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INTRODUCTION

NOTE controls, indicators, and interlocks, and provides
starting, operating, stopping, and emergency oper-The term RADIO SET refers to a
ation procedures.  Chapter 4 discusses the princi-combination of both the Transmitter
ples of operation on a functional system basis andand the applicable Radio Frequency
also to an operational or signal sequence f low.Amplifier.  The actual Radio Set
Chapter 5 includes maintenance and alignmentnomenclature, part number and NSN
procedures.  Chapter 6 contains circuit diagrams.are for reference only and cannot be
The alphabetical index following Chapter 6 pro-requisitioned.  Not all locations
vides references to the appropriate paragraphsrequire both Amplifier and Transmit-
according to the subject covered.ter to accomplish their mission.  The

Radio Frequency Amplifier is needed Table 1-1 is included here in the introduction
only when more than 10 watts is nec- as a cross-reference and indicates which modules
essary.  Should a ‘‘set’’ be required at are used in each configuration of the transmitter
any location that location will have to and which amplifier is used with each transmitter.
requisition both the Radio Frequency

Changes to this manual will be indicated by aAmplifier and Transmitter sepa-
vertical line in the margin extending close to therately.  When a ‘‘SET’’ is used the
entire area of the material affected and at theTransmitter and Amplifier will need
binding edge of the page.  Change symbols are notto be listed separately on their Table
used for:Of Allowance (TA).  See Table 1-1 for

correct configurations. a. Introductory material, indexes, and tabular
data where the change cannot beThis manual contains information to install,
identified.operate and maintain transmitter T-1108(V)/GRT-

21(V), or T-1109(V)/GRT-22(V) independent of or b. Blank space resulting from the deletion of
in combination with RF Amplifier AM-6154/GRT- text or an illustration or a table.
21 and AM-6155/GRT-22.

c. Correction of minor inaccuracies, such as
Both transmitters are identical in physical spelling, punctuation, relocation of mate-

size as are either amplifier.  Both transmitter and rial, etc., unless such correction changes
amplifiers are designed for mounting in a stan- the meaning of instructive information and
dard 19-inch rack or cabinet and can be installed procedures.
either independently or in combination.

Reference is made to T.O. 00-25-234, General
Radio Transmitter T-1108(V)/GRT-21(V) oper- Shop Practice Requirements for the Repair, Main-

ates in the amplitude modulation (AM) mode.  It is tenance and Test of Electronic Equipment for
capable of transmitting on any one of 680 channels instructions concerning procedures and specific
spaced 50 KHz between 116.00 KHz and 149.95 materials to be used in soldering this equipment.
KHz (VHF).  By exchanging certain of the fre-

The following publications are listed for refer-quency determining modules with their corre-
ence and govern the manner of preparation, use ofsponding UHF modules, the T-1109(V)/GRT-22(V)
symbols, terms, reference designations, and abbre-configuration is established which provides trans-
viations in this manual.mission capabilities on any one of 3500 channels

spaced 50 KHz between 225.00 and 399.95 MHz
Military Specifications:(UHF).

Information in this manual is presented in
MIL-M-38730 Manuals, Technical:six chapter and one index.  Chapter 1 contains a
(USAF) General Requirementdescription of the equipment from a functional

For Preparation Ofstandpoint including the capabilities and limita-
tions.  Information is provided covering leading MIL-T-9941 (USAF) Technical Manuals:
particulars, equipment supplied, and auxiliary Ground C-E Equip-
equipment required but not supplied.  Chapter 2 ment Facility Site and
contains information for installation planning, System, Preparation
logistics, installation procedures, and preparation Of
for reshipment.  Chapter 3 describes all operating

Change 22 vii
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Military Standards:  Style Manual:

Library of Congress Catalog No. Z253.U58 U.S.
MIL-STD-12 Abbreviations For Use Government Printing Office

on Drawings and in Refer to T.O. 31R2-2GRT-512 ‘‘Addition ofTechnical Type Publi- High Voltage Switch on AN/GRT-21/22’’ and T.O.cations 31R2-2GRT-514 ‘‘Intermodulation Distortion Modi-
MIL-STD-15-1 Graphical Symbols fication on T-1108/GRT-21.’’

For Electrical and
Electronic Diagrams

ASA Y32.16-1965 Electrical and Elec-
tronics Reference Des-
ignations
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Table 0-1. GRR/GRT Radio Set Configuration Matrix
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Table 0-1. GRR/GRT Radio Set Configuration Matrix (Cont)
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Table 0-2. VHF Transmitter T-1108(V)/GRT-21(V) Configuration Matrix
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Table 0-3. UHF Transmitter T-1109(V)/GRT-22(V) Configuration Matrix
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Table 0-4. Radio Frequency Amplifier (VHF/UHF) Configuration Matrix
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Figure 1. Transmitting Set, Radio AN/GRT-21 and AN/GRT-22

NOTE

Transmitter Nomenclature, Part
number, NSN are for reference only
and cannot be requisitioned.
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CHAPTER 1

GENERAL INFORMATION

amplifier.  When only 10 watts is required, the
exciter only is necessary.

WARNING
1-4. Transmitting Set, Radio AN/GRT-22(V),
hereinafter referred to as the UHF transmitting

With the switch off and the fuse cap set, is comprised of Transmitter Radio T-1109(V)/
removed, 115 VAC (hot side) on the GRT-22, hereinafter referred to as the UHF
exposed end of fuse holder (F1). When exciter, and Amplifier, Radio Frequency AM-6155/
removing or replacing any fuse, the GRT-22, hereinafter referred to as the UHF power
AN/GRT-21/22 should be disconnected amplifier.  When only 10 watts is required, the
from the 115 VAC source. Failure to exciter only is necessary.
comply with this WARNING could
result in serious injury or death. 1-5. An oscillator-synthesizer module is available

which is directly interchangeable with and
NOTE replaces the crystal oscillator module

The term RADIO SET refers to a 1-6. The VHF exciter, utilizing the oscillator-syn-
combination of both the Transmitter thesizer is capable of transmission on any one of
and the applicable Radio Frequency 2720 channels spaced 12.5 khz between 116.00
Amplifier.  The actual Radio Set mhz and 149.9875 mhz.
nomenclature, part number and NSN
are for reference only and cannot be 1-7. The UHF exciter, utilizing the oscillator-syn-
requisitioned.  Not all locations thesizer is capable of transmission on any one of
require both Amplifier and Transmit- 7000 channels spaced 25 khz between 225.00 and
ter to accomplish their mission.  The 399.975 mhz.
Radio Frequency Amplifier is needed

1-8. Frequency selection utilizing the oscillatoronly when more than 10 watts is nec-
synthesizer module is obtained by direct dialingessary.  Should a ‘‘set’’ be required at
the required input frequency to the doubler orany location that location will have to
quadrupler module.request both the Radio Frequency

Amplifier and Transmitter sepa- 1-9. An oscillator-multiplier module is available
rately.  When a ‘‘SET’’ is used the which is directly interchangeable with the crystal-
Transmitter and Amplifier will need oscillator module or the oscillator-synthesizer mod-
to be listed separately on the Table Of ule.  This oscillator-multiplier module differs from
Allowance (TA).  See Table 1-1 for the crystal oscillator series in that it utilizes a fun-
correct configurations. damental crystal rather than a fifth overtone type

and the crystal oven is eliminated.  Frequency
1-1. INTRODUCTION. This chapter contains accuracy is determined by ‘‘pulling’’ the crystal.
information concerning Transmitting Set, Radio Tuning is accomplished to the exact frequency by
AN/GRT-21 (V) and Transmitting Set, Radio AN/ monitoring the frequency with a counter.
GRT-22(V).  A description of the equipment, its

1-10. Common to both the VHF exciter and thepurpose and strategic mission, capabilities and
UHF exciter is Keyer, KY-668/GRT, hereinafterlimitations, leading particulars, and operation are
referred to as the special purpose keyer.discussed in the following paragraphs.
1-11. The VHF transmitting set and the UHF

1-2. DESCRIPTION AND PURPOSE. transmitting set are designed for worldwide
deployment in the air-traffic control service and

1-3. Transmitting Set, Radio AN/GRT-21(V), provide ground-to-air and point-to-point voice com-
hereinafter referred to as the VHF transmitting munication.  See figure 1-1.
set, is comprised of Transmitter, Radio T-1108(V)/
GRT-21, hereinafter referred to as the VHF 1-12. The VHF transmitting set and the UHF
exciter,and Amplifier, Radio Frequency AM-6154/ transmitting set are designed to perform reliably
GRT-21, hereinafter referred to as the VHF power in an air-traffic control environment.

Change 22 1-1
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1-13. The VHF exciter is a crystal-controlled self- 1-18. The special purpose keyer provides addi-
contained solid-state assembly that operates in the tional keying capability when the standard keying
amplitude modulation (AM) mode.  It is capable of circuit is not adequate for the special environment
transmission on any one of 680 channels spaced 50 confronted by the exciters.
khz between 116.00 mhz and 149.95 mhz as deter-

1-19. The VHF exciter and the UHF exciter andmined by the operating frequency of the crystal
power amplifiers each have their own integralused.  Transmitter has capability of Secure Voice
power supplies.Operation.

1-14. The UHF exciter is a crystal-controlled 1-20. LEADING PARTICULARS.
self-contained solid-state assembly that operates in

1-21. The physical and electrical characteristicsthe amplitude modulation (AM) mode.  It is capa-
of the VHF exciter and the UHF exciter and powerble of transmission on any one of 3500 channels
amplifiers are listed in table 1-1.spaced 50 khz between 225.00 mhz and 399.95

mhz as determined by the operating frequency of
1-22. CAPABILITIES AND LIMITATIONS.the crystal used.  The UHF exciter configuration is

normally obtained by substituting UHF modules 1-23. The capabilities and limitations of the VHFfor the comparable VHF frequency determining exciter, the UHF exciter, the VHF power ampli-and controlling modules. fier, and the UHF power amplifier are listed in
table 1-2.1-15. The VHF exciter and the UHF exciter have

provisions for use of an external precision oscilla-
1-24. EQUIPMENT SUPPLIED.tor in lieu of a crystal for frequency control.

1-25. Equipment supplied comprising the VHF1-16. The VHF exciter and the UHF exciter are
transmitting set and the UHF transmitting set iscapable of providing a minimum carrier power of
listed in table 1-3.10 watts with 90 percent modulation capability.

1-17. When driven by their corresponding excit- 1-26. EQUIPMENT REQUIRED BUT NOT SUPPLIED.
ers the VHF power amplifier and the UHF power
amplifier are capable of providing a minimum car- 1-27. Test equipment or equivalent required for
rier power of 50 watts with 90 percent modulation maintenance but not supplied with the VHF and
capability. UHF transmitting set is listed in table 1-4.

Table 1-1. Leading Particulars

CHARACTERISTIC REQUIREMENT

PRIMARY INPUT POWER 105, 120, 210 and 240 volts ± 10%, single phase 47 hz
to 420 hz, 140 watts maximum.  If ac power fails, a 24
volt lead acid battery is automatically switched in to

VHF/UHF Exciter provide emergency power for a period dependent on the
battery amp-hr (AH) capacity.  A 100 AH battery will pro-
vide power for approximately 15 hours to a transmitter con-
tinuously keyed.  When 210, 240 ac power operation is
required and wire on PS1TB1, terminal 7 is a gray wire (this
note does not apply when black with white tracer wire is on
terminal 7) make certain that wire gauge size is No. 22 and
that gray wire on terminal 5 of PS1TB1 is No. 20 gauge.  In
some equipments these wires have been inadvertently re-
versed.

VHF/UFH Power Amplifier 105, 120, 210, and 240 volts ± 10%, single phase 47 hz to
420 hz 610 watts maximum.  Automatic switching of anten-
na from power amplifier to exciter upon loss of ac power or
failure of the power amplifier.

1-2 Change 22
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Table 1-1. Leading Particulars (Cont)

CHARACTERISTIC REQUIREMENT

PHYSICAL DESCRIPTION

VHF/UHF Exciter

Dimensions 5-1/4 inches high; 17-3/4 inches wide; 16-7/8 inches deep
(Standard 19-inch rack or cabinet mounting).

Weight 43 pounds

VHD/UHF Power Amplifier

Dimensions 7 inches high; 17-3/4 inches wide; 18-1/2 inches deep (Stan-
dard 19-inch rack or cabinet mounting).

Weight 70 pounds

CABLE REQUIREMENTS Provided by Air Traffic Control Central

Change 22 1-2A/(1-2B blank)
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Table 1-2. capabilities and Limitations (Cont.) 

CHARACTERISTICS REQUIREMENT 

Audio Distortion At rated carrier output 90\ modulated and at all fre­
quencies between 300 hz and 6000 hz total harmonic 
distortion in demodulated output condition less than 
10\ at 0 db compression and limiting. Under same con­
ditions with maximum compression and limiting total 
harmonic distortion less than 15\. When the line 
amplifier module is used in the exciter no compression 
exists. When R10 is properly adjusted distortion will 
be less than 10\. 

Keying 

Thermal Protection 

Status Monitor 

VHF/UHF POWER AMPLIFIER 

Antenna Transfer Circuit 

Thermal Protection 

Semiconductor switching devices. External and local 
keying provisions. 

Local: 

a. CArbon microphone 
b. Dynamic microphone 
c. carrier test 

Remote: 

a. Simplex ground 
b. XY-668/GRT, (Navy Only) Special Purpose Keyer: 

Provides external keying in push-to-talk mode by 20 to 
60 ma into 150 ohms and 50 volts or 100 volts into 
47 K ohms or 300 hz to 3000 hz tone. 

c. Inboard Monitor/Keyer (optional): Provides 
external non-polarized voltage keying up to 48 Vdc. 

Solid-state protective circuitry actuated at 8S·C. 
Typically. no air flow exists into the cavity. or 
the detected fan voltage is low due to fan failure. 

With the Inboard Monitor/Keyer A3 installed 
(optional), Signal outputs are provided for external 
monitoring of forward power, reverse power, audio 
input, and output percentage of modulation. Impedance 
of each output is 300 ohms. 

Automatic semiconductor control of coaxial relay 
switching of antenna from power amplifier to exciter 
upon loss of primary ac power or power amplifier 
failure, or vswr of greater than 3 to 1. 

SOlid-state protective circuitry. activated when exit 
air from rear port exceeds 147·C typically. 

Change 1.0 1- 5 
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Table 1-3. Equipment SUpplied 

OFFICIAL 
NOMENCLATURE 

Transmitter, Radio T-1108(V)/GRr-21 

Keyer KY-668/GRr (Navy only) 

Amplifier, Radio Frequency AM-6154/GRr-21 
i •. ~ 

Transmitter, Radio T-1109(V)/GRr-22 

Kayer KY-668/GRr (Navy only) 

Slide, Drawer Extension 

COMMON NAME 

VHF Exciter 

Special Purpose Keyer 

VHF Power Amplifier 

UHF Exciter 

Special Purpose Keyer 

ITT PIN 512308-1 & 512308-2 

NOTE 

Slide Drawer Extensions and 
Interface cable "Kit must be 
.Shipped with the radio set. 

1-6 CHANGE 1 
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Table )·3. Equipment Supplied (Cont.) 

OFFICIAL 
NOMENCLATURE 

Amplifier, Rad~o Frequency AM.61SS/GRT.22 

Interface Cables, 8006149G 1 (For 50 Watt Configuration~ 
Required for AN/GRT-21(V) or AN/GRT-22(V) 
Transmitting Sets.' Consists of: 

Cable, Special Purpose, ITT 8006147G2 (WO 

Cable, Special Purpose, ITT 8006147G3 (W2) 

Cable, Special Purpose, ITT 800614SGl (W3) 

Cable, Special Purpose, ITT 800614SG2 (W4) 

Cable, Special Purpose, ITT 80061S0Gl (WS) 

Connector, Plug, HS3108A-24-28s 

Clamp, Cable, MS30S7-16A 

Interface Cables, B006149G2 (For 10Watt Configuration). 
Required for T-ll08(V)GRT-21 or T-l109(V)GRT-22 
Exciters only. (Required when requisitioned or returned 
as separate unit). COr:'lsists of: 

Cable, Special Purpose, ITT 8006147G2 (Wl) 

Connector, Plug HS3108A-24-28S· 

.. Clamp, Cable, MS30S7-16A 

Interfacr Cables, 8006149G3. Required for AM-
6154/GRT-21 or AM-6155/GRT-22, Linear Power 
Amplifiers only. (Required when requisitioned or 
returned as separate unit). Consists of: 

Cable, Special Purpose, 8006147G3(W2) 

Cable, Special Purpose, 8006145Gl(W3) 

Cable, Special Purpose, 8006145G2(W4) 

Cable, Special Purpose, 8006150G1(W5) 

COMMON NAME 

VHF Power Amplifier 

Exciter AC Input Cable 

Power Amplifier AC Input Cable 

Coaxial Interconnect Cable 

Coaxial Interconnect Cable 

Interconnecting Cable 

Connector 

Clamp 

Exciter AC ~nput Cable 

Connector 

. C~.amp 

Power Amplifier AC Input Cable 

Coaxial Interconnect Cable 

Coaxial Interconnect Cable 

Interconnecting Cable 

CHANGE 1 1-6A/(1-6B blank) 
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Table 1-4. Equipment Required (Or Equivalent) But Not Supplied 

DESCRJPTION 

Plug-In Unit, Electronic: 

Dummy Load, Electronic 

Counter, Frequency Measuring 

Plug-In Unit, Electronic 

Test Set, RF Power 

OsciUoecope 

Plug·ln Unit, Electronic:. 

Plug In Unit, Electronic· 

Meter, Vector Impedance. 

Distortion Analyzer* 

Voltmeter, Electronic. 

Multimeter, Digital 

Crystal Unit,.Quartz 

Power Supply, 19.5 V@ lOa* 

Directional Coupler" 

Power Meter* 

Tbennistor Mount* 

Attenuator 10 dB, 5"W* 

Attenuator 3 dB, 20 w* 

Attenuator 20 dB, 100 W* 

Attenuator 20 dB, 5 w* 

Power Supply, 0-18 v* 

Ammeter, 0-15 Amps* 

Card Extender 

MODEL OR TYPE 
DESIGNATOR 

Tektronix IA 1 

Bird 8135 

Hewlett Packard 5245L 

Hewlett Packard 5253B 

Bird 43 

TektrOnix, RM547 

Tektronix,IL20 

Tektronix, lSI 

Hewlett Packard 481 SA 

Hewlett Packard 334A 

Fluke SOl 

Fluke 8300A 

CR-143/U (Holder Type HC27/U) 

New Jersey Electronics QR 36-10 

. Hewlett PICkard 7780 

Hewlett Packard 430C 

Hewlett Packard 4778 

Microlab/FXR AE-IO-N 

Narda 766-3 

Electro-Impulse AX20-100 

Narda 765-20 

Power Design 36505 

Weston Model 931 

rrT PIN 8004809 

. FEDERAL STOCK 
NUMBER 

6615·929·1 89SY A 

6615·121-1 694YA 

6615·933-2719YA 

6615-061-0225 

6625-871-8012 

6615·753-2114 

6615-00-432-5221 

S985-~9-3215 

6615-560-6084 

CHANGE I 1·7 
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CHAPI'ER 2 

INSTALLATION 

2·1. INTRODUCTION. Infonnation and instnictions 
necessuy to unpack. install. make o~ble and prepare 
the VHF exciter, UHF exciter. VHF power amplifier and 
UHF power. ampUf.er for IeSbipment are included in this 

. chapter. Section I provides installation planning 

information. Section II covers receipt aaw.'w.PacJwii' of 
the equipment. Section IU provides installation 
procedures. and Section IV contains preparation for 
reshipment data . 

SECI10N I 

INSTALLATION PLANNING 

2·2. GENERAL. 
. ' 

2·3. .. The VHF exciter. UHF exciter. VHF power 
amplifier and UHF power amplifier are insta1led in 
standard relay racks in the Air Traffic: Control Central. 

No installation planning is required as ~erac:ks .. ;bave . 
provision to accept the chassis. Note: Slide, Drawer Ex· 
tensions. and Interface cable kit must be shipped with . 
the radio set. 

SECI'ION II 

LOGISTICS 

2-4. RECEIVING DATA. 

2·5. The VHF exciter and the VIIF power amplifier 
are each packed in a separate expanded pqIystyiene foam 
container. Each container is sealed in a snug fitting barrier 
pouch. The two units are packed in a single style A 

cleated plywood box constructed of 3/8 inch plywood 
sheathing. The UHF exciter and the UHF power ampUfaer 
are packed identically to the VHF exciter and VHF 
power amplifier. Table 2-1 shows the packed and 
unpacked dimensions and weights of the units. 

Table 2-1. Unpacking Data 

UNPACKED 
QUANTITY DESCRIPTION DIMENSIONS 

1 VHF Exciter 5·1/4 in. high; 
19 in. wide; 
16.7/8 in. deep 

t VHF Power 7 in. high; 
AmpUfIer 19 in. wide; 

18-1/2 in. deep 

1 UHF Exciter 5·1/4 in. high; 
19 in. wide; 
16.7/8 in. deep 

I UHF Power 7 in. high; 
Amplif'ler 19 in. wide; 

18-1/2 in. deep . 

.PACKEIJ 
DIMENSIONS 

21 in. high; 
25 in. wide; 
26 in. deep. 

21 in. high; 
25 in. wide; 
26 in. deep. 

