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Figure 1. Fixed transmitting station using
Oscillator Group AN/URA-13



This instruction book will be replaced by TM 11-5057 which, when published,
will be listed in SR-310-20-4 and SR 310-20-2

CHAPTER 1

INTRODUCTION

Section I. GENERAL
l. Scope

This instruction book contains instructions for the installation, operation,
maintenance, and repair of Oscillator Group AN/URA-13. Oscillator Group AN/URA-13
includes Radio Frequency Oscillator 0-152/URA-13 and Radio Receiver R-390/URR,
Maintenance and repair of Radio Frequency Oscillator O-lSE/URA-l3 are contained in
this instruction book. Maintenance and repair of Radio Receiver R-390/URR are con-
tained in the imstruction book covering that unit.

2. Forms and Records

The following forms will be used for reporting unsatisfactory conditions of
Army materiel and equipment.

a. DD Form 6, Report of Damaged or Improper Shipment, will be filled out and
forwarded as prescribed in SR745-45-5 (Army), Navy Shipping Guide, Articl 1850-4,
and AFR 71l-4 (Air Force).

b. DA Form 468, Unsatisfactory Equipment Report, will be filled out and for-
warded to the Office of the Chief Signal Officer as prescribed in SR T00-45-5.

c. AF Form 54, Unsatisfactory Report, will be filled out and forwarded to
Commanding General, Air Materiel Command, Wright-Patterson Air Force Base, Daytonm,
Ohio, as prescribed in SR 700-45-5 and AFR 65-26.

d. DA Form 11-238, Operator First Echelon Maintenapge Check List for Signal
Corps Equipment (Radio Communication, Direction Finding, Cerrier, Radar), will be
prepared in accordance with instructions on the back of the form.

e. DA Form 11-239, Second and Third Echelon Maintenance Check List for Signal
Corps Equipment (Radio Communication, Direction Finding, Carrier, Radar), will be
prepared in accordance with instructions on the back of the form.

f. Use other forms and records as suthorized.



Section II. DESCRIPTION AND DATA
3. Purpose

a. Oscillator Group AN/URA 13 is a stabilized rf exciter, with a variable rf
output within the frequency range of 1.5 to 32 megacycles (mc). The oscillator
group is used as an rf exciter for an associated transmitter operating in the same
frequency range. Line input circuits are provided to handle signals for continuous
wave (cw) operation, facsimile (fax) operation, frequency shift keying (fsk) and
phase modulation (pm) on phone operation. Local input circuits are provided to
handle signals for cw operation and phone operation.

b. The equipment consists of Radio Frequency Oscillator O-152/URA-13, which
produces a stabilized radio frequency oscillation, and Radio Receiver R-390/URR,
which produces an if. signal on which the radio frequency oscillator stabilizes.

A number of additional components, listed in par. 7, is also included with the
group. The operating components set up for operation are.showniin figures 2 and 3.

4. System Application

Figure L4 is a block diagram of an AN/URA-13 frequency controlled transmitting
system. The system establishes a transmitted rf signal to match the frequency to
which the radio receiver is tuned.

a. Tuning to Frequency. When the radio receiver is manually tuned, the Elec-
trical Special Purpose Cable Assembly CX- l6l9/U transfers frequency control infor-
mation from the radio receiver to the radio frequency oscillator. This frequency
control information indicates that megacycle band which includes the frequency to
which the radio receiver is tuned. With the frequency control information, the
radio frequency oscillator automatically seeks the frequency to which the radio
receiver is tuned. There is no rf output to the transmitter during this position-
ing operation. The radio frequency oscillator positioning operation requires two
steps. First, the radio frequency oscillator coarsely positions to the megacycle
position below the radio receiver frequency. Then fine positioning continues
until the rf output to the radio receiver produces an if. output from the radio
receiver. At this time the system stabilizes on the frequency which produces a
455 kilocycle (ke) if. output from the radio receiver, and the rf output is made
available to the transmitter. The associated tramsmitter must be tuned separately,
either magually or automatically, to the proper frequency.

