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INTRODUCTION

manual contains sccond and third line maintenanee instructions for Radio Set AN/PRC-
515. It includes a description of the cquipment, maintenance procedures, illustrated parts
list, and schematics, Throughout the manual, common names are used for nonmenclatured
jtems of Radio Sct AN/PRC-515 and scveral nomenclatured accessory items. The common

pames are:

NOMENCLATURE

Receiver -Transmitter Group OR-5007/URC
Radio Recciver-Transmitter RI'-5047/URC
Receiver-Transmitter Control C-5310/URC
Amplifier-Coupler AM-5280/URC

Storage Battery BB-706/U

Radio Set Harness M'1'-5167/PRC-515
Antenna AS-5093/PRC-515

Handset H-5017/GR

Headset-Microphone 1-5016/PRC-515
Electrical Power Cable Asscmbly CX-5229/PRC-515
Battery Charger PP-5267/U

Direct Current Gencerator G-5002/PRC-515
Telegraph Key KY-5033/PRC-515

Antenna AS-5094/1’RC-515

Antenna Counterpoise AS-5095/PRC-5140

COMMON NAME

recciver -transmitter group
receiver-transmitter
control
amplifier-coupler
battery

pack frame

whip antenna

handset

headset

battery cable
battery charger
generator

telegraph key

dipole antenna

antenna counterpoise

Additional manuals ti.at support Radio Set AN/PRC-515 include:

Radio Set AN/PRC-515 Operator's Manual
Radio Test Set AN/PRM-501
Radio Test Set AN/PRAI-502

Battery Charger PP-5267/U Maintenancee Manual

xi/(xii blank)



SHCTION 1

Y

DIESCRIPTION

1.1 PURPOSE
o Set AN/PRC-515 (figure 1-1) is a backpack, single-sideband, high-{frequency receiver-

mitter that provides tactical voice and CW communications in the 2, 0000~ to 29, 9999-
MHz frequency range with a channcel spacing of 100 Hz.,

1.2 EQUIPMENT SUPPLIED

Equipment supplied as part of Radio Sct AN/PRC-515, is shown in figure 1-2, and is listed
!n table 1"10

1.3 ACCESSORY EQUIPMENT

Accessory cquipmoent available for use with Radio Set AN/PRC-515 is shown in figure 1-3
and is listed in table 1-2,

Figure 1-1. Radio Set AN/PRC-515
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RFCEIVER-TRANSMITTER
CONTROL C-5310/URC

RADIO NCCEIVER.-
TRANSMITTER RT-5047/UNC

. AMPLITIER-COUPLER

AN-5280/URC

. RADIN SET HAHNESS

MT5167/PRC-515
STORAGE BATTERY BB-706/U

. ANTINNA AS S093/PRC-515

. HEADSETAHCROPHONE

H-5016/PRC-515
HANDSET H-5017/GR

TLECTRICAL POWER CABLE
ASSEMBLY CX-5229 /PRC-515

TPA0297017

Figure 1-2,  Eguipment Supplied



1. GATIENY CHANGER PP5262/U

2. DIRECY CURRENT
GENEHRATOR
G-5002/PRC-515

3. TELEGRAPHKEY
KY-5033/PRC-518

ANTENNA AS-5094/PRC-515

ANIFMNNA COUNTERPOISE
AS SUOGHIPHC-51S

»

(S

TPA0208-017

Figure 1-3, Accessory Equipment
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QTY NOMENCIATURE COLLINS
PART
NUMBER
*1 Radio Receiver-Transmitter RT-5047/URC 622-2148-;)02
*] Receiver-Transmilter Control C-5310/URC 622-2653-003
*1 Amplilier-Coupler AM‘-—5280/ URC 622-2149-00]
2 Storage Battery BB-706/U 629-5703-001
1 Radio Sct Harness MT-5167/PRC-515 629-3425-002
1 Antenna AS-5093/PRC-515 629-5702-001
1 Handset H-5017/GR 637-1952-001
1 Headset-Microphone 11-5016/PRC-515 635-5148-001
1 Electrical Power Cable Assembly CX-5229/PRC-515 629-3428-001

*These items make up Recciver-Transmitter Group OR-5007/URC (Collins part
number 622-1407-002),

Table 1-1. Equipment Supplied

NOMENCLATURE

COLIINS
PART
NUMBER

Battery Chavger 1P1-6267/U

Direct Current Generator G-5002/PRC-515
Telegraph Key KY-5033/1'"RC-515

Antenna AS-5094/PRC-515

Antenna Counterpoise AS=-65095/1'RC-515

629-3416-003
629-3415-001
(37-1949-001
622-3073-001

629-5896~-001
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Lé EQUIPMENT SPECIFICATIONS
frequency FANEC ...l

S8 e e

wweroutpllt ..... e e e e s e e e o s

ptycycle . ...,

quing time . ..ot iiiiiiaieen

Receiver scnsitivity

USB e # ® © 5 0 6 2 0 0 0 00 0 0 000 06000

AM...0-0.-.0.............

A\ﬂlOinput.o-......-.....-o...
mooutput e ® ¢ 6 0 &6 & 060 s o ° 5 s s 0 8 a0

Primary power . ..c..cccceccoccn

m we!ght ® @ & ® 6 & & 0 &6 % o o 0 0 0 P o s
Temperature range
maul‘g e ® ® 9 8 5 0 8 0 8 0 5 0 0 6 0 8

Mge ® &6 6 06 & 06 o 9 & & 0 0 & s 0 5 0 0
Operating altitude .

Operating humidity

L]
.
.
.
.
.
L]
.
.
.
.
.
.
.

2 1o 29,9999 Mz in 0, 1-kilz increments,

Upper sideband (USB), amplitude modulation
cquivalent (AM), and continuous wave (CW),

20 walls (high power) or 2 watts (low power) nomi-
nal peak envelope or average power into 50 ohms
with 1,3:1 vawr,

Continuous for 12-hour period at 1:9 transmit
voice/receive ratio using one Storage Battery
BB-706/U

4 seconds nominal and 7 seconds maximum (after
frequency selection is made).

-113 dB mW, 50-ohm rf input for a signal +
noise/noise ratio of not less than 10 dB,

-102 dB mW, 30% modulated, 50-ohm rf input
for a signal + noise/noise ratio of not less than
10 dI3,

=56 1o -26 dB mW Into 600 ohms to develop rated

rf output,

10 m\V into 600 ohms, adjustable with volume :
control.

22 to 30 V dc (25. 2 V dc nominal), 60 watts nomi-
nal on transmit CW and 1.5 watts nominal on
receive (provided by Storage Battery BB-706/U).

12. 7 kg (28 1b),

-54 to +65°C (-G5, 2 to +149°F).
-G0 to +75°C (-76 to +167°F),
3, 048 metres (10, 000 feet).

95 percent relative humidity,
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1.5 EQUIPMENT DESCRIPTION

1.5.1 Recciver-Transmitlter Group QR=-6005/URC

Receiver-Transmitler Group OR-5007/URC is a compact lightweight receiver-transmitter
consisting of three units: Radio Recviver-Transmitter RT-5047/URC, Receiver-Transmity
Control C-5310/URC, and Amplifier-Coupler AM-H250/URC,  When mechanically latched
together, these units are clectrically connected through mating connectors,  All operating
controls are located under a hingaed cover on the control,

1.5.2 Storage Ballery BB-706/U

Storage Battery RR-706/U0 is a rechargeable nickel-cadmium 1, 8-Ah baltery that latches
beneath the recciver-transmitler group, It supplies de power for 12 hours of operation at g
1:9 transmit voice/reccive duty eyele.

1.5.3 Radio Set Harness MIT-5167/PRC-515

Radio Set Harness MI-5167/1RC-515 is a lightweight, rugged pack frame with adjustable
straps. It can hold, simultancously. a receiver-transmitter group, a battery, and either a
Direct Current Generator (G-5002/PRC-515 or a spare battery., The field pack, part of the
pack frame, has compartmoents to store all the accessory items except the battery charger,
1.5.4 Antenna AS-5093/PRC-515

Antenna AS-5093/PRC-515 is a 2, 4-metre (8-foot) whip antenna that can be easily folded for
storage. ' It has a shock absorbing mount and detent positioning device capable of £90° front-
to-back movement in 45° increments.

1,5.5 Ilandsct N-5017/GR

Handset H-5017/GR has an carpicce, a microphone, a push-to-talk (ptt) switch, and con-
nects to the control by means of a coiled cord,

1.5.6 Headset-Microphone 11-5016/I’RC-515

Headset-Microphone 11-5016/1PRC-515 has two earpieces, a booin migrophone, a ptt switch,
a headband, and conncets to the control by means of a coiled cord, )

1.5.7 Electrical Power Cable Assembly CX-5229/PRC-515

The CX-5229/PRC-~515 is a 1.6-metre (5-foot) cable and a canvas bag with an adjustable
shoulder strap. It allows the battery to be carried under the operator's outer clothing
during very cold weather.

1.5.8 Battery Charger 1'’-5267/U

Battery Charger PP-5267/U is a portable battery charger that will discharge and charge six
batteries simultancously. 1t operates [rom cither 28-V de or 110-V ac power source.

1.5.9 Direct Current Generator G-5002/PRC-515

Direct Current Generator (i-5002/PRC-515 is a hand-operated generator that can be latched
between the recceiver-transmitter group and the batlery to extend operating time indelinitely.
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g rates are indicated by Lunps; green [or normal operation and red for high
g rate.

»>

1,6.10 Telegraph Key Ky -5033/PRC-515

ph Key KY-5033/IRC-516 is adjustable in tension and pap and connects to the con-

trol by means of 2 0, 9-metre (B-foot) {lexible cord and connector, The telegraph key can
‘uached to the operator's thigh with a strap.

1,6.11 Antenna AS-5091/PRC-515

Antenn2 AS-5094/PRC-516 is a dipole antenna that consists of two 35, 67-metre (117-foot)

ded wirces, wrapped on individual plastic hobbins, and allows long-range counnunica--
gions. Each wire has a 30, 48-imclre (100-foot) throwing line attached. The two wires are
connected to a center junction, which is connected to the receiver-transmitter with a 139.25-
metre (60-foot) coaxial feeder line,

1.5.12 Antenna Counterpoisce AS-5095/PRC-515

The AS-5095/1PRC-515 provides a ground plane in low cleetrical conductivity areas. It con-
gists of four 10-metre (32, 8-foot) braided wires and a 1, 8-metre (G-foot) feeder cable
connected to a center junction. The wires and feeder cable are wrapped on a plastic bobbin
for storage,

1.6 OPERATING CONFIGURATIONS AND OPTIONS
1.6.1 Standard Conl'lgur:nliun'

The standard configuration consists of the receiver-transmitter group and the battery in-
stalled in the pack [rame.  The whip antenna is connected to the antenna connector on the
amplifier —coupler, and the handsel or the headset is connected to one of the audio con-
nectors on the control. For CW opcration, the telegraph key is connected to one of the audio
connectors. This configuration is uscd for missions of up to 12 hours operating time and
communications distances up to 25 kilometres (156.5 miles).

1,6.2 Spare Battery Option

When missions of up to 21 hours operating time are required, a spare battery is latched to
the bottom of the operational hattery. ‘I'he spare battery is not clectrically connected to the
system. When the operating battery is discharged, it is interchanged with the spare.

1,6.3 Generator Oplion

For cases of isolated or extended missions, a gencrator ecan be used to maintain battery
charge. The generator conneets between tlw receciver-transmitter g'roup and the battery. A
elip on the pack (rame sceures the generator crank.,

1.6.4 Cold Weather Configuration

During cold weather of 0°C (132°F) and colder, the battery must he kept warm to obtain sul-
ficient mission time. ‘I'he battery cable allows the hatlery to he removed from the receiver-
transmitter group and to be carried in a battery bag under the operator's outer clothing.



1.6.5 Antcnna Options

In dry e rocky terriin of low clectrical conductivity, the antenna counterpoise provides
ground glianc for the whip antenna, “T'he tour braided ires of the antenna counterpoise are
laid out on the ground, and the feedline connector is plugged into the coaxial BNC connectop
on the amaplifier-coupler,

For extemded communications ranges, the whip antenna is replaced with the dipole antenna
The dipslc antenna can be erceted using available structures such as buildings or trees,
Each endl of the dipole terminates in a bobbin that allows adjustment of the length. Marki
on the beaided wire facilitates selection of the proper ength for the desired operating
frequenew. The antenna [cedline is plugged into the coaxial BNC connector on the
amplifier -coupler.

ng

1.7 PIANCIPLES OF OPERATION

Figurc 1-4 is a block dingram ol Radio Set AN/PRC-513, including optional accessory item
and figure: 1-5 is a block diagram ol the receiver-trans mitter group,

1.7.1 Rewceive Functional Thecory

The recewer-transmitter group is in the receive mode whenever the push-to-talk (ptt) or
CW key line is open.  In the receive mude, the receive-transmit relays in power amplifier
A3A4 ardibroadband ampliflier A1A3 bypass these amplifiers and connect the antenna rf
signal to mixer A1A2 where it is converted to a 5-Mllz if signal,

Mixer A1A2 consists of two mixer circuits and a 115-Miz filter, The first mixer circuit
mixes the r[ signal with a variable injection signal (117 to 145 MHz) from frequency syn-
thesizer 21A6. The variable injection [requency is controlled by frequency selectors on
the contrd . The output of the first mixer is passed through a 115-MHz bandpass [ilter to
the sccond mixer. In the sccond mixer the 115-MHz i€ signal is mixed with a 110-MHz in-
jection signal to produce a 5-MHz if signal. The 5-Mliz if signal is fed to if/afl amplifier
AlAS5 wher e it is converted to an audio sigmal.