UNPACKED 
··WEIGKI' 

43 Ibs. 

701bs. 

431bs 

701bs. 

PACKED 
WEIGlii' 

ISO Ibs. 

ISO Ibs. 

2-1 
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206. VNPACICING DATA. 

2·'. Before uapaddDg the equipment. iDspect the 
shipping contaiDen for evidence of in .... t dIInap. 
After the equipment is unpacked. inspect for 0I»'ri01ll 
cIamIge such • bent or brOken components. coamectOft. 
etc. Check particularly for any oImOUl dim. to the ' 
connectors at the rear of the cIwsis. 

2-8. CABLE REQUIREMENTS. 

2-9. GENERAL. An intelCODDeCtion cabUna diIpam Is 
shown in figuIe 2-1. This cIiqram. lIhows die abliDl 

1nteft:0000000tioas requiNd for die comreatioDal SO watt 
mode of operation with the exdter and power IIIIIpIifier 
operatin8 toaether •. Inten:oJDlect call1iD& • Il1o llaown for 
exciter operatioa ollly when no power -pHer II 

connected. Mat tng connector types and cab 1e 
requirements are shown In table 2-2. 

CAtmON 

Ie _ to be, , an' cableIeIar of die •. 
outlet DOte J9 at_ of power ampU&er,' 

. ADow adequate cIeIIIace for exhaust Iir flow. 

Tab Ie 2-2. Mat tng Connectors and 'Cab ling to Exciter and Power Amp I I fter Rear Connectors 

MATING 
FROM TO CABLE CONNICI'OR 

Exciter J5 Remote Inputs , MS3108R24-28S 

Exciter J8 (W5) Power Amplifier J7 800615001 

Exciter J9 (WI) AC Souree 8006147G2 

Exciter KU3 (W3) Power Amplifier. J8 8006145GI 

Exciter KU4 (W4) Power Amplifier J9 8006145G2 

Exciter Kin AnteaDa Type N Male 

Power Amp1i&er JI (Wl) A"CSouree 8006147G3 

SEC'I1ON m 

INSTALl..A110N PROCEDURES 

2-10. INSTALLAnON. 

2-11~ The VHF exciter. UHF exciter. VHF power 
amplifier and UHF power amplifier ale eachpro'9ldecl 
with a 3-eeetion IIicle attached to each Iide of the c:hIaIa. 
'The ltationuy member of each lIicle Is provided with four 
3/16-inch holes at ODe end and duee 3/16-inch 110ts at 
the other end. 1'heIe holes .. d 1I0ts are qed for 
attaching die aUdes witb IlUlChine ICI'eWI to the 
conesponding rails in the 1IICk. See fiauJe 2-2 for a 

2-2 

typicll Yiew of the relay nck moundq bracket (left 
Iide). 

2-12. £XCO'ER ONLY OPERATION. Both the VHF 
exciter ad the UHF exciter ale capable of on-tIaHIr 
operation without their rapective POMl' unpIIfien. See 
"Exciter OaIy", portion of fiawe 2-1 . for able 
CCIIlDeCtiOIll. 
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18 

oJ"" ' 

. • .Exciter Rear PInel 

.KU3 

KUI 

KU4 19 

AC 

Remote 
Inputs 

:. PiimarY . ,:" 
Source (WI) ** 

...... 
", " 

Type N 50 Ohm Cable (W4) ¥ 

T' N 50 Ohm Cawe (W3) * 

Power Amplifier Rear PIIlei 

IS 

RFOut RFln 

II 

AC 
Primary 
Source 
(W2) ¥¥ 

Pin to Pin Interconnect With Shielded Wine (W5) * -

To 
AnteDaa 

Exciter and Power AmpUf"_ . 

To 
Antenaa 

18 o 

JUl3 

o KUI 

o KIM 

AC, 
Primuy 
Soun:e{Wl) ** 

. ~citer Only 

J9 

* Approx. ~four (4) feet long. . 

Remote 
Inputs 

** Approx. -s.ix (6) feet long with connector UP131H for connection to 
AC primary source power 1 ine. '. 

Fipre 2-1.· Interconnectin. Cablin. Diapam 

2·3 
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2.1"3. EXCITER MOUNTING BRACKETS. Figure 2-3 
shows an outline drawing of a type A bracket required 
fora typical ~binet mounting. Four of these brackets are 
required for fIXed ~taIlation. --

2.14. Figure 2·3 also shows an outline drawing of a 
type 8 ~racket required for MT-686 rack mounting. Four 
of these brackets are required for fIXed installation. 

2.15. Brackets may befab,ricated for installation in 
other eq uipment enclosures by modifying the type A or 
type 8 brackets as appropriate. 

.. 
.1 

Figure 2-2. Typical View Relay' Rack Mounting Bracket (Left Side) 
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NOTE: Half of B d e t  to k bent 
3/16 R O* to k bd 

I 

. s 900 Bead 

Sbt 

Type A B d e t  
GENERAL NOTES 

1. Brrdrdl1Bupdgcs. 
2. Mati: lOg%cdur&~m 0r . 

12grgearbonakt. 
3. Finiab: FOrrtedonly-$= 

coat zinc chromtb 
801 0297-0 
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2-16. After the slides have been firmly Phillips head 'screws from the fibreglass 
attached to the rack rails, connect the cover, lift cover off providing access to 
provided cables to their corresponding the strapping arrangement terminal board. 
connectors at the rear of the chassis. After completing strapping procedure 
Carefully slide the chassis into the rack r.eplace fibreglass cover and print 
observing that all cables have clearance strapping voltage in space _ provided. 
and are not pinched or damaged. The two Replace top cover. 
slots at each end of the panel on the VHF _ 
exciter and the UHF exciter allow -for . "2-20~ POWER AMPLIFIER STRAPPING. Remove 
entry of hold-down screws into the rack. top cover by loosening four 6-32 flat 

INPUT POWER CONNECTIONS. 

2-18. The transmittin9 sets are shipped 
from the factory with their input power 
connectors strapped for 120 vac. To uti-: 
lize an input voltage of 105, 210, or 240 
volts it is necessary to change the 
strapping arran9ement on the exciter 
power supply, the power amplifier power 
supply control grid/thermal control/aq. 
control, and the power amplifierbi9h 
voltage power supply. 

CAUTION 

. P;hillips head captive screws. On the 
high voltage power supply, lift up metal 
cover providing access to the strapping 
arrangement terminal board. On the power 
supply control grid/thermal control/ac 
con-trol, lift off fibreglass cover held 
in .place by snap fasteners providing 
access to. the strapping arrangement ter­
minal board. After completin9 strappin9 
proeedure on both power supplies replace 
covers .and print strapping voltage in 
space provided. Replace top cover. 

2-21. REMOTE INPUT CONNECTIONS. 

Observe strappin9 arrangement on 
back of cover and verify that 
input power transformers are 
correctly strapped f~r specific 
installation voltage. Fi9Ure 2-4 
illu.tratea strapping arrangement. 
The ac line must always be con­
nected to pins 1 and 5. This is a 
factory connection. DO NOT CHANGE 

'-"'2-"'22. - Connector J5 on the rear panel of 
the exciter unit contains all lines for 
remote use, including: 

6··~ I05Y r-1171_1 !:!:::sIZi AC • IIOV 
... 

I I ?JJdJ 14 II I UJ c. AC e Til 

11 71-1t!JltlJll 110'1 • AC ., 
fit 

t!J1\lJ1 411 111 1 140'1 
AC 

Fi9Ure 2-.. Strapping Arrangement 

2-19. EXCITER STRAPPING. Remove top 

a. Audio input lines and remote 
keying using audio lines. I 

b. Battery connections for emergency 
or dc operation. 

c. Wide band modulation input. 
d. Wide band modulation control line. 
e. Dc output for control of T/R relay 

or audio muting or for other desired T/R 
functions. 

f. Sl?ecial keying lines when either 
of two optional keyers, Keyer KY-668/GRr 
or-Inboard Monitor/Keyer, is installed in 
the A3 module socket. A special keying 
line' . is also available when the Line 
Amplifier is used in 'place of the Audio 
Compressor, A 1 • 

g. Special status monitoring signals 
when the Inboard Moni tor /Keyer (A3) is 
used. 

cover by loosening eleven 6-32 flat 2-23. AUDIO INPUT AND REMc7rE KEYING 
Phillips head captive screws. On the USING AUDIO LINES. Refer to figure.s 2-8, I 
power supply module remove the four 2-9, 2-10, and 2-11. 

2~ CHANGE 1 
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To 
Optional , 

Module A3 
KY -6681GRT 
(See Note) 

Exciter J5 

k 20 to + 60 ma Current Keying 

& 50 to * 100 Volts DC Keying 

K 
.300 to 3000 hz at -1 0 to 0 dbm Tone Keying - 

J 

G 
Remote Audio Inputs & Keying Lines 
(See Note) H 

F 

Wide Band Modulation lnput 
-B I 

Wide'Band Control L i e  j Q I  
DC Output for TIR Relay Control l c  l 
+24 V Batttry lnput . . . . .  I D 1  
Ground I* 1 

Note: For additional o p t i d  niodules and the requbements for J5 inputs and outputs, 
refer to fisuns 28,29,210, md 2-11. 

Keying J 5 

J 

G 
Input H 

F 

Audio 
Source 

T ~ O R K T  
(600 Ohm Output) 

Figurc 2-5. ~ a n o t e  Audio lnput and Keying Circuit 
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amplifier card, module A1, to increase 
audio sensitivity so that a -35 dBm to 
-15 dBm (-35 dBm = 13.8 millivolts at~600 
ohms, -15 dBm = 138 mv at 600 ohms) audio 
input level can .be utilized. Two ter­
minals located on the lower center of 
of audio compressor module and on the 
lower· left of the line amplifier module 
labeled E1 and E2 are the terminals to be 
shorted by soldex.:ing a jumper across 'them 
to obtain sensitivity to-35 ·dBm audio 
signals. When the jumper is in place; 
the audio signal level metering is· no 
longer calibrated so that figure 5-6. no 
longer.pertains to input signal level. 

t . 
2·37. VHF CABLE ASSEMBLY. When the VHF exciter IS 

used without the power amplifier there may be undesirable 
levels of spurious antenna radiations. On early configunition 

. exciters. the cable length between the driver/power amplifier 
and the low pass filter is B.41 ± 0.25 inches. To assure a 
minimum amount of unwanted radiation. a cable of 10 ± 
0.25 inches shall be added to the existing installed cable of 
8.41 ± 0.25 inches for a total overall length of 18.41 ± 0.25 
inches. and installed between the driver/power amplifier and 
low pass filter. The following material is required for the 
assembly of the additional cable length referenced above. 

~~ Part NWllber Description 

1 1 M39012/27-0001 Connector, coaxial 
receptacle 

2 1 M39012/26-0001 Connector, coaxial 
plug 

3 AR RG142B/U Coaxial Cable 

2-38. . 'l'UNEUP AND '!'EST. 

.2-39. Refer. to paragraphs 3-6 through 
3-15 for starting, tuning, operating, and 
stoppinq procedures· for the exciter and 
power amp11f ier. 

2-40. Both the VHF exciter and power 
amplifier .and the UHF exciter and power 
amplifier have been completely aligned at 
the factory and should require no further 
alignment. If performance is n~t satis­
factory recheck the starting and tuning 
procedures. If performance is still not 
satisfactory refer to the appropriate 
section of Chapter .5 to locate and 
correct the trouble. 

SECTION· IV 

PREPARA'l'ION FOR RESHIPMENT 

2-41. GENJ:RA1. 

2-42. 'ftle preferred method of packing 
for reshipment 1s to use the original 
shipping containers, if available. If 
the original packing material is not 
available, repack the units in separate 
cartons using an over-wrap and sui table 
cushioning to protect the units. 

2·12 Change 3 

NOTE 

Slide, drawer extensions and interface 
.cables must be shipped with the radio 
set. 
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DRY-CONTACT KEYWCS FROM REMOTE CONTRO~/CO~JSOLE 

DETAIL A 
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Table 3·2. VHF/UHF Power Amplifier Controls and Indicaton 

CONTROL OR INDICATOR 

POWER 

ON-OFF 

Toggle Switch 

Indicator Lamp 

Fuse (left) 

Fuse (right) 

HV 

FUSE 

Indicatgr Lamp 

ON-OFF 

Togle Switch 

TUNE-OPERATE 

Toggle Switch 

TEST 

Meter 

FUDction Switch 

EXCTR 

REF 
DES 

Sl 

081 

Fl-

F3· , 

082 

S4 

FUNCTION 

I 

When placed in ON position, provides primary power to 
the power amplifier. 

Illuminates when POWER ON-OFF switch is iii the ON 
position. 

One2-Am~ Fuse in 105-120 VAC line. 
One 1.0-ampere "fuse in 210-240 wc line. 
Indicating fuse holders glow when fuse is blown. 

" One IS.ampere fuse in 105·120 VIC line. 
One lO-ampere fuse in 210-240 VIC line: 

One lO-ampere fuse in 105·120 VIC line. 
One lO-ampere fuse in 210-240 VIC line. 
Indicating fuse holder glows when fuse is blown. 

Illuminates when time delay has elapsed after pllCiDg 
POWER ON-OFF switch to ON Position allowing filament 
of power amplifier tube to heat and when HV ON-OFF 
switch is in ON position. 

When placed" to ON position, provides primary power to 
high voltage power supply. 

I 

I 

wARNiNG 
Prior to any fuse replacement 
disconnect power connections. I 

S3 When in TUNE position provides reduced excitation to 
power amplifier for tuning purposes. ' 

Ml Pro~es indications per function switch positio ... 

ASSl 

IndicateS exciter connected and on. 

-Normal blow type fulCS 

Change 9 3-7 
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Figure 3-2. VHF Power Amplifier and UHF Power Amplifier Controls and Indicators
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SECTION  II
OPERATING INSTRUCTIONS

3-6.  STARTING, TUNING, OPERATING, AND STOP-
PING PROCEDURE.

Do not key the transmitter on 121.5 MHZ or 243.0
MHZ for over 15 seconds. A continuous key of 30

seconds will activate the International Search and
Rescue Satellite (SARSAT) to be used in an actual
emergency or distress situation.

a. Starting, tuning, operating, and stopping procedures of
paragraphs 3-7 through 3-16 are summarized as fol-
lows:*

3-7.  PRE-OPERATING CHECK.

a. Check on equipment of unknown condition.

b. Leave POWER OFF.

c. Verify starting conditions.

d. External DC power connect, if used.

e. Connect AC power cables, if used.

3-8.  INSTALL CRYSTAL. If an oscillator synthesizer is 
used, set thumbwheel screw to desired frequency.

3-9.  EXCITER STARTING PROCEDURE.

a. Exciter power ON.

b. Verify OVEN, UNRGLTD V, RGLTD + 20.

c. New units, precision verify and adjust RGLTD + 20.

d. Rough check exciter FWD and RVS.

3-10.  EXCITER TUNING PROCEDURE.

a. Initial oscillator tune.

b. Multiplier tune, UHF.

c. Multiplier tune, VHF.

d. Tunable filter tune.

e. Oscillator final tune.

f. RF carrier level set.

g. Modulation set.

3-11.  POWER AMPLIFIER STARTING PROCEDURE.

If the power out is below requirements, check the RF
Cable Ground Shield for breaks and repair as neces-
sary. If power is increased, damage to the power tran-
sistors may occur causing a failure.

a. Power amplifier power ON.

b. Verify EXCTR, V-GRID, V-HTR, FAN.

c. Verify HV turn on time out.

d. Verify V-PLATE, V-SCREEN.

e. Verify exciter E-L RLY, VSWR-LPA.

3-12.  POWER AMPLIFIER TUNING PROCEDURE.

a. Verify power amplifier FWD and RVS.

b. Verify quiescent CUR-PLATE.

c. Verify partial forward power function.

d. Tune INPUT TUNING and INPUT COUPLING.

e. Tune OUTPUT TUNING and OUTPUT COUPLING.

f. Check power amplifier FWD and RVS.

3-13.  SYSTEM CHECK.

3-14.  REMOTE OPERATION.

3-15.  A3 KEYER CARD ADJUSTMENT.

3-16.  STOPPING PROCEDURE.

a. Power amplifier stopping procedure.

b. Exciter stopping procedure.

3-10 Change 26
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3-7.  PRE-OPERATING CHECK.

a. This section applies to equipments whose tuned condi-
tion and/or operational status is unknown.

• Do not connect primary AC power, do not connect
remote inputs, and do not attempt turn on, tuning,
or operation until configuration and starting condi-
tions have been verified per this section.

• Make sure that the strapping arrangement is cor-
rect for the primary AC input voltage to the power
transformers. See sections 2-17 through 2-20.

NOTE

Make sure that UHF and VHF transmitter sets con-
tain the following complement of replacement units,
correct for the intended frequency band in correspon-
dence with the frequency band identification provid-
ed by the equipment name plate. If the exciter top
cover is removed for this configuration inspection,
leave the top cover off for the steps which follow. If
the power amplifier cavity module is removed for
configuration inspection, make sure that it is securely
replaced before proceeding.

b. Leave exciter AC POWER ON-OFF switch in OFF
position. If a power amplifier is used, leave its POWER ON-
OFF switch in OFF position.

c. Verify that starting conditions are in accord with the
following.

* Specified readings are nominal. See Tables 5-2 and 5-3
for acceptable limits.

EXCITER: VHF UHF

Frequency
multiplier
module A9 8004225G1 8004224G1
Driver/Power (dblr) (quad)
Amp module
A10 8006081G1 8004890G1
Tunable
Filter
FL2 505527-2 505527-1
Power Sensor 509146-22 509146-12
Low Pass
Filter FL1 505516-25 505516-11

POWER
AMPLIFIER
(IF USED):

Tuned cavity
module A7 8004230G2 8004230G1

Change 24 3-10A/(3-10B blank)
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3-9. EXCl.'l"BR.STARTING PROCEDURE (CONT). 

d. UsiDg TEST SWlI'CH 1 as necessuy. verify 1bat FWD 
and RVS 1Ud:s 3 ctiYisicms. If uecessuy. adjust RP CaaIIoJ/ 
Modulator Q,R:uit.Oad A6, R5 for FWD zero, .ad R8 fm RVS 
zero. This obHrv.rion.ad adjuslmellt are pe1imiDuy oraly. 
mtended only for assurmce that the power COJdrOl circuits are 
funcIkming. Fmal check and adjustment of FWD and RVS 
zero will be provided for in ccmnecdon with RP c:mier level 
1CUiDg: see step ~-10.f. 

3-10. EXCJTBR TUNING PROCJIDURs. 
STARTING CONDmoNS-

be lUre that ali. requirements of lICIians 3-7 thnJu&b. 3-9 baYe 
been accomplishecl. • 

Exciter switch positions: 

LOCAL-REMOTE " 

PUSH TO TALK­
CAlUUER TEST .. 

TUNE-OPERATE 

AC POWER ON-OFF 

Powec Amplifier switch 
positions ('If used): 

POWER ON-OFF 

HVON-OFF 

'I'UNE-OPBRATE 

NOTE 

LOCAL 

PUSH TO" " 
TALK 

nJNE 

ON 

OFF 

OFF" 

OPERATE 

The following tuning procedure auumea use of the ayStal 
oscillaIor. If an oscillator-.l.)lDthesizer is used, set the 
Ihumbwheel switches on the osciUator-syDlheaizer to cme-fourth 
die desired carrier frequency for UHF and one-IWftha desbecl 
carrier fRquency for VHF. and disregmi iDstructicms on crystal 
oscillator adjustment. Since the oscillator-syn.theIizer produces 
frequeneies in 6.25 kHz baements, it is IIDt pouible to place 
aU the IignifiCllllt ctigits po the frequalcy aeloclicnlWitdJu. 

" Therefcne. the dial numbers are rounded off with tha JelaIicm­
ship between the dial frequency and the ~ frequeDcy 
illuslrated in the followins table. 

3-12 Change 11 

. DIAL FREQUENCY 

99.993mbz 
99!W1 
99.981 
99.975 
99.968 
99.962 
99.956 
99.950 
99.943 
99.937 
99.931 
99!J2S 
99.918 
99.912 
99.906 
99.900 

ACfUAL FREQUENCY 

"99.99375 mhz " 
99.98750 " 
99.98125 
99.97500 
99.96875 
99.962S0 
99.95625 
99.9SOOO 
99.94375 
99.93750 
99.93125 
99!J2S00 
99.91875 
99.91250 
99.90625 
99.90000 

L" Perform initial tuDiDg of the oscillator module in accor­
dance with tha following. For tuning the oscil.laror-multip1ier 
"module refer to paragraph 3-20. 

NOTE 

lni.w timing of the oscillator. performed during 
the first 30 minutes after perfoming step 3-10.L 
during whidt time the frequeac:y-detcunining 
elements are undergoing wannup stabilizalion. 
will be foDowed by a fiDal oscillator tuniJJ&; see 
step 3-10.e. 

1. "Using a saewdriver, position the dots on the oscillator 
lDodule 10 line up with the crystal frequency inarldngs. For 
frequencies of 58 MHz or less, position the dots at six o'clock. 

2. Using a saewdriver, position the dots on the multiplier 
"module to line up with the operaling frequency markings. 

" 3. Place TEST SWITCH 110 OSC position. 