. Mé&ntaining Tuned Frequency. Following stabilization, the radio frequency
oscillator maintains the frequency to which the radio receiver is tuned. The 455
ke if. indicates that the radio frequency signal matches the tuned radio receiver
frequency. Variation of the if. from 455 ke results in compensative, fine re-
tuning.by the radio frequency oscillator to re-establish the if. at 455 ke¢. There-
fore, variation from the established rf output, with no change in receiver tuning,
results in immediate re-establishment of the rf output. Slowly changing the radio
receiver tuning also produces a variation from the 455 kc if. Here, again the
radio frequency signal changes to re-establish the 455 kc if. 1In so doing, the
automatic radio frequency oscillator tuning follows the slow, manual tuning of the
radio receiver. Rapidstuning of the radio receiver results in the loss of the if.
signal since the automatic tuning of the radio frequency oscillator will not keep
pace. Loss of the if. output from the radio receiver, regardless of the cause,
results in loss of the rf output to the transmitter. The radio frequency oscil-
lator then repositions on the radio receiver frequency and, upon stabilization,
again,makes available the rf output to the transmitter.
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NOTE :
THE EQUIPMENT
CABINET IS NOT
SUPPLIED AS
PART OF
OSCILLATOR GROUP
AN/URA-I3

IR NN NN

Figure 3. Oscillator Group AN/URA-13,
equipment cabinet installation, rear view
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c. Effect of Modulation. The cw, phone, fsk or fax input signal to the radio
frequency oscillator controls or modulates the rf output through keying relays and
modulating circuits within the radio frequency oscillator. Modulation of the rf
output results in variations in the if. output from the radio receiver. A modula-
tion canceling circuit within the radio frequency oscillator prevents this expected
variation from appearing as an undesirable frequency shift. Therefore, no insta-
bility arises from frequency changes due to modulation.

5. Technical Characteristics

a. Radio Receiver R-390/URR.

Type of circuit . . . . . . . . . . . . Triple conversion superheterodyne on
eight lowest frequency bands;
double-conversion superheterodyne
on all other bands.

Frequency range . . ¢ « « o « v o « & . .5 me to 32 me (in 32 steps).

Types of signals received . . . . . . . Al -cw, A2-mcw, A3-voice, Fl-frequency-
shift keying.

Type of tuning . . . . « « « « « « . . Continuous; frequency read directly
on counter-type indicator.

Method of calibration . . . . . . . . . Built-in crystal-controlled calibra-
tion oscillator.

Calibration points . . . . . . . . . . Every 100 kc.

Avdio Power output:
600-ohm unbalanced line . . . . . . . 500 mw.
600-ohm balanced line . . +« « . . . . 10 mw.
Phones . . . . . . ¢ . ... .. 5 mw.

If. selectivity bandwidth . . . . . . . 100 cps to 16-kc in 6 steps.

If. frequencies:
First variable if. (used on eight
lowest frequency bands) . . . . . . 9 to 18 mec.
Second variable if. (all bands) . . . 2 to 2.5 mc on lowest steps, 2 to 3
mc on all other steps.
Third (fixed) if . . . . . . . . . . U455 ke.

Sensitivity:
Am. signals . . . « ¢ ¢ . 4 4 e . . 3 uv or better.
Cwsignals . ¢« ¢ ¢ ¢ ¢ v v o o o o . 1 uv or better.

Power source . . . . . .. ... ... 115/230-volts ac + 10%, 48-62 cps
through Power Supply PP-621/URR.

Power input:
115/230 volts ac .+ ¢« ¢« v ¢ 4 4 . . . 270 watts total, 170 watts with oven
heaters off.

Number of tubes . . . . . . . . . . .. 33 (including ballast tube RT-512).



Antennas:

Unbalenced . : ¢ « « « « - » - . Random length vehicular-mounted whip or
straight-wire
Balanced . ¢ . ¢ 5 o o <. o <. o . 1l25-ohm nominal terminating impedance;

matches 70-to 200-ohm lines or unbal-
anced transmission lines using adapters.

Weight . o « = « o o « o o o o« « o 80 1b (including Power Supply PP-621/URR).
b. Redio Frequency Oscillator 0-152/URA-13.

Frequency range . . -« « « » o » « L5 = 32 mec (continuous).

Method of modulation . . . . . . . Reactance-tube oscillator.

Types of Service available:

Line input . . . ¢ ¢ « « - . . . cw, fsk, fax and phase modulation for
phone.
Local input . . . . . . « . . . . cw and phase modulation for phone.
Input impedance (if.) . . . . ... . 1O00K.
Power output (rf) . - . « « « . . » 3 watts to 50-ohm load.
Input frequency for afc operation:
Nominal . o o o o o« o « o « » » o U55 ke,
Renge for afc operation . . . . . U52 to 458 ke,
Input voltage for afc operation . . 10 mv (minimum).
Power input:
115/230 v ac, 4862 cps . . . . . 285 watts.
Number of tubes . ¢ + s o o ¢« « « « 29,
Welght . . « ¢ « ¢ ¢« ¢« ¢ o &« o « « 97 1lbs.