If/af amphi'lier A1AS performs USB or AM detection depending on the position of the MODE
selector e the control. The detection circuits receive a 5-Mllz injection signal from fre-
quency syst.hesizer ATAG,  The volume control on the control sets the audio input level of
Al1AS5, The reccive audio ATAS ix couplaed through a filter in the control and is parallel con
nected to th-e two audio conncctors on the control,

1.7.2 Trasmit Functional Theory

The receiverr-transmitter group is in the transmit mode whenever the ptt or CW key line is
closed. Dering CW opcration, a delay circuit in A1AS5 maintains the transmit mode during
normal CW key opcn periods (1 sccond maximum),

On voice operation, the transmit audio signal is passcd through a [ilter in the control to if/
af amplifiee A1A5 in the radio recciver-transmitter, In A1A5, the voice signal is amplifie
and applied to a balancad modulator, The balanced modulator uses a 5-MHz injection signa
from [requency synthesizer ALAG to produce a 5-Mlz double-sideband signal, which is
passed threamgh a SSB filter to produce a single-sideband (88B) signal. In AM, the 5-MHz
carrier is reinserted after the SSB [ilter to produce an equivalent AM signal consisting of
the SSB sigmnal and a 5-MIllz earvrier.
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Figure 1-5. Receiver-Transmitter Group or OR -5007/URC, Block Diagram

On CW operation, the CW key linc is [iltered in the control and applied to if/af amplifier
A1AS in the radio receiver-transmitter. A CW keying circuit in A1AS5 applies a keyed 2-kB
signal to the input of the balanced modulator. The 2-kHz signal is obtained from frequency
synthesizer A1AG,

Mixer A1A2 converts the 5-MIiz voice or CW if signal to an rf signal of the desired frequen
Mixer ALA2 consists of two mixers and a 115-MHz bandpass [ilter. In the first mixer cir-
cuit, the 5-Mliz if signal is mixced with a 110-Mlz injection signal from frequency syn-
thesizer A1AG. The output of this mixer is [ed through a 115-MHz bandpass filter to the
second mixer. In the second mixer, the 115-MIIz il signal is mixed with a variable injectio
frequency (117 to 145 Mliz) from frequency synthesizer A1AG to produce the desired rf
signal frequency. ‘T'he variable injection frequency is controlled by frequency selectors on
the control,
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output of mixer A1A2 is amplificd to approximately 250 mW by broadband amplifier
3 and applied to power amplifier AJAL Power amplifier A3A4 amplifies the output to
watts or 20 walls depending vpon the setting of the POWER/PUISSANCE switch on the con-
, The output of power ampliticr A3\ is fed through bandswitch A3A5, diseriminator
6, tuning capacitor AJA7, tuning coil AJAS, and autotransformer A3A9 to the antenna.
connccted, the whip antenna is used. \When the whip antenna is disconnected, a switch
in the amplilicr-coupler sclects the dipole antenna,

1,7.8 Tuning Functional Theory

whenever power is turned on or a new frequencey is selected, the control applies & rechannel
e to if/al amplifier ALAS, 10/al ampliflier ATAS processes the rechannel pulse and applies
it to frequency synthesizer ALAG and control logic A3A2,  Frequency synthesizer A1AG
erates a new variable injection [requency based on binary coded decimal (bed) information
received {rom the [requency selectors on the control.  Control logic A3A2 also receives bed
frequency information {rom the sclector switches and provides band-switching information to
pandswitch A3AS. During synthesizer frequency changing and band switching, the transmit
eirouit is disabled. When hand switching is complete, control logic A3A2 advances to a
standby condition. In this condition, frequency synthesizer A1AG and bandswitch A3AS are
tuned to the new frequency, bul tuning ciipacitor ASAT and tuning coil A3SAS8 are tuned to
the old frequency. The receive circuits are operational, but the transmit circuits are

disabled.

Final tuning is initiated by momentarily pressing the ptt switch or the CW key. Control logic
ASA2 now advances to the tune state and (1) a 2-kliz audio tone is applied to the operator's
headset; (2) o transmit signal at the sclected [requency is supplied to the amplifier~coupler
for tuning; (3) the transmitter is heyed: and ¢1) tuning capacitor A3SA7 and tuning coil

A3A8 are scrvo tunced to the new frequencey using the output of discriminator A3AG.

When vswr remains below appioximately 1.3:1 for 300 milliseconds, control logic A3A2
advances to the operate stute and the (ransmitter is unkeyed. Tuning is now complete.

During transmit operation, the vswr is continuously monitored and if it goes above 1.3:1 for
more than 2 seconds, a retunc cycle is initiated. In retune, the servo amplifiers are’
enabled and the servo motors are driven hy discriminator phasing and loading inputs, de-
rived from the transmitter voice envelope, until the vswr is below 1.3:1 for more than 300

~ milliseconds.

Transmit operation is checked by a tune incomplete monitor circuit in control logic A3A2, A
fault condition occurs if (1) the tune or retune cycle is not completed or (2) the rf voltage at
the junction of the tuning coil and tuning capacitor exceeds 850 volts peak, When a fault
condition occurs, tuning stops, the transmit circuit is disabled, and an interrupted 2-kHz
tone (beeping) is applicd to the operator's headset. A tune incomplete condition is reset by
rechanneling the [requency sclectors on the control,

1.7.4 Recciver-Transmitter Group OR-5007/URC Detailed Theory
1.7.4.1 Receiver-Transmitter Control A2, C-5310/URC

Refer to figure 4-14, schematics section of this manual, When Receiver-Transmitter
Control C-5310/URC (control) is mechanically latched to Radio Receiver-Transmitter RT-
5047/URC (receiver-transmitter), conncetor A2P°1 is mated with A1A1J1 (as shown on
figure 4-1, schematics section). Connectors J1 and J2 of A2 are connected in parallel to
simultaneously accommodate any two of three audio 1/0 devices: Handset 11-5017/GR,
Headset-Microphone 11-5016/PRC-515, mnd Telegraph Key KY-5033/PRC-515, The signals
of the audio 1/0 device(s), CW KEY, PPI'I', RCV/XNT AUDIO, are [liltered by the LC [ilter
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network connected to cach of the signal lines. The control provides OFF control for the
rceelver-transmitter group thromth mechanical linkage of a switch contact to the wiper

. of potentiometer A2RL. When AZItL is rolated Lo the maximum counterclockwise (ccw)
position, detent occurs (swilch contact opens) and the +25.2-V dc (SW) voltage is removeq
from A2P1-36 and -49, Rotating A2R1 clockwise (cw) [rom the detent, closes the 8witch
and applics +25.2 V de¢ Irom A201-24 and ~30 to A2P1-36 and -49. Further rotation of
A2R1 toward maximum ew increases the audio gnin (AF GAIN 1IGH) of the af amplifier 8
of the receiver-transmitler. Rotating A2R1 cew decreases al gain, When +25.2 V de is
switched to A211-36 and 19, the voltage is also applied to the lamp circuits of frequency
sclector swilches A28 through A28G,  The switches are then flluminated when lamp test
switch A2S87 is depressed and ground is applied. ‘T'his illuminates switches A2S1 through
A256 when the operator nceds light to read the (requency or wants to make a lamp check,
Frequency selection is made by actuating the appropriate switches until the desired frequ
is read in the window adjacent to cach switeh, The frequency switches provide binary coded
decimal (bed) signals, representing the selected frequency, to which the receiver-
transmitter and Anmplificr-Coupler AM-5280/URC (amplif{ier-coupler) automatically tune,
Operating modes, USB or AM, are sclected by switch A2S8,  An open circuit at A2P1-23
sclects the AM (USH) function, whereas, o ground al A2§°1-23 scelects AM. Operating power
level, HI PWR or LO PWR, is scleeted by swilch A28Y, A ground at A2P1-27 places the
radio in LOW POWER (2 watts) opcration. An open at A2P1-27 selects LOW POWER (22
watts) operation. A rechannel signal (ground) is applied to A2P1-38 (RCP) whenever one or
more of switches A281 through A2S86 arce actuated,

1.7.4.2 Radio Rcccivcr-'l'rnnsmiuc_r Al, RT-5047/URC

Reler to figure 1-6G.  The radio receiver-transmitter performs frequency translation and
amplification of af to rf (Lransmit [unction) and rf to af (receive function) with five sub-
assemblies: i(/af amplifier (A1A5), mixer (A1A2), broadband amplifier (A1A3), frequency
synthesizer (A1AG), and power supply (A1A4). If/af amplifier A1AS provides af/if ampli-
fication, modulation/demodulation, if selectivity, and logic processing of control functions.
Mixer A1A2 provides up and down conversion for the received or transmitted signals,
Broadband amplifier A1A3 ampliflics the transmit rf to approximately 250 mW to drive the
power amplifier circuits of amplificr-coupler A3. Frequency synthesizer A1AG generates
and supplics injection [requencies to the mixer for up and down conversion, and carrier

inj ection frequency and tone frequency to the if/al amplifier. Power supply A1A4 converts
+25. 2 volts dc (SW) into regulated +13-volt and -5. 2-volt dc outputs for distribution to the
other subassemblies,

1.7.4.2,1 Receiver Theory

Refer to figurc 4-14, schematics section. At control A2 the operator selects either the USB
or AM mode and the operating (requency. When A2 is turned on, tuning is complete, the
radio is unkeyed, and receive operation of Radio Set AN/PRC-515 is in effect,

1.7.4.2.1.1 Broadband Amplilicr A1A3

Refer ‘o figure 1-7 in this scction and {igure 4-3 of the schematic section, The received
signal is coupled from ampliflicr-coupler A3 through chassis A1Al to connector A1A1J3/
AlA1P1-12 and on to relay ALA3SK1-A2, With the radio unkeyed, relay A1A3K1 is de-
energized and relay contacts A2/A3 and 12/133 arc closed. This routes the received

rf from P1-12 through the limiter and LC f{ilter network to A1A1J3/A1A3P1-2,
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Figure 1-7. Broadband Amplificr (keceive or Tiansmit), Simplified Schematic Diagram

1,7.4.2,1.2 Mixer A1A2

Refer to figure 1-8 of this scction and (igures 4-1 and 4-2 of the schematic section, The
receive rf (AM or USB) is routed hy chassis wiring {[rom broadband amplifier A1A3 to
A1A1J2/A1A2P1-14, The control inputs supplied to A1A2 arc SNT and RTV logic, and the
AGC/ALC DRIVE from A1A5, During reccive mode, RCV (XMT) logic at A1A2P1-5 is
high and the XMT (RCV) Jogic at A1A21°1-6 is low. The RCV logic is applied to injection
amplificr transistors Q9 and QI13, which in turn switches on diodes CR2, CR3, CRG, and
CR8, The fixed and variable injection frequencies arc now applied to the receive up con-
version mixer Q1 and Q2 and the receive down conversion mixer Q11 and Q12. The XMT
logic switches Q10 and Q14 are off, which disables both transmit m ixers.

The receive rf (2-29. 9999 Mliz) (rom P1-14 passcs through the low-pass LC filter,
Switching diode CRR2, transformer I'l, and on to the gates of the up conversion mixer FET's
Q1 and Q2. FET's Q3 and Q4 neutralize the gate-to-drain capacity of Q1 and Q2. The re-
Ceive rf is mixed with the variable injection [requency (117-144, 9999 Miz) to obtain 115~
MHz if, which is applicd to the 115-MI1z [ilter through diode CRRA, The 115-Mliz if out of
the filter passes through diode CREG and transformer 'I'6 to the hases of down conversion
mixer transistors QL1 and QI12, ‘I'he 115-Mbz if is mixed with fixed injection (110-Miiz) to
Produce a 5-Mllz il. ‘The 5-MUz if (with upper and lower sidebands reversed) is coupled by
former TG through diode CRR8 to P1-2 (11 OUT),
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Figure 1-8. Mixcr (Reccive or Transmit), Simplified Schematic Diagram

When the receive rf input signals are below AGC threshold, the clectron flow is through i
ductors L3 and L16, bypassing diodes CR1 and CR7. As the rf input signal increases, th
AGC/ALC DRIVE voltage at ’1-9 decreases, permitting conduction by diodes CR1 and Ch
As the current of diodes CR1 and CRR7 increasces, the rf and if signals are shunted to
ground, reducing the signal gain.

1.7.4.2.1.3 I/Af A1A5AL

AM Receive. Refer to ligure 1-9 of this scction and figures 4-1 and 4-5 of the
schematic section. The IF IN signal is applicd from A1A2P1/A1A1J2-2 to A1A1J5/
A1A5A111-2, When in AM made, the 5-Mllz if signal is coupled from AlABA1P1-2
ar lNg. Lo the hase of mplifier switeh (ransistor Q2, With the radio in AM mode,
RCV- logic (ground) at P2-30 is applicd to the base of transistor Q2, biasing it ¢
and allowing the AM reccive if to be applied to filter AM [ilter FL1 and then on to a:
plifier switch transistor Q19, which is also biascd on by +6, 2-volt logic RCV.AM)
P2-13, Transistors Q1 and Q20 are hiased olf during AM mode.

The receive if output of transistor Q19 passes through if amplilier transistors Q21

through Q24 on to AGC/ANM audio deteclor transistor Q25,  The detected af output o
transistor Q25 is applicd to the input of AN switch U3B and to the AGC hang circuit
transistors Q29 through 32, As the collector current of transistor Q32 increases
transistor Q8 of the AL.C/AGC DRIVE circuit, the output voltage of transistor QG d
creases. This deercase in voltage to inductors 1.1, L2, and L3 permits diodes CR’
CR7, and CRSB to conduct, which maintains the gain of transistors Q19, Q21, and Q
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Figure 1-9, If/Al (AIAS5A1) Receive, Functional Block Diagram

proportionate to the received signal level. The de vollage output of transistor QG is
also supplied to A1A2 f1rom P’1-13 (AGC DRIVE).