4. Key the trlDSmiuer by placing PUSH TO T AiK­
CAlUUER TEST switch in CARRIER TEST position. 

5. On the oscillator module carefully adjust OSC and BUF 
COftIZOls clockwise from the starting position. alternately 
belwecn the two conbOls, for a maximum reading on the test 
mauer. 

NOTE 

It is possible to tune the osciUator to the wrons 
mecbmjc;al overtone of the crystal. To verify 
that IbiI has DOt been done. check that the final 
ad,justmrIlt cbieved for maxjlUUDl oulpUt is 
close to the desired frequeucy maddng. 







,STARTING CONDmONS 

Be sure that all requirements of sections 3-7 
throup 3-1 o.a have been accomplished. 

Exciter switch positions: 

LOCAL-REMOTE 

PUSH TO TALK· . ' 
CARRIER TEST 

" .... 

TVN£.OPERATE 

'AC POWER ON.()FF 

Power Amplif"JeI' switch 
positions (if Ultd): 

POWER ON-OFF 

HVON-OFF 

1lJNE.OPERA TE ' 

LOCAL 

PUSHTO' 
TALK 

TUNE 

ON 

OFF 

OFF 

OPERATE 

" I. . The tuning controls of the multiplier module 

I should be let to their starting positions as in SteP 3·10.a.2 
or Step 3·20;~. , 

2. On the multiplier module, adjust the LEVEL 
~DJ control to its full clockwise position. 

3. Place TEST SWrrCH I to MUL TR position. 
4.' Key the transmitter a. in 3-10.a.4. 

. 5. Alternately adjust QUAD, BUFFER and 
AMPL controls for maximum indication on the test meter. 

NOTE 

If the meter rading obtained is greater than 50, 
, re-adjust the LEVEL ADJ control for a reading 
of between 40 and 50, and re-peak QUAD, 
BUFFER and AMPLcontrol for maximOm in· 
dication. 

NOTE 

It is possible to tune the multi­
pl ier to the wrong harmonic of 
the osci llator. To verify that 
this has not been done, check that 
the adjustment achieved for maxi­
mum output is close to the de­
sired frequency marking. 

6. ,Recheck oscillator adjustment by repeating 
steps 3-10.a.3 and 3-IO.a.S and recheck multiplier adjust. 
ment by repeating steps 3-10.b.3 an&l3·10.b.5. 

7. Adjust LEVELADJ control CCW for a 
reading of 22 for UHF frequencies of 300 MHz and less. 
For UHF frequencies greater than 300 MHz, set the LEVEL 
ADJ control at maximum CCW position; its final setting 

T.0.3IRl-lGRT-I02 
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wUl be made after filter tuning has been accomplished. 
8. Unkey the transmitter as in3-10.a.6. 

c. Tune the VHF multiplier (doubler) module in 
accord with this section (refer to 3-IO.b for tuning UHF 
multiplier module). 

STARTING CONDITIONS 

Be sure that all requirements of sections 3-7 
through 3-1 O.a have been accomplished. 

Exciter switch positions: 

LOCAL-REMOTE 

PUSH TO TALK 
CARRIER TEST 

TUN£.OPERA TE 

AC POWER ONoOFF 

Power Amplif'1er switch 
positions (if used):. 

LOCAL 

PUSH TO 
TALK 

- TUNE 

ON 

POWER ONoOFF OFF 

HVON-OFF 

TUN£.OPERA TE 

OFF 

OPERATE 

I. 'fhe tuning controls of the multiplier module 
should be set to their starting pOsitions as in Step 3.1o.a.21 
or Step 3·20.b. 

2. On the multiplier module, adjust the LEVEL 
ADJ control to its full clockwise position. 

3. Place TEST SWrrCH I to MULTR position. 
4. Key the transmitter as in 3-10.8.4. 
S. Alternately adjust DOUBLER and BUFFER 

controls for maximum indication on the test meter. 

NOTE 

If the' meter reading obtained is greater than 50, 
re.adjust the LEVEL ADJ control for a reading 
of between 40 and 50, and re.pNk DOUBLER 
and BUFFER controls for maximum indication. 

NOTE 

It is possible to tune the multi­
p 1 i er to the wrong harmon ic of 
the osci llator. To verify that 
th is has not been done, check 
that the adjustment is achieved 
for maximum output i~ close to 
the starting position set in 
step 3-10.a.2. 

CHANGE 1 3·13 
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6. Recheck oscillator adjustment by repeating steps 3-
10.a.3 and 3-10.a.5, and recheck multiplier adjustment by
repeating steps 3-10.c.3 and 3-10.c.5. 

7. On the mu1tiplier module, adjust the LEVEL ADJ
control CCW for a reading of 22.

8. Unkey the transmitter as in 3-10.a.6.

d. Tune the tunable filter per this section.

Lethal voltage is present on terminals of switch S6 to
the left of capacitor C2. Use a nonmetallic alignment
tool when making adjustments in this area.

1. Remove protective caps from the tunable filter C1
and C2.

2. Place TEST SWITCH 1 to FLTR TUNE position.

3. Key the transmitter as in 3-10.a.4. Observe that the
test meter indicates a reading greater than zero in response to

keying the transmitter.

4. Adjust the tunable, filter input capacitor C1 near its
correct setting by observing a sharp change in meter reading.
Turn clockwise to decrease frequency, counterclockwise to
increase frequency. Depending on the band and frequency, the
desired point will be seen as a sharp peak, a sharp dip, or as a
sharp transition between a high and a low level. For initial
tuning purposes, any of these indications may be used.

5. Place TEST SWITCH 1 to the APC position.

6. Adjust the tunable filter output capacitor C2 to its
correct setting by observing a null in the meter reading. If a
null is obtained, go to-step 3-10.d.7. If a null is not obtained,
place TEST SWITCH 1 to FWD position, and adjust C2, and
then C1, for maximum FWD. With a reading of 30 or more
obtained at maximum, place TEST SWITCH 1 to APC posi-
tion and go to step 3-10.d.7. If a reading of less that 30 is
obtained at maximum, momentarily unkey and rekey the trans-
mitter as in 3-10.a.4 and 3-10.a.6, and readjust C2 and C1 for
maximum, observing that the reading obtained is greater than
30 at maximum.

7. Alternately adjust C1 and C2 for minimum reading.
If the filter is equipped with protective cap, proceed with step
8. If the filter is not equipped with protective cap, proceed
with step 9.

8. Reinstall the protective caps on the tunab1e filter
and observe that the minimum APC 1evel obtained in 3-10.d.7
is not changed.

9. If multiplier module LEVEL ADJ control was set at
maximum CCW in step 3-10.b.7 (UHF units above 300 MHz),
place TEST SWITCH 1 to MULTR position and adjust
LEVEL ADJ control for 22.

10. Unkey the transmitter as in 3-10.a.6.

e. Perform final tuning of the oscillator module in accord
with this section. See 3-17 for G3.

STARTING CONDITIONS
Be sure that all requirements of sections 3-7 through 
3-10.b or 3-10.c have been accomplished.
Exciter switch positions:
LOCAL-REMOTE LOCAL
PUSH TO TALK-
CARRIER TEST

PUSH TO TALK

TUNE-OPERATE TUNE
AC POWER ON-OFF ON

Power Amplifier switch
positions (if used):
POWER ON-OFF OFF
HV ON-OFF OFF
TUNE-OPERATE OPERATE

STARTING CONDITIONS

Be sure that all requirements of sections 3-7 through 
3-10.d have been accomp1ished.

3-14 Change 26



BxcJ.ter swltch posltion 

.~ 

AC POWER OR-o!'P OR 

Power amp1 i fler sv1tch 
pos1.t1ona (1£ used): 

BV ON-on ow 
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'l'he purpose of th1s sect10D 1& to 
enab1e the best posslb1e ad­
juataent for frequency accuracy. 
using on1y the crystal. ltse1f as 
the crlterlon for frequency 
accuracy. ~e flnal adjust.ent 
will be made from the CCW d1rec­
t1on. stopping at the peak. 

NO'rB 

~hls procedure shou1d be accom­
p1lshed after 30 mlnutes (5 
minutes when uslng oscl11.tor­
synthesizer) have elapsed :from. 3-
9.a •. ~11owlng warmup stab11lza­
tion of the frequency deterain1Dg, 
e1ements. 

Change 8 3-l4A/(3-l4B Blank) I 
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1. Repeat steps 3-10.a.3 through 3-10.a.5 of 1. In step 3-9d, a preliminary check of FWD
the oscillator module initial tuning procedure, and RVS zero set was made.
using care to achieve the maximum peak observa-

2. Using TEST SWITCH 1 as necessary, verifyble. The test meter may be tapped for best possible
that FWD and RVS read 0 ±1 division.  If neces-observation of the peak.  Record the peak reading
sary, adjust RF Control/Modulator Circuit Cardobtained
A6, R5 for FWD zero, and R8 for RVS zero.

2. Detune the OSC control in the CW direc-
3. Place TEST SWITCH 1 to the FWDtion, then carefully return it in the CCW direction

position.to precisely the peak reading observed in step
3-10.e.1. 4. Key the transmitter as in 3-10.a.4.  Observe

that the test meter increases from the zero set3. Detune the BUF control in the CW direc-
condition of step 3-10f.2 to a reading of approxi-tion, then carefully retune it in the CCW direction
mately 40 in response to keying the transmitter.to precisely the peak reading observed in step

3-10.e.1; then repeat step 3-10.e.2. 5. Unlock the CARRIER LEVEL control
(inside the access door on front of the exciter unit)

NOTE by loosing 5-16″ locknut.  Adjust the CARRIER
If the meter reading is obtainable LEVEL control as necessary to achieve a reading
when returning either the OSC or of 40 (equals approximately 10 watts; see figure
BUF control is greater than or less 3-3).  If this reading cannot be obtained, unkey
than that reading recorded in 3- exciter, turn power ON-OFF switch OFF, connect
10.e.1, start over with 3-10.e.1. an external wattmeter and dummy load to K1J1 if

operating in the 50 watt configuration or connect
NOTE to K1J3 if operating in the 10 watt configuration

(exciter only).  After making the applicable connec-The adjustment accomplished in sec-
tions, turn power ON-OFF switch to the ON posi-tion 3-10.e affects the oscillator fre-
tion, key the transmitter as in paragraph 3.10.a.4.quency very little, and does not

require readjustment of the multiplier (a) Set the CARRIER LEVEL control
module or the tunable filter. inside the access door on front of exciter unit to

approximately center of its mechanical ran.4. Unkey the transmitter as in 3-10.a.6.
(b) On the RF Control/Modulator Cir-f. Check and adjust as necessary the RF

cuit Card A6, adjust R19 (CARRIER-LEVEL) for acarrier level setting in accordance with this
reading of 40.section.

(c) On the RF Control/Modulator Cir-
cuit Card A6, adjust R39 for a 10 watt reading onSTARTING CONDITIONS
external wattmeter. (Alternately adjust R39 and

Be sure that all requirements of sections R19 on the A6 card until a reading of 10 watts and
3-7 through 3-10.e have been accom- a reading of 40 in the forward position is
plished. achieved.)
Exciter switch positions. (d) Lock the RF carrier level adjust by

tightening the 5-16″ locking nut (inside the access
LOCAL-REMOTE LOCAL door on the front of the exciter unit) while observ-

ing the level does not change.PUSH TO TALK- PUSH TO
CARRIER TEST TALK 6. Unkey the transmitter as in 3-10.a.6.
TUNE-OPERATE TUNE

7. Place the exciter TUNE-OPERATE switch
AC POWER ON-OFF ON in OPERATE position for all tuning procedures

steps which follow.Power Amplifier
switch positions
(if used):

CAUTION

POWER ON-OFF OFF The TUNE-OPERATE switch has
HV ON-OFF OFF been in TUNE position for all previ-

ous steps following the pre-operatingTUNE-OPERATE OPERATE
check, 3-7c.  If necessary to return to
any previous step, place the TUNE-
OPERATE switch in TUNE position.

Change 18 3-15
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g. Check and adjust modulation employing local modula-
tion input in accord with section. For remote modulation input,
refer to 3-14.

h. If audio amplifier compressor is used perform the fol-
lowing procedure.

1. Modulation input requires an audio signal generator
capable of supplying a test signal at 1 KHz, continuously vari-
able from 0.1 VRMS or less to 1.25 VRMS or more, into 600
ohm load. If, owing to excessive output level, the signal gener-
ator used is incapable of smooth adjustment or repeatable set-
ting within this range, the output should be suitably padded.
Terminate the audio signal generator output cable with a
PJ068 plug per figure 3-4. If the signal generator output has
one side grounded, this side must be connected to the PJ068
sleeve, while the ungrounded side is connected to the PJ068
ring. The tip contact of the PJ068 is not connected.

2. Unlock the MOD LEVEL control (inside the access
door on the front of the exciter unit) by loosening   5-16" lock
nut. Preset the transmitter modulation level to mid-range by
turning the MOD LEVEL to approximately the middle of its
mechanical range.

NOTE

With SWITCH 1 in SWITCH 2 enable do not place
SWITCH 2 to % MOD unless exciter is modulated.
Failure to do this will cause meter to peg negative,
possibly damaging the meter.

3. Set the audio signal generator at 1KHz with its out-
put level control turned down (0.1 VRMS or less).

4. Set TEST SWITCH 1 and 2 to read AF LVL-L.
Observe the reading is 0 to 2. If necessary to adjust, on the
Filter Amplifier/Detector module A4 adjust R41 (AF level
zero adjust) for a reading of 0.

NOTE

For transmitters strapped for low lever audio input.
Set audio signal generator to -27 dgm (0.034 vrms).
Plug the audio signal generator PJ068 into the carbon
microphone jack (local microphone1) on the exciter
front panel. Proceed to step 3-10.h.7.

5. Set TEST SWITCH 2 to AF LVL-H. Plug the audio
signal generator PJ068 into the carbon microphone jack
(LOCAL MICROPHONE 1) on the exciter front panel.

6. Increase the audio signal generator output level, and
observe that the AF LVL-H reading increases. Set for a read-
ing of 18, corresponding to a 0dBm (one milliwatt) signal
level. See figure 5-6.

7. Key the transmitter as in 3-10.a.4.

8. Set TEST SWITCH 2 to read % MOD.

9. Adjust the MOD LEVEL control for a reading of (30
corresponding to 90% modulation; see figure 5-5).

(a) Lock the MOD LEVEL control by tightening the
5-16" locking nut (located inside the access door on the front
of the exciter unit) while insuring the meter reading does not
vary.

10. Change Test Switch 2 from the % MOD setting.
Unkey the transmitter as in 3-10.a.6.

NOTE

Check % MOD reading per paragraph 5-51 and 5-52
after changing power output level.

i. If line amplifier is used perform the following proce-
dure.

1. Modulation input requires an audio signal generator
capable of supplying a test signal at 1 KHz, variable from 0.1
VRMS or less to 1.25 VRMS or more, into 600 ohm load. If,
owing to excessive output level, the signal generator used is
incapable of smooth adjustment or repeatable setting within
this range, the output should be suitably padded. Terminate the
audio signal generator output cable with a PJ068 plug per
figure 3-4. If the signal generator has one side grounded this
side must be connected to the PJ068 sleeve, while the
ungrounded side is connected to the PJ068 ring. The tip con-
tact of the PJ068 is not connected.

STARTING CONDITIONS

Be sure that all requirements of section 3-7 through 3-10.f 
have been accomplished.

Exciter switch positions:

LOCAL-REMOTE LOCAL

PUSH TO TALK PUSH TO
-CARRIER TEST TALK

TUNE-OPERATE OPERATE

AC POWER ON-OFF ON

Power Amplifier
switch positions
(if used):

POWER ON-OFF OFF

HV ON-OFF OFF

TUNE-OPERATE OPERATE

3-16 Change 25
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2. Unlock the MOD LEVEL control (inside the access
door on the front of the exciter unit) by loosening 5-16" lock
nut. Preset the transmitter modulation level to zero by turning
the MOD LEVEL control to the full counterclockwise posi-
tion.

3. Set the audio signal generator at 1 KHz with its out-
put level control turned down (0.1 VRMS or less).

4. Set TEST SWITCH 1 and 2 read AF LVL-L.
Observe the reading is 0 to 2. If necessary to adjust, on the
Filter Amplifier/Detector module A4 adjust R41 (AF level
zero adjust) for a reading of 0.

NOTE

For transmitter strapped for high level audio input
proceed to step 3-10h.4.

5. Set TEST SWITCH 2 to AF LVL-H. Plug the audio
signal generator PJ068 into the carbon microphone jack
(LOCAL MICROPHONE 1) on the exciter front panel.

6. Increase the audio signal generator output level, and
observe that the AF LVL-H reading increases. Set for a read-
ing of 18 ±2, corresponding to a 0 dbM (one milliwatt) signal
level. See figure 5-6.

7. Connect AC voltmeter to TP1 on line amplifier PC
card (A1 module). Adjust potentiometer on this card (R10) to
0.636 volts RMS or 1.8 volts peak to peak.

8. Key the transmitter as in 3-10.a.4.

9. Set TEST SWITCH 2 to read % MOD.

Change 25 3-16A/(3-16B blank)
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Figure 3-3. Exciter RF Carrier Power Vs. Meter Reading

Figure 3-4. Modulation Level Test Setup
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(10) Adjust the MOD LEVEL control for a Observe that the POWER indicator lamp
reading of 30 (corresponding to 90% modulation; see illuminates.
figure 5-5). b. Using the TEST switch, observe that the

(11) Change Test switch 2 from the % MOD following power amplifier functions are in accor-
setting. Unkey the transmitter as in 3-10.a.6. dance with table 5-3:

LPA 1 EXCTRNOTE
LPA 8 V-GRIDCheck % MOD reading per paragraph LPA 9 V-HTR5-51 and 5-53 after changing power LPA 11 FANoutput level.

c. Place the HV ON-OFF switch to the ONj. The accomplishment of all previous steps in position.  Observe that, approximately one minutesequence completes the tuning procedure for the after step 3-11.a above, the HV ON indicatorexciter.  If the system consists of exciter only, con- illuminates.tinue with section 3-13.  If the system consists of
exciter and power amplifier, continue with section d. Using the TEST switch, observe that the
3-11. following power amplifier functions are in accor-

dance with table 5-3 for the unkeyed unmodulated3-11. POWER AMPLIFIER STARTING PROCEDURE. condition:

LPA 5 V-PLATE
STARTING CONDITIONS LPA 7 V-SCREEN

Be sure that all requirements of sections 3-7 e. Using the exciter TEST SWITCH 1 as neces-
through 3-10.h have been accomplished. sary, observe that the following exciter functions

are in accordance with table 5-3 for the unkeyed
Exciter switch positions: unmodulated condition:

EXC 1-1 E-L RLYLOCAL-REMOTE LOCAL
EXC 1-6 VSWR-LPA

PUSH TO TALK- PUSH TO
3-12. POWER AMPLIFIER TUNING PROCEDURE.CARRIER TEST TALK

TUNE-OPERATE OPERATE
STARTING CONDITIONS

AC POWER ON-OFF ON
Be sure that all requirements of sections 3-7

Power Amplifier switch through 3-11.e have been accomplished.
positions (if used):

Exciter switch positions:
POWER ON-OFF OFF

LOCAL-REMOTE LOCAL
HV ON-OFF OFF

PUSH TO TALK- PUSH TO
TUNE-OPERATE OPERATE CARRIER TEST TALK

TUNE-OPERATE OPERATE

CAUTION AC POWER ON-OFF ON

If the power out is below requirements, Power Amplifier switch
check the RF Cable Ground Shield for positions (if used):
breaks and repair as necessary.  If
power is increased, damage to the POWER ON-OFF ON
power transistors may occur causing a
failure. HV ON-OFF ON

a. Place the POWER ON-OFF switch on the TUNE-OPERATE OPERATE
power amplifier front panel to the ON position.
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STARTING CONDmONS (CONT). 
Power Amplifier switch 
positions (if used): 

ON POWER ON·OFF 
HVON·OFF 

. TUNE-OPERATE 
ON 
OPERATE 

1.. Re-chcck power amplifier FWD and RVS zero set 
per 3-12.a. 

. 2. Key the transmitter as in 3-10A. 

3. Place power amplifier TEST switch in FWD " 
position and verify the reading is correct for SO watts in accord 
with figure 3-7. IfTeading is incorrect, make the following 
adjustments. If any adjustments are to be made. refer to 
WARNING in subparagraph 3-13(c). . .. 

(a) Adjust R26 on buffer amplifierl 
mUltiplier electrical instrument card 
A-5 for SO watts on external watt 
metcr. 

(b) Adjust R22 on buffer amplifier/ 
multiplier elcctrical instrument card 
A-5 for 40 on power amplifier front 
panel test meter. 

(c) Repeat steps (a) and (b) until SO 
watlS is obtained on the external watt­
meter and 40 is indicated on the 
power amplifier front panel test meter. 

4. Place power amplifier TEST switch in RVS 
position and verify that the reading docs not indicate excessive 
reverse power. 

5. Unkey the transmitter as in 3-10,a.6. 

3·13. SYSTEM CHECK. 

a. The ilCComplislunent of all previous steps in sequence 
completes the systcm tunging procedure. 

b. Verify system functions in accordance with table 5-2 for 
systems consisting of exciter only. or in accord with table 5-3 
for systems consisting of exciter and power ampJifier~ 

c. Perform Frequency Check, 10 or SO watt mode. 