6. Packaging Data

a. When packed for shipment, the component units of Oscillator Group
AN/URA-13 are wrapped in peper and placed in an inner corrugated cardboard carton.
Each component 1s wrapped and packed separately. Cleated wooden pallets hold the
units securely within the inner cartons to prevent damage to controls and connec-
tors. Cable and other accessories are also packed in the inner carton as well as
the desiccant. The inner carton is then sealed in a moilsture-vaporproof barrier
and placed in a second corrugated car@board carton. The two instruction boocks
are wrapped in a separate pouch which is taped to the top of the second cardboard
carton. This package is then placed in the outer plywood box and padded with
excelsior. The separate package of running spares is placed in the outer plywood
box along with the component. The outer plywood box is secured with steel straps.
Each of the two complete packages is approximately 20 inches high; 27 inches wide
and 32 inches long, giving it a volume of approximately 10 cubic feet. The radio
receiver package weighs approximstely 178 lbs. and the radio frequency oscillator
package weighs approximately 200 lbs. Figure 15 is an exploded view of the radio
receiver or radio frequency oscillator package.

Note: Items may be packaged in a manner different from that shown,
depending upon the supply channel.
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8. Description of Radio Receiver R-390/URR
(figs. 5 and 6)

a. Radio Receiver R-390/URR is a 33-tube superheterodyne receiver designed
for reception of continuous-wave (cw), modulated continuous-wave (mcw), voice and
radio-teletype signals within a range of .5 to 32 mec. In its application in
Oscillator Group AN/URA-13, this receiver controls the radio frequency output of
Radio Frequency Oscillatarf%&52/URA-l3. This receiver is designed for mounting
in a standard, floor-mounted 19-inch rack such as Electrical Equipment Cabinet
CY—lll9/U, for fixed station use. The receiver may also be mounted in a shock-
mounted 19-inch rack, such as Electrical Equipment Cabinet CY-l2l6/U for mobile
installation. The structural parts of the receiver are of aluminum.

b. All operating controls are on the front panel (fig. 26), which has a
gray semigloss finish. Two handles at the outer edges of the front panel facil-
itate withdrawal of the receiver from the rack. In the application of Radio
Receiver R-390/URR in the AN/URA-13 group, the top and left-hand side of the radio
receiver front panel is covered by Panel Cover CW—261/URA-13 (par. 11). This
makes inaccessible those front panel controls which do not enter into the oper-
ation of the radio receiver as part of the radio frequency oscillator set. The
following front panel controls remain uncovered and operatable. The two large
knobs at the bottom of the panel marked MEGACYCLE CHANGE and KILOCYCLE CHANGE,
provide frequency tuning of the receiver. A counter-type frequency indicator is
above the KILOCYCLE CHANGE knob. The number shown indicates the frequency in
kilocycles to which the receiver is tuned. The MEGACYCLE CHANGE control operates
the two left-hand number wheels of the frequency indicator and the KILOCYCLE
CHANGE control operates the three right-hand number wheels. Uncovered and
distributed about the panel are 5 bar knobs which control the necessary functions
of the receiver. These controls include the FUNCTION switch, antenna trimmer
(ANT. TRIM) control, kilocycle control DIAL LOCK, frequency-indicator zero-
adjustment (ZERO ADJ), and RF GAIN control.

c. On the rear panel of the receiver (fig. 27) are mounted special tools,
antenna input connectors, operating and spare fuses, POWER and REMOTE CONTROL
connectors, an IF OUTPUT connector, an OVENS OFF-ON control, terminal strips for
connection of external circuits and, under a protective cover, trimmer adjustments
for the crystal oscillators. The SYNC XTAL OSC adjusting slot on the rear panel
provides for aligning the 32-position crystal selector switches, Shol, sko2, sko3
and S4Ok, with the MEGACYCLE CHANGE control mechanical linkage. Electrical
Special Purpose Cable Assembly CX-1619/U mechanically couples to the MEGACYCLE
CHANGE control mechanical linkage at the SYNC XTAL 0SC adjusting slot (par. 10a).
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d. The receiver is permeability tuned by varying the degree of insertion of
powdered-iron cores into the tuning coils through a system of gears, cams and
racks. The calibration of Radio Receiver R—390/URR is accurate to within .3 kec.
It is this calibration accuracy which permits use of the receiver as the fre-
quency control of Oscillator Group AN/URA-13.

e. Radio Receiver R-390/URR is assembled from a number of subassemblies in-
cluding the main frame and seven removable subchasses. The rf subchassis, if.
subchassis, and crystal-oscillator subchassis are mounted on the upper deck of
the main frame. Mounted in three compartments on the lower deck are the
variable frequency oscillator (vfo) subchassis, audio frequency (af) subchassis,
calibration-oscillator subchassis, and Power Supply PP-62l/URR (ac power supply).
The subchassis are connected to the main frame or to each other by cables termi-
nating in locking-type connectors. Mounted on the rf subchassis are the gears,
cam-shafts, and racks of the mechanical tuning system.