The prescnce of RCV.AM logic at the control clement of switch U3B switches the AM
receive audio to the outpul clement of the swilch, ‘This audio is then coupled by
capacitor C55 to the first audio amplifier U2A. The output of audio amplifier U2A is ap-
plied to R134, and to P1-40 (:\\F GAIN JIGI), which connects to variable resistor R1

(@af gain) of control A2, ‘T'he audio level at the input to audio mute gate, switch U3A, is
controlled by A2R1 and voice/data gate, switch U3D, Switch USA is gated by RCV MUTE
logic. With the radio in normal reccive opcration, no tuning occurring, the RCV MUTE
logic enables switch U3A and the audio is coupled by capacitor C61 to the second af am-
plifier U2B, The reccive audio is amplificd and coupled to A1A5P1/A1A1J5-34 on to
AlA1J1/A2P1-43 (RCV AUDIU) for routing lo the audio 1/0 device(s) connected to the
control.

USB Receive. Refer to figurces 4-1 and 4-5, schematics seclion, and figure 1-9 of this
scction, The 5-MUz USB reccive if is applicd to ALASAL on the same signal line that
AM receive if is applicd,  Uhe USB peceive it is coupled to switeh transistors Q1 and Q2.
With QI gated on by RCV.XT logic (1°2-23), when the radio is in USI3 mode, the receive

if output of Q1 is dircet coupled to lower sidelud tilter F1L2 (the sidebands are inverted
in A1A2 so0 lower sideland is the upper sideband),  ‘Then the receive if passes through
transistor Q20 when RCV. AM gating logic is present,  This couples the 5-MHz il to if
amplifiers, transistors Q21 through Q24. The guin of transistors Q20 through Q22 is
controlled by AGC/ALC DRIVE in the sume manner as noted in AM receive mode of
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operation. The if output of transistor (24 is sent lo AGC/AM audio detector, transistor Q25.
Also, the if signal atl the emitler of Q24 is coupled to transistor Q28 of the SSB detector,
which s compriscd of Lransistors 26, Q27, and Q28, ‘The SSB detector is switched on
during USB mode by RCV*AM logic (1’2-12) which is applied to the base of transistor Q27.
The 5-MHz injection signal from 1’1-21 is coupled to the base of Q26. Mixing the injection
frequency with the rccceive il produces the resultant USDH af output from Q27 which is then
coupled by capacitor C54 to switch U3C, During USB receive mode, switch U3C 18 closed

by RCV- logic and the audio output of U3C is coupled to the audio amplifiers by capacitor
C65. The USB audio amplificrs are the same ones that are used for AM operation,

1.7.4.2,2 Transmitter Theory

The receiver-transmitter group is rcady to transmit after power is turned on, frequency and
mode are selected at control A2, and tuning is complete. To transmit, enable the receiver-
transmitter group keyline by (1) pressing the ptt switch on the headset or handset, or (2) by
keying the telegraph key.

Refer to figurcs 4-1, 4-G, and 4-14 schematic section, For voice operation, the PTT signal
is supplied to A1ASA2 (rom control A2 through the following route; A2P1/A1A1J1-39, through
chassis A1Al wiring to A1A1J5/A1A5A1P1-23, and through A1A5A1 board wiring to
A1A5A1P2/A1A5A2P1-26,

For CW keying opcration, the CW KEY signal is supplicd to A1A5A2 from control A2 through
the [ollowing routc; A2’ 1/A1A1d1-19, through A1Al chassis wiring to A1A1J5/A1A5A1P1-17
and through A1A5A1 board wiring to A1A5SA1P2/A1A5A21°1-20.

For xmit audio (voicc), the xmit audio sigmnl is supplied to A1ASA2 [rom control A2 through
the following route; A2PL/ATALIN-20, through chassis AIAL wiring to A1A1J5/A1A5A1P1~15,
and through A1A5A1 bourd wiring to A1ASALP2/A1A5A2P1-29,

1.7.4.2.2.1 Logic/Tx A1A5A2

Refer to [igure 1-12 of this scction and ligure 4-6, schematics scection. XMT AUDIO from
P1-29 is coupled through FET Q12 to af amplifier U8B, Transistor Q14 and FET Q13 serve
as a voice/data gain change stage (data is not uscd). The af output from amplifier U8B is-
applied to P1-9 and to af amplifier UBA. The audio to USA is amplilied and applied to AGC
detector, transistor Ql1, The AGC detector output voltage is applied to attenuators (FET's
Q12 and Q15) to maintain the audio output at P1-9 at a constant level.

Figure 1-10 of this scefion provides @ logie table for the various transmit-recelve functions.
In CW mode, the 2-kllz audio (rom 1’1 -10 passcs through gate/(ilter stage, FET's Q5, QG,
and Q16, and through af amplificr U8B with attenuators Q12 and Q15 at full attenuation. RC
network Cl and R4 provides a delay to hold the radio in transmit mode for approximately one
second alter CW key I8 released,

The rechannel pulse signal at ’1-24, which is momentary ground, causes capacitors C4 and
C24 to be discharged by transistors Q3 and (4, respeclively. The output pulse at P1-33
(RCP STRETCH) is delayed by the tite constand of C4 and 18 and the pulse width is deter-
nmined by C24 and 1iGY,

1.7.4.2.2.2 II/Af A1ASAL

Reler to figurc 1-10 and 1-11 in this scetion,  The logic in transmit turns on balanced modu-
lator Ul and transistor Q3, while biasing ofl transislor Q39, ‘I'he XMT AUDIO from P2-9 is
applied to balanced modulator Ul where it is mixed with 5-MHz from PP1-21 to produce a
double sidehaund, suppressed carvier oulput signal, ‘This output signal {rom Ul is sent
through transistor Q5, diode CR2 and 880 filter F1.2,
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Figure 1-10, lLogic/Tx A1ASA2, logic Tables
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Figure 1-11, If/Af A1A5A1 (Transmit), Simplified Schematic Diagram

if output from FL2 is amplified by transistor (33 and coupled to P1-2 (IF OUT). If AM

is selected at control A2, carrier reinsert gate, transistor Q4 and diode CR1, are gated on
by logic from P2-27, This allows the 5-MIHz carricr to be added to the SSB output of If
amplifier Q3, producing an AM cquivalent (AM) signal to ’1-2,
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Sidetone and Low Voltage Input. During transmit, the sidetone transmit audio is supplied
to the headsct or the handset via the receive audio circuits previously discussed, Refer
to {igures 1-12 and 1-13 ol this scction and figures 4-5 and 4-6, schematics section.

There are three conditions when the sidetone gate (FET A1A5A1Q37) is biased on: When
(1) tuning is in progress (U1’) a 2-kHz tone is heard; when (2) a coupler fault occurs, a
pulsating 2-kllz tone is heard; or, when (3) there is forward power output from amplifier-
coupler (A3), audio is heard. In USB mode FET A1A5A1Q37 remains on for the time
constant of capacitor A1ASA2C3 and resistor A1ASA2R14 (approximately 1 second) after
the absencae of volee audio,

The low voltage input (1.V1) indication occurs when +25,2 V de (SW) at ALASA2P1-25
becomes less than +22, 5 volts, allowing transistor A1ASA2Q1 to conduct, This ciauses
square-wave gcnvx'lton ALASA2UAA and A1ASA2USA to oscillate. This square-wave
output is coupled through RAT to ATASAZPI/ATASATLP2-5 and on to the audio circuits
of A1A5A1 to produce a low [requencey clicking sound, 1 a coupler [ault occurs during
this time, a pulsating 2-kliz tonc is heard.
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b. ALC. Refer to figurce 1-14 of this scction and figure 4-5 of the schematic section,
During transmit operation, the ALC stages of A1ASAL are enabled by XMT logic from
P2-32 to switch transistor Q11. When transmitting, ncgative ALC voltage from
ampliflier-coupler A3 is applied from P’1-31 to the cmitter of transistor Q17. If broad-
band amplificr A1A3 cxceeds approximately 300 mW, it develops a negative ALC voltage
which is applicd to the emitter of transistor Q16 through P1-36. The output of Q16 or
Q17 causes transistor Q13 to start discharging capacitor C22, which causes transistor
Q9 to begin conduction. As the conduction of Q9 increases, the output of transistor Q6
(ALC/AGC DRIVE to mixer A1A2) decreases, permitting diodes A1A2CR1 and A1A2CR?
to conduct. This decreascs the rf output Mrrom A1A2 to amplifier-coupler A3 until A3
has the proper output level and is not overdriven,

1,7.4.2.2.3 Mixer A1A2

Refer to figure 1-8 of this section and [igure 4-2 of the schematic section. During transmit,
the switching logic at P1-5 and P1-G switches the transmit mixers on and the receive mixers
off, The IF IN (5-Mllz AME or 858) signal is coupled by diode CR10 and transformer T8 to
the up conversion mixer, transistors QL5 and Q16, The sum of 110- and 5-MHz frequencies .
(115 MHz) is coupled through transformer T7 and diode CRY to the 115-MHz filter. The
filtered output is coupled to the down conversion mixer, FET's Q5 and Q8, by diode CR5

and transformer T4. llcre the 115-MIlz signal is mixed with 117~ to 144, 9999-MHz variable
injection signal from 1’2 to obtain the 2- to 29, Y999-Mliz output. FET's Q7 and Q8 neutralize
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Figure 1-14, AGC/ALC, Simplificd Schematic Diagram
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the gate-to-drain capacity of FET's Q5 and QG. The rf output of the down conversion mixer
is coupled through low-pass filter inductors L1 and 12 and capacitors C1 and C2, to

P1-14 (XMT RF) by transformer 1'3, diode CR4, and capacitor C4. If the rf output is too
high (as noted in ALC discussion), the AL/ AGC DRIVE at P1-9 decreases, permitting

diodes CR1 and CR7 to conduct, reducing the rf output,
1.7.4.2.2.4 Broadband Amplificr A1A3

Refer to figure 1-7 of this section and {igures 4-1 and 4-3 of the schematic section. The
transmit rf output of A1A2 is applicd to A1A3 via A1A2P1/A1A1J2-14 and A1A1J3/A1A3P1-2,
With the radio turned on at the control, 125.2 V de (SW) is applied to A1A3, and with the key
line enabled by the ptt switch, keying relay K1 is energized and the +25,2 V dc (SW) is
switched to the amplifier circuits by Q4. The incoming rf at P1-2 is passed through the LC
filter network, a limiter circuit and on to the emitter follower stage, Ql, through the closed
relay contacts, Bl and B2, The emitter follower couples the rf to rf amplifiers Q2, Q3, and
Q5. The 250-mW rf output of Q5 is transformer coupled by T1 through the closed relay
contacts Al and A2 to P1-12. The ALC detector, VR2 and CR8, provide a protective ALC
bias to A1A5 AILC circuits that limits the vf oulput to approximately 300 mW if amplifier-
coupler A3 ALC should [ail. ‘This Al.C OUT signal at 1’1-9 is routed through A1A1J3-9 to
AlA1J5/A1A5A1P1-36. The transmit rf output from A1A3 is supplied to amplifier-coupler
A3 through A1A3P1/A1A1J3-12 of A1A3 and A1A1P1/A3J1-36,

1.7.4.2,2,5 Frequency Synthesizer ALAG

Refer to figure 1-6. Frequency synthesizer ALAG provides a variable injection frequency

and a fixed injection {requency to ATA2 plus two fixed requencies to A1A5 during both

receive and transmit periods ol operation, The variable injection [requency is a frequency

in the 117 MHz to 144, 9999-Mllz range, variable in 100-Iiz increments, the specific frequency
being proportionatc to the operating frequency sclected at the control. The fixed injection
frequency to the mixer module is 10 Milz,  ‘I'wo lixed (requencies are supplied to A1AS,

One is the 5-Mllz fixed injection {frequency and the other one is the 2-kliz tone signal. AlA6
also supplies the transmit inhibit logic output (XM'T INIl) in response to the power on or
frequency change logic RECIIANNIIL) from control A2, Control A2 also provides the bed
frequency selection logic and the USH Jogic inpuls to ALAG. .

To process the above logic inputs and to generate the above output signals, the frequency
synthesizer uses the seven subasscemblies shown on figure 1-6.  For frequency generation
functions, four phasc-lock loops arc used. Refer to figure 1-15. One phase-lock loop is
used to generate the lixed injoction frequency (110 MHz), The remaining phase-lock loops,
the low frequency, the converter, and the high frequency phasce-lock loops, are used to
generate the 117-144,9999-Miiz variable injection frequency. The low frequency phase-lock
loop (LFPLL) uses the bed logic Mrom the control and provides the bed sclected frequency
within the 1.0 to 1. 0999-Milz range (o the converter for translation to a higher frequency
within the 111 to 111, 0999-Mliiz range. :

This translated oulput from the converter is applied to the high frequency phase-Jock loop
(UEFPLL) for translation (o higher Dregqueney, During locked conditions, the HEFPLL is
controlled by the siample aud holed plocie dofector stage, The oulpit freguencey of the HEFPLL
mixer (variable from 6-33,9 Alllz), the resultint frequency of mixing the output [requency
of the converter (111-111, 0999 AHz) with the HHEFPLL veo frequency (117-144, 9999 MHz), is
sampled by the sample and hold phase detector to maintiain the correet veo frequency. Bat,
when a new frequency acquisition hy the HEPLIL, is required (initiated by {regquency change at
control A2), control of the HF'PLL veo is switched to the frequency/phase discriminator of
the variable divider to acquive digitol phasce lock on the new [requency.  As shown in figure
1-15, the vaviable divider is controlled by hed logic trom the control, thus, a frequency
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shange at the control causcs the bed logic change to switch on the variable divider. This
initiates the loop action necessary (o achieve digital phasce lock on the new frequency by the
frequency/phasec discriminator mnd inhibit the transmit (XMT INH) functions during frequency
acquisition (rechammel cycle). When digital phasc-lock occurs, vco control is transferred
back to the sample and hold phase detector and the variable divider i8 switched off, This
puts the hf phasc-lock loop hack in  locked (horm:tl) condition.