WARNING 

Do not disconnect the coaxial output cable of 
Ihe transmitter to ,the dwnmy load without fll'St 
placing Iheremote·local switch in LOCAL 
position. and carrier Testlpush-to-talk switch to 
PUSH-TO-T ALK position, to assme that Ihe 
transmitter will not be keyed with its load 
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disconnected. While Ihe transmitter is 
protected from excessive high load VSWR in 
this condition, it is possible for maintenance 
personnel to sustain rf bums if handling open 
cable ends wilb Ihe transmitter keyed. 

1. Connect equipment jack KI13 (10 watt 
mode) or KIJI (SO watt mode) to Ihe input of 
variable attenuator (S74-GAL) or equivalent, 
connect output of Ihe variable anenuator 
direct to the RF dununy load and the 
attenuated output to Ihe Frequency Counter 
inpuL Set variable attenuator to SO dB • 

2 Setlhe contrOlS as follows: 

A. EXCITER 

(1) Remote/Loca1 to Local 

(2) Push-To-TalkICanierTest to Push­
To-Talk 

. (3) AC Power OnIOff to On 

B. POWER AMPUFIER 

(1) Power Off (On for SO watt) 

(2) High Voltage Off (on for SO watt) . 

"3. Key exciter by placing Push-To-TalkI 
Carrier Test switch to Canier test and reduce 
variable attenuator setting until Frequency 
reading should read desired frequency +/-
0.0005% for synlhesizer oscillator or +/-
0.001% for crystal oscillator. 

4. Unlcey the transmitter by placing the 
Push-To-TalkICarrier Test switch to Push­
To-Talk. 

d If exciter unit top cover was removed in a previous step. 
reinstall the top cover. 

e. ,If power amplifier ~ cover was removed in a previous 
step. Teinstall the top cover as follows: 

1. Place HV ON-OFF switch to OFF position. 

2. Re-install power amplifier top cover. 

3. Place HV ON-OFF switch to ON position. 
Observe HV ON indicator illuminates. 

f. If system is to be used under local control. connect and 
verify operation of microphone input(s) in local microphone 
jack(s) on the exciter front panel. 

g. If system is to be used under remote control. continue with 
section 3-14. 



3-14. REMOTE OPERATION. 

. a. Remote inputs and controls are connected to the ex­
CIter through 15. Refer to sections 2-21 through 2-33. 

. b. Remote keying and remote voice modulation are 
~~ by placing LOCAL-REMOTE switch in REMOTE 
posluon. 

3-15. A3 KEYER CARD ADJUSTMENT. 

a. After installing the A3 keyer card and connecting the 
exci~ to the ttansmiuer control panel for the keying method 
required, proceed as follows: 

. 1. Set the REMOTElLQCAL toggle switch on the 
eXCIter to the "REMOTE" position. 

. 2. If the voltage keying method is used, apply the 
required voltage to the key terminal. With a mi1liameter 
plugged into the channel test jack on the transmitter control 
panel. adjust the.potentiomeler for the current level shown 
for the keying method being used. (Refer to Fig. 2-8 and 2-
9). The transmitter should key by voltage ata current of 1 
to 2 milliamps. 

. 3. If keying is accomplished by grounding the key 
terminal, ground the terminal with a teSt lead to the panel. 
The transmitter should then key. 

4. After accomplishing either (1) or (2) above con­
nect the remote keying line to the key terminal and ha~e the 
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rem~te location key the transmiuer. For voltage keying. 
readjust the potentiometer for the current value obtained in 
step (2) above. 

5. Ifkeying trouble is encountered from the remote 
location, check to see that the current keying voltageloption 
has been made in accordance with Fig 2-8 and 2-9. 

3-16. STOPPING PROCEDURE. 

a. To turn off the power amplifier. turn off High Vol­
tage Switch rlrSt, then allow one (1) minute interval before 
the POWER ON-OFF Switch is switched to the OFF posi­
tion. This greatly increases the life expectancy of the power 
output tube VI. 

CAurroN 

In systems consisting of an exciter and a power 
amplifier. complete de-activation of voltages within 
the power amplifier requires turning off both the 
power amplifier and the exciter. As long as the ex­
citerremains ON. with the interconnecting cable W5 
attached from exciter to power amplifier, +20 
operating voltage will be present within the power 
amplifier. in the thermal control circuits of module 
A3. and on the level shift amplifiers and buffer emit­
ter followers of circuit card AS. 

. b. To tum off the exciter. place the AC POWER ON­
OFF switch on the exciter front panel to the OFF 
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poIition. :rhis completely cJe.activates the exciter, whether 
po'ftIeCI by AC or by an external battel)' or DC IOUI'Ce. In 
systems c:oDSism. of an exciter and a power amplifier, this 
abo dNcdvates thole power amplifier functioJII which 
ale powaed by +20 volts "supplied &om the exciter 
throop cable"W5. "" 
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3-17. G3 OSCILLATOR TUNING PROCEDURE 
(Substitute following for 3.10.e.) 

3-18. Care must be exercised when tuning 
at the extremes of the band (less than 65 
MHz and greater than 80 MHz crystal'fre­
quency) to assure that the proper peak Is 
used for maximum frequency accuracy. When 
tuning at the band edges two peaks are 
observable because the tuning capacitors 
have an adjustment range of 360 degrees 
and two points exist that have the same 
capac I tance. At the extreme low band 
edge the capacitance Is almost at maxi­
mum and with clockwise rotation has Its 
capacitance decreasing. The OSC and BUF 
adjustments are made ·for maximum meter 
Indication with the tuning capacitance 
decreasing when tuning the VHF trans­
mitter and for tuning the UHF transmitter 
for crystal frequencies equal to or 
greater than 75 MHz. The OSC and BUF 
adjustments are made for maximum meter 
Indication with the tuning capacitance 

NA VELEX 0967-LP429·S010 

Increasing when tuning the UHF trans­
mitter for crystal frequencies below 
75 MHz. To assure proper starting 
position of the capacitor for fre­
quencies less than 65 and greater 
than 80 MHz the OSC and BUF controls 
are adjusted In the CW and CCWdirec­
tion to 'observe the presence of two 
peaks. The peak closest to the center 
scale frequency marking of 75 Is the 

. correct peak. 
3·19. Perform final tuning of the .G3 
osci llator module in accord with tMs 
section. 

STARTING CONDITIONS 

Be sure that all requirements of 
sect ion 3-7 through 3-10.d have 
been accomplished 

Exciter switch positions: 

LOCAL-REMOTE 

PUSH TO TALK­
CARRIER TEST 

TUNE-OPERATE 

AC POWER ON-OFF 

Power Ampl ifier sw·ltch 
positions (If used): 

POWER ON-OFF 

HV ON-OFF 

TUNE-OPERATE 

NOTE 

OFF 

LOCAL 

PUSH TO 
TALK 

TUNE 

ON 

OFF 

OPERATE 

The purpose of ~his seetlon Is 
to enable the best possible 
adjustment for frequency accu­
racy, using only the crystal 
Itself as the criterion for 
frequency accuracy. 

3·23 
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3-22. GENERAL 

3-23. Emezgency operation of lhe UHF or VHF exciter only 
I is limiled to Ihrce conditions. 

L Crystal not available. 
b.. AC power failure. .1 . Co Frequency synlhCsh:er unsenriceable. 

Emerpncy operation is applicable to the power ampliflelS 
when crystal is not available. 

3-24. CRYSTALNOT AVAILABLE. There are two con- . 
r ...... tiollS of the crysfal.c:ontrolled osciDator (800429002 
IIDC1 800429(03) that require different type connections 
when they are used. 

NOTE 

RF generator must be a stable frequency 
1OURe, :t 0.001% to ~ optimum trans­
. mitter peiformance. Continued monitoring for 
frequency accuracy is requirecL 

. NOTE 

A type CR-75 crystal may be used for erner· 
seney operation, however, it may not meet 
the +0.001% frequency accuracy requirements. 
MOnitoring of the crystal frequency' may be 
effected by using a directiooal coupler in the 
antenna output and a counter to check the 
frequency accuracy. 

3-24.1. Crystal-Controlled Osciuator 800429OGl. If a 
crystal to provide the desirCd operating frequency is not 
available, pertorm the foUowing: 

L Remove crystal from holder and reinstall holdel: 
in oscillator module to:maintain oven temperature. 

b. Connect output of an external rf generator set 
to cw (HP608 or equivalent) and to proper crystal fre­
quency to J1 on the osclIlator module. Set rf pnerator to 
one-lWf' the operating frequency for VHF and to one­
fourth the operating frequency for UHF. 

Co Adjust external rf generator for an output of 
from 125 to 175 mv rms when terminated with a 5().ohm 
. ~ 2-ohms impedance. 

3-24.2. Cryst8J..ControUed Oscillator 800429OG3. If a 
crystal to provide the desired operating frequency is not 
available. perfonn the foUowing. 

L 

position. 
b. 
Co 

Place AC POWER ON-OFF switch to the OFF 

Remove exciter top cover. 
Dbconnect oscillator cable (P2) from doubler 

or quadrupler module whichever is used. 
d. Remove oscillator cable (P3) from its stowage 

clip at rear of module and connect it to the doubler 
(quadrupler) connector (JI). 

e. Secure oscillator P2 cable in stowage clip. 
f. Replace exciter top cover. 
g. Remove crystal from holder and reinstall holder 

in oscUla tor module to maintain oven temperature. 
h. Connect output of an external rf generator set 

to cw (HP608 or equivalent) and to proper crystal fre­
quency to J 1 on the oscillator module. Set rf generator to 
one-half the operating frequency for VHF and to one­
fourth the operating frequency for UHF. 

i. Adjust external rf generator for an output of 
from 0.5 to 1.0 v rms when terminated with a SO-ohm 

.±. 2-ohms impedance 
j. Proceed with normal tuning procedures (para-

graph 3-8) for G2 oscillator only), When using G3 oscil· 
lator proceed with normal tuning procedures, but omit 
tunin~ of oscillator controls. 

NOTE 

A type CR·75 crystal may be used for emer· 
gency operation, however, it may not meet the 
:!: 0.001% frequency accuracy requirements. 
Monitoring of the crystal frequency may be 
effected by using a directional coupler in the 
antenna output and a counter to check the 
frequency accuracy. 

3-24.3. Oscillator-Multiplier 8009546G 1 External Fre­
"uency Control. Provision is made to inject an externally 
generated frequency should a crystal of the desired fre­
quency not be available. 

a. Remove all' power from the receiver or exciter 
containing the oscillator-multiplier module. 

b. Remove crystal holder from oscUiator-multi· 
plier module; 

CAUTION 

Care must be exercised when inserting or re­
moving the crystal holder. Be sure pins are pro­
perly aligned.· Do not twist holder when in­
serting or removing as bent or misaligned pins 
may result • 

c. Conn~t the output of an rf generator at ap-
proximately +13 dBm level to J 1 on the front panel of the 
osciUator-multipUer module. This injected frequency must 
be 5 times the frequency of the crystal frequency deter­
mined by previous instructions. 

d. Tuning is accomplished by peaking the AMPl..· 
control, then checking the BUF and OSC controls. A dip 
may appear when tuning the BUF control. The dip is not 
wanted and this control must be tuned to peak a!ong with 
the OSC control. 
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CIIAPI'ER 4 

PRINCIPLES OF OPERATION 

4·1. INTRODUCTION. This chapter pro\'ides 
infonnation on the principles of operation of the VHF 
transmitting set and the UHF transmitting set. The 
chapter is divided· into three sections. Section I describes 

. . the principles of operation of the transmitting sets to a 
functional block diagram level. Section II discusses the 

principles of operation of the transmitting sets based on 
the functional operation of the electronic cireuits. Section 
m describes the functional operation of the mechanical 
assemblies of the transmitting sets. For basic circuit 
principles of operation refer to T.O. 31·1·141. 

SECTION I 

FUNCI10NAL SYSTEM OPERATION 

4-2. GENERAL. 

4·3. The VHF transmitting set and the UHF 
transmitting set are identical except for their frequency 
determining characteristics. These functions' and those 
functions common to both are described to a functional 
system block diagram level in this section. See figures 6-1 
and 6-2. 

4-4. FUNCI10NAL DESCRIPTION. 

4-5. The VHF transmitting set and the UHF 
transmitting set are identical except for the radio 
frequency multiplier, radio frequency amplifiers, tunable 
filter, low pass filter, power detector, and power 
amplifier tuning .. cavity. The VHF transmitting 
set and the UHF transmitting set each consist 
of a 10-watt exciter and a 5(J-watt linear power 
amplifier. 

4-6. The oscillator stage is crystal controlled in a 
temperature· controlled oven. The oscillator output is fed 
into a doubler (VHF) or a quadrupler (UHF). The 
driver/power amplifier amplifies the radio frequency signal 
to a 100watt level. The tunable filter eliminates unwanted 
harmonics and noise. The low pass f"dter following the 
driver/power amplifier eliminates harmonics generated in 
the f"mal stages of the power amplifier. The signal then 
passes through the power detector to the coaxial relay. In 
the normal mode, the coaxial relay connects the power 
amplifier input to the exciter and the amplified SO-watt 
output to the antenna terminal. The low-pass mter in the 
power amplifier rejects any harmonics of the operating 
frequency generated in the power amplifier. The power 
detector supplies the control rf/modulator with detected 
fo.rward and reverse signals. The control rf/modulator 
adjusts the driver/power amplifier output power to the 
level required for a SO-watt output &om. the power 
amplifier. The power sensor following the power ampliraer 
detects the power output level and feeds hick power level 
~tion information to the control rf/modulator in the 
exciter unit. In the event of an antenna vswr of greater 
than 3 to 1, the power amplifier turns off and the exciter 

~ of 10 watts takes over as a backup. ·If the vswr 
becomes greater than 5 to 1, the exciter output power 
reduces automatically in proportion to the \'SWI' to 
protect the driver/power amplifier in the exciter from 
excessive power dissipation. . 

4·'. The control, thermal/detector modulation 
percentage/coaxia1 relay control/keyer inhibit contains the 
logic to inIn"bit· keying due to an excessive temperature. 
and it also determines the condition of the power 
amplifier. If the power amplirler has no output. the 
control, thennal/detector modulation percentage/coaxial 
relay control/keyer inhibit switches the coaxial relay to 
bypass the power amplifier. The keyer, control transfer 

-keys the radio frequency mUltiplier, the crystal oscillator 
buffer, and the control, rf/modu{ator. The audio amplifier 
compressor contains the remote audio frequency input 
and remote key.ng input. The rdter amplifier/detector 
receives the proper audio signal from the audio amplif"aer 
compressor. The rdter amplifier/detector provides the 
required audio frequency response and feeds the signal to 
the buffer modulator. This module also contains the wide 
band data input, as well as a modulation limiter to 
prevent overmodulation. 

4·8. The VHF power amplifier and the UHF power 
amplifier are each single·stage tetrode vacuum tube ampli· 
fiers. The amplifiers operate linearly. Class AB

1
• in a 

common·cathode configuration. An over· temperature and I 
airflow protection circuit is contained in the power ampli· 
fier which. when activated. removes the ac voltage input to 
the high voltage power supply and automatically switches 
the antenna output from the power amplifier to the exciter. 
The transmitting set power supplies convert the 47 to 420 
hz primary power to regulated and unregulated dc voltages. 
and the ac heater voltage. When the ac power is inter-
rupted. the exciter is automatically connected to the antenna 
and to a de input from an extenal source. which provides a 
back up to·watt level output transmission. When not in 
the battery mode of operation, the exciter power supply 
supplies the battery with 300 ma of charging current to 
maintain a fully charged battery. 
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IUpply module. Rl8 is the load miltor for the meterinl 
cift:uit ad Rl5 is the multiplier .. tor Chat fundIbea the 
proper Ietel for the OVEN &oat paellDIjor tat poiat L6 
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ftIiItance of RTI wm be hiIh which,'" ClUte pin 3 'of 
ARI to be low mel output of AR'I tow~ TrUaktor Q3 wII 
be tumecl on by b.e drift tbrouIh R22. R20' Uc1 VRI. 
Wadi this cODductiOD the collector CIIIIeIIt of Q3 fumisba 
b.e Irhe to Q4.Q4 .. tamed On aad fumilhes collector 
CUlleDt tbrouah the beater elemea .. ' "IU. HR2 &om the 
IlllleJUlated vol. duouP R21. n.e yol" .... R28 
iI fumisbed to die froBt pIDeI for OVEN meteJiD, tat 
poiDt R30 .. to minim'. thenDII ruiIawaY ......... from 
Q4 operatlq at hiIh temperature; At the on:D .8PPfOICbeI 
tile opaatiDa WDpentule,·tbe IaiItIDce of RTI ___ 
to nile die YOltlp at Pin ,3 of ARI which raiIet tile output 
YOItaF, of ARI, to decn.e cJdye to Q3 and Q4 which !e­

duces beater cuneiat At the opentiDa temperatWe the 
ou1put of ARI • blah 10, dlat Q3 ._oat turned off 
which IeCIuc:es b.e drift to Q4 .. Jedueea die ba1er 
c:unent to _OIt zero. WI ...... dlat Q3 is tumed off 
when beater, CUlleDt is DOt .. aired'" ill the CIIe when 
... bieDt temperatures exceed die 0¥eD tempaatule. 

4-20. 1 EXTERNAL OSCILLATOR 1NPtTI'. An 
atemal OICiDator may be UIed in lieu of a crystal; Bemcwe 
adter cover. DiIcoanect callie Pl 'Of the OICiIIator module 
from die' double or qudrupler module. Remcwe oecDlatur 
cable P3 from its stowaae dip at rear of OICiIIator module 
and CODDeCt it to the doublef or quadrupler connector n. 
Secure cable Pl in stowqe dip. 1be cryItIl must then be 
mnO¥ed from the circuit and the 'atemalOlCillator output 
connected to coaxial c:ouector Jl. The ateraal oscillator 
must be adjusted to the proper frequency to te~ .. a ,ocal 
OICiUator with a power level input between +7 to +13 dbm. 

4.21. OSCILLA TOR-$YNTHESIZER. (F I g 6-45 ) 

4·22. GENERAL. The OICilIatorl'l)'Dthesizer aenerates 
selectable stable frequencies by a. vOitap-tuDed osciDator. 
The selected osci1la~or outP~t, frequency is fed to a 
preacaler counter which divides the frequency by 4 and 
feeds it to a variable counter. 1be variable cOllnter further 
divides the frequency by a ratio of 9000 to IS.'" as 
determined by the tettiDp of the frequency select 
thumbwbeels. The division ratio of the counter is such that 
when the YoitaF-tuned oscOlator is aenerating the correct 
frequency. the output of the yariable counter is 1.5625 
khz. This' output signal is fed to a pbae detector and 
compared with a 1.5625 khz reference sipIl. The 1.5625 
khz reference sip" is derived from a' precision 
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Cl)'stal-controUed osc:Dlator and a diaital fIXed-frequency 
divider counter. The phue difference between these two 
..... determines the ck vol. which controls the 
yoltap.tuned oscillator such that pbase lock with the 
reference OICillator is maintained. The nominal output level 
of the olicllator is +14 dbm:!: 3 dbm. ' 

4·23. REFERENCE GENERATOR. The reference 
.. rat~' contains a temperature compensated crystal 
oscDlator which provides a 3.2 mhz signal. Temperature 
stability is obtained without the use or an men. A 
ecrewdriver trimmer adjustment is provided in the side of 
the crystal housing. covered by a removable. reusable sealed 
access cover. This cover is behind the hole plug located on 
the front of the synthesizer below the thumbwheel 
switches. The OICiDator operates from the +20 vde 
regulated. ,It is followed by an integrated circuit divider 
with straJIht-binary division by 2048, which operates from 
the +5 "de regulated., The output from the 'reference 
pnentor is a .. wue waft approximately S volts 
peak-to-peak .. which is coupled to the phue compantor 
input. This is a solder sealed module and should- not be 
,terViced except by the manufacturer. 

4·24. . DMDER/CONTROL. This boud cletennines the 
output frequency. ne board contains a prescaler (divide by 
4) and a variable counter with its associated frequency 
telection switches. The rf sample from the rf generator 
board is fed throop attenoator RIS and R16. CS is a ck 
block 1,VIdch couples the rf to the base of amplifier Q4. This 
cIerice places the rf at a de level of about 3.2 volts by virtue 
of bias resistors Rl7 and RIS which is the optimum input 
level for US. US is an emitter-coupled logic dual-D flip-flop 
Yrhich is hooked up to divide the input rf signal (56.25 mhz 
to 99.9937 mhz) by 4; The output of US is fed to an 
emitter coupled pair Q 1 and Q2. This circuit amplifies the 
output of US and shifts the signal level to that of TTL 
(transistor-trlDsistor logic). Q3 is used as a saturating switch 
~ drives the filSt logic pae. 