9. Description of Radio Frequency Oscillator O-152/URA-l3
(figs. 7 and 8)

a. Radio Frequency Oscillator O-152/URA—13 is a 29 tube rf oscillator de-
signed to operate in conjunction with Radio Receiver R—390/URR to produce a
stabilized, modulated, exciting frequency, within the frequency range of 1.5-32
mc, to an associated transmitter operating in the same frequency range. This
radio frequency oscillator is designed for mounting in a standard, floor mounted
19-inch rack, such as Electrical Equipment Cabinet CY—lll9/U, for fixed station
use. The radio frequency oscillator may also be mounted in a shock-mounted,
19-inch rack, such as Electrical Equipment Cabinet CY-1216/U, for mobile in-
stallations. The structural parts of the radio frequency oscillator are of
aluminum.

b. All operating controls are on the front panel (fig. 2k). Two handles at
the outer edges of the front panel facilitate withdrawal of the radio frequency
oscillator from the rack. The front panel meters are the AUDIO LEVEL meter
which indicates the phase deviation in radians during phone (pm) operation; the
CAL IND meter which indicates the input level of the if. input signal during
normal operation and indicates frequency deviation during calibration; and the
LINE CURRENT meter which indicates the fsk relay current. Bar knob controls
control the various functions of the radio frequency oscillator. These include
the FUNCTION switch, the SERVICE SELECTOR switch for selecting FAX, FSK, PM (phone)
or CW operation, the MOD TEST switch with switch lock, the DEVIATION control with
control lock, the CARRIER CONTROL for selecting LOCAL or LINE operation, the
ASSOC XMTR FREQ MULT switch for compensating for transmitter frequency mul-
tiplying, POLAR NEUTRAL selector for selecting fsk operating mode, AUDIO LEVEL
control, and the LINE CURRENT control for adjusting the fsk relay current. The
indicator lamps include the red POWER indicator which indicates that the line
power is on, the yellow OVEN ON indicator lamp which indicates the discriminator
oven is on, the green AFC indicator lamp which indicates that the radio frequency
oscillator is tuned to the radio receiver frequency. The POWER ON-OFF toggle
switch turns the line power on to both the radio frequency oscillator and the
radio receiver. The LOCAL MIKE KEY jack at the lower right of the front panel
provides connections for local microphone or key.
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Figure 7. Radio Frequency Oscillator 0152/URA-13 , front

Figure 8. Radio Frequency Oscillator 0-152/URA-13, rear view
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c. On the rear panel of the radio frequency oscillator (tig. 25) are mounted
special tools, operating and spare fuses, and terminal boards and jacks. The
input lines terminal board TB802 provides connections for line input signals.
Under a protective, hinged cover are TB803 and TB8O4 upon which the frequency
control information lines of Electrical Special Purpose Cable Assembly CX-1619/U
terminate (par. 10a). Line power for Oscillator Group AN/URA-13 connects
through the LINE PWR Jjack on the rear panel of the radio frequency oscillator
and line power for the radio receiver is from the REC PWR Jjack. The rf output
from the radio frequency oscillator to the radio receiver is from the REC ANT
Jack. The rf output to the associated transmitter is from the 50 OHM OUT Jjack.
The if. input from the radio receiver is to the 455 KC INPUT jack. Electrical
Dummy Load DA-85/U (par. 12) clips to the rear panel for storage.

d. Radio Frequency Oscillator 0-152/URA-13 is assembled from a number of
subassemblies including the main frame, gear plate and eight subchassis. The
rf amplifier subchassis, relay subchassis and power rectifier subchassis are
mounted on the upper deck of the main frame (fig. 9). The if. amplifier sub-
chassis, discriminator subchassis, servo amplifier subchassis, audio amplifier
subchassis and variable frequency oscillator (vfo) subchassis are mounted on
the lower deck of the main frame (fig. 10). The subchassis are connected to the
main frame and to each other by cables. Mounted directly behind the front panel
is the gear plate on which is mounted the gear train of the automatic tuning
system along with various electrical components.

