage to
the eoil of K1, while high voltage on relay K4
(D38) is energized. This relationship auto-
matically prevents receiver sensitivity tests from
being remotely performed at the battery control
console while the acquisition mangetron is in op-
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eration. Because receiver sensitivity tests can be
performed locally at the acquisition RF power
supply control while the transmitter is in oper-
ation, two indieator lights are provided. NOISE
GEN—HV ON indicator light DS1 (C46) (red)
illuminates when the transmitter is off and
NOQISE ADJUST switch-indicator A2 (B39) is
depressed or when JS alignment switch S1 (D53)
is in MAIN ADJ position during JS testing.
NQISE GEN—GEN ON indicator light DS2
{green) illuminates when the noise generator is in
operation. Receiver sensitivity noise measure-
ments performed while the transmitter is in op-
eration result In erroneous meter indications.
Upon application of the primary voltage to trans-
formers T8 and T4, the high voltage ionizes and
deionizes the argon gas at a 400-cps rate. As a
result, a series of pulses containing noise signals
over a broad band of frequencies enter the re-
ceiving circuits through a slotted section in the
receiver waveguide. Monitoring of the noise
signals in either channel is provided by either
noise meter M1 (C40) on the LOPAR auxiliary
control-indicator with IF GAIN switch 83 set to
NOR (D47), or by TEST 2 meter M4 (D5) on
the acquisition RF power supply control when
associated TEST 2 switch 87 (D3) is in position
11 and IF GAIN switch S8 is set to LOC.

d. The generation of noise signals as a result
of ionization follows exact physical laws of gaseous
discharges. At a critical potential, depending
upon the nature of gas present between the elec-
trodes, dielectric stresses free electrons from the
gas atoms producing a minute flow of displace-
ment current. At this point, collision between
the freed electrons and gas atoms produces more
free electrons, positive ions, and electromagnetic
fields of energy. An internal arc-over occurs be-
tween electrodes, the moment a eritical level of
displacement current is reached, resulting in
continuous ionization. The electromagnetic en-
ergy released during this process of ionization oc-
curs in many portions of the frequency spectrum.
One energy component, uniformly distributed over
the RF spectrum, is thermal noise. It is this
noise that is the utilized output of the noise
generator.

e. When the noise generator is energized, ¢
2bove, the noise signals pass through normal
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receiving eireuits to monitoring meters. Moni-
toring allows a receiver system performance figure
to be calculated by determining the ratio of nor-
mal receiver noise to generated noise. With the
noise generator injecting noise into the receiver
circuits, receiver IF gain is adjusted to give a full
scale reading on the associated monitoring meter.
The noise generator is deenergized and the in-
herent random receiver noise is monitored on the
same meter. The lower the meter indication (48
or less), the better the receiver sensitivity.

44 (U). Acquisition RF Power Supply Control

a. The acquisition RF power supply control
furnishes operating voltages for the acquisition
receiver-transmitter in addition t¢ providing
metering and control circuits for various com-
ponents of the acquisition radar system.

b. The acquisition RF power supply control
consists of a negative 800-volt power supply, a
complex voltage divider network, and a control
panel. The voltage divider network furnishes
nine voltages to the magnetic circuit, the acquisi-
tion duplexer, and the receiver-tuner. Four meters
are provided to measure various voltages and
currents. Two of the meters measure currents of
a traveling-wave tube. The other two meters,
through the use of meter switching, measure all
the voltages for the acquisition receiver-transmit-
ter. There are also various controls provided on
the panel to adjust the various power supply
voltages, the local oscillator voliages, the op-
eration of the noise generator, the frequency of
the acquisition transmitting cireuits, and the ac-
quisition IF pre amplifier gain.

Note. The grid zone references shown in parentheses

in ¢ through g below refer to figure 26, TM 9-1430-254-20/6,
unless otherwise indicated.

¢. Upon application of 120-volt, 400-cps pri-
mary power to transformer T1 (A2) the stepped-
up secondary high voltage is applied to full-wave
rectifier V1. The full-wave rectifier output volt-
age is filtered by the pi-filter network consisting
of capacitor Cl, induetor L1, and eapacitor C2
in the negative return circuit of transformer T1.
Because the dc voltage is taken off at the center
tap of transformer T1, the power supply output
has a
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negative polarity. This voltage is applied as
keep-alive (ionization) voltage to TR tube V4
(B14) in the acquisition duplexer. The same
voltage is slso applied to a complex voltage
divider and regulator network. Network out-
puts provide stable veltages to traveling-wave
tube V6 (B22) in the magnetic cireuit and to
voltage regulator V9 (B6) (fig. 27, B18, TM
9-1430.254-20,/6} in the aecquisition AFC cir-
cuits (par. 55). These voltages are regulated
by voltage regulators V2 (AZ) through V8
and fixed and variable resistors R10 through
R19, and R47 through R562. To insure optimum
operation of traveling-wave tube V8 (B22},
voltages to certain tube elements are adjust-
able. Adjustment of these voltages is pro-
vided by MAIN and AUX RF AMPLIFIER
VOLTAGE CONTROLS: main channel Gl
variable resistor R11 (A3), auxiliary channel
G1 wvariable resistor R47, main channel G2
variable resistor R14, auxiliary channel G2
variable resistor R48, main channel G3 vari-
able resistor R13, auxiliary channel G3 variable
resistor R49, main channel G4 variable resistor
R16, auxiliary channel G4 variable resistor
R50, main channel HEL variable resistor R18,
auxiliary channel HEL variable resistor R51,
main channe] COL varizble resistor R19, and
auxiliary channel COIL variable resistor R52.

d. The addition of an auxiliary channel
within the receiver circuits requires that the
various circuits tested through TEST 2 switch
57 (D3) and meter M4 be switched from one
channel to the other. This is accomplished
through RCVR TEST switch 59 (D4).

¢. For positions 1 through 6 of rotary TEST
2 switch 87, voltages applied from the voltage
regulator circuits to traveling.wave tuhe Vé
are monitored on TEST 2 meter M4 {D5).
With switch S7 in position 7, meter M4 indi-
cates the cathode voltage of voltage regulator
V4 (B2) and the repeller voltage of local os-
cillator V5 (C25). The meter circuit in
switch position 7, designated L—0O VOLTS
{625), is from the junction of V3 and V4
through multiplier resistors R54 (B4) and
R28, switch 87A, switch 58 in MAIN position,
meter M4, and switeh S7C to ground. Switch
positions 8 and 9 are used o monitor AFC
limiter and AFC crystal currents, respectively.
The meter circuit in switch position 8, desig-
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nated AFC LIM CUR, is from connector P1-4
{fig. 27, D3, TM 9-1430-254-20,6) on the ac-
quisition AFC, through connector J2-R on the
acquisition RF power supply contrgl, to meter
shunt resistor R30 (fig. 27, D17, TM 9-1430-
254-20/6) in parallel with a series path
through switch S7A, meter M4 and switch 87C
to ground. The meter circuit in switch posi-
tion 9, designated AFC XTAL CUR, is from
connector P1-6 {(fig. 27, D3, TM 9.1430.254-
20/6) on the acquisition AFC, through con-
nector J2-P on the acquisition RF power sup-
ply control, to meter shunt resistor R2% (fig.
27, D16, TM 9-1480-254-20,6) in parallel with
a series path through switch S7C, meter M4,
and switch S7A to ground. The current of
crystal diode CRZ2 (C27) in the main signal
frequency converter is indicated on meter M4
when switch 87 is in position 10. When switch
87 is in position 11, the noise voltage generated
by the noise generator is monitored by meter
M4 when IF GAIN switch 83 (D47) is set
to LOC and NQISE ADJUST switch-indicator
A2 (B39) and NOISE MEAS switech-indicator
A3 are not operated. At this time noise meter
M1 {C40) is out of the circuit. TEST 1 meter
Mb (fig. 25, B13, TM 9-1430-254-20/6) moni-
tors average magnetron current when TEST 1
switch S8 (fig. 25, Bl4, TM 9-1430-254-20,/6)
is set to position 1. Meter M5 {fig. 17, A35,
TM 9-1430-254-20/6) also indicates the low
voltages supplied to units of the acguisition
receiver-transmitter when switch S8 is set to
positions 2 through 6.

Ff. MAIN and AUX COL CUR meters M3
(C6) and M7 (C7) are permanently connected
to monitor current supplies to the collector
of the traveling-wave tubes in their respective
units. MAIN and AUX HEL CUR meters M2
(C7) and M6 are also permanently connected
to monitor the respective helix currents.

g. Noise generator relay K1 (C46) controls
the application of energizing voltage under cer-
tain conditions (par. 43¢} to transformers T8
and T4 (C44). Relay K1 is controlled by
NOQISE ADJUST switch-indicator A2 {(C39)
on the LOPAR auxiliary control-indicator or
JS alignment switch 81 (D53} when set to
MAIN ADJ provided high-voltage on relay K4
{D38) on the acquisition power control panel
is not energized. Relay K4 thus forms an inter-
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lock circuit that opens whenever high voltage
is applied to the transmitting cireuits. There-
fore, the noise generator cannot be activated

from LLOPAR auxiliary control-indicator or the
auxiliary acquisition control-indicator while
the acquisition magnetron is operating.

Section I (C). AUXILIARY ACQUISITION RECEIVER CIRCUITS

45 (U). Purpose

The auxiliary acquisition receiver circuits
present strobe lines on the PPI’s, indicating
the azimuth of jamming signals. The auxiliary
receiver circuits are used when operating in
an ECM environment.

46 (C). Auxiliary IF Pre Amplifier

Note. The grid zone references shown in parentheses
in a and & below refer to figure 26, TM 9-1430-254-
20/6.

¢. The auxiliary IF pre amplifier is identical
to the main IF pre amplifier described in para-
graph 38 with the exception of the output con-
nections. The auxiliary IF normal output of
connector J3 (A30) is terminated through de-
energized contacts of normal IF select relay
K2 to a terminating resistor (A44). The main
IF normal output from the main channel is ap-
plied through contacts of normal IF select re-
lay to the acquisition IF pre amplifier during
normal operation as described in paragraph 38.
The auxiliary IF normal signal is applied to
the acquisition IF pre amplifier during testing
of the auxiliary channel and the main IF nor.
mal signal is terminated when IF select relay
K2 is energized. Relay K2 is energized when
I[F GAIN switch S8 (D47) on the acquisition
RF power supply control is set to the LOC
position and RCVR TEST switch 89 (C47) is
set to the AUX position or during noise tests
when MAIN CHANNEL — AUX CHANNEL
switch-indicator Al is depressed to illuminate
the AUX CHANNEL indicator,

b. In certain selected systems, connector J2
provides the only IF output from the auxiliary
IF pre amplifier. The IF output from J2
(A30.1) is applied to the amplifier relay as-
sembly and to the auxiliary electronic fre-
quency converter {C55). Resistors R7 and R4
within the amplifier relay assembly provide an
attennated (normal) input to normal IF select
relay K2.

47 (C). Auxiliary Electronic Frequency
Converter

Note. The grid zone references shown in parentheses
in @ and b below refer to figure 26, TM 9-1430-254.20/6.

a. The zuxiliary electronic frequency con-
verter is almost identical to the main electronic
frequency converter described in paragraph 41.
The auxiliary 60-megacycle IF input from the
auxiliary IF pre amplifier is applied to the
converter at connector J1 {C55). Test relay
K1 in the input circuit provides a8 means of
attenuating the input during testing of the
main channel. Test relay K1 is energized when
JS alignment switch 81 {D53) on the auxiliary
acquisition control-indicator is set to the MAIN
ADJ position and SENSITIVITY CHK switch
82 (C58) is depressed.

b. The 60-megacycle input through test re-
lay K1 is coupled through transformer Tl to
IF amplifier stage V1. The IF amplifier stages
V1 and V2 are transformer.-coupled IF stages
with gain bias being applied from AUX ADJ
variable resistor R11 (D64) on the auxiliary
acquisition econtrol-indicator. The 60-mega-
cycle IF output of V2 is coupled through im-
pedance matching transformers T3 and T4 to
a parallel mixer stage consisting of V8 and V4.
The local oscillator consists of stage V6 and
crystal Y1 with associated components. The
local oscillator circuit produces a 112.mega-
cyele signal fed through buffer stage V7 to the
primary of fransformer T6. Transformer T§
provides a halance input to the two mixer
stages, V3 and V4. The 60-megacycle IF and
the 112-megacycle local oscillator signal are
mixed to produce an IF frequency of 52 mega-
cycles. The IF amplifier stage V5 provides
amplification of the 52-megacycle IF and ap-
plies this signal through transformer T5 to
output connector J2. The 52-megacycle IF out.
put is applied through an auxiliary IF filter
to the IF coupler. The auxiliary IF filter has
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a 3db bandwidth of 1.156 megacycles at a
center frequency of 52 megacycles. This is a
bandwidth increase of 0.26 megacycle over
the main IF filter (par. 41}, thereby acting as
a cover filter through its extra bandwidth.

48 (C). IF Coupler

Note. The grid zone references shown in psrentheses
in this paragraph refer to figure 26, TM $-1430.254-
20/6.

The IF coupler (B60) provides coupling of
the main channel 48-megacycle IF with the
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auxiliary channel 52-megacycle IF frequency.
The IF coupler is basically a hybrid coupler
with only a small signal attenuation in each
channel. The output of the coupler at con-
nector J3 is a composite IF signal consisting
of both 48- and 52-megacycle frequencies. The
compogite IF signal is applied to an amplifier-
limiter stage to be used as jam strobe video.

49 (CMHA). Amplifier-Limiter

Note. The grid zone references shown in parentheses
in @ through d below refer to figure 26, TM 9-1430-
264-20/8.

a. Two identical amplifier-limiter units are
used in the jam strobe (JS) channel to pro-
vide the necessary amplification and limiting.
The composite IF input at connector J1 (B61)
is applied to the first amplifier stage, V1. The
IF amplifier stages are designed to have a
center frequency of 50 megacycles with a band-
width of 12 megacycles at 3db.

b. The output of V1 is transformer-coupled
to IF amplifier stage V2. The output of V2 is
applied through transformer T2 to the first
amplifier-limiter stage, V3. Diodes CR1 and
CR2 provide a 1-volt peak-to-peak limiting.
Diodes CR1 and CR2 are low-capacity, high-
speed switching diodes and each will conduct
when the input signal is over 0.5 volt in their
respective direction of conduction. Capacitor
C21 across transformer T2 provides a filter to
reshape the bandpass characteristics of the
amplifier before the next limiting takes place
in the next limiter stage.

c. Amplifier stage V3 provides a 12db in-
crease in gain and applies the signal through
transformer T3 to amplifier stage V4. Ampli-
fier stage V4 provides another 12db increase
and applies the signal through transformer
T4 for filtering. The process of limiting and
amplification is repeated in the last three
stages, that is, amplification taking place in
stages V5 and V6, and limiting taking place in
V7. The output of V7 is applied through trans-
former T7 to output connector J2: The output
at J2 is applied to a second identical amplifier-
limiter. The use of two amplifier-limiter units
reduces the bandwidth at 3db to 8 megacycles.

d. The process of amplification and limiting
causes the amplifier-limiter to produce an out-
put with the frequency of the stronger input
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aignal. The stronger signal is designed to be
that of the main channel, 48 megacycles as
described in paragraph 32¢. The output of the
second amplifier-limiter iz applied as JS IF to
the electronic frequency diseriminator.

50 (CMHA). Electronic Frequency
Discriminator

Note. The grid zone references shown in parentheses
in ¢ and & below refer to figure 26, TM 9-1430-254-20/6.

a. The jam strobe (J8) IF input from the
gecond amplifier-limiter is applied at connector
J1 (D67) on the electronie frequency dis-
criminator. Input IF is applied to IF amplifier
stage V1. Amplifier V1 is a 50-megacycle tuned
IF stage. Tuning is accomplished by adjust-
ment of capacitor Cl4. A negative bias of 10
volts iz applied to amplifier V1 through con-
tacts 9 and 2 of energized test enable relay
K1 (C72) when JS alignment switch S1 is in
the CAL position. Test enable relay K1 (D51)
ig energized from the —28-volt JS test enable
supply applied through NOISE MEASURE
switch-indicator A3 (B40) and NOISE AD-
JUST switch-indicator A2 on the LOPAR aux-
iliary control-indicator provided switch-indi-
cators A3 (extinguished) and A2 (illuminated
amber) are not operated. The negative 10-volt
bias is applied in order to cut off the signal
input at V1 while differential amplifier V4 is
being balanced by adjustment of CAL vari-
able resistor R16 (C71) on the auxiliary ac-
quisition control-indicator. Amplifier stage V1
is also cut off during the period from preknock
to sync by the application of JS blanking
pulses of approximately 12 volts in amplitude.
The J8 blanking pulses are applied from the
fast AGC amplifier (par. 53d) through diode
CR3 ({C71), and through JS alignment switch
S1 in the OPERATE pogition or contacts 1 and
9 of deenergized K1. Detector V2B, with as-
sociated inductor L7 and variable capacitor
C18, form a tuned 48-megacycle section while
detector V2A, with associated inductor L8 and
variable capacitor C19, form & tuned 52-mega-
cycle section.

b. The output of the discriminator is de-
veloped at the junction of resistors R1l and
R12. The detected signal is applied to cathode
follower stage V3 to output connector J2.
Diode CR1 (C70), connected across resistors
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R10 and R12 through contacts 5 and 11 of de-
energized K1 (C72), removes any negative out-
put produced by 52-megacycle detector section
V2A so that only a positive output from the
48-megacycle channel will be used as JS video.
The output of J8 video which exists only at
the azimuth of a jamming signal is applied to
the electronic gate as described in paragraph
70.

51 {CMHA). Wide-Band IF Amplifier

Note. The grid zone references shown in parentheses
in & through ¢ below refer to fizure 26, TM 9-1430-
264-20/86.

a. The 60-megacycle IF dicke-fix input from
the main electronic frequency converter is ap-
plied at connector J1 {(A73} on the wide-band
IF amplifier. The input signal is amplified
through each stage until the signal amplitude
reaches the point of limiting. The gain of the
amplifier stages is set in oerder to cause limiting
of receiver noise in all stages of the second
wide-band IF amplifier. The wide-band IF
amplifier consists of three amplifier-limiting
circuits. Each circuit consists of two amplifier
stages with two switching transistors and
associated components.

b. Amplifier V1 amplifies the applied 60-
megacycle IF. The output of V1 is coupled
through transformer T1 to amplifier stage V2.
The signal is amplified by V2 and coupled o
amplifier V3. Transistor Q2 (B75) is nor-
mally turned on by a small positive voltage at
its base from the +1b0-volt supply through
resistor R35. At this time the potential across
Q2 is not great enough to turn on transistor
Q1. Amplifier V2 receives cathode bias through
the low impedance path from collector-to-
emitter of Q2 when Q2 is turned on. With no
signal input, the gain of V1 is at its minimum
and the gain of V2 i3 maximum. When a jam-
ming signal of sufficient amplitude causes the
signal at the input of V3 to increase in ampli-
tude, the voltage drop through diodes CRZ and
CR7 causes the bias on the base of Q2 to drop,
cutting off Q2. With Q2 cut off the cathode cur-
rent for V2 flows through the higher emitter-
to-base resistance of Q1 decreasing the gain
of V2 and turning on Ql. Diodes CR2 and
CR7 tend to unbalance large signals by clamp-
ing the negative peaks. When Q1 is turned on
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it shunts the normal cathode circuit of V1 and
increases the gain of V1. During limiting,
the overall gain of V1 and V2 combined is de-
creased. Diode CR1 provides degenerative feed-
back to the emitter of Q1 to stabilize operation.

¢. The amplifying and limiting action causes
the signal-to-noise ratio to decrease so that
the output from the second wide-band IF am-
plifier is constant and depends upen noise. The
gigmal strength of the jamming signal will de-
termine the stage in which limiting begins. The
next two limiting stages consisting of V3 and
V4, transistors Q3 and Q4, and associated com-
ponents, V5 and V86, and transistors Q5 and
Q6, and associated components provide the
same circuit function. Because of the limiting
action of the wide-band amplifiers, the second
amplifier will have a constant power output.
The dicke-fix IF outpnut from the second wide-
band amplifier is applied through the deener-
gized contacts of AJD on relay K1 (D80} in
the fixed attenuator to ground during the basic
receiver mode of operation. When J3 ONLY
RECEIVER switch-indicator Al4 (C33) or
AJD RECEIVER switch-indicator A1 (C32)
in the LOPAR control-indicator is depressed,
contacts of energized relay K9 or K10 (D31)
applies a ground, energizing AJD on relay X1
(D80} in the AJD fixed attenuator along with
IF select relay K1 and AJD on relay K1 (C89)
in the fast AGC amplifier (par. 53). When
the AJD mode of operation is selected, dicke-
fix IF is applied through the contacts of ener-
gized relay K1 in the AJD fixed atienuator
and IF select relay K1 to the IF filter. The
associated IF filter provides a correction factor
for the wide-band amplifier output by limiting
the bandpass. The acguisition IF output is
applied to impedance matching network Z62
{A82).

52(CMHA). Main Acquisition IF Amplifier
(Fast AGC Operated)

Note. The grid zone references shown in parentheses
in a and b below refer to figure 26, TM 9-1430-254-20/6.

¢. The 60-megacycle normal or dicke-fix IF
is applied through connector J1 (B81) and
transformer T1 to the first I¥ amplifier stage,
V1., Transformer T2 provides coupling be-
tween V1 and the second amplifier stage, V2.
Amplifier stages V3 through V7 provide addi-
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tional 60-megacycle amplification. The cutput
of V7 is coupled through transformer T8 to
video amplifier V8.

b. Diode CR2 provides detection of the 60-
megacycle IF and applies the detected sigmal
to video amplifier V8. Video amplifier V8
supplies two video outputs. A positive video
output is taken from the cathode circuit of
V8, while a negative video output is taken from
the plate circuit. The positive video output is
applied through connector P2-10 to the delay
line driver {par. 64) as pre-MTI video. The
negative video output at connector P2-6 is ap-
plied as bypass video to the Tast AGC amplifier.
The fast AGC amplifier provides a feedback
bias to control the main acquigition IF amplifier
gain. This bias is supplied from P1-4 (B94) on

the fast AGC amplifier to connector P2-5 (D81)
on the main acquisition IF amplifier. The
AGC bias provides stability over a wide range
of amplitude changes. Diode CR1 (D83) pro-
vides a circuit connection to connector P2.-9
for noise measuring tests.

53{(CMHA). Fast AGC Amplifier

Note. The grid zone references shown in parentheses
in a through d below refer to figure 26, TM 9-1430-
254.20/6.

a. The fast AGC amplifier receives bypass
video from the main acquisition IF amplifier
at connector J1 (B85). The video input is
clamped by dicde CR1 for a positive overswing
and applied to video amplifier V1. The outpuf
video is applied through capacitor C3 to video
amplifier V24, Diode CR2 clamps the negative
overaswing. AGC on relay K2 is energized by
contacts 5§ and 3 (D35) of preknock sync re-
lay K12 (par. 42) through contacts 5 and 11
of deenergized AJD on relay K1 (C89). AJD
on relay Kl is energized by JS ONLY RE-
CEIVER switch-indicator Al4 as described in
paragraph 51. Contacts 6 and 11 of energized
K1 also complete an energizing path for K2.

b. AGC on relay K2 applies resistor R7 to
the input circuit of V24, thereby reducing
the time constant of the coupling network. This
provides a fast time constant to reduce the
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effect of CW jamming signals. The negative
output of V2A is applied through BYPASS
VID GAIN variable resistor R10 to connector
J2. The output of V2A is also applied to am-
plifier V3. Zener diode CR19 is used to pro-
vide a constant voltage on the screen grid.
Diode CR5 provides a bypass circuit for clutter
noise through capacitor C10. The output of
cathode follower V4A is applied to a gating
circuit consisting of diodes CR6 through CRS.
A positive 23-microsecond gate pulse is applied
to the cathodes of CR7 and CR9 and a negative
23-microsecond gate pulse is applied to the
anodes of CR6 and CR8. In the AJD wmode,
the signals are always passed to the grid of
V4B.

¢. The AGC voltage applied from cathode
follower V4B is adjusted by AGC ADJ vari-
able resistor R25 before heing applied to cath-
ode follower V5A. Stages V5B and V6A (BS1)
provide amplification of the AGC signal before
being applied to cathode follower V6B. Cath-
ode follower V6B provides input AGC voltage
for driver stages V7A and V7B. The AGC
output from driver stage V7B is applied
through the contacts of energized AGC on re-
lay K2 to the main acquisition IF amplifier
{(C81). The fast AGC bias changes the gain
of the narrow-band circuits of the main acqui-
sition IF amplifier to compensate for instan.
taneous changes in noize or jamming signals
when dicke-fix IF is being used.

d. Multivibrator stage V9A receives posi-
tive preknock pulses through input connector
J3 (D85). Multivibrator VA and V9B pro-
duces negative video gate 2 out pulses applied
to connector P1-3 (D94) and positive video
gate 1 out pulses at connector P1-1. The posi-
tive video gate 1 out pulses are also applied to
blanking amplifier V2B. Negative 23-micro-
second blanking pulses from V2B are applied
through diode CR3 (C71) on the auxiliary
acquisition control-indicator to the electronie
frequency discriminator (par. 50a). Multivi-
brator V8 is used with Zener diodes CR11 and
CR16 to provide a sharp cutoff amplitude of
V9 in order to maintain video 1 and 2 output

pulses at 68 volts,
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Section IV (U}, AUTOMATIC FREQUENCY CONTROL CIRCUITS

54 (U). Purpose

The automatic frequency control (AFC) cir-
cuits (fig. 1), which are part of the receiving
system, automatically tune the receiver eir-
cuits to the proper frequency for optimum op-
eration. The AFC circuits electronically sense
deviations in the intermediate frequency of the
receiver. The AFC eircuits function as a closed-
loop servo system, electro-mechanically tuning
the receiver to the transmitted frequency to
insure proper reception of reflected RF signals.

55 (U). Block Diagram Analysis

The AFC circuits (fig. 24) in the acquisition
receiver-transmitter receive a sample of the
transmitted pulse from the acquisition du-
plexer and a continuous wave (CW) frequency
from the local oscillator in the receiver-tuner.
The AFC frequency converter combines these
gignalas and applies the difference frequency to
the acquisition AFC, The acquisition AFC de-
velops 400-cps error signals according to the
amount and direction of deviation of the dif-
ference frequency from 60 megacycles. An
AFC gate pulse from the acquisition transmit-
ter circuits is applied to the aequisition AFC
to insure that the error signals are a function
of the transmitted pulse and local oscillator
frequency comparison, and not of random
noise. These error signals are amplified by a
low-power servo amplifier (LPSA). The re-
sulting motor control voltages are applied to
the tuning drive in the receiver-tuner. The
tuning drive mechanically adjusts the size of
both the main and auxiliary preselecter cav-
ities, the size of the local oscillator cavity, and
the amount of local oscillator repeller voltage.
These adjustments maintain the intermediate
frequency output from the signal frequency
converter at 60 megacycles. The RF signals
from the preselector in the receiver-tuner and
the CW frequency from the local oscillator are
mixed in the signal frequency converter to pro-
duce an intermediate frequency which is ap-
plied to the acquisition IF pre amplifier (par.
38). The AFC ecrystal current is monitored
on the acquisition RF power supply control. An
auto-search ecircuit in the acquisition RF
power supply control provides hunt voltage

switching to insure that the receiver-tuner
locks on a frequency 60 megacycles above the
acquisition transmitter frequency.

56 (CMHA). AFC Frequency Converter

a. The AFC frequency converter (fig. 25)
is a coaxial mixing unit for microwave fre-
quencies. This converter combines two sig-
nals within the 3100- to 3560-megacycle range
and extracts the difference frequency. This
difference frequency is applied to the acquisi-
tion AFC.

Note. The grid zone references shown in parentheses
in & and ¢ below refer to figure 27, TM 9-1430-264-
20/6, unless otherwise indicated.

b. The AFC frequency converter (B5) re-
ceives two input signals, A sample of the
transmitted RF pulse is taken from the acqui-
sition duplexer and applied at connector J19
(AB) (7, fig. 25). A sample of the local oscil-
lator frequency is applied at connector J20
(A6) (4, fig. 28). These two signals are
heterodyned in a mixing line (1, figz. 25). The
difference frequency (AFC IF) is detected by
crystal diode CR1 (B6) and applied to trans-
former T1 (C2) of the acquisition AFC as an
IF signal.

¢. The AFC ecrystal current is monitored
by TEST 2 meter M4 {D16) on the acquisition
RF power supply control when associated
TEST 2 switch 87 is set to position 9. The
path for AFC erystal current is from ground
through resistor R29 (D16), current limiting
resistor R15 (D14), primary of transformer
T1 (C2), to AFC erystal diode CR1 (B6).
The meter circuit in switch position 9 is from
connector P1-6 (D3) on the acquisition AFC,
to meter shunt resistor R29 (D16), on the ac-
quisition RF power supply contrel, in parallel
with a series path through switch section S7C,
contacts 5 and 38 of switch S9, meter M4, con-
tacts 9 and 11 of 59, and switch section STA
to ground. Filter capacitor C10A (D13) pre-
vents the IF signal from entering the metering
circuit.

57 (V). Local Oscillator

a. The local oscillator (figs. 22 and 24) con-
gists of a reflex klystron {2, fig. 22) and a tun-
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Mixing line

Holder for erystal diode CR1I
Input from local oscillator V5
Connector J20

Directional coupler termination
Diractional coupler

) Gn e L0 )

CONFIDENTIAL - Modihed Handling

o b

7

ORD 630693

7—Connector J19
8—RF sample from transmitter
9—Input line
16—IF output to aequisition AFC
11—Connector J18
12—RF filter

Figure 25 (U). AFC frequency converter—functional diagrem (U).

able coaxial cavity (5, fig. 22). This loeal
oscillator is continuously adjusted to oscillate
at a frequency 60 megacycles above the oper-
ating frequency of the transmitter cirecuits.
Qutput from the local oscillator provides an
RF carrier to the signal frequency converter
{par. 37} and to the AFC freguency converter
{par. 56b).

Note. The grid zone references shown in parentheses
in b below refer to figure 27, TM 9-1430-264-20/8,
unless otherwize indicated.

b. The output local oscillator frequency is
varied by changing the amount of repeller plate
voltage applied to local oscillator V6 (Bl4)
from repeller plate variable resistor R32 and
by changing the size of the coaxial cavity.
Simultaneous adjustment of these components
is provided by motor-generator B3 (B13) in
the receiver-tuner. Repeller plate voltage is
obtained from a section of the regulated volt-
age divider in the acquisition RF power supply
control {par. 44)., 'This voltage divider con-
sists of resistors R20 (Al1B), R22, and R23,
voltage regulators V9 and V16, LOCAL OSC

CONTROLS—LEVEL variable resistors R21A
and R21B, LOCAL OSC CONTROLS—
SPREAD wvariable resistors R24A and R24B,
and repeller plate variable resistors R32 (Al5).
The spread adjustment {(R24A and R24B} de-
termines the potential difference across vari-
able resistor R32, and the level adjustment
{R21A and R21B) determines the volitage
level at which the potential difference occurs.
TEST 2 meter M4 (D16} and associated TEST
2 switch 87 monitor the input to the voltage
divider. With switch S7 in position 7, meter
M4 indicates the cathode voltage of wvoltage
regulator V4 (fig. 26, B2, TM $-1430-254-
20/6). The meter eircuit with switch S7 in
position 7 (fig. 26, D3, TM 9-1430-254-20/6),
designated L—0Q VOLTS (625), is from the
junction of V3 and V4 (fig. 26, B2, TM 9-
1430-254-20/6) through multiplier resistors
R54 and R28 (fig. 26, C4, TM 9-1430-254-
26/6), contacts 7 and 12 of switch STA, con-
tacts 11 and 9 of switch 89, meter M4, con-
tacts 8 and 5 of 89, and contacts 12 and 7 of
switch 87C to ground. As motor-generator B3
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(B13) directly varies repeller plate variable
resistor R32 (A15), a portion of the voltage
across R32 is applied to local oscillator V5.
Variable resistors R21A, R21B, R24A, and
R24B are adjusted to keep the receiver-tuner
on a frequency 60 megacycles above the trans-
mitted frequency over the entire range of
transmitter frequencies. The operation of
motor-generator B3 is controlled automatically
by the acquisition AFC through the low-power
servo amplifier. The output of the generator
portion of motor-generator B3 is used by the
AFC ag velocity (damping) feedback.

58 (U). Acquisition AFC

a. The acquisition AFC (fig. 24) receives an
AFC IF input from the AFC frequency con-
verter. If the frequency of these IF pulses
is other than 60 megacyecles, an error signal is
developed for use by the receiver-tuner in
tuning the local oscillator and preselector.

Note. The grid zone references shown in parentheses
in b through g below refer to figure 27, TM 9-1430-
254-20/48.

b. The acquisition AFC (D5) receives an
intermediate frequency from the AFC fre-
quency converter. These gignals are applied
through transformer T1 (C2) to IF amplifiers
V1, V2, and V8, connected as cathode-biased,
transformer-coupled stages. Since sensitivity
to signals deviating from 60 megacycles is re-
quired for AFC operation, the transformers
are fixed-tuned to 60 megacycles with a band-
pass of 10 megacycles. The amplified signal
is coupled through transformer T4 to limiter
V4. Limiter V4 limits the amplitude of the
IF signal so that the discriminator stage re-
sponds only to frequency rather than ampli-
tude variations. Limiting is attained by a
combination of grid-leak and cathode hiases
which quickly drive V4 between saturation
and cutofi, producing a constant amplitude
output. The limited IF signal is coupled
through zero discriminator transformer T5
(C4) into the discriminator stage. The nega-
tive bias produced in the grid circuit of V4
and monitored at test point TP3 is also used
to control auto-search relay amplifier V11B
{D4). The output of V11B is applied to relay
amplifier V11A, g(1) below. The AFC limiter
current may be monitored at TEST 2 meter

2144752 O+ 06 - 1O
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M4 (D16) on the acquisition RF power supply
control when associated TEST 2 switch 87
is set to position 8. The path for AFC limiter
current is from ground through resistor R30
(D17), current limiting resistor R17 (D14),
resistor R22 (C3), and the secondary of trans-
former T4 to the control grid of limiter V4,
When 87 (D17) is set to position 8, associated
meter M4 is connected in parallel with resistor
R30.

¢. The discriminator stage consists of dual-
diode detector V5 (C5), connected as a shunt-
type balanced discriminator. This stage de-
tects frequency deviations from 60 megacyeles
during the time of the magnetron pulse and
produces a video output pulse of approximately
1.3 microseconds with an amplitude propor-
tional to the magnitude of frequency deviation.
The polarity of these pulses is determined by
the direction of frequeney deviation. It is
negative when the intermediate frequency is
above 60 megacycles and positive for devia-
tions below 60 megacycles. Input coupling
transformer T5 (C4) is tuned to 60 mega-
cycles by response diseriminator variable ca-
pacitor C40 in the primary winding and by
slug-tuning, in conjunction with capacitors
C14 and C15, in the secondary winding. When-
ever the IF gignal varies from 60 megacycles,
T5 becomes unbalanced, and V5 detects the
frequency deviation. Detector V5 transforms
these deviations into positive or negative video
pulses which are amplified by video amplifier
V6A. The output pulse of V56 may be measured
at teat point TP1 {(C6). The amplitude and
polarity of the waveform at TP1 are dependent
on the amount and direction of the error. There
is no signal to V6A when the IF signal is ex-
actly 60 megacycles. From V6A, the output is
applied to the center-tap of transformer T6.
At the same time, a gate pulse from cathode
follower VBB (B4) is applied to the primary
winding of transformer T6. The secondary
windings of T6 (C5) are part of pulse
stretchers V7A and V7B, The input to V6B
(B4), a sample pulse (AFC gate) received
from the magnetron hot box (Cl), is a posi-
tive gate pulse with a duration of approxi-
mately 1.3 microseconds and an amplitude of
approximately 20 volts. Since this pulse is a
sammple of the tunable magnetron output, it
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has a repetition rate of 500 pulses per second.
Cryatal diode CR1 (B4) limits the input of
V6B to 20 volts by clipping all positive excur-
sions of the input pulses above this amplitude.
The presence of the gate pulse at the primary
of transformer T6 (C5) insures that the con.
trol voltage developed in the pulse stretcher
circuits is a function of the transmitted pulse
and local occillator frequency comparison and
not of random noise.

d. The pulse stretcher stages convert dis-
eriminator output pulses into de error signals
that are applied as steady control voltages to
balance modulators V8 (B7)} and V9. These
modulators convert the error signals into 400-
cps drive voltages.

{1} In the absence of a signal from video
amplifier V64 (CB), the only input
to pulse stretchers V7A and V7B is
the gate applied from cathode fol-
lower V6B to the primary of trans-
former T6. The gate induced into the
secondary windings of T'6 results in
two gates, equal in amplitude and op-
posite in polarity, appearing at T6-3
and T6-6. The gate applied to the
plate of VIB from T6-3 is positive
and the gate applied to the cathode of
VT7A from T6-6 is negative, which
causes equal conduction in the two
sections; capacitor €23 does not
charge and there is no dc output.
Capacitor C21 in the cathode circuit
of VTA and capacitor C22 in the plate
circuit of V7B charge to the peak
voltage of the gates from V6B. Be-
tween gates, the large resistance of
resistor R292 in the cathode cireuit
of V7A and resistor R29B in the
plate cirenit of V7B holds C21 and
22 charged to approximately the
peak gate voltage. Capacitor C21 and
resistor R29A place a positive bias
voltage at the cathode of V7TA while
C22 and R29B place a negative bias
voltage at the plate of V7B. Thus,
YVTA and V7B are cut off during the
period between gates. Pulsating dc
control voltages are developed across
C23 when error pulses are received
from V6A. Since VTA and V7B are

CONFIDENTIAL - Modified Kandlne

cut off during the period between
gates, the pulsating dc control volt-
apes developed across C23 are only
funections of the polarity and ampli-
tude of the error pulses from V6A,

(2) When the output of V6A is positive,
the positive error signal is added to
the positive gate in winding 3, 4 of
T$, causing V7B to conduct more than
V7A. The resultant signal causes
(023 to assume a positive de level with
the amplitude determined by the out-
put of V6A.

{3) When the output of V6A is negative,
the negative error signal is added to
the negative gate in winding 5, 6 of
T6, causing V7A to conduct more than
V1B. The resultant signal causes C23
to assume a negative dc level.

(4) When the IF signal at transformer
T1 (C2) varies from 60 megacycles
by meore than +5 megacycles, the in-
put signal to the pulse-stretching cir-
cuit is supplied by the auto-search
circuit discussed in g below.

e¢. The balanced modulator, composed of
modulators V8 {B7) and V9, transformer T7,
and MOD BAL variable resistor R48, develops
the 400-cps drive voltages that control motor-
generator B3 (B13) in the receiver-tuner. Con-
tinuous 400-cps power from T7 and de control
voltages from pulse stretchers V74 (C6) and
V7B form the input signals to V8 and V9.
These electron tubes are dual-triodes connected
as a balanced bridge circuit. With zero de
input, variable resistor R43 (C8) is adjusted
to produce zero ac volts at the bridge output
while MOD BAL switch 81 (C9) is depressed.
With no dc control voltage at the bridge input
and with the bridge balanced, no ac veliage
appears at the output. When a dec control
voltage appears at the modulator input, the
modulator unbalances and produces an ac out-
put voltage. The amplitude of the ac output
voltage is directly proportional to the ampli-
tude of the dc control voltage, and the phase
is determined by the polarity of the de con-
trol voltage. The phase and amplitude ulti-
mately determine the direction and speed of
rotation for motor-generator B3 (B13).
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f. The push-pull, 400-cps output from the
modulator provides the two input signals for
cathode follower V10A (B9) and driver V10B
which function as an amplifier phase-inverter
circuit. This circuit is required to balance
modulator loading and to suppress second har-
monic¢ distortion in the modulator output. Load
balance is provided by V10A, part of the phase-
inverter circuit. The ac error signal amplified
by VI10B is applied to a resistor network con-
sisting of resistors R47 (C%), R48, and R49.
A velocity feedback voltage is also applied at
the junction of R48 and R49. The feedback
voltage is a damper to prevent hunting of
motor-generator B3 (B13). The AFC output
signal, provided at the junction of R47 and
R48, is applied to the low-power servo ampli-
fier (C10).

¢g. An auto-search circuit provides a dc
search voltage to the junction of resistors R47
{C9) and R48 when the AFC IF signal varies
from 60 megacycles by more than =5 mega-
cycles, In addition, this search circuit insures
that the receiver-tuner is locked on a frequency
60 megacycles ahove the acquisition transmit-
ter frequency. The auto-search functions are
provided by relay amplifiers V11A and V11B
{D4), hunt relay K1 (C9), and associated net-
work. AFC release relay K2 (D15) and AFC
hunt relay K3 (C16) in the acquisition RF
power supply control provide additional auto-
search circuits. The functional operation of
the auto-search circuits is discussed in (1)
through (7) below.

{1) When the acquisition local oscillator
frequency is 60 =5 megacycles above
the acquisition magnetron frequency,
the 60 =b-megacycle IF signals
passed by V1, V2, and V3 (C3) de-
velop limiter bias voltage at the grid
of V4. The limiter bias voltage is ap-
plied from V4 through the low pass
filter composed of resistor R23 and
capacitor Cb to the grid of V11B
(D4), biasing V11B to cutoff. A posi-
tive bias voltage is applied to the grid
of V11A, The positive bias voltage
causes V11A to draw grid current,
which reduces the grid voltage to zero
and induces plate current through
V11A and hunt relay K1 (C9). Re-
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lay K1 energizes, closing contacis 2
and 3. This disconnects the hunt sig-
nal at connector P2-11, and bypasses
C34 in the signal out circuit of V10B
to ground. Motor-generator B3 (B13)
is controlled by the error pulse output
of V5 (Cb), which operates modula-
tors V8 (B7) and V9.

If the acquisition local oscillator fre-
quency is more than 65 megacycles
above the acquisition magnetron fre-
quency, the IF signals are outside of
the 10-megacycle bandpass and are
not pasged by V1, V2, and V3. Limiter
bias voltage is no longer developed
at the grid of V4 and applied to the
grid of V11B. The absence of limiter
bias voltage at the grid causes V11B
to conduct, resulting in 2 redaced
plate voltage which is then applied
to the grid of V11A, causing V11A fo
cut off, Current through relay K1
stops, causing K1 to deenergize. An
ac auto-search signal, which can be
either in or out of phase with V10B
output is applied as an artificial drive
voltage from connector P2-11 through
contacts 1 and 3 (C9) of relay K1 and
resistor R70 to connector P1-1, where
it is summed with the signal cutput.
Modulators V8 and V9 are operated
by the detector V5 de wveolts cutput
generated by the frequency deviation,
causing motor-generator B3 to re-
tune the acquisition local escillator to
restore the 60-megacycle IF. Capaci-
tor C34 (C9), connected from contact
3 of relay K1 to pround, is in the cir-
cuit only when the acquisition AFC
is in auto-search operation (contacts
1 and 3 of relay K1 closed), and func-
tions as a transient noise filter. RE-
LAY AMP ADJ variable resistor R66
(C4) in the cathode circuit of V11B
controls the operation of relay K1 by
limiting current in V11B. Variable
resistor R66 is adjusted to assure that
the plate voltage drop of V11B does
not cut off V11A until limiter bias
voltage is removed from the grid of
V11B.
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a2

3)

(4)

When the acquigition local oscillator
is operating at the high end of its
frequency range, more than 65 mega-
cycles above magnetron frequency
limit, switeh 513 (B14), mechanically
operated by motor-generator B3, is
normally in the closed position, apply-
ing —28 volts through S13 to AFC
hunt relay X3 (C16) located in the
acquisition RF power supply control.
Relay K3 energizes, causing contacts
2 and 8 to close. An ac auto-search
signal is developed in the acquisition
AFC across the voltage divider com-
posed of resistor R56 (D9) located in
the acquisition AFC and resistor R9
(C15) located in the acquisition RF
power supply control, in parallel],
through resistor R54 (D9) to ter-
minal 1 of transformer T8 (D8). Re-
sistor R9 is connected from the junc-
tion of RH4 and R56, through connec-
tor P2-9 (D10) and contacts 6 and 4
of deenergized AFC release relay K2
{(D15) to ground. The ac auto-search
gignal is applied through P2-9, con-
tacts 2 and 3 of energized K3, P2-11,
contacts 1 and 8 of deenergized KI,
R70, and P1-1 to motor-generator B3
which retunes the local oscillator to
a lower frequency, resulting in a
lowered IF,

When the acquisition local oscillator
is operating at the low end of its fre-
quency range, more than 65 mega-
cycles helow the acquigition magne-
tron frequency, the ac auto-search
voltage is applied to connector PI-1,
caugsing motor-generator B3 to retune
the acquisition local oscillator to a
lower frequency. At the low fre-
quency limit of the acquisition local
oacillator tuning range, S13 is me-
chanically actuated by motor-genera-
tor B3 removing the —28 volts from
relay X3. Relay K3 deenergizes, caus-
ing contacts 3 and 1 to close. An ac
auto-search signal is developed in the
acquisition AFC across the voltage
divider composed of resistors R57
{D8&) and R55, connected from ground
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to terminal 3 of T8. This ac auto-
search signal is shifted 180 degrees in
phase from the ac signal which is de-
veloped across the divider composed
of R54 and R56 because the center
tap of T8 is grounded. The ac auto-
search signal is applied through con-
nector P2.7, contacts 1 and 8 of de-
energized K3, P2-11, contacts 1 and 3
of deenergized K1, R70, and connector
P1.1 to motor-generator B3, which re-
tunes the local oscillator to the high
frequency limit of its tuning range.
The phase shift of 180 degrees in the
ac auto-search signal causes the motor
to reverse direction of rotation when
relay K3 operates. At the same time,
the grid of V11B is grounded through
connector P2-13 and contacts 4 and &
of deenergized K8. The grounded grid
makes V11B insgensitive to limiter bias
voltage developed at the grid of V4
when the acquisition local oscillator
passes through the sidebands which
are =60 megacycles from the acquisi-
tion magnetron frequency. The ac
auto-search signal overrides any error
pulses produced by V5. This prevents
the acquisition local oscillator from
locking on the 60-megacycle IF as the
local oscillator frequency passes
through the lower and upper side-
bands. When motor-generator B3 has
retuned the acquisition local oscilla-
tor to the high frequency limit of its
tuning range, 813 is again mechan-
ically actuated by the AFC motor-
generator and —28 volts is again ap-
plied through 813 to energize relay
K3. When relay K3 energizes, con-
tacts 3 and 2 close. The ac auto-
search signal at connector P2.9 is
applied through contacts 2 and 3 of
energized K8 and contacts 1 and
3 of deenergized relay K1 to P1-1 re-
versing the direction of rotation of
motor-generator B3. Contacts 4 and
6 of energized relay X3 open, discon-
necting ground from the grid of V11B.
The ac auto-search signal cauvses
motor-generator B3 to retune the ac-
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quisition local oscillator to a lower fre-
quency and the acquisition local oscil-
lator locks en the B0 =+5-megacycle
upper sideband.

The acquisition AFC is prevented from
locking on the upper or lower sidebands
during the time the acquisition local os-
eillator is being tuned from the low to the
high frequency limit of its tuning range.
However, a condition of the auto-search
circuits near the lower 60 +5-megacycle
sideband causes erratic operation of the
acquisition local oscillator. This condition
occurs when the difference frequency bhe-
tween the local oscillator frequency and
magnetron frequency is less than 556
megacycles. Limiter bias voltage is re-
moved from the grid of V11B, causing
V11B to conduet and deenergize XKI1.
The ac auto-search signal is applied to
connector Pl-1, causing motor-generator
B3 to retune the local oscillator to a
lower frequency. The grid of V11B is
not grounded through reiay K8 at this
time, since the local oscillator is not
at the low frequency limit of its tuning
range, and motor-generator B3 has not
actuated switeh 813, When the acqui-
sition local osecillator is retuned to a fre-
quency which is 60 +5 megacycles be-
low the acquisition magnetron frequeney,
limiter bias voltage is developed at the
grid of V4 and applied to the grid of
V11B. The limiter bias voltage cuts off
V11B, causing relay K1 to energize.
Normal AFC action tends to drive the
receiver-tuner to a higher frequency,
causing the IF signal to disappear and
the auto-search provision to become op-
erative, Consequently, relay K1 is alter-
nately energized and deenergized, and
motor-generator B3 tunes the receiver-
tuner back and forth about the lower side-
band. As this occurs, white AUTO FREQ
CONTROL—HUNT indicator light I3
(C16) on the acquisition RF power sup-
ply control and red AFC indicator light
DS1 (B22) on the LOPAR control-indi-
cator blink at a slow rate. Release from
the lower sideband is provided by either
AUTO FREQ CONTROL—RELEASE

switech 84 (C17) on the acquisition RF
power supply control or AFC switch-
indieator A2 (B22) on the LOPAR
control-indicator. These pushbutton
switches energize AFC release relay K2
which grounds the input of relay ampli-
fier V11B., Relay amplifier V11B con-
ducts, VI1A cuts off, and relay K1 is
deenergized. In systems using AAR,
AFC cireutt functions, eontrolled by AFC
switch-indieator Al12 (B22), are trans-
ferred to the ECCM console. Contacts
11-5 and 12-7 of energized transmitter
control relay K7 (A20) transfer AFC
control to the ECCM console. Since
contacts 4 and 6 of K2 are now open,
registor R is removed {rom the voltage
divider leaving only resistors R54 and
R56 connected from ground to terminal
1 of T8, An increased ac auto-search
developed across resistor R66 is applied
through connector P2-9, contacts 2 and
3 of energized X3, P2-11, and contacts L
and 3 of deenergized X1 to P1-1 which
overrides the error pulses produced by
V5, causing motor-generator B3 1o re-
tune the acquisition loeal oscillator to
the low frequency limit of its ftuning
range.

(7) When the modulators are being bal-
anced, the hunt signal voltage output
of the auto-search circuit is connected to
ground through depressed MOD BAL
switch S1 (C9). The excitation circuit
to motor-generator B3 is completed
when AFC—MOTOR EXC switch 56
{B16) on the acquisition RF power sup-
ply control is set to ON, and contacts 2
and 8 of energized AFC motor disable
relay K4 are closed. Relay K4 is ener-
gized when magnetron current begins to
flow. Deenergized relay K4 disables the
AFC circuits to prevent continuous
searching when there is no magnetron
current or when there is an insufficient
amount of magnetron current.

59 {(U). Low-Power Servo Amplifier

a. The low-power servo amplifier (LPSA) (fig.
24) is a four-stage amplifier which amplifies an
imput signal to an ac power level high enough to
drive a low-power ac motor.
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b. The LPSA amplifies a 400-cps control sig-
na! from the acquisition AFC to a 10-watt level
sufficient to operate the tuning drive in the
receiver-tuner. A high gain of 50,000 at a low-
noise level makes the LPSA sensitive to any
small error signal inputs. The LPSA uses push-
pull power output, and RC network, and two
feedback loops to prevent cireuit interference
from harmonics.

Note. The grid zone references shown in parentheses
in ¢ and d below refer to figure 27, TM 9-1430-254-20/6.

¢. The 400-cps input signal from the acqui-
sition AFC is applied to two-stage voltage am-
plifier VIB (C1() and V1A, which contains a
degenerative feedback loop. This feedback stabi-
lizes the amplifier operation. From V1A, the
signal amplitude is further increased by a para-
phase amplifier consisting of driver amplifier V2A
and phase inverter amplifier V2B. Driver am-
plifier V2A is cathode-coupled to V2B. As a
result the output of V2B has the same form and
amplitude as V2A except that the two signals are
180 degrees out of phase. Thus, a balanced input
is provided to push-pull power amplifiers V3 (C12)
and V4. The resistor-capacitor (RC) network,
consisting of C8 and R20, hetween the inputs to
V3 and V4 prevents regeneration of undesired har-
monics above 400 cps. Since the power amplifiers
are operating as class AB, the input 400-cps con-
trol signal can be amplified to a 10-watt level
across transformer T1 (C13). A voltage divider,
consisting of resistors R21 (B12) and R22, pro-
vides amplitude control of the degenerative feed-
back from the secondary of transformer T1 (C13)
and from the driving winding of the motor of B3
(B14). The output of this voltage divider is
applied to an RC filter, d below. The full 400-cps
output signal from T1 is applied to motor-gen-
erator B3 (B13} in the receiver-tuner and to re-
sistors R5 (C17) and RS, in the aequisition RF
power supply control, These resistors apply a
portion of the output signal to AUTO FREQ
CONTROL—HUNT indicator lamp I3 (C16)
and to AFC indicator lamp DS1 (B22) on the
LOPAR control-indicator.
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d. The velocity feedback signal from motor-
generator B3 (B13) contains many undesirable
frequencies, the most pronounced of which is the
third harmonic. This feedback signal is summed
with the error control signal in the aequisition
AFC. The resultant signal appears as the input
for V1B (C10). If the undesirable frequencies are
not removed, power losses and excessive heat
oceur in power amplifiers V3 (C12) and V4,
transformer T1 (C138), and motor-generator B3
{B13). Sinece conventional methods of removing
the undersired frequencies would also attenuate
the desired 400-cycle error signal, a frequency
selective filter is used. This filter is called a
bridged-T' network and is described in (1} and
(2) below.