4-25. The variable counter number 
(divide by N), is 'essentially a chain of 
programmable counters constructed enti rely 
with monolithic integrated circuits. The 
division ratio N ranges from 9000 to 
15,999 and is programmed by generating 
binary logic levels with the 4-digit fre­
quency selector thumbwheel switches. The 
first 3 switches are inverted "nines" 
complement binary coded decimal (bed). 
Switch s4 is hexadecimal eode w~ich pro­
grams U5 (divide by 16). 51, S2, and S3 
program U2, U3, and U4 respectively, which 
,are divide by 10 counters. Assuming the 
thumbwheels are set to 99.993 this means 
all switches are made placing a "low" on 
all the inputs, so the division ratio is 
15,999. T~us the signal is coupled 

,through the NAND gate (U7) following Q3 

4-3 





Q6 conducts the ~ level that is on the IOUJCe at that 
puticular instant ad this d-c: lnel is stored on C 11. This 
level is held untO the next ..... ple pulse. Thus the circuit 
....... p1es .. the ~ level of the nmp, and ''holds'' it. This 
........ d .. vol. is a continuous volt. that is proportional 
to the phue difference of the two input sipals. Durinl 
IeardI mode (before phase lock occun), CR.I or CRl 
coaduct because there is peater than 0.6 volt across them. 
After phue lock occun, the vol. differential is low and 
IU5 provides isolation for any noile that miPt be prelent. 
VI is , hiF input impedance operational amplir.r which is 
uecl as a ~ level Ihifte ... to provide the proper ~ level for 
the voltate-tuned oscmator. It has almoat unity pin, with 
RI9 and R16 providina the nominal operatina 1neI. Rli. 
Cl .. , Rll, CIS, Rll, CI6, R14 and Cl8 fonn a 
multHection low-p. filter which is uecl to remove any 
undesired a-c: ...... from the control vol.. to the 

I 
voltqe-tuned oscmator. Durina .an::h mode, most of the 
filter is bypassed by Ll ad CR3 or CR.4, which conduct 
_en the voltaae differential is peater than 0.6 valt. 

4·32.. SWITCHING REGULATOR. This printed wiring 
board consists of an input filter, a power switch driver, and 
an output filter. The input filter. is CI, C2 and L3.UI 
is the switch driver, with R3 used as a short circuit pro­
tector. R4, RS, and R6 is a voltage divider string. Ll is 
an inductor which filters the dc pulses from the power 
switch. Operation consists of U I being turned on by the 
feedback sensor after it drops to a sufflCiendy low value. 
It is an operational amplifier with its own internal refer­
ence diode. It operates as a switch and is either on or off. 
It drives an integrated circuit mounted on the back of the 
synthesizer which is a powe~ switch. This switch con­
ducts the unregulated de for short pulses, operating at 40 
khz switching frequency. C4, CS, and L2 form an ad­
ditional £'dter to smooth the S volts. 

4-33. OSClLLATOR-MULTIPUER A8 (G I). 

4·34; . GENERAL. The oscDlator-multiplier module con­
sists of a crystal controUed oscillator and multipliei ... 
a buffer amplifier stage and an output amplifier stage 
that provides the necessary drive signal to' the multiplier 
module. The oscDlator-multiplier requires a fundamental 
mode c:rystal operating in the frequency range of 11.15 
mhz to 99.987500 mhz. (See paragraph 3-8 for crystal 
frequency selection). The output frequency from the 
module is fIVe times (X5) the crystal frequency. Figure 

I 6- 5 is ~ ~hematic of the oscillator-multiplier module. 

4-3S. OSCILLATOR-MULTIPUER. The osciUator stage 
Q 1 is a modified Colpitts type crystal oscillator circuit, 
with base bias voltage held constant by the voltage divider 
consisting of R3 and R4. Crystal Y I operates in an anti­
resonant mode, with the puaUel capacitors Cl5, C2 and C3 
controUing the operating frequency. C3 is the frequency 
adjust capacitor on the front panel of the oscillator...multi· 
plier, C25 is an internal adjustment set at the factory so 
that the output frequency is proper with C3 adjusted 
to mid range. This aUows for plus or minus front panel 
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adjustment of frequency for crystal having an initial error 
up to :t. 25 parts per million (ppm). Capacitor C4 and C5 
provide the oscillator feedback divider, with R 1 Cte 
transistor emitter resistor. The coUector c"arcuit of Q I is 
tuned to the fifth harmonic of the oscillator, with the 
resonant circuit consisting of L2 in paraDel with CIO and 
C II, with C 1 0 the front panel tuned element. The dc in­
put for QI consists of a 12 volt regulator circuit with zener 
divide VR I providing the regulator action, and R6, R I, 
C6 and C7 providing the necessary faltering and decoupling 
to isolate the oscillator stage. Resistor R2 serves as the col­
lector current limiting resistor, and C8 serves as the rf de­
coupling capacitor for the tuned collector circuit. Resistor 
R7 and capacitor C9 provide loose coupling to the Hi Q 
tuned fdter consisting of L4 in paraDel with CI5 and front 
panel tuned C 16. This Hi Q filter circuit aids in eliminating 
the unwanted harmonics, and aUows the fifth osciUator 
harmonic to pass when properly tuned. 

4-36. BUFFER AMPLIFIER. Tnmsistor' Q2 serves as a 
buffer emitter foUower stage, with its high input resistance 
IDVvicling a minimum loading to the tuned circuit of L4. 
CI5 and C16. Resistor R8 and capacitor CI7 couple the 
raltered fifth harmonic to-the base of emitter foUower Q2. 
R9 and RIO are bias resistors for Q2, .and RII serves as 
the output emitter resistor. 

4·37. OUTPUT AMPLIFIER. Transistor stage Q3 serves 
as the rf output stage from the osc:mator-multiplier. The 
signal is coupled to the base of Q3 through parasitic sup­
pressor resistor R14. Emitter resistors ~15 and RI6 pro­
vide emitter biasing, with R I 5 serving as an emitter de­
generating resistor to' protect against gain variations of 
this amplifier due to transistor gain variations. C22.serves 
as emitter bypass capacitor. The coUector of the rf tuned 
circuit consists of L3, C20 and front panel tuned C21. 
This stage is likewise tuned to the 5th harmonic of the 
oscillator. The rf output is coupled through CI9 to a ldb 
pad consisting of RI8 and R19. The pad serves asa buffer 
between the outp~t stage and the circuit to be driven, and 
additionally serves as a resistive drive source of approxi­
mately 50 ohms to the output coaxial cable and con­
nector. 

4-38. METERING CIRCUIT. A tuning detector circuit 
consisting of RI7, rectifier diode CRI, rf falter C14, L6, 
Cll and meter scaling resistors RI2 and RI3 provide a de 
tuning indication to the transmitter or receiVer oscillator 
test point. 

4-39 The de input for Q2 and Q3 is fdtered and de­
coupled to provide B+ isolation by components CI3, C12, 
Ll, C14 and L3. Capacitor CI8 serves as the rf decoupling 
capacitor for the Q3 tuned coUector circuit. J I, a BNC 
connector on the oscUlator front panel, provides a fre­
quency monitOring test point, for tuning frequency adjust 
capacitor C3 to the desired frequency accuracy. 

440. EXTERNAL INPUT. Additionally, Jl can be used 
~ an external signal generator input if desired. Crystal Y I 
should be removed however, and it is still necessary to 

Change 2 4·S 
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adjust C 16 and C21 front panel tuning adjustments and ob­
serve the oscillator test point to obtain maximum output. 
External drive level should be 1 to 2 volts rf rms input. 

4-41. DOUBLER, RADIO FREQUENCY (VHF) A9. 

442. The frequency doubler doubles the crystal 
oeciUa.tCll" frequency. See fagure 6.6. The input Iipal is 
fed into doubler ~or 01 throup input couplins 
capacitor C2. RI and R2 proWie bias for 01. Tbe output 
tuned dmait from the collector of 01 consits of L2 in 
panUeI with CS, tuned to twice the input frequency. U 
wIaicb ill wound on the 1liiie. form 15 L2 provides the 
truaformer-eoupled output to the input of aroundec1-bue 
buffer amplifier transistor 02. The Iipal is coupled into 
Ql through C4. The output signal from 02 is fed from its 
collector through RI2 to the tuned circuit consisting of 
C II and LS, which is also tuned to twice the frequency 
of the input signal. LS is used as an autotransformer with 
its output coupled from the center tap through C9 and 
through a 3-db pi pad attenuation network consisting of 
RIS, RI6 and RI7 to coaxial output connector P2. A 
feedback pin control circuit is used in the frequency 
doubler to provide. a stable output signal amplitude. 

FoUowing the output capacitor C9 is a detector consiJq 
of CR2, and falter network C13, L6, and C14. This 
detector provides a de output proportional to the Iipal 
amplitude at the output of capacitor C9. The detector de 
is feci throup an attenuation, .network consisting of 
potentiometer R9 and resistors R8 and RIO, to the bale 
of Q3 which operates as an amplifier. Biasing of Q3 is 
accomplished by the feedback de signal to thenniltor 
RT1, and resiltor R7 in the base of Q3. Thermistor RTf 
pro'rides temperature compen.tion for the overaU system. 

4-43. The de output level from Q3 controls the bale 
voltage of Ql which, in tum, operates as a pin-cO!ltrolled 
stage in the path of the rf signal. If the output IipaI ill 
too large, the de voltage detected by CR2 provides a hip 
positive output which, in tum, is fed throup Q3 to the 
base of Ql decreasin, the pin of 01. This looP action 
provides • constant output signal leYel by reducing the 
signal level at CR2 to the nominaileYei which is expected 
at the output. Potentiometer R9 adjusts the output ....... 
leYel from the doubler. RII serves u • current Dmitina 
retiator for the tuniDI meter which is located on the fropt 
paraeI of the exciter 'unit. The de: voltage to the doubler ill 
provided by • keyed +lC).volt Ii""'. Thill +lO-voit ...... 
uta only when the traDlmiUer is keyefl in the traJIImit 
operation. When the trall8lllitter is keyed off, no ck ill 
-.pplied to the doubler and, comequendy, no doubler If 
output Ii..... is obtained. L1 and C3 provide decoupliDJ 
don for the collector cin:u1t of Ql. L4 and C7 proride 
decoupling action for the collector circuit of Q2. Rl4 and 
C8 provide noise decouplina on the B+ input to the 
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doubler from the keyed +lC).volt line. The input ...... 
leYel required. by the doubler at Jl is tlpproxJmately 10 
milliwatt&. The output IiJUI IeftI obtained at J2 ill 
approximately 10 milliwatta. 

4-44. QUADRUPLER (UHF) A9. 

4-45. The frequency quadrupler provides an output 
frequency four times that of the crystal ~iIIator. See 
figure 6-,7. The output of the quadruplerh fed to the • 
driver/power amplifier. The input signal from the crystal 
oscillator at J 1 is fed through coupling capacitor C2 to 
the base of Q3. Q3 serves as the frequency quadrupling 
stage with the output circuit at the collector tuned to 
four times the input frequency. R I and R20 provide the 
bias for Q3 through rf choke L3. The tuned circuit on 
the collector of Q3 consists of capacitor CIS and 
inductance L2. The center tap on Ll provides the output 
to the follOwing stage, QI, through coupling capacitor CS. 
Ql serves as a grounded-base buffer amplifier to the 
quadrupled frequency. L4 and C22 form the resonant 
circuit at the quadrupled, frequency. The tap on L4 
provides the output signal to be fed to Q2 through 
coupling capacitor CIO. Q2 serves as an additional buffer 
and provides additional gain for the quadrupled 
frequency. Biasing for Q2 is obtained from voltage 
dividers R8 and R16. through rf choke L6. The collector 
output circuit of Q2 consists of Cl8 ill" parallel with L8 
tuned to the quadrupled frequency. The center tap on L8 
provides the output to a 3 db pad . consisting of Rl3. 
R24, and RlS. Output connector P2 follows the 3 db 
pad. 

4-46. An automatic gain controlled feedback circuit 
provides a constant rf level output. An rf detector circuit 
following output' capacitor CI6 consisting of CR3 and 
fdter components C29. L9. and CI4 provides a de level 
proportional to the output rf signal level. The dc level is 
fed to the base of Q4 through R 15 which is the gain 
controlled feedback potentiometer. Q4 serves as a de 
amplifier with the output from its collector coupled to 
emitter-follower transistor QS. The dc output from ·Q5 
serves as the B+ for buffer amplifier Q I as well as the 
bias for the base of Q1. By either increasing or decreasing 
the· dc voltage, the gain of QI can be changed to 
compensate for variations in rf level output. A keyed 
+lO-volt de fed through PI-5 serves as the B+ for Q2, Q3, 
and Q4. R2l and C3l provide input B+ noisedecoupling. 
Regulated +2O-volt de serves as the B+ for QS. The 
regulated B+ is .introduced through PI-3 into . the 
decoupling network consisting of R21 and C31. L1, C9, 
and Cl3 serve as a decoupling network for the collector 
of Q3. LS, Cl7, and C8 serve as tlte decoupling network. 
for the collector of Ql. L7, C17. and CI8 serve as the 
decoupling network for the collector of Ql. The meter 
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a decoupling resistor for C8 and C14. R9 additionally 
serves as a decoupling resistor for C9 anci C10. LS, L9, 
LIO. L18, U9 and L30 are ferrite beads which serve as rt' 
chokes. Q4 is the amplifier stage which has a current 
limiting resistor in the collector cireuit when the exciter is 
in the TUNE mode. The resistor is shorted and the 
output of the collector is returned direct to B+ when the 
TUNE-OPERA TE switch is in the OPERATE position. 
This is to protect flIter FLl from excessive rf when the 
rIlter is untuned and· tends to dissipate some of the power 
radiated out of E l. 

4-61. DRIVER (UHF) A10Al. 
See figure 6·14. The 

50-ohm rf output from the multipl ier 
I en ters at J1. Z2. Zl and C6 serve as 

an input matching network to Q,l.· CS 
serves as a coup 1 i ng, capac i tor and R6 
and R7 provide' the dc bias and apc or 
modulation input to Q,1. RB is a stabil­
izing emitter resistor bypassed by Cl'. 
C12, and C13. The amplified output· from 
Ql is coupled through the broadband inter· 
stage matching network consisting of Ll. 
C1S. R10. C17 and C16 to amplifjer tran­
si'stor Q2. C16 is the nput coupling 
capacitor for Q,2 and Rl1 and R12 serving 
as the bias for Q2. as well as the apc 
and modulation input. Modulation is ap­
plied to E5 which serves as the B+ for 
both Ql and Q,2 and is the source of the 
bias for Ql and Q2. Thus. the apc and 
modulation· input is on the base and col­
lector of Q,1 and Q,2. R13 is the st.abi 1-
izing emitter resistor for Q2, with C1B. 
C19 and C41 serving as the emitter rf by­
pass capacitors. The a~plified output 
from Ql is coupled through the broadband interstage 
matching network consisting of L3, Z3, Rl5, Cll, C48. 
C45, L2S, L26, (:46, Z4, CS7 and L24. This is a special 
design low impedance matching network which matches the 
output of Q2 to the input of Q3. R19 and RI8 provide the 
bias for the input to Q3 with C13 and CS2 serving as 
additional components for the input matching network. 
The output from amplifaer transistor Q3 is coupled to the 
base input of Q4 throup the matching network consisting 
of C49, L4, C27, C56 and T2. This network serves as an 
interstage matching network with additional matching 
network compo~ents consisting of C53, R16, C29, L13. 
R20 and C47. Inductor L23, C47 and R20 acts as a low 
frequency spurious suppression network to prevent 
oscUlations at low frequencies. The amplified output from 
Q4 is fed from the coDector with LI I as a load inductance 
with the output fed through the matching network 
consisting of LIl, Ll2, C33, e32 and L13 to output E1. 
This is a SO-ohm output and the. preceding components 
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serve as a matching network between the output of' 
transistor Q4 and the SO-ohm input to filter FL2, which is 
driven from £ I. 

4-62. The return signal from FL2 returns to £3 with the 
input entering through the matching network consisting of 
L22, C40, R22, CSS, and T3. This is a matching network 
between the 50-ohm output from the filter FL2 to the base 
input of QS. CS4, C38 and RI7 serve as additio~ 
matching network components. L27, C39 and R21 act as 
an additional low frequency suppressor to swamp or 
prevent low frequency oscillations. The output from Q5 is 
obtained from the collector and from load inductance LI9 
and is fed through the broadband output matching network 
consisting of L19, L20, C37, C36 and L21 to the output at 
E2, the SO-ohm drive source. A considerable amount of 
decoupling is necessary in this circuit to prevent spurious 
oscDlations and' to prevent radiation from the driver/power 
amplifier to other portions of the exciter unit. C9, C20, 
C2S, C26, C31, C3S, CSI, CSO and C30 with L8, L9, LtO, 
L28, L29 and L30 all serve as decoupling components to 
prevent spurious oscillations and re-radiation. R9 
additionally serves as a decoupling resistor for C9 and C10, 
LS, L9, LtO, L28, L29 and L30 are ferrite beads which 
serve as rf chokes. Q4 is the amplifier stage which has a 
current limiting resistor in the collector circuit when' the 
exciter is in the TUNE mode. The resistor is shorted and 
the output of the collector is returned direct to B+ when 
the TUNE-OPERATE switch is in the OPERATE position. 
This is to protect filter FL2 from excessive rf when the 
fdter is untuned and tends to dissipate aU the power 
radiated out at E l. 

4-63. POWER AMPLIFIER (UHF) A10A2. See 
figures 6·18 and 6·19. I den t i ca 1 power 
ampl ifiers are used in .·module A10A2, 
AIOA3 and AIOA4 as shown in figure 6·13. These power 
'amplifaers are dual channel with two· high power, 
broadband transist~ stages which operate in pai8llel. The 
input is fed into EI to hybrid HYl. The output from BYI 
is spUt into two equal power level outputs which are on pin 
1 and pin 3 of the hybrid. Pin 4 is terminated into a 
50-0hm load consisting of R2, R3, and R4 in parallel which 
maintains a SO-ohm input impedance at EI with the same 
mismatch on both outputs. The output on pin 2 is fed to 
the matching network consisting of Zl, TI, C3, C4<8Ild 
C12. This network serves as a matching network between 
the SO-ohm output of the hybrid and the input impedance 
of QI.·Lt and Rl serve as the base bias network for Q1. Tl 
is a quarter wavelength transformer made of semirigid 
c:oaxiaI line with a characteristic impedance of lS ohms. 
The output from the coUector of QI is coupled to HY2 on 
pin 3 throujh the matching network consisting of L2B, 
LlA, Z3, L4, ZS, and Z7. This network acts as a broadband 
matching network from the coUector output impedance to 
the SO-ohm input impedance on the hybrid pin 3. Hybrid 
HY2 serves as a summing hybrid which sums the panlJel 
output from the two channels consisting of QI and Q2 into 
a common output which is on pin I of HY2 which in tum 















power amplif"leI' unit, which gives an indication when the 
power ampUfaer is uaed, if it is transmitting or not. This 
information is uaed in the control thennal/detector 
modulator circuitry to determine which mode of 
operation the coexia1 relay is in .. 

4-91. 11ae modulation input enten the control 
rf/modulator on pin 3. This modulated signal cemes from 
the modulation IeYel setting potentiemeter behind the 
front panel of the exciter. The modulation is fed into the 
module through coupling capacitor C3 and Rl8 to pin 3 
of inteFtted circuit ARI. ARI is a differential bigb-pin 
amplifier whicb is UIIed in the overall feedback circuit. 
The output from ARI on pin 6 is coupled tbroup 
amplif"1er transistor Q3 1brougb zener diode VIll and 
resistor Rll. JUS provides the proper biasing for Q3. Q3 
aerves to increase the pin of the sigDa! level from ARI, 
since ARI is limited in the swing available from its 
output. The output of Q3 can swing from 0 to + 17 volts, 
which, in lOIDe cues of modulation. is required. The 
_tput of Q3 is coupled frem the colle.ctor and load 
resistor R26 to the output resistor R27~ C6 is a feedback 
capacitor to control the frequency respODBe of the 
intepated circuit and traz;;lstor Q3 operating together as 
an intepated amplifier c!~C"Uit. The output from R17 to 
pin 1 of the control Ii/modulator then proceeds to a 
chassis emitter foUower and then to the ape input on the 
elmer of the driYer/power ampUfier. This controls the cw 
le¥el as well as the modulation level of the rf carrier. C14 
and R38 form a &equency compensation network, 
neeesill y for loop frequency stability. Zener diodes VRl, 
VR3, and VIl4 with biasing resistor RlO form a stable de 

. voltage for vol. dividers Rll, R36, and potentiometer 
R19. Rl9 controls the de level to pin 3 of ARI which, in 
tum, controls the cw power level from the output of the 
4riYer/power amplifier aection. Pin 11 connects to a 
potentiometer behind the front panel door of the exciter, 
labeled CARRIER LEV set (a8), which provides a fine 
tuning adjust of the carrier power level. This 
potentiometer is in aeries with the divider Itring Rll, 
RI9, and RU. 11ae power detector (OCt) in. the rf 
output from the exciter unit contains diode detectors 
whicb feed a sipal to pin IS and pin 14 of the control 
rf/modulator. These are the modulation feedback signals 
for incident and reflected power. 