REAR
PANEL
QELAY
SUBCHASSIS
MAIN
FRAME ™ ] RF_AMPLIFIER
BT SUBCHASSIS
POWER
RECTIFIER —
SUBCHASSIS
GEAR
PLATE
FRONT
PANEL

Figure 9. Radio Frequency Oscillator 0-152/URA-13
showing top deck location of subchassis.
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Figure 10. Radio Frequency Oscillator 0-152/URA-13,
shawing bottom deck location of subchassis
10. Description of Cable Assemblies.
(fig.11)

a. Radio Frequency Oscillator 0-152/URA-13. The following five cables are

supplied as part of the radio frequency oscillator.

(1)

1k

Electrical Special Purpose Cable Assembly CX-l6l9/U is a 78 inch,
28-conductor cable terminating in two fanning strips on one end and
a band switch adapter on the other end. Only 26 of the 28 conductors
are used. This cable carriers frequency control information from
Radio Receiver R-390/URR to Radio Frequency Oscillator O- 152/URR.

The band switch adapter of this cable assembly attaches to the rear
panel of Radio Receiver R-390/URR so that the mechanical coupler en-
gages the MEGACYCLE CHANGE control mechanical linkage of the receiver
through the SYNC XTAL 0SC adjusting slot (par. 8c). The two fanning
strips of this cable assembly attach to two terminal boards on the
rear panel of Radio Frequency Oscillator O- lSE/URA—l3 (par. 9c) The
band switch adapter of this cable assembly contains a band switch
assembly (fig. 23). These band switches are operated, because of

the mechanical coupling, by the MEGACYCLE CHANGE control of Radio
Receiver R-390/URR. Therefore, the circuits closed by the band
switch indicate the megacycle band to which the radio receiver is
tuned. From this frequency control information, the radio frequency
oscillator automatically positions its tuning linkage to the same
megacycle band and ultimately to the same frequency.
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RADIO FREQUENCY OSCILLATOR 0-152 /URA-I13

ELECTRICAL SPECIAL PURPOSE
CABLE ASSEMBLY CX-1619/U

ELECTRICAL POWER
CABLE ASSEMBLY
Cx-2405/U

3 3t 1 ‘% i
CORDS CG-409C/U RADIO FREQUENCY
CABLE ASSEMBLY
CcG-833/U

RADIO RECEIVER R-390/URR

ELECTRICAL _ POWER
CABLE ASSEMBLY
CX-1358 /U

Figure 11l. Cable Assemblies
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(2) One Radio Frequency Cable Assembly CG-833/U is supplied. This cable
connects the rf output from the radio frequency oscillator to the
antenna input at the radio receiver. The cable consists of T4 inches

of Radio Frequency Cable RG-58C/U which is a 50-ohm coaxial cable. One end
of the cable terminates in Radio Frequency Plug UG-88/U and the other
end in Radio Frequency Plug UG-709/U.

(3) Two Cords CG-4O9C/U are supplied. One of these cables, the 122-inch
cable, connects the rf output from the radio frequency oscillator to
the associated transmitter. The other of these cables, the Th-inch
cable, connects the if. output from the radio receiver to the radio
frequency oscillator. These cables consist of Radio Frequency Cable
RG-SBC/U, which is 50-ohm coaxial cable, terminated on each end with
Redic Frequency Plug UG-88/U.

(4) One Electrical Power Cable Assembly CX-2405/U is supplied. This cable
connects ac power from the radio frequency oscillator to the radio
receiver. The cable consists of 78-inches of two-conductor #18 awg
rubber sheated power coaxial. One end of the cable terminates with
Amphenol plug type 1164-201-1P and the other end with Amphenol plug
iype 164-201-1S.

b. Radio Recelver R-390/URR. One Electrical Power Cable Assembly CX-1358/U
is supplied. This cable connects the ac power from the power receptacle to the
radio frequency oscillator. The cable consists of eight feet of two-conductor
cable terminated in a screw-locking plug at one end and a standard parallel -prong
ac plug at the other end. The screw locking plug has a center lead screw for se-
curing the cable plug to jack J809 of the radio frequency oscillator.

11. Description of Panel Cover CW-261/URA-13
(fig. 12)

Panel Cover CW~261/URA-13 is provided to adapt Radio Receiver R-390/URR for
Oscillator Group AN/URA-13 operation. The panel cover 1s a metal cover which
mounts over the radio receiver front panel to cover those controls of the radio
receiver which are not required. The panel cover covers the controls to the left
side and to the top of the front panel. The panel cover attaches to the front of the
radio receiver with the same phillips oval head screws that are used for rack mount-
ing the equipment.