{1} The bridged-T network consists of capac-
itors C2 (B11) and C3, and resistors R6
and R7. The cutput of voltage ampli-
fier V1A, containing the undersired fre-
quencies, is applied to the bridged-T
network at the junction of capacitor C3
and resistor R6. The degenerative feed-
back from transformer T1 {C13) is ap-
plied through a voltage divider, con-
sisting of resistors R21 (B12) and R22
to the bridged-T network at the junetion
of capacitor C2 and resistor R7.

(2} The bridged-T network is frequency se-
lective and offers maximum attenuation
at 400 eps. Negligible impedance is
offered to frequencies above and below
400 cps. Therefore, the undesired fre-
quencies, above and below 400 cps,
cancel by degeneration. The 400-cps
feedback from transformer T1 is attenu-
ated in the network by resistors RS
and R7, and only the desired 400-cps
error signal from V1A is coupled through
capacitor C8 to the grid of V2A. Hence,
the LPSA has full gain at the desired
400-cycle error signal. Capacitors C6
(B12) and C7 shunt 400-cycle harmonics
to insure highest possible gain at the
output of transformer T1.
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60 (U). Receiver-Tuner Motor-Generator

Note. The grid zone references shown in parentheses
in e and b below refer to figure 27, TM $-1430-254-20/6.

a. Motor-generator B3 (B13) is a combina-
tion of a two-phase, 400-cps motor and a gen-
erator. The motor contains a squirrel-cage type
rotor which is a cage of copper bars embedded
in a laminated iron rotor. The generator iz a
drag-cup type attached to the common rotor
shaft of B3. This generator consists of two
stator windings displaced by 90 degrees and a
drag-cup rotor that is a hollow cylinder with
an open end. The drag-cup is considered an
infinite number of shorted turns enclosing a
soft iron core. Input stator winding 5, 6 re-
ceives continuous azec excitation and produces
a constant magnetic fleld. When the rotor
turns, induced eddy currents produce a second
magnetic field that distorts the inducing field.
The resultant field causes output stator wind-
ing 7, 8 to produce an output voltage. The
magnitude and polarity of the voltage are de-
pendent upon the speed and direction of ro-
tation of B3. Since the rotor field pulls or
drags the fixed stator field cut of normal aline-
ment, the rotor is termed a drag-cup. TACH
PHASE ADJ wvariable resistor R2 (B10), in
geries with input stator winding 5, 6 is pro-
vided as a fine phase adjustment. This adjust.

TM 9-1430-250-20/11

ment enables the generator output voltage to
be set exactly 180 degrees out of phase with
the output error signal of the aequisition AFC.

b. The purpose of motor-generator B3 is to
mechanically adjust three components in the
receiver-tuner associated with the main chan-
nel and one component in the auxiliary chan-
nel. The main and suxiliary preselecior cavi-
ties, local oscillator cavity (Bl4), and variable
resistor R32 (Al1B) are all positioned by the
receiver-tuner motor-generator. Resistor R32
furnishes local oscillator repeller voltage (par.
57b). The generator {B13)} provides electrical
damping and braking for motor B3 by gen-
erating a feedback voltage, proportional {o ro-
tational speed, for the low-power servo ampli-
fier (LPSA). The LPSA furnishes 400-cps
drive voltage to one winding of motor B3. The
other winding of motor B3 continuocusly re-
ceives 2 120-volt ac excitation {par. 58g(7)).
Motor-generator B3 operates whenever a con-
trol signal is applied from the LPSA. The
phase and amplitude of the control signal de-
termine the direction and rotational speed of
motor B3. A control signal is received from
the LPSA whenever the input to the acquisition
AF(C deviates from a frequency of 60 mega-
cycles above the acquisition transmitter fre-
quency.
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CHAPTER 8 (CMHA)
MOVING TARGET INDICATOR SYSTEM

61 (U). Purpose

a. The maving target indicator (MTI} circuits
in the MTI system reduce video interference from
fixed objects and other radar systems. Since
stronger RF echoes are received from fixed objects
than from moving targets, the stronger RF
echoes (clutter) frequently prevent efficient de-
tection and accurate designation of the moving
target. The MTI circuits reduce the intensity
of clutter displayed on the cathode-ray tube indi-
cators of the presentation systern. Moving tar-
gets are visible when they are in an area where
clutter is present. Common sources of clutter
are mountains, hills, woodlands, cloud formations,
and precipitation. The MTI circuits also remove
clutter produced by other radar units and certain
types of enemy jamming, and provide switching
circuits for the selection of the various modes of
operation as described in paragraph 63.

b, The MTI circuits make use of the fact that
the amplitude of successive video signals received
from a fixed object remains relatively constant,
whereas the amplitude of those received from a
moving target varies. A portion of the MTI
circuit adds the signals algebraically to obtain a
sum signal for application to the indicators in
the presentation system., Another portion of the
MTI cireuits may be selected Lo compare succes-
sive pulse intervals in order to reject random or
pulsed video signals that are not synchronized
with the transmitted pulse rate. This reduces
the clutter created by radars not operating with
the same pulse repetition frequency (PRF). The
resuiting video information is amplified and ap-
plied to the indicators in the presentation system.

62 (U). Block Diagram Analysis

a. The delay line driver in the moving target
indicator (MTI) circuits (fig. 26) receives MTI
video from the main acquisition IF amplifier in
the aequisition receiving system (par. 52). Video
gate 1 pulse and video gate 2 pulse from the fast
AGC amplifier (par. 53) in the acquisition re-
ceiving circuits are applied to the delay line
driver. Three additional inputs, the LOPAR
preknock pulse, processor feedback video, and

the MTI test pulse are received. The input sig-
nals modulate a 15-megacycle sinusoidal ecarrier,
generated within the delay line driver, and pro-
duee a compound signal. A portion of the com-
pound signal is amplified and detected to produce
the nondelay video supplied as one input to the
trigger pulse-video amplifier. The remaining or
undetected portion of the compound signal volt-
age is transferred to the MTI delay line as a
modulated 15-me carrier, wherein passage of
signals is delayed 2000 microseconds. From the
MTI delay line, the delayed modulated, 15-me
carrier is applied as delay video to the delay
amplifier. After amplification and detection by
the amplifier, the delay video is supplied as one
of the inputs to the trigger pulse-video amplifier
(par. 67). The delay video and nondelay video
are added algebraieally in the trigger pulse-video
amplifier to cancel clutter. The delay and non-
delay video signals are also applied to the ae-
quisition interference suppressor. The algebraic
sum of both video signals becomes the phase 1
and 2 video (residual video) signals applied to
the M'T1 video amplifier. During this time, the
delay preknock pulse from the delay amplifier
and the preknock pulse from the acquisition-
track synchronizer, are used to generate the M'TI
auto sync and disabling pulse. This pulse is
utilized to synchronize the operation of the ac-
quisition-track synchronizer in the director station
group.

b. The phase 1 and 2 residual video output of
the trigger pulse-video amplifier is applied to the
MTI video amplifier for amplification and de-
velopment into three signals: the MTI video,
which is applied to the acquisition interference
suppressor; the test video, which is applied to the
MTT oscilloscope; and the automatic gain control
{AGC) voltage, which is applied as a feedback
signal to the delay amplifier, Of these outputs,
only MTI video is supplied to the acquisition
interference suppressor. The acquisition in-
terference suppressor also receives delay and non-
delay video from the trigger pulse-video amplifier
and bypass video (dicke-fix video when operating
in the AJD mode) from the acquisition IF ampli-
fier. Video gate 1 pulse and gate 2 pulse from
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the fast AGC amplifier (par. 53) in the aecquisition
receiving circuits are applied to the acquisition
interference suppressor. The acquisition inter-
ference suppressor functions to remove interfering
video information from the MTI video signals.
The resultant input video and bypass video
{dicke-fix video when operating in the AJD mode)
are applied to the electronic gate and either test
MTI or processor video is applied to the MTI
oscilloscope. The electronic gate receives three
information inputs and four control inputs. The
three information inputs are MTI video, jam
strobe {(JS) video, and bypass video (dicke-fix
video when operating in the AJD mode)}, or a
combination of interference suppressor or proe-
essed video from the acquisition interference
suppressor. The four control inputs are the pre-
knock pulse from the aequisition-track synchro-
nizer in the director station group, the 4-kilo-
cycle CW carrier from the 4-ke oscillator in the
director station group, the modulated 4-kilocycle
resolver signal, and MTI range control voltages
from the LOPAR control-indicator.

¢. The electronic gate alternately passes MTI
video and bypass video or one of the selected
video modes. The resuitant video is combined
with JS video during selection of the AJD mode
to form the total acquisition video. Application
of acquisition video to both the video and mark
mixer, and the acquisition video eircuits is con-
trolled by the MTI sector and range voltages
when either 360° MTI switch-indicator A7 or
SECTOR MTI switch-indicator A8 is depressed.
These voltages permit control of the adjustable
range and the azimuth sector over which the
MT]I circuits operate. The video and mark
mixer, not an electrical part of the MTI or other
acquisition cireuits, functions as a distinet signal
mixing unit. For illustration and discussion
purposes, this mixer is functionally subjoined to
the MTI ecircuits (fig. 26). The acquisition
video, upon application to the video and mark
mizxer, is combined with range mark signals from
the acquisition marker circuits (par. 117). The
combination of these signals produces the acqui-
sition video and marks that are transferred to
the aecquisition video circuits {(par. 108). MTI
circuits consist of seven major units, and the
video and mark mixer discussed in paragraphs
61 through 72.

d. The MTI oscilloscope, 2 unit of built-in
test equipment, is permanently connected by a

Medified Handling ™ 9-1430-250-20/11
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multipole switch to the MTI eireuits for monitor-
ing purposes. The oscilloscope, synchronized by
preknock, is used to monitor the output signals
of the MTI video amplifier {(par, 68}, acquisition
interference suppressor, and the video and mark
mixer {(par. 71). In addition, MTI osecilloscope
switching controls the application of de enabling
voltages to the delay amplifier (par. 66).

63 (C). MTI Operating Modes

Note. The grid zone references shown in parentheses in
thin paragraph refer to figure 29, TM 9-1430-254-20/6,
unless otherwise indicated.

a. During basic receiver operation, the normal
IF signal is applied to the main acquisition IF
amplifier from the auxiliary interconneecting box
through deenergized IF select relay K1 (C2).
From the main acquisition IF amplifier (par. 52)
the video signal is applied to the delay line driver
{D8). The video input is applied from the delay
line driver (par. 64) to the MTI video amplifier
{fig. 28, C14, TM 9-1430-254-20/6) through the
MTI delay line {par. 65) and trigger pulse-video
amplifier (par. 67). The output of the MTI
video amplifier (par. 68} is applied through cir-
cuits in the acquisition interference suppressor to
the MTI gate in the electronic gate (D5) (par.
70). It is then applied through contacts of de-
energized jam strobe (JS) only relay K2 (C5) to
a JS mixer then as an input to the video and mark
mixer for presentation,

6. When LS. switch-indicator A10 or PROC-
ESSOR switch-indicator A9 on the LOPAR
control-indicator (B1) is illuminated white, by-
pass video is applied from the fast AGC amplifier
(B5) through contacts of deenergized IS on relay
K1 (A8} in the acquisition interference suppressor
to the electronic gate (D5). Bypass video is
applied to the video and mark mixer by the
electronic gate as required by the selected video
mode,

¢. When 1.8. switch-indicator Al10 {(Al) is
flluminated green, IS on relay Kl in the acquisi-
tion interference suppressor {BB) (par. 63) be-
comes energized, and causes bypass video to be
removed from the electronic gate (D5) and IS
video to be substituted in its place.

d. When PROCESSOR switch-indicator A9
{B1) is illuminated green,processor on relay X7
(B1) is energized. If either BASIC RECEIVER
switch-indicator A13 (B2} is illuminated green
energizing basic receiver relay K8 (B2) or AJD
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RECEIVER switch-indicator A15 (A2) is illhumi-
nated green energizing AJD receiver relay X10,
processor on relay K2 and IS on relay K1 (BB)
in the acquisition interference suppressor {(par.
68), processor on relay K1 (C8) in the delay
line driver {par. 64), processor on relay Ki (B9)
in the trigger pulse-video amplifier (par. 67}, and
MTI mode relay K6 (A2) in the LOPAR conirol-
indicator are energized. With relay Ké (A2)
energized, a ground is applied to the MTI gate
in the electronic gate and disables the MTI
channel of that unit by setting the maximum
MTI range to zero (par. 70d(2){c) ).

e. When AJD RECEIVER switch-indieator
A15 is illuminated green, AJD receiver relay K10
{A2) and MTI mode relay X6 become energized.
This assures that no MTI video is available for
any AJD mode of operation {par. 70). This
action also energizes AJD on relay K1 (B5),
AGC on relay K2 (A5) in the fast AGC amplifier
{par. b3), IF select relay K1 {C2) in the auxiliary
acquisition control interconnecting group, AJD
on relay K1 (D1) in the AJD fixed attenuator,
and AJD on relay K1 (D5) in the electronic gate.
The IF select relay K1 in the auxiliary acquisition
cabinet removes the normal pre amplifier IF
signal and connects the output from the wide-
band IF amplifier to the narrow-band filter to
give the proper dicke-fix arrangement {par. 32¢).
Bypass video (dicke-fix video when operating in
the AJD mode) is applied through deenergized
IS on relay K1 (B8) in the acquisition interference
suppressor to the bypass gate in the electronie
gate. Dicke-fix video is then applied through
contacts of deenergized JS only relay K2 (D5)
to the JS mixer, and JS video is applied through
contacts of energized AJD on relay K1 (D5) to
the JS mixer (par. 70). These signals are then
mixed and applied to the video and mark mixer
for simultaneous presentation on the PPY’s.

f. When IS, dicke-fix plus JS video is desired,
the action is as follows: dicke-fix video is supplied
to the delay line driver on the MTI video line.
The IS videe utilizes a portion of the MTI cireuit
and its operation is the same as for the normal
IS condition. The output from the asecquisition
interference suppressor (A7) is through IS on
relay K1 {B8). The IS dicke-fix video is applied
through contacts of deenergized JS only relay
K2 (D5) in the electronic gate to the J8§ mixer.
The JS video is applied to the JS mixer through
contacts of energized AJD on relay Ki (D5).
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These signals are then mixed and supplied to the
video and mark mixer for simultaneous presen-
tation on the PPI's,

g. The dicke-fix video is supplied to the delay
line driver as deseribed in f sbove for dickefix
plus J8. The MTI circuits and IS arrangements
are the same as for processed or normal video.
The electronic gate arrangement differs from the
proceed normal video arrangement only by the
addition of JS video through energized AJD on
relay K1 in the electronic gate.

k. When J8 ONLY RECEIVER switch-indi-
cator Al4 (Al) is illuminated green, AJD on
relay K1 (B5), AGC on relay K2 (A5) in the
fast AGC amplifier, IF select relay K1 (C2) in
the auxiliary acquisition control interconnecting
group, AJD on relay Ki (D1} in the AJD fixed
attenuator, AJD on relay XK1 in the electronic
gate (Db}, and JS only relay K2 are energized.
AJD on relay K1 (DB) supplies JS video to the
JS mixer and JS only relay K2 removes all
other video.

1. During testing of the auxiliary channel, nor-
mal IF select relay K2 (C11} is energized. This
action terminates the main normal IF signal and
applies the auxiliary normal IF signal to the
acquisition IF pre amplifier. Normal IF select
relay K2 is energized when IF GAIN switch 83
{B11) is set to the LOC position and RCVR
TEST switch 89 (Bil) is in the AUX position.

7- In selected systems using AAR, control of
the MTI operating modes is transferred to the
ECCM console when AAR is selected. The MTI
circuits conirolled by I. 8. switch-indicator AlQ
or PROCESSOR switch-indicator A9 on the LO-
PAR control-indicator (Bl), are transferred to
the ECCM console through contacts of energized
receiver control relays K18 and K8 (AB54), JS8
and AJD circuit functions, controlled by JS
ONLY RECEIVER switch-indicator Al4 (A41)
and AJD RECEIVER switch-indicator Al35
(B40), are transferred to the ECCM console
through contacts of energized receiver control
relay K13 (D56).

64 {U). Delay Line Driver

Note. The grid zone references shown in parentheses in
this paragraph refer to figure 28, TM 9-1430-264-20/8,
unless otherwise indicated.

¢. The delay line driver (D3) supplies two video
cutputs when operating in either the normal or
AJD mode. One output, an amplitude-modulated
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15-megacyele carrier, is applied to the MTI delay
line; the other, a nondelay video output, is ap-
plied to the trigger pulse-video amplifier. The
MTI video is applied from the main acquisition
IF amplifier to connector P1-9 {A2), MOD ADJ
variable resistor R1 (A2) provides amplitude ad-
justment of the input video before being applied
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to a gate eircuit consisting of diodes CR1 through
CR4. The 23-microsecond gating pulses (gates 1
and 2) from the fast AGC amplifier are applied
to operate the input gate. No signal can pass
through the gate during the 23 microseconds be-
tween preknock and syne pulses. This is done
so that the video test pulse at connector J2 (B2)
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may be inserted during a noise-free period enab-
ling the MTI AGC to function properly. The
MTI video output from the gate is applied to
cathode follower V6B. The MTI video output
of cathode follower V6B is applied to modulator
V7 (A4). The channel 1 modulator circuit con-
sists of modulator V7 and 15-megacycle oscillator
stage V3 with associated capacitor C16 and in-
ductor L3 (C4).

b. The 15-megacycle output of V3 (B, fig. 27)
is coupled to modulator stage VT through capae-
itor C18. The 15-megacycle sinusoidal carrier is
amplitude-modulated in modulator V7 by the
MTI video input from cathode follower V6B, by
the test pulse (during the time from preknock
to syne), and by the preknock pulse input at
connector J1 (A, fig. 27) (C2). The positive
preknock pulse is inverted in transformer T1,
with the resultant negative output being applied
to modulator V7 in channel 1 and modulator Vi
{D4) in channel 2. This negative pulse is used
to cut off modulators V1 and V7 during the pre-
knock period.

¢. The amplitude-modulated output from modu-
lator V7 (C, fig. 27) is amplified by nondelay am-
plifier V8 and applied through diode CR8 to
nondelay amplifier V5 (A5) when processor on
relay K1 (D3) is energized. Processor on relay
K1 removes the video input to nondelay amplifier
V5 when deenergized, thereby removing the non-
delay video output from channel 1 at connector
J3 (A6). A negative voltage is applied through
contacts 1 and 6 (B4) of deenergized processor
on relay K1 to diode CR9, causing CR9 to con-
duct and act as a short circuit. A negative
voltage is also applied to diode CRS, causing
CRS to be back-biased and act as an open circuit.
The video output of V5 is coupled through trans-
former T2 to video detectors CR16 and CRI17,
providing a negative video pulse at connector J3
(E, fig. 27). The CW amplitude of channel 1 is
adjusted by CHANN 1 CARR LEVEL ADJ
variable resistor R19 (AS8).

d. Diodes CR11 through CR14 (D2) provide a
gating circuit for the processor video input at
connector P1-1. The processor gate functions
the same as the MTI gate deseribed in a above.
The same gating pulses (gates 1 and 2) from the
fast AGC amplifier are applied to operate the
gate during preknock to sync. If the processor
video mode is selected (par. 63d) processor video
is applied from connector J7 (A24) of the acqui-
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sition interference suppressor, through the proc-
essor gate consisting of diodes CR11 through
CR14 (D2), and contacts 8 and 5 of energized
processor on relay K1 to cathode follower V6A.
The output of VBA is applied to modulator V1
as is the 15-megacycle output of oscillator stage
V3. Modulator V1 provides amplitude modula-
tion of the negative inverted preknock pulse from
transformer T1 and also of the processor video
(C, fig. 27). The CW amplitude of channel 2 is
adjusted by CHANN 2 CARR LEVEL ADJ
variable resistor R25. The output from modu-
lator V1 is amplified by delay amplifiers V2 and
V4, and applied to the MTI delay line through
connector P2 (D5),

e. When the MTI or interference suppressor
video mode is used, the signal path is through the
gate circuit consisting of diodes CR1 through
CR4 (A2), contacts 4 and 5 of deenergized proc-
essor on relay K1, cathode follower VB6A, and
through channel 2 to the MTI delay line through
connector P2 (DD5). This output is also applied
through diode CR9 tc mnondelay amplifier V5
(A5) in channel 1. The output of V5 is detected
by diodes CR16 and CR17, and applied as nega-
tive nondelay video to the trigger pulse-video
amplifier (D11).

f. In the processor video mode, both channels
of the delay line driver function. This is accom-
plished by energizing processor on relay Kl as
described in ¢ above. During this time, channel
1 is used to provide MTI video, video test pulse,
and preknock modulation of the 15-megacycle
sinusoidal ecarrier, while channel 2 is used to
provide processor feedback video, video test
pulse, and preknock modulation of the 15-mega-
eycle sinusoidal carrier produced by oscillator
va.

65 (V). MTI Delay Line

a. The MTI delay line (fig. 26) helps establish
the pulse repetition rate of 500 pulses per second
for the acquisition-track synchromizer in the di-
reetor station group, which establishes time re-
lationships throughout the entire LOPAR system.
In addition, the M'TI delay line delays the passage
of signals between its input and output for 2000
microseconds, or the time of one pulse repetition
rate. This signal delay allows comparison, in
succeeding ecircuits, of the delayed video with
nondelay video in order to produce residue video
and the subsequent MTI video. The nondelay
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video, which is compared with the delay video,
starts with the second preknock (E, fig. 27).

b, The MTI delay line is a multifaced, fused
quartz wafer containing two peizo-electric erystal
transducers. Input to the delay line is a com-
pound signal received from the delay line driver
(C, fig. 27), and consists of a 15-megacycle
carrier modulated by preknoek, MTI video, and
MTTI test pulses. When the compound signal is
applied te the input crystal transducer, it is
converted into ultrasonic vibrations which pass
through the quartz wafer. The quartz wafer and
path length attenuate the input signal 55 db
and delay the output 2000 microseconds. The
output. transducer reconverts the vibrations into
a 15-megacycle modulated carrier which is ap-
plied to the delay amplifier.

¢. Automatic synchronization of the aequisi-
tion-track synchronizer holds the interval between
successive pulses to a period equal to the delay
time design of the quartz wafer. A portion of
the delayed preknock pulse is removed in the
trigger pulse-video amplifier (par. 67) for de-
velopment into the auto syne pulse and supplied
to the aequisition-track synchronizer in the di-
rector station group to synchronize the generation
of preknock and syne pulses. Hence, if the delay
time of a particular MTI delay line changes, the
pulse repetition rate of the associated acquisition-
track synchronizer is automatically adjusted to
the changed delay time.

66 (U). Delay Amplifier

a. Qutput from the MTI delay line is amplified
and demodulated by the delay amplifier (fig. 26).
The resultant delay video signal is applied to the
trigger pulse-video amplifier. Because the signal
is attenuated in the MTI delay line, the delay
amplifier provides the additional amplification
needed insuring a balaneced input for signal com-
parison by the trigger pulse-video amplifier.

Note. The grid zone referencea shown in parentheses in

b below refer to fipure 28, TM 9-1430-254-20/6, unless
otherwise indicated.

b. The delay amplifier (B6} receives the de-
layed 15-megacyecle carrier from the MTI delay
line. The carrier is modulated by preknock, MT1
test pulse, and target video and is applied to a
three-stage, RF bandpass amplifier fixed-tuned
to 15 megacycles. The bandpass amplifier con-
sists of voltage amplifiers V1 and V2, and power

214+752 O« b ~ 11
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amplifier V3. In addition to the modulated
carrier, an AGC voltage is applied to the grid
cirenit of amplifier V1. This AGC voltage, de-
veloped in the MTI video amplifier (Cl4) and
produced from MTI test pulse residue, auto-
matically controls the gain of V1. By this means
the necessary gain of delay video to compensate
for the delay line attenuator is provided. Am-
plifiers V1, V2, and V3 amplify the delayed and
modulated carrier which is then applied to the
primary of transformer T1 (B8). Transformer
T1 furnishes a balanced output to the detection
(demodulation) cireuit, a full-wave positive out-
put rectifier composed of crystal diodes CRI1
and CR2. The l5-megacycle delay carrier is
removed, leaving the compound video sigpal
superimposed on a positive 4-volt de level. The
demodulated signal (D, fig. 27) appears as the
delay video output which is applied to the trig-
ger pulse-video amplifier. The delay amplifier
receives +150 volts through MTI CKT TEST
switch section S1D (D9), which disables the de-
lay amplifier when required for circuit adjustment
of the M'TI oscilloscope.

67 (U). Trigger Pulse-Video Amplifier

a. The trigger pulse-video amplifier (fig. 26)
compares delay video with nondelay video, and
produces an output containing moving target
video and reduced fixed target video. This output,
designated phase 1 and phase 2 video, is supplied
to the MTI video amplifier. The trigger pulse-
video amplifier also produces an MTI automatic
synchronizing and disabling pulse with a repe-
tition period equal to the delay time of the MT1
delay line. This dual pulse is furnished to the
acquisition-track synchronizer (par. 18) in the
director station group. In addition, the trigger
pulse-video amplifier supplies delay and nondelay
video to the acquisition interference suppressor.

Note. The grid zone references shown in parentheses in

b below refer to figure 28, TM 9-1430-254-20/6, unless
otherwise indicated.

b. The delay video input to the trigger pulse-
video amplifier, a ecompound demodulated signal
(D, fig. 27) received from the delay amplfier,
consists of negative 4-volt preknock pulses, posi-
tive 4-volt MTI test pulses delayed 5 microsec-
onds after preknock, and positive 1-microsecond
video pulses superimposed on a positive 4-volt

CONFIDENTIAL %



™ 9-1430-250-20/11

dc level. The nondelay video input is also a com-
pound demodulated signal (E, fig. 27), but is
received from the delay line driver. This signal
consists of positive 4-volt preknock pulses, nega-
tive 4.volt MTI test pulses delayed 5 microsec-
onds after preknock, and negative l-microsecond
video pulses superimposed on a negative 4-volt
de level. The nondelay video is applied to the
MTI comparison circuit discussed in {1) below
and to the acquisition interference suppressor in
(3) below. The delay video is divided into three
signal paths, one applied to the MTI comparison
circuit, (1) below, another to the MTI automatic
synchronizing cireuit, (2} below, and the third
through the cathode follower circuit to the ac-
quisition interference suppressor, (3) below.
(1) MTI comparison ¢ircuzl. The MTI com-
par.son circuit compares the delay video
and the nondelay video to produce a
residue video used to improve the dis-
play of moving targets. This circuit
consists of a voltage divider made up of
resistors R1 (B11), R2, and R3; fixed
delay network Z1, a small fixed artificial
transmission line; time balance variable
delay network Z2, a continuously varia-
ble delay line; resistors R4 and RS,
forming the signal summing junction;
and phase splitting amplifier V5, which
provides two residue signal outputs.
(@) The delay video is applied across re-
sistors R1 (Bll), and R3 to network
Z1 where it is delayed 0.6 microsec-
ond. This fixed delay corresponds
with the time required to initiate and
supply nondelay video to the summing
junction of R4 and R5. The output
signal of Z1 receives additional delay
through time balance variable delay
network Z2, a vernier adjustment for
the MTI delay line which controls the
delay time by an additional 0 to 0.3
microsecond. Network Z2, therefore,
assures that delay video can be ad-
justed to exact time coincidence with
the nondelay video. The resultant
delay video is applied through resistor
R5 to the junction of resistors R4
and R5 to be combined with the non-
delay video.
(b) The nondelay video received from the
delay line driver is applied through
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resistor R4 to the junction of resistors
R4 and R5 to be combined with the
delay video.

(¢) Combining delay and nondelay video

involves two compound signals of op-
posite polarity (D and E, fig. 27).
Each signal consists of a de reference
level, preknock pulse, MTT test pulse,
and MTI video which contains fixed
and moving target video. After the
amplitude and time relationships have
been properly balanced in the pre-
ceding circuits, the compound signals
tend to cancel each other when ap-
plied across resistors R4 and R5. Dur-
ing comparison, the algebraie sum of
preknock pulse, de reference level, and
MTI test pulse in both the delay and
nondelay video signals is zero. Since
suceessive video pulses of fixed targets
are equal, this portion of MTI video
is cancelled out. However, successive
video pulses of moving targets are
not equal in amplitude. Therefore,
when these pulses are compared, there
is a residual pulse (F and G, fig. 27)
caused by incomplete cancellation,
The residual pulse may be positive or
negative, depending upon which of the
two moving target video pulses is
larger.

(d) The residual signal from the junetion

of R4 and R5 (B12) is applied to
phase splitting amplifier V5. One half
of V5 inverts the residual signal and
furnishes a residual video output des-
ignated phase one video (F, fig. 27).
Part of this signal is cathode-coupled
to the other half of V5, a grounded-
grid amplifier. The output of this
half of V5, designated phase two video
(G, fig. 27), is also residual video
which is 180 degrees out of phase with
phase one video. These outputs are
applied to the MTI video amplifier.

(2) MTI automatic synchronizer circuit, The

MTI automatic synchronizing circuit se-
lects a preknock pulse from the delay
video which, together with a preknock
pulse from the acquisition-track synchro-
nizer, provides a combined auto symec

=
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pulse and a disabling puise for the ac-
quisition-track synchronizer.

(@)

®

The MTI auto synec and disabling
puise is developed by trigger selector
diode V1A (B1l), trigger selector am-
plifier V1B, and cathode follower V2A.
The same delay video as that applied
to the MTI comparison circuit is ap-
plied to V1 of the MTI automatic
synchronizing cirenit. Section V1A is
designed to select the negative 4-volt
delayed preknoeck pulse from the de-
lay videc compound signal. = Since
only a negative inpuf to V1A affects
conduction, only the negative pre-
knoek pulse is passed by V1A, This
produces a negative output pulse that
is amplified and inverted by V1B.
From V1B the positive 66-voit pulse
is applied to cathode follower V2A
and is then combined with a negative
32-volt, 2000-microsecond disabling
pulse from the output of phantastron
V3 (D12). Since the first delayed
preknock pulse oceurs 2000 mierosec-
onds after the first nondelayed pre-
knoek pulse supplied by the acquisi-
tion-track synchronizer, each auto
syne pulse occurs in time with each
successive nondelayed preknock pulse,
The disabling pulse is produced by
phantastron V3, crystal diode CRZ,
cathode follower V4B, and crystal
dicde CR1 (C12). Phantastron V3 is
a conventional phantastron triggered
by LOPAR preknock received directly
from the acquisition-track synchro-
nizer. However, with the addition of
cathode follower V4B, a modified
phantastron eircuit is formed. In this
case, plate voltage changes at V3 are
transferred through V4B to the con-
trol grid of V3. Diode CR2 limits the
maximum value of V3 plate volt-
age, producing a shorter than normal
gate width. Diode CRI1 is a negative
clamper which holds the nepative gate
from phantastron V3 below a zero
reference level. The nepative gate,
designated the disabling pulse, has a
total time duration of 2000 micro-
seconds and contains g steep negative
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leading edge, a flat portion of ap-
proximately 1500 microseconds, and
an exponentially rising trailing edge
for a period of 500 microseconds.
The leading edge of the disabling pulse
appears in time immediately following
the completion of the MTI auto syne
pulse. The positive 10-volt MTI auto
sync pulse {fig. 8) and the negative
32-voit disabling pulse are combined
for application through a ecommon
cable to the acguisition-track synchro-
nizer. When the pulses are eombined,
the positive-going trailing edge of the
disabling pulse forms a pedestal for
the auto syne puise, with a peak-to-
peak amplitude of approximately 42
volis.
(3) MTI cathode follower circudts.

(z) The nondelay videc applied from the
delay line driver to paraphase ampli-
fier V5 is also applied fo cathode
follower V2B (A11).

(5 The delay video applied from the de-
lay amplifier to paraphase amplifier
V5 is also applied to cathode follower
V4A (Al2)., Cathode follower V4A
isolates the acguisition interference
suppressor cutput from the input of
V.

¢. During the time that the processor video
mode and either the AJD or basic receiver are
selected, processor on relay K1 (B11) is ener-
gized (par. 63d). Relay K1 is energized by a
ground being applied through contacts 10 and 4
{D88) of energized AJD receiver relay K10 and
contacts 4 and 10, and 9 and 2 of energized proc-
essor on relay K7 (C41) when the AJD receiver
is selected. Relay K1 is also energized by a
ground being applied through contacts 8 and 12
{C41) of energized basic receiver relay K8, and
contacts 9 and 2 of energized relay K7 when the
basic receiver is selected. Energizing relay Kl
permits delay video to be applied to cathode
follower V4A (A12) without being applied through
delay networks Z1 and Z2. The delay video is
appiied to the acquisition interference suppressor
{par. 69).

68 (U). MTI Video Amplifier

a. The MTI video amplifier (fig. 26) amplifies
and detects residual video to produce the MTI
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video. In addition, this amplifier develops an
AGC voltage for the delay amplifier.

Note. The grid zone references shown in parentheses in
t below refer to figure 28, TM 8.1430.254-20/6, unless
otherwise indicated.

b. The MTI video amplifier (Cld) receives
residual video, consisting of phase 1 video and
phase 2 video, from the trigger pulse-video am-
plifier. These residual video signals are 180 de-
grees out of phase with each other and contain
the uncancelled portion of the video pulses com-
pared in the trigger pulse-video amplifier. Only
the residue of moving target video appears at
the input to the MTI video amplifier. The resid-
ual video is amplified and detected to produce
negative MTI video (H, fig. 27). This MTI
video ecircuit is discussed in (1) below. When
residual video consists of more than uncancelled
moving target videc, additional circuits produce
an AGC voltage to adjust the gain of the delay
amplifier, (2) below.

(1) MTI wdeo circuit, Phase 1 video is
applied to phase 1 amplifier V1A (Al4)
while phase 2 video is applied simul-
taneocusly to phase 2 amplifier V1B. The
amplified video outputs, 180 degrees out
of phase with each other, are applied
to the MTI video full-wave ecrystal
rectifier consisting of erystal diodes CR1,
CR2, CR3, and CR4 connected as a
bridge cirenit. Rectification of the two
video Inputs produces a negative video
voltage that appears across MTI VID.
EQ variable resistor R10. The output
voltage from R10, designated MTI video
(H, fig. 27}, is applied to the acquisition
interference suppressor. Phase 2 am-
plifier V1B (B14) supplies a sample
video signal designated MTT test video.
The MTI test video is supplied to the
MTT oscilloscope {par. 72) as a monitor-
ing signal.

(2) AGC cirensl. Whenever the gain of the
delay and the nondelay channels is not
equal, the MTI test pulse cannot be
completely cancelled in the comparison
cireuit of the trigger pulse-video ampli-
fier. Consequently, an MTI test pulse
residue appears at the output of phase
2 amplifier V1B in the MTI video am-
plifier. A portion of this output is sup-
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plied to cathode follower V3A (B15) in
the AGC circuit. The AGC circuit
consists of cathode follower V3A, video
amplifier V3B, push-pull amplifier V4A
and V4B, pate stages V5 and V8, bistable
multivibrator V7, and cathode follower
V2B. From V3A the signal passes
through grounded-grid video amplifier
V3B without changing phase. Both
positive and negative limiting is achieved
in this stage. The output signal from
V3B is further amplified and limited by
cathode-coupled, push-pull amplifiers
V4A and V4B, a phase-splitting cireuit.
The outputs from the plates of V4A and
V4B are applied 180 degrees out of phase
to gate stages V5 and V6, respectively.

(a) Stages V5 and V6 are gated open by

the MTIL test pulse {Cl5) received
directly from the acquisition-track
synchronizer in the director station
group. The pgating pulse (MTI test
pulse} is applied through isolating re-
sistor R2% and a capacitance voltage
divider, consisting of capacitors C13
and Cl2. Gate stages V5 (C15) and
V6 can produce outputs only when
the gating pulse from C12 and a signal
from V4A and V4B, respectively, are
present simultaneously. For example,
when the MTI test pulse is applied to
the suppressor grids of V5 and V8§,
and the amplitude of nondelay video
is greater than that of delay wvideo,
the MTI test pulse residue is negative
at the input of phase 2 amplifier V1B.
Consequently, the outputs of VIB,
V3B, and V4B are positive, causing
a positive pulse to appear at the out-
put of V5 and a negative pulse at the
output of V6.

() From pgate stages V5 and V6, the two

test pulse residue signals of opposite
polarity are applied to opposite con-
trol points of bistable multivibrator
V7. This multivibrator, consisting of
two triode sections, develops an out-
put signal which is integrated by re-
sistor R40 {Cl4) and capacitor C16.
From the junction of R40 and C186,
the signal is applied through AGC
cathode follower V2B to positive
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limiter erystal diode CR5, which pre-
vents the integrated output voltage
from going positive. This output is
the negative AGC voltage (par. 68b)
supplied as de control bias to the de-
lay amplifier. The value of this AGC
voltage varies as the delay and non-
delay channel balance varies, increas-
ing or decreasing delay amplifier bias
to counteraet unbalance between the
two channels,

69{V). Acquisition Interference Suppressor

Note. The grid zone references shown in parentheses in
this paragraph refer to figure 28, TM 5-1430-254-20/6.

a. The acquisition interference suppressor is
part of the anti-jam display. All system video
signals pass through this unit exeept jam strobe
video. The video inputs to the acquisition inter-
ference suppressor are: bypass video, delay video,
nondelay video, and MTI video. The videc out-
put may be processcr, interference suppressor, or
normal video depending on the mode selected
and will appear as processor feedback, bypass
video, processor video, or MTI video. In the
basic receiver with MTI mode of operation, the
bypass video and the MTI wvideo are passed
through the unit without alteration while the
delay and nondelay videos are not used.

b. MTI video is applied through connector J5
{C19) to the base of emitter follower Q3 (D21).
Diode CR33 clips the positive portions of the
MTI video. Emitter followers Q1 through Q3
make up a transistor driven AND gate and have
a high input impedance to minimize loading to
the input sources. When operating in the normal
mode, IS on relay K1 is deenergized and the bases
of Q1 and Q2 are fixed at —3 volts by the voltage
divider network made up of resistors R67 through
R70 (D21) between —250 volts and ground.
The —3 volts is obtained across R67 and applied
through contacts 5 and 11 of deenergized relay
K1, and through dicdes CR37 and CR38 to
transistors Q2 and Q1, respectively. This action
permits MTI video to transfer through the AND
gate. The MTI video signal is developed at the
emitier of Q3 and is coupled through diede CR27,
and applied to the grid of cathode follower V1B
(D22). Diodes CR25, CR26, and CR27 isolate
the three transistor stages and are part of the
AND pgate circuit. The output signal is applied
directly to the grid of cathode follower V4B.

™ 9-1430-250-20/11

Diode CR29 functions to prevent damage to V4B
in the event that tube V1 is removed with power
on. The output of cathode follower V4B is ap-
plied to connector J& (D24).

¢. When relay Kl is energized, the —38-voit
bias is removed from the base of emitter followers
Ql and Q2. The MTI wvideo signal output at
connector J6 is dependent on the coincidence of
delay, nondelay, and MTI video signals at the
AND gate. The output of the AND gate is the
smallest of three separate inputs, and since the
delay and nondelay video signals are always
larger than the MT1 video, these act as gates for
the MTI video. The amplitude of the output
signal is determined by the amplitude of the
MTI input signal. When the video signals are
not eoincident, there is no output from the AND
gate, and extraneous noise and jamming signals
are blocked.,

d. Bypass video is applied through connector
J3 (A19). During the normal mode of operation,
the bypass video is applied through contacts 10
and 3 (A21) of deenergized relay K1, and through
contacts 1 and 8 (A24) of deenergized relay K1
directly to conneetor J4 to the external circuit.
During the interference suppressor mode of op-
eration, bypass video is terminated through con-
taects 10 and 4 of energized relay K1 {A21), across
resistor R1 to ground.

e. During the interference suppressor mode of
operation, a signal at connector J4 is dependent on
the time ecoincidence of the delay and nondelay
video input sigmals. This random signal sup-
pression reduces the effectiveness of random noise
and side-lobe jamming as well as railing, walking
pulses, and friendly interference signals.

f. Nondelay video is applied to connector J2
{C19), through secondary winding 5, 6 of trans-
former T1, and applied to the control grid of
amplifier V7 (C21). Diode CR21 clips positive
portions of the nondelay video signal. The non-
delay video signal is amplified and inverted in
amplifier V7, and eoupled directly to grid 7 of
nondelay bypass amplifier V6B (C23) and sup-
pressor grid 7 of multiplier V3 (A22). Grid 7 of
V38 functions as a control grid when this tube is
used in a coincidence stage.

g. Delay video, which is delayed for one pulse
repetition period from the nondelay video, is
applied through connector J1 (B19), to the grid
of amplifier V1A. The signal is amplified and
inverted by V1A, The output of V1A is coupled
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through secondary winding 3, 4 of transformer
T1 and applied to the control grid of amplifier
V2 (A20}. Diode CR2 clips any positive portions
of the video signal. The signal is amplified and
inverted by amplifier V2, and coupled directly to
grid 3 of delay bypass amplifier V6A (B23) and
to control grid 1 of multiplier V3.

h. The suppression of random signals and the
amplification of sweep-to-sweep coincident sig-
nals is accomplished by the application of the
delay and nondelay video signals to the two
control grids of multiplier V3. Multiplier V3 is
a dual control pentade. The interdependent con-
trol characteristics of the two grids of this tube
permit biasing to points where the stage acts as
an effective coincidence circuit. The amplitude
of the signal present at control grid 1 may be
considered as a controlling voltage that deter-
mines the multiplying constant for the signal
present on grid 7. The output of multiplier V3
is applied to the grid of phase splitter V4A.
Since the gain of V6A and V8B is almost negligible
with processor on relay K2 deenergized, it con-
tributes almost nothing to the input of phase
splitter V4A (A23).

1. Phase splitter stage V4A has two outputs,
one of which is applied through contacts 2 and 9
(A24) of energized relay K1 to connector J4.
The other output signal from V4A is applied
through connector J7 (A24) to the delay line
driver (par. 64) as processor feedback.

j. Test switch S1 (B24) selects either MTI
video or processor video to be applied to con-
nector J8 for monitoring purposes.

k. When relay K2 (B20} is energized, relay K1
is also energized, since a ground connection is
made through contacts 8 and 12 of energized
relay K2 (B20). The cathode circuit of delay
and nondelay bypass amplifiers V6A (B23) and
V6B is changed by the application of +150 volts
to terminal 1 of delay processor adjust variable
resistor R356 (B23) through contacts 2 and 9
energized of relay K2, and to terminal 1 of non-
delay processor adjust variable resistor R37
through contacts 10 and 4 of energized relay K2.
This action causes the operating voltage on the
cathodes of V6A and V6B to shift so that the
gain of each section of V6 may have a maximum
gain of 0.4. The gains of delay and nondelay
bypass amplifiers V6A and V6B are now con-
trolled by adjustment of variable resistors R35
and R37. During the processor mode of opera-
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tion, the proportion of delay and nondelay video
that bypass the multiplier stage ean be independ-
ently controlled by the gain setting of the respec-
tive section of delay and nondelay bypass am-
plifiers V6A and V6B.

l. The grid bias of multiplier V3 (A22) is deter-
mined by the plate current of amplifier V2 (A20)
for grid 1 and the plate eurrent of amplifier V7
(C21) for grid 7. This requires that the plate
current of amplifiers V2 and V7 be held eonstant
for long periods of time to prevent performance
degradation. The video gate, used to generate
the video “‘quiet period” in the MTI system, is
used to operate gates for sampling the grid sig-
nals of multiplier stage V3. Video pgate 1 is ap-
plied through connector Pl-1 (B19) coupled
through eapacitor C18 to the gate shaping cireuit
composed of diodes CR8 (B20), CR9, CRI1¢,
CR11, capacitor C14, and resisters R28 and R24.
The action of the gate shaping cirenit is ex-
plained in m below.

m. The operation of the video gates used in
this circuit at a +150-volt reference requires that
the video gate input be ac coupled. The gates
must earry approximately 0.5 ma of current dur-
ing the on time and must be back-biased to cause
adequate isolation during off time. The charge
accumulated on coupling capacitor C13, when
the input gate signal is positive, is discharged
through resistor R23 during the off time while
the input gate signal is negative, The input
signal is referenced to 4142 volts which is ob-
tained from the voltage divider network com-
posed of resistors R26 and R28 between +150
volts and ground. Capacitor C14 stabilizes this
voltage and holds it constant. When the positive
input gate signal is coupled through capacitor
C13 the total voltage is the sum of the reference
voltage and the +68-volt input signal for a total
voltage of +210. This voltage will close the
gate switches for 28 microseconds and the gate
output will rise to 4150 volts. After the 23-
microsecond interval, the voltage aeross resistor
R23 goes negative and the gate switches open.
The gate cutput will at this time return to 4142
volts and remains for the remainder of the sweep
time of approximately 2000 microseconds until
the next positive gate pulse is applied at connector
P1-1. The video gate 2 signal at connector P1-5
is equal and opposite in polarity to the video
gate 1 signal. The input to the gates is prevented
from rising above <4210 volts in each channel
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by Zener diodes CR9 and CR10 which are 68-
volt diodes. The input voltage to the gates is
prevented from dropping below 1142 volts by
the reference voltage established in the voltage
divider consisting of resistors R26 and R28.

n. For correet operation of the bias econtrol
loop it is necessary that there be no signal present
on the grid of multiplier V3 (A22) during the
time between preknock and the leading edge of
the test pulse. The preknock pulse which is the
opposite polarity of video is inserted into the
cireuit through J9 (C19) and the secondary wind-
ings of transformer T1 to insure that no signal
appears at the multiplier grid during the time
between the preknock pulse and the leading edge
of the test pulse.

¢. During the 23-microsecond on time of the
diode gates (B20}, a 7-micresecond positive signal
and receiver noise is applied to the input of the
two gates. One input is from the plate circuit
of V7 and is applied at the junction of CR16
(B21) and CRI7. The other signal is applied
from the plate circuit of V2 to the junction of
CRI14 and CR16. Since the gates are on at this
time, the positive 7-microsecond test pulse and
receiver noise is passed through the gates and
applied to the grid of V5A or V6B (C21). Since
AGC amplifiers V5A and V5B are identical, only
the action in stage V5B will be discussed. The
grid of V5B is biased at a voltage between { and
—10 volts by the voltage divider consisting of
resistor K49 and nondelay bias adjust variable
resistor R48 hetween —250 volts and ground.
The amount of bias is determined by the setting
of variable resistor R48. The 7-microsecond test
pulse and receiver noise are applied through
diode CR23 (C22), developed across resistors
RA7 and R46, and applied to the grid of VB5B.
The positive pulse is blocked from the grid bias
reference circuit by diode CR24 but is passed
through CR23. The current in V5B is held
fairly constant for a long period of time. The
output of V5B is coupled through Zener diode
CR22 to the sereen grid of V7. The voltage drop
across normally conducting Zener diode CR22 is
held constant at +68 volts so that the screen
grid of V7 is operating at a relatively low po-
tential. The gain of V7 is held constant for the
long period of time between the video gate on
pulses. During the gate on time, normal re-
ceiver noise causes the screen grid of V7 to rise
to a voltage determived by the noise level. The

TM 9-1430-250-20/11

effect of the 7-microsecond test pulse which is
applied during the preknock to sync time is off-
set by the application of a distorted preknock
pulse of the opposite polarity to the secondary
windings of transformer T1. Therefore, the
receiver noise level, which is applied during the
gate on time, establishes the gain level for V7
during the remainder of the sweep time.

70(C). Electronic Gate

¢. The electronic gate in the moving target
indicator (MTI) circuits consists of eight elec-
tronic tube stages performing eleven functions.
This unit is adjusted to determine the sector
area and range in which the MT]I video is fo be
displayed on the plan position indicators (PPI's)
in the presentation system.

b. The electronic gate receives three information
and four control signal inputs. The information
input signals are the MTI video, jam strobe (JS)
video, and the bypass or processor video (dicke-
fix when in the AJD mode). The gate circuits
determine which of these signals appear in the
output. The control input signals are the 4-
kilocycle reference carrier, the modulator 4-kilo-
eycle carrier, the MTI range control voltages,
and the preknock pulse. These signals are used
by the control circuits which determine the range
and sector of MTI video presentation on the
cathode-ray tube (CRT) indicators.

¢. The MTI circuits can be used or bypassed
without disrupting other operating portions of
the system. While in use, these circuits may be
operated to give full 360.degree coverage (3,
fig. 28) on the face of the CRT (5, fig. 28}, or
over a selected sector of controlled width. The
MTI circuits may also be operated over the full
range or any portion of the range, of the system,
When MTI is selected, it is electronically shut
off at some predetermined range by the electronie
gate and is replaced with one of the other modes
for the remainder of the sweep range (4, fig. 28).
In selected systems using AAR, MTI control re-
lays K12 and K14 (C56) transfer sector and
range control circuits to the ECCM console. The
sector and range control circuits function iden-
tically when controlled from the ECCM console
as described below.

Note. The grid zone references shown in parentheses in
d below refer to figure 28, TM 9-1480-254-20/6 unless
otherwise indicated.
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Pigure 28(U7}. LOPAR video display areas—PPY (U).

1—Variable MTI video range {0 to 260,000 yda)

2—Variable bypass video range (0 to 250,000 yds)

3—Variable MTI and bypass video section (0 to 360
degrees)

4—Bypass video area remaining after MTI video range
selection
5—TFace of cathode-ray tube

Figure 28 (C). LOPAR video display areas—PPf—legend {I7),

d. Within the electronic gate, the gating op-
eration, (1) below, is performed by gating multi-
vibrator V5A (A23) and V5B, gate generators
V6A and V6B, gating amplifier V7A and V7B,
and associated circuits. These stages acting as
an electronic switch determine whether MTI
video, or bypass or proecessor video is passed fo
the video and mark mixer {par. 71). When
sector and range coverage is desired for the
presentation of MTI video, the control operation
discussed in {2) below is performed by clipper
amplifier V1A (B32), 4-ke detector V1B, pre-
knock selector V2, range phantastron diode-1
V3A, range phantastron V4, range phantastron
diode-2 V3B, and associated ecircuits,

{1) Galing circuits. MTI video (H, fig. 27),
consisting of negative pulses representing

100

moving targets, is applied to gating
amplifier V7B (B32). At the same time,
bypass or processor video containing
all target information is applied to gating
amplifier VTA (A32). Diodes CR2 and
CR3 provide positive clamping of their
respective input signals. Gating multi-
vibrator V5A and V5B, and gate gen-
erators V6A and V6B control the con-
duction of gating stages V7A and V7B,
allowing only one tube to operate at a
time. Consequently, this gating action
determines whether MTI video, or by-
pass or processor video is passed to mixer
V8A. Gating multivibrator V5A and
V5B is triggered by a negative pulse

CONFIDENTIAL
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(D, fig. 29) from range phantastron V4
(B83) in the control circuits discussed
in (2) below. This stage is s bistable
multivibrator with a direct-coupled load.

CONFIDENTIAL

Mixer stage VBA and V8B, and associ-
ated components provide mixing of JS
video with the other selected meodes.
When V5A receives a trigger pulse from

100.1



CONFIDENTIAL Medfi Hordies

CONFIDENTIAL

o



@)

CONFIDENTIAL -M°

range phantastron V4, a positive gate
pulse (G, fig. 29) is produced at the
output of V5A and coupled through V6A
to V7A. This action cuts off V7A and
no bypass or processor, or dicke-fix
video can pass. At the same time, V5B
produces a negative gate (F, fig. 29) for
the input of V7B (B32). As V7B con-
duets during the gate time, MTI video
is passed through V7B to V8A through
contacts 1 and 6 of deenergized JS
only relay K2 (A84). In order for V7A
and V7B to supply an output of equal
amplitude, SW BAL wvariable resistor
R45 (B32) is provided for bias adjust-
ments. The video outputs of V7A or
V7B are applied to mixer V8A. The
output of V8A is applied to the video
and mark mixer.

Control circuits. Gating multivibrator
V5A (A33) and V5B, which determines
whether VTA or V7B is gated open, is
triggered by range phantastron V4 (B33).
Development of the trigger pulse output
of V4, with its seetor and range selection
components, is discussed in {g) through
{d} below.