The fixed divider operates in conjunction with the frequency standard and supplies the follow-
ing frequencies to the radio rccciver-transmitter. The 5-Mllz is supplied to ALAS during
all modes of operation cxcept AM reccive when the 5-M1z signal is switched off., The 2-kHz
tone signal is supplicd to A1AS during all modes of operation. The 100-kliz frequency is
supplied to the HFPLL. The 26-kllz [requency is applied to the variable divider, and the
100-Hz frequency is supplicd to the LFPLL,

a. Frequency Standitrd ALAGALAL, Reler Lo ligures 1-6 and 1-15 of this scction, and
figure 4-7, schematics scction. ‘The frequency standard subassembly circuits are com-
prised of the frequency standard generator (10 MIiz), which is a temperature-compen-
sated, crysinl controllwd oscillator (texo), and a fixed injection frequency generator,
which is a veo with a sample and hold stage. The texo consists of cryatal Y1, transis~
tors Q1 and Q2, varactor CR2 and temperature compensating networks RT1, RT2, and
RT3. The trimmer capacitor is provided to compensate for the aging of the crystal and
the selectable components {(as noted by schematic note 3) are to be selected at final test,
When the radio power is turnaed on, the texo is encergized and supplics a stable reference
frequency of 10 Alllz from the impedance matching output network of Q1 and Q2 through
the bulfer—driver stage Q3 and Q4 to the sample and hold reference pulse shaper QS.
The 10-Mllz relerence fircquency outpul from the impedance matching network is supplied
to frequency converter ALAGALA4 and Lhe 10-Mliz output from the buller-driver is
applied to ALAGALA2. The veo circuit consists of the oscillator, FET Q9, varactor CR1,
and switch transistor (8. With the radio power on, the USB logic input from AlAS
switches transiator Q8 on to provide the correct de voltage level for the oscillator to
operate at 110 Milz. The 110=AlZ outpul of the veo is applicd to the sample and hold
circuit, CR7 and CIt8, through buffer Q6 and Q7, The rectifier diodes CR7 and CR8S,
provide a ncgative dc voltage [cedback to the vco that corrects the [requency compared
to the 10-MIlz refcrence froquency at the primary of T1. The 110-Mliz output from the
veo, 110 MIlz INJ, is applicd to ALA2 as an oulput from buller-driver Q10 and connector
AlAGA1ALIPL, '

The +5.2 V dc 18 supplied Lo Mrequency stadard AJAGAL1AL [rom power supply A1A4 via
A1AL and ALAGALAZ, ‘I'he 111,56 V de is supplied by voltage regulator ALAGA2AL via
A1AGA1A2. (Refer to ligure 4-11, schematics section.)

b. Fixed Frequency Divider ATAGATIA2, Refer to figures 1-6 and 1-15 of this section and
figure 4-8, schematies scction,  ‘The fixed frequency divider consists of & network of
frequency dividers and a gated transistor emitter-follower circuit that applies the 5-MHz
injection frequency output to A1A5. The 10-MHz reference [requency is supplied by
AlAGA1LAL to Lransistor driver Q2. The output of the driver is a 10-MHUz square-wave
clocking signal that is applicd o the 2:1 frequencey divider, ULA.  The outputs of the
divider are two G-MUz signads,  One is used Lo clock the 5:1 divider stage, ULB and U2,
and the olher is coupled Lo emiller-follower Q1, which is controlled by the RCV- AM
logic from "1-6, Q1 is turncd on by the imv-km logric during all modes of operation
except the AN receive mode al which time Q1 is turncd off and the 5-Milz output is cut
off. The S5-Mliz input Lo the dividers, ULB, U2A and U208, is divided by 5, to 1 MHz,
and further divided by 10, to Too-kilz, by U3A. One 100-ki1z output is applied to
divider U3RB and one oulpul is supplicd to HEPLIL ATAGA2AS. The divider U3DB is con-
figured to divide the 100-Kiz signal by 2 and 5, providing a 50-kliz oulput and a 20-kiiz
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output. The 50-kliz output is divided by 2 by U4A to provide a 25-kHz frequency to the
variable divider subxisgrembly, The 20-kilz output is applicd to divider U5B and divided
by 10:to produce a 2-kliz output, ‘This is coupled by capacitor C2 to P1-6.

The 2-kliz output from divider US13 is also applicd to 2:1 divider U4B and to 10:1
divider USA, and converted to 100 Hz for application to LFPLL A1AGA1A3,

The +5.2 V de is supplicd by A1A4 and the +11,5 V de is provided by A1AGA2A1 (figure
4-11, schematics scction).

L{ Phasc-l.ock Loop AIAGALA3., Refer to figures 1-6 and 1-15 of this section and
figurc 4-9, schematics scetion, The LFI’LL, supplies to the frequency converter
AlAG6A1A4 a [requency that can be varied from 1.0 MHz to 1, 0999 MHz in 100-Hz
increments. The specilic [rcquency within the 1.0- to 1, 0999-MHz range is determined
by the bed logic input to conneetor 1 [rom control A2, To generate the 1.0- to 1, 09999
MHz frequency, A1AGALA3 cmiploys a veo siage, a {requency/phase detector stage, and
a sample and hold phasc delector stage relerenced to 100-Hz from the fixed frequency
divider. The output frequency of the vco is controlled over the above range by the de
voltage applied to varactor Cit2, Thercfore, when a frequency is selected at control
A2, the bed logic is applicd to the frequency diseriminator variable dividers Ug-U9,
They establish the proper logic input to the sample and hold switch, Ul, to adjust the
dc voltage to CRR2 for an oscillator output {requency equivalent to the binary coding
from contlrol A2, ‘I'o mainlain veo frequency stability, the output of the veo is looped
back to the phase detector, U4A, through [eedixick driver Q7. The output of the fre-
quency discriminator is applicd {rom NOR gatc USA to the phase detector U4A, The
output of U4A is a logic output with a variablc duty cycle that controls the duty cycle of
the output from UG to the sample and hold phase detector, Ul, Also applied to Ul is the
ramp voltage supplied by the ramp gencrator, transistors Q1 and Q2. The ramp gener-
ator is driven by the 100-1iz rcference signal from A1AGA1A2, When Q2 is on (the
input is high), capacitors C1 and C2 are held at zero. When the input is low Q1 is
turned off, allowing C1 and C2 to charge toward 14 V de at a constant rate until Q2

is turned on by the 1000z inpul. The ramp voltage is sampled by the $1 and #2 signals
at the duty cycle rate which is a function of the phase difference between the compared
frequencies applied to the phasc detector, U4A, The fl signal gates (samples) the

ramp voltage through the first part of switch U1, The #2 signal follows and gates the
sampled ramp voltage through the sccond section of switch Ul for filtering. The
sampled ramp voltage, alter filtering, becomes the veo control voltage and is coupled
to varactor CR2 by source followers Q3 and Q4. Increasing the vco control voltage,
increcascs the veo frogquency; decreasing the control voltage, decrenses the veo fre-
quency. Thercfore, the veo control voltage, being a function of the [requency difference
between the compared [requencies, increases or decreases the oscillator frequency

to corrcct the outpul [requency.,

The +13 V dc voltage is supplicd hy AtA4 and the +11.5 and +14 V dc voltage is provided
by A1AGA2A1 (figure 4-11, schematics section).

Frequency Converfer ATAGAIAL,  Refer to ligures 1-6 and 1-15 of this section and
figure 4-10, schematies section,  The Iragqueney converter generates a frequency within
the 111.0 to 111.0999=MUz range, The frequency is supplied to ALAGAZAS for genera-
tion of the variable injection frequencey that is supplied to A1A2, The specific output
frequency of the converfer is confrolled by the output of frequency/phase detector

(F/# DET) U and U2, An oulput {requency between 111, 0-111, 0999 Miiz is generated
by the veo, Q2. The veo control voltage to CR1 from the F/# detector is a function of
the phase diflference between the output frequeney of the oscillator and the input fre-
quency from ALAGAIAZ, bolh of which are applicd to the 1/# detector, UL, The input
frequency o the F/# detector from AIAGATAL, as previously noted, is determined by
the bed logic [rom the control.  The other input (requencey lo the F/¢@ detector

1-30



e.

.

(1.0-1. 0999 MIlIz), representing the veo frequency, is developed in the following manner,
The 111, 0-111. 0999-MlIiz. vco output is applied to bulfer Q6 and coupled by C36 to gate
G2 of mixer Q5. The 10-Milz input from the {requency standard is applied to amplifier-
buffer Q3 and coupled by C26 to X11 multiplier Q4 which provides the 110-MHg input

to gate Gl of mixer Q5. The resultant output frequency, 1. 0-1,0999 MHz, is supplied
to squaring amplifier Q1. The 1,0-1,0999-MIliz squarc-wave output of Q1 is applied

to the input of F/# dctector UIA. The two frequencics arc compared by the F/# detec-
tor to develop a squarce wave pulse train at the output of U2 with a duty cycle that is a
function of the phase diffcrence between the compared frequencies. The output of U2C
is applied to the low-pass filter network where the ac component is filtered out and the
do voltage becomes the veo contrrol voltage. This is applied to varactor CR1 to vary the
voo frequency as nccessary to decreasc the phase difference to achieve lock-on,

The +13 and +5. 2 volts dc voltage is supplied by A1A4 and the +11, 5 volts dc comes
from A1AGA2A1 (figurc 4-11, schematics section).

Hf Phase-Lock Loop A1AGA2A3, Variable Frequency Divider A1AGA2A2, and Voltage
Regulator A1AGA2A1, Rcfer to figures 1-6 and 1-15 of this section, and figures 4-11,
4-12, and 4-13, schomaties section. The purpose of the HFPLL is to generate a
variable injecetion Orequency within the 117 Lo 144, 9999-Mliiz range for application to
mixer A1A2 ((igurc 1-6G), ‘I'o accomplish this, A1AGA2A3 requires the 111,0 to 111, 0999~
MHz input from A1AGA1A4, the 100-kiz signal from A1AGA1A2, and the phase/lock
control signals from A1AGA2A2, During locked operations (normal operating conditions
with power on and all luning complete), the [requency generating circuits of ALAGA2AS
operate independently ol A1AGA2A2 and A1AGA2AL1, The IIFPLL (figure 4-13, schema-
tics section ) consists of the vco, Q104 and varactors CR101 and CR102; the sample and
hold detcctor, Q3; the mixer, 71; and the associated buffer stages for the veco and
mixer output signals. The output {requency of the veo is actively controlled by the de
control voltage applicd by the sample and hold phase detector to the varactors. This
detector dc output is a result of the sampled output frequency of mixer Z1, Two fre-
quencics arc applicd o 71, the 111-111, 0999-Mlz reference frequency from AlAGALA4
and the 117-144, 9999 Mz output [requency of veo Q104, to develop an if within the
6-33.9 MHz range (4-Mllz above the 2-29, 9999-Mliz operating [requency selected at
control A2). The oulput of the mixer is passced through the low-pass LC filter network
to the aquaring amplilicr circuils of Q6 and Q7 for application to the sample and hold
detector stage. ‘The 6-:11, 9-Milz signal is mixced with the 100-kHz input from A1AGA1A2
in the secondary of transformer T1. The resuliant 6-33. 9-Mllz signal is rectified and
filtered by the circuits of CR3 and CR4 and Q3 of A1AGA2A3. This becomes the veo de
negative feedback voltage that is applied to varactors CRR101 and CR102 of A1AGA2A3,
The de voltage varies the eapacitance ol the varactors, raising or lowering the veo
frequency as nececssary to keep the phase error in the hold-in range.