16
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Figure 12. Panel Cover CW-261/URA-13,
mounted on Radio Receiver R-390

12. Description of Electrical Dummy Load DA-85/U
(fig. 13)

Electrical Dummy Load DA-85/U is supplied so that Oscillator Group AN/URA-13
may be used with transmitters which do not have a 50-olm input jack. The dummy
load is also used during test operations as the load. The 4 load clips into a
bracket on the rear panel of Radio Frequency Oscillator 0-152/URA-13 for storage
(fig.8). The dummy load consists of two paralleled 100-ohm, I watt resistors to
give the 50-ohm load. The input jack of the dummy load is a coaxial Bayonet-type
connector. When used, this Jack connects to Cord cG-409C /U from the 50 OHM OUT

Figure 13. Electrical Dummy Load DA-85/U
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Jack of Radio Frequency Oscillator 0-152/URA-13. The output jack of the dummy
load is a 2-pin connector designed to fit a standard crystal socket of a trans-
mitter. One pin, identifiable by the glass lead-through insulator, carries the
rf signal voltage, and the other terminal is grounded. This polarity must be
observed when inserting the dummy load into a transmitter crystal socket. If
the dummy load is inserted incorrectly into a transmitter crystal socket, the
transmitter will receive no rf signal since the signal will be grounded out.
This will not damage the radio frequency oscillator even though the oscillator
is working into a short circuit.

13. Running Spares

A group of running spares is furnished with each component of Oscillator
Group AN/URA-13. Following is a list of running spares.

a. Radio Receiver R-390/URR

tubes, type 3TF7

tubes, type 6AJS

tubes, type 6AK6

tube, type 6BH6

tubes, type 6BJ6

tubes, type 6Ch

tube, type 12ATT

tubes, type 12AU7

tube, type 26Z5W

tube, type 5651

tubes, type 5749/6BAGW

tube, type 6082

dial lamps, type GE 327

fuses, 3/8-ampere, 125 volt, slow blow,
MS type FO2D3ROOB

6 fuses, 3-ampere, 125 volt, slow blow,
MS type FOZ2D3ROOB

NFHFEFHEWREFDWREDOND

|o

Radio Frequency Oscillator O-lS2/URA-l3

tube, type OB2

tube, type SRLWGY
tubes, type 6AKH
tube, type 6AU6

tube, type 6XLw

tube, type 12AL5
tube, type 12AT7
tubes, type 12AU6
tube, type 12AW6
tube, type 12AX7
tube, type 12AY7
tube, type 5726/GALSW
tube, type 5763

tube, type 5814

tube, type 6005/6AQ5W
tube, type 6080
pilot lamps, type GE4T

MHEHMEEFHFRFRREDRFEREREDD -
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6 fuses, 1/4 ampere, type 3AG

6 fuses, 1/2 ampere, type 3AG

18 fuses, 2 ampere, type MS,slow blow
FOZ2D2RO0OB

fuses, 10 ampere, type LAG

chopper, type Stevens Arnold CH-#364(MOD)
keying relays, type Sigma TJO

set brushes for B1l0O2

set brushes for B1O3

set brushes for G101

e )

14, Additional Equipment Required .

The following equipment is not supplied as part of Oscillator Group AN/URA-13
but is required for its operation in a frequency controlled transmitting system.

Transmitter, operating in the frequency range of 1.5 to 32 mc, complete with
transmitting antenna.

Line input equipment for LINE operation.
Radioteletype signal for operating fsk relay for FSK operation.
Facsimile signal for FAX operation.
Continuous wave (cw) signal for operating keying relay for CW operation.
Phone signal for PM operation.

Local input equipment for LOCAL operation. .
Carbon microphone, complete with input cable assembly terminating with Amphenol
plug 164-8 or equivalent, ifor PM operation.
Telegraph key, complete with input cable assembly terminating with Amphenol
plug 164-8 or equivalent, for CW operation.

Electrical equipment cabinet for housing Radio Receiver R-390/URR and Radio
Frequency Oscillator 0-152/URA-13.
Electrical Equipment Cabinet CY-lll9/U, 19~inch rack-type cabinet, or equiva-
lent for fixed station installation for both units.
Electrical Equipment Cabinet CY-l2l6/U, 19-inch rack-type cabinet, or equiva-
lent for mobile installations.