(@) Sector and sector-width selection. A

steady 4-kilocycle reference carrier
signal (B, fig. 30) from the 4-ke oscil-
lator is applied to one end of 4KC
ADJ variable resistor R1 (C31}. A
modulated 4-kiloeycle carrier {A, fig.
30) from the rotor of MTI SECTOR
ANGLE resolver Bl (B43), in the LO-
PAR auxiliary eontrol-indicator, is ap-
plied to the opposite end of R1. The
modulation is developed from the 4-
kiloeyele N-8 and E-W acquisition an-
tenna position signals which are ap-
plied to the acquisition azimuth re-
solver. For each 360 degrees of an-
tenna rotation, one cycle of amplitude
modulation is produced which con-
tains two crests (A, fig. 30). When a
crest (antinode) is out of phase with
the reference carrier at 4KC ADJ
variable resistor R1, a null is produced.
The null (C, fig. 80) corresponds to
the center of the sector over which
MTI video is displayed. The fre-
quency of the modulated 4-kilocycle

CONFIDENTIAL
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output of R1 is dependent upon the
speed of rotation of the acquisition
antenna. When the MTI SECTOR
ANGLE knob (B43) is turned to
reposition the rotor of resolver BI,
the frequency of the modulation en-
velope remains constant but the anti-
nodes of the waveform (A, fig. 30)
are moved to the left or right de-
pending upon the direction of rotor
change. From resistor R1 (C31) the
resultant modulated 4-kilocycle signal
(C, fig. 30) is applied to clipper am-
plifier V1A (B32). After the signal is
amplified and clipped by V1A, only
the negative half appears in the out-
put (D, fig. 30). This output signal
is demodulated and clipped above
zero volts by 4-ke detector V1B, pro-
ducing an output representing the
negative modulation envelope (E, fig.
30). The level of V1B, clamped by
SECTOR WIDTH variable resistor
RS, determines the width of the zero
voltage null (E, fig. 30}. Since the
null is used to gate preknock selector
V2, wideniing of this portion increases
clipping and produces & wider MTI
sector (3, fig. 28). Preknock selector
V2, a coincidence stage, receives both
the negative azimuth gate pulse from
V1B and the positive l-microsecond
preknock pulse {A, fig. 29) from the
acquisition-track synchronizer in the
director station group. The gated
preknock output of V2 (B, fig. 29) is
a series of negative preknock pulses.
The number of these pulses that are
passed depends upon the zero veliage
time of each gate pulse and the selec-
tion of sector MTI mode of operation.
During 360° MTI mode, the gating
pulses for control of V2 (B33} are
grounded through contacts 9 and 1
of deenergized sector MTI relay K&
{B387), contacts 1 and 6 of deener-
gized MTI mode relay K6, (c) below,
and connector PI-13 (C385). All pre-
knock pulses to V3A pass, causing
MTI to be displayed over the full
360 degrees of azimuth (3, fig. 28).
During sector MTI mode, relay K5
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Figure 28 (U). MTI sector selection—waveforms—ideal (),
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{B37) is energized removing the ground
on V2 and one gate (A, fig. 29) appears
for each antenna revolution at a time
coincident with the azimuth point
determined by sector selection and
with a duration determined by the
setting of SECTOR WIDTH variable
resistor R8 {C32).

(# Range selector.

1. The output of V2 (¥, fig. 30 and B,
fig. 29) (B33), consisting of a series
of negative preknock pulses, is ap-
plied to range phantastron diode-1
V3A. For each preknock pulse sup-
plied to V3A (fuhctioning as an
isolation stage), a negative output
signal is produced. These signals are
applied to the control grid of range
phantastron V4, a conventional
phantastron. The leading edge of
the phantastron pulse (C, fig. 31) is
in time coincidence with each gated
preknock puise (B, fig. 31). A
negative pulse in the plate circuit of
V4 is isolated from the loading effects
of the range control circuits by
range phantastron diode-2 V3B.

2. A fixed value dec voltage is applied
to the cathode circuits of diode V3B.
Current flows from ground through
resistor R27 (D34), SECTOR
RANGE variable resistor R25, con-
nector P1-3, contacts 4 and 10 of
energized sector MTI relay K5, con-
tacts 4 and 5 of deenergized MTI
mode relay K6, connector P1-7,
MTI CKT TEST switch 81C (D30},
P1-11, range phantastron diode-2
V3B, and resistor R16 toward +250
volts. This de voltage and the op-
eration of V3B (C33) limit the maxi-
mum plate voltage that can be
developed at range phantastron V4.
Varying the dec voltage varies the
width of the phantastron output
pulse, thereby controlling the range
within which MTI video is dis-
played.

3. The negative rectangular wave out-
put from the cathode of V4 (C, fig.
81) (B33) is differentiated by capac-
itor C15, and resistors R20 and R21.

Maodified Handling
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Differentiation produces sharp nega-
tive and positive spikes (D, fig. 31).
The differentiated pulses are ap-
plied to the control grid of bistable
gating multivibrator VB5A  (A32).
When the negative pulse triggers
V5A, it produces a positive pulse
gate {G, fig. 31) to video gate V6A.
Tube V6 acts somewhat like a
cathode follower, coupling the gate
outputs from V5 to gating amplifier
V7A. With a positive gate applied
to the grid of V6A, plate current
will increase causing a large voltage
drop across common cathode resistor
R44 (A32). This positive voltage,
also developed at the cathode of
V7A, will bias the tube beyond cut-
off. Therefore, the bypass video
{dicke-fix video if’ IF select relay
K1 is energized (par. 5l¢)), applied
to the grid of V7A will not be ampli-
fied. With the negative gate applied
to the grid of V6B, the tube will be
cut off, reducing the voltage de-
veloped across common cathode var-
iable resistor R45 (B31). With the
bias on V7B reduced, the MTI video
applied to its grid will be amplified.
Conversely, when no MTI trigger is
present, V6A will be cut off, reduc-
ing the voltage developed across
common cathode resistor R44. With
the bias on V7A reduced, any by-
pass or processor, or dicke-fix video
applied to the grid will be amplified.
By the same reasoning, V7B will
now be cut off due to increased plate
current through V6B. SW BAL
variable resistor R45 is adjusted to
equalize conduction on both halves
of V7 so the switching waveform
will not appear in the plate circuit.
MTI of. When neither SECTOR
MTI nor 860° MTI mode is selected
{switch-indicators A8 and A7 illumi-
nated white), the cathode-ray tube
sweeps display bypass video only, and
the output of 4-ke detector V1B (B32)
is grounded through contacts 9 and 1
of deenergized relay X5 (A37), con-
tacts 1 and 6 of deenergized MTI
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Figure 86 (U). MTI conirol circuita—waveforma—ideel (I/).
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Fligure $1 (U). MTI range selection—waveforms—ideal (U ).

mode relay K6, and connector P1-13
{C35). At the same time, the cathode
of V3B is grounded through contacts of
MTI CKT TEST switch section S1C
(C29) on the MTI oscilloscope when
S1 is set to any position except 1 or 8,
and through contacts 5 and 4 of de-
energized relay K6, contacts 10 and 3
of deenergized relay K5, section S1D
of switch-indicator A7, contacts 1 and
6 of deenergized relay K6, and con-

nector P1-13. Since the output of
V1B (C32) is grounded, there is no
input gate supplied to preknock se-
lector V2 (B33} and preknock pulses
supplied from the acquisition-track
synchronizer continuously pass
through V2 and V3A to V4. Since
the cathode of V3B is als¢ grounded
at this time, V4 operates as an ampli-
fier stage to produce negative pulses
too short in duration to be differen-
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tiated. Thus, the negative pulses from
V4 will trigger V5A, causing V7A to
be closed. When processor mode, and
basic receiver or AJD receiver mode
of operation is selected, MTI mode
relay K6 is energized. The cathode
of V8B is then grounded through
contacts of MTI CKT TEST switch
S1C, when S1 is set to any position
except 1 and 9, and through connector
P1-7, contacts § and 3, and 2 and 6
of energized relay K6, and connector
P1-13. This ground reduces the BMTI
range to zero, thus preventing MTI
mode of operation with AJD re-
ceiver or processor video mode of op-
eration.

{d) J§ video. When JS video is selected
for use, AJD on relay K1 (D38) is ener-
gized as described under MTI op-
erating modes (par. 63). The JS
video is applied to JS mixer V8B (B34)
through contacts 3 and 5 of energizéed
AJD on relay K1 (D33) and JS GAIN
variable resistor R53 (D32). The out-
puts of V8A and V8B are then com-
bined and applied to the video and
mark mixer. When JS ONLY mode
is selected, JS only relay K2 (A34) is
energized (par. 63h) and all other
video inputs are removed from mixer
V8A providing JS video only.

71 (CMHA). Video and Mark Mixer

a. The video and mark mixer (fig. 26) performs
mixing and gating operations on input signals to
produce the acquisition video and marks output
for the acquisition and tarpet track video circuits.

b. The acquisition video and marks ultimately
displayed by the presentation system (par. 73)
indicate the polar coordinates of the target
{target video), the azimuth of the track antenna
(radial segment of the electronic cross), the range
setting of the target track range unit (arc of the
electronie cross), and the IFF video symbols.

Note. The prid zone references shown in parentheses in
¢ and & below refer to fipure 28, TM 9-1430-254-20/6,
unless otherwise indicated.

¢. The video and mark mixer (D47) receives
the input signals listed in (1) through (6) below,

(1} LOPAR video, consisting of bypass or
processor video with or without MTT,
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dicke-fix and JS video, or JS video only
depending on the receiver and video
modes of operation selected, is received
from the electronic gate in the MTI
circuits (par. 70d) of the director station
group. In addition, an IFF video input
is supplied from the IFF circuits (par.
124).

(2) Track azimuth pate from the mark
generator in the tarpet radar control
console. The mark penerator is part
of the acquisition marker circuit.

(8) Track azimuth mark from the mark
generator in the target radar control
console. The mark generator is part of
the acquisition marker circuit.

(4) Acquisition-track range mark from the
range mark generator amplifier in the
target track range cireuits (TXI 9-1480-
250-20,/6) of the track range amplifier-
control group.

(8) Track range gate from the range mark
generator amplifier in the target track
range c¢ircuits of the track range ampli-
fier-control group.

(6) Acquisition range mark from the acqui-
sition range generator in the battery
control console. The acquisition range
generator is part of the aecquisition
marker circuit.

d. A functional analysis of the video and mark
mixer is discussed in (1) through (6) below.

(1) The arc of the electronic cross is gen-
erated by a diode gating circuit consist-
ing of cathode follower V9A and diodes
CR5, CR86, CR7, and CR8 (C46) sup-
plied with two positive input signals.
The inputs are the track azimuth gate,
received through WIDTH variable re-
sistor R26 (C45), and the acquisition-
track range mark, received through con-
tacts 4 and 5 of track cross off relay K3.
The acquisition-track range mark, a
sharp, positive, 0.25-microsecond pulse,
occurs at the rate of one for each PPl
sweep penerated. The track azimuth
gate, a positive-going triangular pulse
upon a pedestal, referenced to a negative,
70-volt level, occurs for several PPI
sweeps. The diode gating circuit con-
duets only when both the mark and gate
pulses are applied in time coincidence. A
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voltage divider consisting of R19, RE,
R29 (C46), R104, and R108 (D46)
tend to set the anodes of CR5, CR7,
and CR8 to a negative potential but
CR6 clamps this level te 0 volt. The
track azimuth gate applied through
cathode follower V9A causes CRS to
cut off eliminating current flow
through this leg of the voltage divider
network. The acquisition-track range
mark applied to C31 reduces the cur-
rent through R19 and CR5 allowing
the voltage at the anode of CR7T to rise
proportionately, The mark is ampli-
fied by V1 and appears alone in the
output as a serjes of negative pulses.
The pulses appear for the duration of
the azimuth gate, preventing a com-
plete circle from being traced on the
PPI. These pulses form the are por-
tion of the electronic cross. The time
of presentation for the are portion is
adjusted by WIDTH variable resistor
R25 (C4b). This resistor varies the
gate length s0 that VO9A conducts for
approximately 180 mils of the acquisi-
tion antenna rotation.

The radial line of the electronic cross
is generated by a gating circuit con-
gisting of diodes CR12, CR13, CR14,
and CR16 (D46) in a manner similar
to generation of the arc of the elec-
tronic cross by diodes CRB, CR6, CRT,
and CR8. However, the input signals
are applied in time coincidence di-
rectly to the cathodes of diodes CR12
and CR14. These signals are the track
azimuth mark, a positive, 1625-micro-
second square wave, and the track
range gate, a positive, 5000-yard (30
microseconds) square wave., When
both pulses are applied simultane-
ously, the diode gate conducts and pro-
duces at its output a 5000-yard gate
pulse, representing a segment of the
track azimuth mark. This gate forms
the radial line of the electronic cross
and appears once per revolution of the
acquigition antennas at the azimuth
and range setting of the target track
antenna.

dified Handling
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The inputs to amplifier V1 (D47) con-
sist of a positive azimuth mark from
CR7 and a positive 5000-yard range
mark from CR13. In addition, the IFF
video from diode CR19 (C46) is ap-
plied to V1. The amplitude of the IFF
videe is8 controlled by IFF VIDEO
variable resigtor R69 (C46). Crystal
diodes CR19, CR7, and CR13 are used
to prevent interaction between the
three input signals to V1. The signals
are amplified and inverted by V1 and
applied to limiter V2 (D47). Limiter
V2 along with CR3 and limit level
variable registor R15 limits the ampli-
tude of the outputs of V2. Zener diode
CR24 (C51) reduces the amount of
power dissipated through limiter
stages V2 and V6 by limiting the
amount of evrrent flow from the —260
volt source through V2 and V6. The
output signals are applied through a
dc restorer and cathode follower V3
{D50) to J12 (D52). The output of
V2 i3 also applied to amplifier VAB
{CB0).

The HIPAR video (Ad48) i= applied
from the HIPAR equipment through
the auxiliary acquisition interconnect-
ing hox to a cathode follower and am-
plifier cirenit in the auxiliary resclver
amplifier. The HIFAR video is applied
through cathode follower V1B (Ad4)
to video amplifier V1A. The output of
V1A is applied through cathode fol-
lower V2 to connector J9 on the video
and mark mixer. The amplitude of the
HIPAR video received from the input
at connector J9 (A47) is adjusted
with HIPAR-AAR VIDEQ wvariable
registor R71 and is applied through a
de restorer to wvideo amplifier VOB,
The HIPAR output signal path from
V9B and the LOPAR signal path from
connector J& depends upon which
acquisition radar is selected as de-
scribed in (6) below.

The acquisition radar input to limiter
stages V10 (B47) and V7 (A49) is
determined by the acquisftion radar
selected. When LOPAR is selected,
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(6)

M

HIPAR video from V9B ‘(A48) is ap-
plied to limiter stage V10 (B47) through
contacts 1 and 6 of deenergized HIPAR-
LOPAR select relay K2 (B47) and con-
tacts 6 and 5 of switch S1. LOPAR
video from connector J6 (B47) is applied
through contacts 4 and 5 of deenergized
relay K2 (A48) to limiter stage V7 (A49).
When the HIPAR mode is selected, HI-
PAR video from V9B (A47) is applied
through contacts 3 and 5 of energized
HIPAR-LOPAR select relay K2 to
limiter stage V7. LOPAR video is ap-
plied, during HIPAR mode, through
contacts 2 and 6 of energized HIPAR-
LOPAR select relay K2 (B47), through
contacts 6 and 5 of 81 (B47) to limiter
V10.

Limiter V10, in conjunction with crys-
tal diode CR21 and limit level variable
resistor R85, limits the amplitude of
signal inputs to cathode follower V11
{Bbl}. Zener diode CR256 (C48) fune-
tions to reduce the amount of power
dissipated through limiter stapges V10
and V7 (A49) by limiting current flow
through these stages. The output of
V10 is applied through a dec restorer
network and contacts 3 and 5 of ener-
gized video seleet relay K1 (B50) to
V11. Video select relay K1 is energized
at all times by a ground applied through
contacts 2 and 3 of switch S1 (C45).
The HIPAR or LOPAR video output
of cathode follower V11 is applied
through connector J11 (C3, fig. 80) to
the video preview switching cireuits.
In selected systems using AAR, the
video output from connector J11 (Al)
is applied through connector J102 to the
video preview switching circuits and
through a cathode follower amplifier to
the ECCM console.

The video input to limiter stage V7
may be HIPAR or LOPAR video de-
pending upon which mode is selected
as described in (4) above. The output
level of limiter V7 is limited by diode
CR16 and limit level variable resistor
R61l. Video pulses from V7 are applied
through a de restorer circuit and through
PI Marks switch S2, contacts 1 and 2, to
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cathode follower V8, The HIPAR or
LOPAR video output of V8 is applied
to connector J10 for use in the B scope
indicator (par. 113).

The output of limiter V7 is also applied
to amplifier V4A through contacts 2
and 6 of energized video seleet relay K1.
The video pulses from V4A and mark
pulses from V4B are combined into a
composite video-mark signal aeross mix-
ing resistors R94 and R95 and applied
to limiter V5 (C51). Diode CR9, limit
level variable resistor R43, and V5 limit
the composite acquisition video and
mark signal and applies it through a de
restorer and cathode follower V6 (C52)
to the MTI oscillosecope and PPI’s (par,
109). In selected systems using AAR,
the IFF video and marks output from
connector J12 (fig. 83, C12) on the video
and mark mixer is applied to the ECCM
console.

72 (U). MTI Oscilloscope

¢. The MTI oscilloscope (fig. 26) in the di-
rector station group monitors and controls the
MTI circuits. This oscilloscope, with its switch-
ing cireuit, permits the analysis and interpreta-
tion of output signals from the various MTI
circuits. Therefore, the MTI oscilloscope may
also be used as a troubleshooting aid,

b. The MTI oscilloscope uses external sources
of ac and de power. Its multipole-multiposition
switching of signal inputs controls the mode of
operation of both the oscilloscope and the MTI
circuits.

Note. The grid zone references shown in parentheses
in £ and d below refer to figure 28, TM 9-1430-254-20/6.

¢. The MTI oscilloscope (B27) consists of
two circuits: a sweep circuit containing sweep
gate multivibrator V1A (C25) and V1B, clamped
horizontal sawtooth generator V2B (D26), and
phase inverter sweep amplifier V3; and a video
amplifier circuit containing vertical amplifier V2A
(C29) and video amplifier V4, The output of
the two ecireunits is applied to cathode-ray tube
(CRT)} V5, an electrostatic tube employing de-
flection modulation. A funetional analysis of the
two cireuits is given in (1) and (2) helow.

(1) Sweep cireudl.
{a) A positive preknock pulse, from the
acquisition-track synchronizer in the

Cy
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director station group, triggers sweep
gate multivibrator V1A (C25) and
V1B operating as a monostable, cath-
ode-coupled multivibrator, When trig-
gered, V1B produces a positive pulse
and V1A a negative pulse output.
The positive pulse is applied to CRT
V5 (C28) as an unblanking gate pulse,
and the negative output is applied
to sawtooth generator V2B as a gating
pulse. The width of the output pulses
ia determined by the time constant of
an RC network composed of capac-
itors C2 (C25) and C8 (D29), and
resistor R8, MTI CKT TEST switch
section S1A (ID28) controls the sweep
and the unblanking pulse duration by
connecting capaciter C3 in or out of
the circuit to produce pulses of approx-
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imately 175- and 20-microsecond dura-
tions, respectively.

The negative gate pulse from V1A
is applied to clamped horizontal saw-
tooth penerator VZB, stopping its
conduction. The charge and dis-
charge of the RC network, composed
of capacitors C5 {D26) and C6 (D29},
and resistor R9 produces a positive-
going sawtooth pulse through V2B.
From V2B this pulse is direct-coupled
to phase inverter sweep amplifier V3,
Switch section S81B adds or removes
capacitor C6 from the RC network,
changing its RC time constant. Hence,
the steepness of the leading edge of
the sawtooth wave is changed, causing
faster or slower CRT sweeps.

108.1



CONFIDENTIAL "<tz

CONFIDENTIAL



{0

CONFIDENTIAL -

The sawtooth output pulse from V2B
is amplified by sweep amplifier V3.
Sweep amplifier V3 (C27), a cathode-
coupled phase inverter, produces two
sawtooth pulses. The two outputs are
180 degrees out of phase and have an
amplitude of approximately 100 volts
each. The outputs of V3 are applied
to the horizontal deflection plates of
CRT V5. The negative sawtooth
pulse is applied to plate 10 of CRT
V5 and the positive sawtooth is ap-
plied to plate 9 of CRT V5. HOR
POS variable resistor R16 {C27) ad-
justs the operating bias of V3 to set
the no-signal conduection level.

(2) Video amplifier cireuil.

(a)

(b)

Vertical amplifier V2A (C29) receives
one of four inputs selected by MTI
CKT TEST switeh 81. These inputs
are LOPAR test video and marks
from the video and mark mixer, MTI
test video from the MTI video ampli-
fier, test MTT or processor video from
the acquisition interference suppressor,
and 6.3-volt, 400-cps filament voltage
for calibration purposes. The parailel
combination of resistor R40 {(C29)
and video bandpass variable capacitor
C11 is used to attenuate the MTI
test video. Variable capacitor Cll1
is adjusted for minimum frequency
distortion of the test pulses, When
switch section S1E is set to 5, 7, and
10, R40 and C11 are bypassed to al-
low the low-level video pulses to be
measured without local attenuation.
The output of amplifier V2A is ap-
plied through GAIN variable resistor
R18 (C28) to video amplifier V4 for
further amplification. Variable re-
sistor R18 controls the amplitude of
the signal applied to V4,

The positive output of V4 is direct-
coupled to one vertical plate of CRT
V5. A dec voltage from VERT POS
variable resistor R31 (D28) is supplied
to the other vertical plate. This volt-
age is used for vertical positioning of
the presentation upon the face of the
CRT. The control grid and focusing
anode voltages for CRT V5 are ob-
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tained from a voltage divider con-
sisting of resistors R26 (C26), R27,
R36, R34, and R33, INTENSITY
variable resistor R28, and FOCUS
variable resistor R35. The input of
the voltage divider is obtzined from
the —1000v power supply (D14).
This power supply, which includes
transformer T3, bridge reetifier CR1,
and a choke input filter, is a bridge-
type, full-wave rectifier with a filtered
output. Variable resistor R28 (C26)
adjusts the bias at the control grid of
V5 to set preseniation intensity. Var-
iable resistor R35 adjusts the dc volt-
age at the focusing anode of V5 for
the optimum definition of the presen-
tation.

d. MTI CKT TEST switch S1 (D30} is an
eleven-position rotary switeh consisting of sections
A through E. Switch sections previously dis-
cussed are S1A, ¢(1) (s} above; S1B, ¢(1) (b
above; and S1E, ¢(2)(e) above. Switeh section
S1C selects either normal MTI as determined
by 860° MTI switch-indicator A7 and SECTOR
MTI switch-indicator A8, or a fixed range deter-
mined by resistors R37 (C29) and R38. MTI
CKT TEST switch section S1D (D9) controls
the 150-volt de input to the delay amplifier in the
MTI circuits. This switch section disables the
delay amplifier as required by the MTI circuit
adjustment procedure. The eleven positions of
switch S1 are discussed in (1) through {11) below.

(1) Position 1 of S1 is used to display LOPAR
video and marks. In this switch position,
section S1E (C29) receives the LOPAR
test video and marks through an attenua-
tor consisting of video bandpass variable
capacitor C12 (C80) and resistor R39.
Variable capacitor C12 is adjusted for
minimum frequency distortion of the in-
put signal. Section S1A adds eapacitor
C3 (D29) to multivibrator V1B to in-
crease unblanking time. Section S1B
adds capacitor C6 to the RC network
at the output of V2B {D26) to decrease
sweep speed. Section S1C removes the
range voltages to the electronic gate
and replaces them with a fixed 48 volts
from a voltage divider consisting of re-
sistors R387 and R38 (C29). Section

T™ 9-1430-250-20/11
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(2)

(8]

(5

S1D (DS) applies the +150 volts to
enable the delay amplifier.

Position 2 of S1 is used to calibrate the
MTI oscilloscope. In this position see-
tion S1E receives a 6.3-volt, 400-eps
reference signal used to adjust the oscil-
loscope sensitivity and for sereen cali-
bration, Sections A, B, and D of 81
function the same in position 2 as in
position 1. Section S1C removes the
fixed range voltage and restores control
to the electronie gate range controls.
Position 3 of 81 is used to display the
nondelayed MTI test pulse for ampli-
tude adjustment. In this position, sec-
tion S1E receives noncancelled MTI test
pulses from the MTI video amplifier
through an RC network composed of
video bandpass variable capacitor Cll
and resistor R40. This is accomplished
by section 81D disabling the delay am-
plifier, thus removing =21l delay video
information from the MTI -cireuits.
Section S81A removes ecapacitor C3 to
decrease unblanking time. Section S1B
removes capacitor C6 to increase sweep
speed and section S1C functions the
same in position 3 as in position 2.
Position 4 of S1 is used to display both
delay and nondelay test pulses for coin-
cidence adjustment. In this position,
section S1D enables the delay amplifier,
causing delay video information to again
be applied to the MTI circuits, Section
S1E passes both test pulses to V2A.
These pulses are received through an
RC compensating network consisting of
variable capaeitor C11 and resistor R40.
Section S1A adds capacitor C3 to the
circuits of multivibrator V1A (C25) and
V1B. Section S1B adds capacitor C6
{D29) to the output eireuit of V2B, and
section S1C functions the same in posi-
tion 4 as in position 3.

Pasition 5 of 81 is used to display the
combined MTI test video pulses for
adjustment of fixed target MTI residue.
In this position, section SIE receives
the MTI test video directly from the
oseilloscope input at connector J3 (C26),
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bypassing variable capacitor C11 (C29),
and resistor R40. Section S1A removes
capacitor C3 from the sweep cireuits.
Section S1B removes capacitor C8, sec-
tion 81C functions the same in position
5 as in positions 2, 3, and 4, and section
51D funetions the same as in position 4.
Position 6 of S1 is used to display the
nondelay MTI test video for adjusting
noise level interference and the ampli-
fude of maximum fixed target and MTI
test pulses. Position 6 funetions the
same as position 8 except that sweep
time is changed. Section 81A adds
capacitor C3 to the sweep cirenits of
VIA and VIB. Section S1B 2dds
capacitor C8, and section SIC functions
the same in position 6 as in positions 2,
3, 4, and 5. Section 81D disables the
delay amplifier.

Position 7 of 81 is used to display the
neondelay MTI test video during adjust-
ment of the IF attenuator for best sig-
nal-to-noise ratio. In this position, see-
tion S1E receives the nondelay MTI
test video directly from input connector
J3 (C26) for application to V2A (C29).
Seetion A, B, C, and D of 81 function
the same in position 7 as in posttion 6,
Position 8 of S1 is used to display LOPAR
test video and marks during adjustments
of the MTI video applied to the elec-
tronic gate. In this position, section
S1E receives LOPAR test video and
marks through an attenuator econsisting
of video bandpass variable capaecitor
C12 and resistor R39. Sections A, B,
and C of 81 funection the same in position
8 as in positions 6 and 7. Section S1D
diszbles the delay amplifier by removing
the 150-volt potential.

Position 9 of S1 is used to display full
LOPAR test video and marks, at half
the amplitude displayed in position 8
during adjustment of noise amplitude
in the MTI region. In position 9, the
functions of sections A, B, and E of 81
remain the same as in position 8. Sec-
tion S1C removes the variable range
voltages and substitutes the fixed 48-
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volt de range voltage to the electronic
gate. Section S1D restores the delay
amplifier to operation.

Position 10 of S1 is used to display the
MTI test video pulses to monitor the
MTI video amplifier output during com-
plete MTI circuit operation. In this
position, section S1E receives the MTI
test video pulses directly from the oscil-
loscope input at connector J3 (C26) for
applieation to V2A (C29). Section S1A
removes capacitor C3 from the sweep
circuits. Section S1B removes capacitor
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(8, section S1C restores the variable
range voltages to the electronic gate,
and section S1D restores the delay am-
plifier to operation.

Position 11 of 81 is used to display test
MTI or processor video during adjust-
ment of the acquisition interference
suppressor. Section SIE receives inter-
ference-free processor or MTI video di-
rectly from the acquisition interference
suppressor. Sections A, B, C, and D of
81 operate the same in position 11 as
in position 10.
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CHAPTER 9 (CMHA)
PRESENTATION SYSTEM

Section [ (CMHA). DISPLAYS

73 (CMHA). Purpose

The presentation system displays visual tar-
get information upon the sereen of the cathode-
ray tube (CRT) indicators. The target in-
formation is displayed on a short range (SR)
and a long range (LR) plan position indicator
(PPI} associated with the acquisition radar
system and on a B scope indicator associated
with the target tracking radar system. This
permits the same target information to be
available to both radar systems., The SR PPI
presents a radial sweep which rotates in syn-
chronism with the rotation of the HIPAR or
LOPAR antenna. Ranges of 75,000 or 150,000
yards can be selected for display on the SR
PPI. This PPI is used to monitor low-altitude,
short-range targets. The LR PPI presents a
radial sweep which rotates in synchronism
with the rotation of the HIPAR or LOPAR
antenna. The minimum range display on the
LR PPI is 150,000 yards. When video from the
LOPAR system is selected for presentation
on the PPI's, the maximum range display on
the LR PPI is 250,000 yards. When video from

the HIPAR system is selected for presentation
on the PPI’s, the maximum range display on
the LR PPI is 850,000 yards. The LR PPI is
used to monitor high-altitude, long-range tar-
gets. The B scope indicator (par. 88) provides
a sector display of 1066 mils (680 degrees) in
azimuth and 220,000 yards in range. The pres-
entation on the B scope indicator is composed
of target video and an electronie circle (target
track antenna circle) denoting the range and
azimuth settings of the target tracking radar
gystem. The PPI's and B scope indicator
presentations include target video, range
and azimuth information, and IFF or SIF/
IFF video representing recognition signals
from targets. The PPI's also provide iden-
tification symbols from associated fire unit in-
tegration facility (FUIF) equipment.

74 (U). PPI and B Scope Indicator
Presentations

For a discussion of the PPI and B scope
indicator presentations, refer to TM 9-1430-
253-12,/2,

Section Il (CMHA). PLAN POSITION INDICATOR SWEEP CIRCUITS

75 (CMHA). Purpose

a. The PPI sweep circuits translate the rota-
tion function of the low power acquisition radar
(LOPAR) system or the high power acquisi-
tion radar (HIPAR) gystem into an electronic
matrix capable of displaying tactical plan-
position information on the short range (SR)
and long range (LR) PPI's, The PPI sweep
circuits form the electronic matrix by corre-
lating the azimuth of the rotating acquisition
radar beam with the rotation of a radial sweep
trace on both PPI cathode-ray tubes (CRT’s).
The PPI sweep circuits generate sawtooth
sweep voltages which represent the vectoral
components of the quadrature voltages devel-
oped in the selected acquisition azimuth re-
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solver. The sweep voltages are applied to the
electrostatic deflection plates of bhoth PPI
CRT's to produce a radial sweep trace which
rotates in a clockwise direction with the origin
at the center of each CRT.

b. The circumference of each CRT is marked
off in radial (polar) coordinates (6400 mils)
corresponding to the degrees of azimuth
through which the acquisition antenna rotates.
The PPI sweep circuits select the range repre-
sented in the display at the PPI’s.

¢. During each operational pulse cycle of the
acquisition receiver-transmitter, the PPI sweep
circuits can use symbol modulated analog de-
flection voltages for the first 900 microsecends
to present indications of target status (FUIF
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data) or designating information, then switch
to the normal sweep interval for video presen-
tation.

d. There are two PPI’s associated with the
acquisition radar system, the LR PPI and the
SR PPI. The SR PPI has selectable display
ranges of 75,000 or 150,000 yards. The LR
PPI has selectable display ranges of 150,000
or 250,000 yards if the LOPAR video is selected
for presentation and 150,000 or 350,000 yards
if the HIPAR video is selected for presentation.

76 (U). Block Diagram Analysis

a. The 4-kc oscillator (fig. 32) (par. 77) pro-
duces a 4-k¢ CW carrier that is applied to the
stators of HIPAR azimuth resolver Bl in the
HIPAR antenna and to acquisition azimuth
resolver B2 (par. 78) in the LOPAR acquisi-
tion antenna pedestal. The 4-ke carrier input
is used as a reference and source of excitation.
Both resolvers receive a mechanical input from
the associated antennga drives. The mechanieal
input is the azimuth angle of the rotating
antenna.

b. Each azimuth resolver generates two out-
put signals from the quadrature wound rotor.
The two outputs are amplitude-modulated 4-ke
signals that vary in amplitude in accordance
with the sine and cosine of the antenna angle
meaaured with respect to a reference azimuth.
These signals, designated N-S (north-south)
and E-W (east-west), are used to synchronize
the sweeps on the PPI’s to acquisition antenna
beam azimuth. The resolver signals are am-
plified and matched to the load circuit by two
channel resolver amplifiers (par. 79}. The
resolver outputs, from the LOPAR antenna are
applied directly to the radar select and preview
circuits (par. 13). The resolver outputs from
the HIPAR antenna are applied to an auxiliary
regolver amplifier (par. 80). The auxiliary re-
solver amplifier is used to match the gain of
the HIPAR resolver signals te the LOPAR
resolver signals. The HIPAR resolver signals
are then applied to the radar select and pre-
view circuits.

¢. If LOPAR video is selected, and if the
preview circuits are not energized, the N-8
and E-W resolver signals from the LOPAR an-
tenna will be applied to the SR and LR pulse
persistence generators (par. 82). The opera-
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tion of the pulse persistence generator and the
PPI in each channel is identical so only the
short range PPI and associated pulse per-
gistence generator will be discussed.

d. The pulse persistence generator has a
N-8 and an E-W demodulation channel. The
N-S and E-W demodulation channels receive
a 4-ke reference signal from the 4-ke oscillator
and the N-3 and E-W resolver gignals. The
resolver signals are combined with the 4-ke
reference signal and these signals are detected
in the modulation eliminator section of the
pulse persistence generator. The two outputs
of the pulse persistence generator are the
envelopes of the N-S and E-W resclver signals.
The frequency of each signal is one cycle per
complete revolution of the acquisition antenna.
The N-3 and E-W signals are applied to the
Y and X sweep generators (par. 85), respec-
tively.

e, The resolver signals are applied to the
first dc amplifier in the sweep generator (par.
85). The writing gun driver (par. 83) re-
ceives HIPAR or LOPAR sync pulses from
the radar select and preview circuits and pro-
duces + and —range pulses with a width deter-
mined by the condition of the LONG RANGE—
SHORT RANGE switch-indicator on the front
of the PPI and the setting of RANGE switch
51 on the side of the PPI. These pulses are
applied to the first de amplifier in the Y and
X sweep generators, and determine the range
display that will be presented on the PPI’s.
The output of the first de amplifier in the sweep
generators is a sawtooth with a predetermined
width which is applied to gates 1 and 3. These
gates operate as a single-pole, single-throw
switch. The operation of the gates is governed
by the 4+ and —gate contrel pulses generated
by the pulse and logic generator (par. 84).
During the regular sweep interval, the gates
will be conducting and the sweep sawtooth from
the first de amplifier will be applied toc the
range and gain switch. During the symbol
interval (par. 99), the 4 and —gate pulses
are applied to the gates so that gates 1 and 3
will not conduet.

f- The setting of the range and gain switch
in the sweep generators is controlled by the
condition of the LONG RANGE — SHORT
RANGE switch-indicator on the front of the
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PPI and by the setting of RANGE switch $1
on the side of the PPI. The range and gain
switch limits the amplitude of the sweep saw-
tooth to a predetermined level regardless of
the range selected.

g. The sweep sawtooth is then applied to the
second de amplifier where it is amplified to
the level required by the deflection plates of
the CRT (par. 86). Push-pull sweep voltages
are then applied to the deflection plates of the
CRT.

k. The X and Y sweep voltages are also ap-
plied to the fail-safe circuit {(par. 87) in the
pulse and logie generator. The fail-safe circuit
is a relay amplifier with parallel inputs for the
X and Y sweep voltages. If both sweeps are
present in the PPI, normal collector voltage is
applied to the CRT. If both sweeps are miss-
ing, a fail-safe collector voltage will be applied
to the CRT, This insures that the CRT will
not be damaged when the acquisition antenna
is not rotating.

i. The writing gun driver {(par. 83) also
supplies a negative 2500-volt potential to the
writing gun cathede in the CRT. During the
normal sweep interval g video unblanking pulse
modulates this voltage so that video at close
range will not be too bright and video at maxi-
mum range will be of increased intensity.

77 (U). 4-KC Oscillator

a. The 4-ke oscillator generates a 4-ke
sinusoidal carrier that supplies reference and
excitation voltages for synchro resolvers and
associated units in the marker, MTI, and
sweep circuits.

Note. The grid zone references shown in parentheses
in b below refer to figure 37, TM 9-1430-254-20/6.

b. The 4-ke oscillator (D2}, located in the
director station group, is comprised of oscilla-
tor V1, and power amplifiers V2 and V3, and
associated circuits and controls. Although out-
put transformer T3 (B4), a part of the diree-
tor station group, is externally located, it is a
functional part of the 4-kc oscillator. A func-
tional analysis of the 4-kec oscillator is pre-
sented in (1) through (5) below,

{1) The 4-kc sinusoidal signal is gener-
ated by oscillator V1 {A2), a dual
triode connected as a push-pull audio
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(2)

(3)

frequency oscillator. The frequency of
oscillation is determined by the reso-
nant frequeney of a tank circuit con-
gisting of inductor L1 (B2), and ca-
pacitors Cl and C3. Positive feedback
is provided by the auto-transformer
action of L1 and the coupling of C1
and C3. A degree of degenerative
feedback is provided by C2 to offset
part of the regenerative feedback.
This prevents V1 from being driven
alternately into cutoff and saturation,
producing sine-wave oscillations that
are distorted in amplitude. The plate
voltage of V1 iz determined by the
getting of ACQ ADJ variable resistor
R5 (B1), which is part of a voltage
divider completed by resistors R4 and
R6. Adjustment of R5 controls the
output amplitude of V1.

The 4-ke sinusoidal output from os-
cillator V1 is applied to power am-
piifiers V2 and V3 which are con-
nected for push-pull operation. These
amplifiers are provided with degener-
ative feedback through capacitors C6
and C6. This feedback limits the out-
put signals to 240 voits peak-to-peak
and improves amplifier stability in
addition to decreasing signal distor-
tion. The 240-volt outputs of V2 and
V3, 180 degrees out of phase with
each other, are applied across the
primary of transformer T3 (B4) lo-
cated in the director station group.
At the secondary of T3, the 170-volt
(peak-to-peak) output 4-kc carrier
signal appears at terminal 3.

The 4-kc carrier signal from terminal
3 of T3 (B4) is distributed to the
following:

{a¢) The electronic gate (C5) in the di-

rector station group.

{b) The pulse persistence generators

{C7 and C%) in the battery conirol
sole,

(¢) The B scope modulation eliminator

(C11) in the target radar control
console.

{d}) The mark generator (Cl1) in the
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(e) The azimuth blank generator (D11)
in the target radar control console.

78 (U). Acquisition Azimuth Resolver

a. Acquigition azimuth resolver B2 (fig. 32),
is comparable to a small dual rotary trans-
former in which a cylindrical rotor (second-
ary) is mounted within a eylindrical stator
{primary). The stator, consisting of two field
windings, is so comstructed that the magnetic
fields of each winding are displaced 90 de-
grees from each other. The rotor is similarly
constructed. The two rotor windings are desig-
nated the north-south (N-8) winding and the
east-west (E-W) winding. When maximum
coupling exists between a rotor winding and a
stator winding, the resolver may be considered
gimilar to a transformer with a 1:1 turns ratio.
The rotor is considered oriented when the
output signal of the N-S rotor is maximum as
the azimuth position of the acquisition antenna
reaches north (6400 mils) or south (3200
mils), and the output signal of the E-W rotor
is maximum at east (1600 mils) or west (4800
mils). The functional application of this re-
solver is given in b below,

b. Acquisition azimuth resolver B2 (fig. 34,
B2, TM 9-1430-254-20,/6) in the acquisition
antenna pedestal, uses only one of its two
stator windings. One winding (82-84) ig
grounded and is, therefore, not used. The other
winding (81-38) is energized by a 4-kilocycle
CW sgine-wave carrier with an amplitude of
approximately 80 volts peak-to-peak. The 4-
kilocycle input signal is received from the 4-ke
oscillator (fig. 37, D2, TM 9-1430-254-20/6)
discussed in paragraph 77. The resolver rotor,
which is mechanically connected to, and rotates
in synchronization with, the acquisition an-
tenna receives induced 4-kilocyecle signals from
the stator winding. These 4-kilocycle signals
are amplitude-modulated whenever the acqui-
sition antenna is rotating. The modulation
envelope of signals induced in the E-W rotor
winding (R2-R4) is displaced by 90 electrical
degrees from the modulated envelope, of those
induced in the N-8 rotor winding (R1-R3). The
LOPAR N-8 and E-W output signals from B2
are applied to the resolver amplifier (fig. 34,
2, TM 9-1430-254-20/6) .
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79 (U). Resolver Amplifier

¢. The resoiver amplifier (fig. 32) contains
a channel of amplification for each of the two
acquisition azimuth resolver output signals.
The resolver amplifier increases the amplitude
of the resolver LOPAR N-S and E-W signals
to insure that these output signals have suffi-
cient voltage to supply load requirements, and
isolates the acquisition azimuth resclver from
load variations.

Note, The figure and zone references shown in
parentheses in b below refer to TM 9-1430-254-20/6.

b. The resolver amplifier (fig. 34, D2) con-
taing a LOPAR N-8 amplifier channel and a
LOPAR E-W amplifier channel. Since these two
signal channels are identical, only the functional
analysis of the LOPAR N-S amplifier channel
is given. The output of the N-S rotor winding
(R1-R3) of acquisition azimuth resolver B2 is
a modulated 4-kilocycle sine-wave signal that
is applied to voltage amplifier V1 (fig. 34, C2).
The amplified output of V1, a conventional
resistance-coupled voltage amplifier, is applied
to power amplifier V2, Amplifier V2 is a con-
ventional power amplifier with transformer
coupling to the load circuits. The cutput signal
level of the modulated envelope is 70 to 80
volts peak-to-peak. OQutput transformer T2
matches the impedance of the resolver ampli-
fier to the characteristic impedance of the dis-
tribution circuit used for the LOPAR N-S sig-
nal. The terminating impedance of the distri-
bution circuit consists of resolver stator wind-
ings and transformer primary windings.
Transformer T2 (fiz. 34, C3) also provides
a degenerative feedback voltage from its sec-
ondary winding to the input circuit of ampli-
fier V1. The feedback veoltage is used to min-
imize signal distortion. Antenna rotation is
stopped when LOPAR ANTENNA ROTA-
TION OFF switch-indicator A9 on the LOPAR
auxiliary control-indicator {fig. 38, D1) is
illuminated amber. When switch-indicator A9
is depressed, antenna rotation relay X2 is de-
energized and its contacts 3 and 5 (fig. 17, B19)
open to remove the 4-250-volt (SW) dc poten-
tial supplied to the resolver amplifier elimi-
nating a personnel safety hazard and possible
equipment damage. Interlock switch S3 (fig.
34, D1) is actuated whenever the access cover
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for the resolver amplifier on the acquisition an-
tenna pedestal is removed. The LOPAR N-§
and E-W amplified outputs of the resolver am-
plifier are applied to HIPAR select relay X1
(fig. 34, C5) located on the LOPAR auxiliary
control-indicator.

80 (U). Auxiliary Resolver Amplifier

The auxiliary resolver amplifier (fig. 34, B4,
TM 9-1430-254-20,6) compensates for line
lozses that occur in the cable hetween HIPAR
and LOPAR systems and insure equal ampli-
tude of the HIPAR and LOPAR resolver sig-
nals. Since the N-8 and E-W channels of the
auxiliary resolver amplifier are similar, opera-
tion of only the E-W channel is discussed. The
HIPAR E-W signal from connector P1-2 (fig.
34, A4, TM 9-1430-254-20,/6) is applied to
transformer T3-1 in the auxiliary resolver am-
plifier. The signal is coupled across T3 and
applied through E-W adjust variable resistor
R27 to voltage amplifier V5, The amplified out-
put of V5 is applied to power amplifier V6.
The output of V6 is coupled through output
transformer T4 to the LOPAR auxiliary
control-indicator and to the HIPAR control-
indicator. A feedback voltage from the sec-
ondary winding of T4 is applied to the input
circuit of V5 to minimize signal distortion.

81 {U). Radar Select and Preview Circuits

¢. The HIPAR and LOPAR resolver signals
are applied to the radar select ard preview cir-
cuits. In this section, sweep signals from one
radar system will be selected for presentation
on both PPI’s. Either PPI can select alter-
nate video for previewing. Refer to paragraph
13 for the functional description of the radar
select and preview circuits.

b. The resolver signals from the selected ac-
quisition radar system are applied to each
pulse persistence generator. Since the pulse
persistence generators and PPI’s are identical,
only the long range PPI sweep channel and
associated pulse persistence generator will be
discussed.

82 {U). Pulse Persistence Generator

@. The modulation eliminator section of the
pulse persistence generator converts ampli-
tude-modulated 4-kc carrier signals {resolver
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output signals} into low-frequency sinusoidal
signals and applies them to sweep generating
circuits of a cathode-ray tube (CRT) employ-
ing electrostatic deflection.

b. The modulation eliminator consists of two
identical bridge-type demodulators using crys-
tal diodes. This assembly demodulates the N-8
and E-W acquisition antenna azimuth position
signals and supplies two low-frequency quadra-
ture voltages representing X and Y vector com-
ponents of antenna beam azimuth to the sweep
generator (par. 85).

Note. The grid zone references shown in parentheses
in ¢ through g below refer to figure 34, TM 9-1430-
254-20/8.

¢. The two bridge-type demodulators (B11)
are identical in operation. Each consists of an
input transformer, a load resistor, and a bridge
rectifier containing four erystal diode rectifiers
and four precision resistors. Transformer T1
supplies a eontrolling reference voltage to
diagonally opposite junctions of arms of each
bridge demodulator. The rectifiers are silicon
junction diodes having a high back impedance,
a high inverse peak voltage, and a high cur-
rent capacity. The precision resistor in series
with the diode in each arm of the bridge com-
pensates for slight differences in conduction
of the erystal diodes. The load for the N-S
signal demodulator is resistor R7 (B10),
whereas the load for the E-W signal demodu-
lator is resistor R8.

d. The N-S and E-W input signals are ap-
plied through X OFF—NOR—Y OFF switch
81 (B10) %o the primaries of transformers T2
and T8, respectively. There is a phase differ-
ence of 90 degrees between the input signals of
T2 and T3, and these signals have only half the
amplitude of the 4-kc reference signal supplied
to transformer T1., This amplitude relationship
insures that the 4-ke reference signal effectively
gates the diode pairs of the bridge-rectifier cir-
cnits. Switch S1, when set to Y OFF or X OFF,
removes the input signal to the respective
modulation eliminator. By this means, the
input transformer is grounded with respect
to the load, and the output of the asseciated
bridge circuit is zero. The X OFF and Y
OFF positions of switch S1 are used during
sweep generator adjustments.

CONFIDENTIAL 119



T™M 9-1430-250-20/11

¢. The ocutput signals of the modulation elim-
nator are developed from the two control input
signals discussed in {1) and {2) below.

(1) The twe control inputs are the N.S
and E-W resclver signals received
from the videc select and preview cir-
cuits (par. 13). Each signal consists
of an amplitude-modulated 4-ke car-
rier. The frequency of modulation is
determined by the rotation speed of
the acquisition antenna when an in-
put to the PPl sweep circuits is sup-
plied from acquisition azimuth re-
solver B2 (par. 78) in the acquisition
antenna pedestal (D2). As the re-
solver rotor makes one complete revo-
lution, the output wvoltage wvaries
through a single eycle of amplitude
modulation. In this manner, two
envelopes, 90 degrees out of phase,
with 100-percent modulation, having
a maximum peak-to-peak amplitude of
80 volts, are generated for each 360
degrees of rotor rotation.

(2) The second control input is a 4-ke
sinusoidal signal with a constant am-
plitude level of 170 wvolts peak-to-
peak, received from the 4-kc oacillator
{par. 77). This steady ac reference
gignal in the audio frequency band is
used as excitation voltage for the pri-
mary of transformer T1 (A1G). This
trangformer supplies the reference
voltage to the two bridge-rectifier type
demodulators.

f. With no resolver signal input to the de.
modulators, no current flows through load re-
sistors R7 and R8 because the electrical bridge
circuit of each demodulator is in a balanced
condition. The condition of balance exists be-
tween the junction of conducting diode recti-
fiers in each bridge rectifier and the grounded
center tap of transformer T1. When a resolver
signal is received, the bridge circuit unbalances
in proportion to the amplitude induced in the
transformer secondaries, and current flows
through alternate halves of T2 or TS secondary
and the associated load resistor during one in-
put cycle. A change in phase of 180 degrees
of the resolver signal with respect to the car-
rier reference from T1 occurs each 180 deprees
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of antenna rotation and causes the current to
reverse its direction of flow through the associ-
ated load resistor (R7 or R8). The change in
phase occurs because the phase of the voltage
induced in the quadrature windings of the re-
solver rotor with respect to the 4-ke excita-
tion stator voltage depends on the azimuth
hemisphere through which the antenna is ro-
tating. Thus, full-wave rectification of the
modulated carrier appears at R7 and B8, This
voltage is filtered by a dual section RC filter
that removes the 4-ke carrier components. The
RC filter for the X voltage output consists of
resistors B9 (B1ll) and R10, and capacitors
C2 and C4. The RC filter for the Y voltage out-
put is identical to the X wvoltage filter and con-
sists of resistors R5 and R, and capacitors C1
and C2. These filters are designed to remove
cross modulation products of the output volt-
ages.

g. The signals from the modulation elimina-
tor are two low-frequency ac outputs of equal
amplitude. One output signal is the modified
X sine-wave envelope having 40-volt peak-to-
peak amplitude change, and the other is the
modified Y sine-wave envelope of equal ampli-
tude. These sine waves are 90 degrees out of
phase, so that one represents a sine function
with respect to the change of antenna azimuth
and the other a cosine function.

h. The Y slope and X slope variable resistors
R15 and R16 adjust the length of the sweep on
the face of the CRT. Variable resistors R18
and R21 are zero setting variable resistors for
the first de amplifier stage in the sweep gen-
erators,

83 (CMHA). Writing Gun Driver

g. The writing gun driver (fig. 32) receives
a sync pulse to produce the negative and posi-
tive range pulses that control electronic gate 4
in the feedback circuit of the first d¢ amplifier
in the X and Y sweep generators. This dc am-
plifier produces a sweep signal upon the appli-
cation of the range pulses.

b. The writing gun driver also produces a
negative video unblanking pulse that is applied
to the cathode of the writing gun in the cath-
ode-ray tube (CRT). The pulse is of such a
shape that a target at close range will not
appear at too high intensity and a target at
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maximum range will appear as one target and
not be distorted due to angular presentation.

Note. The grid zone referencea ahown in parentheses
in ¢ through g below refer to figure 34, TM 9-1430-
254-20/6, unless otherwise indicated.

¢. The writing gun driver receives either &
HIPAR or LOPAR sync pulse through con-
nector P8 (B26). The sync pulse is applied
through diode CR2 to the control grid of mono-
stable multivibrator V1 which produces posi-
tive or negative pulses. Cathode follower V2A
provides fast recovery for multivibrator V1.
The multivibrator will have a pulse repetition
frequency of 410 to 440 pulses per second if
HIPAR is selected or 500 pulses per second
if LOPAR is selected. The pulse duration of
the output of the multivibrator is determined
by the setting of range select switch S1 (C32).
The setting of range select switech S1 is deter-
mined by the setting of RANGE switch S1
{C36) and the condition of LONG RANGE —
SHORT RANGE switch-indicator A1l (C33).
The switch settings and video selection to ob-
tain the four different range displays on the
PPT’s are listed in table III.

d. The range displayed on the PPI’s is de-
termined by the setting of RANGE awitch
81 (C36) and the condition of LONG RANGE
—SHORT RANGE switch-indicator All
(C33) on the front of the PPL. The range dis-
piay on the PPI's is controlled by range select
switch 51 (B32) in the writing gun driver and
range select switch S1 (C3B8) in the sweep
generators. Since the operation of switches
81 in the writing gun driver and the sweep
generators is identical, only the operation of
the switch in the writing gun driver (D31)
will be discussed. When LONG RANGE —
SHORT RANGE switch-indicator All is de-
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applied through the normally open contacts of
section S1A and the LONG RANGE indicator
on the switch-indicator will illuminate blue. A
ground will also be applied through the nor-
mally open contacta of section S1B (C33) and
will energize range relay K2 {D84). A ground
will be applied through contacts 12 and 8
{C34) of energized range relay K2, through
contacts 12 and 11 of RANGE awitch S1B
(C35), and then applied to the LR target
designate control to energize long range relay
K3 (fig. 32, D4, TM 9-1480-254-20/8). A
ground is applied through contacts 9 and 2
of energized range relay K2 (C34), contacts
12 and 11 of RANGE switch S1A (C34), and
then applied to the Y sweep generator (C50)
as the control ground for switch 81 in the
sweep generator. A ground is applied through
contacts 10 and 8 of energized range relay K2
{C34}, contacts 8 and 2 of RANGE switch S1A
(C34), and then applied to terminal 9 of range
select switch S1A (B32). The ground will then
be applied through S1A, to terminal 5, through
the deenergized relay contact and will energize
coil L1, When L1 energizes, S1A and S1B
(C31) will be rotated approximately 80 de-
grees counterclockwise and will also open the
relay contact between terminals 2 and 5 of
switch S1 (B31). With this relay contact
opened, L1 will deenergize and the ground path
through S1A will again be completed. The
energizing and deenergizing process will con-
tinue until the notch in S1A is opposite the
terminal with the ground (terminal 9). A
ground is also applied through contacts 11 and
5 (C34) of range relay K2, contacts 3 and 2
of RANGE switch S1B, and will be applied as
the contrel ground to the X sweep generator

pressed for long range operation, a ground is and range select switch S1A (C38). When
Table IIT {C). PPI Range Displays and Pulge Widths (17}
LONG RANGE—
RANGE SHORT RANGE
YIDEO switch 81 switch-indicator Fulae Range
SELECTED {C88) All (Ca3) width diapinyn
HIPAR or LOPAR SHORT SHORT RANGE 460 usec 75,000 yds
HIPAR or LOPAR SHORT LONG RANGE 902 usec 150,000 yds
LOPAR LONG LONG RANGE 1525 usec 250,000 yda
HIPAR LONG LONG RANGE 2135 usec 350,000 yds
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LONG RANGE-—SHORT RANGE switch-indi-
cator All is again depressed, the SHORT RANGE
indicator will illuminate green and range relay
K2 will deenergize. A ground will then be applied
as the control ground to the ranpe select switches
in the writing gun driver and the sweep generators.
On the short range PPI, RANGE switch 81 is
set to SHORT. The range selection ig identical
to that described above.