4·92. The Iipal from pin 15 is coupled to grounded 
bale ampDrIer QI through R39 and RI with 8I8OCiated 
biasinJ resistors R2 and R5. R39 is a potentiometer for 
adjusting the forward power meter reading on the TEST 
meter .men in the FWD position. so that a Ie8ding of 40 
on the meter corresponds to 10 watts rf outp:ut. The bale 
of Ql is biased.by a cJmc1er network consisting of RII. 
au. and R31. The collector load raistor of ampUfier Ql 
COIlIiIt;s of a IaistiYe dirider network, R3 and R4. 
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The output from the collector of Ql is coupled through 
emitter·foUower Q4 to an analog OR circuit, consisting of 
eRS, CR6. CR7. CRS,CR9. JlDI!I Rll..,mgas the biasina 
resistor. R34 is a current limiting resiStor for metering 
forward power and provides a path to pin 13 .mich is 
used for setting the incident power zero set on the test 
meter of the exciter front panel with the test switch in 
the FWD position. The meter return is to the voltage 
divider biasing network on the buffer modu'stor modiife. 
C13 is a fUter capacitor to maintain a flat de when 
modulation is present. Potentiometer R5 is adjusted to 
give a zero level indication on . the meter when the 
transmitter is not keyed. The output from the analog OR 
circuit is coupled to pin 1 of ARI. The gains of ARI and 
Q3 are such that the signal at pin 1 of ARI must appear 
to be equal and opposite in phase to the modulation 
input signal at pin 3 of ARI. If any difference or error 
between these two signals exists. this error signal is 
ampUfIed and fed through the ape loop or rf control 
loop, back throup Ql to pin 1 of ARI providing a 
correction path to maintain rf carrier modulation output 
identical to the input modulation regardless of 6ltortion 
or non-linear characteristics in any of the amplifiers of 
the driver or power amplifier rf circuits. Pin 14 of the 
control rf/modulator couples back the reflected power 
information from the power detector following the 
driver/power ampDrJer. This signal is amplified in 
grounded base amplifier Ql, with R9 and RIO serving as 
a de bias and load resistor at the output. Q5 serves as an 
emitter·foUower to provide a low impedance output from 
this circuit to the analog OR circuit. R8 is the de level 
adjust for the reverse power sensing circuit. With the 
exciter front panel test switch in the RVS position, the 
test meter ibould be adjusted to zero with the transmitter 
k~ed off. In the event of an excessive or high vswr 
condition, ~ signal level from the output of Q5 
.associated with the re\'eI'Se detected signal, becomes a 
larger negative signal than that at the output of Q4. The 
analog OR circuit obeys the more negative signal which is 
coupled to ARI. Thus, in the event of a high """ 
condition, this path takes control of the circuit and 
throttles down the driver/power amplifier cw power 1eYd. 
thus protecting the output stages from excessive power 
clue to rf signals fed back from the antenna to the output 
of the driver/power ampUfJer output stages. 

4-93. Pins 9 and 5 provide inputs to the analog OR 
circuit &em the power ampUfJer. When the power 
amplifier is in operation, with normal conditions existb)a, 
the detected incident power frem pin 9 is the lowest 
signal 1eveI of aU inputs on the analog OR cin:uit and 
thus takes control of the circuit. The power tensor in the 
power amplifier prorides the detected output which 
controls the output power 1eveI of the system. Pin 5 

4·15 



T.O. 31Rl-2GRT·I02 
NAVELEX 0967·LP429·5010 

contains the reflected power information from the power 
amplirler and in the event of a high vswr on the antenna 
this line controls the throttling down of rf power output. 
In the event of a vswr of greater than 3 to 1 on the 
power amplifier output, intesrated circuit AR2 detects 
the differential level existing and provides a digital output 
on pin 10 which ultimately is used to command the 
transmitter to cease opention in the power amplifier 
mode . and return the coaxial relay to the exciter mode· 
output. The output from pin 10 is fed to the relay 
control circuit in the control thermal/detector modulator. 
Pin 7 is a keyed +10-v01t line which proYides either 0 
volts or +20 volts to RI3 and the analog OR circuit diode 
CR9. When the· transmitter is keyed off, the voltage at 
pin 7 is low, and the analog OR circuit, obeying 
whichever voltage is lowest on III five inputs, takes 
control. Thus at 0 volts in. voltage is very low at the 
input to ARI which proYides zero volts ape voltage and 
prevents any power from coming &om the driver/power 
amplifier. R24 and CIO provide de decoupling of the B+ 
for the circuits of AKl and AR2 and the amplifiers 
consisting of transistors Ql, Ql and emitter·foUowers Q4 
and Q5. cn and R37 majotain a controUed~pin of 
amplifier Ql to proYide the .same percent modulation 
when the system is in exciter mode as when the SYlitem is 
in the power amplirler mode. Pin 8 provides a power 
amplifier tune control input to QI which takes control 
and throttles down tile rf power of the driver/power 
amplifier in the TUNE position for power amplifier 
tuning. Thus, the power amplifaer can be tuned with a 
lower drive power level preventing dam. to any of its 
components. When the power amplifier is tuned, the 
OPERATE position disables the input on pin 8 and the 
power amplifier power is then controUed through the 
loop feedback as described, through pins 9 and S. A 

I simpuraed block cIiagnm is shown in fipre 6-28 which 
depic~. the control rf/moclulator feedback loop. The 
power amplifaer is not shown in this block diagram. 
Various I.oop frequency response controUing components 
are distr!bu~ throughout. the circuit and ~e not been 

referred to. These include capacitor C4, resistors R22. R33, 
capacitOrs CS, C14, and resistor R38. These components 
control the frequenCy response of tbe loop and are required to 
maintain gain and phase stability to prevent oscillation of the 
feedback control loop. 

4·95. This module contains several different circuits 
listed as follows: See figure 6·29. 

a. Relay control cilcuitry. 
b. Thermal detector protection circuit. 
c. Percent· amplitude modulatiOn analysis circuit. 

4·16 CbaDge2 

d. A one-shot multivibrator associated with the 
relay control circuitry for key inhibit when the coaxial 
relay is in transition from one mode to another. 

4·96. RELAY CONTROL ,CIRCUITS. The relay 
control circuit contains all the logic and switching 
functions necessary to control the output rf coaxial relay 
for either the power amplifier mode or the exciter mode 
of operation. Three logic or digital inputs control the 
operation of the relay driving circuit. These three inputs 
consist of the high Voltage sample from die power 
amplifier on· pin 3, the vswr power amplifier sample on 
pin 7; and the keyed +20 volts on pin 5. In the event 
that the power amplifier is not turned on, the high 
voltage sample is at 0 volts which allows base current to 
flow. in Q2 through CRI to the power amplifier. This 
base current allows Q2 to operate in a saturated mode 
and its output drives the coaxial iday. When the coaxial 
relay is driven in the mode dermed or in the energized 
condition, the output from the driver/power amplirler in 
the exciter uait is fed direcdy to the antenna since the 
power amplirler is not operating. If the power amplirler is 
operating and a high voltage sample voltage exists on pin 
3, CRI is then back·biased and the control of Q2 is not 
effected through this path. When the exciter unit is 
keyed, +20 volts exists on pin 5 which goes through a 
diode OR circuit consisting of CR3 and CRS. CR2 and 
CR4 form a. diode AND circuit. The input to pin 7, the 
vswr power amplifier input line, comes from AR2 on the 
control rf/modulator and indicates whether or not an 
incident power from the power amplifier is present. A Pi 
(incident power) wDl not be present untD the transmitter 
is keyed. When the presence of a Pi is indicated from the 
power amplifier, pin 7 of this logic circuit is at 0 volt 
condition. A +20 volt on pin 7 indicates either a reverse 
power condition in the power amplifier or a non·keyed 
condition. When the keyed voltage appears on pin 5, a Pi 
should be detected within 30 milliseconds and pin 1 
should immediately return to 0 volts. This allows the base 
of QI to remain at a low voltage potential and thus keep 
it in the off condition. In the off condition, the collector 
of QI is maintained at a high voltage and Q2 is thus 
non-conducting and the rt:lay is in the power amplifier 
position. However, if a faDure exists in the power 
ampUr_ and incident power is no longer detected, then 
pin 7 indicates a uno power amplifier" condition by rising 
to +20 volts. Plus 20 volts then is applied to diode CR2 
and CR4 allowing the base of QI to rise to +20 volts. 
The rise time is controlled by the R2 and CI time 
conitant. 

4·97. This time constant proYides a small amount of 
delay time before QI conducts in a saturation mode, 
1Il0wing a small amount of time for detection of incident 
power from the power amplifier when the" transmitter is 
keyed on. When the base of Ql ~ to +20. volts, its 
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microphones as well as the connections to the LOCAL­
REMOTE switch. Pius 14 and 15 are connected to the proper 
biasiDg and keying circuits associated with the Mas / u 
carbon microphone and MI09/U dynamic micropilone. 
When the carbon microphone Is keyed, the tip is grounded to 
the sleeve wblch provides a ground return to pin 14, when the 
LOCAL-REMOTE switch is in the LOCAL position. Pin 14 
is tied to pin 15 through R15and RI6 to pin 6 (the keying line). 
This provides the ground path to pin 6 allowing QI to conduct. 
In addition, the carbon microphone output is coupled through 
the ring to the loo-ohm input im'pedanee point on traDsformer 
TI on the exciter chassis. The secondary of TI is fed through 
a is db pad to the local audio line input on the amplifier 
compressor as shown on fJlUre '6·22. 

4-103. Pin 12 of the keyer, control transfer supplies dc to 
the primary of the transformer TI wblch is the bias for the 
carbon microphone. The bias is obtained from the +20 volts 
regulated (pin 4) through Rll with decoupling capacitor C1 
providing the ac ground for the TI input. When the dynamic 
microphone. MI09 / U.1s keyed, a dc potential is necessary to 
operate an amplifier enclosed in the microphone case. The dc 
bias is obtaiDed from pin 12 through TI'to the microphone 
coliDector or pill D of 31. This supplies the required B+ 
voltage for the amplifier, the return path being through pin C 
to ground. Pin E of J7 is returned to pin 13 which applies a 
positive voltage OIl Q5. operating as an emitter-follower. The 
positive voltage into Q5 allows an output voltage from R14 to 
saturate QI tbuI IfOUDCling the collector. This, in turn, 
provides keytae voltage through pin IS to pin 6 and to Q1. In 
addition, keyiDC Q5 into conduction provides a lower voltage 
at pin 12 clue to abe divider action of Rli, R12, and R14. This 
lower voltqe II necessary to operate the dynamic 
mic:ropbaae wbic:b requires 10 volts for operation. The audiQ 
output from abe dJaamie microphone is coupled through pin 
D to the »obm bIput to n. The output is coupled through the 
18-db pad 'ria the local microphone switch to the input of the 
amplifier eoaapreaar. 

4-104. lD the neat of a bigh vswr condition, a positive 
voltage • applied to pia 10 of the keyer, control transfer from 
the coatrol / tbenDal detector module. A positive voltage 
(+ 1 volt or more) at pia 10 allows transistor Q8 to conduct 
which. iD turD.. c:a.- traDsistor Cl1 to conduct. This places 
QIO iD a ~ ltate and turns off the output keying 
voltage. 'I'bouIb the keytag voltage is off, QI is still in the on 
conditioa with +_ volta at pin 11. When keying transistor Q1 
is in the "OIl" ccmditioa with +20 vol~ at pin 5, Q2 saturates, 
allowing Q4 to ClIIIduct. The current from Q4 Bows through' 
CR1 to pill 11; labeled TO T IR RELAY. This is a 
supplemental relay to be supplied by the user as an external 
transmit / reeeive relay. CRI and CR3 are transient protect 
diodes for impulses that may exist on the T IR relay line. 
The output voltage on this line is a nominal 24 volts de and 
can provide 100 ma current. The occurrence of a high vswr 
condition or Don-operating LPA will not cause the T /R relay 
voltage to switch off during the transition period from LPA to 
exciter. Q3 serves as a short-circuit protect traDsistor to 
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prevent an excessive current from flowing in the T IR relay 
output in the event of a short circuit. R22 serves as a meter 
current limiting resistor to meter the T IR relay line on the 
exciter front panel when the test switch is in the T /R RL Y 
position. The meter should read 20 when the tranimitter is in 
the keyed o'on" condition. CR3 also serves as a negative 
transient suppression diode in the event of a back emf from 
the T / R relay coil inductance. Keying' of this module can 
also be accomplished by KEYER KY -668 / GRT. The output 
from the module shown on figure 6-21 is tied to pin 2 of the 
LOCAL-REMOTE switch which connects to pin 6 (the keying 
line) for keying transistor Q1. , 
4-105. Remote keying lines tie to the keyer tbrougb the 
input transformer on the amplifier compressor module. 
Keying the remote line is accomplisbed by grounding either 
of the center tapped terminals on the' audio input 
transformer. This allows current to Bow to ground from pin 6 
of the keyer. control transfer through the LOCAL-REMOTE 
switch to pin 9 on the amplifier compressor either tbrougb 
CRn and R42, R43, or through R39 and R40 on the amplifier 
compressor at the transformer input. The CARRIER TEST 
switch shown on fIgUre 6-21 grounds pin 14 of the keyer 
control transfer which, in turn, provides a groUnd return for 
pin 6 through pin IS and R15 and RIG. The carbon microphone 
operates into a loo-obm impedance on Tl and the dynamic 
microphone operates into a 3O-obm tap on TI. These taps 
provide the proper impedance load for these two 
microphones. TheoutputofTI iscoupledtbrough the 18 db 
pad to the amplifier c::9mpressor input circUits. 'Q9 provides 
an inverted keyed output to pin 9. Tbis output is at +20 volts 
in a non-kpyed condition and is at 0 volts in a keyed "on" 
condition. Keying potentials for Q9 base are obtained from 
the output of keying transistor Q10. 

4-106. KEVER KY-668/GRT A3. 

4-107. Keyer K.Y~8/GRT provides transmitter keying 
with three modes of input: See fIgUre 6·32. 

a. Tone keying 300 hz to 3 khz: -10 to 0 dbm 
signal level. 

b. Voltage keying, either polarity. 50 to 100 vdc 
into 47 K. ohms. 

c. Cwrent keying, either polarity, 20 to 60 ma de 
into 1 SO ohms. 

4·108. TONE KEYING. The tone inputs enter at pin 3 
and pin 10 through a14 and Rl5 to TI. CRI and CR2 
provide impulse protection from external transients that 
exist on the keying Hne. RI4 and RIS are CUll'ent limiters 
for any input transients. Tl serves as an isolation 
transfonner with a I·to-l tums ratio. The transformer 
output sip is the same level as the input sipal. The 
output from T1 is coupled through Cl to amplif".er Ql 
with its bias network consisting of a2 and a3 and Ca4 
with load resistor R6 and emitter resistors as and a16. 
The amplified output of Ql is de coupled through zener 



diode VRI to the base of ampUfier Q2. The load resistor 
of Ql is Rll with emitter resistor RIO conuoUing the 
pin of this stage. The amplirJed output is peak detected 
by CR3 with fiter capacitor C4 providing smoothing of 
the rectified output Rl3 couples the detected de to the 
baSe of Q3 causing Q3 to saturate providing a zero volt 
output at the collector causing a ground return to the 

· keying transistor in the control transfer keyer. The keying 
output is on pin 11 via Ril. 

4-109. VOLTAGE KEYING. The vol. keying input 
enters at pin 11 and pin 13 through RI7 and RI to one 
of the two input coils of relay KI. A voltage of from 
± 50 to ± 100 vde will energize this relay. Rl and RI7 
are current limiting resistors for an)" input transients that 
may exist. When the relay contacts close, a bias of +10 
volts is applied through the resistor·divider ne",:~rk con­
sisting of R4 and R7 to the base of 03 with R9 serving 
as a pin controning resistor and resistive summing network 
input for 03. The positive voltage applied at the base of 03 

· Saturates it and provides an apparent ground at its collector 
which provides the keying ground through R11. Cl is a 
fiter capacitor to prevent relay chatter. 

4-110. CURRENT KEY;'r':G. The c:urrent keying inputs 
enter on pin 14 and pin is and are cOlUlected to the 
o~er input coil on relay K1. A c:urrent of ± 10 to ± 60 
ma energizes the relay providing the same output keying 
as that of the voltage input keying. 

4-111. AFCS A3 KEVER CARD. 

4-111A. DC Power from the exciter keying circuit is 
applied to the AFCS A3 keyer card through contact II of 
plug-in socket XA3. See Figures l-8 and 6-S2. This voltage 
(approximately +10 VDC) is applied to the switch traJlsis. 
tor collector through a 8.lK resistor. When'the transistor" 
is switched on, or contact 13 of XA3 is grounded, the 
voltage on contact 11 of XA3 drops to approximately 18 
volts and the Exciter keys on. If it is desired that the orig­
inal method of keying be used, this can be provided by 
cOlUlecting an external jumper between connector piDs K 
and E of the connector that mates with JS. This jumper 
restores the exciter internal keying voltage that is on con­
tact 11 of XA3 to contact 9 of XA 1 through the A3 keyer 
card contacts II· and 10 which are connected together on 
the new AFCS A3 byer card. 

~11IB. The traDsistor on the A3 keyer card is switched 
on by an external DC current applied to contact 140fXA3 
to the 18K current Umiting resistor, to the IN483B diode 
pte and then to the base input network composed of a 
IlK, a IK resistors, and a 10 mfd capacitor. The diode 
prevents conduction to the base network by other than 
• positive voltage. The 12K and lK resistors provide a 
test point isolation junction 11'·1 for test of the VDC at 
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lP.1 for satisfactory operation. If it does not tum on at 
+ 1 VDC, the tmnsistor may be defective. 

4-111C. INBOARD MONITOR/KEYER A3. 

4-1110. GENERAL INFORMATION. The Inboard 
Monitor/Keyer card AJ is a combination 
keyer and exciter monitor sensor inter­
face card. The keying circuit was 
revised from the AFCS input and their 
requirement ··for low level voltage keying 
and the addition of the conventional 
ground keying capability. To incorporate 
the new AJ car.d into existing systems 
requires the addition of eight wires in 
the Exciter card nest and removal of one 
interconnection. This modification does 
not invalidate the original keyer 
K.Y-668/GRT A3 card. Should it be 
desireable, a jumper can be .removed which 
will eliminate the presence of a positive 
DC voltage on the primary winding of the 
input audio transformers. Ground keying 
control is provided in the A3 card. 

4-111E. KEYER CONTROL. (See Figure 6-51.) 
The MCS, keyer card is a single tran­
sistor circuit for positive low level 
(6,24,48 Vdc) keying and a control for 
grounded keying. (See Paragraph 4-111.) 
To increase the operational flexibility, 
this was changed ( MCS ) to provide t.'1e 
same levels of dc voltage keying with 
either polarity being applied. The 
grounded key control remains the same. 
The low level key voltag~. is applied: 
through pin 14 (XAJ) to R63, R64, or R65. 
A jumper connection is used to select the: 
resistor associated with a !6 Vdc, !24 ~ 
Vdc or ::!:48 Vdc keying input level. Pin: 
14 of XA3 is wired directly to J5-N. 
CR6, CR7, CR8, and CR9 in combination, 
with the selected resistor provide the 
voltage/current source for the input 
diodes of U3 and U4. U3 and U4 are opti­
cally coUPted isolators with the outputs 
connected in parallel to R66. U3 
controls when a positive voltage is 
applied to pin 5 and U4 controls_when a 
negative voltage., is applied to pin 7. 
T.he reverse polarity applied to either 
tLnit is approximately one-third the maxi­
mum allowable level. '!'he level of the 
j.nput keying voltage using the specified 
resistor, is not critical. Variations up 
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to 50 percent can still provide the 
required keying without circuit damage. 
Pin 11 (XA3) provides the normal inter­
face with LOCAL/REMOTE keying control, 
CRS and ~67 yonnected ·to pin 1 ~ and pin 
13 provide the grounded keying control. 
Pin 13 is wired directly to J5-M. 

4-111F. MONITOR SENSOR . INTERFACE • The 
monitor sensor interface consists of four 
active circuits and one passive circuit. 
Active devices Q1, U1B, and Q6 form the 
forward power sensor interface &Jld Q2, 
U1A, and Q5form the reverse pOwer sen-
sor interface for performance 
assessment/monitor system. These two 
circuits function in the same manner, 
differing only in the input level set-up 
alignment. The circuit description is 
the same. Q1 is an N-channel monolithic 
dual " J-Fft used as a differential 
amplifier. The amplifier is a selected 
device in that the pinc'h off voltage must 
be greater than -3.0 Vdc to'allow control 
below that point. The forward power from 
the power sensor is applied to pin 7 of 
Q1. ~,R10, and R11. form the gain net­
work for U1B with R11 as a cjain control 
and R10 used to ensure that R1·1 will be', 
within the proper adjustment range with 
any voltage level. This acijustment is 
used to compensate for power sensor 
differences. R8 provides the offset 
adjust control set in the no input Signal 
(RF) state. R70 is used for amplifier 
output slope adjustment. R69 is the 
feedback resistor and the circuit gain is 
approximately 2. Q6 is the output buffer 
amplifier. The forward power sensor is 
aligned for +1.000 ! 0.005 Vdc at the 10 
watt RF level. The monitor output level 
will track the input level over a 10 + 5 
watt range with a maximum output of only 
30 mV or less from the nominal. When the 
,forward power monitor output is adjusted 
tc?, 1".000 :!:. 0.005 Vdc for 10 W • input , the 
maximUm monitor variance that might be 
exp~cted from actual power is ~ 0.55 watt 
over,the above input power range. 

4-111G. The' reverse power sensor is 
aligned for +0.295 + 0.005 Vdc for VHF 
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and 0.305 ± 0.005 V de for UHF at a 2: 1 mismatch load. 
One percent f"1Im resistors provide the desired stability over 
the operating temperature range of the prime equipment 

" . 