The if output from Z1 is algo applied from i amplifier Q7 to squaring amplifier Q5,
the output of which is routed to A1AGA2A21°2-2 (ligure 4-12, schematics section ).
During the locked condition deseribed above, the variable divider is inoperative,
therefore, the if input has no cffect, However, when the radio is first turned on or a
new frequency is sclectad at the control a rechanncel logic signal is initiated by control
A2, This starts a tuning cyele within the radio thal includes switching (on or _off) ol
l'g#c 1 and +5 V de to various circuils of ALAGA2A2. The rechannel logic (RCP
"RETCH) is supplicd (rom ATASAZPL=33 Lo ATAGAZALP]-3 vin A1ASAL and chassis
AlAl, When the rechamnel sigmal is enabled al ATAGA2A111-3, a ground is applied to
pulse streteher cireuit U2 of ATAGAZAL resulling in conduction of squaring amplifier Q7.
Conduction of Q7 cstablishes the following events; (1) QW4 to conduct, (2) Q5 to conduct,
(3) +14V dc potential fell at switch function of A1AGA2A3, (1) Q8 censes conduction,
(0) Q9 to conduct, and (6) Q6 {o cowmiuct. ‘Fhe conduction of Q6 applics aground poten-
tial on conncclor pin ATAGAZALIZ/ATAGAZA2P2-5 (5 V de CONTROL line), A ground
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on this pin forward biascs serics control switch Q2 of A1AGA2A2 therefly enabling the
logic 1 and +5 V dc [unction. These two functions are enabled as long as control transis-
tor Q2 is held on by the 5 Vde CONTROIL, signal from A1AGAZA1l. Whena LOCK
(LOCK=0) pulse occurs on conncctor pin A1AGA2A1P2-3, the 5 V dc CONTROL line is
disabled and Q2 ceases conduction, This disables logic 1 and +5 V dc am A1A6A2A2,

Refer to figure 4-12, schematics section,  A1AGA2A2 performs the frequemey/phase dia-
crimination and vco control functions for the hf phasc-lock loop in 2 manner similar to
those functions previously covered for A1AGA1A4, When logic 1 and +5 V dicis enabled as

a resuilt of a rechanncl pulse, the variable dividers, U2-US of A1AGA2A2, receive the bed
logic signals (rom the control, The Ixxl logic, representing the sclected fregmency, is
processed for compitrison with the logic output of divider Ul (6-33,9 MHz), wepresenting the
HFPLL vco output {requency, to determine the {requency and phase difference with reference
to the 25-kHz signal [rom A1AGA1A2 via A1AGA2A1, The phase difference autput from the
frequency/phase discriminator, U10 through Ul2 of A1AGA2A2, is applied tothe PHASE
signal line, A1AGA2A21°2-4, the duty cycle of which is a function of the phase difference
between the compared {frequencies,

Refer to [igures 4-11, 4-12, and 4-13, schematics section, The PHASE sigmal at
A1AGA2A2P2/A1AGA2A11°2-4 is applicd to the pyulsc shaper transistor, A1AGA2A1Q3, The
output of ALAGA2A1Q3 is applied to FET A1AGA2A3Q8 for filtering and conversion to a dc
vco control voltage. The de level, proportionate to the phase difference, is spplied to the
varactors to rctunc the veo Lo reduce the phase difference until lock-in {s acleved., When
lock-in occurs, the [requency phase diseriminator of the variable divider ([igare 4-12,
schematics section) provides a 1LOCK signal at A1AGA2A2P2-3 from NOR gafte A1A6A2A2U6B,
which is routed to inverter ALAGA2A1U2A and coupled to the pulse shaper amplifier stage,
Q7, Q4, Q8, and 9, of voltage regulator AIAGA2A1. Onc output from A1AGA2A1(M4 is
supplied to A1AGA2A3 (SWI'TCHI signal) to turn off FET A1AGA2A3Q8. This transfers the
control of veo A1AGAZA3QL04 [rom ALAGA2A2 to the sample and hold circuits of ALAGA2A3,
The other output from AlAGA2ATIQ4 is amplilied by ALAGA2A1IQ9 and applied as a cut off
signal to switch transistor AIAGAZALQG as previously discusscd in this subsection (e).

When a frequency change is initiated at the control, the bed logic is processed by ALAGAZA2
to provide a transmit Inhibit signal (XAT INHIBIT to A1A5A2P1-22 (o prevemt transmission
during the tune cycle of the radio. The 15, 2 volts de at AIAGA2A2-11 is supplied by A1A4,

Refer to figure 4-11, schemalics section. In addition to the circuits already dscussed,
A1AGA2A1 provides regulating cirenits for the +11.5 and +14 volts de voltage-as well as
signal interluce between the various synthesizer subassemblies as shown on Ggure 4-11,
The +14-volt dec regulator consists of series regulator transistor Ql1, referemee voltage
regulator VR1, and comparator Ul B, which is connected to the output voltagedivider R3,
R4, and R12, and the relerence voltage divider, VR1, R10, and R11. The coftector of
serics regulator Q1 is connectod to 125, 2 V de (sw and [Itr). A change in the +14-~volt dc
output appears as a voltage change across voltage divider R3, R4, and R12, This change
is compared with the relerence voltage by the comparator UlB and reflected as a bias
change at the basce of series reguliator Q. An inerease in hias reflects an increase in the
output voltagre, Conscqquently, the inereased biss reduces conduelion of Q1 which reduces
the output voltage until 111V de is reached.  In like manner, a decrease in bias reflects a
decrease in the outpul voltage, This inereises Q) conduction to increase the eutput voltage
until the +14-volt output level is reached. The #11, 5-volt voltage regulator, Q2, VR3, and
UlA, arc conncctoed 1o the veference vollage divider VRII, R1I0, and R11, and +11, 5-volts dc
divider R7, R8, and Y. The scries repulator Q2, connected to +13 volts de, and the con-
trol circuils operate in the smme manner as QL to provide a regulated +11. 5 velts de output.
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The +14- and +11, 5-volt dc outputs arc distributed to tl;c various {requency synthesizer sub-
assemblies as shown on the voltage regulator schematic diagram, figure 4-11,

1.7.4.2.2.6 Yower Supply A1A4

Refer to figure 1-16 and 1-33 of this scction and figurc 4-4, schematics section, Power
supply A1A4 provides rogulated 113 volts and +56, 2 volts dc outputs from a +25, 2-volt de
source (battery). The routing of source voltage is shown on the power distribution diagram,
figure 1-33 of this section. The +13 V dc switching rcgulator circuits consist of series
switch transistor Q1, fly-back diode CRR1, control transistors Q3, Q4, Q5, comparator
transistors QG and Q7, and reference voltage regulator VR4, Transistor Q1 conducts in
14- to 35-usec Intervals in response to bias changes effected by the comparator, Q6 and Q7.
If the sampled output voltage applied to Q6 is high compared to the reference voltage applied
to QG, the series switch trausistor is saturated for rcduced periods of time during its
operating interval by the reduced on-time of the control transistor Q3. The on-time of Q3 is
reduced by the increascd bias vollage Irom the Darlington pair of transistors, Q4 and QS,
which reflects the voltnage crror (high vollage) determined by the comparator Q6. During
the conduction cycle-of series switeh Q1, the reduced current flow causes the output voltage
to decreasc toward the reference level until the correct output (+13 V de) is reached. Con-
versely, if the oufput voltage decreases, the elfective bias reverses to increase the conduc-
tion time of Q1 and raise the oulput voltage to the normal level. Transistor Q2 provides
overcurrent protection for the 113 V de regulator network.
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The +5. 2-volt dc regulator network is comprised of scries switch Q8, controlcircuits Q9
and Q10, comparator Q11 and Q12, and reference voltage regulator VR4. Th.:operation of
the 5.2 V de regulator is similar to the operation of the +13 V de regulator. Transistors
Q13 and Q14 provide overcurrent protection for the regulator.

1.7.4.2.2.7 Receiver-Transmitter Chassis A1Al

Refer to figure 4-1, schematics scetion.  The receiver-transmitter chassis ‘s eight connec-
tors, J1 through J7 and I’1, and a number of [iltering capacitors. The eight manectors pro-
vide interconncetion hetween modules A1A2 through A1AG, control A2 and amplifier-coupler
A3, A dc filter circuit for +25.2 V dc (SW) is also provided. The filter circait, Q1, capaci-
tors C1 and C2, and resistors R1 through R3 are energized when +25.2 V de #W) {8 switched
on at control A2, The +25.2 V dc (SW) turns on Q1. This results in a +25, 2V dc (SW and
FLTR) output from the (liter network, C1, C2, and R1 through R3,. to connecbr J6 of A1A1,
When the +25,.2 V dc (SW) is swilched off at control A2, transistor Q1 is turmsd off, cutting
off the +25.2 V dec (SW and FLTR) to J6.

1.7.4.3 Amplificr<Coupler A3, AM-5280/URC
1.7.4.3.1 Transmit Theory

Refer to figure 1-17. Power amplilicr A3A4 of the amplificr—coupler i8 a thice stage
push-pull class AB broadband amplifier with a minimum power gain of 23.5 «B, The ampli-
fier is designed for a maximum required drive of 100 milliwatts, and 22-wats output. An
output of 22 watts allows for antenna coupler losses, and guarantees full 20-watts output
when the antenna coupler is tuned to o 50-ohm foad. The power amplifier cambe operated at
either 20- or 2-watts outlput, ‘I'he output level is sclected by a switch on control A2,

A thermal switch in the power amplifier monitors the temperature of a heat sink, In the
event a salc operating temperature is exceeded, such as by over extending tie duty cycle,
the ALC circuit automatically limits the output at 2 watts,

The fully automatic antemna coupler is capable of tuning an 8-foot whip and Si~ohm antennas
over the 2- to 30-Miiz froquency ramge,  The coupler will also tune long wireand other whip
antennas at selected [requencics.  “Tuning time is 4 scconds typical and 7 secmds maximum.
Tuning elements include servo-driven clements (A3A7 and A3AS) that provide:fine tuning
and {requency band switchod clements (A3AY).  Elements within A3A9 are us«d to translate
antenna impedances to within the tuning range of the servo-driven clements, 23A7 and A3AS.

1.7.4.3.1.1 Power Amplitier AJBA1

Reler to figures 4-18 and 4-19, schematies section, and figure 1-17 of this s:ection. In
transmit mode, rf is applicd from radio recciver-transmitter Al to rf subns:sembly A3A4AL,
Since the PA KLY is low and +25.2 V dc (KEYED) is cnabled in transmit mocle, rf is passed
through contacts B32/B1 of relay ARAIAIR]D to transformer A3A4ALIT1. The is amplified
by a three stage amplifier and applicd fo output coitx AJAAALPL,  Each of tivethree amplifier
stages of ABA4AL is transformer coupled fo the next stage. T'he predriver stage consists

of transistor pair Q1 and Q2, the driver stage consists ol Q3 and Qt, and thefinal amplilier
consists of QF and QG. The ¢l is ampliflicd to about 22 watts and coupled throsgh transformer
16 to bias/control ASAIA2, councetor J1, A bias regulator circuit on A3A4A2 provides

the proper dc bias levels to coupling transformers A3A4A1T1, T2, and I'3 to ensure class
ADB amplificer operation. The ampliticd rf is then passed by relay ASA4A2K 1 to bandswitch
AJAS,
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Power amplifier ALC (automatic level control) is derived by sampling the rf drive supplied
to discriminator A3AG. ‘The resulting de signal from the ale detector on the discriminator
is fed to an op~amp on scrvo amplilicr A3AL1, The op-amp produces 0 VDC when the output
of the rf amplilicr is 1/2 dB or less below 20 walts and approximately -8 V de with an rf
output +1/2 dB above 20 watts.

1,7.4.3.1,2 Bandswitch AJAS

Refer to figure 1-17 this scction and ligurc 4-20, schematics scection. The bandswitch
automatically sclects the proper fregquency band (ilter upon receipt of information from
control logic A3A2, ‘The band switched [ilters are used to provide harmonic rejection in

the transmit mode. The filters arc low pass [ilters and are selected approximately every
1/2 octave for each of the eight bands. The filter element values for each band are selected
to give the best possible harmonic suppression for that band. The number of filter elements
in some bands is higher than actually needed for harmonic suppression, this reduces the
bandpass ripple to keep the vswr low at the higher {requencies and maintains optimum
efficiency. Frequency band logic from control’logic A3A2 applies a logic high to the appro-
priate servp band contact of awiteh 81, ‘This logic high cnables transistor switch A1Q2 which
actuates relay A1K1 and applics 125.2 V de to bandswitch motor Bl. The motor runs and
rotates switches S1, S2A, and S3 until S1 switches ofl of the logic high contact and opens

the motor circuit. This deenergizes A1K1 and stops the motor. Simultancously, S2A and 83
have rotated to contact positions corresponding with the activated (requency band. This
connects the appropriate bandpass filter (1 of 8) to the vl signal path, The amplified rf from
the power amplifier is now able to pass through S3 to the proper bandpass [ilter and through
S2A to discriminator A3AG.

The Landswitch also drives swilch 828 which applies a ground to the center tap of the variable
tuning coil (A3AB8) il the frequency is greater than 12 Milz,  Bandswitch motor Bl is mechani-
cally coupled to the wafer switch in autotransformaer A3A9, While the motor is running the
band logic sclects the correet aulpul nefwork in A3AS, When the motor stops running (relay
A1K1 deenergizes), ground is removed (rom the band switch complete output (A3ASP1-14).
This logic output tclls control logic ciard A3A2 that the band switching process is completed.

During the ampliflicr-coupler tune eyele, a logic low lrom the tunc in progress (TIP) circuit
actuates relay A1K2. ‘This places the T1P? resistor across the output (rf line) until all
tuning is complcted. The TIP resistor is located on A3.

1.7.4.3.1.3 Discriminator ASAG

Reler to figure 4-21, schematics scction. The discriminator is a device that samples input
rf power, voltage and current to the aumplifier-coupler and develops de error signals that
are rclated to the impedance of the Joad and the power to the load. ‘the loading diserimina-
tor develops a dc crror voltage that is proportional to the magnitude of the impedance with
respect to the normal 50-olun impeditnee. The phasing discriminator develops a dc error
sigmal that is proportional to the phase angle between the reactive and resistive portions of
the load impedance. The forward and reflected power doteclors are used o determine the
start and completion respectively ol the tuning sequence,

a. Loading Discriminutor, DPart of ASAGAL and ABAGAZ, Refer to figure 1-18, The load-
ing discriminator compares the magnitude of the ol cwrrent with the rf voltage. This
comparison creites an crror signal oulput that is proportional to the difference between
the impedance of the r[ circuitl and 50 ohms,
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Figurce 1-18, lLoading Discriminator, Part of A3AGAL and
AJAGAZ2, Simplified Schematic Diagram

When the impedanee of the ol circeuit is 50 ohimg, there is no error signal doveloped.
When the ol circuil impedance is greater than 50 ohuns, the error signal is positive.
When the r{ circuit impedance is less than 50 ohins, the error signal is negative.

Rf line current (i) induces a voltage (¢g) across transformer T2, When diode CR3 is
forward biaswd, the current through resistor 12, diode CRR3, and transformer T2
develops a voltage (e3) across R2 that is proportional to the rf line current,

Line voltage is sampled by a voltage divider consisting of C15 and C4. When diode
CR1 is reverse biased, the current through R1 develops a voltage (e4) across R1 that
is proportional to the vt line voltage.