¢. Variable registors 1 (C31) and R3 are ad-
justed for a pulse width of 460 and 920 micro-
geconds, respectively. Variable resistor R7 is ad-
justed for a pulse width of 1525 microseconds
when LOPAR is selected. When HIPAR is
gelected, relay X1 is energized and variable re-
sistor RS is adjusted for a pulse width of 2135
microseconds,

f. The output of multivibrator V1B (C27) is
applied to the control grid, pin 2, of cathode
coupled push-pull power amplifier V3. The out-
put at V3, pin 9, is the +range pulse. The out-
put at V3, pin 1, is the —range pulse. The
+ and —range pulses from P2 on the writing
gun driver are then applied to the first de am-
plifier in the sweep generators.

g. The —range puise from V8, pin 1, is applied
through capacitor C9 to the control grid of cath-
ode follower V4A. The +range control pulse is
applied through eapacitor C8 to the control grid
of cathode follower V4B. The outputs of the two
cathode followers are applied to the diode
bridge consisting of CR8, CR7, CRS8, and CRS.
During the normal sweep interval, a pulse
(—range coniro!l pulse) will be applied to the
junction of CR6 aud CRT, and a pulse (-+range
conirol pulse) will be applied to the junetion of
CR8 and CRY9. With these polarities on the
bridge, all diodes are back-biased and are not
conducting. The junction of CR7, CRS, and R40
starts goinz negative at a rate determined by the
time constant of R40 and the resistor capacitor
combination selected by range select switch St
(C82). The negative-going pulse is then applied
to the control grid of unblanking generator V2B
(fig. 30, B9, TM 9-1430-254-20/6). The video
unblanking pulse from V2B is developed at the
junetion of R58 (fig. 30, B10, TM 9-1430-254-20/
8) and R64. The video unblanking pulse is a nega-
tive pulse that starts at —30 volts and goes to
—40 volts during the rest of the sweep interval.
The slope of the pulse is determined by the re-
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sistor eapacitor combination switched in by
range select switch S81. Refer to table III for
the pulse width of the video unblanking pulse.
When the range display on the PPI is changed
(par. 83d), a ground is applied from range select
switch 81 in the writing gun driver (D31) and
will energize video squeleh relay K3 {C25). A
ground will be applied through contacts 2 and &
of energized relay K3 to crystal diode CR5 {fig.
80, B9, TM 9-1430-254-20/6). The video un-
blanking pulse will be conducted through CR5
to ground. Also, when LOPAR ANTENNA
ROTATION OFF switch-indicator AS (fig. 38,
B1, TM 9-1480-254-20/6) is depressed and the
antenna is not rotating, a PPI squelch ground will
be applied to crystal diode CRS and remove the
video unblanking pulse. In selected systems using
AAR, a PPI squelch ground iz applied from
squeleh interlock relay K11 in the auxiliary ae-
quisition relay assembly (fig. 54, B3) to contact 2
of deenergized LOPAR-AAR select relay K9
(fig. 54, D8). The PPI squelch ground is applied
to the PPI if relay K11 is deenergized. Relay
K11 is energized by a ground from the AAR
equipment or by setting acquisition radar select
switch S1A (fig. 54, B2) to the LOPAR ONLY
or HIPAR position.

Note. The grid zone references shown in parentheses
in h through 7 below refer to figure 30, TM 9-1430-254-20/6.

k. The video unblanking pulse is than ap-
plied to conmector P1-1 and P1-2 of electronic
gate Al (B10). During the normal sweep in-
terval, the positive gate control pulse from the
pulse and logic generator is negative and is
applied to terminal 7 of electronic gate Al. The
negative gate control pulse is positive and is
applied to P1-5b of electronic gate Al. The
negative pulse at P1-7 causes the junction of
diodes CR1, CR8, CR5, and resistor R1 to go
negative. The positive pulse at P1-5 causes
the junction of CRZ2, CR4, CRS6, and resistor
R2 to go positive. With these polarities, diodes
CR1, CR5, CR2, and CR6 conduct and allow
the video unblanking pulse to pass through to
capacitor C16 and to the cathode of the writ-
ing gun section of the CRT. Electronic gate
A2 is used to provide constant loading for the
unblanking generator during the sweep and inter-
sweep periods.

i. The average potential at the writing gun
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cathode is —2500 volts and the video unblank- plied by voltage regulator V5B (D10) within
ing pulse causes this voltage to go from —2580 the writing gun driver. The reference poten-
to —2540 volts during the normal sweep inter-  tial is applied from the —3300-volt power sup-
val. The negative 2500-volt potential is sup- ply, through series resistors R74 and R73,
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Zener diodes CR12, CR11, and” CRI¢ and
resistors Rd4b5, R44, R43, R42, and R4l to
ground. The average potential at the junction
of CR12 and R78 is —2700 volts. Zener diodes
CR10, CR11, and CR12 have & constant voltage
drop of 350 volts and provide a stable refer-
ence of —2350 volts for voltage regulator V5R.
Variable resistor R44 adjusts the potential of
the focusing grid of the CRT between —1600
volts and — 1850 volis.

J. Intensity variable resistor RB (D8) is
connected between J1-C and J1-D on the writ-
ing gun driver with the wiper arm connected
through J1.B to the control pgrid of voltage
regulator V5A. The adjustment point of vari-
able resistor RB determines the voltage at the
junction of D82, R51, and CR14. It also con-
trols the voltage at the junction of DS4, R52,
and CR15.

k. Crystal diode CR13 clamps the voltage at
the cathode of VBA at 15 volts. Capacitor C9
filters out any noise which may appear at CR13.
If there is a voltage change at DS1 and DS2,
this change will be coupled by capacitor Cl4 to
the contrel grid of V5A. The change in voltage
will appear at the plate of V5A with opposite
polarity and will be applied to the control grid
of V5B. This potential will change the conduc-
tion level of VBB and return the potential at
DS1 and D82 to the proper level.

I. Neon lamps DS1, DS2, DS8, and DS4 pro-
vide protection for crystal diodes CR14 and
CR15 during the interval when power is first
turned on. Crystal diodes CR14 and CRI15
prevent any signal feed-through to the voltage
regulator circuit.

84 (CMHA). Pulse and Logic Generator

a. During the normal sweep interval, the
pulse and logic generator produces the positive
and negative gates to open and close the three
electronic gates on each sweep generator, and
electronic gates Al and A2 in the writing gun
driver.

Neote. The grid zone references shown in parentheses
in & through d below refer to figure 34, TM 9-1430-
2b4-20/6, unless otherwise indicated.

b. The HIPAR or LOPAR radar sync pulse
is applied to connector P2-1 (B24) on the pulse
and logic generator. The sync pulse is applied
through capacitor C25 to the control grid of
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monostable multivibrator V¢ (B18). During
the normal sweep interval, V8A is not con-
ducting and V9B is conducting. Multivibrator
V8 is held in this condition by bistable multi-
vibrator V8, With the absence of an all data
present (ADP) pulse, VBA is conducting and
V8B is cut off. The control grid of V9A is
held negative by the voltage at the wiper arm
of PEDESTAL variable resistor R93.

¢. As long as there is no ADP pulse from
the FUIF equipment or {from the time share
relay assembly present, the HIPAR or LOPAR
syne pulse will have no affect on multivibrator
V9. The output of VA will be a de level of
approximately 4250 volts. The dc level of the
output of cathode follower V1B is determined
by the setting of negative gate control pulse
dc level variable resistor R7 in the cathode cir-
cuit. During the normal sweep interval and as
long as there i3 no ADP pulse, the negative gate
control pulse has a positive polarity.

d. During the normal sweep interval, the
output of V9B will be a dec level less than the
output of V8A. The dc level of cathode fol-
lower V1A (B20) is determined by the setting
of POS GATE CONT PULSE DC LEVEL
variable resistor R2 in the cathode circuit.
During the normal sweep interval and as long
a3 there is no ADP pulse, the positive gate
control pulse has a negative polarity.

¢. The positive and negative gate control
pulses when generated are applied to the three
electronic gates in the sweep generators {par.
83) and the two electronic gates in the writing
gun driver {par. 83).

85 (CMHA). Sweep Generator

a¢. The sweep generators transform the re-
solver signals into push-pull sweep voltages
that are applied to the deflection plates of the
CRT. The BE-W and N-S signals are trans-
formed into E-W and N-S deflection voltages
that produce a rotating sweep on the PPI. The
sweep generators also determine the range
presentation on the PPI.

Note. The grid zone references shown in parentheses
in & through p below refer to figure 84, TM 9.1430-
264-20/6, unless otherwise indicated.

b. Each sweep generator (fig. 32) consists
of a first de amplifier with four electron tube

CONFIDENTIAL 123



™ 9-1430-250-20/11

stages, diode gating networks, and a range
select switeh, and a second de amplifier with
four electron tube stages. Since both sweep
generators are identical, only the X sweep
generator (C39) will be discussed.

e. The input signal to the X sweep generator
is the low frequency east-west (X} demodu-
lated resolver signal from the demodulator see-
tion of the pulse persistence generator (par.
82). The frequency of the signal is dependent
upon the rotational speed of the acquisition
antenna and the polarity of alternate half
cycles is determined by the azimuth hemisphere
of the resolver rotor. The sawtooth sweep pulse
generated within the sweep generator at any
given instant depends on the amplitude of the
input sine-wave voltage. Thus, the amplitudes
of successive sawtooth pulses vary as a sine
function which is a replica of the input signal
voltage variation. The sawtooth sweep voltages
generated within the Y sweep generator are
displaced 90 degrees from the sweep voltage
generated within the X sweep generator. The
90-degree displacement originates within the
azimuth resolver in each antenna, each of which
has a 90-degree electrical displacement between
windings.

d. The low frequency resolver input has a
maximum amplitude of 40 voits. The maximum
frequency of the input signal is 0.25 cycle per
second corresponding to a 15-rpm rotation of
the LOPAR antenna. This frequency is negli-
gible when compared to the pulse repetilion
rate of 500 cps for the sweep circuits when
video from the LOPAR radar is selected for
presentation. For this reason, during the gen-
eration of one sawtooth pulse, the input voltage
may be considered as a constant dc level.

e¢. The low frequency resolver input is ap-
plied from X slope variable resistor R16 (B11)
in the pulse persistence generator through re-
gistor R1 (B38) to the control grid of cathode
follower V1A. The X slope variable resistor
R18, resistor R1, and capacitor C7 (B41) form
an integrating circuit so that the input to V1A
is the voltage developed across C7. The input
signal is cathode coupled to voltage amplifier
V1B which amplifies the signal without chang-
ing the phase. The output of V1B is applied
through resistor B6 to amplifier V2 which am-
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plifies and inverts the resolver signal. The sig-
nal is then applied to the control grid of eath-
ode follower V3 {B42). The output voltage of
cathode follower V3 is opposite in polarity to
the input signal to V1A and is applied to the
plate of capacitor C7 opposite the input. Thus,
C7 forms a degenerative feedback circuit from
V3 to the input of VIA to produce a linear
charge on C7. Capacitor C7 will charge until
the integrating circuit is disabled by the action
of electronic gate 4 (B40).

f. The operation of sweep control electronic
gate 4, equivalent to a single-pole, single-throw
switch, is controlled by the + and —range con-
trol pulses from the writing gun driver (par.
83). A negative pulse is applied to connector
P1-5 of electronic gate 4 and a positive pulse
is applied to P1-7. The duration of these pulses
is determined by the setting of RANGE switch
81 (C36) on the side of the PPI and the posi-
tion of LONG RANGE —SHORT RANGE
switch-indicator A1l {C33) on the front of the
PPI. Refer to table III {par. 83) for the
duration of the pulses for each range setting.
At the end of the range sweep time, the polari-
ties of the 4 and —range pulses reverse,

g. With a negative pulse at P1-5 and a posi-
tive pulse at P1-7, electronic gate 4 does not
conduct. In the nonconducting stage, the gate
is electrically open and the integrating eircuit
is enabled. At the end of the selected range
aweep period, a positive pulse is applied to
P1-5 and a negative pulse to P1-T of electronic
gate 4. The gate will then be conducting and
will short the input signal through CR1 or
CR2 to the cathcde of cathode follower V3
and disables the integrating circuit.

k. The time constant of the integrating cir-
cuit is determined by X slope variable resistor
R16 (Bl1) in the pulse persistence generator,
resistor R1 (B38), capacitor C7 and the gain
of the first DC amplifier. The time constant
can be lengthened or shortened by adjusting
variable resistor R16. This will control the
slope of the output sawtooth in the first de am-
plifier stage. The X balance variable resistor
R2 {B39) is adjusted to obtain a symmetrical
sweep on the CRT. The X centering variable
capacitor is used to move the origin of the
sweep to the center of the CRT. The dc oper-

124 CONFIDENTIAL



CONFIDENTIAL - Mg entig

ating level of V1B is set by X zere set vari-
able resistor R21 (B1ll) in the pulse per-
sistence generator.

i. The amplitude of the sawtooth output of
V3 (B42) is dependent upon the sweep time
selected and the input resolver signal. The
output of cathode follower V3 is applied to
sweep time share electronic gate 1,

j. Electronic gates 1, 2, and 3 are controlled
by the positive gate control pulse and the
negative gate control pulse from the pulse and
logic generator (par. 84). During a normal
sweep interval, symbol time share electronic
gate 2 will be noncondueting, and electronic
gates 1 and 3 will be conducting. This will
allow the sweep sawtooth to be passed through
electronic gate 1 to range select switch S1
{(C39). Any symbol position voltage is lermi-
nated through dummy load electronic gate 8
and resistor R19 to ground.

k. During the normal sweep interval, the
positive gate control pulse is negative and is
applied to connector P1-7 of electronic gates 1
and 3. The negative gate control pulse is posi-
tive and is applied to P1-5 of electronic gates 1
and 3. The sweep output of electronic gate 1 is
applied from P1-3 to range select switch 81,

l. The setting of range select switech SI is
determined by the position of RANGE switch
S1 (C36) and the position of LONG RANGE —
SHORT RANGE switch-indicator A11 {B33).
Since the output of cathode follower V3 is
variable, depending upon the range selected for
display on the PPI, range select switch S1 se-
lects voltage limiting resistors in series to in-
sure that the input to V4A is never greater
than 80 volts. If the PPI range presentation
selected is 75,000 yards, the sweep sawtooth
will be applied through resistor R15 (C40) to
the control grid of V4A. If the range selected
is 150,000 yards, resistor R16 will be added
in series with R15. If the range selected is
250,000 yards (LOPAR video selected), re-
sistors R17, R186, and RI16 will be in series.
If the range selected is 350,000 yards {HIPAR
video selected), relay K1 (C39) will energize
and add resistor R18 in series.

tm. The operating bias for the contrel grid
of V4A (C41) is provided by resistor R24 con-
nected in series with grid balance variable re-
sistor R25 and the negative 250-volt power sup-
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ply. Grid balance variable resistor R25 varies
the starting point or origin of the sweep trace
and is adjusted so that the sweep trace starts
at the center of the face of the CRT. The input
gignal i3 amplified by V4A and coupled to am-
plifier V4B by C16. The X amplifier grid zero
variable resistor R34 in the interstage coupling
network is used to zero the de amplifier so that
there is no output with zero input. The sweep
signal is then applied to voltage amplifier VGE.
The grid bias of V5B is a fixed value so that
with the plate potential of 4600 volts, a maxi-
mum linear sweep voltage is produced,

n. The sweep output of V5B is applied
through the network consisting of R54, R55,
and gain adjust variable resistor R50A with
parallel Zener diodes CR4, CR5, and CR6 to
P1-20. The output sweep voltage from V5B,
taken from the junction of variable resistor
R50A and resistor R60, is approximately 63
volts and is applied through the filtering net-
work consisting of R42 and R43 with parallel
capacitors C20 and C21. This same signal is
applied through the filtering network consist-
ing of gain variable resistor R28 (C41) and
resistors R31, R30, and R29 with parallel
capacitors C11, Cl4, C18, and C12 as degenera-
tive feedback to the input of V4A. Variable
resistor R28 adjusts the overall gain of the
sweep generator.

o. From the filtering network, the sweep sig-
nal is applied through resistors R47 (C45) and
R48 to amplifier V5A. The output of V5A is
180 degrees out of phase with the output of
V5B and is applied through the network con-
sisting of resistors R57 and R56, and gain
adjust variable resistor RS50B with parajlel
Zener diodes CR7, CR8, and CR9 to P1-22. The
voltage taken from the junction of variable
resistor RS50B and resistor R58 is applied to
the network consisting of resistors Rd44 and
R45 with parallel capacitors C22 and C23 as
degenerative feedback. This feedback insures
that the gain of V5B is unity. The 4250 awitch
voltage is applied to the suppressor grids of
V5 when IND, HV. ON —IND. H.V. OFF
switch-indicator A8 on the LOPAR auxiliary
control-indicator is operated to IND. H.V. ON
and PLATE VOLTS—OFF switch 89 on the
acquisition power control panel is on.
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p. The outputs of the Y sweep generator
{C50) are applied to the vertical (north-south)
deflection plates of the CRT. The outputs of
the X sweep generator are applied to the hori-
zontal (east-west) deflection plates of the CRT.

86 (U). Cathode-Ray Tuhe Deflection

Nate. The grid zone references shown in parentheses
in @ and & below refer to figure 34, TM 9-1430-254-20/86,
unleas otherwise indicated.

a. The average potential appearing at the
plates of V5A and V5B (B45) in the sweep
generators is 300 volts. The plate potential
for VSA and V5B is obtained from a supply
of 4-600 volts furnished by 600v power supply
(fig. 17, B27, TM 9-1430-254-20/6) in the PPI
high voltage power supply. The average po-
tential appearing on each of the four deflection
plates of the CRT (B47) is 120 volts above
ground. Zener diedes CR4, CR5, CR8, CRT,
CRS8, and CR9 with the parallel resistors are
level shifting networks that drop the average
potential of each output stage from 300 to 60
volts output to the CRT. Since the magnitude
of voltages on the deflection plates used in an
electrostatic deflection system is kept low to
avoid high voltage insulation problems, nega-
tive voltage iz applied to other elements of the
CRT to obtain the large potential differences
needed for the proper operation of the CRT.
The voltages are applied by the 3.83kv power
supply and the 8kv power supply (fig. 30, B20,
TM 9-1430-254-20,/6). Functional analysis of
power supplies is given in TM 9-1430-250-
20/12. The application of the remaining sig-
nals and voltages to the CRT is discussed in
paragraphs 83, 110, and 111.

b. When the X and Y coordinate deflection
voltages from the associated PPI de amplifier
are applied to the four deflection plates of the
CRT (B48), the cathode-ray beam is deflected
to a position that is determined by the vectorial
resultant of the four applied quadrature volt-
ages., The amplitude of the push-pull outputs
of each PPI de amplifier is determined by the
azimuth angle of the acquisition antenna. Con-
sequently, as the acquisition anienna rotates,
the deflection voltages vary accordingly, and
the azimuth position of the radial sweep ro-
tates in synchronism with the azimuth of the
acquisition antenna.
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87 (V). Fail-Safe Circuit

Note. The grid zone references shown in parentheses
in a through f below refer to fipure 34, TM 5-1430-
254-20/6, unless otherwise indieated.

g. The sweep voltages from connector P1-22
{B47 and B51) on each sweep generator are
applied to the fail-safe circuit in the pulse and
logic generator. The fail-safe ecircuits supply
normal collector voltage to the CRT. When-
ever the sweeps are missing, the fail-safe cir-
cuits supply fail-safe collector voltage to the
CRT.

b. The sweep signal from the X sweep gen-
erator is applied through P1-22 (C15) on the
pulse and logic generator, through resistor
R51 and applied across X sweep amplitude
variable resistor R52 and resistor R53. The
X sweep amplitude variable resistor R52 con-
trols the level of conduction of V5A. The sweep
signal from the Y sweep generator is applied
through P1-24 (C15) and resistor R54, and
applied acress Y sweep amplitude variable
resistor R55 and resistor R56. The Y sweep
amplitude variable resistor R55 controls the
conduction level of V5B. Since the coperaticn
of V6A and V5B is identical, only the operation
of V5A will be discussed.

¢. If the input sweep signal to the contrel
grid of V5A is positive, the signal at the plate
will be inverted (negative). This signal will
back-bias erystal diode CR15 and there will be
no conduction. The signal at the cathode of
VBA will be positive and will be applied
through capacitor C21, crystal diode CR16, and
then applied to capacitor C24.

d. If the input sweep signal to V5A is nega-
tive, the signal at the plate will be positive.
This signal will be applied through capacitor
C20, crystal diode CR15, and then to capacitor
C24. The signal at the cathode will be nega-
tive. This signal will back-bias crystal diode
CR16 and there will be no conduction.

e. The signals from V5A and V5B will
charge capacitor C24. The discharge time of
the capacitor is determined by the time con-
stant of C24, resistor R69, and time control
variable resistor R70 (C17). If both sweeps
are present, capacitor C24 will be charged to
a constant level. This level is applied to the
control grid of relay control amplifier V6A.
Zener diode CR19 clamps the cathode of V6A
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to 16 volts. The positive signal on the control
grid makes V6A conduct, energizing fail-safe
relay K4 (C23) in the plate ecireuit. This will
apply normal collector voltage of +200 volts
set by normal collector voltage adjust variable
resiator R19 (C26} through contacts 1 and 6
of energized relay K4 to the collector of the
CRT. The time constant of capacitor C24 is
large enough so that normal collector voltage
will not be lost during the period between suc-
cessive sweeps.

T™ 9-1430-250-20/11

f. If both sweeps are lost, capacitor C24 will
discharge. There will not be enough signal on
the control grid to keep V6A in conduction.
Relay K4 will deenergize and apply fail-safe
collector voltage of .25 volts set by fail-safe
collector voltage adjust variable resistor R18
(C25) through contacts 8 and 6 of deenergized
relay K4 to the collector of the CRT. Contacts
4 and 2 of deenergized relay K4 ground out
the video unblanking pulse through erystal
diode CR5 in the writing gun driver.

Section Il (U). B SCOPE INDICATOR SWEEP CIRCUITS

88 (U). Purpose

a. The B scope indicator sweep circuits are
those circuits of the presentation system (fig.
1} that produce azimuth (horizontal) and
range (vertical) sweeps for the B scope indi-
cator. These sweep circuits also generate and
position a small circular symbol representing
the azimuth and range of the target tracking
radar system.

b. A 1066-mil (approximately 60 degrees)
by 220,000-yard rectangular sector for video
display is provided by the B scope indicator.
This sector is centered on the target track
antenna circle which is displayed at the center
of the B scope indicator at the time of initial
acquire,

¢. The range sweep of the B scope indicator
has a 1340-microsecond (220,000-yard) dura-
tion and occurs at the sync pulse repetition
rate of 500 cps in the target tracking radar
system. Although a range sweep is produced
for each sync pulse received, the cathode-ray
tube (CRT) B scope indicator is blanked ex-
cept for a selected 1066-mil azimuth sector
of acquisition antenna rotation. During this
1066-mil sector, the B scope indicator is un.
blanked and the range sweep appears as a
vertical trace. At the same time azimuth sweep
is produced which moves the vertical trace, in
synchronization with the antenna rotation,
from left to right across the face of the B
scope indicator. Unblanking of the B scope
indicator (par. 113) is controlled by the B
scope video amplifier in the video circuits.

d. Timing of the B scope indicator sweep
circuits is divided into two intervals within

the 2000-microsecond period established by the
sync pulse repetition rate. These intervals
are the scan and symbol display discussed in
(1) through (3) below.

(1) The scan interval is the normal 1340-
microsecond range sweep time of the
B scope indicator. Thig interval be-
ging with each syne pulse and ap-
pears as an intensified trace on the
B scope indicator only during the se-
lected 1066-mil azimuth sweep.

(2) The symbol display interval occurs
during the 660 microseconds of time
remaining between the end of one
range sweep and the start of the next.
During the intervals between range
sweeps, the sweep circuits of the B
scope indicator generate signals
which make up the target track an-
tenna circle and apply them, at the
correct range and azimuth, to the
deflection plates of the CRT.

(3) The scan and symbol intervals are
time-shared in the B scope sweep am-
plifiers. This is accomplished by al-
ternately switching the scan and sym-
bol data signals through electronic
gating action which is initiated by
pulses generated within the B scope
video amplifier.

89 (C). Block Diagram Analysis

Note. Refer to figure 338 for the analysis given in
¢ through e below.

a¢. Acquisition azimuth resclver B2 (par.
78) generates two output signals from an elec-
trical and a mechanical input. The electrical

CONFIDENTIAL 127



™ 9-1430-250-20/11

input, used as a reference and a source of ex-
citation, iz a 4-kilocyele continuous wave car-
rier from the 4-ke oscillator (par. 77). The
mechanical input is received through mechan-
ical coupling from the acquisition azimuth drive
motor {fig. 5). The two resolver outputs (fig. 33)
supplied by the resolver rotor, are amplitude-
modulated 4-kiloeyele signals whose amplitudes
vary with the sine and cosine of the azimuth
angle of the antenna. These signals are designated
the LOPAR N-S and LOPAR E-W resolver sig-
nals. The two signals are amplified and matched
to the load eircuit by a two-channel resolver am-
plifier (par. 79). The amplified N-8 and E-W
resolver signals are than applied through contacts
of HIPAR select relay K1 in the LOPAR aux-
iliary control-indicator (par. 90) part of the
auxiliary acquisition control intereonnecting group,
to the synchro assembly in the target radar con-
trol console. In selected systems using AAR,
LOPAR RESOLVER signals are applied through
normally closed contacts 5-15 of HIPAR/AAR
select relay K1 (fig. 34, Al) and normally closed
contacts 1 and 6 of HIPAR/AAR select relay
K3 (fig. 34, A2) to the ECCM console.

b. The synchro assembly (par. 91) consists of
symbol position control transformer Bl, torque
receiver B2, sean position resolver B3, and an
electro-mechanical brake. These units, Bl and
B2, and resolver B3, are connected to each other
by mechanical linkage with a ratio of 1:1. The
input to resolver B3 is the acquisition north-south
(N-S) and east-west (E-W) resolver signals. Re-
solver B8 supplies azimuth sean position infor-
mation to the B scope modulation eliminator and
azimuth sector blanking information to an azi-
muth blank generator (par. 112) in the acquisition
video circuits. Symbol position control trans-
former Bl in the synchro assembly receives azi-
muth information from azimuth control transmit-
ter B1 in the target azimuth position transmitter
and supplies symbol azimuth position signals to
the B scope modulation eliminator. Torque re-
ceiver B2 functions as a synchro used only during
reframe or acquire operations. When one of these
operations is selected, the electro-mechanical
brake is released, and torque receiver B2 receives
positioning and excitation through contacts of
framing relays Kb and K6. As a result, control
transformer Bl and resolver B3 are mechanically
repositioned to a setting corresponding to the
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current azimuth of the antenna in the farget
tracking radar system.

¢. The B scope modulation eliminator (par.
92) contains two demodulator channels: an azi-
muth sean position channel, and a symbol azi-
muth position channel, diseussed in (1) and (2)
below.

(1) The azimuth sean position channel in
the B scope modulation eliminator de-
modulates the 4-kilocyele azimuth scan
position signal from scan position re-
solver B8. The demodulated output of
this channel is applied as azimuth scan
voltages to a channel of the B scope
sweep generator (par. 94). The B scope
sweep generator contains two channels:
an azimuth sweep channel, and a range
sweep channel. The two channels de-
velop sawtooth deflection voltages for
application to B seope electronic gates
Z1 and Z3 (par. 97). During the scan
interval (par. 88), Z1 and Z3 are gated
by switching pulses generated in the B
scope marker generator (par. 96). Elee-
tronic gates Z1 and Z3 switch the saw-
tooth deflection voltages to the B scope
sweep amplifiers (par. 98) for application
to the deflection plates of the B scope
indieator.

{2) The symbol azimuth position channel
in the B scope modulation eliminator
demodulates the 400-cps symbol azi-
muth position signal from symbol posi-
tion control transformer Bl located in
the synchro assembly. The output of
the symbol azimuth position channel is a
dc analog voltage representing the angu-
lar difference between the present azi-
muth of the antenna in the target track-
ing radar system and the acquisition an-
tenna azimuth displayed at the center of
the B scope indicator. This analog
voltage is applied to the azimuth posi-
tion channel of the azimuth and range
position amplifier (par. 93). Range
analog voltage received from the tar-
get range position transmitter, part
of the target tracking radar system,
is amplified by the range position
channel of the azimuth and range
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position amplifier. The amptlified sym-
bol range and symbol azimuth analog
voltages are applied to electronic
gates Z2 and Z4 (par. 97). During
intersweep intervals, Z2 and Z4 are
operated by symbol gate pulses from
the B scope marker generator. These
pulses reverse or switch the normal
impedance conditions of Z2 and Z4
allowing the analog voltages used for
symbol positioning to be applied
through the azimuth and range B
scope sweep amplifiers (par. 98) to
the deflection plates of the cathode-
ray tube (CRT).

d. The B scope video amplifier (par. 95}
functions as the control unit of the B scope
indicator. For every sync pulse received at the
B scope video amplifier, two range sweep
gates are developed for application to an elee-
tronic pate in the B scope sweep generator
and an end-of-sweep pulse is developed for
application to the B scope marker generator.
The B scope marker generator uses the end-
of-sweep pulse to initiate the symbol display
interval (par. 884) of the B scope indicator.
Qutputs of the B scope marker generator are:
the symbol gate pulses applied to electronic
gates Z1 through Z4 (par. 97); the symbal
azimuth signal applied to the B scope sweep
amplifier (azimuth); and the symbol range
signal applied to the B scope sweep amplifier
{range).

€. Electronic gates Z1, Z2, Z3, and Z4 are
comparaLkle to single-pole, gingle-throw
switches. Their function is to control the appli-
cation of input signals to the two B scope
sweep amplifiers. Depending on the polarity
of switching pulses applied to the electronic
gates, the B scope sweep amplifiers receive
either normal sweep voltages or analog symbol
positioning voltages which represent the B
scope scan interval and symbol display interval,
respectively. The voltages are amplified by the
B scope sweep amplifiers to the amplitude re-
quired at the deflection plates of the B scope
indicator CRT.

TM 9-1430-250-20/11

90 (U). Acquisition Resolver Signal
Switching

The selection of HIPAR or LOPAR acqui-
sition resolver signals, applied te the B scope
indicator sweep circuits, is controlled by HI-
PAR select relay K1 (fig. 34, C5, TM 9-1430-
254-20/6) located in the LOPAR auxiliary
control-indicator. Refer to paragraph 13 for
a functional description of the radar select
circuits. Refer to paragraphs 78 through 80
for a functional description of the resolver
circuits.

91 (U). Synchro Assembly

a. The synchro assembly (fig. 833) provides
both azimuth scan information and symbol
azimuth position information to the sweep
generating and symbol positioning circuits of
the B scope indicator.

b. The synchro assembly contains four elec-
tro-mechanical devices: symbol position con-
trol transformer Bl, torque receiver B2, scan
position resolver B3, and an electro-mechanical
brake. These electro-mechanical devices are
mechanically connected by a common linkage
at a gear ratio of 1:1.

Note. The grid zone references shown in parentheses
in ¢ below refer to figure 36, TM 9-1430-254-20/6, un-
lesa otherwise indicated.

¢. The functional operation of the synchro
assembly is described in (1) through (5)
below.

(1) Torque receiver B2 (B5) in the syn-
chro assembly provides the mechan-
ical driving force which positions the
rotors of symbol position control
transformer Bl and scan position re-
solver B3 to the antenna azimuth of
the target tracking radar system. The
stator input voltage to torque receiver
B2 is a 400-cps positioning signal pro-
duced by coarse data transmitter B2
(B2) in the azimuth position trans-
mitter. The rotor input voltage to
torque receiver B2 (B5) is a 120-
volt, 400-cps servo excitation signal.
The stator input is received through
contacts 10 and 4, 11 and 6, and
12 and 8 of frame 2 relay K5 (B4),
while the rotor input to torgue
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(2)

(3)

receiver B2 is applied through con-
tacts 5 and 3 (B6) of frame I relay
K6. These relays are normally de-
energized. Only when relays K5 and
Ké are energized, (5) below, does
torque receiver B2 receive excitation
and positioning voltages,

Symbol position control transformer
Bl (AS5) in the synchro assembly re-
ceives a 400-cps stator input voltage
from azimuth control transmitter Bl
(A2) Jocated in the azimuth position
transmitter. The 400—cps input volt-
age containg antenna position in-
formation from the target tracking
radar system. The rotor output of
aymbol position control transformer
Bl (A5) is a 400-cps error voltage
signal which represents, by phase and
amplitude relationships, the relative
angle between the present azimuth
and the azimuth of the antenna in
the target tracking radar system
when the presentation was last re-
framed. The azimuth difference is
established in the synchro assembly
as a shaft position by the action of
torque receiver B2 and its associated
frame 1 relay K6 and frame 2 relay
K5, The error voltage signal from
the rotor of transformer Bl is ap-
plied to the B scope modulation elimi-
nator (par. 92). As an end result,
this error signal determines the azi-
muth (horizontal) position of the tar-
get track antenna circle on the B
scope indicator CRT.

Scan position resolver B3 (A5) in
the synchro assembly has two stator
windings and two roter windings. The
input to the stator windings of re-
solver B3 is the LOPAR N-S and the
LOPAR E-W resolver signals from
the regolver amplifier (fig. 34, D2, TM
9-1430-254-20/6). These signals con-
gist of steady 4-kilocyele oscillations
modulated by rotation of the acquisi-
tion antenna. The modulation pro-
duces an envelope consisting of two
sinusoidal alternations for each 6400
mils of antenna rotation. This is
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similar to 100-percent modulation of
the 4-kilocycle carrier by the wave-
shape developed across a resistive load
in a full-wave rectifier during one
cycle of the ac supply voltage. These
envelope variations of the two stator
input signals (LOPAR N-8 and E-W)
are 90 degrees out of phase. The rotor
of scan position resolver B8 (A5) is
wound in quadrature so that its two
windings (R1-R3 and R2-R4) also
produce output signals having modu-
lation envelopes 90 degrees out of
phase. However, as the rotor of scan
position resolver B3 is diaplaced rel-
ative to its stator, the modulation
envelopes of its output signals may be
varied in phase, 0 through 360 de-
grees, with respect to the meodulation
envelopes of the stator signals. Since
the rotor of scan position resolver B3
is mechanically coupled to torque re-
ceiver B2 (B5), the relative position
of the stator and rotor of resolver B3
is determined by the position of the
rotor of B2, The E-W rotor output of
B3 is the scan position signal applied
to the B scope modulation eliminator
(B8). From this signal the modula-
tion eliminator develops a sine wave,
a part of which is used to develop the
sweep voltages for the azimuth sweep
of CRT V2 (B2B). The N-S rotor
output {called the resolver N-8 guad-
rature signal because of 90-degree
phase difference from the E-W sig-
nal) is applied to the azimuth blank
generator (par. 112). Since this sig-
nal reaches a maximum amplitude
when the acquisition gntenna is pass-
ing through the center of the selected
1066-mil sector of display, it is used
to develop an azimuth blanking con-
trol voltage. 'This control voltage,
developed in the azimuth blank gen-
erator, insures that CRT V2 (B28) is
unblanked only when the acquisition
antenna is passing through the se-
lected 1066-mil sector of display.

(4) Electro-mechanical brake solenoid L1

(B5) is normally energized and holds

—
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the three servomechanisms locked in
position. The brake is held energized
as long as a complete path for the
brake solenoid is maintained through
contacts 6 and 1 (C6) of frame 1 re-
lay K6 and brake release switch S1
{B5). When the servomechanisms are
to be electrically zeroed, the brake is
relegsed by depressing brake release
switch S1.

QOperation of the synchro assembly is
controlled by ACQUIRE switch S5C
(B4) in the target antenna control
group, or REFRAME switch 51 (C8)
on the front panel of the B scope in-
dicator. Operating ACQUIRE switch
S5C (B4) or depressing REFRAME
switch 81 (C8) energizes frame 2 re-
lay K5 (B4) and frame 1 relay K6
{C8). Energizing relays K5 and K6
deenergizes the electro-mechanical
brake and applies excitation and posi-
tioning voltages to torque receiver B2
{B5). Torque receiver B2 repositions
control transformer Bl and resolver
B3 to the azimuth position of the an-
tenna in the target tracking radar
asystem. Relays K5 and K6 are con-
nected so that K6 deenergizes before
K5 setting brake L1 and removing
the excitation before the atator input
to B2 is removed. This procedure
prevents any shift of the rotor of B2
due fo transients that might occur
during switching. Isolation diode CR2
{B4) prevents a lockup path for re-
lays K5 and K6 and enables these
relays to deenergize after the release
of the ACQUIRE or REFRAME
switches. ACQUIRE switch 8S&C
{B4), in addition to energizing the
framing relays, energizes circuits
which position the antenna in the
target tracking radar system to the
azimuth of the designate circle from
the acquisition radar. This position-
ing is the initial acquiring of a ta--
get. During target tracking, the tar-
get track antenna circle moves away
from the center line of the B scope
indicator if there is a wvariation in
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target azimuth. REFRAME switch
S1 (CB) energizes framing relays K&
and K6, thereby recentering the video
and symbol display on the B scope
indicator.

92 {U). B Scope Modulation Eliminator

a. The B scope modulation eliminator {fig.
33) demodulates both symbol azimuth position
and azimuth scan position signals received
from the synchro assembly.

b. The B scope modulation eliminator con-
tains two demodulator channels, an azimuth
scan position channel, and a symbol azimuth
pesition channel. The azimuth scan position
channel operates at 4 kilocycles and phase de-
modulates the signal received from scan posi-
tion resolver B3 in the synchro assembly (par,
91¢). The output of this channel is an ampli-
tude-limited sinusoidal signal with a peak am-
plitude of 10 volts and a duration equal to one
acquisition antenna rotation period. The sym-
bol azimuth position channel operates at 400
cps and phase demodulates the output of sym-
bol position control transformer Bl in the
synchro assembly. The output of this channel
is de analog voltage whose amplitude repre-
sents the angular difference between the pres-
ent azimuth of the antenna in the target track-
ing radar system and the azimuth displayed at
the center of the cathode-ray tube (CRT)} of
the B scope indicator. The polarity of the dc
analog voltage determines the direction of this
angular difference. The rotation of the an-
tenna in the target tracking radar system
through 6400 mils provides this channel with
a sinusoidal output. Zero volts is developed
when the antenna azimuth of the target track-
ing radar system is the same as the center
azimuth of the B scope indicator.

¢. The functional operation of the B scope
modulation eliminator is discussed in (1) and
{2) below. Since the operation of both chan-
nels is similar, only a brief discussion of the
symbol azimuth position channel is given in
{2) below.

Note. The grid zone references shown in

parentheses in (1} and (2) below refer to
figure 38, TM 9.1430.264-20/6.

(1) The azimuth scan position channel
receives the modulated 4-kilocycle re-
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solver E-W signal from scan position
resolver B3 (Ab). This signal is ap-
plied through SWP AMP variable re-
sistor R1 {AB) to closed contacts 1
and 2 of NORMAL—SWP-ZERO
switeh S1 (set to SWP), connected
in series with the primary of trans-
former T2. Transformer T2 couples
the slowly varying 4-kilocyele signal
to a crystal bridge demodulator (A10)
which consists of erystal diodes CR1,
CR2, CR3, and CR4, and precigion
resistors R2, R3, R4, and R5. The
precision resistors compensate for
slight differences in conduction of the
crystal diodes. A 4-kilocycle reference
signal (AB8) is applied to the primary
winding of eoupling transformer T1
{A9). The secondary output of T1 is
applied to the crystal bridge demodu-
lator. Depending on the phase re-
lationship between the 4-kilocycle ref-
erence signal and the modulated 4-
kilocycle regolver E-W signal (azi-
muth sean position signal), the bridge
demodulator is unbalanced in either
of two current directions. Any bridge
demodulator unbalance causes current
to flow through load resistor RE
(A10). The direction of this current
flow through R8 is controlled by the
direction of the bridge demodulator
unbalance. Since the azimuth scan
position signal varies in amplitude
and phase (0 to 180 degrees relative
to 4-kilocycle reference) with aequi-
gition antenmna rotation, the current
through R8 varies in amplitude and
direction. Resistors R6 and R7, and
capacitors C1 and C2 form a filter
network which eliminates any 4-kilo-
cycle component in the output wave-
form. Zener diodes CR9 (All) and
CR10, in series back-to-back, serve as
sweep voltage limiters when NOR-
MAL—LIMIT-OFF awitch 83 (Al1)
is set to LIMIT. Diodes CR9 and
CR10 have an inverse voltage rating
(Zener effect) of 9.5 to 12 wvolts,
thereby limiting the sweep output
voltage to =10 volts, The output of
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the scan position channel is an ampli-
tude-limited sinusoidal signal applied
to the B scope sweep generator (par.
94). Variable resistor BE1 {(A8) is
used to adjust the amplitude of the
azimuth scan position input signal.
The setting of this adjustment is
made with NORMAL—LIMIT-OFF
switch 83 (B1l) set to OFF. This
switch setting removes the limiting
action of CR9 and CR10, and allows
a true measurement of azimuth scan
voltage at SWP test point TP1. The
output signal, applied to the B scope
sweep generator, determines the width
of the azimuth display on CRT V2
(B28). The ZERO position of 51
(A9) is used in conjunction with zero
set variable resistor R24 (A13) when
zeroing the azimuth scan sweep am-
plifiers in the B scope sweep genera-
tor.

The symbel azimuth position channel
receives an amplitude-modulated 400-
cps symbol position error voltage
from symbol position confrol frans-
former Bl (A5). This signal is ap-
plied through closed contacts 4 and 5
of NORMAL—POS-ZERO switch S2
{B9)} {set to POS) to transformer T3.
The output of T3 is applied to a crys-
tal demodulator bridge which consists
of crystal diodes CR5, CR6, CR7, and
CE8 and precision resistors R12, R13,
R14, and R15. These resistors com-
pensate for slight differences in con-
duction of the crystal diodes. A 400-
cps reference signal i3 applied
through t{ransformer T4 (B9) to op-
posite corners of the crystal bridge.
The bridge output voltage is devel-
oped acress load resistor RS (B10).
The amplitude and polarity of this
voltage is dependent upon the ampli-
tude and phase, respectively, of the
input symbol position error voltage.
Resistors R10 and R1i, and capaci-
tors C8 and C4 form a filter network
to remove any 400-cps component in
the demodulated output voltage. The
output signal may be measured at



CONFIDENTIAL -

POS test point TP2 (B11). The out-
put of the ‘symbol azimuth position
channel is a de analog voltage whose
amplitude and polarity indicate the
azimuth setting of the target track
antenna, is applied to the azimuth
and range position amplifier. The
ZERO position of 82 (B9) is used in
conjunction with AZ ZERO SET vari-
able resistor R4 (C8) for zercing the
de amplifiers in the azimuth position
channel of the azimuth and range
position amplifier (par. 93).

93 {U). Azimuth and Range Position
Amplifier

@. The azimuth and range position amplifier
{fig. 33) adjusts and amplifies the de input
analog voltages which are subsequently used
to positicn, in azimuth and range, the target
traek antenna circle displayed on the B scope
indicator.

b. The azimuth and range position amplifier
contains two channels: the azimuth position
channel and the range position channel. These
channels are used to adjust the respective
analog scale factors, to shift the dc level, and
to isolate input and output signals from each
other.

Note, The grid zone references shown in parentheses
in ¢ and d below refer to figure 35, TM 9-1430-254-
20/6, uniess otherwise indicated.

¢. The input and output signals of the azi-
muth and range position amplifier {D2)} are
given in {1} and (2) below.

(1) The azimuth position channel con-
sists of dc amplifiers V1A (C4), V18
and V2A {C5), voltage regulator V3,
and associated controls and circuits.
This channel receives azimuth analog
voltage which is symbol azimuth posi-
tion information in dc analog form
from the B scope modulation elimina-
tor. The output of this channel at
connector P1-7 ((C6) is the symbol
azimuth position applied as a dc ana-
log voltage to electronic gate Z4 (par,
97). During the symbol display in-
terval, Z4 (D22) applies this voltage
to the B scope sweep amplifier (azi-
muth) (par. 98b). The dc level of
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the analog voltage establishes the
azimuth position of the target track
antenna circle.

{2) The range position channel consists
of dc amplifiers V4A (D4}, V4B and
V2B (D5), voltage regulator V5, and
associated controls and circuits., This
channel receives range analog volt-
age (D2) which is symbol range posi-
tion information in de analoeg form
from the target range position trans-
mitter in the target tracking radar
system. The output of the range posi-
tion channel at connector P1.9 (D§)
iz the symbol range position applied
as a dc analog voliage to electronic
gate Z2 (par. 97d}. During the sym-
bol display interval, Z2 {(B22) applies
this voltage to the B scope sweep am-
plifier (range)} (par. 98b). The dc
level of this analog voltage establishes
the range position of the target track
antenna circle.

d. Since the operation of the azimuth posi-
tion channel and the range position channel
is identical, a functional analysis of the azi-
muth position channel only is given in (1)
and (2) below.

(1) Azimuth position voltage in dc ana-
log form from the B scope modula-
tion eliminator is applied through in-
put resistor R1 (C3) to the grid of
dc amplifier V1A. Amplifier V1A ig
the first in a series of three de am-
plifiers, V1A, V1B, and V2A. These
three amplifiers set the dc level and
scale factor of the symbol azimuth
position analog voltage. Voltage reg-
ulator V38 (D5} establishes a con-
stant dc potential on the cathode of
V2A which provides a more linear
output from the azimuth and range
position amplifier. Under normal con-
ditions, the output scale factor of the
azimuth position channel is 0.33 volt
per azimuth degree. The symbol azi-
muth position analog voltage can be
of either polarity, depending on the
azimuth position of the antenna in
the target tracking radar system with
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respect to the azimuth displayed at
the center of B scope indicator CRT
V2 (B28).

(2) AZ ZERQ SET wvariable resistor R4
{D3) is used to zero set the azimuth
position channel, With no input volt-
age, variable resistor R4 is adjusted
30 that the output voltage is zero. This
voltage may be measured at AZ QUT.
PUT test point TP3 (C8). AZ GAIN
variable resistor R20 is the gain
control of the azimuth position chan-
nel. The setting of variable re-
sistor R20 determines the amount of
feedback voltage to V1A, and variable
resistor R20 is adjusted so that the
output scale factor of the azimuth
position channel is 0.33 volt per azi-
muth depree.

(3) Corresponding to wvariable resistors
R4 (D3) and R20 (C6), (2) above,
RG ZERO SET variable resistor R24
(D3) is adjusted so that the output
voltage of the range position channel
is zero when the input is zero, and
RG GAIN variable resistor R39 (D8)
adjusts the output scale factor of the
range position channel to 0.6 milli-
volt per yard.

¢. The symbol azimuth and range position
analog voltage outputs of the azimuth and
range position amplifier are applied to elec-
tronic gates 24 and Z2, respectively (par. 97).

94 (U). B Scope Sweep Generator

a. The B scope sweep generator (fig. 33)
functions to produce the horizontal and ver-
tical sweep wvoltages required for a B scan
presentation.

b. The B scope sweep generator has two in-
dependent channels, an azimuth sweep gen-
erating channel, and a range sweep generating
channel. The input and output signals of the
B scope sweep generator are given in (1)
and (2) below.

(1) The input of the azimuth sweep chan-
nel of the B scope sweep generator
is the azimuth scan position signal.
This signal is a slowly varying, clipped
sinusoidal voltage with an amplitude
of =10 volts. This limited sinusoidal
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waveform, received from the B scope
modulation eliminator (par. 92), has
a duration equal to the period of the
acquisition antenna rotation. The
output of the azimuth sweep channel
is a =#dc voltage with near linear
leading and trailing edpes varying
slowly between -+10 volts and —10
volts. This voltage is ultimately used
to sweep the electron beam of the B
scope indicator cathode-ray tube
(CRT) from left to right as the ac-
quisition antenna passes through the
gelected azimuth sector.

(2) The input of the range sweep channel
of the B scope sweep generator con-
gists of positive and negative range
sweep gates received simultaneously
from the B scope video amplifier (par.
95). Both of these gates have a time
duration of 1340 microseconds and
a repetition rate of 500 pulses per
second. The output of the range
sweep channel is a positive sawtooth
waveform, 1340 microseconds (220,
000 yards) in duration. This saw-
tooth waveform is the range sweep
pulse which is ultimately used to
move the electron beam of the B scope
indicator in range (from bottom to
top).

Note. The grid zone references shown in parentheses
in ¢ and d below refer to figure 35, TM 9-1430.254.
20/6, unless otherwise indicated.

¢. A functional analysis of the B scope sweep
generator is given in (1) through (4) below.

(1) The input of the azimuth sweep chan-
nel is the azimuth scan signal (A12)
from the B scope modulation elimina-
tor. This signal is applied through re-
gistor R19 to azimuth sweep amplifier
V38 with amplifier V4 operating in
cascade. The output of amplifier V4
is applied to cathode follower V5B.
The azimuth sweep voltage from
cathode follower V5B is applied to
electronic gate Z8 (C22). The output
of V5B (Al4) is also applied through
the parallel combination of resistor
R38 and capacitor C6 (B13) as a
feedback voltage to the input of V3.

136 CONFIDENTIAL

o



(2)

(3)

(4)

CONFIDENTIAL -

This negative feedback increases the
linearity of the azimuth sweep portion
of the output waveform.

Agzimuth zero set variable resistor R24
{A13), part of a voltage divider in-
cluding resistors R23 and R25, and
Zener diodes CR3 and CR4, is used
to balance the azimuth sweep channel
output to zero when the input is zero.
The inputs of the range sweep chan-
nel are the =T5-volt sweep gates
(C12) from the B scope video ampli-
fier. These sweep gates have a 1340-
microsecond time duration for the
range sweep interval and occur in
time coincidence. They are used to
switch electronic gate Z1 (D15) to
its high impedance condition, £(2) be-
low, during range sweep time. Elec-
tronic gate Z1 is a unidirectional
gating network comparabie to a
single-pole, single-throw switch. When
the high impedance of Z1 appears
across capacitor C1 (D16), the nega-
tive voltage at the junction of reais-
tors R35 (Cl14) and R36 is applied
to capacitor Cl. Capacitor C1 (D18),
connected between the input of V1
and the output of V54, is allowed to
charge for 1340 microseconds. The
charge rate of capacitor Cl is con-
trolled by range slope adjust variable
resistor R1 (Cl4). The negative vari-
ation caused by the charging of capaci-
tor Cl is applied to the grid of am-
plifier V1 (C17). It is amiplified by
V1 and V2 and causes a positive rising
potential to occur at the output of
cathode follower V5A. The trailing
edges of the 1340-microsecond range
gate pulses switch Z1 back to its low
impedance condition. In this condi-
tion of 21, no sweep voltages are
produced by the B scope sweep gen-
erator.

Range slope adjust variable resistor
R1 (C14), part of capacitor C1 charg-
ing circuit, varies the physical length
of the range (vertical) sweep onthe B
scope indicator. Variable resistor R1
is adjusted so that the 220,000-yard
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range sweep covers the face of CRT
V2 (B28). Range balance variable
resistor R5 (D14} is used to balance
the dicde bridge of electronic gate
Z1. This adjustment compensates for
differences in forward resistances of
the bridge diodes and insures that the
grid of amplifier V1 is returned to
the same voltage point after each
sweep. By this function, variable re-
sistor R5 insures proper potential bal-
ance on both sides of capacitor CI.
Balance tuner variable capacitor C5
(D13) is used to balance the capaci-
tance of the diode bridge in electronic
gate Z1. Range zero sef variable re-
sistor R7 (D17), part of a voltage
divider including R6 and R8, and
Zener diedes CR1 and CR2, is used
to balance the range sweep channel
output to zero when the input is
Zero.

d. Electronic gate Z1 (D15) is comparable
to a single-pole, single-throw switch that pro-
vides either a low or high impedance path.
Electronic gate Z1 is controlled by the =:75-volt
sweep gates from the B scope video amplifier.
These sweep gates are coincident in time and
of opposite polarity. The electronic gate
is closed (low impedance condition} during the
no-sweep interval. During this period, elec-
tronic gate Z1 acts as a short circuit
across sweep-forming capacitor C1 (D16).
As the sweep gates switch polarity in coin-
cidence with system sync, electronic gate 241
presents an open circuit (high impedance)
across sweep-forming capacitor Cl, allowing
it to charge in a sawtooth manner and form
the range sweep signal at the output of cath-
ode follower V5A (C19). The low and high
impedance conditions of electronic gate Z1 (fig.
34) are discussed in (1)} and {2) below.