15. Differences in Models

Service test models of Oscillator Group AN/URA-13 are 1indicated by the paren-
thetical nomenclature designator "(XC-1)". Thus service test models of Radio Fre-
quency Uscillator 0-152/URA-13 are designated 0-152(XC-1)/URA-13. Also Panel Cover
CW-261/URA-13 is designated CW-261(XC-1)/URA-13 on service test models. Only one
instruction book and no running spares are supplied with service test models of
Oscillator Group AN/URA-13.
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CHAPTER 2

INSTALLATION INSTRUCTIONS

Section TI. SBRVICE UPON RECEIPT OF EQUIPMENT

16. Siting
(fig. 1k4)

a. External Requirements. The best location for the radio equipment depends
on the tactical situation and local conditions, such as the following; the need to
house the equipment where its shelter cannot be seen, the type of housing available,
the terrain, and the need of easy access to messengers. Oscillator Group
AN/URA-13 operates as an rf exciter for an associated transmitter. The external
requirements for an AN/URA-13 controlled transmitting system are, therefore,
determined by the transmitter. In general, any transmitter has a greater range
if the antenna is high and clear of hills, buildings, cliffs, densely wooded areas,
and other obstructions. Valleys and other low places are poor locations for a
radio transmitter because the surrounding high terrain absorbs rf energy. Weak
or otherwise undesirable signals are to be expected if the transmitter is operated
close to steel bridges, underpasses, power lines or power installations. Choose,
if possible, a hilltop location for the transmitter. Flat ground is also desirable.
Normally, transmission over water is better than over land. See that drainage is
adequate to prevent flooding the interior of the shelter. If the transmitter is
part of a communication center but is not installed within the center, locate the
equipment nearby. In locating the transmitting antenna, avoid obstructions which
are 2° or 3° above the horizontal plane of the antenna in the direction of desired
transmission. This is approximately 200 to 300 feet at a distance of one mile
from the antenna.

b. 1Internal Requirements. Oscillator Group AN/URA-13 may be used as fixed
station equipment or as mobile, communication van equipment. The shelter for the
equipment must meet the following requirements:

(1) The floor must be capable of withstanding the weight of the equipment
in a level position (par. 7).

(2) For fixed station installation, if the equipment is installed in a rack
type cabinet such as Electrical Equipment Cabinet CY-ll9/U, there must
be sufficient ceiling height to permit permanent installation. Also
there must be sufficient space behind the cabinet to open the door and
sufficient space on one side of the cabinet for walking to the rear of
the cabinet.

(3) For communication van installation, the equipment should be installed

in a shockmounted, 19-inch rack-type cabinet such as Electrical
Equipment Cabinet CY-1216/U.
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Figure 15. Oscillator Group AN/URA-13 , typical component packaging diagram
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(4) Sufficient space must be available for repair work on the equipment.
Such space is necessarily limited in mobile installations.

(5) The equipment must be located close to its associated transmitter.
If not so located, provisions must be made for an interconnecting
cable.

(6) Adequate lighting must be provided for day and night operation.
Position the cabinets so that the panel designations are easily
readable. Artificial lighting fixtures should be located so that
the light falls directly on the panels. A portable drop lamp and
an extension cord are convenient accessories for operating and main-
taining the equipment.

(7) Adequate ventilation must be provided. If nscessary remove the dust
covers from the units.

17. Uncrating, Unpacking, and Checking New Equipment
(fig. 15)

Note. For used or reconditioned equipment, refer to paragraph 20.

a. General. The component units of Oscillator Group AN/URA-13 are packed
identi-ally for both export and domestic shipment. Upon receipt of the equip-
ment, select a location where the equipment may be unpacked without exposure to
the elements and location which is close to the permanent or semipermanent in-
stallation of the equipment. Both units of the radio frequency oscillator set
are unpacked in the same manner.

b. Step-by-step Instructions for Uncrating and Unpacking Component Units
of Oscillator Group AN/URA-13

(1) Place the packing cases containing the component units as near as
possible to the operating location.

(2) Cut and fold back the metal straps.

(3) Remove the nails with a nail puller. Remove the top and one side of
the wooden crate. Do not pry off the side and top because it may
damage the equipment.

(4) Remove the excelsior from around the cartons and then take the cartons
out of the packing case. The smaller carton contains the running
spares and the larger carton contains the component.

(5) Remove the pouch containing the instruction book which is taped to
the top of the component carton.

(6) Open the outer corrugated cardboard carton containing the component

and remove the inner carton which is enclosed in the moisture-vapor-
proof barrier.

23



(1)

(8)

(9)

S51it open the seams of the moisture-vaporproof barrier and remove the
inner corrugated cardboard carton.

Open the inner carton and remove the wooden pallets, the bags of
desiccant, and the package containing the cables and accessories.

Withdraw the paper-wrapped unit from the inner carton, place it on a
workbench or near its final location, and remove the paper wrapping.

Note. ©Save the original packing cases and containers as they can be

used again when the equipment is repacked for storage or shipment.

c. Checking.