C15 is factory adjusted so that the voltage neross N2 is equal to the voltage across
R1 when the impedance of the rf circuit is 50 ohimns,

When the »f circuit impedanee is less than 50 ohmms, the line current increases and the
line voltage tends to decrease. ‘I'his causes the voltage across R2 to increase due to
the increased curcent (low through 12, The vollayge ncross R tends to decrease since
it is proportional Lo the line voltage, The vollage difference across R2 and R1 develops
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a negative crror signal output. When the rf circuit impedance is greater than 50 ohms,
the inverse is true, and a positive error signal is developed.

Phasing Discriminator, AJAGAS and parl of ABAGAL, Refer to figure 1-19. The
phasing discriminator in amplilicr-coupler A3 develops a de error signal that is pro-
portional to the phase shift hetween the rf voltage and the rf current. When the antenna
is resistive, the line current and the line vollage are in phase, and the error signal

is zero., When the antenna is eapacitive, the line current leads the line voltage, and the
error signal is negative., When the antenna is inductive, the line current lags the line
voltage, and the error signal is positive.

The phasing discriminatlor is divided fnto two circuits. Potentiometer RS is adjusted
to balance the impedance of circuit number 1 (3, C, K, and I) and circuit number 2
(A, D, E, and F). The line voltage cj, is sampled, with no phase shift, by voltage
divider C12 and C13. The induced voltage in the sccondary of the transformer ia 80
degrees out of phasc with line current i3,. The vector addition of the induced voltage
eg and the sampled vollage o in circuit number | ereates a resultant voltage e The
vector addition of induced voltage cg and the sampled voltage eg in circuit number 2
creates a resultant voltage c;. Voltages ¢4 and eg are rectified by CR6 and CR5 and
filtered by C10 and C9, ‘T'he algebraie sum of Vee and Ved is the error output.
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When the antenna is resistive, line current i; and line voltage ey, are in phase, The
magnitude of the resultant voltage across circuit number 1 (e4) is equal to the magnitude
of the resultant voltage across circuit number 2 (cg); therefore, the error signal is '
zero (vector diagram (1) of figure 1-19),

When the antenna is capacitive, the vector addition of induced voltage e; and sampled
voltage eg causes resultant voltage e4 to increase in magnitude. The vector addition of
induced voltage eq and sampled voltage cg causes resultant voltage eg to decrease in
magnitude. The algcbraic sum of resultant voltages eg and e5 creates a negative error
signal output (vector diagram (2) of figure 1-19),

When the antenna is inductive, the vector addition of induced voltage eg and sampled
voltage eg causes resultant voltage e4 to decrease in magnitude. The vector addition of
induced voltage eg and sampled voltage e; causes resultant voltage eg to increase in
magnitude. The algebraic sum of resultant voltages e, and eg creates a positive error
signal output (vector diagram (3) of figure 1-19).

Resultant voltage e4 is rectilied by diode CRG and then filtered by C5, L5, and C10,
Resultant voltage cy; is rectilicd by diode CR5 and then [iltered by 14, and C9. The
algcbraic differences of the resultant voltages create a de error signal output propor -
tional to the phase dilference between the rf voltage and the rf current.

Forward Power Discriminator, Part of A3AGAl and A3AGA2, Refer to figure 1-20,
The forward power discriminator generates a de output proportional to the rf power
traveling toward the anlenna,
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Figure 1-20. Forward Power Discriminator, 1’art of AJASAL and

ABAGAZ, Simplilied Schematte Diagram
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The secondary of transformer T2 is loaded with a low value of rvsistance, R7, to
result in a secondary voltage (eg) 1809 out of phasc with primary current. The line
voltage is sampled by the voltage divider C15 and C1 and appears at the junction of
CR2 and L2, The sampled portion of the line voltage is 1800 out of phase with the
secondary voltage across 12, On one-halfl of the r{ cycle the induced voltage is
greater in magnitude than the sampled voltage; therefore, diode CR2 is forward biased
to produce a positive output when forward power is present,

Reflected Power Discriminator, Part of A3AGAL and A3AGA2, WRefer to figure 1-21,
The reflected power discriminator develops a dc output proportional to the deviation of
the vawr from 1.0 to 1. The vswr deviates from 1.0 to 1 when the antenna impedance
is not 50 oluns and resistive; therelore, a reflected power outpul is developed when the
antenna circuit is not resonant with a resistance of 50 ohms,
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Figure 1-21. Rellected Power Discriminator, .l’:lrl ol A3AGAL
sned ABAGAZ, Simplilicd Schematic Diagra,
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The gecondary of transformer T1 is loaded with a low value resistor, R8, to result in
a secondary voltiyte (cg) in phase with the line current iy,. The line voltage is sampled,
with no phase shift, hy vollage divider C14 and C6. Cl4 is factory adjusted to create

a sampled voltage (at junction of CR4 and R3) cyual to the induced voltage on T1 when
the vswr is 1.0 to 1; therelore, CRR4 is cut off, and there is no output.

When the antenna circuit is roesonant with a resistance less than 50 ohms, the rf.
current increases and the ¢l vollage tends to decrcase, The induced voltage in the
secondary of T1 is greater in magnitude than the sampled voltage. Therefore, on the
positive half of the rf cycle, diode CRR4 is [orward biased., The conduction of CR4 de-
velops a positive oulpul proportionail Lo the reflected power.

When the antenna circuit is resonant with a resistance more than 50 ohms, the rf
current decreascs and the r[ voltage tends to increase. The Induced voltage eq is less
than sampled voltage ¢q. Therclore, on the negative half of the rf cycle, diode CR4 is
forward biased. The conduction of CRR4 develops a positive output proportional to the
reflected power.

When the antenna circuit is reactive (nonresonant), the rf line voltage is out of phase
with the rf line current, During a portion of cach cycle, the induced voltage i8 more
positive than the sampled voltage, and diode Cit4 is [orward biased. The conduction of
CR4 develops a positive outpul proportional to the reflected power.

e. ALC Dctector. The A1C detector develops it de output proportional to the rf voltage.
The rf is rectliflied by CI17 and referenced by zener diode VR1, The ALC detector
voltage controls the oulput of the power amplifier during tune and low power (2 watts)
modes,

1.7.4.3.1.4 R[ Tuning Network

Refer to figure 1-22 Tuning capacitor ABAT(C1) and tuning coil A3A8(L1) are servo driven
elements that provide exact impoedance matehing to the 50-ohm output of the solid-state
power ampliflier. Autotransformer A3AY contains capacitive and inductive components which
are frequency bandswitched clements that translate antenna impedances to within the tuning
range of C1 and L1. The inductive component, autotransformer (A3A9T1), is used ex-
clusively for tuning the 8-fool whip antenna (rom 2 to 8 Mifz. The antenna switch located on

A3 is a mechanically interlocked switch that scleets the proper tuning element in autotrans-
former A3A9. The switeh is activated by the whip antenna. When the whip antenna Is not
connected, the capacilive companents (ASANCT through CH and C7) arc automatically con-
nected to the dipole antenna BBNC conncector,

a. Autotransformer A3AY. Refer to figure 1-22 in this section and to figures 4-16 and
4-24, schoematics scection.  ‘The autotransformer provides two frequency seclective
networks, onc for usce wilh a dipole antenna (capacitors C1 through C5 and C7) and one
for use with a whip antenna (autotransformer Tl and capacitor CG).

The required vitlue of capacitance (C1 through €5 and C7) is sclected by bandswitch
A3AS5. The capacitance translates the dipole antenna impedances to within the tuning
range of variable elements 1,1 and C1. The same is true for selecting autotrans{ormer
taps when using the whip antenmi.  Once antenna impedances are inside the tuning
range, loading and phaging crror signals run L1 and C1 to obtain the 50-ohm input
inmpedance to the antenna,
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Figure 1-22. RI[ Tuning Network, Simplified Schematic Diagr-am

Figure 1-23 shows how .1, C1, and capacitance (AJAYCL through C5 a'nd C7) are used
to tune the antenna at one example (requeney.  Fipgure 1-24 shows the t:ming procedure
using the 8-foot whip antenna below 8.0 Mliz, ‘The auto transformer is: switched out
above 8.0 Milz,

When a whip antennit is connecled, the sinplitier-coupler antenna switch is mechanienlly
switched to the nornctlly open position, ‘I'he rf is applied to switch wal‘'ers S1A and S1B
of A3A9, Swilch 81 is driven by bandswiteh motor AASBL, At tuncd frequencies from
2 to 7.9999 Mllz, the rf is coupled through SIB o autotransformer T1.. The autotrans-
former passcs the rf through S1A to the whip antenna connector.  IFrona 8 to 23, 9999
MHz, the rf is appliced dircectly to S1A.  From 24 (o 29,9999 MHz, cap:xitor C6 pro-
vides capacitance lor tuning the whip antenna,

When using the dipole antenna, the antenna switeh remains in the nornually closed posi-
tion. ‘The vl is applicd to a contact on switeh wafer S1C.  Capacitors ~A3A9 C1 through
C5 and C7 translate the antemni impedance within the tuning range of Cland L1, The
wiper arm of S1C applices the rl to the dipole antenna BNC conncctor. .

Tuning Capacitor AIAT, Reler (o ligure 1-22, schematies scecetion.  ‘1'be tuning capaci-
tor is controlled by voltages (C1 max run and C1 min run) from scervo amplifier A3AL.
When a positive voltage is applied to AJA7P1-Y (C1l max run) and a gromd to A3A7P1-10,
current flows through the wiper arm of STA to molor B, Under this coendition when B1
runs, the capacitance of Clis mechanically adjusted toward maximum eapacitance,
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S1A is mechanically connected to Bl. S1A may rotate until the contact going to
CR4 becomes open al maximwumn capacilance. When the contact opens, the voltage
to Bl is removed and B stops, Switeh S rotates while Bt is running. A ground
established through S1I from ASATI1-2, applies a ground at ASATP1-5 to tell
control logic A3AZ2 when €1 is maximum,

When a positive vollige is applicd to ASATP1-10 (C1 min run); current flows through

Bl (red dot sidc) to the wiper arm of S1A and out through CR3. C1 max run (A3A7P1-9)
is ground. Bl now runs to [orce C1 towards minimum and also rotates switches S1A
and S1B. Switch S1A may countinue to rotate until the contact going to CR3 becomes
open, disabling B1, Switch St113 applies a ground to AJA711~6 to tell control logic
A3A2 when C1 reaches a capacitance of 145 to 275 pf or less.

When logic conditions on control logic A3A2 arc such that there is no forcing of the
capacitor to max or min positions, the phasing voltage sample from the discriminator
controls C1 position., Opceration of the tuning capacitor is as discussed above, except
that C1 is adjusted (toward max or min) only when a phasing voltage exists.

c. Tuning Coil A3A8. Rcfer Lo figurce 4-23, schematics section. The tuning coil is posi-
tioned by L1 max run and I.1 min run control voltages from servo amplifier ASAL.
When a positive voltage is applicd to A3A81°1-10 (1.1 max run) current flows through
CR1 and S1 to motor B1. L1 min run (A3A8DP1-4) is ground. This condition forces
Bl to run to maximum,. Al max inductance, the follower arm places a ground on
A3A8P1-2 (LT MAX) and pulls switch 81 down to Ct2, The ground at A3ASP1-2 tells
control logic A3A2 that 1.1 is at maximum. When S1 is actuated, the current path is
broken and the motor stops ruming. When a pusitive voltage is applied to A3A8P14
(L1 min run), current {lows theough scervo Bl, switch 82, and diode CR3, L1 max
run (A3A8P1-10) is ground, ‘This forces servo Bl to ruan to minimum. At minimum
inductance, the follower arm places a ground on A3A8P1-9 (1.1 MIN) and pulls switch
S2 down to CIR4. The ground at ABASPL-9 tells control A3A2 that L1 is at minimum,
When 82 is actuated, the current path is broken and the motor stops running,

When logic conditions on control logic A3A2 are such that there is no forcing of the
inductor to max or min positions, the loading voltage sample from discriminator A3A6
controls the tuning of L1. Operation of the tuning coil is as discussed above, except
that L1 is adjusted (loward max or min) only when a loading voltage exists, The
positive or negative vollage sample will cause 1.1 to run only until proper loading
occurs (rf circuit impedance returns to 50 ohms).

A tab above the tuning coil is connected to the L1 Position output of AJA8, When a
frequency 12 Mz or greater is sclected a ground is applied by bandswitch A3AS to the
center-{ap on the tuning coil 1.1, Should the roller make contact with the tab above

12 MHz, the ground is transferred to the IIT Posilion output and applied to control
logic A3A2. l.ogic from ARA2 then disables the loading servo amplifier and the coil
stops.