{1) During the 660-microsecond, no-sweep
interval of the sweep gates applied
to electronic gate Z1, all crystal diodes
in the bridge circuit (CR1, CR2, CRS,
and CR6) are conducting. The cur-
rent flows from the —250-volt sup-
ply, through resistor R1, the t{wo
bridge arms, and resistor R2 to the
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Figurs 84 (U). B scops sweep genarator—electronic gate-simplified schematic diegram {(U).
+250-volt supply. Due to the for- 95 (U). B Scope Video Amplifier
ward bias on the quest all the diodes Note. The grid zone references shown in parentheses
conduct, and the impedance from  in o through ¢ below refer to figure 35, TM 9-1430-
junction X to junction Y is extremely  254-20/6.
low. Since capacitor C1 is connected a. A portion of the B scope video amplifier
between junctions X and Y, the in-  fynctions as a channel of the B scope indicator
tegrator circuit cannot function. sweep circuits (fiz. 33). The remairning por-
(2) During the 1340-microsecond range tion (par. 114) functions as & channel of the
sweep interval when the positive and B scope video circuits (par. 107). The sweep
negative sweep gates arrive at con- cxrcu'it channel generates both sweep gates
nector J1, terminal 7 swings positive, applied to the B scope sweep generator and the
diode CR3 {uots 4 functionsa end-of-sweep pulse input to the B scope marker
iode c.m.a ucts, and junc 10T1 generator (C15).
hecor:aes pOSIth’" At the g time, b. The sweep circuit channel of the B scope
terminal 5 swings negative, diode  video amplifier (D9) consists of range sweep
CR4 conducts, and junction B be- gate multivibrator V1 (D10), cathode follower
comes negative. With junction A V2A (CIO), gate' &mp]iﬁers V3A an(.i V?B
positive and junction B negative, all (C11), an.d assoc:ateq controls and. CIrFUIt.S.
: i y The functional operation of these circuits is
bridge diodes are back-biased and, . .
N y B explained in ¢ below.
t ere.fore, cut off. In ‘thxs f:ondltlon. ¢. The input to the B scope video amplifier
?he 1'mpedanc.:e from junction X to (pg) i3 4 positive 20- to 40-volt sync pulse
junction Y is extremely high, and  from the acquisition-track synchronizer in the
the charging circuit for C1 (D16) is  target tracking radar system. This pulse is
free to function. applied through crystal diode CR1 to range
138 CONFIDENTIAL
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sweep gate multivibrator V1. Cathode-coupled
monostable multivibrator V1 is biased so that
one section (pins 1, 2, and 3) is normally cut
off and the other section (pins 6, 7, and 8)
is normally conducting. Cathode follower V2A
is normally conducting because of the positive
de voltage applied to its grid from plate pin 1
of V1. When the positive sync pulse is applied
to the normally cutoff section of V1, this sec-
tion conducts, driving both V2A and the other
section of V1 into cutoff. Crystal diode CR1
prevents residual negative pulses from affect-
ing V1. In this condition, capacitor C7 charges
through resistor R8 and RANGE ADJ vari-
able resistor R17. As capacitor C7 charges,
the wvoltage at grid pin 7 of V1 rises ex-
ponentially. After 1340 microseconds, deter-
mined by adjustment of R17, this section {pins
6, 7, and 8) of V1 is driven into conduction.
By cathode coupling, the other section of V1
is cut off and V2A again conducts, completing
the cycle of operation. Cathode follower V2A
provides a current path for rapid discharge
of C7. The rapid discharge of C7 forms a
steep trailing edge on the negative 1340-mi-
crosecond pulse developed by V1. This steep
trailing edge is used as an end-of-sweep pulse
by the B scope marker generator (par. 96).
The positive sguare wave from plate pin 6 of
V1 is applied to gate amplifier V3A (C11}.
The amplified negative output of V3A is ap-
plied to connector J2-1 and gate amplifier V3B,
The amplified positive output of V3B is applied
to connector J2-8. The 1340-microsecond
sweep gates from connector J2 are applied
to the B scope sweep generator {par. 94).

96 {U). B Scope Marker Generator

a. A portion of the B scope marker gen-
erator (fig. 33) iz a functional part of the B
scope indicator sweep circuits. The rest is a
functional part of the video circuits (par.
115). The function of the B scope marker gen-
erator used in the B acope indicator sweep
circuits is to produce, during intersweep in-
tervals, symbol azimuth and range signals.
These signals produce the target track an-
tenna circle which is diaplayed on the face of
the cathode-ray tube (CRT) in the B scope
indicator. The B scope marker generator also
produces symbol gate pulses uaed for switch-
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ing control of the electronic gates (par. 87).
These gate pulses control the switching of in-
put signals to the B scope sweep amplifiers.

b. The B scope marker generator receives a
negative, 1340-microsecond end-of-sweep pulse
from the B scope video amplifier (par. 95).
The trailing edge of this pulse represents the
end of the normsal range sweep, and there-
fore, the beginning of the symbol display in-
terval of the B scope indicator. The display of
the target track antenna circle requires 160
mieroseconds. During this 160-microsecond
period, the B scope marker generator applies
symbol gate pulses to the electronic gates
(par. 97). The electronic gates then pass the
symbol range and symbol azimuth positioning
voltages received from the azimuth and range
position amplifier {par. 98) to the respective
sweep amplifiers. Since the B scope sweep am-
plifier (par. 98) outputs are directly connected
to the deflection plates of the CRT, the first
80-microsecond period iz used to position the
electronic beam of the CRT and to super-
impose on that beam the azimuth and range
symbol. During this first 80 microseconds,
the CRT is blanked by the B scope video am-
plifier so that undesired positioning traces will
not be displayed. During the second 80 micro-
geconds, the CRT is unblanked by an 80-micro-
second pulse from the B scope video amplifier
and the symbol is displayed. The combination
of the symbol azimuth and range signals, and
the symbo! positioning voltages from the B
scope marker generator, produces the target
track antenna circle at a position determined
by the range and azimuth of the target track-
ing radar system. At the end of the second
80-microsecond interval, or 160 microseconds
after end-of-sweep, the CRT is returned to
blanked condition and the gate pulses applied
to the electronic gates are reversed in polarity.
Since the impedance condition of the electronic
gate is changed by the reversal in polarity of
the gate pulses, the electronic gates are ready
to pass the next range sweep applied to the
B scope sweep generator,

Note. The grid zone references shown in parentheses
in ¢ below refer to figure 85, TM 9-1430-254-20/6.

¢. A functional diagram discussion of the B
scope marker generator (B15) is given in
{1) through (6) below.
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(1)

(2)

Operation of the B scope marker gen-
erator is initiated by the trailing edge
of the negative, 1340-microsecond
end-of-sweep pulse received from the
B scope video amplifier (par. 95).
This pulse is differentiated by the in-
put RC circuit consisting of capacitor
Cl (A1l5) and resistor R1. The lead-
ing edge of the end-of-sweep pulse
produces a short negative pulse, and
the trailing edge produces a short
positive pulse. The negative pulse is
not used. The positive pulse is ap-
plied as an end-of-sweep signal to the
first triode section of monostable mul-
tivibrator V1, a dual triode. Pedestal
adjust variable resistor R5 (B16),
part of a voltage divider ecircuit, con-
trols the bias of the first triode section
of V1. Since V1 is monocstable, the
bias of the first triode section deter-
mines the point at which multivibra-
tor action regets, and thus determines
the operating time of V1. Variable re-
sistor R5 is adjusted so that the posi-
tive end-of-sweep signal triggers V1
inte operation for a 200-microsecond
period starting at the end of normal
sweep time,

Qutputs from both triode sections of
V1 are used. The second triode sec-
tion produces a positive 200-micro-
second pulse applied to monostable
multivibrator V4 (A20). The nega-
tive 200-microsecond pulse from the
first triode section of V1 is applied
through crystal diode CR1 (A17) to
gating amplifier V2A, Crystal diode
CR1 functions as a signal clipper
and prevents interaction between the
functions of V1 and V2A. The nega-
tive 200-microsecond pulse from V1
cuts off V2A which was current-load-
ing the LC tank circuit of start-stop
oscillator V2B (A18). The tank cir-
cuit of V2B consists of capacitor C7
and tapped inductor L1. Prior to be-
ing biased into cutoff, V2A conducts
through L1 thereby holding the os-
cillator circuit inoperative. The reso-
nant frequency of the parallel combi-
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(3)

(4)
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nation of C7 and L1 is 12,5 kilocycles.
Capacitor C11 and oscillator adjust
variable resistor R15 provide the nec-
essary coupling and feedback between
the tank circuit and V2B. Variable
resistor R15 controls the feedback level
to the oscillator tank cireuit thereby
controlling the amplitude of oscilla-
tions. Since V2B is allowed to operate
for only 200 microseconds at a fre-
quency of 12.5 kilocycles, the output
of the tank circuit is 2-1/2 cycles of
oscillation. The oscillator circuit has
two outputs, one from the cathode of
V2A, and the other from the cathode
of V2B, From V2A, the oscillations
are coupled through cathode follower
V6A (B18) to symbol size variable
resistor R41. Both the symbol azi-
muth and range signals are tapped
from variable resistor R41. The sym-
bol azimuth signal is phase-gshifted 45
degrees by capacitor C28 (C20) and
resistor R56. The symbol range sig-
nal is phase-shifted 45 degrees by re-
sistor R57 (B20) and capacitor C29.
These phase displacements produce a
90-degree phase-shift between the
symbol azimuth and range signals,
which, when applied to the deflection
plates of the CRT in the B scope in-
dicator, produce a circular lissajous
figure.

The second output of the oscillator
circuit of V2B (Al18) is supplied by
the cathode of V2B. From V2B the os-
cillations are coupled to squaring am-
plifier V3A (B19) where the oscilla-
tions are squared and inverted. The
inverted squared wave from V3A is
coupled through cathode follower V3B
to the junction of resistor R28 and ca-
pacitor C15,

The positive 200-microsecond pulse

from multivibrator V1 (A18)} is ap-
plied to the second triode section of
monostable multivibrator V4 (A20),
a dual triode. This pulse triggers V4
and initiates the multivibrator action.
Coupling between triode sections of

f

S



(8)

(6)
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V4 is provided by the parallel com-
bination of crystal diode CR2 and re-
sister R32. This coupling insures a
steep leading edge in the output pulse.
Multivibrator action is complete
when, after 160 microseconds, V4 is
awitched back to its original condi-
tion by a composite step voltage re-
ceived from capacitor C15, (5) below.
When gating amplifier V2A (Al7) is
cut off by the negative 200-microsec-
ond pulse from multivibrator V1
(A16), an instantaneous rise of plate
voltage is prevented by a shaping cir-
cuit consisting of capacitor C6 (A19)
and resistor R13. This shaping cir-
cuit drives the plate voltage of VZA
positive at an exponential rate and
iz applied to resistor R23 {Al19). This
exponential voltage rise is mixed with
the squared oscillations from the out-
put of V3B. The resulting wave-
form, starting at the end of range
sweep time, is an exponentially rising
d®ep-voltage waveform having two
equal 80-microsecond steps. This
composite waveform is coupled by
capacitor C15 (B19) to the first triode
gsection of multivibrator V4. Gate
pulse adjust variable resistor R25
(A20}, in the control grid circuit of
the first triode section of V4, is used
to adjust the slope of the step-voltage
waveform so that the second B80-mi-
crosecond step reaches a potential
gufficiently positive to cause the first
triode section of V4 to conduct. The
second triode section of V4, previously
triggered into conduction by the 200-
microsecond pulse from V1, is cut off
because of common cathode resistor
R28 (B20)} which completes multivi-
brator action. Thus, the two outputs
of V4 are positive and negative 160-
microsecond pulses, occurring in time
coincidence at the end of each range
sweep.

Both the positive and the negative
outputs of V4 are used. The positive
160-microsecond puise from the first
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triode section of V4 is applied to cath-
ode follower V5B (B21). The nega-
tive 160-microsecond pulse from the
second triode section of V4 is applied
to cathode follower VB5A. These two
pulses of opposite polarity and oc-
curring in time coincidence are sup-
plied by the- respective ecathode fol-
lowers as gating pulses to electronic
gates Z1 through Z4 (par, 97). With
a negative pulse at the output of V5A
and a positive pulse at the output of
V5B, electronic gates Z2 and Z4 pass
symbel positioning voltage to the B
scope sweep amplifiers (par. 98).
After 160 microseconds, multivibrator
V4 is switched back to its originai
condition. A positive pulse then ap-
pears at the output of VHA, and a
negative pulse at the output of V5B.
These pulses switch electronic gates
Z2 and Z4 back to their original im-
pedance conditions. This switching
marks the end of the symbol display
interval of the B scope indicator.

TM 9-1430-250-20/1)

97 (U). Electronic Gates

a¢. Four electronic gates compose a circuit
that is part of the B scope indicator sweep
circuits (fig. 33). The electronic gates are
used in pairs with their cutputs connected so
that each pair operates similarly to a single-
pole, double-throw switch. These gates, used
at the input of the B scope sweep amplifiers,
allow the amplifier inputs to be electroni?ally
switched between the outputs of the B scope
sweep generator, and the azimuth and range
position amplifier,

b. Each of the four electronic gates con-
sists of six crystal dicdes and two precision
limiting resistors. Either an input sweep sig-
nal or an input dc symbol positioning poten-
tial is passed through each gate. These elec-
tronic gates are switched by two symbol gate
pulses of opposite polarity which operate in
unison to open or close these electronic gates.
These gate pulses are received from the B
scope marker generator (par. 86¢c)}. Two elec-
tronic gates receive, as an information input,
azimuth and range sweep voltages from the B
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scope sweep generator {par. 84). The two re-
maining electronic gates receive as an in-
formation input, azimuth and range symbol
positioning voltages from the azimuth and
range position amplifier (par. 93).

Note. The grid zone references shown in parentheses
in ¢ through f below refer to figure 35, TM 95-1430-
254-20/6.

¢. The electronic gates {(A22) consist of
electronic gates Z1 through Z4, The four elec-
.tronic gates are identical and interchangeable
with electronic gate Z1 (D15) in the B scope
sweep generator (par. 94d} except for the
source of input signals, application of the gate
function, and use of the output signals.

d. The information input signals are applied
to terminals 1 and 2 of each electronic gate.
The sources of these gignals are given in (1)
through {4) below.

{1} The information input to electronic
gate Z1 (A22) is the range sweep sig-
nal received from the range sweep
channel of the B scope sweep genera-
tor (C19). This input is a succession
of positive-going sawtooth pulses oe-
curring 500 times a second. These
pulses have a linearly-rising leading
edge (ramp) and a steep trailing edge
(sharp cutoff}. Each sawtooth pulse
has a ramp duration of 1340 micro-
seconds, corresponding to a range of
220,000 yards.

(2) The information input to electronie
gate Z3 {C22) is the azimuth sweep
signal received from the azimuth
sweep channel in the B scope sweep
generator {Al4). This input signal
has the configuration of a clipped sine
wave varying between the limits of
+10 volts and having a period equal
to the time duration of one acquisi-
tion antenna revolution. There are
two transition intervals per aequisi-
tion antenna revolution when the
waveform slowly changes polarity.
One of these transition intervals gen-
erates the azimuth sweep during the
time when the 1066-mil azimuth sector
is displayed on the B scope indicator.
The other interval occurs 3200 mils
from the first when the video display
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of the B scope indicator is blanked and
causes the B scope indicator cathode-
ray tube {CRT) to retrace in prepara-
tion for the next display period.

{3) The informatien input to electrenie
gate Z2 (B22) is the symbol range
position analog voliage received from
the azimuth and range position am-
plifier {(D6) (par. 93¢). This input
is symbol range position voltage in de
analog form. The amplitude of this
voltage is dependent on the range
setting of the target tracking radar
system.

(4} The information input of electronic
gate Z4 (D22) is the symbol azimuth
position analog voltage received from
the azimuth and range position am-
plifier (par. 98¢). This input is sym-
bol azimuth position veoltage in de
analog form. The amplitude and
polarity of the voltage is dependent on
the position of the target tracking
radar antenna with respect to the azi-
muth displayed at the center of the
CRT.

e. The two symbol gate pulses of opposite
polarity are applied by the B scope marker
generator {A21) to each electronic gate, One
gate pulse is applied to terminal 5 and the
other to terminal 7. These two gate pulses
arrive simultaneousiy as square-wave switch-
ing signals during the period between normal
range sweeps. Both pulses have a duration of
160 microseconds and amplitudes of approxi-
mately =50 volts. Since the electronic gates
are switched in pairs, the two gate pulses
are applied to terminals 7 and 5 of electronic
gates Z1 and Z3, and to terminals 5 and 7 of
electronic gates Z2 and Z4. Transposition of
gate pulses at two of the electronic gate termi-
nals allows two electronic gates to open while
two electronic gates close. This causes alter-
nate electronic gate operation so that single-
pole, double-throw switching action is obtained.
Thus, the passage of information to the com-
mon output circuit, f below, of each pair of
electronic gates (Z1 and Z2 or Z3 and Z4) is
alternated between input information signals
received at each electronic gate.
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f. The output signal of each electronic gate
appears at terminal 3. In each case, the input
signal is passed through the electronic gate
to the output terminal when symbol gate
pulses electronically switch the electronic gate.
Because the gate pulse input terminals are
tranaposed at two of the electronic gates, two
electronic gates supply an output while the
other two electronic gates have no output.
Terminals 3 on electronic gates Z3 and Z4 are
connected in parallel, as are terminals 3 of
electronic gates Z1 and Z2. Electronic gates
Z1 and Z2 switch the inputs of the B scope
sweep amplifier (range) (A23) alternately
between the symbol range position voltage
from the azimuth and range position ampli-
fier, and the sawtooth range sweep signals
from the B scope sweep generator. Simultane-
ously, electronic gates Z3 and Z4 switch the
inputs of the B scope sweep amplifier (azi-
muth) (C23) alternately between the symbol
azimuth position voltage from the azimuth
and range position amplifier, and the azimuth
sweep signals from the B scope sweep gen-
erator.

¢. Coincident with the trailing edge of the
range sweep signals, a pair of symbol gate
pulses is produced by the B scope marker
generator {par. 96¢). These pulses change
the normal impedance condition of each elec-
tronic gate for 160 microseconds. During this
period of time, electronic gates Z1 and Z3 sre
effectively an open circuit, whereas e¢lectronie
gates Z2 and Z4 are effectively a closed cir-
cuit. Thus, only the azimuth and range analog
positioning voltages are applied to the B scope
sweep amplifiers. At the end of 160 micro-
seconds, the gate pulses are completed, and the
normal impedance conditions of electronic
gates Z1 through Z4 are restored. This im-
pedance change, or switching action, results
in alternately presenting normal sweep volt-
ages and symbol positioning voltages to the B
scope sweep amplifiers.

h. When a negative symbol gate pulse (fig.
34) is applied to terminal 5 and a positive
symbol gate pulse is applied to terminal 7 of an
electronic gate, the crystal dicdes within the
bridge of the electronic gate are biased so as
to prevent the information signal voltage at
input terminals 1 and 2 from being coupled

™ 9-1430-250-20/11

to terminal 8. This is the high impedance or
open condition. Current flow within the elee-
tronic gate i3 described in paragraph 94d.

1. When a positive symbol gate pulse is ap-
plied to terminal 5 and a negative symbol gate
pulse is applied to terminal 7 of an electronic
gate, erystal diodes CR3 and CR4 pass only
leakage current through a high inverse resist-
ance, and the diodes are considered cut off or
effectively out of the bridge circuit. Therefore,
output voltage appearing at terminal 3 is
caused by the applied information input volt-
age at terminals 1 and 2. This operation is
the low-impedance or closed condition. The
resulting current flow iz described in (1)
through (3) below.

(1) With the polarities of gate pulses as
described in ¢ above, the electronic
gate remains quiescent until the in-
formation input wvoltage is applied.
When a positive information signal
appears at terminals 1 and 2, current
flows from terminal 4 through resistor
R1 and crystal dicde CR1 to terminal
1. Although some back-bias is de-
veloped in three bridge arms, the volt-
ages are not large enough to com-
pletely cut off erystal diede CRZ2 or
crystal diode CR5 unless the input
gignal exceeds 50 volts. The back-
bias causes CR2 and CR5 to offer an
increased forward impedance, and also
causes an unbalance bhetween the
bridge diodes. Current then flows
into terminal 3 from an external load
resistance in series between terminal
3 and ground. From terminal 3, the
current flows through CR6 and R2 to
terminal 6 and the positive voltage
supply. As the impedance of CR2 and
CR5 changes, so does the current flow
through CR6. Therefore, the voltage
at output terminal 3 is established at
the potential of input terminal 1 and
the gate is considered closed. Thus,
the electronic gate passes a positive
signal input to the output.

(2) When a negative information signal
appears at electronic gate terminals 1
and 2, current flows through CR2 and
R2 to terminal 6 and the positive
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supply voltage. Then, with an order
of unbalance between the erystal
diodes, current also flows from termi-
nal 4 through CR5 to terminal 8 and
through the external resistive load to
ground. As the impedance of CRI1
and CRS is varied by the signal volt-
age, the current flow through CRS
changes. Therefore, the sutput volt-
age at terminal 3 follows the input
voltage at terminal 1, Thus, the elec-
tronic gate passes g negative signal
to the output.

(3) When the information signals at the
input exceed 50 volts, peak clipping
oceurs. When the excessive informa-
tion signal is positive, CR2 and CR5
are biased to cutoff. The voltage out-
put at terminal 3 reaches an ampli-
tude of 50 volts and rises no higher.
When the excessive information sig-
nal is negative, CR1 and CR& are
biased to cutoff and the output at
terminal 8 does not exceed 50 volts.
The result is negative or pogitive peak
clipping of the input signal with the
electronic gate output limited to 50
volts.

98 (U). B Scope Sweep Amplifier

a. Two B scope sweep amplifiers (fig. 33)
are used in the B scope indicator sweep cir-
cuits. These sweep amplifiers develop three
types of low-level signals inte high-amplitude
deflection voltages for application to electro-
static deflection elements of the B scope indi-
cator cathode-ray tube (CRT)}. The two sweep
amplifiers are identical and interchangeable
except for the source of the input signals and
the use of the output signals.

b. The B scope sweep amplifier {range) pro-
duces a push-pull sweep deflection signal ap-
plied to the vertical deflection plates of the
B scope indicator CRT. The B scope sweep
amplifier (azimuth) produces a push-pull
sweep deflection signal applied to the hori-
zontal deflection plate of the same CRT. The
sweep amplifiers receive the three information
signal inputs given in (1) and (2) below.
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Note. The grid zone references shown in parentheses
in (1} and (2) below refer to figure 35, TM 9-1430-
254-20/6.

(1) The B scope sweep amplifier (range)
(B25) receives three input signals.
Due to the switching action of elec-
tronic gates Z1 (A22) and 22 (B22)
the input signals are applied to the
sweep amplifier (range) in sequence.
The first input is the range sweep
{C20), which is a sawtooth wave-
form having a duration of 1840 mi-
croseconds. The range sweep occurs
at the pulse repetition rate of the se-
lected acquisition radar. If the LO-
PAR system is selected, the pulse
repetition frequency is 500 pps. If
the HIPAR system is selected, the
pulse repetition frequency is 410 to
440 pps. The range sweep is applied
to terminals 1 and 2 of electronic gate
Z1. At the end of the range sweep,
a negative end-of-sweep pulse (Bl4)
is produced, which in turn develops
the symbol gate pulses (AZ21) for
switching of the four electronic gates.
Switching allows one of the two re-
maining inputs to be applied to the
range sweep amplifier. The second in-
put is a dec analog voltage (C20) which
is switched by electronic gate Z2. This
voltage is used to position the range
symbol and is referred to as the sym-
bol range position analog voltage. The
third input is the symbol range signal
(B23) which is produced in the B
scope marker generator (C18) (par.
98). This signal ig initiated by the
end-of-aweep pulse (B14) and is not
awitched by the electronic gates.

(2) The B scope sweep amplifier (azi-
muth} {(D25) receives three input
signals. Due to the switching action
of electronic gates Z8 (C22) and 24
(D22) the input signals are applied
to the B scope sweep amplifier (azi-
muth) in sequence. The first input is
the azimuth sweep voltage (C20) de-
veloped by the B scope sweep genera-
tor (par. 94) and transferred by elec-
tronic gate Z3. The duration of this
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sweep voltage is the time the acquisi-
tion antenna requires to rotate
through the selected 1066 mils {60 de-
grees) of azimuth on the B scope in-
dicator, The operation of electronic
gates Z3 and Z4 is switched at the
end of each 1340-microsecond azimuth
sweep time causing Z8 to open and
74 to close for 160 microseconds. This
switching action occurs in synchro-
nism with the repetition frequency of
the NIKE-HERCULES ATBM sys-
tem. When 74 closes, symbel azimuth
position analog voltage (C20) is
transferred to the input circuit of the
B scope sweep amplifier (azimuth)
thus, replacing the azimuth sweep
voltage. The 160-microsecond period
is used to develop and display the azi-
muth symbol on the B scope indicator.
The symbol azimuth position voltage,
the second input to the B scope sweep
amplifier, ig received through Z4 from
the azimuth and range position am-
plifier (D8). This veoltage is in dc
analog form, and is used io position,
in azimuth, the target track antenna
circle on CRT V2 (28). The third
input is the symbol azimuth signal re-
ceived directly from the B scope
marker generator. This symbol is
generated at the same time as the
symbol range signal in the B scope
marker generstor {par. 96}.
¢, The B scope sweep ampilifier is a four-
stage, direct-coupled amplifier stabilized by de-
generative feedback loops. The first and sec-
ond stage of the sweep amplifier iz a dual
triode with each section operating as & con-
ventional vollage amplifier. The third and
fourth stage consists of a dual-section, high-
voltage, pentode amplifier. One section of this
dual pentode operates as a phase inverter with
unity gain so that the pentode provides two
output signals in push-pull. Since the B scope
sweep amplifiers for azimuth and range are
identical, the functional analysis of the sweep
amplifier (range) only is given in d below.

Note. The grid zone references shown in parentheses
and d through f below refer to figure 35, TM 9-1430-
2564-20/6, unless otherwise indicated.
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d. The B scope sweep amplifier (range)
consists of voltage amplifiers V1A (A24) and
V1B, phase splitting amplifiers V2A and V2B,
and associated controls and circuits. A func-
tional analysis of the sweep amplifier (range)
is given in {1} through {4) below.

(1) The outputs of electronic gates Z1
{A22) and Z2 (B22) are aliernately
applied to the input of the B scope
sweep amplifier (range). The output
of electronic gate Z1 is the range
sweep signal consisting of a suceces-
sion of 1340-microsecond sawtooth
pulses. The output of electronic gate
Z2 is a symbol range position voltage
in de analog form.

(2} One input signal of voltage amplifier
V1A {A24) is received through GAIN
SET variable resistor R1. However, a
second input signal is received from
the B scope marker generator (par.
86b). This input is the symbol range
signal which is supplied directly to
the grid of V1A, By controlling the
amplifier gain, variable resistor Rl
also controls the sweep length. The
operating bias for the grid of V1A
is provided by resistor R3 (B24), DC
BAIL variable resistor R4, and resis-
tor R6 (B23) connected in series to
a negative 250-voli supply. A fixed
bias reference level of —87 volts is
provided by veltage regulator V1
(B23), common to both sweep ampli-
fier units. This regulator provides a
negative reference level at the june-
tion of resistors R4 and R6. The DC
BAI, variable resistor R4 (B23)
varies the starting or reference point
of the input signal. Therefore, vari-
able resistor R4 is used to position the
start of the range sweep on the CRT
face,

(3) The input signals are amplified by
V1A and are direct-coupled to V1B.
Capacitor C3 (A24) is used to main-
tain a proper signal division with the
input capacitance of V1B and to re-
duce the phase shift of the interstage
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(4)

coupling network. ZERO SET vari-
able resistor R29 (A25) in the inter-
stage coupling network is used to zero
the B scope sweep amplifier. Thus,
variable resistor R29 is adjusted to
provide zero output from the sweep
amplifier when no input signal is ap-
plied to V1A. From V1B, the ampli-
fled signals are direct-coupled to
phase-splitting amplifier V2A, oper-
ating as one output amplifier stage.
The output of VZ2A, developed across
resistor R27 (A27), supplies a signal
to three circuits. One circuit applies
to the output signal directly to an
electro-static deflection plate of CRT
V2 (B28). A second circuit applies
the output of V2A through a degen-
erative feedback circuit to the input
of V1A. This circuit consists of re-
sistors R14, R13, R12, R11, and R2;
capacitors C7, C6, and C5; and vari-
able capacitor C17. The parallel com-
bination of resistor R2 and variable
capacitor C17 (B24), in series with
the feedback ecireuit, functions as a
frequency and phase compensating
network to provide the correct input
impedance for the feedback voltage.
The overall RC feedback circuit im-
proves stability and minimizes fre-
quency and phase distortion in phase
splitting amplifier V2A. The third
circuit from V2A applies the output
signal through a compensating RC
filter (A26) and attenuation resistors
to phase splitting amplifier V2B. The
filter consists of resistors R17, R18,
and R19 and capacitors C9, C10, and
C11. This filter provides a flat fre-
quency and phase characteristic to the
signal applied to the control grid of
vhase splitting amplifier V2B,

The output of the series RC filter,
(3) above, appearing at R19 (A26) is
passed through resistors R32 and R33
before application te V2B. Resistors
R32 and R33 form an attenuation net-
work for the input of V2B and are
also a part of a second feedback cir-
cuit to voltage amplifier V1A. A de-
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generative signal, appearing across
R32 from the plate circuits of V2A
and V2B, is passed through crystal
diodes CR2 and CR3 to V1A. Since
a push-pull output of equal amplitude
is required from the sweep amplifier,
V2B operates as a phase inverter
with amplifier characteristics iden-
tical to V2A. In order to maintain
the required stage gain, V2B has =a
feedback loop provided from its plate
circuit to its grid. This loop reduces
the open loop gain of V2B so that
the signal gain from the pilate of V2A
to the plate of V2B is unity when the
input signal to V2B has the same am-
plitude as the input signal to V2A.
In order to maintain a flat frequency
and phase characteristic similar to
that required by V2A, a zeries RC
filter is provided in the feedback loop
of V2B. The RC filter consgists of re-
sistors R25, R24, R23, R32, and R33
and capacitors C12, C13, and C14 con-
nected in parallel with K23, R24, and
R25, respectively. The output of V2B
is applied directly to one electro-static
deflection plate of CRT V2.

e. The output sawtooth sweep voltages of
amplifiers V2A and V2B are directly applied
to a pair of deflection plates in CRT V2 (B28).
The outputs of V2ZA and V2B in the B scope
sweep amplifier (range) are applied to the
vertical deflection plates of V2 while the out-
puts of VZA and V2B in the B scope sweep
amplifier (azimuth) are applied to the hori-
zontal deflection plates of V2.

f. When the range and azimuth deflection
voltages from the associated sweep amplifiers
are applied to the four deflection plates of
CRT V2, the electron beam of V2 is deflected
to a point determined by the vectorial resultant
of the four applied voltages. During the scan
interval of the B scope indicater, these volt-
ages are the normal range and azimuth saw-
tooth sweep voltages. Cathode-ray tube V2 is
unblanked for range sweeps only during the
1066-mil azimuth sweep. Since the 1066-mil
azimuth sweep corresponds to a selected 1066-
mil sector of antenna rotation, 5334 mils of
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antenna rotation occur while no range sweeps
are presented. The range sweep duration is
1340 microseconds and occurs at the same rate
as the pulse repetition frequeney (PRF} of
the selected radar. For 160 microseconds, dur-
ing the time interval between range sweeps
(symbol display interval), the B scope sweep
amplifiers produce an output of dc anslog sym-
bol positioning voltages which are applied to
the deflection plates of V2. During the second
80 microseconds of this 160-mierosecond

Modified Handling
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period, ac symbol wvoltages appear superim-
posed on the dc analog positioning voltages.
The vectorial resultant of the analog position-
ing voltages positions the CRT electron beam,
and the superimposed ac symbol voltages cause
the beam position to vary. At this time, the
CRT is unblanked by 2 pulse from the B scope
video amplifier (par. 118¢(2)}) in the video
eircuits. Thus, the target track antenna circle
iz displayed at the range and azimuth deter-
mined by the dc analog voltages.

Section IV (CMHA). PPl SYMBOL POSITIONING CIRCUITS

99 (U). Purpose

¢. During the first 800 microseconds of each
sweep cycle, the PPI sweep circuits are capable
of using symbol-modulated deflection voltages
to present indications of target status (FUIF
data) or target designating information. The
information that is presented on the plan posi-
tion indicator (PPI) during the symbol inter-
val is dependent upon the condition of the tar-
get designate cireuits.

b. If the target designate circuits associated
with each PPI are not in the designate enable
condition, fire unit integration facility (FUIF)
data can be presented on the PPI's. If the
designate circuits are in the -designate enable
condition, FUIF data will be removed and the
designate circle and the designate semicircle
are displayed on the PPI's.

100 {CMHA). Block Diagram Analysis

a. The {ime share relay assembly (fig. 35)
receives the following signals from the fire unit
integration facility (FUIF) equipment or the
plan position indicator {PPI) test panel: bat-
tery, friend, foe, ADP (all data present) pulse,
FUIF X (positioning voltage for the X axis),
and FUIF Y (positioning voltage for the Y
axis). Designate enable information and
designate analog voltage are supplied to the
time share relay assembly from either or both
of the target designate controls. The time share
relay assembly is able to supply identical in-
formation to both PPI’s. If the designate cir-
cuits for both PPI's are not in the designate
enable condition, then both PPI's will display
FUIF information. If the designate circuits
for both PPI's are in the designate enable

condition, the PPI’s will diasplay the deszignate
circle, the designate semicircle, and the elec-
tronic cross. Depending on the condition of
the target designate eircuits, it is possible for
one PPI to display FUIF intormation and the
other to display the designate cirele. If the
designate cireuits for both PPI's are not in
the designate enable condition, the gignal flow
through both PPI's will be identical, so only
one PPI will be discussed in the block diagram.

b. If the designate circuits are not in the
designate enable condition, the battery, friend,
foe, and ADP pulse can be applied to the pulse
and logic generator. The ADP (all data pres-
ent} pulse is & random-occurring enabling
pulse. This pulse sets up the sweep circuits
in the pulse and logic generator so that when
the next sync pulse is received, the sweep cir-
cuits will be sble to display symbol informa-
tion. The pulse and logic generator generates
the X and Y symbols = gate control and write
pulses. The ADP pulse determines the polarity
of the + and —gate control pulses out of the
pulse and logic generator.

¢. The + and —gate control pulses from
the pulse and logic generator are applied to
the gates in the sweep generators. Gates 1 and
3 will be cut off and gate 2 in each sweep gen-
erator will conduct allowing the X and Y analog
voltages from the time share relay assembly to
pass through to the range select switch. The
range select switch modifies the amplitude of
the X and Y analog voltages to compensate for
the range settings of the PP1. The X and Y
analog voltages are then applied to the second
dec amplifier in the sweep generators. The
analog voltages are then modulated in the
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second dc amplifier by the X and Y symbol
voltages from the pulse and logic generator.
The sweep voltages are then applied to the de-
flection plates of the cathode-ray tube (CRT).

d. The pulse and logic generator generates a
write pulse that is applied to the writing gun
driver, The writing gun driver produces a
symbol write pulse that is used to compensate
for the lack of the video unblanking pulse that
is used during the normal sweep interval. The
symbol write pulse controls the intensity of
the symbols on the face of the CRT. The sym-
bols will appear on the face of the PPI as de-
seribed in (1} through (3} below.

{1} The battery symbol is a cross.

(2) The friend symbol i3 a semicircle with
the open side down.

(8) The foe symbol is a circle.

e. If the target desigmate circuits for both
PPI’s are in the designate enable condition,
each target designate control will supply a
designate enable signal to the time share relay
assembly (fig. 36). Each target designate con-
trol supplies X and Y analog voltages to the
time share relay assembly. The analog volt-
ages are the vectoral representations of the
azimuth and range settings.

f. The designate enable signal enables & mul-
tivibrator in the time share relay assembly.
The multivibrator generates an internal ADP
pulse for use by the pulse and logic generator
in each PPI so that the designate circles can
be generated.

g. The time share relay assembly supplies
the short range (SR) PPl with a circle in-
dication, and X and Y analog voltages from
the SR target designate control. The X and
Y analog voltages represent the range and
azimuth of the SR tarpet designate control.
It also supplies the SR PPl with a semicircle
indication, and X and Y analog voltages from
the LR target designate control. The X and Y
analog voltages represent the range and azi-
muth settings of the LR target designate con-
trol. The-time share relay assembly supplies
the LR PPI with a circle indication, and X
and Y analog voltages from the LR target
designate control. The X and Y analog voit-
ages represent the range and azimuth of the
LR target designate control, It also supplies

Modified Handling
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the LR PPl with a semicircle indication, and
X and Y analog voltages from the SR target
designate control. The X and Y analog volt-
ages represent the range and azimuth settings
of the SR target designate control.

k. The signal flow within the PPI’s for the
designate symbols is the same as for the FUIF
symbols.

™ 9-1430-250-20/11

101 {U). Auxiliary Acquisition Group
a. Auxiliary Acquisition Interconnecting
Boz.

(1} The auxiliary acquisition intercon-
necting box functions as part of the
fire unit integration facility (FUIF)
interconnecting equipment which, in
turn, serves as the tactical data link
between FUIF (par. 122) and the low
power acquisition radar (LOPAR)
system. The auxiliary acquisition in-
terconnecting box, located in the wall
of the trailer mounted director sta-
tion, provides termination for the
tactical data cables from external
FUIF equipment and provides input
connections to FUIF distribution eir-
cuits in the acquisition presentation
gystem.

{2) The external FUIF equipment sup-
plies the Radar Course Directing Cen-
tral {RCDC) with tactical data col-
lected by the Army Air Defense Com-
mand Post {AADCP). This tactical
data is divided into three categories;
target position coordinate data, tar-
get identification data, and tactical
control data. The target position co-
ordinate data and the target identifi-
cation data are decoded, parallax cor-
rected, and processed within the FUIF
equipment and are then applied
through the auxiliary acquisition in-
terconnecting box to the presentation
gystem. The tactical control data,
however, is decoded within the FUIF
equipment and applied through the
auxiliary acquisition interconnecting
box to the tactical control circuits
(TM 9-1430-250-20/12) in the trailer
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SEMICIRCLE (FRIEND) AND LONG
RANGE X AND Y ANALOG VOLTAGES
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RELAY
ASSEMBLY
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RANGE X AND Y ANALOG VOLTAGES
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BATTERY CONTROL CONSOLE

ORD G267140
Figure 86 (U). Designate symbols positioning circuite—block diagram (7).
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mounted director station, causing var-
ious switeh-indicators to illuminate or
to be extinguished, signifying tactical
commands.

Note. Only those circuits of the FUIF

interconnecting equipment associated with
the symbol positioning circuits are function-
ally illustrated in figure 32, TM 9-1430-
2b4-20/6.
Included in the FUIF interconnecting
equipment is the plan position indi-
cator (PPI) test panel, b below. The
circuits of this test panel also con-
nect through the auxiliary acquisition
interconnecting box to the presenta-
tion system.

Note. The figure and grid zone references
shown in parentheses in (4} and (5) below
refer to TM 9-1430-254-20/6.

The auxiliary acquisition intercon-
necting box (fig. 32, B22) connects
commeon ground signals for friend and
foe indications to the PPI test panel
(fig. 82, D23), and the time share
relay assembly (fig. 32, D19), from
the external FUIF equipment (fig. 32,
D23). The auxiliary acquisition in-
terconnecting box also supplies the X
and Y analog voltages that are used
to position the FUIF symbols on the
PPI's.

Terminal 50 (fig. 30, B4) in the auxil-
iary acquisition interconnecting box
connects the battery signal from the
control circuit to the two PPI's and
the time share relay assembly (par.
102). This contrel circuit is a ground
supplied to terminal 161 (fig. 30, B3)
through section S1D (fig. 30, A3) of
TEST switch 81 to terminal 50 (fig.
30, B4} from the external FUIF
equipment (fig. 30, B1}. A second con-
trol circuit is a ground applied to
terminal 50 (fig. 30, B4) from the
PPI test panel (fig. 30, A3) by TEST
switch 81D, The PPI test panel, &
below, enables simulated conditions to
replace signals from the external
FUIF equipment so that tests of local
circuits can be performed. TEST
switch S1 (fig. 30, A2), when set to
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BATTERY, supplies a ground to en-
able battery relays K3 (fig. 30, C17)
and K1-1 (fig. 32, B12).

b. PPI Test Panel.

(1)

(2)

(3)

The PPI test panel, an assembly of the
auxiliary acquisition control intercon-
necting group, is located in the trailer
mounted director station and is used
when testing and adjusting the PPIL
The PPI test panel generates and sup-
plies synthetic positioning and symbol
voltages to represent FUIF data. This
insures that the actual FUIF data will
be correctly represented.

Note. The prid zone references shown in
parentheses in (2) through (5) below refer
to figure 32, TM 9-1430-254-20/6, unless
otherwise indicated.

The PPI test panel (C23) consistz of
PULSE GENERATOR neon lamp I1,
a relaxation oscillator; a precision re-
sistor metwork consisting of resistors
R2, R3, and GEN ADJUST variable
resistor R1, functioning as a precision
voltage divider; impedance network
Z1, a fixed precision voltage divider;
and TEST switch $1, a nine-position
rotary switch.

The purpose of PULSE GENERATOR
neon lamp I1 (A28) is to simulate the
all data present (ADP) pulse by
producing negative, 10-microsecond
pulses. Lamp I1 and its circuit produce
voltage oscillations having sawtooth
waveforms with a repetition rate of
approximately 3 ecps. The oscillator
circuit comprises dc operated lamp I1,
variable resistor R1, resistors R2, R3,
and R4 and capacitor C3. The oacilla-
tor circuit is connected to a fixed
+250-volt supply through the contacts
of switch section S1A (B23), variable
resistor R1, and resistor R2 to ground.
The oscillator output is developed
across capacitor C3 and resistor R4,
Variable resistor R1 controls the
charge rate of capacitor C3 and con-
trols the ionization and deijonization
time of lamp I1. When switch S1A is
set to NORMAL, no voltage is applied
to the oscillator circuit and no syn-
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(4)

(5)

(6)

(e} Switeh 81 to

thetic ADP pulse is provided. How-
ever, in any other position of switch
S1A, synthetic ADP pulses are sup-
plied to the pulse and logic generator
through the SYMBOL ON—SYMBOL
OFF switch-indicator A5 on the re-
lated PPI.

Network Z1 (B24) provides synthetic
positioning voltages that represent the
FUIF dec analog positioning voltages
for X and Y coordinates. Switch sec-
tion S1B applies =250 volts to. Z1-1
when S1 is in the X—-AXIS, Y-AXIS,
BATTERY, FOE, or FRIEND test
positions, terminal 2 of Z1 supplies an
output of +15.6 volts with S1 in the
+X-AXIS or JY-AXIS position.
With 81 in the —X-AXIS, —Y-AXIS,
BATTERY, FOE, or FRIEND posi-
tion —15.6 volts appear at terminal 2
of Z1. The output of S1A (C24) ig the
positive or negative synthetic X po-
sitioning voltage applied to the X
analog channel. The output of SIB
(B24) is the positive or negative syn-
thetic Y positioning voltage applied to
the Y analog channel,

Switch sections S1C (C23) and S1D
control the loeal activation of the
friend, foe, and battery symbol cir-
cuits in the pulse and logic generator.
A summary of TEST switch S1 posi-
tions is given in (&) through (i) be-
low,

NORMAL. The
AADCP, through the FUIF equip-
ment, has control of the FUIF sym-
bol circuits, and the PPI test panel
is inoperative.

{b} Switch S1 to ZER(Q. The PPI test

panel is operative and the friend,
foe, and normal X and Y analog
voltages from the FUIF equipment
are disconnected. The simulated
ADP pulse is applied through SYM-
BOL ON—SYMBOL OFF switch-
indicator A5 on the PPI {o the re-
lated pulse and logic generator. A
spot is displayed in the center of
the PPI.

(¢) Switch 81 to +X-AXIS. Normal
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(d)

(e}

(f)

friend, foe, and X and Y analog
voltage datas inputs are discon-
nected. A simulated ADP pulse is
applied through SYMBOL ON—
SYMBOL OFF switch-indicator A5
of the PPI to the related pulse and
logic generator, The X deflection
channel ig connected to the +15.6-
volt output of Z1. The Y deflection
channel i3 grounded. A spot is dis-
played on the PPI at a simulated
range of 102,250 yards at 1600 mils
azimuth.

Switeh 81 to —X-AXIS. Normal
friend, foe, and X and Y analog
voliage data inputs are discon-
nected. A simulated ADP pulse is
applied through SYMBOL ON—
SYMBOL OFTF switeh-indicator A5
of the PPI to the related pulse and
logie generator. The X deflection
channel is connected to the —15.6-
volt output of Z1. The Y deflection
channel is grounded. A spot is dis-
played on the PPI at 2 simulated
range of 102,250 yards at 4800 mils
azimuth.

Switch S1 to +Y-AXIS. Normal
friend, foe, and X and Y analog
voltage data inputs are discon-
nected. A simulated ADP pulse is
applied through SYMBOL ON—
SYMBOL OFF switch-indicator A5
of the PPI to the related pulse and
logic generator. The X deflection
channel is grounded. The Y deflec-
tion channel is connected to the
-+-15.6-volt output of Z1. A spot is
displayed on the PPI at a simulated
range of 102,250 yards at ¢ mils
azimuth.

Switeh S1 to —Y-AXIS. Normal
friend, foe, and X and Y analog
voltage data inputs are discon-
nected. A simulated ADP pulse is
applied through SYMBOL ON—
SYMBOL OFF switch-indicator Ab
of the PPI to the related pulse and
logic generator. The Y deflection
channel is connected to the —15.6-
volt output of Z1. The X deflection
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channel iz grounded. A spot is dis-
played on the PPI at & asimulated
range of 102,250 yards at 3200 mils
azimuth.

Switch 81 to BATTERY. Normal
friend, foe, and X and Y analog
voltage data inputs are discon-
nected. A simulated ADP pulse is
applied through SYMBOL ON—
SYMBOL OFF switch-indicator A5
of the PPI to the related pulse and
logic generator. The X deflection
channel is grounded and the Y de-
flection channel is connected to the
—15.6-volt output of Z1. The bat-
tery symbol cireuits within the
pulse and logic generator will be
enabled and a cross will appear at
the center of the PP1L

Sawiteh S1 to FOE. Normal friend,
foe, and X and Y analog voltage
data inpuis are disconnected. A
simulated ADP pulse is applied
through SYMBOL ON—SYMBOL
OFF switch-indicator A5 on the
PPI to the related pulse and logic
generator., A ground is applied to
the foe circuils in the pulse and
logic generator and a circle is dis-
played at the center of the PPI. The
X deflection channel i3 grounded
and the Y deflection channel is con-
nected to the —15.6-volt output of
Z1.

Switeh S1 to FRIEND. Normal
friend, foe, and X and Y anslog
voltage data inpufs are discon-
nected. A simulated ADP pulse is
applied through SYMBOL ON—
SYMBOL OFF switch-indicator A5
on the PPI to the related pulse and
logic generator. A ground is applied
to the friend circuits in the pulse
and logic generator. A semicircle
with the open side down will be dis-
played on the PPI. The X deflection
channel is grounded and the Y de-
flection channel is connected o the
—15.6-volt output of Z1.

™ 9-1430-250-20/11%
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102 {U). Time Share Relay Assembly

a. The time share relay assembly provides
the necessary switching circuits to enable fire
unit integration facility (FUIF) cireuits for
symbols to be displayed on one plan position
indicator (PPI) and target designate symbols
to be displayed on the other PPI1. If the desig-
nate circuits for both PPI's are in the desig-
nate enable condition, the time share relay as-
sembly generates an internal all data present
(ADP) pulse, so that symbols can be genersated
by the pulse and logic generator in each PPI,
and provides for time-sharing of the designate
information. When the designate circuits are
not in the designate enable condition, all of
the eircuits in the time share relay assembly
are deactivated and the FUIF data is supplied
to both PPI's.

b. There are four different modes of oper-
ation for the time share relay assembly, These
modes are determined by the condition of the
target designate circuits associated with each
PPI, The four modes are: the short range
(SR) and long range (LR} PPI’s not in desig-
nate enable; the SR and LR PPI's in designate
enable; the SR PPI not in designate enable and
the LR PPI in designate enable; and the SR
PPI in designate enable and the LR PPI not
in designate enable.

Note. The grid zone references shown in parentheses
in ¢ through g below refer to figure 32, TM 9-14380-
254-20/6, unleas otherwise indicated.

¢. Designate Enable. When the range con-
trol on the LR target designate control (D3)
is depressed, ENABLE switch S1 (B6} is ac-
tivated and a ground is applied to the time
share relay assembly as the LR designate
enable signal. When the range control on the
SR target desigmate control (A8} is depressed,
it supplies the SR designate ensable signal to
the time share relay assembly. When the range
controls are released, the designate circuits are
taken out of the designate enable condition.

d. LR end SR PPI's not in Designate En-
able.

(1) If the designate controls for both
PPI's are not in the designate enable
condition, there will be no designate
enable sginals applied fo the time
share relay assembly. LR designate
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(2)

(3)

(4)

(5)

enable relays K4 (B15) and K8 (B16)
and SR designate enable relays K5
and Ké (C15) will be deenergized.
The ADP pulse from the FUIF equip-
ment (D23) is applied through coax.
ial connector J3 (A20) in the time
share relay assembly, contacts 1 and
13 of deenergized LR designate en-
able relay X4 (B15), and connector
J2 to the LR PPI (A1l). The ADP
pulse is also applied through contacts
1 and 13 of the deenergized SR desig-
nate enable relay K5 (C15) to the SR
PPI.

The X analog from the FUIF equip-
ment is applied through contacts 15
and 14 of S1A {C24), connector P24
(C20), and contacts 3 and 14 of de-
energized relay K4 (B15) to the LR
PPI. The X analog voltage is also
applied through contacts 3 and 14 of
deenergized relay K5 (C15) to the SR
PPL.

The Y analog voltage from the FUIF
equipment is applied through contacts
3 and 2 of S1B (C24), connector P2-6
{B20), and contacts 5 and 15 of de-
energized relay K4 (B15) to the LR
PPI. The Y analog voltage is also
applied through contacts 5 and 15 of
deenergized relay K5 (C15) to the SR
PPI.

The friend signal (ground) from the
FUIF equipment or the friend test
gignal (ground) from the PPI test
panel is applied through switch S1B
(B23), 81C, connector P2-3 (D20),
and contacts 8 and 14 of deenergized
SR designate enable relay ¥6 (C15)
to the coil of SR friend symbols relay
K1-2 (Cl12) in the battery control
conscle. When relay K1-2 energizes,
the friend signal (ground) is applied
through contacts 24 and 25 to the SR
PPI (Cl11). The friend signal is also
applied through contacts 3 and 14 of
deenergized LR designate enable relay
K3 (B18) to the coil of LR friend
aymbols relay K1-3 (B12). When re-
lay K1-3 energizes, the friend signal

CONFIDENTIJAL —Medified
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(6)

(7

(8)

e. LR
(1)
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{(ground) is applied through contacts
34 and 35 to the LR PPI (A11).

The foe signal (ground) from the
FUIF equipment or the foe test sig-
nal (ground) from the PPI test panel
is applied through switch S1D (C23)
or S1C, connector P2-5 (D20), and
contacts 7 and 16 of deenergized relay
K6 (C15) to the coil of SR foe sym-
bols relay Kl—4 (C12). When relay
K1.4 energizes, the foe signal
{(ground) is applied through contacts
44 and 45 to the SR PPI. The foe sig-
nal is also applied through contacts 7
and 18 of deenergized relay K3 (B16)
to the coil of LR foe symbols relay
K1-5 (B12). When relay K1-5 ener-
gizes, the foe signal (ground) is ap-
plied through contacts 54 and 55 to
the LR PPIL

The battery symbol (ground) from
the FUIF equipment or the battery
test symbol from the PPI test panel is
applied through switch S1D (fig, 30,
A3) TM 9-1430-254-20/6) to the coil
of battery relay X1-1(C12). When
relay K1-1 energizes, the battery
symbol (ground) is applied through
contacts 14 and 15 of K1-1 and con-
tacts 5 and 15 (C16) of deenergized
SR designate enable relay K6 to the
SR PPI. This same battery symbol] is
also applied through contacts 5 and
15 (B16) of deenergized LR designate
enable relay K8 tc the LR PPI,

A relay ground is applied through
contacts 17 and 9 of deenergized re-
lay K& (C15), and contacts 18 and
11 of deenergized relay K3 to ter-
minal 491 (A21) in the battery con-
trol console. This relay ground ener-
gizeg track cross off relay K1 (fig. 28,
C45, TM 9-1430-254-20/8) in the
video and mark mixer. This relay re-
moves the track cross from the video
when battle designate circuits are not
in the designate enable condition.

and SR PPI's in Designate Enable.
When the range controls on both tar.
get designate controls are depressed,
designate enable signals (grounda)
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will be applied to the time share relay
assembly. Relays K4 (B15), K8, X5,
and K6 will be energized. A ground is
applied through contacts B and 16 of
energized relay K4, and contacts 16
and 8 of energized relay K5 to time
share multivibrator V2 (C18). A
ground is also applied through con-
tacts 17 and 10 of energized relay K4
in parallel with contacts 17 and 10 of
energized relay X5 to ADP multi-
vibrator VI (B19).