4-111H. UI and U2 are quad operational amplifiers. Two 
sectiODS of U2 are used for percentage of modulation and 
two sections are used for audio input sensor interface. Q3 
and Q4 are the respective buffer amplifiers provided for 
load isolation. The percentage of modulation input is 
through Cl to U2B. The output of U2B is detected and 
applied to U2A. U2B functioDS as an audio amplifier and 
U2A as a de amplifier isolated from the load by Q3. The 
percentage of modulation gain control (R32) is set for an 
output of +4.00 ± 0.01 V dc with a l().watt rf canier 
modulated 90 percent at 1 kHz. R35 is adjusted at a low 
level input and sets the operatiDg point of the amplif'ler. 
R41- is selected to give the proper output voltage slope 
over the output voltage range. The input to the percentage 
modulation sensor is from the RF/Modulator Control 
Card (A6). 

4-11U. The input to the audio sensor interface is through 
C6 to U2C. The detected output is applied to U2D and 
isolated by buffer amplifier Q4. This circuit is functionally 
the same as the percentage of modulation sensor, except 
for a higher gain. 

4-111K. The status of the exciter coax relay control is : 
sensed by R68 and VRS. The coax relay is only energized 
when the LP A is connected to the exciter and the system 
is transmitting 10 watts. Therefore, with the LPA 
connected, and operating only 10 watts, The exciter/LPA 
monitor wiD indicate a logic high (about 3 volts). When 
operating at 50 watts, the exciter/LP A monitor wJ1l 
indicate a, logic low (0 volts). When the LPA is not 
connected to the exciter, the exciter/LPA monitor will 
always indicate a logic low (0 volts). 

4-112 POWER SUPPLY PSIA3. 

4-113. The ac input is connected to pins 1 and 5 of 
TB 1. See IJgUre 6-33. TB 1 requires jump.er straps 
connected according to the input voltage; the straping 
arrangement is shown on the module cover. Transfonner 
Tl converts the primary input voltage to a nominal 25 
volts rms output on the secondary. This voltage is 
rectified in a bridge rectifier consisting of diodes CRl, 
CR2, CRJ, and CR4. Cl provides smoothing of the ripple 
content of the output of the bridge rectifier. cas serves 



as the input diode from the battery for backup operation 
in the event of 10.015 of the primary ac power. The output 
from this module is approximately 28 volts de. 

4.114. REGULATOR PSIAI and PSIA2. 

4.115. The regulator circuitry is contained on two 
modules: PS1Al and PS1A2. PS1Al contains the primary 
regulator transistor which dissipates a considerable 
amount of heat and thus is mounted on the rear of the 
chassis. which serves as a heat sink. Thermistor 'RTl. 
associated with the overcurrent protect circuit is also 
mounted on this module. RT 1 is associated with the 
thermal detector circuit (A 7). The unreJUlated dc enten 
PSIAI on pin 6 of TB2. feeds through R14 to the main 
regulator transistor 06. The output from the emitter of 
Q6 is on pin 5 of TB2 as a +20-volt regulated output. 

The feedback regulator circuit on PS1Al samples the +10 
volt dc output throush the divider resistor network 
consisting of R14. R26 and potentiometer R2S. The 
wiper of RIS is connected to pin 1 of AR I. which is a 
high gain differential operational amplirler. A reference 
voltage of approxonately 10.1 volts is derived from bill 
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resistor R 13 and zener diodes VR2 and VR3 and fed to 
the input (pin 3) of ARt. The output of ARI is on phi 
6. which is connected to amplifier Q7 through the resist. 
divider network consisting of R22. R'28 and R21. B+ 
voltage for Q7 is obtained from the unregulated volta. 
which is derived from pin 7. Load resistors for this 
amplifier consist of R19 and R20. The sampled signal 
output from Q7 is connected to the base of amplifier QS 
on module PSIA I. which provides amplification at the 
collector of QS: this drives Q6 through resistor divider 
network R 12 and R8. The voltage at the base of 06 is 
approximately 0.6 volt greater than the +20 volt output 
required. 06. being the series regulator transistor. operates 
as an emitter·follower with the +20 volt output from the 
,emitter serving as the regulated voltage for the rest of the 
exciter system. The feedback at pin 2 of ARI cc:»mpares 
with the reference input on pin 3 and if any variation of 
the de level exist on pin 2. the feedback loop serves to 
correct the error returning pin 2 to liear the reference 
voltage input derived at pin 3. Potentiometer R2S serves 
as a de regulated Output adjustment. The de input to 
AR I is brought in to pin 7 which is connected to the 
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unregulated source voltage through resistor R29. as well 
as being connected to the regulated source voltage 
through diode CRlO. R29 is the source for the 
unregulated B+ voltage for starting the operation of this 
feedback loop. This starts regulator action and when 20 
volts exists at the ou tpu t of the regulator. the 20-voll 
regulated voltage takes over as the B+ voltage for AR 1 
and provides a regulated dc through CRtO. This provides 
a smoother operating voltage for operation of AR 1. 
However. operation of ARl could not exist without the 
starting voltage required through R29 from the 
unregulated source. C7 serves as a decoupling capacitor 
for the input dc voltage 'to ARt. C4, R23. and C5 serve 
as frequency response controlling components to maintain 
proper loop frequency response action and. additionally. 
to prevent oscillation in the feedback loop. 

4-116. OVERCURRENT PROTECT CIRCUIT. The 
overcurrent protect circuit senses a dc voltage drop across 
resistor R24 on PS 1 A 1. The output from PS tAl is 
cOl'nected to the overcurrent protect circuit from pin 4 
of TB2 to pin 8 on PSlA2. Pin 8 connects thr~ugh Rll 
to the base of Q3. The divider network consisting of RIO 
and R 18 with transistor Q4 divides down voltage from 
the pin 7 unregulated input voltage which is the source 
for' this circuit. If an overcurrent condition exists. the 
voltage at the output of R24 decreases. lowering the 
voltage at the base of Q3. Lowering the base voltage 
increases the current through Q3 and R17 thereby 
increasing the base current drive to Q4. Increasing the base 
current drive of Q4 further increases collector current 
required through Q4 thus reducing the input to Q3 even 
further. This loop action provides saturation of Q4 thus 
bringing the collector near ground potential. CRt1, 
connected to the regulated circuit at the divider point 
between resistor R22 and R28 serves as a ground for the 
feedback correction circuit and thus reduces the +20 volt 
regulated output voltage to 0 volts. The only way to reset 
this circuit is to tum off the ac input power and allow the 
voltage to restore itself to nonnal condition,' then turn it 
back on again. If the overcurrent is sensed again, the circuit 
will tum off the regulated B+ output. C9 serves as a ripple 
falter for the base of Q3. R9 and R16 serve as current 
limiting resistors for monitoring the unregulated dc input at 
the exciter front panel when the test switch on the front 
panel is in the UNRGLTD position. 

4-117. BATTERY CHARGING CIRCUIT. The battery 
charging circuit consists of a constant current drive source 
which is Ql on PSIAl, and its associated drive circuitry on 
PSIA2. The unregulated dc voltage is applied to R3 and R4 
and is coupled out through pin 12 of PSIA2 to pin 2 of 
TB2 on PS 1 A I. This connects the input to the emitter of 
Ql. The collector of QI is connected to pin 3 ofTB2, with 
the base connected to pin 1 of TB2. R3 and R4 on PSIA2 
serve as constant current source resistors when a fixed base 
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voltage is applied to regulating transistor Q 1. The fIXed base 
voltage is derived from the network consisting of CR 7, CR8 
and CR9 in series with resistor RS to ground. The voltage at 
the cathode of CR7 is approximately 2.1 volts less than the 
unregulated input voltage which is applied to the emitter of 
Q 1. This causes Q 1 to conduct allowing diode CR6 to be 
forward biased and allows voltage to be applied through pin 
14 to the battery circuit. Diode CR6 serves as a reverse 
protection for Q I with the battery connected properly. I 
Q2, with bias resistors R 1 and R2, serves as a 
transistor protect circuit in the event of connecting the 
battery in the reverse mode or in the event of a short circuit 
at a battery charging terminal. In either case, Q2 conducts 
heavily, which shorts the potential derived from CR7, CR8 
and CR9 and returns the base voltage of Q 1 to the same 
potential as the unregulated input, which turns off current 
flow through Ql and protects the battery charging circuit. 

4-118. On PSIA2, RIS serves as II multiplierresistorfora 
monitor test point on the exciter front panel associated 
with the regulated voltage output. When the test switch is 
in the REG +20 position, a reading of 20 on the meter 
should be obtained when the regulated output voltage is 
+20 volts. A battery monitoring point provides a dc input 
from the external battery to pin 10 of PS IA2, which is 
divided through R6 and R7 which serve as current limiting 
resistors for the metering test point associated with the 
battery monitoring position on the front panel of the 
exciter. When the test switch is in the BAT position, the 
battery voltage will be monitored and should be read 
direcdy in volts on the test meter. The battery voltage 
should be monitored with the ac power ON-OFF switch 
OFF, so that a monitor of the battery charging voltage is 
not read on this position. C6 serves as an output ripple 
fdter capacitor on the +20 volt line. 

4-119. POWER AMPLIFIER 

4-120. GENERAL. The power amplifier is a self-contained 
unit which amplifies the IO-watt exciter output to 50 
watts. See figure 6·34. The power amplifier utilizes a 350 
watt plate dissipation beam power tetrode vacuum tube in a 
tuned cavity configuration. The amplifier operates Class 
ABI linear. The 50-watt output is maintained by means of 
a closed.Joop automatic power control action whicfl is 
coupled back into the exciter. A TEST meter and meter 
function switches provide metering indications of the 
various ,"odules' perfonnance under operating conditions. 
Thetetrode vacuum tube amplifier is cooled by forced air. 
The power supplies required for fdament grid, and plate 
voltages for the power amplifier vacuum tube are contained 
within the unit. 



4-121. TUNED CAVITY A7. 

4-122. GENERAL. The tuned cavity is a separate 
aelf-contained module that plugs into the power amplifier 
chassis throush. the front panel. It is held in place by four 
screws. The tuned cavity module contains input and 
output tuning circuitry. a low pass filter and· a power 
aensor. To change -the VHF tuned cavity to UHF 

. -operation it is necessary to change the input tuning 
cavity. the plate high voltage cable assembly, the wcuum 
tube socket, the low pass filter and the power sensor. A 
plunger located in the front of the cavity and behind the 
front panel changes the output tuBing cavity from VHF 
to UHF depending on its position. For VHF opention 
the plunger should be out. For UHF opention the 
plunger should be in. A snap lock holds the plunger in 
place when an the' way in or aD the way out. 

4-123. TUNED CAVITY (VHF). The rf output from 
the exciter is fed through a CGa line to P4 on the cavity 
module. See figure 6·35. From P4 the rf is fed to J1 on 
.the input cavity and to the impedance matching network 
consisting of C2, CI, RI, and coupling capacitor C3. This 
network serves as a SO-ohm matching network to the grid 
of VI. Grid bias enters at PIE from the control grid 
power supply through L1 and L2 serving as rf chokes~­
with C2 and C4 serving as decoupling capacitors to 
remove any' tf that might be on the grid input lead. 
FOament voltage enters at PIB from the- filament supply 
and is connected to the tube rdarnents through filter 
decoupUng capacitors CIO and _Cll. The filament retum 
is ground. The cathode of VI is grounded through R2, 
R3, R4 and RS in parallel which maintains a constant rf 
gain at VI. Screen grid voltage 'for VI is brought in at 
PIK with CI2 .erving as a feedthrough and decoupling 
capacitor along with C17, CIS, CI9 and C20. The screen 
grid operating voltage is a nominal +390. volts de. An 
additional decoupling capacitor is buDt into. the tube­
socket. The -arc suppi-essor El prevents damage to screen 
grid circuitry when short dUration flash over or internal 
shorts exist within the va~ tube. 

4·124. The rf output from VI is taken from its plate 
and coupled to the output tuning cavity through coupling 
capacitors CIS and C21. This cavity is plunger·tuned. The 
rf output is coupled through CI3 at the output of the 
~ty. The B+ voltage for the plate of VI is supplied 
from P2 through feedthrough filter FLI. The proper 
openting voltage for the plate of VI is a nominal +2000 
volts de. The rf output from J2 of the cavity is coupled 
through P9 to low pass fUter FL2. FL2 passes the .. 
frequencies - of 116- to 149.95 mhz and suppresses 
unwanted harmonics above the desired frequency. The 
output from FL2 is on PS which connects to P7 of power 
sensor DCI. The power IIeDSOr detects forward and reverse 
power and is used in closed-loop opention similar ~o 
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power detector DCI in the exciter unit; however, when 
the exciter is driving the power amplifier. power seasor 
DCI takes control of loop opention and output power 
reference is controUed from this power sensor. In the 
event of a vswr greater than 3 to I, the sy~ switches 
from power amplifier operation to exciter opention to 
protect the output of the cavity amplifier. The rf output 
from the power sensor is on P6 which connects to P3 on 
the rear of the cavity module. This output couples 
through the rear panel of the power amplifier chassis and 
. is connected back to the exciter coaxial relay. Pins F and 
H of PI provide an interlock to prevent the high voltage 
power .. pply from turning on in the eYeDt that the cavity 
is not plugged into the unit. Amplifier tube VI requires 
forced air cooling to nmove the heat, and an air flow 
path exists through the mechanical structure of this cavity 
with a thermal sensing element in the exhaust air flow 
duct. The thermal .eDSOr unit provides the detection 
action required to determine if an over·tempenture 
condition exists. The blower must always be operating 
whenever the power amplifier is operating. 

4-125. roNED CAVITY (UHF). The UHF tuned cavity 
operates essentially the same as the VHF tuned cavity; -To 
properly tune the higher frequencies the cavity sizes 8R 

. different from the UHF; filter frequency requirements 8R 

different and component values are changed. The plunger 
behind the ffont panel must be loc:ked in the "in" 
position for UHF operation. The rf output fro~ the 
exciter is fed through a coax line to P4 on the cavity 
module. See figure 6·36. From P4 the rf is fed to J1 on 
the input cavity and to the impedance matching network 
consmting of C, Cl and coupling capacitor C3. This 
network serves as a SO-ohm matching network to the grid 
of VI. Grid bias enters at P IE from the con~~ grid 
power SUPply through L1 and L2 serving as rf chokes, 
with C4 servlDg as a decoupling capacitor to remove any 
rf that might be on the grid input lead. FDament voltage 
enters at PIB from the fOament supply and is connected 
to the tube fUaments through filter decoupling capacitor 
CI0 and Cll. The rllament return is grounded. The 
cathode of VI is grounded. Screen grid voltage for VI is 
brought in at PI·K and CI2 .erving as a feedthrough and 
clecoupling capacitor and rf.choke L3 to the screen grid 
of VI. The screen grid openting voltage is a nominal 
+390 volts dc. An additional decoupling capacitor ~ ~t 
into the tube socket. The arc suppressor El prevents damage 
to screen grid circuitry when short dm:ation flash over or 
internal shorts exist within the vacuum tube. 
-' . 

4·126. The rf output from VI is taken from the plate 
and coupled to the output tuning tavity through coupling 
Capacitor CIS. This cavity is plunger·tuned. The rf output 
is coupled through C13 at the output of the cavity. The 
B+ voltage for the plate of VI is supplied from P2 
through feedthrough fU~er FLt. The proper operating 
voltage for the plate of VI is a nominal +2000 volts dc. 
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4·131. GRID SUPPLY. The grid supply provides a 
negative de voltage to the control grid of the ~vity 
amplifier tube. The voltage is obtained from the rectifier 
circuit shown in figure 6·37. The output of TI, pills 9 
and lOis applied to the bridge rectifier consisting of 
diode CRS, CR6, CR7 and CR8 with the positive side of 
this bridge connected to ground. The negative side feeds 
through a filter consisting of CI, Rl2 and zener diode 
YR.I which provides a -100 volt de output to the 
resistive divider network' consisting of R14, RI6 and 
potentiometer RIS. This de output is further faltered by 
C •. The output can be adjusted from 66 to 95 volts. 
RI7 and R18 provide current limiting and divider action' 
for metering the output voltage through Ell to pin 4 of 
PI which is connected to the front panel TfST meter 
V -GRD position. 

4-132. THERMAL CONTROL CIRCUITS. The thermal 
control circuits shut down the LPA when the tuned cavity 
overheats. the airflow is insufficent. or when tha blower 
fails. Two thermal sensing circuits operate in the voltage 
divider network consisting of RS. R9. and either thermistor 
RTI (in cavity exhaust port) or Q2 of the SSVS (fan intake 
pon). Operation of either the thermistOr (high temperature 
condition) or the SSVS (lou of airflow) provides a low 
resistance to the divider network. thereby de-creasing the 
voltage to the base of Q3 and increasing Q3 collector 
voltage. The thermal sensing circuit has a thermistor in the 
airflow exhaust which operates in a voltage divider line 
consisting of RS. R9. and the thermistor. Operation of these I c;ircuits requires +19.SV which is obtained from the exciter 

. 20-volt power supply. In the event of an excessive tempera­
ture at the thermisor. its resistance decreucs and the 
yoltage at the base of Q3 decreases. increasing the voltage 
of Q3. The voltage increase~ at the collector of Q3 is 
applied through R6 to the base of Q2. The increase of 
voltage on the base of Q2 decreases the collector voltage 
ener-gizing relay Kl. ~ disables the primary voltage 
energizing relay K2 in the high voltage a.c. line. A de-. 
tected d.c. voltage from the blower is brought into the input 
COMector through Rt to the base of Q1. If this voltage . 
decreases due to a failure of the fan voltage. the voltage on 
the collector of Q 1 increases. coupling the voltage increase 
through R4 to the base of Q2. An increase at this point 
decreases the output on the collector of Q2. thus energizing 
relay KI which disables the high voltage power supply. 
CR2. CR3. and CR4 provide a rued emitter voltage of 
approximately +2V for the emitters of Qt. Q2. and Q3. 
CRI serves as a transient protector acroll KI to protect the 
transistor from coil inductance of Kl. R4 and R6 are 
summing resistors to the base of transistor Q2. RII limits 
current of the OVER TEMP signal for monitoring. 

4-133. AC TO AC CONVERTER SOURCE VOLTAGE. 
In addition pins 11 and 12 of the transformer provide 
13.5 volts rms to the AC-AC converter, which drives the 
blower motor. 

TO 31R2-2GRT-I02 

4.134. POWER SUPPLY PLATE/SCREEN GRID A4. 

4.135. See figure 6·39. The ac input to this module 
comes in to connector PI, pins B and C, to tenninal 
board TB I which requires the proper straps for the 
proper line voltage input. Tl is the power supply 
transformer. The secondary output is fed to pins E2 and 
E4 to a bridge rectifier consisting of CRl, CR2, CR3 and 
CR4. The de output from the bridge rectifier connects to 
E3 to a pi section rdter consisting of CIA, CIB and L1. 
The de output is connected to El on the printed circuit 
board and is a nominal +2000 v. Tenninal El is the tie 
point for the high voltage output wire feeding the plate 
of th, cavity amplifaer tube. R4, RS, R6, R7 and R8 
serve as a ·resistor-divider to divide down the voltage for 
metering at the front panel of the power amplifier TEST 
meter V-PLATE position. The negative side of the bridge 
is tied to ground through RI and R2 in parallel and the 
voltage drop across these resistors provides the monitor of 
the current required by the high voltage power supply. 
R3 is a current limiting resistor to the TEST meter on the 
power amplifier front panel which is coupled out on 
connector PI, pinL, to the meter position CUR·PLATE. 
The screen voltage is derived from the 2 kv power supply 
by dropping dc voltage across RI2 and RIS to a zener 
regulated output consisting of YRl, val and VR3 in 

series. C3 serves as a ripple rIlter for the screen voltage. 
The output voltage available from pin E22 is +390 volts 
de. 

4-136. The screen voltage is at the operating +390 volt con­
dition at all times. R24 is a current limiting resistor to the 
TESTmelCr on the Crontofthe powccamplificcand is coupled 
out through PI, pin E, to the lest swiech KEY position, which 
gives a direct reading of the keying voltage. The screen volt­
age is fed to the powec amp6flCl' vacuum tube VI, through 
R22 to PI, pin F. R19, R20 and R21 serve as a voltage 
divider andas a current limiting resistor network for monitor­
. ing the screen grid voltage on the powcC amplifier front panel 
when the test swiech is in the V-SCREEN position. A volt­
age dividcc networlc consisting of R 16, R 17. R 18 and R26 
provides a voltage at PI, Pin H. which is a sample of the 
screen voltage for the logic circuit in the exciter uniL When 
the screen voltage is at +390 volts. the output voltage on pin 
H of connector PI is a nominal +35 volts dc. R23 is a cur­
rent limiting resistor for 
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5-48.  FILTER AMPLIFIER/DETECTOR (Schematic Dia-
gram, Figure 6-24) A4.

a. Insert the printed circuit card into the exciter chassis.

b. Turn off any audio input to the exciter.

c. On the front panel of the exciter, place SWITCH 1 in
the SWITCH 2 ENABLE position and SWITCH 2 in the AF
LVL-L position.

d. Adjust R41 on the printed circuit card for a zero reading
on the front panel meter.

e. This completes the alignment.

NOTE

Do not connect an audio signal of zero DB to remove
input lines with SWITCH in the SWITCH 2 EN-
ABLE position and SWITCH 2 in the AF LVL posi-
tion. Failure to change one of these switch settings
will cause the meter to peg upon the required input.