1,7.4.3.1.5 Control Logic A3A2

Refer to ligurc 4-17 schematies section, Control logic A3A2 reccives hinary coded decimal
(bed) [requency information, rechannel pulse (RCP STRETCH) and key line control from
radio receiver-transmitier A1, serva cmtble from servo amplifier A3A1L, and tuning coil/
capacitor position logic Trom ABAT aud AJAN. Uhe logic control supplies control logic
signals for the amplificr-coupler, such as frequeney band logic and servo command logic,

a. Frequency Decoding, Refer to figure 1-26. The bhed inpul from control A2 is decoded
into frequencey band infornation, sce table -3, Band logic controls B1 on bandswileh
module A3AS,  High level Togic is applicd to the appropriate (requency line/lines on
connector 'l of control logic A3A2, This logic is applied to various logic gates where
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FREQ FREQ s CONN
BAND RANGE PIN
1A 2,0 to 2,39 Mliz P2-13
1B 2.4t02,9 Mliz P2-9
2 3.0t0 3.9 Mliz p2-10
3 4.0 to 5,9 Mliz P2-25
4 6.0to 7,9 MHz P2-11
5 8,0to 11.9 MHz P2-28
6 12,0 to 15.9 MHz P2-26
7 16.0 to 23,9 Mliz P2-20
8 24.0 to 29.9 Miiz P2-27

Table 1-3. Frequency Bands

it is decoded and & logic 1 is applicd to the proper connector pin on P2, This in turn
enables B1 on bandswitch module A3A5. For example; assume an opcrating frequency
of 2.8 MUz, Reler to ligure 1-26. A logic 1 is applied to the 2,0 MIH{z and 0,8 MHz
input (’1-3/5), all other [rogquency inputs are logic 0.

The bed frequency logic, as shown in figure 1-26 is applied directly or indirectly through
logic gates to the output gates for cach (requency band. Note that output gate USA,
figure 1-26, is the only oulput gate with all logic 0 inputs to connector P1. Refer to the
truth table in figure 1-26, A logic 1 outpul from USA enables the 2.4 to 2, 9 Mliz [re-
quency band (113). All other outputs are logic 0 and the {requency bands (1A and 2
through 8) are disabled. Operation for decoding any frequency (2 to 29.9 MHz) is

- similar to the above example except the logic flow will change and the proper band for

the sclected [roequency will he enabled,

At [requencices above 12 Milz, a high level logic is applied Lo the forcing circuits of the
variable tuning clements (C1/1.1) where it is used under certain conditions. This is
covered in later paragraphs,

Tune Logic. Refer to figure 1-27. Coupler tuning is accomplished by four tuning steps
(bandswitch, standby, tune, and operate) that control the logic to the servo amplifiers
and ALC circuits,

Initial turn-on of primaury power or the sclection of a dillerent frequency gencrates a
rechannel pulse. The rechannel pulse sets the iimplificr-coupler (o tune step 1, hand-
switch, The tuning scquence is illustraled in figure 1-27, A bandswitch complete sig-
nal plus coil (1.1) position signal atlows the logice Lo advance to step 2, standby. The
sequence logic waits in standby tor a key (key interlock) (rom the operator. The tuning
elements are still positioned in the tuned condition for the last frequency.  Upon receipt
of a key (key interlock) the logic sequence goes o step 3, tune.  \When the tuning se-
quence is not in handswiteh and all andswitehing is complete, and @ key interlock i8
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present, transistor switch Q2 applies a ground to A3A2P1-11. This ground actuates
keyline relays in power amplifier A3A4 to pass the rf to bandswitch ASAS,

In tune, the following signals are uscd to control the tune cycle:

Servo amplificr cnable cnables servos and allows elements Cl and L1 to tune
Tune-in-progress (TID) places power amplifier in a tune mode

signal to power amplifier

TIP to radio receiver- places radio receiver-transmitter Al in & tune mode,
transmitter Al which supplies a CW tone for tuning

Sidetone control to radio r{ present in recciver-transmitter Al sidetone con-
receiver-transmitter Al trol circuits, which in turn generates a sidetone in

the operators headset.

Forward rl power and low vawr {VSWR) logic (rom scervo amplifier ASAl indicates that
rf is present and the transmission line to the power amplificr is tuned to 50+ JO ohms

to within 1.3:1 vswr. Approximately 1 second after the amplifier-coupler is tuned to

1, 3:1 vswr with forward power prescnt, the tuning sequence advances to step 4, operate.
In operate, anytime the vaswr indicites a mismateh of greater than approximately 2:1

for more than the allotted time delay, the servo amplifiers are enabled. The amplifier-
coupler retunes until the vswr is low and the {ixed delay expires, thea it returns to
normal operate. The vswr logic to enable the servos is delayed each time the vswr
Increascs or decrcasces to provide noise immunity and allow the serveos to pull-in as
accurately as possible,

The tune cycle is timect by a fault circuit, sce ligurce 1-27. If the tune cycle exceeds 15
to 36 scconds the system will Gt If a fault occurs, the tuning scquence must be re-
set with a tunc start (rechannel) pulse,

1.
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Bandswitch Step., IRcfer to figure 1-28, The rechannel pulse (RCP §’1‘1{E‘TCH) applies
a 50 ms ground (logic 0) to U201). This scts the bandswitch [lip-flop (U20D and
U21C). This same low level pulse is applied to U208 and resets the fault flip-flop
(U20A and U20B). Simultancously a logic 0 is gated through Ui4D and U15E and re-~
sets the standby, tune, and operate {lip-flops. When the bandswiteh {lip-flop is set,
the logic 1 output of U201 is applicd to scervo enable U9, The output of U9B drives
the circuit to encrgize relay ABA3AIKL, This enables +25.2 V de (KEYED). Gate
U20D also supplics a logic 1 to U21A. ‘The logic 0 output of U21C is applied to the

“input of U11D), I the frequency is higher than 12 MHz and the roller on the tuning

coil is contacting the L1 position tah, a logic 0 [rom U11D is applied to the other
input of U11lD), ‘The logic 1 out of UL1D enables the servo and [orces the roller toward
MIN until it breaks contact with the tab, at approximately mid-coil. The output of
U13D changes to a logic 1 and is applicd to the input of U21A. The logic 0 output of
U21C is also applicd to UI18C to hold the power amplifier in an unkeyed condition.

When bandswiteh motor Bl on A3AS stops ruaning, ground is removed {rom the band-
switch complete circuit amd a lowic 1 is applied to the input of U21A. When the band-
swilch lip-Llop is sct, bamdswiteh is complete, and the roller on the tuning coil is
not making contact with the 1,1 position tab (if over 12 Mllz) all inputs to U21A arc
logic 1. When all inputs to U21A arce at logic 1, the tuning sequence advances to
standby.

Standby Step.  The logic 0 output of U21A sets standby lip-flop (U20C and U21B),
The logic 0 oulput of U20C is applicd to the input of UL7C. The logic 0 output of
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U21B is fcd back to U21C to rescet the bandswitch lip~flop. In standby the radio may
receive but transmission is inhibited. ‘The tuning clements are still in their pre-
viously tuncd positions unless the radio is in the RCV only mode. In the RCV only
mode the tuning coil and capacitor are homed to maximum, however, the RCV only
mode is used only during testing with Radio Test Set AN/PRM-501,

When the standby flip-flop is sct and the radio keyed (key interlock) both inputs to
U17C are logic 1. When both inputs to U17C are at logic 1 the tuning sequence ad-
vances to tunc,

When a ground is applicd to the keyline, a logic 0 is gated through U15SF and U14C

to set key interlock {lip-flop U148 and UL8B. The logic 1 output of U14B is applied
back to the input of U17C and also to U18C to remove the power amplifier key inhibit,
Tune Step. When both inputs to U17C are at logic 1, the logic 0 output sets tune flip-
flop U178 and U18A. The logic 1 output of U171 is applied through CR30 to enable
the servos and applicd through R20 to the input of Ul4A, The logic 0 output of U18A
supplies the fcedback to resct the standby [lip-flop and also applies a logic 0 to U7F,
The logic is inverted hy U7F, amplilied by Q1, and switched by Q3, placing a ground
on the keyline and applying 11P logic low Lo radio receiver-transmitter A1, The
radio receiver-transmitter turns on the rf and allows the amplifier-coupler tuning
elements to tune. Discriminator A3AG samples the rf and provides phasing and load-
ing information to scrvo amplifier A3A1, A3A1l determines when the vawr is 1, 3:1.
When the vawr is corrcect auxd forward power is present, an advance to operate signal
(logic 1) is applied lo the input of Ul4A,

When the tunc flip-flop is sct and an advance to operate logic 1 is supplied by A3Al
both inputs to UI4A are at logic 1. When both inpuls to Ul4A arc at logic 1 the tuning
scquence advances to step 4, operate.

Operate Step.  The logic 0 output of Ul4A scts the operate flip-flop, U17D and U17A.
The logic 1 output of Ul 7D (opcerate or tune) is applied through Ul1B to the L1/C1
forcing circuits, ‘The logic 0 output from UL7A is {ed back to U18A to reset the tune
flip~[lop. This resct condition releases the hold on the keyline and TIP line applied
by transistor switch Q3. In opcerate step, the amplifier-coupler is tuned and ready
to transmit or receive as long as the vswr remains 1,3:1. Should the vawr vary,
and forward power is present, the servos will be enabled until the ampliflier-coupler
is rctuncd to the correcet vswr,

Tuning Coil/Capacitor Forcing logic. logic gating on control logic A3A2 determine
the conditions under which the tuning clements (C1/1.1) are forced to run toward
maximum or minimum position, ‘The developed forcing logic is applied to servo
amplificr A3AL,

Refer to ligure 1-29. When the following logic conditions are set, C1 max forcing
logic is applicd to the servo amplifier forcing C1 to maximum: L1-Min, C1-Min,
(12 to 29,9 Mliz) and (opcrate or tunc) step.  With these conditions, logic 0's are
applied to the inputs of UL1A and U10A, The logic 1 outputs of U11A and Ul0A are
applicd to UL9B, ‘The logic 0 output of U198 sets flip-flop U19C and U16A, The
logic 1 output of ULHC is applicd through ABA2P3-15 to servo amplifier A3A1 which
forces Cl to maximum position, 1{ L1 runs off minimum or C1 hits maximum, the
force flip-flop will reset disabling the forcing functions.,

Refer to figurce 1-30. When the following logic conditions are set, L1 Max forcing
logic is applicd to the scrvo amplilier forcing 1.1 to maximum: L1 at Min, C1 at
Max while in operate or tune.  With these conditions, logic 0's are applied to the
inputs of U101 and U221, The logic 1 outputs of U10B and U22E are applied to UlYA,
The logie 0 output of UL9A sots Tlip-flop U191 and U163, The logic 1 output of U19D
is applicd through A3A210-8 Lo servo amplilier A3AL which [orces L1 to maximum
position,
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Figure 1-30. L1 Max Forcing Logic, Simplified Schematic Diagram

Refer to figure 1-31. When the following logic conditions are appropriately set, Li
Min forcing logic is applicd to the servo anmplilier forcing L1 toward ainimum
position: {requency below 12 Milz (12 to 29,9 Milz), 1.1 Position, 1.1 Wax, C1 Max
and (operate or tunc). With these conditions, a logic 1 is inverted threagh U22F and
applied, along with a logic 0 from the 12 to 29,9 Milz logice, to the inpat of U13D,
The logic 1 output of U1l3D and a logic 0 from 1.1 Max are applied to UBC, Logic
0's from C1 Max and (operate or tunc) are applied to the inputs of ULO'R. The logic 1
output of U101 and the logie 1 output of U13C arc applicd to the input af U1L3B, The
logic 0 out of U13D scts flip-flop ULI3A and UL6GC, The logic 1 output af U13A is
applied through A3A21°3-9 to servo amplifier A3Al which forces L1 toward minimum
position. If the frequency is above 12 Mz and 1.1 roller is making conmct with the
tab and in bandswitch tuning step, logic 0's are applied to U11D, The lsgic 1 output
of U11D is applicd through ASAZPR-9 to the servo amplilier which lorc s L1 toward
minimum position until the roller hreaks contact with the tab.  Above 228 MHz the coil
will force to min if Ct hits max while in the tune or operate step.  Theflip-flop will
reset if 1.1 hils min or C1 comes off max or phasing scnse becomes posive,
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Figure 1-31. L1 Min Forcing Logic, Simplified Schematic Diagram

Positive phasing sense logic [rom servo amplifier A3AL applics a logic 1 to UioB,
The logic 0 output of U101 is inverted by U13B (1.1 Min Force) and U19A (L1 Max
Force) and resets the 1.1 forcing (lip-{lops, disabling the forcing logic and allowing
the servos to control the tuning.
Fault Logic. Refer to ligure 1-28. When the servos are enabled a logic 0 is applied by
the servo amplilier to U22A in the fault circuit. The logic 0 is inverted by U22A and
applied to the fault timing nctwork. If the radio fails to tune within 15 to 36 seconds,
the logic 1 is inverted by U22C and applied to the fault flip-flop, U20A and U20B, The
logic 1 output of U20A (tunc [ault) is applied Lo Lthe system. If a tune fault ocours, a
logic 0 from U208 rescts all the tune step (lip-{lops to 0 status and tuning stops. A new
tune start pulse must he initinted to start a new tuning sequence. At any time the rf
signal level becomes too high, overvoltage deteclor ASA3A2 applies a logic high through
CR38 to U22C, This will also fault the tuning sequence.

Overvoltage deteclor ABABAZ2, refer to ligure 4-15 in diagrams section, provides rf
sampling to protect amplilicr-coupler Al [rom damage due to abnormally high signal
levels., The rf (approximately 850 volts peitk) is sampled at the junction of the tuning
coil and the tuning capacitor, and appliced to ABA3A2. The rf is then (iltered, rectiliced
by CRS5, and integrated by C to provide a normalized de voltage to the noninverting
input of UIA, A liltered 5.1 V de is doveloped across zener VR1 and the inverting

foput of ULA, When the rectificd de voltage exeeeds 5.1 volts, comparator UlA develops
a positive output voltage, This positive vollage is applied to the control logic card as a
fault initiate command, indicating an abnormally high level of rf.