Free running multivibrator V1 is en-
abled by the ground that is applied to

dified Handling
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the cathode. The frequency of the
multivibrator is approximately 10
pulses per second. During one period
of oscillation, V1A will conduct for
approximately 385 milliseconds, then
V1B will, conduct for approximately
65 milliseconds. Capacitor C5 (C18),
which establishes the pulse rate of
multivibrator V1, is connected be-
tween the plate of V1B and the control
grid of V1A by contacts 13 and 2 of
energized relay K8 and contacts 13
and 2 of energized relay K6. The out-
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put of the multivibrator is the syn-
thetic 10-pps ADP pulse and is taken
from the plate of V1A. A negative,
35-millisecond pulse is applied through
capacitor C4 and crystal diode CR1
(B19). The pulse is then applied
through contacts 2 and 13 of energized
relay K5 (C16) to the SR PPI. The
pulse is also applied through contacts
2 and 13 of energized relay K4 (B15)
to the LR PPL ’
Bistable multivibrator V2 (C19) is
enabled by the ground that is applied
to the cathodes. The output from the
plate of V1B (B20) is a negative 65-
millisecond pulse. This negative pulse
is applied through eapacitor C3 and
crystal diode CR4 (C20) to the con-
trol grid of V2B and through CR2 to
the control grid of V2A. The negative
pulse will ecut off the side of multi-
vibrator V2 that is conducting and
cause the other side to conduct. The
next time the plate of V1B goes nega-
tive, V2 will be returned to its orig-
inal state. Since only the negative
pulses from the plate of V1B will
trigger V2, it will oscillate at one-
half the frequency of V1 or at approx-
imately 5 pulses per second. Time
share relay K7 (A18) is connected in
the plate circuit of V2A and energizes
when V2A conducts.

When time share relay K7 is ener-
gized, a ground is applied through its
contacts 8 and 6 (B1B), and contacts
18 and 12 of energized relay K3, and
energizes LR analog relay K2 (AlT).

(a) The LR X analog voltage is applied

from the LR target designate con-
trol (D3) to connector P1-14 (A13)
on the time share relay assembly.
The LR X analog voltage is then
applied through contacts 6 and 15
of energized relay K2, and contacts
4 and 14 of energized relay K4
{(B15) to the LR PPI. The LR X
analog voltage is also applied
through contacts 4 and 14 of ener-
gized relay K5 to the SR PPIL

{b} The LR Y analog voltage is applied

CONFIDENTIAL

dified Handling
Authorized

TM 9-1430-250-20/11

from the LR target designate con-
trol to connector P1-16 (A13). The
LE Y analog voltage is then applied
through contacts 8 and 16 of ener-
gized relay K2, and contacts 6 and
15 of energized relay K4 (B15) to
the LR PPI. The LR Y analog volt-
tage is also applied through con-
tacts 6 and 15 of energized relay K5
(C18) to the SR PPI.

(¢) A ground is applied through con-

tacts 4 and 14 of energized relay
K2 (A17), and contacts 8 and 16
of energized relay K8 (B16) to the
coil of LR foe symbols relay Ki-5
{B12). When relay K1-5 energizes,
a ground is applied through con-
tacts 54 and 55 to the LR PPI and
causes a circle representing the
range and azimuth of the LR target
designate control to be displayed on
the PPI. The designate circle is
positioned on the LR PPI by the
LR X and Y analog voltages.

(d}) A ground is applied through con-

tacts 2 and 13 of energized relay
K2, and contacts 4 and 14 of ener-
gized relay K6 (C15) to the coil of
SR friend symbols relay K1-2
(C12). When relay K1-2 energizes,
a ground is applied through con-
tacts 24 and 25 to the SR PPI and
causes a semicircle representing the
azimuth and range of the LR target
designate control to be displayed on
the PPI. The designate semicircle
iz positioned on the SR PPI by the
LR X and Y analog voltages.

(5) When time share relay K7 is deener-

gized, a ground is applied through
contacts 8 and 7, and contacts 12 and
18 of energized SR designate enable
relay K6 (C15) energizing SR analog
relay K1 (C17).

(a) The SR X analog voltage is applied

from the SR target designate con-
trol (A8) to connector P1-10 (D13)
on the time share relay assembly.
The SR X analog voltage is then
applied through contacts 6 and 15
of energized relay K1 (C17), and
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f.

contacts 4 and 14 of energized relay
K5 (C15) to the SR PPI. The SR
X analog voltage is also applied
through contacts 4 and 14 of ener-
gized relay K4 (B15) to the LR
PPL

{b) The SR Y analog voltage is applied

from the SR target designate con-
trol (A8) to connector P1-12 (D13)
on the time share relay assembly.
The SR Y analog voltage is then ap-
plied through contacts 8 and 16 of
energized relay K1 (C17), and con-
tacts 6 and 15 of energized relay
K5 (C15) to the SR PPI. The SR
Y analog voltage is alse applied
through contacts 6 and 15 of ener-
gized relay K4 (B1h) to the LR
PPI.

(¢) A ground is applied through con-

tacts 4 and 14 of energized relay K1
{C17), and contacts 8 and 16 of
energized relay K6 to the coil of
SR foe symbols relay X1-4 (C12).
When relay K1-4 energizes, a
ground is applied through contacts
44 and 45 to the SR PPI and causes
a circle representing the range and
azimuth of the SR target degignate
control to be displayed on the PPI.
The designate circle is positioned
on the SR PPI by the SR X and Y
analog voltages.

(d) A ground is applied through con-

tacts 2 and 13 of energized relay X1
(C17), through contacts 4 and 14
of energized relay K3 (B16) to the
coil of LR friend symbols relay
K1-3 (B12). When relay K1-3 en-
ergizes, a ground is applied through
contacts 34 and 35 to the LR PPI
and causes a semicirele representing
the range and azimuth of the SR
target designate control to be dis-
played on the PPI. The designate
semicircle is positioned by the SR
X and Y analog voltages.

SR PPl in Designate Enable, LR PPl

not in Designate Enable,

156
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nector J1-j (A9) on the SR target

CONFIDENTIAL - "

dified Handling
Authorized

(2)

(3)

(4)
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designate control energizes SR desi-
nate enable relays K5 (C15) and K6.
Contacts 17 and 9 of deenergized LR
designate enable relay K3 (B16) ap-
ply a ground through contacts 12 and
18 of energized relay K6 (C15) ener-
gizing S8R analog relay K1 (C17). A
ground is applied through eontacts 17
and 10 of energized relay K5 to ADP
multivibrator V1 (B19),

Free running maltivibrator V1 is en-
abled by the ground that is applied
to the cathode. The frequency of the
multivibrator is approximately 5
pulses per second. During one period
of oscillation, V1A will conduct for
approximately 35 milliseconds, then
V1B will conduct for approximately
165 milliseconds. Capacitor G2 (B17),
which establishes the pulse rate of
multivibrator V1, is placed between
the plate of V1B and the control grid
of V1A by contacts 1 and 13 of de-
energized relay K3. The output of the
multivibrator is the synthetic 5-pps
ADP pulse and is taken from the plate
of V1A. A negative, 35-millisecond
pulse is applied through capacitor C4
and crystal diode CR1 (B1%). The
pulse is then applied through contacts
2 and 13 of energized relay K5 (C15)
to the SR PPI. The FUIF ADP pulse
{D23) is applied through coentacts 1
and 13 of deenergized LR designate
enable relay K4 to the SR PPI.

The X and Y analog voltages (A9)
from the SR target designate control
are applied through contacts 6 and
15, and 8 and 16 of energized relay
K1, and contacts 4 and 14, and 6 and
15 of energized relay K5 to the SR
PPI. The X and Y analog voltages
from the FUIF equipment are applied
through contacts 5 and 15, and 3 and
14 of deenergized relay K4 to the LR
PPI.

The friend signal (ground) from the
FUIF equipment is applied through
contacts 3 and 14 of deenergized re-
lay K3 to the coil of relay K1-3 (B12).
When relay K1-3 energizes, the friend
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{6)
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signal {ground) is applied threugh
contacts 34 and 85 to the LR PPL
There will be no designate semicircle
applied to the SR PPI.

A ground is applied through contacts
4 and 14 of energized relay K1 (C17},
and contacts 8 and 16 of energized
relay K6 to the coil of relay Ki.4
(C12), When relay Kl1-4 energizes,
a ground is applied through contacts
44 and 45 to the SR PPI and causes
a circle representing the range and
azimuth of the SR target designate
control to be displayed on the PPIL
The designate circle is positioned on
the SR PPI by the SR X and Y analog
voltages.

The foe signal iz applied to the LR
PPI as described in d(6) above. The
friend and foe symbols positioned by
the X and Y analog voltages from the
FUIF equipment are displayed on the
LR PPIL

There will be no ground applied to
terminal 491 (A21) for track cross
off relay K1 (fig. 28, C45, TM 9-1430-
254-20/6). The relay will be deener-
gized and the track electronic cross
will be applied to the presentation on
both PPI’s.

g. LR PPI in Designate Enable, SE PPI not
in Designate Enable.

(1)

(2)

The designate enable signal (B6)
from the LR target designate control
energizes LR designate enable relays
K4 (B15) and K3. Contacts 17 and
9 of deenergized 8B designate enable
relay K6 (C16) apply a ground
through contacts 18 and 12 of ener-
gized relay K3 (B16) energizing LR
analog relay K2 (A17). A ground is
applied through contacts 17 and 10 of
energized relay K4 to ADP multi-
vibrator V1 (B19).

Free running multivibrator V1 is en-
abled by the ground that is applied
to the cathode. The frequency of the
multivibrator is approximately b
pulses per second. During one period
of oscillation, V1A will conduct for
approximately 35 milliseconds, then
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V1B will conduct for approximately
165 milliseconds, Capacitor C2 (B17),
which establishes the pulse rate of
multivibrator V1, is connected between
the plate of V1B and the control grid
of V1A by contacts 1 and 18 of de-
energized relay K6, and contacts 2
and 13 of energized relay K8. The
output of the multivibrater is the
synthetic 5-pps ADP pulse and is
taken from the plate of V1A. A neg-
ative, 35-millisecond pulse is applied
through capacitor C4 and ecrystal
diode CR1 (B19). The pulse is then
applied through contacts 2 and 13 of
energized relay K4 (B15) to the LR
PPI. The FUIF ADP pulse (D28) is
applied through contacts 1 and 13 of
deenergized SR designate enable relay
K5 to the SR PPl Bistable multi-
vibrator V2 (C198} is not enabled and
there is no time sharing.

The X and Y analog voltages {(C6)
from the LR target designsate control
are applied through contacts 6 and 15,
and 8 and 16 of energized relay K2,
and eontacts 4 and 14, and 6 and 15 of
energized relay K4 to the LR PPIL.
The X and Y analog voltages from the
FUIF equipment are applied through
contacts 5 and 15, and 8 and 14 of de-
energized relay K5 to the SR PPIL.
The friend signal (ground} from the
FUIF equipment is applied through
contacts 3 and 14 {Ci6) of deener-
gized relay K6 to the coil of relay K1-2
(C12)., When relay K1-2 energizes,
the friend signal (ground) is applied
through contacts 24 and 25 to the SR
PPI. There will be no designate semi-
circle applied to the LR PPIL

A ground is applied through contacts
4 and 14 of energized relay K2 (A17),
and contacts 8 and 16 of energized re-
lay K38 to the coil of relay K1-5 {B12).
When relay K1-5 energizes, a ground
is applied through contacts 54 and 55
to the LR PPI and causes a circle
representing the range and azimuth of
the LR target designate control to be
displayed on the PPI. The designate
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circle is positioned on the LR PPI
by the LR X and Y analog voltages.

{6) The foe signal is applied to the SR
PPI as described in d(8) above. The
friend and foe symbols positioned by
the X and Y analog voltages from the
FUIF equipment are displayed on the
SR PPIL

{7) There will be no ground applied to
terminal 491 {(A21) for track cross
off relay K1 (fig. 28, C45, TM 9-1430-
254-20,/6). The relay will be deener-
gized and the track electronic cross
will be applied to the presentation on
both PPTI’s.

103 {U}. Pulse and Logic Generator

a. Each PPI contains a pulse and logic
generator which generates the positive and
negative gate control pulses that open and
close the electronic gates in the sweep gen-
erators. These gates will divide the normal
aweep time into a symbol positioning interval
and a sweep interval. The symbol pesition-
ing interval is approximately 900 microseconds
during the first part of the sweep. The pulse
and logic generator also generates the symbels
using the radar sync pulse as the time refer-
ence.

b. The pulse and logic generator will gen-
erate symbols when a symbol signal and an all
data present (ADP)} pulse are received from
the time share relay assembly. The ADP pulse
is a random occurring pulse. If the ADP pulse
is coming from the FUIF equipment, the
repetition rate i3 approximately 10 pulses per
gsecond. If HIPAR video is selected for view-
ing on the PPI, FUIF symbols will be presented
on the PPI 40 times a second. If LOPAR video
is selected for viewing on the PPI, FUIF sym-
bols will be presented on the PPI’s 50 times a
second. When the designate circles are being
displayed on the PPI, they will be displayed
ten times a second. If the symbol signals and
the ADP pulse are generated within the PPI
test panel (par. 101}, symbols will be displayed
on the PPI approximately three times per
second.

Note. The grid zone reference shown in parentheses
in ¢ through ! below refer to figure 34, TM 9-1430-
254-20/6, unless otherwise indicated.
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c. The ADP pulse input to the pulse and
logic generator {D16) can be selected from
two sources by means of SYMBOL OFF —
SYMBOL ON switch-indicator A5 (B14).
When the SYMBOL OFF—SYMBOL ON
switch-indicator is depressed {SYMBOL ON
indicator illuminated), the ADP pulse is sup-
plied from the time share relay assembly {par.
102). 1f the SYMBOL OFF — SYMBOL ON
switch-indicator is again depressed (SYMBOL
OFF indicator illuminated), the ADP pulse is
supplied by the PPI test panel (par. 101).

d. The negative ADP pulse is applied
through connector P2-2 (B15) and capacitor
(€35 to the cathode of grounded grid amplifier
V7A and amplified without inversion. The
negative pulse from the plate of VTA is ap-
plied through eapacitor C26 and crystal diode
CR20 to bistable multivibrator V8. Crystal
dicde CR20 is a positive elipper and removes
any positive excurgsions in the ADP pulse.
Section V8A of the multivibrator is normally
conducting and V8RB is cut off. When the nega-
tive pulse is applied to the control grid of
VBA, VB8A will be cut off and V8B will start
conducting. The rigse in potential at the plate
of VBA is applied through resistor R91, pedes-
tal variable resistor R93, and resistor R95 to
the control grid of multivibrator V9A (B18).
Pedestal variable resistor R93 iz adjusted so
that the pedestal voliage applied, conditions
V9A just below the triggering level. Multivi-
brator V9A is normally cut off and V9B is
conducting. When the next LOPAR or HI-
PAR syne pulse is applied to the control grid
of V9A through capacitor C25 (B24), V9A
will conduct and V2B will be cut off. Multivi-
brator VS8A and V9B will remain in this con-
dition for approximately 900 mieroseconds,
then return to their original condition. At the
end of the 900-microsecond period, the poten-
tial at the plate of V8B will go negative. Thisg
negative pulse will be coupled through capaci-
tor C29 to the control grid of V8B. This pulse
will cut off VBB and return multivibrator V8
to its original condition.

¢. During the $00-microsecond symbol inter-
val, the potential at the plate of VA will go
in the negative direction. This negative poten-
tial is applied through capacitor C4 to the con-
trol grid of cathode follower V1IB. Negative
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gate control pulse de level variable resistor R7
in the cathode circuit of V1B adjusts the dec
level of the negative gate control pulse. Dur-
ing the 900-microsecond symbol interval, the
negative gate control pulse will be negative.
During the symbol interval, the potential at
the plate of V9B will go positive. This positive
potential is applied through capacitor C1
(B19) to the control grid of cathode follower
V1A. Positive gate control pulse de level vari-
able resistor R2 in the cathode circuit of V1A
adjusts the de level of the positive gate control
pulse. During the 900-microsecond symbol in-
terval, the positive gate control pulse will be
positive. The positive and negative gate con-
trol pulses from cathode followers V1A and
V1B are then applied to the sweep generators
and to the writing gun driver.

f. The positive gate control pulse from the
cathode of V1A is differentiated across capaci-
tor C2 (fig. 80, Bl6, TM 9-1430-254.20,6).
This differentiated pulse is applied through
crystal diode CR21 to the suppressor grid of
phantastron V10. Phantastron V10 will con-
duct for 80 microseconds. A negative, 80-mi-
crosecond pulse appears at the cathode of V10
and is applied through capacitor C38 to mono-
stable multivibrator V11 (fig. 30, Cl16, TM
9-1430-254-20,6). Multivibrator V11A is nor-
mally cut off and V11B is conducting. The
negative leading edge of the pulse from phan-
tastron V10 will have no affect on multivi-
brator V11. The positive going trailing edge
of the pulse triggers V11A into conduction
and will cut off V11B. Multivibrator V11 will
remain in this condition for either 80 micro-
seconds or 160 microseconds, depending on the
condition of battery relay K3 (fig. 30, C17, TM
9.1430-254.20,6). If relay K3 is energized,
V11A will conduct for 160 microseconds. The
output of V11B is a positive 80 or 160-micro-
second pulse and is applied through capacitor
C34 to the control grid of cathode follower
V6&B. A positive 70-volt pulse from cathode
follower V6B is a symbol write pulse and is
applied to the writing gun in the CRT. This
pulse must be applied to the CRT in coincidence
with the symbol modulated sweep voltages that
are applied during the symbol interval.

g. The negative 300-microsecond gate con-
trol pulse from the plate of V3A (B18) is

T™M 9-1430-250-20/11

also applied through erystal diode CR1, capaci-
tor C3, and resistor R4 to the control grid of
oscillator V4A (C17). Oscillator V4B and
the associated tank circuit will oscillate for
900 microseconds at a frequency of 12.5 kilo-
cycles per second. The gate length is enough
to produce 12 cycles of oscillation, each cycle
having a duration of approximately 80 micro-
seconds. The frequency of oscillation is deter-
mined by the tank circuit consisting of indue-
tor L1 and capacitor C11, C12, C13, and Cl4.
The amplitude of oscillations iz determined by
the setting of oscillator level variable resistor
R41. The output of the oscillator ig then ap-
plied through resistors R42 and R43 to the pri-
mary winding of transformer T1 (B19), to
T2.1, and T8-1. There will be no output from
the transformers unless T2-2 or T3-2 is
grounded.

k. If a foe signal (ground)} (par. 102d(6))}
is applied to connector P1-13 (Al5) on the
puise and logic generator, terminal 2 of trans-
former T2 is grounded completing a circunit
through the primaries of T1 and T2. The out-
put of the secondary winding of T1 will be
shifted 90 degrees from the input signal due
to the action of resistor R45 (B20) and capaci-
tor C16, and will be applied to X symbol am-
plitude variable resistor R48. Variable re-
sistor R48 adjusts the amplitude of the signal.
The signal from variable resistor R48 is then
applied through contacts 8 and 6 of deener-
gized battery relay K2 (C23), and contacts
8 and 6 of deenergized height designate relay
K1 to the second de amplifier in the X sweep
generator. The signal appearing at the second-
ary winding of transformer T2 will be in phase
with the input signal and will be applied to Y
symbol amplitude variable resistor R4% (C290).
Variable resistor R49 adjusts the amplitude of
the signal. The signal from variable resistor
R49 is applied through contacts 4 and 2 of de-
energized relays K2 (C23) and K1 to the
second dc amplifier in the Y sweep generator.
Since there is an 80-microsecond delay intro-
duced by phantastron V10, f above, and the
symbol write pulse is 80 microseconds in dur-
ation, the second cycle of the outputs of T1
and T2 will be displayed on the CRT. The
symbol digplayed on the PPI will be a circle.
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i, If a friend signal (ground) is applied
{par. 102d(5)) to connector P1-14 {(B15) on
the pulse and logic generator, a ground will
be applied to terminal 2 of transformer T3
completing a circuit through the primaries of
T1 and T3. The output of transformer T1 will
be shifted 90 degrees, % above, and applied to
the X sweep generator. The output of the
secondary winding of transformer T3 is sub-
jected to full-wave rectification by crystal
diodes CR13 and CR14. The output of trans-
former T3 iz a series of half sine waves 40
microseconds wide, This signal is then applied
through resistor R46, Y symbol amplitude vari-
able resistor R49, contacts 4 and 2 of deener-
gized relays K2 and K1 to the second de ampli-
fier in the Y sweep generator.

7. If a battery signal is applied to the pulse
and logic generator, a ground is applied
through connector P1-3 (A15) and energizes
battery relays K2 (B23) and K3 (fig. 30, C17,
TM 9-1430-254-20/6). Contacts 5 and 2 of
energized relay K3 connect resistor R85 in the
circuit to produce a symbol write pulse of 160
microseconds from V11,

k. The positive gate control pulse from V1A
(B2) is differentiated by capacitor C2 (fig. 30,
B16, TM 9-1430-254-20/6) and resistor R22
(C19). The positive spike at the leading edge
of the pulse is applied through capacitors C42
and Cb to monostable multivibrator V2. Diode
CR22 reduces negative overshoot at the input to
V2. The normal condition of the multivibrator
is V2A cut off and V2B conducting. The posi-
tive spike at the control grid of V2A causes V2A
to conduet. The negative going plate potential
of V2A is applied through capacitor C7 to the
conirol grid of V2B, causing V2B to be cut off.
Resistors R23, R24, and R25 establish the grid
and cathode bias on V2A and the cathode bias
on V2B. The multivibrator will remain in this
condition for 160 microseconds. The positive
pulse appearing at the plate of V2B is coupled
through capacitor C8 and resistor RI12 to
cathode follower V3B (C21). Resistors R13,
R14, and R15 establish the cathode bias on
V3B. The negative puise appearing at the
plate of V2A is coupled through capacitor C9
and resistor R26 to cathode follower V3A, The
positive pulse taken from cathode follower V3B
is applied to crystal diodes CR2 and CR4. The
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negative pulse taken from cathode follower
V3A is applied to erystal diodes CR3 and CR5.
With a positive pulse at CR2, CR2 will be cut
off and crystal diode CR6 will conduct nor-
mally. With & negative pulse at crystal diode
CR3, CR3 will be cut off and crystal diode CR7
will conduct normally. The positive pulse at
crystal diode CR4 and the negative pulse at
CR5 will change the potential at resistors R35
and R34 to back-bias crystal diodes CR9 and
CR8 and they will not conduct. The 12.5-ke
signal from oscillator level variable resistor
R4l (D18) is applied to the junction of resis-
tors R17 (D22) and R18, and to the junction
of resistors R31 and R32. The signal applied
to R17 and R18 is applied through conducting
crystal diodes CR6 and CR7, and will appear
across X cross amplitude variable resistor R21.
Since crystal diodes CR8 and CR9 are back-
biased, no signal is applied to Y cross ampli-
tude variable resistor R37. These outputs will
remain for 160 microseconds. The output from
variable resistor R21 is applied through con-
tacts 1 and 6 of energized battery relay X2,
and contacts 8 and 6 of deenergized height
designate relay K1 to the second dc amplifier
stage of the X sweep amplifier. Since the
symbol write pulse is delayed by 80 micro-
seconds, only the last 80 microseconds of the
output of variable resistor R21 will be dis-
played on the CRT. Since there is no signal
applied to the Y sweep generator, a straight
horizontal line will be displayed.

1. At the end of 160 microseconds, multivi-
brator V2 (C20) will return to its original
condition. The output of cathode follower V3B
will then be negative and the output of cath-
ode follower V3A will be positive. With these
polarities, crystal diodes CR6 and CR7 are
back-biased and nonconducting, and crystal
diodes CR8 and CR9 are forward-biased and
conducting. The 12.5-ke signal applied to the
junction of resistors R31 and R32 will appear
across Y cross amplitude variable resistor R37,
There will be no output from variable resistor
R21 to the X sweep generator. The output
from variable resistor R37 is applied through
contacts 5 and 2 of energized relay K2, and
contacts 4 and 2 of deenergized relay K1 to
the second de amplifier in the Y sweep gen-
erator. The first 80 microseconds of the sym.-
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bol write pulse are used to display the hori-
zontal line and the remaining 80 micreseconds
are used to display a straight vertical line on
the CRT, completing the presentation of the
battery cross. The Y aymbol balance variable
resistor R33 and X symbol balance variable
registor R20 are adjusted for a zero de level
of the cross symbol and cause a symmetrical
eross to be displayed.

104 {U). Sweep Generator

a. The sweep generators generate normal
sweep voltages and symbol positioning volt-
ages during the 900-mierosecond symbol in-
terval. During the symbol interval, the gating
action allows only the symbol positioning volt-
ages to be applied to the CRT.

b. The voltages applied to the PPI are sym-
bol modulated sweep voltages positioned by the
X and Y analog voltages from the time share
relay assembly (par. 102). Since the operation
of the sweep generators is identical, only the
X sweep generator will be discussed.

Note. The grid zone references shown in parentheses
in ¢ and d below refer te figure 34, TM $-1430-254-20/6.

¢. During the 900-microsecond symbol inter-
val, the positive gate control pulse has a pesi-
five polarity and the negative gate control
pulse has a negative polarity. With these po-
larities applied, sweep time share electronic
gate 1 (B44) will present a high impedance
to the range sweep voltages generated in the
first dc amplifier section (V1, V2, and V3) of
the sweep generator and dummy load electronic
gate 3 (B45) will present a high impedance
to the X symbol position voltage so that all of
this voltage is applied through symbol time
share electronic gate 2, which is conducting.
The X symbo! position voltage is then applied
through range select switch S1 (C39) and the
selected resistor combination fo the centrol
grid of amplifier V4A (C41).

d. The symbol voltage from the pulse and
logic generator {par. 103) is applied through
connector P1.16 (C38) on the sweep generator,
and capacitor C26 to the filtering network con-
sisting of resistor R20 and X symbol center-
ing wvariable capacitor C8%. This network is
a filtering network used to stabilize the symbol
presentation on the CRT. Capacitor C9 ad-
justs the centering of the E-W portion of the
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symhol. The symbol signal is then applied
to the control grid of V4A with the de analog
voltage. This combined signal is amplified by
V4 and V5, and then applied to the horizontal
deflection plates of the CRT to display a sym-
bol at an azimuth and range determined by the
X and Y analog voltages., Refer to paragraph
85 for operation of the sweep generator.

105 (U). Writing Gun Driver

a. The writing gun driver uses the write
pulse from the pulse and logiec generator to
produce a symbol write pulse with a potential
that is useable by the CRT. The symbol write
pulse is used in the absence of the video un-
blanking pulse to display the symbols on the
face of the CRT.

Note. The grid zone references shown in parentheses
in b through d below refer to figure 30, TM $-1430-
254-20/6.

h. If symbols from the FUIF equipment are
selected for display on the PPI {par. 102),
the symbol write pulse from the pulse and logic
generator is applied through contacts 9 and 1
of deenergized intensity control relay Ki1
(D15} and applied to SYMBOL INTENSITY
variable resistor R2. The SYMBOL INTEN.
SITY variable resistor is used to vary the
intensity of the FUIF symbols displayed on
the PPI’s,

¢. If the designate circles are selected for
display on the PPI's {par. 102}, the write pulse
is applied through contacts 9 and 2 of ener-
gized relay K1 to SYMBOL INTENSITY vari-
able resistor R3 which controls the intensity
of the designate symbols.

d. The write pulse is then applied through
deenergized contacts 3 and 10 or 4 and 10 of
relay K1 to connector P2-2 (B12) on the writ-
ing gun driver. The write pulse has an ampli-
tude of approximately 455 volts and is ap-
plied through Zener diode CR19. Zener diode
CR19 is a voltage regulator and isolator, and
maintains the grid of cathode follower V8B at
approximately 1-1/2 volts when there is no
signal present. The 55-volt write pulse is cou-
pled through Zener diode CR19 to the control
grid of cathode follower V8B. A positive pulse
is taken from the cathode of V8B through ca-
pacitor C18 and applied fo the grid of the writ-
ing gun in the CRT. The average pofential ap-
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pearing at the grid is approximately —2650
volts (par. 83). The write pulse raises the po-
tential to —2600 volts during the symbol inter-
val, This negative potential is supplied by
voltage regulator V5 (D10) through crystal
diode CR15.

106 (CMHA). Designate Circles

a. When the range control on the target
designate control is depressed, a designate
girele iz displaved on the associated PPI. The
azimuth and range controls on the target
designate control are positioned so that the
designate circle encloses the target to be desig-
nated. The designate circles are displayed on
the PPI using the same circuits that are used
to generate the friend and foe symbols. When
the azimuth and range controls are positioned,
X and Y analog voltages are developed within
the target designate control that are used to
position the designate cirele on the PPI.

b. If the target designate controls associated
with the two PPI’'s are in the designate enable
condition (par. 102), each PPI will display
a designate circle at the azimuth and range
of the associated target designate control, and
a semicircle at the azimuth and range settings
of the target designate control associated with
the other PPI.

Note. The grid zone references shown in parentheszes
in ¢ through i below refer to figure 32, TM 9-1430-
264-20/6, unless otherwise indicated.

¢. There are two methods of obtaining desig-
nate enable. During normal operation, desig-
nate enable is obtained by depressing the range
control. The azimuth and range controls can
then be positioned so that the designate circle
encloses the target videe. For testing pur-
poses, a designate enable locking switch, con-
nected mechanically to enable switch S1 (B6),
can be depressed while the control is lifted
and the designate circuits will be locked in
the designate enable condition. The designate
circuits can be unlocked by depressing the
range contrel momentarily.

d. The range control is connected mechan-
ically to designate range variable resistors R1A
and R1B (A6}, and the wiper arms will be
moved ag a function of range whenever the
range control is positioned in range. The nega-
tive voltage from the wiper of R1A is applied
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to the voltage divider network consisting of re-
sistor R24 (B2), —8YM MAX variable. re-
sistor R21, resistors R22, R23, R25, and R27.
Variable resistor R21 adjusts for coincidence
of the designate circle and the track electronic
cross at maximum range at approximately 4000
mils azimuth. The voltage at the junction of
R21 and R22 represents a maximum of 350,000
vards. The voltage at the junetion of R22 and
R23 represents a maximum of 250,000 yards.
The voltage at the junction of R23 and R25
represents a maximum of 150,000 yards. The
voltage at the junction of R25 and R27 repre-
sents a maximum of 75,000 yards.

e. The positive voltage from the wiper arm
of RI1B is applied to the voltage divider net-
work consisting of resistors R12 (C2), +3YM
MAZX variable resistor R13, resistors R14, R15,
R16, and R17. Variable resistor R13 is ad-
justed for coincidence of the designate cirele
and the electronic cross at maximum range at
approximately 800 mils. The voltage at the
junction of variable resistor R13 and resistor
R14 represents a maximum of 350,000 yards,
The voltage at the junction of K14 and R15
represents a maximum of 250,000 yards. The
voltage at the junction of R15 and R16 repre-
sents a maximum of 150,000 yards, The volt-
age at the junction of R16 and R17 represents
a maximum of 75,000 yards.

f. Since the range of the designate circle
is a function of the radial distance of the
designate circle from the center of the PPI,
relays K1, K2, and K8 are used to switch in
resistor combinations to compensate for the
different range presentations (table IV).

g. The selected range scale factors are ap-
plied to cathode followers V2 (Ad4) and V1
(B4). The output of cathode follower V2 is
taken from —SYM ZERQ variable resistor
R28 and applied to terminal 3 on quadrant
wound variable resistor R18. Variable resis-
tor R28 is used to adjust the zero position of
the designate circle at 4000 mils azimuth, The
output of cathode follower V1 is taken from
+S8SYM ZERO variable resistor R8 and applied
to terminal 1 of variable resistor R18 and to
range meter M1, Variable resistor R8 is used
to adjust the zero position of the designate
circle at 800 mils azimuth. With the PPI set
for 150,000-yard presentation and the range
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Table IV (CMHA4), Target Degignate Control Relay Energization (I}

PPI range Energized Deenergized
Hnit displey ? relays relayn

SR target designate control 75,000 yds K1 K2, K3
150,000 yds None K1, K2, K3

LR target designate control (HIPAR 150,000 yds K2 K1, K3

system selected) 350,000 yds K2, K3 K1

LR target designate control (LOPAR 150,000 yds None K1, K2, K3

system selected) 250,666 yds K3 Ki, X2

! For range selection theory refer to paragraph }11.

control (B6} set to maximum, RG METER
MAX wvariable resistor R11 (B5) adjusts the
indication en range meter M1 to 1580 K yards.

k. Quadrant wound variable resistor RIB
has tweo wiper arms set 90 degrees apart. The
two arms of variable resistor R18 are mechan-
ieally coupled to the azimuth control. When the
designate circle is positioned over target video,
the azimuth control is positioned at the azi-
muth of the target video. The mechanical ecou-
pling between the azimuth disc and wvariable
resistor R18 also positions the wiper arms at
an angle equivalent to the azimuth of the tar-
get video. Since the wiper arms are 90 de-
grees apart, the outputs will be sine and cosine
functions of the inputs. One input is negative
and the other is positive go that a complete
circle can be deseribed in vector components.
The two outpuis from variable resistor R18

Section V (U).

107 (U). Purpose

a. The video circuits {fig. 1), a part of the
presentation system, use input signals from
8ix sources im order to develop video signals
for display {par. 73) on three cathode-ray
tube (CRT) indicators.

b. The input signals for the video circuits
are received from the moving target indicator
{MTI} circuits (par. 61), the marker circuits
{par. 117), the fire unit integration facility
(FUIF} interconnecting equipment (par. 101},
the plan position indicator {PPI} sweep circuits
{par. 75}, the time share relay assembly (par.
102}, and the B scope indicator sweep circuits
(par. 88). Although the inputs from the FUIF
interconnecting equipment and the time share
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are range multiplied by the sine of the azimuth
angle (R Sine A = X analog) and range mul-
tiplied by the cosine of the azimuth angle (R
COS8 A = Y analog),

i. The X and Y analeg outputs are then ap-
plied to eathode followers V4B (C4) and V4A.
From the cathode cireuit, these voltages are
applied to the time share relay assembly (par.
102}. The Y ZERO variable resistor R37 {C4)
and X ZERQ variable resistor R38 (C5H) are
adjusted for zero output from the cathede
followers with no signal input.

7. If the designate circuits are in the desig-
nate enable condition, the time share relay as-
sembly {par. 102) will provide the necessary
signals to the pulse and logic generator (par.
103} to display the designate circle and desig-
nate semicircle on the PPY’s.

VIDEO CIRCUITS

relay assembly are relay control grounds and not
video signals, the inputs conirol the generation
of symbols in the presentation system. The dis-
play of these symbols is discussed in the sym-
bol positioning circuits (par. 99). The video
signals developed in the video circuifs are
displayed upon two CRT indicators in the bat-
tery control console and upon one CRT in the
target radar control console. These indicators
are designated the short range (8R) PPI, the
long range (LR} PPI, and the B scope indi-
cator.

108 (U). Block Diagram Analysis

a. The two PPI's (fig. 37), through the fune-
tions of the writing gun drivers (par. 109)
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and the CRT’s enable ‘the display of video sig-
nals. The CRT in use in each PPI is a 8-3/4-
inch controlled persistence direct view storage
tube.

b. The video and mark mixer (par. 71) in
the MTI circuits supplies acquisition videc and
marks to the writing gun driver in each PPIL
The writing gun driver amplifies the video and
marks signals and applies them to the CRT.
The video signals applied to each PPI are
from the HIPAR system or the LOPAR sys-
tem. The selection of video is discussed in the
radar select and preview circuits {par. 13}.

¢. The video and mark mixer in the MTI
circuits also supplies acquisition video only to
the B scope indicator during normal operation.

d. Trhe PPI HV power supply (par. 110)
furnishes the required high dc potential as
necessary for the operation of the PPI's.

e. The pulse persistence generator (par.
111) supplies the necessary signals to control
the persistence and erase functions in the PPIL

f. The azimuth blank generator (par. 112},
located in the target radar control console, re-
ceives azimuth sector blanking signals from
the B scope indicator sweep circuits {par.
88) and 4.ke carrier input from the acguisi-
tion-track synchronizer. The azimuth blank
generator supplies azimuth blanking signals to
the B scope video amplifier, 2 below.

g. The B scope indicator (par. 113}, located
in the target radar control console, displays
upon a 10-inch CRT, a selected arez of the PPI
presentation. The B scope indicator includes
the video circuit portion of the B scope marker
generator, 1 below, and the B scope video am-
plifier, & below. The display contains acquisi-
tion video received from the B scope video am-
plifier. The unblanking pulse, also received
from this assembly, unblanks the CRT dur-
ing the intervals of normal range sweep, azi-
muth sweep, and intersweep. During inter-
sweep intervals, the target track antenna circle
is displayed. The generation and application
of this symbol is the function of the B acope
indicator sweep circuits {par. 88).

k. The B scope video amplifier {par. 114),
an assembly in the B scope indicator, amplifies
the acquisition video received from the MTI
circuits to the level required to intensity modu-
late the electron beam of the CRT in the B
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scope indicator. The B scope video amplifier
also supplies unblanking pulses to the same
CRT and generates an end-of-sweep pulse for
application to the B scope marker generator.

t. The B scope marker generator {par. 115),
an assembly in the B scope indicator, receives
an end-of-sweep pulse at the end of each range
(vertical} sweep from the B scope video am-
plifier. This end-of-sweep pulse enables the
B scope marker generator to develop the sym-
bol unblanking pulse for the B secope video
amplifier,

7. The power supply assembly (par. 116b
(2} }, located in the target radar control con-
sole, supplies the necessary high de potentials
to the B scope indicator.

109 (U). Writing Gun Driver

a. The video amplifier section of the writing
gun driver amplifies the video and marks
from the video and mark mixer, and applies
them to the writing gun grid in the CRT. It
also produces the video unblanking pulse (par.
83) that allows video to be displayed on the
CRT.

Note. The grid zone references shown in parentheses
in b and ¢ below refer to figure 30, TM 9-1430-254-20,/6.

L. The video and marks from the video and
mark mixer are applied through ACQ VIDEO
GAIN variable resistor R9 (A8) to connector
P3-2 on the writing gun driver (D10). ACQ
VIDEQ GAIN variable resistor RS (A8) is
used to vary the intensity of video presentation
on the PPI.

¢. The acquisition video and marks are then
applied through capacitor C19 (AS%) to the
control grid of video amplifier V6. The con-
trol grid of V6 is clamped at approximately
—6.6 volts by crystal diode CR16, video ampli-
fier 1 grid bias variable resistor R57, and re-
sistor R58. The video and marks are ampli-
fied and inverted by V6 and are then applied
through capacitor C22 to the control grid of
video amplifier V7. The control grid of V7 is
clamped at approximately —6.6 volts by crystal
diode CR17 (A10), and resistors R61 and
R62. The signal is further amplified and in-
verted by V7 and applied to cathode follower
mixer V8 (A1l}. The control grid of V8 is
clamped at approximately —8 volts by crystal
diode CR18, and resistors R66 and R67. The

™ 9-1430-250-20/11
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positive video and marks signal from V8 is
then applied to the grid of the writing gun in
the CRT (B14). The video signals modify the
static potential of —2650 volts on the grid.

110 (U). Cathode-Ray Tube

a. The cathode-ray tubes (CRT’s} used in
the long range {(LR) and the short range (8R)
plan position indicators (PPI’s} are high
persistence direct-view gtorage tubes. The CRT
produces a bright visual display for direct
viewing of target information electrically
stored within the viewing surface. By using
external controls, the persistence of the dis-
play can be controlled or the display can be
instantly erased.

b. The CRT is divided into three sections;
the writing section, the flooding section, and
the viewing section. As video signals modulate
the electron beam from the writing gun, an
image is displayed on the storage grid.

¢. The two modes in which the CRT operates
are the writing mode and the erase mode. The
CRT has a high persistence, and, if left un-
controlled, the display would not fade out as
a normal indicator would. To prevent this, the
display on the CRT has to be removed period-
ically. The process of removing the display is
called erasing and is covered in paragraph 111.

d. The writing gun section of the CRT con-
sists of the writing gun, the writing gun grids,
the deflection plates, and the storage grid. A
beam of electrons is emitted by the writing
gun and travels toward the more positive po-
tential near the face of the CRT. The number
of electrons in the electron beam is controlled
by the potential on the first grid. The second
and fourth grids have a positive potential and
act as accelerating grids. Grid 3 is the focus.
ing grid and the potential on this grid is con-
trolled by the adjustment of a focus variable
resistor in the writing gun driver. The focus.
ing grid focuses the electron beam to a very
fine point at the storage grid. The deflection
plates deflect the beam in accordance with the
sweep voltage or the symbol-modulated symbol
positioning voltages. As the electron heam
strikes the storage grid, electrons are emitted
due to secondary emission and are collected
by collector grid 5.
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e. The flooding section consists of the view-
ing gun, flood grids 1 through 5, and the back-
ing electrode. The backing electrode is capaci-
tive-coupled to the storage grid in the writing
gun section so that any potential seen on the
backing electrode is also seen on the storage
grid. There is no electrical connection to the
storage grid.

f. The viewing gun emits a low velocity elec.-
tron beam that forms a virtual cathede imme-
diately before the storage grid. The electron
beam is defocused by adjusting variable resis-
tors on the side of the PPI so that the virtual
cathode is of equal potential over the entire
face of the storage grid. The electrostatic lens
action of the viewing gun controls the spray of
electrons such that it is collimated and ap-
proaches the storage grid as a parallel electron
beam. When this spray of electrons reaches
the storage grid, electrons will be passed only
at the points where information has been
written. This has the effect of controlling the
storage function and the brightness of the dis-
play.

¢. The imaging section consists of the vir-
tual cathode formed by the viewing gun, the
storage grid, and the phosphor screen. Thé
storage grid serves as the persistence control
element, and the phosphor screen serves as
the collector.

h. The controlled persistence indicator pro-
vides a bright, nonflickering display of stored
information for a predetermined length of time
after the writing has been accomplished. This
is accomplished by applying a continuous train
of pulses from the pulse persistence generator
(par. 111} to the backing electrode at a rate
no lower than the phosphor flicker frequency.

Note. The grid zone references shown in parentheses
in 4 through X below refer to fipure 3¢, TM 9-1430.
254-20/6.

. The writing gun cathode connection on
the CRT is connector J26-A (Bl4)} and has
an average potential of —2500 volts applied
from the voltage regulator section in the writ-
ing gun driver (par. 83). This voltage is
altered by the video unblanking pulse (par.
83) during the normal sweep interval. The
writing gun grid comnection on the CRT is
connector J26-D (Bl4) and has an average
potential of —2650 volts supplied by the volt-
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age regulator section of the writing gun driver
(par. 83). This voltage is altered when the
gymbol write pulse is applied (par. 105) dur-
ing the symbol interval or when video is ap-
plied during the normal sweep interval. The
focusing grid connection on the CRT is con-
nector J26-E (B14) and the potential on
this grid can be adjusted between the limits
of —1600 to -850 volts by focus variable re-
sistor R44 (Cl11) in the writing gun driver
{par. 83). The average potential across the
electrostatic deflection plates (Bl4) is --120
volts which is supplied by the sweep generators
{par. 85).

j. The potential on the flood gun grids is
supplied by bias adjust variable resistors R14,
R15, R12, and R13 (Cl4) which control the
eollimation of the electren beam from the flood
gun cathode. Test switch 82 (Cl14) and bias
test indicator lights DS9 and DS10 are used
during the flood gun adjustment. The flood
gun collector grid connection is connector
J28-B (B14). The collector voltage is either
normal collector voltage (200 volts) or fail-
safe collector voltage (25 volts) supplied by
the fail-safe circuit (par. 87) in the pulse and
logic generator. The backing electrode bias to
connector J28-A (Bl14) is applied from the
pulse persistence generator (par. 111).

k. The PPI HV power supply (B20) con-
sists of a —3.8kv power supply, an 8kv power
supply, and a HV regulator. When IND. H.V.
ON —IND. HV. OFF switch-indicator AR
(AZ24) is depressed to illuminate the IND.
H.V. ON indicator green, 120-volt, single-phase,
400-cps power is applied to the two power
supplies through the HV regulator (B22). Since
both power supplies are floating (no internal
ground reference} output polarity for the load
circuits is established by frame grounding the
positive output of the —3.3kv power supply and
the negative output of the 8kv power supply.
The —3.3kv power supply applies —3300 volts
to the SR PPI (D20) for use in the voltage
regulator section of the writing gun driver.
The —3300 volts is also applied to the writing
gun driver (D10) in the LR PPI. The 8kv
power supply applies 48000 volts to the phos-
phor screen (B14) in the LR PPI. The power
supply also supplies the +48000-volt potential
to the SR PPI (D20). The 4 8000-volt poten-
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tial is dropped to less than +2000 volts when
voltage regulator V1 (A15) conducts. The
conduction of V1 is determined by the ocutput
of the pulse persistence generator (par. 111)
during the erase function. A functional de-
scription of the operation of the PPI HV power
supply iz given in TM 9-1430-250-20,/12.

111 (U). Pulse Persistence Generator

a. (General. The pulse persistence generator
consists of two funetional units, the modula-
tion eliminator circuits and the display per-
gistence and erase circuits. Only the display
persistence and erase circuits are discussed
in this paragraph. Due to the long persistence
of the image on each PPI, it is necessary to
periodically erase the image to provide a
ghost-free presentation of the constantly chang-
ing information received from the radar ays-
tems. The function of periodically erasing the
image or reducing the persistence of the dis-
play on each PPI is performed by the pulse
persistence generator. A pulse persistence gen-
erator is associated with each of the two PPI's.
Since these pulse persistence generators are
identical, only one pulse persistence generator
is discussed. Erasing is accomplished by chang-
ing the potential of the phosphor sereen from
48000 to less than 42000 volts, extinguishing
the display storage tube in each PPI and, after
a delay, increasing the positive potential on
the storage grid of the display storage tube.
Increasing the potential on the storage grid
of the display storage tube caunses the storage
grid to collect electrons. The collection of
electrons causes the potential of the storage
grid to decrease to the cathode potential of the
display storage tube or 0 volts. This change of
potential removes the storage display in the
viewing gun. The duration of this automatic
erase is 30 microseconds for long persistence
operation and 175 microseconds for short per-
sistence operation. In addition to the periodic
erase, a manual erase circuit is provided. The
manual erase circuit is utilized for the re-
moval of the PPI presentation prior to pre-
view, a change in the range of the acquisition
radar, selection of the other acquisition sys-
temn, for manual erase and after preview. The
duration of manual erase is approximately 1
second,
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Note. The figure and prid zone references shown in
parentheses in b and ¢ below refer to TM 9-1430-254-
20/6.

b. Periodic Erase. The periodic erase is
automatically generated in the pulse persist-
ence generator (fig. 31, C9). A free-running
phosphor blanking multivibrator consisting of
V1A (fig. 31, Cl11) and V1B generates a posi-
tive pulse every 12,500 microseconds. The
duration of the output pulse from V1B is de-
termined by capacitor C5, resistor R26 and
phosphor blanking period wvariable resistor
R25. Variable resistor R25 is adjusted for a
600-microsecond pulse duration. Capacitor C7
and resistor R29 (fiz. 31, B9) differentiate
the output pulse from V1B. The negative
pulses from the differentiator are bypassed to
ground through diede CR10 and the positive
pulses are applied to the control grid of erase
delay multivibrator V3A, Stages V3A and
V3B (fig. 31, C9) form a monostable multivi-
brator with V3B normally conducting. The
positive pulse applied to the control grid of
V3A triggers V3A into conduction and cuts off
V3B. The duration of the negative output pulse
from V3A is determined by capacitor C10,
resistor R34, and erase pulse delay variable
resistor R33. Variable resistor R33 is ad-
justed for a 250-microsecond pulse duration.
Capacitor C11 (fig. 31, B8) and resistor R36
differentiate this negative pulse. This differ-
entiation delays, by 250 microseconds, the trig-
gering of persistence multivibrator V4A which
is the nonconducting stage of monostable per-
sistence multivibrator V4. The output of V4
is a positive pulse taken off the plate of VAB
{fig. 81, A8). This output may be one of two
positive pulses designated long persistence and
short persistence, Short persistence relay K4
{fig. 31, B7) determines which of the two
pulses is supplied by V4B to the control grid
of cathode follower V5 (fig. 31, Al10). If K4
{fig. 31, B7) is deenergized, the output of V4B
{fig. 31, A8) is a long persistence pulse. The
duration of the long persistence pulse is deter-
mined by capacitor C12 and long persistence
variable resistor R40. Resistor R40 iz ad-
justed for a 30-microsecond pulse. If K4 (fig.
31, B7) is energized, the output of V4B (fig.
31, AB) is a short persistence pulse. The
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duration of the short persistence pulse is de-
termined by capacitor C12 (and C18 in systems
2 and above) and short persistence variable re-
sigtor R23. Variable resistor R23 is adjusted for
a 175-microsecond pulse duration. One of these
positive pulses is applied to cathode follower V5
through erase pulse amplitude variable resistor
R55 (fig. 31, A9) and the output of V5 is coupled
through capacitor C15 to the backing electrode
in the CRT (fig. 30, B15). Variable resistor
R55 (fig. 31, A9) is adjusted for a pulse ampli-
tude of +4 volts. Diodes CR12 and CR18 by-
pass any negative voltages to ground. Due to
capacitive coupling between the backing elec-
trode and the storage grid, the potential of the
storage grid is increased to 44 volts, This posi-
tive potential on the storage grid causes elee-
trons to be attracted to the surface reducing its
potential to 0 volt. At the trailing edge of the
positive 4-volt pulse, the backing electrode will
return to its nermal operating point and by
capacitive coupling will reduce the voltage on
the storage grid by 4 volts causing it to be 4 volts
negative in respect to the viewing gun cathode.
This erases any stored voltage on the storage
grid. The positive output of V1B (fig. 31, C10),
one stage of free-running multivibrator V1, is
coupled through capacitor C8 (fig. 31, B10) to
the control grid of cathode follower V2. Diode
CR9 in the grid circuit of V2 bypasses any nega-
tive voltages to ground. The positive pulse out-
put of V2 is applied to the control grid of volt-
age regulator tube V1 (fig. 80, A15) in the PPI
through contacts 8 and 6 (fig. 31, C11) of deen-
ergized phosphor erase relay X1 (fig, 31, C11)},
and contacts 8 and 6 of deenergized phosphor
erase pulse relay K2. The output of V2 causes
V1 (fig. 30, Al5) to conduct. When V1 conducts,
the plate voltage of V1 is decreased from 8000
volts to less than 42000 volts. Since the plate
of V1 is directly connected to the phosphor
screen in the CRT (fig. 80, B15), a decrease in
the plate voltage of V1 is a decrease in the po-
tential on the phosphor screen. At this lower
voltage the phosphor screen will not illuminate,

c. Manual EFrase. Manual erase occurs when-
ever manual erase relay K5 (fig. 31, C7) is
energized, Relay K5 is energized when one
of the following actions occurs: alternate video
is previewed (par. 13), the other acquisition
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radar is selected (par. 13), LONG RANGE —
SHORT RANGE switch-indicator All (par.
76) is depressed, or ERASE switch-indicator
Al4 (fig. 31, B2) is depressed. Switch-indi-
cator Al4 is used to remove any undesired
stored display on the PPI. When switch-indi-
cator Ald is depressed or either of the other
three actions above occur the —28-volt charge
on capacitor C16 is applied to K5. Relay K5
energizes and remains energized for approx-
imately 1 second until C16 discharges to the
drop-out voltage of K5. Contacts 10 and 4 of
K5 apply a ground to the control grid of relay
control V6B (fig. 31, C9) triggering V6B into
conduction. When V6B conducts, relay K2 en-
ergizes, and after a short time delay, relay K3
also energizes. Contacts 2 and 5 of relay K3
close to apply a ground to the grid of relay
control V6A (fig. 81, Cl1) triggering V6A
into conduction, The conduction of V6A ener-
pizes relay X1. Contacts 6 and 1 of K2 re-
move the positive phosphor erase pulses and a
ground is supplied from contacts 5 and 2 of
K1 to the control grid of voltage regulator V1
{fig. 30, B15) in the PPI causing V1 to con-
duet. The conduction of V1 decreases the plate
voltage of V1 from 8000 to less than 4-2000
volts. The plate of V1 is directly connected to
the phosphor screen of the CRT (fig. 30, B15)
so that any decrease in the plate voltage of V1
is also a decrease in phosphor sereen potential.
At this low voltage the phosphor screen does
not illuminate. Contacts 2 and 5 (fig. 31,
A10) of K2 place resistor R56 in parallel with
resistor R58 making the control grid of cath-
ode follower V5 sufficiently negative to cut off
V5. When V5 stops conducting, the erase pulse
is removed from the backing electrode of the
CRT (fiz. 30, B15) in the PPI. After a short
delay, contacts 6 and 1 (fig. 31, All) of K3
clogse to remove the existing potential from the
backing electrode (fig. 30, B14) in the CRT
and apply a 4-volt potential to the backing
electrode in the CRT.