5-49.  BUFFER MODULATOR (Schematic Diagram, Figure
6-25) A5.

a. Insert the printed circuit card in the exciter chassis.

b. Connect an audio input to the remote input lines at a
frequency of 1000 hz, and at a signal level of 0 dBm (0.775
volt rms) or -27 dBm (0.034 Vrms) for low level option.

c. Place Remote-Local switch to Remote.

d. Connect ari oscilloscope to TP1.

e. Adjust R14 until a flat characteristic appears on the top
and bottom of the audio waveforms; back off R14 until the
flattening just disappears.

f. This completes the alignment. Remove the audio input
source for the following procedure.

5-50.  CONTROL RF/MODULATOR (Schematic Diagram,
Figure 6-26) A6.

a. Place TUNE-OPERATE switch on the power amplifier
to the OPERATE position.

b. Before inserting printed circuit card, unkey the transmit-
ter, and turn the Carrier Level potentiometer R19 (on printed
circuit card) full counterclockwise.

c. Connect external wattmeter and dummy load in antenna
output line.

d. On the exciter front panel, adjust the CARRIER LEVEL
potentiometer, R8 to mid range.

e. On the exciter front panel set SWITCH 2 to APC posi-
tion.

f. Insert printed circuit card into system observing the test
meter on the exciter front panel. Meter should not indicate
reading upon insertion of card. If the meter does indicate read-
ing, remove the card quickly as some damage may occur to
the power transistor in the driver/power amplifier. Some prob-
lem exists in the control rf/modulator printed circuit card just
inserted.

g. If meter does not indicate reading set exciter SWITCH 1
to FWD positions, and adjust R5 on printed circuit card for a
zero meter reading. (Make sure power amplifier TUNE-
OPERATE switch is in the OPERATE position while making
this adjustment).

h. Set exciter SWITCH 1 to RVS position, and adjust R8
on printed circuit card for a zero meter reading.

i. Set exciter SWITCH 1 to FWD position.

j. Key transmitter on.

k. Adjust Carrier Level potentiometer R19 on printed cir-
cuit card for a reading of 40 on exciter TEST meter (FWD).

l. Adjust potentiometer R39 for a 10-watt reading on
external wattmeter. Prior to making any adjustments of the
control make positively sure the rf power measuring meter is
accurately calibrated for frequency under test.

m. Readjust R19 for a reading of 40 on exciter test meter
(FWD).

n. Readjust R39 for a 10-watt reading on external wattme-
ter.

o. Continue steps g through l, until an exciter meter read-
ing of 40 and an external watt meter reading of 10 watts is
achieved.

p. This completes alignment.

q. Place PUSH TO TALK-CARRIER TEST switch to
PUSH TO TALK

5-51.  CONTROL THERMAL/DETECTOR MODULATION
PERCENTAGE/COAXIAL RELAY CONTROL/KEYER
INHIBIT (Schematic Diagram, Figure 6-29) A7.
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NOTE panel switch.  Remove exciter top cover.  Discon-
nect oscillator synthesizer output connector at P2,Do not leave the power amplifier
connect frequency counter to P2 using a sub-mini-TEST SWITCH IN THE RVS position
ature RF connector adapter P/N 50-075-6801.for an extended period of time as this
Then open the front panel door of the parentcauses the meter to peg negative.
equipment.  Snap out the hole plug on the left

j. On the power amplifier, place the TUNE- front of the DIGI CHANNEL.  Use a standard
OPERATE switch to the OPERATE Position. screw, launcher type (split blade) screwdriver to

remove the screw cover.  With the unit near roomk. On the power amplifier, place the TEST
ambient temperature, reapply power and wait atSWITCH to the FWD position.
least 10 minutes before adjusting.  Key the trans-

l. Key the exciter. mitter to get an output from the oscillator synthe-
sizer if necessary.  Using a small tuning tool orm. Adjust R26 on the buffer amplifier/multi- small blade screwdriver, adjust the trimmingplier electrical instrument circuit card (A5) for 50 capacitor for the actual frequency.watts on the external wattmeter.

NOTEn. Adjust R22 on the buffer amplifier/multi-
plier electrical instrument circuit card (A5) for 40 Be sure to refer to page 3-12, para-
on the power amplifier front panel TEST Meter. graph 3-10 for actual frequency vs

dialed frequency.  Notice that a smallo. Repeat steps m. and n. until 50 watts is
portion of a turn may shift the fre-obtained on the external wattmeter and 40 is indi-
quency sufficiently.  When adjust-cated on the power amplifier front panel TEST
ment is complete, remove power andMeter.
reinstall the screw cover and then the

p. Unkey the exciter, place the power ampli- hole plug.  Reconnect the oscillator
fier HV ON-OFF switch to OFF and replace the synthesizer for normal operation.
power amplifier top cover.

5-55. After connecting a HP5305B frequency
q. This completes the A5 alignment. counter (or equivalent) (using subminiature RF

connector adapter P/N 50-075-6801), between the5-54. OSCILLATOR SYNTHESIZER. The only output and ground, determine if the output is ade-adjustment which may be required in the refer- quate to trigger the counter.  If the counter is notence oscillator.  The adjustment is necessary when triggered properly, the following troubleshootingthe frequency is not within ±0.0005% of the procedures should be followed:desired frequency.  This module is a self-contained
and sealed unit located below the phase compara- 1. Check the voltage inputs to the oscillator
tor board.  A frequency trimming capacitor is synthesizer using a voltmeter.
accessible through the sealed case by removal of a

2. Connect an oscilloscope to P2 and check forsealed screw cover.  This is located directly behind
approximately 5V P-P sine wave signalthe snap-out hole plug which is on the left front of

the synthesizer.  Turn power off with the front
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Figure 5-9. Test Set Up for Percent of Modulation.

5-36 Change 20



















TO 31R2-2GRT-102

 Figure 5-14.  Intermediate Tube Subassembly (P/N 8004256G1)

6

1

4

2
5

3

1        MOUNTING BRACKET                                                0-2217-134-D503
2        ROD. FREQUENCY RANGE SHIFTING                     0-2217-134-D504
3        8-32 X 0.5 SOCKET HEAD SCREW                           MS16997-32
4       1/16 X 0.5 SPRING PIN                                                MS16562-194
5       5/64 X 0.75 SPRING PIN                                              MS16562-206
6       INTERMEDIATE TUBE                                                 0-2217-134-D502          

1
1
1
1
1
1       

INDEX               NOUN                                                                      QTY                     P/N
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NOTE

These procedures are for Depot use only. 

5-61  INSPECTION, REPAIR AND REPLACEMENT OF
THE INTERMEDIATE TUBE, P/N 8004256G1, A PART
OF THE AN/GRT-22/22 TUNED CAVITY ASSEMBLY,
P/N 8004230G1/G2. Refer to Figure 5-14 for component
identification. 

a. Inspection. Following disassembly of the Tuned Cavity,
and removal of the Intermediate Tube perform a visual
inspection of the Tube. The inspection should include
the following: 

(1) Examine the dip weld at the attachment of the Fre-
quency Range Shift Rod Mounting Bracket (index
1), referred to as the Bracket for rest of the proce-
dures. 

(2) Examine the exterior and inter of the Intermediate
Tube (index 6), referred to as the Tube for the rest of
procedures for damage.

NOTE

If the Bracket weld is cracked or broke, but the Tube
is serviceable, proceed to step b. If the Tube surface
is damaged, proceed to step c. If no visible damage is
found, proceed to step d. 

b. Replacement/Repair of the Frequency Range Shift Rod
and Mounting Bracket. 

(1) Detach and discard the Frequency Range Shift Rod,
referred to as the Rod (index 6) by removing the
socket head screw (index 3) and pressing out the

attaching Spring Pins (index 4 and 5). 

(2) Carefully remove and discard the Bracket from the
Tube. 

(3) Using a hand file or grinder, remove any remaining
weld material and smooth the tube exterior surface
to the original contour. 

(4) Install the replacement Bracket by inserting the Tube
though the Bracket and securing with the socket
head screw. Tighten to 10 inch/pounds of torque.
Apply MIL-S-22473E, locking compound. 

(5) Install the Rod (index 2) by inserting the Rod into
the Bracket and secure using the spring pins (index 4
and 5). 

c. Replacement of the Intermediate Tube 

(1) Detach and discard the Frequency Range Shift Rod,
referred to as the Rod, by removing the socket head
screw and pressing out the attaching Spring Pins. 

(2) Remove and discard the Tube. 

(3) Install the replacement Tube through the Bracket and
secure with the socket head screw (index 3). 

(4) Tighten to 10 inch/pounds of torques and apply
MIL-S-22473E locking compound. 

(5) Install the Rod by inserting the Rod into the Bracket
and secure using the spring pins (index 4 and 5). 

d. Reinstall the Intermediate Tube Assembly. 
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PISI "' .. 

I I ~ .. '""""\ I -,. .... -~.;.:.:: .......... -­
I I 1._ ..... Joooo-1~ r, r----l---=----INOTES: 
I I UNUSS OTHERWiSE SPECIFIED: 
I I 1. ResiSTANCE VALUES ARE 

IN OHMS, :!: 6%, 114 WATT, 
I FIKED COMPOSITION. 
I <:'R7 2. CAPACITANCE VAL.UES AflE 
I IN MICROFARADS, :i; 10%. SO 

c:~e IIOLTS. . 
I 3. DIODES ARE 1 ... 814, 

I <=...... 4. ALL VOLTAGE MEASURE-

I 
MENTS TAKEN WITH A HIGH 
INPUT IMPEDANCE METER 

I IMP 4271 OR IiQUIVALENT. a IS; REFIiR£NCE oESIGNATIONS 
! I ARt: ABBREVIATEO PAIiFUC 
" I THE DESIGNATION WITH UNIT 

J NUMflER OR ASSEMBLY DESIG-
, '---&--'vv, __ NATION OR BOTH. 

TP1 

UNKEYIiD 

20.0VDC 

"EVED 

20.0VDC 

CONFIGURATION CHANGES 
EARLY CONFIGURATION 
R8 FROM II{. 1/4W TO 12 OHMS. 1/2W 
R12 FROM 12 OHMS TO 2. '1 OHMS 
R19 FROM lK TO SSO OHMS 
R20 FROM 1.8K TO lK 
ECP loa CHANGES 
R28 FROM 1.5K TO 910 OHMS 
ECP 122 CHANGES 
RI0 FROM 680 OHMS TO 910 OHMS 
Rll FROM lK TO 1.2K 

TO 31R2-2GRT-102 

C2 DELETED, 15 /-IF, 10%, 20V AT BASE OF Q4 AND GROUND 
C9 ADDED 15/-lF, 10%, 20V 
ECP 261 CHAlfGES 
R3l ADDED, 27K. 5%, l/4W 
EgP 320 CHANGES 

'----------------------- ----------------- Q3 FROM 2N1l32 TO 2N2904A 

ECP 446 CHANGES 
~3 FROM 2N2904A TO 515392-1 

FJaure 6-33. PowerSuppIyPSlA3, ReguJatorPSlAl andPSIA2.Schematic Diagram 

Change 10 6-45/(6-46 blank 
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At INPUT 

NOTES-

VOLTAGE 
G;>~$EVALUES.~·~~I~O~5~1~12~O~~2~I~O~1~2~4~O~ 

Fl F02A250V2A F02A250VlA 
1'2 ISAMP.2.S0V IOAMP.250Y 

F3 IOAMP.250Y IOAMP 250V 

~VALUE FOR Ct: 
.luf.600V WHEN USIlIIG 5006ZT -I BLOWER 
J5C/F.600V WHEN USING 500627":'.2 BLOWER 

[t::>fOR VHF SEE FIGURE 6-35 
FOR UHF SEE fiGURE 6- 36 

CONfiGURATION CHANGES 

€CP 193 CHANGE 
RTI FROM 50941&1 TO 509416-2 
ECP501 CHANGE 
1=1 FROM 3A T02A 
ECf531 CHANGE 
El CHANGED TO E25 
ECP 586 CHANGES 
R9Al11D RIO AOOED 

TO 31R2-2GRT-l02 

£7.r-:::.. 

W~6 
C4 RTI 

C4r----- - .. -----
• 5 r'1:'!! 

VOl.TAGE : A6 

: CONNI 
:FILTER 

CONTROL t ASSY 
GRID : C! 

· • 
L...j---~:C7 · L.-. __ -<>; ce 

I 

• 
SCREEN GRID ! _ J.~'3 

,.. • E3 '-I--: 
1 E,.5 I £1 J2 :P2 

t-Hf----.. ~++--9.: EGf
2
10 OJ 

I 
1 
1 
I 

A7 I 

=:J': {PI 
1 
, J8 

0: ',I ~ (fiF INPUT 
P41 ,h 

~
• RfOUTPUT 

Pl i .19 
1 
I 
I 
1 
I 

r---------------~--+_---~-~~+_------_qFLI : I t.. _______ .... ______ ...J 

~o~ ~~I1~ ~ 
~r---~r-;,--__ ~;,+T+r~f~'w~U~~W~K;~.~~ 

:--... cc '"' _. -~ ~D A 
T.---' lANTENNA 

6 4 12 RI I. flELAY HF 
TUNE: ~:~ : 

S3 ~ -Tsi'" FWD PWR r- I 
+20VKEYtD J 

2.z:-----. 
~DS2 

HVSAMPLE B 
R'IlS PWR _ G 

~ 
£4 

~ r::-;:::~h1Hi! i~ I Ii ~ I r i I~ 
~ I~ ~;.~ ~ i~ >I;I~ ~ ... p~ :t; > IC>~ ilii!ii t 
~~~~~~~~~~~~J5 I E'P R 8 C F D H A J L II N ki4P\NSl!f6t7Ilt2 10158«; 7 112 51411834 9 19 J6(2S PINS} 

r- Iptl fI -I 
~3l I I I 

t1tGtij A4 t AS I 
VOLT"GE I PLATE/SeMEN GlttD VOLTAGE StJPl>t.v I I BUfFER ANPUFIER/MUl.TlPlIER. I 

L _____________ -' L ___ ~'=.CTRICA~~~~~ ___ J 

Figure 6-34. POWd' Amplifrer. Schematic Diagram. 

Change 10 6~47/{6-48 blank) 









JI 

aooov 

INPUT 
TUNING 
C1 
2.2 ·19.9 
nov RMS 
±10% 

RF AAlPUFIER fI. 

NOTES: 
UNlEss OTHERWISE SPECIFIED: 

~ 
CAPACITAr«:e IS BUilT INTO TUBE SOCKET. 
FERRITE BEAD 512134-1. 
FACTORY MANUFAcnJRED. 

4. ALL CAPACITANCE VAlues ARE IN PICOFARADS. ±10%, lGOOV. 
5. AlL INOUCTANal VALUES ARE IN MICROHENRIE5. 
6. REFERENCE DESIGNATIONS ARE A8(!REVIATEO. PREFIX THE QESIGNATIONWITH UNIT NUMBER 

OR ASSEMBlY OESIGNATIONOR BOTH. 

EARLY CONFIGURATION 
C3. C6, C6 FROM ±10% TO:!:O.l pF 

CONFIGURATION CHANGES 
Eel' 28 ClfANGE 
C3. CS, C6 FROM:tO.l pI' TO:t0.25 pF 
Eel' 38 CHANGE 
cs. C6 DaETE!> 
ECP 64 CHANGE 

T.O.31R2-2GRT·I02 
NA VELEX 0967·LP429·S010 

Ct2 FROM '000 pI', (+100%·0%1, SODV TO GMV. 1000 v 
Eer 185 CHANGE 
eto FROIII470pF, ±to%, 1novTO 33OpF. ±5%, 500 V 
ECP 236 CHANGE 
E1AOOEO 

C3 
ECP 346 CHANGES 
Cl FROM 1.2 • 20, 315'11 TO 2.2· 19.9 pF 
C3 FROM 3:3 pF,:tO.l pF, l000Vdc TO 3.6 pF. :!:0'25 pF, 1500 VRI\IISAT60 Hz 
Eer 441 CHANGE 
El FROM 509204-2 TO 509204-3 
ECP 511 CHANGE 
Fl3AOO1:D 
ECP 609 CHANG!: 

V1 FROM!i04IIO$I-1 TO 8930 

Figure 6·36. Tuned. Cavity (UHF) A7. Schematic Diagram 

CHANGE 7 6-51/(6-52 blank) 
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TPl 8.0VDC 8.0VDC 

TP2 14VDC 14VDC 

TP3 0.8 VDC 0.8 VDC 

TP4 OVDC OVDC 

R!S 
39K 

Ctl >R~ 

~ 
C9 

t 
,3.1' VRMS 

PI 
9-PINS 

ACINPur I.e 

+ A C INPUT 13 

.0<1-7 ~3.9k !u.oo ~v 
200V 

+ 
GROt/NO 

Q5 
511793-1 
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.... 

/IlIO 
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RIZ; 

150K 

14 

2 

:;:; 
',', .... 
:::: .... 
:=:: 

SIS3Z'./~~~ 
::: 
',' 
::: 
:.: .'. ::: .:. 
'.' 

::: 

.---------115 

::;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;. (, 

I
·;: 
::: 
I;:: 

~~ 
~: 
:: 
:: 
:: BLOWER /IVO METER I B 

l \ '---------<-q !;. 
.'f3l0WER CURRENT siiiS~ 7 :. 

9TO 10V ~ 
T 

CB 
22, /$V - _. _ ~""cl::: D&."'WC~ + )1" ~ .IL • 

P-14 ,,_ IW 

EARL V CONFIGURATION 
Q5 FROM 2N3771 TO 511793·1 
ECP 87 CHANGE 
R6 FROM 2.7K TO 3.9K 
ECP 356 CHANGE 
Rll FROM 68K TO 3.9K 
ECP 588 CHANGE 
Rl1 FROM 3.9 TO 68K 
ECP 619 CHANGE 
03 FROM 2N1613 TO 2N1893 

4 {, 

NOTES: 

UNLESS OTHERWISE SPECIFIED: 
1. RESISTANCE VALUES ARE IN 
OHMS. ± 5%. 1/4 WATT. 
2 CAPACITANCE VALUES ARE 
IN 'l4ICROFARADS. ± 10%. 

Figure 6-41. Converter, AC to AC A2, Schematic Diagram 
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... 

S.5v 
T't) pA/J4 

.-DUH ,/tl ~'" VI THIrIJ VI. 

CONFIGURATION CHANGES 

ECP 476 CHANGE 
CR3 FROM 511185-1 TO 511785-4 

I- ell 
Iff.~NJ% 

lOt" 
tI{'e I -;-

If) 

fep 520 C¥"NGES 
R21 WAS 4 
CII WAS 0.01. 200V 

·VOLTAGE AT E6 WAS 5.5 Vdc 
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r "VPI 
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!\ 

CONFIGURATION CHANGES 

ECP 476 CHANGE 

~2 
51:} 3&7-1 

CR4, eRSt CR6 & CR7 FROM 511785-1 TO 511785-4 

#OrES: 
VNt.E5S "7;(£~W/SF 5P&C;F/t!"O 
/. Au RES/S77INCE U4.W&;:7 AHI IN 

i:JrlMS" ... 5%, 1/4 IV 
2. A~~ CA~/7J4Nt::'f VAtv.e; AI?E IN 

JfiKR~ARA.05, :if /0", /t!?IXI Y 
.3. AU INOVt:rAHCFVAU/£SAR£ .IIV' 

;f1'CPOHFNR/65 

T.O. 31R2-2GRT-l02 
NAVELEX 0967-LP429·S010 

fi>ZI 
: leo 
~ 

? 

Figure 8-47. RF Generator A8A2, Schematic Diagram 
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tl\DNl,OROUil'UT 
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\0 

lE'il6I.'SE ~0'fl9i 
MON 1"1W. 0U"Ti'IJT 

~a:'!I 
IN7<4GA 

• III! ~ 

:l\"'31R~ Gat> 3"-
~:s-:Io ~5"'1. 

TP3 

"tW'f 12 
..,. N'OOOU\"TION 
MDNI'01t 0I.m'I1l 

NOTES: 

t. 

0::> 
0:> 
£l::::=,. 

0:::> 
6. 

~ 

• T.O.31R2-2GRT·I02 
NA VELEX C)967.LP429-S010 

'"'..,;'--'wirlt.---------__ ~lI 
~ OUlVUT 

L---~~ ........ --------________ _7,~ 

Glt.OtJNO 
K£t INPUT 

ALL RESISTORS ARE IN OHMS + 1%, 1/4W UNLess OTHERWISE SPECIFIED. 

GAIN ADJUSTMENT TAILOR POINT FOR Rto + R70 (tOK TO tB.2K} NOMINAL 14K. 

GAIN ADJUSTMENT TAILOR POINT FOR R24 + R73 (3K TO 7. '5K~ NOMINAt, 5.1 1K. 

GAIN ADJUSTMENT TAILOR POINT fOR R4f ;2" TO iOKi NOMi ... A" 4.(;210:. 

GAIN ADJUSTMENT TAILOR POINT FOR R58 (2K TO 14K) NOMINAL 10K. 

NOTe 6 DELETED. 

WITH VOLTAGe KEY.INf'UT, THE FOLLOWING CONNECTIOI'ISSHOULDBE MADE: 

VOLTAGE IN 

6V 
24V 
48V 

CONNECTIONs 

S1 TO E4 
E2TO E4 
E3TO E4 

Figure .51. Inboard MODitor/KeyerCaM Al, Schematic Diagmm 

CHANGE 1 6-74A/(6-74B blanlc) 
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