1.7.4.3.1.6 Servo Amplifier A3A1L

Refer to figure 4-17%, schematies section, The servo amplifier is a dc amplif{ier capable of
.operation {rom a battery supply voltage of 22 Lo 30 V de, The servo amplifier recelves
loading and phasing error voltages, forward and refllected power logic from discriminator
A8AG6 and forcing logic from logic control A3A2, The servo amplifier converts forcing logi
and error voltages into scervo drive sigmals to causce the tuning coil and capacitor to run
towards maximum or minimum position, The servo amplifier also develops phasing sense,
vewr comparison, scrvo controls, AL.C, and sidetone voltages.

a. Tuning Cotl/Capacitor Itun Control. When the tuning coil forcing logic is low (both L1
max force and L1 min [orce), the loading sample {rom the discriminator A3AG controls
op amp UlA, When the loading voltage is positive (rf impedance more than 50 ohms),
the output of UlA dcecreases, causing the output of U2B to increase, which supplies a
positive voltage output al AJA1J4-4, Since U2A is now low, a ground is applied to
A3A1J4-10. This [orces L1 to run toward minimum. When the rf eircult impedance
adjusts to 50 chims, the loading voltage becomes zcro and L1 stops running. When the
loading is negative (rf impedance less than 50 ohins), the output of UlA increases,
causing the oulput voltige of U2A to increase which supplics a positive voltage output at
A3A1J4-10 to force L. to run lowird maximum, Again, when the rf circuit impedance
adjusts to 50 ohms, 1.1 stops running. When forcing logic [rom A3A2 activates L1 min

. force or L1 max force, the forcing logic levels override the loading input. A logic '1'
on the L1 min force input (A3BA1J1-9) will cause a positive voltage output at A3A1J4-4
as described above. A logic 1 on the L1 max [orce input (A3A1J1-8) will cause a pos-
itive voltage output at A3A1.J4-10, as described above. llowever, should the tuning
coil-tab contact the roller while tuned to a frequency greater than or equal to 12 MHz,
transistor (312 is cut ofl. ‘Thix condition biack bhiasces FET Q16 and removes Q5 and Q22
from the circuit. An open circuil appears at A3JA1J4-4 which stops the tuning coil from
running toward minimum. :

The phasing inpul from (he discriminator controls op amp U1, Logie from A3A2
applies C1 max force and C1 min lorce logic commands, Circuit operation is the same
as that discussed abovc [or the loading and tuning coil foreing logic.

b. Phasing Sense. The phasing inpul [rom the discriminator is applied to the noninverting
input of US3. When there is positive phasing the output of USA develops a logic high
voltage across VI8 which is applied to control logic card A3A2,

¢. Vswr and Forward Power. Refer to ligure 1-32, Both the forward power and the re-
flected power samples from discriminator A3AG are applied to U4B. The input networks
to U4 allow the forward and roeflected power to he compared and a vewr check to be
made, When the vewr is 1.3 to 1 a logic 1 is appliced to NOR gate UGA, The logic s
inverted by UGA and applicd, along with logic [rom the forward power circuit, to UGB,
(When forward power is present a logic 0 is applied to UGB.) The logic 1 output of UGB
(advance Lo operate) is applicd to control logic ABA2, Simultancously & logic 1 s applied
through a time delay nelwork to UG, When lorward power is present, U4A applies a
logic 0 to UGD, ‘The logic 0 output of UGL, along with a logic 0 (8ervo enable) from
A3A2 is applied to UGC, If the vewr is 1,3 to 1 and forward power i8 present, the out-
put of UGC is a logic 1, The logic 1 enables transistor Q13 which in turn disables trans-
istor Y, removing 125, 2 V de (Keyed, filtered and enabled) thereby disabling the servo
amplifiers. UGC also provides the servo chable logic to the fault circuit on A3A2,

When the vswr is not 1.3 to 1 qnd forwird power is present, a logic 0 is applied through
the thne delay network to HeD, Phe output of UGD changes to a logic 1, the output of
UGC goces to a logic 0 and culs off Q13 and allows Q9 Lo conduct applying +25.2 V de
Keyed and Fltr) to servo op amps as 125 V de (Keyed, (itr and enabled). The servos
are enabled and the amplifier coupler retunes until the vswr is at the proper ratio then
the tuning scequence goes back into the operate step.
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Figure 1-32. Forward Powcer to Vswr Comparison and Servo Enable, Simplified
Schematie Diagram

ALC and Sidctone. In the tune mode (tune step 3) the detected ALC voltage from the dis-
criminator controls the ALC oulput voltage from USB, The cathodes of CR3 and CR1
are grounded by TIP. This disables the bias supplied through R37 and enables Q17.

The ALC detector voltage from the QLT is much higher than the forward power voltage
supplied {rom the discriminator. As a result the ALC detector controls USB, However,
if the reflected power is too high, resistor '82 will fecd bias to USB and the forward
power will be decreased.

In operate, Q17 is biasced off and the output of U5 is controlled by forward power. The
cathodes of CR1 and CIt3 are no longer grounded. If low power is requested (1’1-19
grounded) Q17 will turn on and the ALC detector will control the output of USB,

Sldel;.one enabling is controlled by current summing op amp USB. The sidetone (A3ALP1-
25) is applicd during tune and operate when r{ is present, Five current sources {eed

the inverting input. When the current through R82 (reflected power) plus the current
through RG (forwnrd power plus the current through Q17 (ALC)) is cqual to the current
through R33 (reference) plus the current through 36 (drive), the output of USD goes
negative. This condition turns Q10 on and applics a logic 0 to A3A1P1-25 (RF POWER)
to activate the sidetonc.

The servo amplilicr also containg an internal -12 V de supply circuit, Inverters UTA
and U7?B are tuncd by R70 and Ci39 Lo develop a 20 kHz square wave., The square wave
switches Q11, Q26, and Q14 on and off and controls the biasing of CR11. Zener diodes
VR4 and VRS then develop —12,4 Vo de at the hase of Q15, causing Q15 to conduct and
~12 V dc to develop at the emitter bead,
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1.7.4.3.2 Receive Theory *

The following paragraphs contadn a deseription of the rf signal path from the antenna to
radio receiver-transmitter Al. For more detall on any particular module, card, or sub-
assembly refer to the description of the transmit path, paragraph 1.7.4.3.1.

When using a dipole antenna, the reccived rf is coupled through autotransformer A3A9 wafer
switch section S1C, and through its assoclated capacitive network to the antenna switch.
When using a whip antenna, the reccived rf is coupled through autotransformer A3A9 wafer
switch section S1A and cither capacitor CG, autotransformer T1 and S1B, or directly to

the antenna switch. Autotransformer T1 is used for frequencies from 2 to 7. 9989 MHz only
and capacltor C6 is uscd for frequencies from 16 to 23,9999 MHz only. The antenna swltch
is toggled when the whip antenna is connected.

The rf signal from the antenna switeh is applicd to tuning colil A3A8BL1, tuning capacitor
A3ATC1, and overvoltage detector A3A3A2. The tuning cofl and tuning capacitor are tuned
to optimum receive conditions by logic applied by servo amplifier A3A1 and control logic -
A3A2. Optimum reccive conditions occur when the control logic is in the standby step

of the tuning scquence. ‘The overvoltage detector provides a fault initiate signal to A3A2
should the rf signal get too high.

The rf is then coupled through the diseriminator to bandswitch A3AS5. The bandswitch module
contalns two fllter boards, ecach having four bandpass filters. The appropriate fliter is
selected by the bandswitch step of the tuning sequence. The band filtered rf is then applied
to the power amplifier.

Relay A3A4AZK2 18 deenerglzed when recelving.  ‘The recelved rf is passed to rf assembly
A3A4Al. Relay A3A1ALKL {s also deenerglzed when receiving. The received rf 1s then
passed through the reclay to receiver-transmitter Al. )

1.7.4.4 DC Power Distribution

Refer to figure 1-33. The receiver-transmitter group operates from a 25. 2-volt
(+5, =3 V dc) battery connccetled to A%J2, Four terms arc used to functionally label the
25. 2 volts dc shiown on figure 1-33.

+25.2 V dc voltage applied to the receiver-
transmiticr group when the battery is
conncetaed,

+25.2 V dc (keyed) voltage applicd when the receiver-
transmitter group is keyed.

+25.2 V de (8W) voltage applied when switched on at the
contrql.

125.2 V de (SW and filtered) switched voltage filtered by the circuits

discusscd in paragraph 1.7.4.2.5.

The °25.2 volt de¢ batlery voltage is applicd lrom conncector AlJ2-1 to fuse A3A3ALF1.
From the fusc, the 1256, 2 V de voltage is routed to relay A3AJALKL, A3J1-24 and -30, and
A3A3A1J1-21 for distribulion. When AJAIALKL IS energized by keying the equipment,
+25.2 V dc (KEYED) voltage is qupplncd to A3A1DP1-13, A3A2P1-13, A3A4A1J1-3 and
A3A4A2P1-3.
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The +25-volt voltage is distributed to A3A1, A3A2 and A3AS, andis connected to the O
secotion of A2R1 through conncctors A3J1/A1A1P1-24,-30 and ARALI1/A2P1-24,30. W
the receiver-transmitter group is turncd on at the control, the +38, 2 volts dc becomes

+25.2 V DC (SW) which is applied to A2P1/A1A1J1-36, ~49 for distribution (figure 1-33
The switched dc output of A1A1Q1 becomes +25.2 V DC (SW AND FLTR) and is applied

to A1AG,

The +25.2 DC (SW) is applied to A1A4P1-5 and converted to regulsted +5. 2 and +13 volt:
+5.2 V DC is applicd to A1A4P1 -1 and +13 V DC to A1A4P1-7 for distribution, _

1.7.5 Direct Current Genorator G-56002/PRC-616 Detatled Theory

Refer to figure 4-28, schematics section. The generator consistsof a crank generator,
2 voltage regulator circuit, and a current output indicator circuit. The de output of the
hand crank generator is applicd through the CR1-CR4 bridge circull to a series voltage
regulator, Ql, Q2, and Q4. Primary current flow is through series transistor Q1, cur:
sensing resistor R1, and diode. CR5. Diode CR5 prevents battery discharge back throug
the generator when it is not befng oporated.

For low input voltage levels (slow cranking speeds), drive transister Q2 and seriea tran:
tor Q1 are on (control transistor Q4 is in cutoff) and the output voltage follows the input
voltage. Output voltage is fed back through the voltage divider R7 and R8 to the base of
control transistor 4. VR2 is the threshold reference diode that allows Q4 to turn on wh.
the voltage across R9 is equal to Q4 emitter-base drop plus 5.1 volts. -

When the output voltage reaches approximately +30 V de, base drive supplied by voltage
divider R7 and It9 is sufficient to turn on Q4. The conduction by Q4 diverts base drive
away from Q2. Q2 and Q1 conduct less, Q1 collector to emitter volMage inoreases, and
the output voltage is maintained at approximately 30 V de, - .

The green (DS1) and red ()S2) crank speed indicator lamps are controlled by a ocurrent
sensing circuit made up of R1, Q3, Q5, QG, and VR1 and VR3. As cutput ourrent increas:
the voltage drop across current sensing resistor Rl also Increases. The voltage drop
scross R1, which {s in tho Q3 base to omittor path, coatrols current flow through Q3. Wi
an output current flow of betwcen 40 and 150 mA, there is sufficient eurreat flow

QS to cause Q5 to turn on and light lamp DS1. With an output current of between 150 and 300
mA, there is sufficicnt current flow through Q3 to cause Q6 to turn oa and light lamp D82.
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SECTION IV

SCHEMATICS

4.1 GENERAL

ematic diagrams are included for Receiver-Transmitter Group OR-5007/URC, Handset
-g-5017/PRC—515. Handsct-Microphone 11-5016/PRC-515, Electrical Power Cable Asee‘mbly
iX-5229/PRC-515, and Dircct Current Generator G-5002/PRC-515, The schematic diagram

1)

gitles and figure numbers are:

FIGURE TITLE

s=1 Chassis A1Al, Schematic Diagram

42 Mixer A1A2, Schematic Diagram

¢-3 Broadband Amplifier A1A3, Schematic Diagram

44 Power Supply A1A4, Schematic Diagram

&5 1f/Af A1A5A1, Schematic Diagram

&6 logic/I'x A1A5A2, Schematic Diagram

€17 Frequency Standard A1A6A1Al, Schematic Diagram

8 Fixed Frequency Divider ALAGA1A2, Schematic Diagram
bd Lf Phase-Lock Loop A1AGA1A3, Schematic Diagram

?10 Frequency Converter A1AGA1A4, Schematic Diagram

41 Voltage Regulator A1AGAZA1, Schematic Diagram

¢12 Variable Frequency Divider A1A6A2A2, Schematic Diagram
€13 Hf Phase-lock Loop A1AGA2A3, Schematic Diagram

4-14 Receiver-Transmitter Control A2, C-5310/URC, Schematic Diagram
€15 Amplifier-Coupler A3, AM-5280/URC, Schematic Diagram
¢-16 Servo Amplifier A3AL, Schematic Diagram

4-17 Control Logic A3A2, Schematic Diagram

4-18 RY Subasscimbly A3A1AL, Schematic Diagram

4-19 Bias/Control A3A4A2, Schematic Diagram



FIGURE TITLE

4-20 Bandswitch A3A5, Schematic Diagram

4-21 Discriminator A3AG, Schematic Diagram

422 Tuning Capacitor A3A7, Schematic Diagram

4-23 Tuning Coil A3A8, Schematic Diagram

4-24 Autotransformer A3A9, Schematic Diagram

4-25 Handset H-5017/PRC-515, Schematic Diagram

4-26 Headset-Microphone H-5016/PRC-515, Schematic Diagram

4-27 Electrical Power Cable Assembly CX-5229/PRC~515, Schematic Diagram
4-28 Direct Current Generator G-5002/PRC-515, Schematiie Diagram
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Figure 4-17. Control Logic A3A2
Schematic Diagram (Sheet 3)
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