112 (V). Azimuth Blank Generator

a. The azimuth blank generator, although
physically an assembly of the target radar
control console, is functionally a part of the
video circuits (fig. 37). The function of the
azimuth blank generator is to produce a B
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scope azimuth blanking control signal for the
B scope indicator. This signal, applied to the
B scope video amplifier, insures that the eath-
ode-ray tube (CRT} will be unblanked for the
range (vertical) sweep, only while the acqui-
sition antenna is passing through the selected
1066-mil sector of display.

b. The azimuth blank generator receives two
input infermation signals. One information in-
put, designated the azimuth sector blanking,
is sinusoidal and consists of 4-kilocycle oscilla-
tions modulated by rotation of the aequisition
antenna so that the period of the sinusoid
corresponds to 6400 mils of rotation. The phase
and amplitude reiationship of this signal is such
that maximum amplitude occurs and ig in
phase with the 4-kilocycle carrier as the ac-
quisition antenna passes through the center of
the selected 1066-mil sector of B scope display.
The second input signal of the azimuth blank
generator is a 4-kiiocycle carrier, of constant
amplitude and phase, from the 4-kc oscillator
{par. T7).

Note. The grid zone references shown in parentheses
in ¢ below refer to figure 30, TM 9-1430.264-20/6, un-
less otherwise indicated.

¢. The azimuth blank generator (D23) con-
sists of quadrature amplifier V1A, monostable
multivibrator V2, cathode follower V1B, and
associated controls and circuits, A functional
diagram discussion of the azimuth blank gen-
erator is given in (1) and (2) below.

(1) The modulated 4-kilocycle N-S quad-
rature resolver signal and the unmed-
ulated 4-kilocycle carrier are applied
to opposite ends of CARRIER NULL
variable resistor R3 (C23). The N-8
quadrature resolver signal varies in
amplitude as the antenna rotates and
has a phase reversal every 180 de-
grees of antenna rotation. Mixing
this signal at variable resistor R3
with the 4-kiloeycle carrier of con-
stant phase and amplitude results in
cancellation and reinforcement of al-
ternate half cycles. Variable resistor
R3 is adjusted so that the signal ap-
plied to quadrature amplifier V1A
congists of 4-kilocycle oscillation with
a maximum peak amplitude about
equal to the carrier and a minimum
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(2)

amplitude of zero, once every antenna
rotation. The peak amplitude of these
4-kilocycle oscillations occurs as the
antenna passes through the center of
the selected 1066-mil sector of B scope
display. This composite signal is am-
plified and inverted by V1A and ap-
plied to crystal diode CR1. Diode CR1
and capacitor C3 function as a detec-
tor-demodulator cireuit. Diode CR1
removes the positive portion of the
output of V1A and C3 filters out the
4.kilocycle component, leaving only
the slowly varying modulation en-
velope applied to monostable multi-
vibrator V2.

Moneostable multivibrator V2, a dual
triode, is triggered from one stable
condition to the other by the slowly
varying modulation envelope output
of the detector-demodulator eircuit in
(1) above. The output of V2, cou-
pled through cathode follower V1B to
the B scope video amplifier (par. 114)
is either positive 2 volts or negative
50 volts, depending on the position of
the acquisition antenna. During the
time the acquisition antenna iz not
in the selected 1066-mil sector of B
scope indicator display, the output of
the azimuth blank generator, taken
from V2 (C24), is a posgitive 2 volts.
As the acquisition antenna approaches
the selected 1066-mil sector of dis-
play, the modulation envelope applied
to V2 is approaching a negative peak.
BLANK ADJ variable resistor R11
(C23), part of a voltage divider, de-
termines the point on the negative-
going envelope at which V2 ig
switched from its previous stable con-
dition. When the condition of V2 is
switched by the negative-going en-
velope, the output of V2 is a negative
50 volts. Multivibrator V2 remains in
this condition until the modulation en-
velope swings positive. This switches
V2 back to the original condition with
a positive 2 wvoits as the output.
BLANK ADJ variable resistor R1l
(C23) is adjusted so that V2 is
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gwitched to the negative 50-volt ount-
put condition as the negative-going
modulation envelope reaches a point
which corresponds to the acquisition
antenna entering the selected 1066-mil
sector of display. Since the moduola-
tion envelope goes in a positive direc-
tion corresponding to antenna rota-
tion, V2 wiil be switched to the posi-
tive 2.volt condition as the antenna
leaves the selected 1066-mil sector of
display. The output of the azimuth
blank generator is the negative 50 volts
while the acquisition antenna is in
the selected 1066-mil sector and the
positive 2 volts during the remaining
5334 mils of rotation. This output is
applied to the B scope video amplifier
ag azimuth blanking.

113 (U). B Scope Indicator

a. The B scope indicator, containing a 10-
inch cathode-ray tube (CRT) of the electro-
static type is physically located in the target
radar control conscle and is part of the acqui-
gition video circuits (fig. 37). This indicator
presents an expanded view of a 1066-mil by
220,000-yard sector of acquisition video. The
B scope indicator presentation sector is cen-
tered on an azimuth determined by the sym-
chro assembly (par. 921) in the B scope in-
dicator sweep cireunits (fig. 33).

b. Parts of two assemblies in the B scope in-
dicator (fig. 37) form functional assemblies
of the acquigition video circuits. These assem-
blies are the B scope marker generator (par.
96) and the B scope video amplifier (par. 95).
The remaining parts of the B scope marker
generator and the B scope video amplifier
form functional assemblies of the B scope in-
dicator sweep circuits {par. 88). Those parts
of the B scope marker generator and B scope
video amplifier in the B scope indicator sweep
circuits operate in conjunction with the re-
maining assemblies of the B scope indicator to
produce horizontal (azimuth) and vertical
{range) sweep voltages and to generate volt-
ages which produce the target track antenna
circlee. The B scope indicator and symbol
sweep voltages are produced by the B scope
indicator sweep circuits. There will be no
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presentation unless the B scope indicator CRT
is unblanked by pulses developed in the B scope
indicator portion of the acquisition video cir-
cuits.

¢. The functional assemblies of the B scope
indicator used in the acquisition video eircuits
are discussed in (1) through (4) below.

(1) The B scope video amplifier {par,
95), an assembly of the B scope indi-
cator, amplifies acquisition video re-
ceived from the MTI circuits {par.
61) and applies this video to the B
scope indicator CRT. The B scope
video amplifier also develops an un-
blanking pulse which is applied to the
CRT ecircuits (par. 116} during nor-
mal range (vertical) sweeps and dur-
ing intersweep intervals when the tar-
get track antenna circle is displayed.

(2) The B scope marker generator (par.
115), an assembly of the B scope indi-
cator, generates voltages which pro-
duce the target track antenna circle.
These voltages are generated in the
portion of the B scope marker gen-
erator (par. 96) that is in the B
scope indicator sweep circuits. In
order to unblank the B scope indicator
CRT so that the target track antenna
circle may be displayed, the section of
the B scope marker generator in the
video circuits generates a symbol un-
blanking pulse, This pulse is supplied
to the B scope video amplifier for ap-
plication to the elements of the B
scope indicator CRT,

(3) The azimuth blank generator (par.
112), although an assembly of the
target radar control console, is a func-
tional part of the B scope indicator
circuits, The azimuth blank genera-
tor provides an output gignal that con-
trols azimuth blanking of the B scope
indicator. This output signal is used
by the B scope video amplifier as a
gating signal to insure that video is
applied to the B scope indicator only
during a selected 1066-mil azimuth
sector.

(4) The CRT circuits (par. 116} of the
B scope indicator include both the
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CRT and a high-voltage regulator cir-
cuit of the cathode-clamper type. The
purpose of this high-voltage regulator
is to keep the intensity of the electron
beam in the CRT constant by provid-
ing dc restoration of applied signals.

114 (U). B Scope Video Amplifier

a. One section of the B scope video amplifier,
an assembly of the B scope indicator, operates
as a portion of the video eircuits (fig. 37). The
funetions of this section are to amplify acquisi-
tion video to an amplitude high enough to in-
tensity modulate the electron beam of the
cathode.ray tube (CRT) and to supply un-
blanking pulses for the same CRT. The un-
blanking pulses enable the display of either
acquisition video or the target track antenna
circle on the B scope indicator.

b. The B scope video amplifier receives ac-
quisition video from the video and mark mixer
{(par. 71) in the MTI circuits, a symbol un.
blanking pulse from the B scope marker gen-
erator (par. 96), an azimuth blanking pulse
from the azimuth blank generator (par. 112},
and a sync pulse from the aequisition-track
aynchronizer (TM 9-1430-250-20.6).

Note. The grid zone references shown in parentheses
in ¢ through ¢ below refer to figure 30, TM 9-1430-
254-20/6, unless otherwise indicated.

¢. The video circuit portion of the B scope
video amplifier consists of video amplifier V4A
(C26), cathode follower V4B, video amplifier
V5, and associated circuits and controls. GAIN
variable resistor R4, although physically lo-
cated on the front panel of the B scope indi-
cator, is functionally a part of the B scope
video amplifier.

d. The functional operation of the B scope
video amplifier is discussed in (1) through (6)
below,

(1) Positive LOPAR video is applied to
GAIN variable resistor R4 (C25) in
the B scope indicator. This input sig-
nal consists of bypass, and/or MTI
and IFF video. Variable resistor R4
applies LOPAR video to the control
grid of video amplifier V4A in the
B scope video amplifier. Crystal diode
CR4, across the input of V4A, clips
any negative signals that appear with
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(2)

the positive LOPAR video. This causes
the variations in intensity on the face
of CRT V2 (C29) to follow the sig-
nals displayed by LOPAR video with-
out the presence of noise signals.

Video amplifier V4A (C26) conduets
only while cathode follower V4B is
cut off. This condition exists during
the normal range (vertical) sweep
time of the B scope indicator while
the aequisition antenna passes through
the desired 1066-mil sector of dis-
play. Since V4A must conduct
for 1340-microsecond (220,000-yard
range sweep) intervals only during
this 1066-mil sector, V4B must be
gated by two separate control sig-
nals in order to maintain correct fime
relationship. One control signal, ap-
plied through capacitor C4 and paral-
lel resistor R9, is & negative 1340-
microsecond gating pulse from the
plate of gate amplifier V3A (fig. 35,
Cl11, TM 9-1430-254-20/6) in the B
scope indicator sweep circuits (par.
88). The repetition frequency of this
pulse is 500 pps. The second control
signal applied to V4B (C28) is re-
ceived from the azimuth blank gen-
erator. This signal, designated azi-
muth blanking, is a control voltage
which is —50 volts while the acquisi-
tion antenna passes through the de-
sired 1066-mil sector of display and
42 wolts during the remaining 5334
mils of antenna rotation. When azi-
muth blanking is 42 wvolts, crystal
diodes CR7 and CRS5 conduct to ground
the control grid of video amplifier V5,
and crystal diodes CR2 (D26} and
CR3 conduct to ground the control
grid of V4B. During this time the
negative 1340-microsecond pulses
from V3A (fig. 85, Cl11, TM 9-1430-
254-20/6) has no effect on V4B and
the potential across common cathode
resistor R44 will keep V4A cut off.
During this 5334-mil sector of an-
tenna rotation, no presentation except
the target track antenna circle in (6)
below is displayed on CRT V2 (C29).
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During the time the aecquisition an-
tenna passes through the desired 1066-
mil sector of display, azimuth blank-
ing to the B scope indicator from the
azimuth blank generator (D23) is
—560 volts, Crystal diode CRZ2 (DZ28)
is back-biased by this negative poten-
tial and will not conduct. The nega-
tive 1340-microsecond pulses coupled
through capacitor C4 and parallel re-
sistor R9 back-biases CR3 and cuts
off cathode follower V4B. Video am-
plifier V4A is allowed to conduct be-
cause the voltage across Rd4 de-
creases and supplies negative video on
a negative pedestal to video amplifier
V5 (C27) during the 1340-microsec-
ond intervals when V4B iz cut off.
Pedestal adjust variable resistor R42
(C27) in the cathode circuit of V4A
determines the level of the negative
pedestal on which the video will be
superimposed. The pedestal is to un-
blank CRT V2.

The same negative 1340-microsecond
gating pulses which cut off cathode
follower V4B are reduced in ampli-
tude by resistors R23 (fig. 35, D11,
TM 9-1430-254-20,6) and R24, and
applied to the contrel grid of video
amplifier V5 (C27). Crystal diode
CR8 is forward-biased to pass the
negative gating pulses at the range
sweep interval. This negative voltage
pulse adds to the negative pedestal
from video amplifier V4A to increase
the amount of unblanking. At end-
of-sweep, CR8 is back-biased by the
positive-going portion of the gating
pulse, and CRT V2 (C29) is momen-
tarily blanked. The control grid input
of V5 is LOPAR video gated into
1340-microsecond periods and any
positive excursions are clamped by
crystal diode CRS5.

Video amplifier V5 (C27) is a
medium-gain amplifier used to am-
plify and invert the video signals
from video amplifier V4A. The posi-
tive video signals from the plate of
V5 are applied to the control grid of
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CRT V2 in 1340-microsecond periods.
The periods of LOPAR video are dis-
played on the range (vertical} sweep
(par. 96} of CRT V2 (C29).

{6) Eighty microseconds after the end of
each 1340-microsecond period in
which video is supplied to CRT V2
(C29), video amplifier V5 (C27) re-
ceives a negative rectangular pulse
from cathode follower V2B. This neg-
ative pulse, with a duration of 80 mi-
croseconds, functions as a symbol un-
blanking pulse that enables the tar-
get track antenna circle to be dis-
played between the intervals of nor-
mal range (vertical) sweep. This
negative symbol unblanking pulse,
generated in the B scope marker gen-
erator, is applied to SYMBQOL INT
ADJ variable resistor R25 (C28). The
symbol unblanking pulse amplitude at
variable resistor R25 is adjusted and
applied through V2B to the screen
grid of V5. Video amplifier V5 in-
verts the symbel unblanking pulse
which appears at the contrel grid of
CRT V2. The CRT is unblanked for
a period of 80 microseconds during
intersweep intervals and the target
track antenna circle is displayed. The
1340-microsecond periods of video are
applied to the CRT only while the
acquisition antenna is passing through
the selected 106G-mil sector of dis-
play; the symbel unblanking pulse oc-
curs at a rate of one each pulse repe-
tition period and is not affected by
antenna rotation. The target track
antenna circle, if located in the area
covered by the display, is continuously
displayed on the B scope indicator.
Acquisition video is displayed for only
1066 mils of each 6400 mils of an-
tenna rotation,

¢. Range sweep gate multivibrator V1 (C27)
and cathode follower V2A are functionally
part of the B scope indicator sweep circuits
and have been previously discussed in para-

graph 955, Only that function which enables
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the B scope marker generator to generate a
symbol unblanking pulse is briefly discussed
in (1) and (2) below.

(1) Range sweep gate multivibrator V1
{C27) is triggered into operation by
20- to 40-volt sync pulses received
from the acquisition-track synchro-
nizer in the target radar control con-
sole (TM 9-1430-250-20/6). Each
sync pulse received causes V1 to pro-
duce a negative 1340-mierosecond
pulse which is applied through cath-
ode follower VZA to the B scope
marker generator, This pulse is desig-
nated the end-of-sweep pulse.

(2) The end-of-sweep pulse cccurs in co-
incidence with the range (vertical)
sweep of CRT V2 (C29). This time
relationship enables the end-of-sweep
pulse to be differentiated and unsed
to mark the beginning of the inter-
sweep interval of the B scope indi-
cator.

115 (U). B Scope Marker Generator

¢. A section of the B scope marker gen-
erator, an assembly of the B scope indicator,
operates as a section of the video circuits (fig.
37). The funection of this section is to gen-
erate an unblanking pulse for the video cir-
cuits of the B scope video amplifier so that the
target track antenna circle is displayed on the
B scope indicator CRT during intersweep in-
{ervals.
Note. The grid zone references shown in parentheses
in b and ¢ below refer to figure 30, TM 9-1430-254-20/6.
b. The video ecircuit section of the B scope
marker generator consists of pulse amplifiers
V6B (A29), V7A, and V7B, and associated
controls and circuits. The functional discussion
of this section is given in ¢ belew. The remain-
ing tubes, controls, and circuits of the B scope
marker generator are functionally part of the
B scope indicator sweep circuifs and have been
functionally discussed in paragraph 96. Only
that function which pertains to the develop-
ment of the symbol unblanking pulse for the
video circuits is briefly discussed in (1) and
(2) below.
{1) The negative 1340-microsecond end-
of-sweep pulse from the B scope video
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(2)

amplifier (par. 114) iz applied to the
differentiator ecircuit composed of ca-
pacitor Cl (A26) and resistor RI.
When differentiated, the trailing edge
of this end-of-sweep pulse produces
a positive trigger pulse. This trigger
pulse, coincident with the end of the
range {vertical) sweep of CRT V2
(C29), triggers monostable multivi-
brator V1 into operation for a period
of 200 microseconds. The positive
200-microsecond pulse from the plate
of the second section of V1 triggers
monostable multivibrator V4 (B28)
into operation. The negative 200-mi-
crosecond pulse from the plate of the
first section of V1 (A26) cuts off
gating amplifier V2ZA. With V2A cut
off, start-stop osecillator V2B (B27)
produces oscillations for a 200-micro-
second period. Since V2B oscillates
at a frequency of 12.5 kilocycles, only
2-1,2 cycles are produced in the 200-
microsecond period. These oscillations
are amplified by squaring amplifier
V34, and applied through cathode fol-
lower V3B to the junction of resistor
R23 and capacitor C15.

The negative 200-microsecond pulse
from the first section of monostable
multivibrator V1 (A26) cuts off gating
amplifier V2A, causing an exponential
rise in plate voltage produced at the
plate of V2A. This exponential rise in
voltage is applied through resistors
R22 (A28) and R23 to the junection
of R23 and capacitor C15. The 12.5-
kilocycle oscillations from eathode fol-
lower V3B are superimposed on the
exponential rise in wvoltage. This
positive-going composite waveform,
coupled through C15, reaches a poten-
tial sufficiently positive to trigger the
first triode section of monostable mul-
tivibrator V4 (B28) back to its orig-
inal condition 160 microseconds after
V1 (A26) is triggered by the end-of-
sweep pulse. When V4 (B28) is trig-
gered back to its original condition,
the plate of the first triode section in
V4 swings negative, This negative
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swing is coupled through capacitor
C23 and the parallel eombination of
cerystal diode CR3 and resistor R43 to
the control grid of pulse amplifier
V6B. Crystal diode CR3 shunts R43
during the negative portion of the
pulse,
¢. The symbol unblanking input signal for
normally cut-off pulse amplifier V6B (AZ29)
is a composite signal composed of the 12.5-
kilocyele oscillations from cathode follower
V3B (B28) superimposed on the exponential
rise in plate voltage of gating amplifier V2A,
(2} above. The bias on V6B (A29) is such
that the composite signal applied to the con-
trol grid reaches a potential sufficiently posi-
tive to cause V6B to begin conduction 80 mi-
croseconds after the finish of the end-of-sweep
puilse. The bias level of V6B is set by write
pulse adjust variable resistor R48, part of a
negative voltage divider. Eighty microseconds
after V6B begins conduction, the negative
voltage swing produced at the plate of the first
triode section of monostable multivibrator V4,
(2) above, causes VBB to cut off once more.
Pulse amplifier V7A amplifies and inverts the
negative 80-microsecond pulse produced at the
plate of V6B and applies the resulting positive
pulse to pulse amplifier VIB., The output of
V7B is a negative 80-microsecond pulse, desig-
nated the symbol unblanking pulse. This pulse
ocetirs 80 microseconds after each range (ver-
tical) sweep on CRT V2 (C29) and is then
applied to connector P9 at the B scope video
amplifier (par. 114).

116 (V). B Scope Indicator Cathode-Ray
Tube Circuits

a. The cathode-ray tube (CRT) ecircuits of
the B scope indicator, except for the electro-
static deflection plates, are a functional part of
the video circuits. The CRT circuits consists
of a high-voltage regulator (clamping) circuit
and a CRT which presents visually a rectangu-
lar sector of video with a coverage of 220,000
yards in range and 1066 mils in azimuth. Dur-
ing intersweep intervals, a small target track
antenna circle denotes the azimuth and range
of the antenna in the target tracking radar
system.
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MNote. The grid zone references shown in parentheses
in b below refer to figure 30, TM 9-1430-264-20/86,
unlesa otherwise indicated.

b. The CRT circuits of the B scope indicator
consist of CRT V2 (C29); intensity regulator
V38; erystal diodes CR1, CR2, and CR8; surge
protector lamps D35, DS6, and DST7; and
associated controls and circunits. Functional
inputs to the CRT circuits are discussed in
(1) and {2) below.

{1} The LOPAR video or the symbol un-
blanking pulse is applied directly to
control grid pins 12 and 13 of CRT
V2 (C29) from the B scope video
amplifier. Positive LOPAR video is
applied to the contrel grid of CRT V2
in pericds of 1340 microseconds. A
symbol unblanking pulse 80 microsec-
onds in duration appears at the con-
trol grid of CRT V2 after the end
of each range {vertical) sweep. Un-
like LOPAR video which cccurs only
during a selected 1066-mil sector of
acquisition antenna rotation, the sym-
bol unblanking pulse occurs continu-
ously, maintaining the same time re.
lationship, independent of acquisition
antenna rotation.

{2} A voltage divider consisting of re-
sistors R24 (B30), RY9, and R28,
FOCUS variable resistor R10, resistor
R26 in parallel with V3, and INTEN-
SITY wvariable resistor R13 provides
scaled voltages from a —8000-volt in-

Section VI (CMHA).

117 {U). Purpose

The marker circuits are an integral part of
the presentation system (fig. 1}. The marker
circuits perform three functions: determine
the slant range of a designated target by the
target tracking radar system; determine the
beam azimuth of the track antenna reflector
assembly for the purpose of displaying the
electronic cross; and produce an acquisition
range mark for the target track and target
range circuits. The marker circuits include
manually operable controls which position the
designate circle (par. 119) in the PPI display
to enclose the target video. Positioning of the
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put for the elements of CRT V2
(C29). The high-voltage input is re-
ceived from the power supply assem-
bly (fig. 58, D50, TM 9-1430-256-
208} in the target radar control eon-
sole. The power supply assembly
supplies a B scope ground for the B
scope indicator to establish a refer-
ence for the —8000-volt potential. By-
pass capacitor Cl in the power supply
assembly is connected between frame
ground and the CRT ecircuits. This ac
return efrcuit is designated —8000
volts prime. When R10 (C29) is cor-
rectly adjusted, the CRT display is in
focus. The cathode-to-grid bias of
CRT V2 is regulated by intensity reg-
ulator V3. The intensity bias for CRT
V2 is controlled by R13. The grid re-
sistance of this cireuit is furnished by
resistors R14 and R15, in parallel with
crystal diodes CR1, CR2, and CR3.
The diodes are in series to provide
higher wvoltage breakdown operation.
Surge proteclor lamps D85, D86, and
DST are connected across CR1, CR2,
and CR3 to protect the diodes from
excessive switching transient volt-
ages. The surge profector lamps also
prevent surge currents, produced by
the charging of the output eircuit of
video amplifier V5 (C27) in the B
scope video amplifier, from damaging
the diodes.

MARKER CIRCUITS

designate circle to enclose the target video
generates acquisition range information which
is transferred to the target range and target
track anienna positioning system to enable
the . target tracking radar system to slew
rapidly to the range setting determined for the
designated target. The marker circuits include
mark generators which develop timing con-
trol pulses for determining the position of the
glectronic cross in the PPI display. Azimuth
gates and marks are derived from azimuth re-
solver outputs in the acquisition and target
tracking radar systems. These resolvers are
synchronized by means of common stator volt-
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ages received from the acquisition azimuth re-
solver, and the 4-kec excitation and reference
cutput of the 4-ke oscillator (par. 77). A syn-
chro resolver rotor is mechanically coupled to
a transformer which transmits target azimuth
data to the tarpet track azimuth slew circuits
during acquire procedures. The track azimuth
mark which makes the radial line of the elec-
tronic cross is derived from a resolver in the
target tracking radar system. The acquisition
track range mark which makes the arc of the
electronic cross is derived from the target
range and target track range circuits. The
marker circuits furnish timing control pulses
to the video circuits (par. 107) which are
used to correlate the display of the designate
circle in the PPI display. The marker circuits
(fig. 38) comprise sections of the battery con-
trol console, the target tracking radar system,
and the director station group. Sections of the
battery control console included are the tar-
get designate control and the HIPAR control-
indicator. The target designate control containg
a range control cireuit and a synchro resclver,
The HIPAR control-indicator contains the ac-
quisition range generator mark circuit. Sec-
tions of the target tracking radar system in-
cluded in the marker circuits are the target
range mark generator circuits in the target
range amplifier control group, the track azi-
muth resolver circuits in the azimuth position
transmitter of the tarpet track antenna sup-
port base, and the mark generator gate and
mark circuits in the target radar control con-
sole,

118 {CMHA). Block Diagram Analysis

a. The battery control console (fig. 38) con-
tains the azimuth 6400-mil synchro resolver
circuits which designate targets from the low
power acquisition radar (LOPAR) system or
the high power acquisition radar (HIPAR)
system by the application of azimuth desig-
nate signals to the antenna positioning system
in the target tracking radar aystem. The as-
sembly in the battery control console which
affects the ranging function is the range con-
trol circuits of the target designate control.
The outputs of the azimuth synchro resolver
and the range control circuits are determined
by the positions of the azimuth dial and the
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range contro]l knob, respectively. The range
control circuits provide a dc control voltage
{the designate range sighal)} to the acquisition
range generator in the HIPAR control-indi-
cator. A HIPAR or LOPAR preknock pulse is
also applied to the acquisition range generator.
With these two inputs present, an acquisition
range mark is generated by the acquisition
range generator and applied to the video and
mark mixer. The video and mark mixer con-
nects the acquisition range mark to the tar-
get range slew control amplifier {(fig. 52, D50,
TM 9-1430-256-20,/3) in the target tracking
radar system to enable the range circuits to
slew to the designated target range. Track
azimuth resolver B4 in the target track an-
tenna support base supplies HIPAR or LOPAR
resolver signals to the mark generator gate cir-
cuit in the target radar control console. The
mark generator gate circuit also receives a
constant amplitude 4-kc reference voltage
from the 4-ke oscillator. The target radar con-
trol consgle also contains the mark generator
mark circuit. These two circuils effect the
configuration of the electronic cross and its
position in the PPI display. The gate circuit
generates the track azimuth gate and applies
it to the video and mark mixer in the MTI cir-
cuits {par. 71) and to the mark generator
mark eireuit. The mark circuit is triggered by
the HIPAR or LOPAR sync pulse and supplies
the track azimuth mark to the video and mark
mixer. The track range gate and acquisition-
track range mark, generated by the target
range mark generator in the target tracking
radar system, are applied to the video and
mark mixer where they are mixed with the
track azimuth gate and mark to generate the
electronic cross.

b. In summary, the marker circuits supply
azimuth and range signals {marks) which in-
dicate the range setting of the range control
circuit, the azimuth setting of azimuth 6400-
mil synchre resolver Bl, and the azimuth
setting of track azimuth resolver B4, This
relationship is diseussed in (1)} through (4)
below.

(1) The range and azimuth settings of
the range control circuits appear in
the PPI display as a designate circle.
The range setting is used to generate
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a range mark and provides a means
of determining the slant range of the
target designated by the LOPAR sys-
tem or the HIPAR system.

(2} The range and azimuth lines pro-
duced by the target tracking radar
aystem and marker circuits appear in
the PPI display as the electronic
cross. This symbol indicates the slant
range setting of the target control
circuits and the azimuth setting of
the target track azimuth position
transmitter.

(3) Before a target is designated, the
designate circle is positioned to en-
close the target video displayed on
the PPI. When the DESIGNATE
switch-indicator on the PPI is illu-
minated green, the target tracking
azimuth positioning circuits and
range positioning circuits slew to the
designated target coordinates.

{(4) The electronic cross superimposed on
the target video in the PPI display is
a visual indication that the target is
being tracked in azimuth and range
by the target tracking radar system.
Positioning of the designate circle de-
termines the range and azimuth to
which the target track range and
azimuth positioning circuits slew
when the DESIGNATE switch-indi-
cator is depressed and the ACQUIRE
gwitch on the target tracking radar
control console is operated,

119 (CMHA). Target Designate Control

a. A part of the marker circuits (fig. 38)
Jocated in the target designate control enables
rapid designation and transfer of target video
slant range for the target tracking radar sys-
tem. There are two target designate controls
in the battery control console, one associated
with each PPI. Since the short range (SR)
target designate control and the long range
{LR) target designate control are identical,
only the LR target designate control is dis-
cussed. The range control knob on the LR
target designate control is used to position
the designate circle (par. 106) on the LR PPI
to the slant range of the target to be desig-
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nated. When the range control knob is de-
pressed or in designate enable, the FUIF sym-
bols are removed from the LR PPI display.
If the range control knob on the SR target
designate control is also in designate enable,
a designate semicircle (par. 108) iz displayed
on the SR PPI corresponding to the position
of the designate circle on the LR PPI. The
target designate control also produces re-
solver information which provides the target
azimuth. This information is transferred to
the antenna positioning system of the target
track radar (TM 9-1430.250-20,6).

Note. The grid zone references shown in parentheses
in b and ¢ below refer to figure 32, TM 9-1430-254-
20/6, unless otherwise indicated.

b. The marker circuit in the LR target
designate control (D3) consists of designate
range variable resistor Al (A6), a vollage
divider consisting of resistors R2 (C2), R3S,
R4, R5, and +RG MAX wvariable resistor R1,
SR relay K1, HIPAR relay X2, LR relay K3,
cathode follower V3, and associated cireuitry.
In addition, azimuth 6400-mil synchro resolver
Bl is mechanically linked to sine-cosine vari-
able resistor R18 (par. 106) and generates azi-
muth information for the target tracking radar
system.

¢. Variable resistor R1B (A6) in designate
range variable resistor Al is connected be-
tween 4-150 volts and ground. The wiper arm
of R1B is mechanically linked to the range
control knob. Depressing the range control
knob (B6) closes enable switch S1 applying
a ground to LR designate enable relays K4
and K3 in the time share relay assembly. This
energizes X4 and K3 putting the designate cir-
cuits {par. 102) in designafe enable. When
the acquigition operator moves the range con-
trol knob from the zero range position, the
positive voltage picked up at the wiper arm
of R1B is applied to the voltage divider comn-
gisting of plus range maximum +-RG MAX
variable resistor R1 (D2) and resistors R2,
R3, R4, and R5. Variable resistor Rl is ad-
justed to insure that the TTR slews to the
range displayed on range meter M1 (B6) when
maximum range has been selected. The ampli-
tude of the voltage transferred from the voit-
age divider to the control grid of cathode fol-
lower V3 (D4) is dependent upon the condi-
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tion of variable resistor R1 (D2) and three
relays: SR relay K1 (D3), HIPAR relay K2,
and LR relay K3. Table IV (par. 106) indi-
cates the conditions required to energize each
of these three relays in relation to the appro-
priate target designate control. Cathode fol-
lower V3 (D4) is normally conducting and
the positive voltage applied from the voltage
divider through the relay circuits increases
this conduction. This increases the potential
on the cathode of V3 in a positive direction.
This increase in potential is applied to the
acquisition range generator through range RG
ZERQ variable resistor R34 (D§), and contacts
7 and 16 (D7) of de energized SR designate
relay K13 in the LOPAR control-indicator.
Variable resistor R34 (D5§) is adjusted to in-
sure that the TTR slews to a range of 30,000
vards when meter M1 (B86) in the target desig-
nate control indicates 30,000 yards.

120 (CMHA). Acquisition Range Generator

a. The slant range of a target displayed at
the PPI in the presentation system (fig. 1) is
determined by measuring the interval between
the occurrence of the transmitter pulse and
the video of the target echo. Extreme accuracy
is not required of the acquisition radar system
gince the obtained slant range data is wused
primarily for target designation to the target
tracking radar system. Range accuracy of plus
or minus 150 yards, corresponding in time to
0.9 microsecond, is considered satisfactory.

b. Time (range) measurement to a target is
made by positioning a designate circle to en-
close the target video. The time delay between
the transmitter pulse and the range mark is
controlled by a designate range variable re-
sistor geared to a dial calibrated in yards. The
designate circle (par. 102¢ (4) {¢) and (5) (c))
is displayed on the cathode-ray tubes of the
PPI's. The designate range variable resistor
in the target designate control is mechanically
controlled by a range control knob. The output
of the wvariable resistor is used as a range
control voltage for the gate circuit in the ac-
quisition range generator (fig. 38).

¢. The acquisition range generator iz an
assembly of the HIPAR control-indicator,

TM 9-1430-250-20/11
Authorized

which is a part of the marker circuits. This
assembly generates the acquisition range
mark.

Note. The grid zone references shown in parentheses
in d through g below refer to figure 33, TM 9-1430-
254-20/6, unless otherwise indicated.

d. Operation of the acquisition range gen-
erator (D3) begins 23.5 microseconds before
the output RF pulse of the transmitter circuits.
The operation is triggered by a 1-microsecond
LOPAR preknock pulse (par. 18a¢) received
from the acquisition-track synchronizer or a
l-microsecond HIPAR preknock pulse from the
auxiliary acquisition interconnecting box. The
acquisition range generator then produces an
acquisition range mark with a 0.2-microsecond
duration. The acquisition range mark is sup-
plied to the video and mark mixer (C12).

¢. The acquisition range generator consists
of a phantastron delay circuit and a range
mark circuit. A functional analysis of these
circuits ig discussed in f and g below.

f. Action of the phantastron delay circuit in
the acquisition range generator is described in
(1) and (2) below.

(1) The phantastron delay circnit pro-
vides a variable time delay by means
of a voltage output having a con-
trolled linear wvariation from which
the acquisition range mark is gener-
ated. This circuit consists of block-
ing diode V1A (D3}, blocking diode
V1B, phantastron V2, and cathode
follower V3A, The positive LOPAR
or HIPAR preknock pulse is applied
through V1B (C8) to trigger the
phantastron at the repetition rate of
the selected radar. Diode V1B is used
as an isolation stage between the
phantastron and the LOPAR or HI-
PAR preknock circnits, The de range
control voltage from designate range
variable resistor Al (fig. 32, A6, TM
9.1430-254-20,/6) is applied through
V1A (D3) to the plate of the phan-
tastron. The applied dc veltage from
resistor Al determines the duration
of the phantastron output pulse.
Since the input dec control voltage is
variable, the output time delay is also
variable. This variable time delay
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(2)

determines the position of the sequi-
gition range mark displayed at the
PPI. The phantastron output is a
negative, 70- to 80-volt (maximum)
cathode pulse with a maximum dura-
tion of approximately 1524 micro-
seconds,

The leading edge of the phantastron
output pulse is coincident in time with
the leading edge of the LOPAR or
HIPAR preknock pulse. As designate
range variable resistor Al is varied
in a direction to increase the range
getting, a higher voltage appears at
the cathode of blocking diode V1A and
the trailing edge of the phantastron
output pulse moves in time, producing
a broader pulse of the same amplitude.
The trailing edge of the output pulse
corresponds to a variable delay time
of approximately 5 to 1524 microsec-
onds. RATE variable resistor R13
{D4) is provided for adjusting the
slope of the phantastron pulse time.
This adjustment insures accurate
ranging of the output of the acquisi-
tion range generator as designate
range variable resistor Al is varied
throughout its limits. Therefore, the
acquisition range circle and the elec-
tronic cross can be more closely
alined at any given range. The phan-
tastron pulse is supplied to differen-
tiating and clipping amplifier V3B in
the range circuit,

¢. The acquisition range generator mark
circuit is described in (1) through (4) below.

180

1)

The delayed negative pulse from the
phantastron circuit is applied to dif-
ferentiating and clipping amplifier
V3B. This stage does not respond
to the leading edge of the input pulse.
The trailing edge, however, causes
V3B to produce a sharp negative pulse
of approximately 110 volts. The de-
layed output pulse from V3B is used
to trigger monostable multivibrator
V4. When triggered, V4 generates a
150-microsecond, 30- to 40-volt rec-
tangular pulse. The duration of this
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(2)

(3)

{4)

CONFIDENTIAL

pulse is controlled by GATE
LENGTH variable resistor R20 (D5).
The positive pulse from monostable
multivibrator V4 (D5) is amplified
and inverted by network driver V5B
{D6) before application to range
mark delay variable network Z1, a de-
lay network operating as a quarter-
cycle oscillator. From Z1, a negative
pulse with a steep leading edge and
a sinuseidal recovery towards refer-
ence is applied to pulse forming triode
V64 (D7). Pulse forming triode V64,
normally conducting, is cut off for
approximately 75 microseconds, the
factory-adjusted duration of the Z1
cutput pulse. A 75-microsecond pulse
is formed on the plate of V6A. This
pulse is amplified, clipped (squared},
and inverted by V6B. The negative
square wave from V6B is differenti-
ated by capacitor Cl6 and resistor
R46 in the input circuit to differenti-
ating and clipping amplifier V7.

The differentiated square wave re-
sults in a positive and a negative
pulse. The negative pulse has its lead-
ing edge in coincidence with the lead-
ing edge of the applied square wave,
The positive pulse has its leading edge
in coincidence with the trailing edge
of the same square wave. The nega-
tive pulse is ineffective at the input
of V7 because of baseline clippings
(cutoff bias). However, the positive
pulse is amplified and inverted by V7,
The negative output pulse of V7 ap-
pears T5 microseconds after the nega-
tive pulse applied to 21. From V7, the
negative pulse is inverted by trans.
former T1 which provides impedance
matching to the distribution circuit.
The output from T1 is the positive
10- to 18-volt acquisition range mark
with an approximate duration of 0.2
microsecond. The acquisition range
mark is supplied to the video and
mark mixer in the MTI circuits (par.

T1le(6)}).
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121 {CMHA). Mark Generator

a. The mark generator {fig. 38) in the tar-
get radar comtrol console receives two 4-ke
voltages which vary as the sine-cosine of the
rotor positions of a track azimuth resolver.
The mark generator receives the 4-ke reference
earrier and the sync pulse from the sequisition-
track synchronizer. From these input signals,
the mark generator develops a track azimuth
gate and a track azimuth mark for each revolu-
tion of the acquisition antenna. The gate and
the mark are supplied to the MTI circuits (par.
71c (2} and {(8}).

b. The mark generator consists of a gate
circuit and a mark circuit. A functional
analysis of the mark generator is given in ¢
and d below.

Note. The grid zone references shown in parentheses

in ¢ and d below refer to figure 33, TM 9-1430-254-20/8,
unless otherwise indicated.
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¢. The gate circuit consists of elipper limiter
V1A {B7), gate amplifier V3A, gate cathode
follower V3B, coincidence detectors V4A and
V4B, and associated eircuits.

{1} The modulated east-west (E-W) sig-
nal (A, fig. 39) received from track
azimuth resolver B4 (A4} is applied
to clipper limiter V1A (B7). This
signal is elipped and limited by V1A,
except for a 720-mil (41-degree} sec-
tion (B, fig. 39) which is unaffected.
The center of this unaffected section
is at the null point of the E-W modu-
lated 4-ke input signal. The null point
oceurs every 3200 mils of antenna ro-
tation. The output from V1A is ap-
plied to coincidence detector V4A and
clipper limiter V1iB. This unaffected
720-mil signal is detected by V4A to
remove the positive section. The re-
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(2)

(3)

sulting 720-mil signal (J, fig, 39)
from V4A is superimposed on a
pedestal waveform from coincidence
detector V4B.
The pedestal waveform is developed
by gate amplifier V3A (A7) from
two signals appearing across 4KC
ADJ variable resistor R20. One sig-
nal is the north-south (N-8) modu-
lated 4-ke signal from track azimuth
resolver B4 (A4). This signal is
combined with a second, the 4-ke ref-
erence carrier received from the 4-ke
oscillator (par. 77) at resistor R20,
The combination of signals results in
the cancellation or reinforcement of
alternate half cycles of the modula-
tion envelope. This causes a wave-
form (E, fiz. 33) having one maxi-
mum and one minimum point per
revolution of the acquisition antenna.
This waveform is amplified and in-
verted in gate amplifier V3A (A7).
The output of V3A is applied to coin-
cidence detector V4B and gate de-
tector V2B.
From V3A the modulated sinuseidal
waveform, having a node occurring
only once during 6400 mils of an-
tenna rotation, is detected by V4B
which removes the positive sections.
The negative half of the waveform
(K, fig. 39) from V4B is combined
with the 720-mil waveform from V4A.
The 4-k¢ carrier component is re-
moved from the combined waveforms
by resistor R21 (B8) and capacitor
C5 which form an RF filter. The
resultant negative waveform (L, fig.
39) is a positive-going triangular
pulse superimposed upon a positive-
going half sine wave and is applied to
gate cathode follower V3B (B8). At
the cutput of V3B the positive-going
signal has a peak-to-peak value of
70 volts, This output from V3B is
the track azimuth gate which repre-
sents the beam azimuth setting of the
track antenna reflector assembly. The
track azimuth gate is supplied to the
video and mark mixer. This unit uses
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the gate as an aid in the development
of the LOPAR video and marks, an
output of the MTI circuits (par. 71).

d. The mark circuit consists of clipper
limiter V1A and V1B, gate detectors V2ZA

and V2B,

coincidence amplifier V7, mono-

stable multivibrators V6 and V5, and associ-
ated circuits.

(1)

(2)

CONFIDENTIAL

The amplitude-modulated waveform
(B, fig. 39) from V1A is further
clipped and limited by V1B to yield
two 14-mil (0.8-degree) nulls (C, fig.
39) per acquigition antenna revolu-
tion. One of these nulls occurs the
instant the acquisition antenna radar
beam azimuth coincides with the beam
azimuth setting of the track antenna
reflector assembly while the other oc-
curs 3200 mils later. The resultant
waveform is detected by VZ2A (BR)
to remove the positive half, and fil-
tered by resistor R12 (A8) and capac-
itor C3 to remove the 4-kc carrier.
Therefore, the input to coincidence
amplifier V7 is a positive-going 14-mil
pulse occurring every 3200 mils of
acquisition antenna rotation (D, fig.
39). GATE ADJ wvariable resistor
R10 (B8) controls the bias on V2A
and hence the bias on the suppressor
of V7, so that the change in bias pro-
duced by the null voltage will allow
a single LOPAR sync pulse to be
passed during the gate interval, (2)
below. This insures that a single line
representing the azimuth of target
track antenna is visible at the PPI.

Since only one triangular pulse (D,
figz. 39) is desired during each acqui-
gition antenna revolution, this pulse is
selected by a pedestal waveform (F,
fig. 39) developed by gate detector
V2B. The medulated 4-kc waveform
from V3A iz detected by V2B and
combined with the output of V2A at
the R12-C3 filter. This filter, com-
mon to both V2A and V2B output
circuits, removes the 4-kc carriers,
The combined waveforms (G, fig. 38)
appear at the suppressor grid of co-
incidence amplifier V7. The second in-



(3)
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put to V7 is a positive LOPAR sync
pulse from the acquisition-track syn-
chronizer or HIPAR syne from the
auxiliary aequisition interconnecting
box. Upon application of the com-
bined signals to V7, the positive-going
triangular pulse superimposed on the
pedestal conditions V7 so that a sync
pulse occurring during the triangular
pulse is amplified. A negative output
pulse of sufficient amplitude to trig-
ger monostable multivibrator V6 is
produced. Since the undesired tri-
angular pulse is at the minimum
point of the pedestal waveform (G,
fig. 39) applied to V7, the pulse has
no effect on V7 and no output is pro-
duced when it occurs.

Multivibrator V6 develops a pulse of
relatively long duration (20,000 mi.
croseconds) when triggered. Thus,
V6 is unable to respond to any synt
pulse but the first one selected by the
14-mil gate applied to the suppressor
grid of V7. The positive square wave
from V6 (H, fig. 39) is differentiated
by capacitor C9 (A9) and resistors
R25 and R26, and applied to mono-
stable multivibrator V5 every 6400

CONFIDENTIAL
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mils of acquisition antenna rotation.
The first triode section of Vb5 is nor-
mally cut off by the bias supplied from
the voltage divider consisting of resis-
tors R24 and R25 connected between
ground and —250 volts. The positive
spike, corresponding to the leading
edge of the positive pulse output of
V6, causes the first triode section of
V5 to conduct. In this manner, V5
develops a positive 5- to 10-volt rec-
tangular pulse output (I, fig. 39) at
the cathode of its first triode section
from a positive input. The acquisi-
tion azimuth mark pulse has a maxi-
mum duration adjusted to 1524 micro-
geconds (250,000 yards) by MARK
LENGTH variable resistor R32 for
LOPAR system operation. This ad-
justment insures that the radial line
of the electronic cross may be pre-
sented at the selected maximum range.
The output of V5 is the track azimuth
mark supplied to the video and mark
mixer in the MTI circuits. The track
azimuth mark and the track range
gate produce the radial line of the

electronic cross.
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CHAPTER 10 (CMHA)
ASSOCIATED TARGET IDENTIFICATION AND DESIGNATION EQUIPMENT

Section | (CMHA). FIRE UNIT INTEGRATION FACILITY SYSTEM

122{CMHA). Integration and Data
Transmission

¢. A fire unit integration facility (FUIF) sys-
tem (fig. 40) is used with missile master AN/
FSG-1 to provide an integrated air defense for a
particular defense area. This integrated system
is designated to relay accurate and nearly in-
stantaneous designation datz and/or information
of high-speed aircraft and missiles between the
Army Air Defense Command Post (AADCP) and
related NIKE-HERCULES Angi-Tactieal Bal-
listte Missile (ATBM) systems. Twenty-four
NIKE-HERCULES ATBM systems and their
associated FUIF equipment can be used in a
single defense area. All FUIF units within a
defense arez, however, cannot transmit data
simultanecusly. All can receive data from the
missile master at the same time. To avoid un-
intelligible combinations of information, a method
of time sharing is provided by the master timer,
an integral part of the missile master. This timer
provides a sequential interrogate signal to each
FUIF system in order, interrogating and listen-
ing for the report-back, a procedure known as
“reference”. In less than 0.15 second each NIKE-
HERCULES ATBM system can be interrogated
and give a report-back to the missile master.
At least five such systems can be interrogated
once every second. The repori-back is then re-
generated: data transmitted to the missile master
from one battery is stored and retransmitted by
the missile master to other FUIF systems in
the defense area. When NIKE-HERCULES
ATBM system I, for example, is tracking a target
in a sector also defended (overlapped) by NIKE-
HERCULES ATBM system II, system I can
obtain and observe the regenerated target data
of NIKE-HERCULES ATBM system 1.

b. The data transmissions of the missile master
at the AADCP and the FUIF equipment at a
given NIKE-HERCULES ATBM system are
linked by three telephone lines: the battery data
link (BDL) line is primarily used by the missile
master {o provide each systermm with reference
data; the automatic data link (ADL) line is
used fo provide the NIKE-HERCULES ATBM

24752 0« 86 - 17

system with broadcast data (mission tracks and
identities); and the report-back line is used by
the missile master to obtain reference data and
confirmation of commands from the FUIF equip-
ment at each NTKE-HERCULES ATBM system.
Designations and commands sent from AADCP
to specific systems are transmitted simultaneously
along both the ADL and BDL lines (par. 123q).

¢. Precise coordination of target range, azimuth,
and alfitude information between the missile
master and associated NIKE-HERCULES ATBM
systems is necessary. Sector orientation within
a defense arez by means of a topographieal grid
system provides an accurate and simple means of
coordinating firing missions. Each defense area
is represented by a master grid which covers the
area assigned to the AADCP, and loeal grids which
lay within, or partially overlap, the master grid.
Each local grid represents the seetor assigned to
a NIKE-HERCULES ATBM system. To enable
the coordination of positional data between
AADCP and local systems, all grids have esiab-
lished points of reference. The reference point
of the master grid is its center point; the reference
point of each local grid, with the NIKE-HER-
CULES ATBM system located at the center, is
the southwest corner of that particular grid.
The distance from the reference point of the
master grid to the reference point of the local
grid is called parallax. The east-west parallax
is the X parallax (Px); the north-south parallax
is the Y parallax (Py). Height, which is refer-
enced to sea level, is H parallax (Py). Al
parallax and positional data are presented in
quanta in both master and local grids. The X
and Y coordinates (horizontal) are each sub-
divided into 1024 quanta, and the H coordinates
(vertical) into 512 quanta. One quantum rep-
resents 625 yards, which gives a total of 640,000
yards (1024 x 625) per side for each local and the
master grid. The distance in X, Y, and H from
the reference of the local grid to the target is
called the target coordinate position data. The
sum of target coordinate position data and the
parallax of system position with respeet to AADCP
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Figure 40 (U). Integraied air defense system—Dblock diagram (U).

is presented as a line code, d below, at the output
of the FUIF system., This parallax corrected
coordinate data, referenced to the south-west
corner of the local grid, is furnished to the AADCPF.

d. The line code is binary to simplify the repre-
sentation of decimal numbers. It is a logarithmic
function, but differs from common or Briggsian
logarithms in having a base of 2 rather than 10.
By using two conditions, “on” or “off” (1 or 0),
all decimal numbers can be represented. This
facilitates electronic computation and provides
a simple means of storing and transferring data.
This data is transmitted in the form of pulse code
modulation (PCM) (fig. 41) which is modulated
by a frequency and spaced by time slots. If the
frequency is present in a particular time slot, the
number 1 is indicated; a time slot with no fre-
quency represents .

e. Data is exchanged between AADCP and
batteries in NIKE-HERCULES ATBM systems

186

by the use of PCM data frames. There are three
different data frames: areference (category) PCM
data frame and a designate (category) frame,
both transmitted by the AADCP, and a report-
back frame transmitted by FUIF units. Each
data frame is divided intc 55 time slots, or bits,
of 1.3 milliseconds duration. Each frame contains
the receiving equipment synchronizing signal,
auxiliary word, and target data. The time slot
represents a binary digit (bit) in the form of a
1500-cps signal. A binary 1 bit is represented by
two cycles of the 1500-cps signal. Five data
words are peculiar to each frame; a ready-sync
word (time slot 0 through 7), an auxiliary word
(time slot 8 through 17), an H coordinate word
(time slot 18 through 27), an X coordinate word
(time slot 28 through 40), and a Y coordinate
word (time slot 41 through 58}, A frame-guard
slot, which allows the receiving equipment to be
reset at the end of the data frame, is contained
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in time slot B4. Fach data word in the ADL,
BDL, and report-back PCM frames is discussed
in detail in (1) through (5) below.

0y

@

Ready-sync word. The ready-sync word,
an 8-bit binary number is identical in
all three frames. Bits § through 5 are
the ready portion of the word. Bits §,
1, and 2 comprise a 600-eps signal super-
imposed on a 1500-¢ps signal; bits 3, 4,
and 5 contain a 1500-cps signal only.
The ready-syne word arms the receiving

equipment for an incoming PCM message.

frame. Bit 6 is the guard bit, a binary
0 bit which separates the syne bit 7
from the ready word. This insures that
the receiver is synchronized only by the
syne bit,

Auziltary word. The auxiliary word is
a 10-bit binary number containing in-
formation which varies in each of the
three data frames. The auxiliary word
is diseussed in (g} through {¢) below.

(¢) Reference data frame. Bits 8 and 9

identify the data frame as a reference
data frame. Bit 8 contains a binary
1 and bit 9 contains a binary 1. Bits
10 and 11 contain identity of a target.
Friend code is 10 and foe is 01. During
areference PCM frame, bits 12 through
14 are binary zeros used as commands
and are only present in a designate
data frame. Bits 15 through 17 are
spares, and contain no information.

(b) Designate date frame. Bits 8 and 9

will identify the data frame as a des-
ignate data frame. Bits 10 and 11
give the identity of the target whose
coordinates are contained in the data
frame. The identity code is identical
to that of the reference data frame,
(e} above. BRBits 12 through 14 give
a command signal. One of the follow-
ing commands is always contained in
a designate data frame: enpage (code
001), hold fire {code 101), or cease
engage (code 011).

{¢) Report-back data frame. Bits 8 and 9

identify the type of report-back data
frame. Binary code 01 in these time
slots indicates the category of an
active tracking battery. Binary code
00 indicates the category of an active

CONFIDENTIAL - Mocjied Handling

nontracking battery. Bits 10 and 11
are spares and eontain no information.
Bits 12 through 14 give the battery
status or condition. One of the fol-
lowing conditions is contained in the
data frame; ready (code 010), track-
ing {code 011), firing (code 100), ef-
fective {code 101), or ineffective (code
110). Bits 15 and 16 give an estimate
of the number of targets in formation
(target-size}). One of the following
estimates is contained in the data
frame: one {code 01), few (code 10),
or many {code 11}. Bit 17 is an
acknowledge signal. When bit 17 is
a binary 1, it indicates that the battery
is acknowledging a command., When
bit 17 is a binary 0, the battery is
not acknowledging a command.

(3) H-coordinate word. In all three data
frames (reference, designate, and report-
back) the H-coordinate word is formed
from 10 bits, 18 through 27, which
form a 10-bit binary word representing
grid position in H.

(4) X-coordinale word. The X-coordinate
word of each of the data framesisa 13-
bit binary word {28 through 40} repre-
senting the grid position in X.

(5) Y-coordinale word. The Y-coordinate
word of each of the three data frames
is a 13-bit binary number, 41 through
58, representing the grid position in Y.
Designate and reference PCM message
frames always consist of target data co-
ordinates. The report-back, however,
will depend on the battery status. If
the battery is in the active nontracking
category, bits 8 and 9 will register 00.
The transmitter will then encode battery
positional data instead of tracking co-
ordinate data.

123 (CMHA). FUIF Equipment Operation

a. Data flow within the fire unit integration
facility (FUIF) system (fig. 42) appears in three
forms: pulse code modulation (PCM), ground or
no-ground conditions, and analog voltages which
represent target position data. All designate
data from the missile master at Army Air Defense
Command Post (AADCP) to a NIKE-HER-
CULES ATBM system is transmitted along auto-
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Figure 42 (U). FUIF equipment—block diagram (7).

matic data link (ADL) and battery data link
(BDL} lines. Reference information from one
NIKE-HERCULES ATBM system to another
is regenerated by the missile master and trans-
mitted along a BDL line. The BDL and ADL
PCM data are applied to the line-switching cir-
cuits, part of the data converter. The line-
switching circuits select for presentation either
broadeast information (par. 122b) transmitted on
the ADL line or reference information transmitted
on the BDL line. Designation and command
signals are transmitted simultaneously over ADL
and BDL lines. This insures that the designation
and command signals are displayed in either
mode of line switching, and are displayed in case
either line is damaged or destroyed. From the
line-switching circuits, the PCM data is sent to
receiver AN/TSQ-8, The receiver makes a
parallax correction, converts PCM data to analog
voltages (Xg, Yg, and H), and develops an all-
data present (ADP) pulse. From the receiver
the analog voltages with the ADP pulse are ap-

plied through the data converter to the ground/
slant computer., In addition, the receiver sup-
plies a start transmitter pulse (STP) to trans-
mitter AN/TSQ-8 and applies a ground or no-
ground condition representing target identities to
the presentation system in the NIKE-HER-
CULES ATBM system. Commands and cate-
gories signals are sent from the receiver as ground
or no-ground signals to the relay status equipment
at the FUIF. Here relays are energized or de-
energized applying ground or no-ground through
the auxiliary acquisition interconnecting box to
the fire control-indicator where FUIF indicators
are either illuminated or extinguished. For
further information on FUIF indicators refer to
TM $-1430-250-20/12.

b. The ground/slant computer (fig. 42) converts
Xas Yg, and H, which are ground conformal co-
ordinates measured along the curvature of the
earth, to X3z and Yy, which are slant coordinates
measured in the NIKE-HERCULES ATBM sys-
tem reference plane. The ground/slant computer
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also sends an ADP-—read-out pulse to the NTKE-
HERCULES ATBM system when Xg and Yg
have been computed. The Xg and Y positioning
analog voltages are sent to the presentation sys-
tem in the NIKE-HERCULES ATBM system
and are used to position FUIF symbols on the
PPUs.

¢. From the NIKE-HERCULES ATBM sys-
tem computer, Xy, Yo, and Hy rectangular co-
ordinates and D target slant range are sent
through the auxiliary acquisition interconnecting
box to the data converter in the FUIF equipment.
The data converter changes the rectangular co-
ordinates to ground conformal coordinates Xg,
Y, and H, which are also analog voltages. These
analog voltages are then sent to transmitter
AN /T8Q-8. The transmitter is placed in opera-
tion by an STP pulse furnished by the receiver,
g above. The STP pulse will be present whenever
the AADCP sends an interrogate signal. The
transmitter then encodes X, Yg, and H into
three binary words which accurately represent
the magnitude of analog voltage. The NIKE-
HERCULES ATBM system also originates status,

CONFIDENTIAL - MosiTies Handtive

target-size, and acknowledge signals from the fire
control-indicator in the director station trailer.
These signals are sent to the FUIF equipment
through the auxiliary aequisition interconnecting
box. Switch-indicators on the fire control-indi-
cator energize FUIF relay status equipment re-
lays. These relays send ground or no-ground
signals to the transmitter in the FUIF equipment.
The transmitter encodes these signals into binary
words which accurately represent the above sig-
nal conditions. These words are combined into
a PCM message frame (outgoing) and are
sent to the AADCP (fig. 42). The PCM message
frame is interpreted by AADCP for battery status,
target-size, acknowledge signals, or tracking in-
formation. .

d. The BATTS-NORMAL and BOTH switch-
indicators control the line switching circuits (fig.
42). These switeh-indicators are located on both
PPI's in the director station trailer and allow
the battery control officer to select reference dis-
plays BDL or broadeast displays ADL message
frames of other missile systems in the defense
area.

Section Il (CMHA), SELECTIVE IDENTIFICATION FEATURE/
IDENTIFICATION FRIEND OR FOE SYSTEM

124 (CMHA)}. IFF Equipment Integration
and Operation

a. The identification friend or foe (IFF)} equip-
ment (interrogator set AN, TPX-20) supplements
the NIKE-HERCULES ATBM system to furnish
one of the available means for identifying targets
as friendly or hostile. With the selective identi-
fication feature (SIF) added to the IFF equip-
ment, the combination is designated the Rark
X SIF/IFF equipment (AN/TPX-27). The units
of the Mark X SIF/IFF equipment are operated
as auxiliary equipment in conjunction with the
low power acquisition radar (LOPAR) system
(fig. 1}, Provisions for the remote operation of
the SIF/IFF equipment are furnished by the
SIF/IFF and LOPAR control ¢circuits.

b. The SIF/IFF system can be used to chal-
lenge any target detected by the LOPAR. system.
The challenging action is initiated by remote
controls located on the PPI’s at the battery con-
trol console in the trailer mounted director station.
If the challenged target is equipped with a suitable
transponder unit operating at the designated fre-
quency and code, the transponder transmits an

IFF signal as a reply. This signal appears on the
PPI displays as an IFF video symbol (fig. 32)
together with the target video.

¢. The interrelationship of the LOPAR system
and the SIF/IFF system is shown in figure 43.
Cireuits and connections in the LOPAR system
are provided to coordinate the operation of the
SIF/IFF equipment. These provisions are pri-
mary ac power, IFF trigger pulses (preknock) to
synchronize the IFF challenging signals with the
transmitted RF pulses of the LOPAR system,
and a presentation system to display the IFF
coded return (reply) video signals. In addition,
the LOPAR system provides mounting space for
the IFF equipment and associated IFF antenna,

remote controls and circuits to operate the SIF/
IFF equipment from the trailer mounted director
station, and mounting for the SIF equipment
{decoder group AN/TPA-3} within the director
station trailer. The units of the SIF/IFF equip-
ment are separately furnished except for the re-
mote controls and indicators. A detailed analysis
of the SIF/IFF equipment is provided in other
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technical manuals and is not presented in this
section except where necessary for functional
clarification.

d. The IFF equipment {interrogator set) portion
of the SIF/IFF system (fig. 43) is mounted on
the acquisition antenna. This equipment, also
shown functionally on figure 36, TM 9-1430-254-
20,6, is discussed in (1) through (4) below.

(1) The IFF antenpa AT-352/UPA-22 is a
separate UHF broadside array-type an-
tenna rigidly mountéd on the lower front
of the acquisition antenna. Therefore,
parallax eorrection between antennas is
not necessary and the IFF symbol is
displayed at the same azimuth as the
target video. The IFF antenna functions
as both a transmitting and a receiving
antenna for receiver-transmitter RT-
211A/TPX. A functional analysis of
this antenna is provided im TM 11-1191.

{2) Receiver-transmitter RT-211A/TPX isa
self-contained, lightweight unit compris-
ing the basie IFF equipment required for
the transmission and reception of ecoded
IFF signals. This umit is interconnected
with the decoder group, ¢ below, the
coder-control unit, (3) below, and the
SIF/IFF control eircuits (par. 125} which
provide remote control from the direc-
tor station trailer. A functional analysis
of the receiver-transmitter is provided
in TM 11-1191 or TB 11-11981-1.

(8) The ecoder-control unit KY-97B/TPX
performs the coding functions of the
IFF equipment. This unit develops
pulses and the pulse spacing necessary
for proper interrogation of am aircraft
transponder. The synchronizing pulses
applied to the coder-control unit are the
IFF irigger pulses (prekmock) from the
acquisition-track synchronizer (par. 18).
The coder-control unit also provides
Jocal controls for the operation of the
receiver-transmitter and incorporates the
cireuits required for enabling remote
operation of the IFF equipment. This
unit and the receiver-transmitter are
mounted together on the bottom-rear of
the acquisition antenna,

(4) A recognition signal simulator SM-140/
TPX mounted on the IFF receiver-
transmitter is provided for testing in-
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terrogator set AN,TPX.27, a above,
{(TM 11-1181). This simulator is used
to test the operation of the SIF/IFF
equipment, taking the place of an air-
borne transponder by providing RF
pulse trains, or a single RF pulse, to the
receiver-transmitter. These signals per-
mit the testing of the SIF/IFF equip-
ment under simulated operating condi-
tions. A functional analysis of the recog-
pition signal simulator is provided in
TM 11-5840-204-10.

e. The SIF equipment {decoder group AN/
TPA-3), a portion of the SIF/IFF system, is
located in the director station trailer. The SIF
equipment (par. 125) is added to the IFF equip-
ment to make available a greater number of IFF
codes and to permit rapid code changes. This
equipment (fig. 43) is briefly discussed in (2) and
(3) below.

(1) The acquisition-track synchronizer, al-
though not part of decoder group AN/
TPA-3, contains a pulse generator stage
that is a funectional part of the SIF/
IFF operation. This unit provides a
synchronizing link between the SIF/IFF
equipment, f below, and the LOPAR
system. The acquisition-track synchro-
pizer produces an IFF trigger pulse co-
incident in time with the LOPAR pre-
knock pulse.

(2) Video decoder MX-1995/TPA-3, an as-
sembly of separately furnished equip-
ment located in the equipment cooling
cabinet is part of the director station
trailer. The purpose of this decoder is
to determine the identification of the
target transmitting an SIF/IFF coded
reply. The video decoder receives a
coded pulse train from the receiver-
transmitter and produces a signal repre-
senting the LOPAR IFF video (par. 125)}.
A functional analysis of the video de-
coder is given in TM 11-5840-202-10
and TM 11-5849-202-20.

(8 Remote switching control C-1903/TPA-
3, an assembly of separately furnished
equipment, is mounted on the IFF auxil-
jary control-indicator in the auxiliary
acquisition control interconnecting group,
part of the director station trailer. The
remote switching control (TB 11-1191-1)
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establishes the selecled code for each of
three modes of SIF/IFF operation and
provides remote control circuits for the
video decoder. These coding controls
are readily accessible behind the ae-
quisition operators. The control assem-
bly is comprised of three multipole-
multiposition rotary switches and ‘one
toggle switch, which are used in con-
junction with three switch-indicators on
each PPI in the IFF control ecircuits to
provide three modes of SIF/IFF opera-
tion.

f. The functional operation of the IFF equip-
ment (fig. 43) is presented in (1) through (6) be-

low,

1)

@

The acquisition-track synehronizer (par.
18) produees timing pulses which syn-
chronize the operation of the LOPAR
transmitter circuits with the operation
of the SIF/IFF system. One of these
pulses is the 20- to 40-volt IF¥ trigger
pulse. The IFF trigger pulse is in eco-
incidence with the LOPAR preknock
pulse (fig. 8). A second pulse is the
transmitter sync pulse which is applied
to the LOPAR transmitter circuits. This
pulse oceurs 23.5 microseconds after the
LOPAR preknock pulse and triggers the
transmitter circuits at 500 pulses per
second. Pretriggering of the SIF/IFF
circuits by the IFF trigger pulse is re-
quired by the coding characteristics of
the IFF equipment.

Note. The grid zone references shown in

parentheses in (2) through {6) below refer to
figure 36, TM 9-1430-254-20/6, nnless other-
wise indicated.
The IFF trigger pulse (preknock) is ap-
plied through acquisition slip ring ter-
minal 22 (D14) to the coder-control unit
(D16), where each trigger pulse is pro-
cessed into pulse-pairs. These pairs
carry the eoding (interpulse spacing) of
one of the three available challenge
modes, g below. From the coder-control
unit, the pulse-pairs are applied to the
receiver-transmitter (fig. 43) where they
initiate IFF transmitter operation and
simultaneously establish the reception
period of the IFF receiver.

dified Handling

™ 9-1430-250-20/11

Authorized

3

(4)

)

(6)
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The transmitter section of the receiver-
transmitter (A16) generates and applies
to the IFF antenna an RF carrier which
is pulse modulated by the seleeted coding
developed in the coder-control unit. The
IFF antenna radiates these RF challenge
signals for transponder reception by any
target detected by the LOPAR system.
These IFF challenge signals are received
by the receiver portion of the transponder
equipment within the target. The trans-
ponder, in turn, transmits a reply com-
prised of coded RF signals at the fre-
quency to which the IFF equipment
is tuned.

The coded RF reply signals transmitted
from the target are received by the IFF
antenna and applied to the receiver
section of the receiver-transmitter. The
receiver converts the RF input into
LOPAR IFF video, a succession of
pulses designated the eoded pulse train
{fig. 43). From the receiver section of
the receiver-transmitter (Al6), the LO-
PAR IFF video is applied through ac-
quisition slip ring terminal 24 (Al4) and
deenergized IFF video select relay K2
(B9) to the video decoder (A8) in the
equipment cooling cabinet, a part of the
trailer mounted director station. The
video decoder is conditioned by the re-
mote switching control (B8) on the IFF
auxiliary control-indicator.

On the remote switching control, a two-
position TEST—OPERATE switch (TM
11-5840-202-10) controls decoder group
AN/TPA-3 (SIF portion of the IFF
equipment). When set to TEST, this
switch conditions the decoder group so
that a coded pulse train from the re-
ceiver-transmitter is passed without
change through the video decoder (par.
125f) to the video and mark mixer (fig.
31, D41, TM 9-1430-2564-20/6). This
conditioning of the decoder group per-
mits normal IFF challenging from either
PPI (A3 or B5).

The video and mark mixer (fig. 43) com-
bines the IFF video with bypass and
MTI video. The resultant signals are

then mixed with the acquisition marks,
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The output of the video and mark
mixer preduces the LOPAR acquisition
video and marks applied to the video
eircuits {fig. 37). The IFF video ap-
pears on the indicators of the presenta-
tion system as a symbol consisting of
one or more ares with the same azimuth,
but at a position slightly greater in
range than the target video. In this
manner, the target video and its IFF
identifieation symbol, if any, can be
viewed to determine the target identity.
Additional eireuit features, provided by
the IFF control eircuits, promote ac-
curate identification by means of various
interrogation modes, ¢ below.

Mote. The grid zone references shown in parentheses in
g and & below refer to figure 3¢, TM 9-1430-254-20,6, unless
ctherwise indicated.

g- The challenge mode is selected by depressing
one of the three mode switch-indicators, IFF
CHALLENGE MODE 1 switch-indicator A2
{A3), IFF CHALLENGE MODE 2 switch-indi-
cator A3 (A2), or IFF CHALLENGE MODE 3
switch-indicator A4 (Al) located on either PPI.
These switch-indicators are identical on both the
long range and short range PPI’'s, have the same
designation, and perform the same function, The
three switch-indicators provide control of the
challenging modes that may be transmitted by
the IFF equipment physically located on the ac-
quisition antenna, and condition the video de-
coder located in the equipment cooling cabinet
(B8) to one of three modes. The three modes of
video presentation and the funections of each
switch-indicator are discussed in (1) through (4)
below.

(1} When IFF CHALLENGE MODE 1
switch-indicator A2 on either PPI is
illuminated green, mode 1 is selected,
This mode is the normally used condi-
tion of IFF operation. Mode 1 permits
interrogation and identification of all
aircraft containing a transponder condi-
tioned to respond to any mode challenge
signal from the IFF equipment. When
switch-indicator A2 is depressed, section
81D applies frame ground (LOPAR IFF
mode 1) through the director station
group (B5), to acquisition slip ring ter-
minal 14 {C14)} to energize a mode 1 re-
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lay in the coder-controi unit (D16).
This relay, in turn, conditions the inter-
pulse code spacing to an interval of 3
microseconds. Section S1B applies frame
ground {LOPAR IFF challenge) through
the director station group, to acquisition
slip ring terminal 20 (B14) to initiate
the challenge mode in the coder-control
unit, Section S1C applies frame ground
to the video decoder (A8) to condition
this unit for mode 1.

When IFF CHALLENGE MODE 3
switech-indieator A4 (Al) is illuminated
green, mode 3 is seleeted. This mode
permits interrogation and identification
of a group of aireraft by means of the
IFF reply from the lead aireraft only.
Thus, a selected transponder is actuated
and a single IFF reply is returned. The
use of this mode prevents crowding of
the presentation system with a large
number of [FF symbols which would be
obtained if mode 1 were used. Switch-
indieator A4, section S1D, applies frame
ground (LOPAR IFF mode 8) through
the director station group (B5) to ac-
quisition slip ring terminal 18 (Bl4) to
energize a mode 3 relay in the coder-
control unit. This relay, in turn, condi-
tions the interpulse spacing to an interval
of 8 microseconds. Seetion S1B (B1)
applies frame ground (LOPAR IFF
challenge} through the director station
group to acquisition slip ring terminal
20 (Bi4) to initiate the challenge mode
in the coder-control unit. Section SI1C
(B1) applies frame ground to the video
decoder (A8) to condition this unit for
maode 3,

When IFF CHALLENGE MODE 2
switch-indicator A3 is illuminated green,
mode 2 is selected. This mode is in-
tended for detailed recognition of a
particular atrcraft and, therefore, per-
mits interrogation and identification of
any single aircraft in a group of aireraft.
The IFF reply is received from only
that aircraft which has its transponder
conditioned to reply in this mode. The
reply is displayed on the PPi's as two
defined ares. With switch-indicator A3
depressed, a frame ground (LOPAR IFF

e,
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challenge) is applied to acquisition slip
ring terminal 20 (B14) to initiate the
challenge mode in the coder-control unit.
When any one of the three switch-indi-
cators, A2, A8, or A4, is illuminated
green the TFF equipment is conditioned
to receive an emergency mode reply
from a challenged target transponder.

k. The IFF control circuits mounted on the
auxiliary fire control-indicator and both PPI’s
remotely control the IFF or SIF equipment.
Remote control is possible only after certain
switches in the IFF equipment are properly set.
The IFF controls and related switches (TM 9-
1430-253-12/2) for remote operation are given in
{1} through (5} below.

M)

2

(3)

When a LOCAL-REMOTE switch (TM
11-1181) on the coder-control unit is set
to REMOTE, all front panel operating
controls of the coder-control unit are
electrically transferred to the auxiliary
fire control-indicator and both PPl's.
In order to challenge by remote conirol,
a CHALLENGE toggle switch on the
coder-control unit must be set to OFF.
The coder-control CHALLENGE switch,
when set to ON, overrides the three IFF
CHALLENGE MODE switch-indica-
tors, Ad (Al), A3, and A2, on the two
PPI’s.

Since the IFF equipment has self-con-
tained power supplies, only primary ac
power is supplied from the LOPAR sys-
tem. The de power is furnished by the
IFF power supply when the [FF POWER
switch (TM 11-1191) on the receiver-
transmitter {Al6) and a similar switeh
at the coder-control unit are set ON.
These switches are normally left in the
ON position so that the IFF equipment
is automatically¥-energized when the LO-
PAR system is energized.

Alternate aetion CHGP ON—CHQOP
OFF switch-indicator A18 {C2) on the
auxiliary fire control-indicator is used
under adverse presentation display con-
ditions to distinguish IFF video from
acquisition video. When switeh-indica-
tor Al8 is depressed illuminating CHOP
ON indicator green, a frame ground is
applied through the direetor station
group (B5) to aequisition slip ring ter-
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minal 11 (B14) to energize a chop cireuit
relay in the coder-control unit. This
chop circuit periodically interrupts a
succession of pulse-pairs used to develop
the transmitter challenge signals. Ae-
cordingly, the IFF reply signals are also
interrupted. The end result of the dis-
played video is a clearly defined series
of short dashes forming an arc slightly
greater in range than the acquisition
target video. When switch-indicator
Al8 is depressed illuminating CHOP
OFF indicator amber, frame ground is
removed and the chop cireuit does not
operate.

Alternate action LONG GTC — SHORT
GTC switch-indicator A17 (C1) on the
auxiliary fire control-indicator is used
to conform with the operating range of
the LOPAR system. When switch-in-
dicator Al7 is depressed illuminating
SHORT GTC indicator white, a frame
ground is applied through acquisition
slip ring terminal 13 (B14), to control a
GTC relay located in the coder-control
unit. Switch-indicator A17 is depressed
illuminating LONG GTC indicator white
when the video circuits (fiz. 34, C31,
TM 9-1430-254-20/6) are set for 250,000-
yard displays. This setting will condi-
tion the receiver section of the receiver-
transmitter (Al16) to have a high gain
for distant IFF video reception and to
reduce the gain for relatively close IFF
video reception in order to maintain a
uniform intensity of IFF presentation.
During SHORT GTC operation of
switch-indicator A17, the gain of the
receiver in the receiver-transmitter is
reduced to a level required for short
range signals and short range displays
on the presentation system. The man-
ual gain of the receiver is adjusted by
IFF GAIN variable resistor R14A (C3).
The brightness and definition of the
IFF video symbols displayed by the
presentation system is determined by
the setting of IFF VIDEQ variable re-
sistor R69 (fig. 28, C46, TM 9-1430-
254-20/6) on the video and mark mixer.
The IFF POWER ON indicator Al9
(C3) (illuminated green), provides an
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indication that IFF power has been ap-
plied to the selected (HIPAR or LO-
PAR) system. When LOPAR is se-
lected, IFF select relay K4 (D3) is de-
energized. The ac power (LOPAR IFF
power on) from the video decoder (A8)
is applied through contacts 7 and 16 of
deenergized K4 to a rectifier consisting
of CR3, CR4, CR5, and CR6 (C3) in
the auxiliary fire control-indicator. The
dc voltage from the rectifier is applied
to energize IFF power on relay KB,
applying —28v LD through contacts 5
and 3 of K6 to illuminate green lamps
DSI and DS3 (C3). Selection of HIPAR
will apply HIPAR select ground to ener-
gize K4 {(D3). HIPAR IFF power is
applied through contacts 8 and 16 of K4
to the rectifier consisting of CR3, CR4,
CR5, and CR6. As long as ac power is
received from either of the selected sys-
tems, indicator A19 is illuminated green.
When the ac power is removed, indica-
tor Al9 is illuminated white.

125 {CMHA). Selective Identification
Facility Equipment and
Circuits

¢. The selective identification faecility (SIF)
equipment is added to the identification friend
or foe (IFF) equipment to form the SIF/IFF
system (fig. 43). This system, in conjunction
with the IFF remote contirol circuits, provides
the IFF and SIF/IFF symbols used in the dis-
plays on the presentation system (fig. 1). The
addition of the SIF equipment also provides
greater flexibility in the interrogation of targets
within range of the LOPAR system. The SIF
equipment {fig. 43} consists of remote switching
control C-1903/TPA-3, video decoder MX-1995/
TPA-3, and associated controls and circuits.

b. The SIF/IFF control circuits include the
controls and indicators which permit the SIF/
IFF equipment to be remotely controlled from
the PPI's and auxiliary fire control-indicator in
the trailer mounted director station. For further
information on the remote controls and indicators
used with the SIF/IFF equipment (interrogator
set AN/TPX-27), refer to TM 9-1430-253-12/2.
Since the remote operation of SIF equipment and
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IFF equipment is similar, only pertinent controls
and indicators of the SIF equipment are dis-
cussed in ¢ through e below.

Note. The grid zone references shown in parentheses in
¢ through ¢ below refer to figure 36, TM 9-1430-254-20/6,
unless otherwise indicated.

¢. When a TEST-OPERATE switch (TM 11-
5840-202-10) on the remote switching control
(B8) is set to OPERATE, the video decoder (AS8),
remote switching control, and mode switch-indi-
cators, JFF CHALLENGE MODE 1 A2 (A3),
IFF CHALLENGE MODE 2 A8, IFF CHAL-
LENGE MODE 3 A4, become electrically effec-
tive, thereby causing the SIF equipment (fig. 43)
to become operative. This requires that three
rotary coding switches on the remote switching
control be set to the proper numerical ecode asso-
ciated with the prevailing mode selected by mode
switch-indicator A2, A3, or A4. This condition-
ing of SIF circuits insures that the IFF reply
signals are decoded by the video decoder and IFF
video is applied to the presentation system (fig. 1).

d. When the separately furnished SIF equip-
ment for IFF decoder group AN/TPA-3 is not
available, a temporary modification is required
for the remote control of the IFF equipment.
This modification connects input connector P204
{AB) to output connector P201 (B8) so that the
video decoder is bypassed. Bypassing transfers
the IFF video from the receiver-transmitter di-
rectly to the presentation system. In addition,
it is necessary to add a temporary strap between
terminals 126 (C5) and 156 (A9) in the director
station group so that when ac power {LOPAR
IFF power on) is applied, IFF power on relay
K6 (C3) energizes, illuminating IFF POWER ON
indicator lamps DS1 and DS3 (C8). For normal
SIF/IFF operation, when the SIF equipment is
provided, the two temporary connections must
he removed.

¢. The three mode switch-indicators, A2 (A3),
A3, and A4, allow the operators to select one of
three modes. Each mode has a different number
of codes available and varies the flexibility of the
SIF/IFF system (fig. 43). In all three modes, the
transmitted interpulse spacing is identical to
normal IFE' operation. When a TEST-OPER-
ATE switch (TM 11-5840-202-10) located on the
remote switching control (B8) is set to QPERATE,
the video decoder (A8) and mode switch-indicators
AZ (AB), A3, and A4 become electrically effective.
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With switch-indicator A2 depressed, IFF CHAL-
LENGE MODE 1 is selected. This mode, in
conjunction with the setting of one of three
rotary switches (TM 11-5840-202-10) on the re-
mote switeching control, makes available 37 codes
to the SIF/IFF system. With switch-indicator
A3 depressed, mode 2 is selected. In this mode,
the remote switching control (B8) makes available
to the video decoder an additional 64 codes,
With switch-indicator A4 depressed, mode 3 is
selected and another 64 codes are added. There-
fore, through the action of switch-indicators A2,
A3, and A4 and the rotary switches (TM 11-
5840-202-10) on the remote switching control, a
total of 165 codes are provided in the SIF/IFF
system. Emergency mode presentation, in con-
junction with SIF/IFF operation, is identical to
the emergency mode described in the normal
IFF gperation in paragraph 124g(4).

f. Either HIPAR, or LOPAR IFF video is ap-
plied to the video decoder (A8). The type of video
input is determined by which video is selected
by contacts of IFF video select relay K2 (B9),
This relay is controlled by VIDEQ SELECTED —
LOPAR READY switch-indicator Al and VIDEQO
SELECTED — HIPAR READY switch-indicator
A2 on the LOPAR control-indicator, and identical
switch-indicators A3 and A2 on the HIPAR con-

T™ 9-1430-250-20/1)

trol-indicator (par. 13b). When relay K2 is
energized, HIPAR IFF video is supplied to the
video decoder. When LOPAR video is selected,
relay K2 is deenergized and LOPAR IFF video
is supplied to the video decoder.

g. Video decoder M X-1995/TPA-3 (A8B) receives
LOPAR IFF video (pulse train) from the output
of the receiver section of the receiver-transmitter
(Al6). This LOPAR IFF video is amplified and
applied to an internal delay line. The delay line
transforms the time-sequential series of pulses
into a time-coineident array. If the pulse spacing
in the train is ecorrect, the pulses will appear
simultaneously at taps in the delay line. This
array of pulses is applied through a bank of
relays to a dicde matrix, made up of two series
of germanium diodes. The diode matrix, in
conjunction with the relays, analyzes the pulse
configuration to determine if the configuration
corresponds to the code selection at the remote
control box. If the code is satisfied, a positive
voltage pulse is produced by the diode matrix.
This pulse is elipped, amplified, and supplied at
output connector J204 (AB} for use as LOPAR
IF'F video. If the code is not satisfied, this posi-
tive pulse either does not appear or is inhibited
by a “killer” circuit so that there is little or no
output from the video decoder.
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APPENDIX (V)
REFERENCES ()

t (U). Publication Indexes

The following indexes should be consulted frequently for the latest changes or revisions of references

given in this appendix and for new publications relating to materiel covered in this manual.

Index of Administrative Publieations. .. ... ... ... ... . ... .. e DA Pam 310-1
Index of Blank Forms . . ..ot e e e DA Pam 310-2
Index of Tables of Organizations and Equipment, Tables of Organizations, Types of Tables

of Distribution, and Tables of Allowanees. .. ......... . ... 0 e DA Pam 310-7
Index of Technical Manuals, Technical Bulletins, lubrication Orders, and Medification

Work Orders . ... e Bl sacaren T e I O DI s 4, o AT LT s DA Pam 3104
Index of Training Publieations. . .. . ... .. ... . DA Pam 310-3

2 (V). Forms and Records
The following forms and records pertain to this materiel:

Logistics (General): Malfunctions Involving Ammunition and Explosives. ... ........... AR 700-1300-8
Recommended Changes to DA Technical Manuals, Parts List, or Supply Manual 7, 8, or 9. DA Form 2028
The Army Equipment Record System and Procedures. . . ........ ............... o1 e TM™ 38-750

3 (V). Supply Manuals

The following supply manuals of the Department of the Army Supply manuals pertain to this ma-

teriel :

a General.
Istroduetion . . ............... ... ... ....... SN 5 el 0 S D s ORD 1

b. Repair and Rebuild,

Operator and Organizational Maintenance Manual: Radar Course Directing Central: Re-
pair Parts and Special Tools Lists for Antenna-Receiver-Transmitter Group, Acquisition
0A-1601/T, OA-1596/T arnd A Frame, Vehicle Mounting (NIKE-HERCULES/Improved

NIKE-HERCULES Air Defense Guided Missile Systems) . ... ....................... TM 9-1430-250-12P/2/2

Crganizational Maintenance: Radar Course Directing Central: Repair Parts and Special
Tools List for Director Computer Group, Guided Missile (Improved NIKE-HERCULES

Air Defense Guided Missile System).... .. ... ... .. ... i e TM 9-1430-250-12P/9/2

Operator and Organizational Maintenance Manual: Radar Course Directing Central: Re-
pair Parts and Special Tools Lists for Antenna-Receiver-Transmitter Group, Acquisition
{EFS) and (EFS/ATBM) (Improved NIKE-HERCULES Air Defense Guided Missile

System) oo 80 SRR T WG Bl e e 0 U TM 9-1430-253-12P/1/2

4 (U). Other Publications

The following explanatory publications contain information pertinent to this materiel and associated

equipment.

a. General.
Accident Reporting and Reeords. .. ... ... ... . e AR 385-40
Air Defense Artillery Missile Battalion, NIKE-HERCULES . ... .. ..................... FM 44-95
Army Safety Policy . ........................ T e R e, AR 385-10
Authorized Abbreviations and Brevity Codes. ... ... . ...t AR 820-50
Dictionary of United States Army Terms . .. .......c.. it otinr i ieaianns.as AR 820-5
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Disposal of Radioactive Materlals. . ... .. .ttt i i et AR 755-380
First Aid for Soldiers. .. ............ s Y T FM 21-11
Hazards to Health from Microwave Energy .. .. ... ... o i AR 40-583
Military Symbols . .. ...... ... .. o T T PP FM 21-20
Military Training . T AN A . 4 B
Ordnance Major Item and Major Combination and Pertinent Publications..... ... .... SBS1
Organizational Policy and Responsibilities for Maintenance Operation.. ..... .......... AR 750-5
Technique of Military Instruetion. ... ... ........... ... ... ..... e e FM 21-6

b. Technical Bulletins,
Blectrical Tests and Minor Maintenance of Alternating Current and Universal Motors. ... TB ORD 689
Guided Missiles: Ordnance Spot Check and Command Maintenance Inspection. . ......... TB 9-212/1
Interrogator Set AN/TPX-27 and IFF Mark X (SIF)System..... ... ....... viveve... TBI11-1181-1

¢. Technical Manuals,

Ordnance Maintenance: Materials used for Cleaning, Preserving, Abrading, and Cementing
Ordnance Materiel and Related Materials Includuag Chemijcals, Lubricants, Indicators,

and Hydraulic Fluids. . NP R 76 s e = L B TM 9-247
Interrogator Set AN/TPX»ZO O U - . S T T™ 11-1191
Qperator’s Manual: Decoder Group AN/TPA-3 . .. .. . i i e T™ 11-5840-202-10
Recognition Signal Simulator SM-140/TPX; Operators Manual............. S, s TM 11.5840-204-10
Decoder Group AN /TPA-3; Organizational Maintenance; Second Echelon . ... .. .. . TM 11-5840-202-20
Operators Manual: Overall System Deacription (Improved NIKE-HERCULES Air De-

fense Guided Missile Systeml. .. .. .t e e e ™ 9-1400-250-10/2

Operators and Organizational Maintenance Manual: Voice Communieation Systems (NIKE-
HERCULES and Improved NIKE-HERGULES Air Defense Guided Missile Systems). TM 9-1400-251-12

Cperator and Organizational Maintenance Manual: Check Procedures: Electronic Fre-
quency Selection/Anti-Tactieal Ballistic Missile High Power Acquisition Radar (NIKE-

HERCULES Anti-Tactical Ballistic Missile System}. . . .. ... ... ... i ™ 9-1430-250-12/5
Organizational Maintenance: Theory: Radar Course Directing Ceniral: Computer System
and Recording Devices INIKE-HERCULES Antiaircraft Guided Missile System)..... TM 9-1430-250-20/3

Organizational Maintenance Manusl: Theory: Target Tracking, Target Ranging, and Missile
Tracking Radar Systems and Radar Test Set Group ( Improved NIKE-HERCULES
Air Defense Guided Missile System), ... .. ... .. . i e T™ 9-1430-250-20/6

Organizational Maintenance Manval: Theory: Electronic Frequency Selection/Anti-
Tactical Ballistic Missile High Power Acquisition Radar (NIKE-HERCULES Anti-
Tactical Ballistic Missile System ) ... ... .. i ittt it e e T™ 9-1430-250-20/10

Organizational Maintenance Manual: Theory: Radar Course Directing Central: Tactical
Control and Power Distribution (ATBM): (NIKE-HERCULES Anti-Tactieal Ballistic
Misgile Byatom ). ... e e s T™ 9-1430-250-20/12

Assembly and Emplacement: Radar Course Directing Central (NIKE-HERCULES and
Improved NIKE-HERCULES Air Defense Guided Missile Systems) .. ................ TM 8-1430-251-10

QOperators Manual: Siting Requirements for Radar Course Directing Central (Improved
NIKE-HERCULES Air Defense Guided Missile System) .. .. .. .. S T T™ 9-1430-251-10/2

Operator and Organizational Maintenance Manual: Cheels Procedures: Low Power Acqui-
sition Radar and Computer {ATBM) (NIKE-HERCULES Anti-Tactical Ballistic Mis-

o L1 ) G TM 9-1430-251-12/2
Organizational Maintenance Manual: Checks and Adjustments: Radar Course Directing
Central (Improved NIKE-HERCULES Air Defense Guided Missile System)......... ™™ 9-1430-251-20/2

Operators and Organizational Maintenance Manual: Check Procedures: Target Tracking,
Target Ranging, and Missile Tracking Radar Systems and Radar Test Set Group (Im-
proved NIKE-HERCULES Air Defense Guided Missile System). .......... TM 9-1430-252-12/3
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Operator and Organizational Maintenance Manual: Electronic Frequeney Selection/Anti-
Tactical Ballistic Missile High Power Acqmmtlon Radar (NIKE-HERCULES Anti-
Tactical Ballistic Missile System) .. ... . . e TM 9-1430-258-12/1

Cperator and Organizational Maintenance Manual: Radar Course Directing Central
{ATBM): (NIKE-HERCULES Anti-Tactical Ballistic Missile System). .. .. PR TM 9-1430-253-12/2

Organizational Maintenance Manual; Funetional Schematic Diagrams: Electronic Fre-
quency Selection/Anti-Tactical Ballistie Missile High Power Acquisition Radar (NIKE-
HERCULES Anti-Tactical Ballistie Missile System) .. ........ ... ... ... . ... . ... TM 9-1430-254-20/5

Orpanizational Maintenance Manual: Functional Schematic Diagrams: Low Power Acqui-
gition Radar (ATBM): (NIKE-HERCULES Anti-Tactical Ballistic Missile System)... TM 9-1430-254-20/6

Organizational Maintenanece Manual: Functional Schematic Diaprams: Computer System
and Datz Recorder (NIKE-HERCULES Antiaireraft Guided Missile System)........ TM 9-1430-255-20

Organizational Maintenance Manual: Functional Schematic Diagrams: Missile Tracking,
Target Tracking, and Target Ranging Radar Systems and Radar Test Set Group (Im-
proved NIKE-HERCULES Air Defense Guided Missile System)}. .. .................. TM 9-1430-256-20,3

Organizational Maintenance Manual: Unit Schematics: Acquisition Radar System (NIKE-
HERCULES and Improved NIKE-HERCULES Air Defense Guided Missile Systems).  TM 9-1430-257-20

Organizaﬁonal Maintenance Manual: Unit Schematies: Electronic Frequency Seleetion)
Anti-Tactical Ballistic Missile High Power Acquisition Radar System |(NIKE-HER-
CULES Anti-Tactical Ballistic Missile System). ... ... .. ... ... .. ....... coviee..  TM 9-1430-257-20/4

Orgauizational Maintenance Manual: Unit Schematies: Computer System and Data Re-
corder (NIKE-HERCULES Antiaireraft Guided Missile Systemn) . ......... ... ..... . TM 5-1430-258-20

Organizational Maintenance Manual: Unit Schematics: Target Tracking, Target Ranging,
and Missile Tracking Radar Systems, Radar Test Set (TS-84TA/MSW-1) and Radar
Test Set Group (NIKE-HERCULES and Improved NIKE-HERCULES Air Defense
Guided Minsile Systemia). o . ...ttt et e e TM 9.1430-255-20
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4 .KC oscillator (Ses Oscillator, 4-ke)

A AR IFF equipment integration and operation {Ses identification friend or foe (YFF) system)

Acquisition AFC (See AFC, acquisition)

Acquisition antenna (See Antenna, acquisition)

Acquisition antenna system {See Antenna system, acquisition)

Acquisition duplexer (Ses Duplexer, acquisition)

Acquisition IF pre amplifier (See Pre amplifier, acguisition IF)

Acquisition interference suppressor (See Suppressor, interference, acquisition)

Acquisition modulator pulse-shaping cireuits (See Modulator, acquisition, pulse-shaping cireuits)
Acquisition radar systems, combined . . ... ... s

Acquisition range generator (See Generator, range, acquisition)
Aequisition receiver circuits:

Main magnetic elromit. . ... .. ..t i
Acquisition reselver signal switehing. ...... ... i i i

Acquisition RF power supply control (See Control, power supply, acquisition RF)
Acquisition-track synchronizer (See Synchronizer, acquisition-track)
Acquisition trigger amplifier (See Amplifier, trigger, acquisition)

APC, acquisibion . ... ... i i i ey

AFC (automatic frequency control) circuita:

Block diagram analysiB. . ... ... et it i i e ey
T P0G, | . . .\ 4 us e e oratsmnm e et e aaas e ae i e e e e e r b bsa R bk

AFC frequency converter {See Frequency converter, AFC)

Amplifier, azimuth and range posttion. . ... .. ... i i s
APHART, dela Y. . . vvr v it e i aea e b
Amplifier, fast AGC. . ... .. it i i it it i e e
Amplifier, IF, main gequisition. ... ... i i i e
Amplifier (fast AGC operated), IF, main aequisition. . .............. i
Amplifier, IF, wide-band. ... ... . i i i s
Amplifier, loOW-POWET BETVD, . ... ...t iiiire i iiiasr i by
Amplifer, ves0lvar. . . ... i i i i i e i e
Amplifier, resolver, auxiary . . . .. .. i i e e
Armplifier, sweep, B S00Pa, .. .. i et b a s
Amplifier, trigger, acquinlbion.. ... ... i i bbb
Amplifier, trigger pulse-video. ... ... . it st r e

Amplifier, video, B acope:

B scope indicator sweeD clPalita. . ... .. 0 cr i i e
Bt L .y, 117 NP
Amplifier, video, BT L. . ...ttt it i it e i e
BN LT L L o A A

Antenna acquisition;

Control of elevation seanning. . ... o i it e s
Blevation 8eanmilg. . ... .v vt e e e
LT 1 R R R

Antenna drive circuits (See Antenna gyatem, acquisition)
Antenna system, acquisition:

Block dingram analysis. . ... ..ot i et i it r e
0T oL R TR R
LD AT 117 USSR U RS
Main sequisition-racelver ¢IraUIta. .. .. ... vv it i
(8] T3 N0 1 L - Y AP
TP OBE , . ..ottt ittt s s ta st tsnr et taa e s ey
Automatic elevation scanning conditions (table XI)...... ... i ittt

Auxiliary acquisition control interconnecting group (Ses Control interconnecting group,
auxiliary aequisition}

Auxiliary aequisition radar (AAR) eapability. . ... ..o i

Auxiliary electronie frequency converter (Se¢ Frequancy converter, electronic)
Auxiliary IF pre amplifier (See Pre amplifier, IF)
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Auxiliary resolver amplifier (See Amplifier, resolver, auxiliary)
Azjmuth and range position amplifier (See Amplifier, azimuth and range position)
Azimuth blank generator (See Generator, azitnuth blank)
B scope indicator (See lndicator, B scope)
B scope indicator cathode-ray tube circuits (See Cathode-ray tube circnits, B scope indieator)
B scope indicator sweep circuits (See Indicator, B scope, sweep cireuits)
B scope marker generator (See Generator, marker, B scope)
B scope modulation eliminator {Se¢ Modulation eliminator, B scope)
B gcope aweep amplifier (See Amplifier, sweep, B ncope)
B scope sweep generator (See Generator, sweep, B scope)
B scope video amplifier (See Amplifier, video, B scope)
Cathode-ray tube. . ... .. e L (L A" ek 110
Cathede-ray tube circuits, B secopeindieator. .. .........cvovvrvnnn... 116
Cathode-ray tube deflection. ... .. ... v ivrr i, B ot T 86
Comments, criticisms, and correetions. ... .. ... ..ot rt e rennnan 4
Complete dehumidifier eyele {table 1). ........... A R 1 - L S R 26s(1)
COMPIeRIOE . . ... ettt it e LA P 264
Control, power supply, aequisition RF...................... e P R 44
Control, sensitivity time . ... ... ..o e Y < 0 Y . R 42
Control interconnecting group, auxiliary acquisition. ... ................ AR or G 101
Corrections (See Comments, eriticisms, and corrections)
Coupler, IF....... ., T T e - oL R 48
Coupler, TOLATY . . .. .ottt e e e e f e ihrrrrerrrarerarrea 28¢
Date, operating:
Acquisition antenna aystem ... ..., . ..., ~ . N - . ereeeees i
Miscellaneous data......... ... .. ... ... oo .. B i o L R R 11
ML Bymem . . i it e e e L. Y. 9
Presentation ¥etem. ... ...t i e . S 10
J i T e 8
Synehronizing Syabemm . . ... o e e e e 5
Trangmi g BYBbEI .. . .. . e e 8
BB T T B 268s
Delsy amplifier (See Amplifier, delay)
Delay dine, ML ... it e r et ier e e raeaeannns P 86
Delay line driver (See Driver, delay line)
Designate cireles, .. ... ...t ., ™ 108
Designate control, TaIet . . .. .. e e v 118
Discriminator, electronic frequency . . . .. .....i i, e . 50
Driver, delay e, . ... i e R 84
Driver, writing gun:
PPIsweep eireuits. .. ... ... i e rrrrreer s 88
PPI symhol positioning eireuits..,. ... ............... e, tererarenarEanarana 106
Video elretita . . ... e e e e, T 109
Duplexer, acquisition. ... ... ...ttt e e e e e e vt are s 26a
Electronic gate (See Gate, electronie)
Electronic frequency discriminator (See Discriminator, electronic frequency)
Elevation scanning {See Antenna, acquisition)
Ersge, PPI (See PPI erase)
Fail-sale circuit. .. ... . s L, R, . 87
Fast AGC amplifier (See Amplifier, fast AGC)
Fire unit integration facility (FUIF) system:
Equipment operation.............ovviuiverinrennnsns ] g 123
Integration and data transmission . ........ ......... . R N . 122
Operating data ..., . . .. e e s e r e s e nrr et i nane e, 11
Forms, records, and reporta ... ... ... ...t P . 8
Frequency and power meter (See Met.er frequency and power)
Frequency converter, AFC. .. ... ... . . . e, . e N b8
Frequency converter, electronic:
AU Y . e i =S = S . 47
Main. . i m e B AR e Y AR e, 41
Frequency converter, main aignal. . ... .. ... ... it SRR, a7
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Authorized
Paragraphs
Gate, electronic:
B seope indicator sweep elreuits. . ... ... 97
MTIaysteIt. .. ... o e T0
Generator, azimuth BIRDIK. ... .. L 112
Gemerator, MAIE NOIBE. .. ..\ o\ttt ittt e et e e 43
GRENETREOT, TRATH . . o e e s v et e et e hete e ettt 121
Generator, marker, B acope:
B scope indicator sweep elfeMits. . .. ... .o 96
Video cireuits. . . ......... 0 il . ot e A O S 115
Generator, range, ACQUSIHOR. . .. ... .. 120
Generator, WD, B BLOPE. . ... .. ... 94
High power acquisition radar (HIPAR) system:
T LR 18e
HIPAR-LOPAR BWIteHIDE. . et ittt e e 13%
s S T I R CEEREPREERE 13s,f
T [T A LR R R R 18¢
SynchTODIZIDE BYBLEMI. . . . .0\t et ottt ittt e r s e 176
Ydentification friend or foe (IFF) system:
T O R R 1241
Equipment integration Bod OPETABIOR . ... ....ooiiiii 124
OPEFALIDE ABEA . . . ... oot v ittt et e e 11
IF coupler (See Coupler, IF)
TREICRLON, B BIOPE . . .o oottt t ettt it a e e e 113
Indicator, B scope, sweep circuits:
Block dingram analysis. ... ... ... e 89
PUEPOBEME . ... e ta an stk e ¢ ¢ s s e s s e et s b s 88
Interconnecting box, suxiliary acquisition. .. ... ... ol 101a
Loceal cacillator {See Oseillator, local}
Low power. aequisition radar (LOPAR) syatem:
T T O A O R 185
T - o . o LR LR 13¢
HIPAR-LOPAR BWItOhIME. . . vttt it ittt e e e s 185
o0 T 1Y 20 T EEEREEREEEE 1343
ey R o e R RR R A o 14
Relationship $0 ATBM SYBLEIM. .. ..o oovintiere e re o aaa s aaa s 12
T R R R R R 148d
SynchromiziBg BYSLEIT . . . ... .ottt e e 17a
Syatem GEVIBION . . ... ot e e s 156
Low-power servo amplifier {Ses Amplifier, low-power servo)
MEEDEErON GIPCUIS. . .. . oo v v oot wa s e e e s e e e st 23
Mair acquisition IF amplifier (Se¢ Amplifier, IF, main acquisition}
Main acquisition IF amplifier {fast AGC operated) (Sez Amplifier (fast AGC operated), IF,
main acquisition)
Main electronic {requency converter {See Frequency converter, electronic)
Main IF pre amplifier (See Pre amplifier, IF)
Main noise generator {Sez Generator, main noise)
Main signal frequency converter {See Frequency converter, main signal}
Mark generator {Se¢ Generator, mark)
Marker circuita:
Block diagram anRIYEIE. ... ..ot e e 118
T oot KR R R LR 117
Meter, frequency BB POWET. . . . ...t o e tn e e 265
Mixer, video and TBTK. ... ...l e S AR e, 71
Modulation eliminator, B BCOPE. ... o it 92
Modulator, sequisition, pulse-shaping Girewits. .. ... ... e 22
M otor-generator, TReeIVEr-EUNET . . . . ...ttt 60
MTI delay line {See Delay line, MTI)
MTT OPRrBENE TIOABE . . .« ..o w e ee et s ettt ettt st st 63

M1 ocacilloscope (See Qscilloseope, MTI)
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MT1 systemn:

Block diagram snalysis. ............. R
Circuits . . .......... Y T,

Deseription . ... ................. e R . P, LA
Operatingdata....... ..................c¢o.vos. A P b ranens T o
MTI video amplifier (See Ampllﬁer, video, M‘I‘I)
Nomenelature. ... ......oovvunne e . Cherreen . ..
Operating data {(See Data, operating)
Osecillator, 4&-ke............... D P A N S e,
Ogcillator, loeal . ....... e B . e Cenreaan e e e TN
Oscilloscope, MTL .. .............. N RrT e oo e varronnsend E
Ponel, test, PPY. .. ... .. .......... R PR PP i I o R I

PP! (plan position indicator) circuita:
Blockmgdmgramanalyms ....................

Purpose.........oooiiie i, e [
PPI erase:

Periodicerase. ... . ... ....oiiieenainnn., e rreraaa. Ceeeaan
Previewerase................ A P et
Select erase. ................... Cebeaean e
PPI teat panel (See Panel, test, PPT)
PPI range displays and pulse widths (table III}. . .... Crerereeaan erreeas
PPI symbol positisning circuita;
Block dizgram analysis. .. ... e RN e - P bt rerannas

Presentation system:
Deseription. ................. e eeaean e e teeee s
Operating data ....... N e, e e
PPI and B scope indicator. ... .. e e b e, Chbeaeens .
Purpose. ..........coein s, . D e e
Radar select and preview cireuits .. ...............
Puise and logic generator:
PPIsweepmrcmta ...................

Pulse persistence generator:
PPI sweep circuits........ Cre et e AN TN Y T,

Video ciremits .. ............ e miaaenrar s e ke s adtar et taneann
Recelver-tumer. .. .. o i i i i e e e hensaaeaanas

Receiver-tuner motor-generator (See Motor-generst.or. meeiveM\mer)
Receiving system:

Deseription. ............. e e e

Purpose................... Chebenaan eareai@iens

Records (See Forms, records, and reports)

Relay assembly, time share, . ........ AT A Ciretanees . :

Reports (See Forms, records, and reports)

Resolver amplifier (See Amplifier, resolver)

Rotary coupler (See Coupler, rotary}

Scope of manual.............

Sensitivity time control (See Control, sengitivity time)

SIF/IFF (Selective identification feature/identification friend or foe) aystem:
Deseription . .. .. Ciiennriaanns Crrraeaanan
SIF equipment and SIreuits . .. .o.ven ittt i e e e e .

Suppressor, interference, acquisition............. ) o A
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Authorized
Parsgraphs
Sweep generator:
PPIaweep eircuits. ... ... ... ....oooooi i 85
PPI symbel positioning eireuits.............................. ... ... 104
Synehroassembly......... .. ... . 91
Synehronizer, acquisition-track ... 18
Synchronizing system:
Block diagram analysis. .. ................... ... .. 17
Deaeription . ... ... e, 15a
Operatingdata............ .. ... . 5
Purposey. . U BNEwn M. wewWE 16
Tablesa:
Automatic elevation scanning eonditions (table 8 R
Complete debumidifier eycle (table Iy . ........................... ... . ... ... 0w
PPI range displays and pulse widths {table L ) X T D~ T
Target designate control relay energization {table IV e
Time share relzy assembly (Sez Relay assembly, time share)
Target designate control (See Designate contrgi, target)
Target designate control relay energization (table V) 106/
Transmitting system:
Block disgram analysis. ... 20
Degeription. ............ ... R & catt N IR S 15b
Operatingdata......... ... ... ... 6
PUEPOBR . . ..t 19
Video and mark mixer {See Mixer, video and mark)
Video circuits:
Biock diagram analysis. ............ ... 108
Parpoge. .. .. 00 = T ... S 107
Waveguide circuits. ... ... 26

Wide-band IF amplifier (Ses Amplifier, IF, wide-band)
Writing gun driver (See Driver, writing gun)
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