(1)
(2)
(3)

(%)

(5)

(6)
(7)

Check the contents of each crate against the master packing slip.
Check the front panel of each unit for damaged controls or meters.

Operate the control knobs and examine for looseness. Rough operation
or binding indicates a damaged control.

Remove the top and bottom dust covers of each unit and inspect for
loose tube shields or broken tubes. Check the gear trains for the
radio frequency oscillator for smoothness of operation by manually
operating the gear train.

Remove the fuses from the rear panel, one at a time, and check them
for proper rating. See that the fuses are properly seated after re-
placing them.

Note. Do not use a fuse rated above the specified value or the equip
ment may be damaged.

Inspect for broken or bent connectors on the rear panel.

Check the running spares for missing or damaged parts.

18. 1Installation of Components in Oscillator Group AN/URA-13

a. General. Oscillator Group AN/URA 13 may be installed in any standard 19-
inch rack- type cabinet for either fixed station or mobile operation. Figures 16
and 17 show a rack installation for fixed station operatlon No equipment rack
is supplied as part of the equipment.
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Figure 16. Installation diagram, front view.
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Figure 18. Radio Receiver R-390/URR, tube location, top view.
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Figure 19. Radio Receiver R-390/URR, tube location, bottom view.
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b. Radio Receiver R-390/URR. Before installing the receiver, check all tubes
to see That they are firmly seated in their correct sockets (figs. 18 and 19).
Set the front panel controls to the following positionsg

LINE METER to the OFF position.
LINE GAIN to the O position.

AGC to the MED position.

ILIMITER to the OFF position.

AUDIO RESPONSE to the MED position.

BREAK IN to the OFF position.
BANDWIDTH to the 16 KC position.

BFO to the OFF position.

BFO PITCH setting is of no consequence.
LOCAL GAIN to the O position.

These settings are shown on the back of Panel Cover CW-261/URA-13.

After setting the front panel controls, install the radio receiver in the equip-
ment rack below where the radio frequency oscillator will be .installed. Allow
for a minimum of 1 1/2 inches of open panel space between the radio receiver

and the radio frequency oscillator to provide adequate ventilation for the radio
receiver. Install Panel Cover CW-261/URA-13 over the pre-set front panel controls
of the radio receiver. The screws and the washers which hold the radio receiver
in the equipment rack also hold the panel cover on the radio receiver.

£ Radio Frequency Oscillator 0-152/URA-13. Before installing the radio fre-
quency oscillator, check all tubes to see that they are firmly seated in their
correct sockets (figs. 20 and 21). Install the radio frequency oscillator in
the equipment rack above the radio receiver.

19. Connections

a. Interconnections.

(1) After installing the units as described in paragraph 18, connect the
cables to the units as shown in the cording diagram (fig. 22). The
table below lists the inner connections between Radio Frequency
Oscillator O-lSE/URA-l3 and Radio Receiver R—390/URR.
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FROM RADIO
FREQUENCY OSCILLATOR TO RADIO RECEIVER
Cable Assembly 0-152/URA-13 R-390/URR

Radio Frequency Cable REC ANT J813 ANTENNA UNBALANCED WHIP

Assembly CG-833/U J107
Electrical Special Purpose TB 803-E901 SYNC XTAL 0SC (mechanical

Cable Assembly CX-1619/U T8 804-E902 coupling, see subpar.

(2) below)

Cord CG-409C/U Th-inch 55 KC INPUT J812 IF OUTPUT 50 OHM J106
Electrical Power Cable REC PWR J810 POWER J1Ok
Assembly CX-2L05/U

(2) Electrical Special Purpose Cable Assembly CX-1619/U is connected in

(a)

(o)

(8)

32

the following manner. The call-outs mentioned refer to figure 23.

Remove the cover of the band switch adapter by unscrewing the seven
cover securing screws (A).

Loosen, but do not remove, the three pairs of face-plate securing
screws (B). (One pair of these is not visible in figure 23.)

Set 8901 section B to the l-mc position. This terminal is the first
terminal in the clockwise direction, when viewed from the end oppo-
site the driven end, from the sole terminal which has no soldered
connection. The switch can be rotated by rotating the coupler.

Set the MEGACYCLE CHANGE control of the radio receiver to the l-mc
position.

Set the KIIOCYCLE CHANGE control of the radio receiver to the 000-ke
position.

Engage the coupler of the band switch adapter with the slotted SYNC
XTAL OSC shaft of the radio receiver. If the coupler does not align
with the shaft, loosen the coupler set screw and reposition the
coupler; then tighten the set screw. When this is done, the three
tapped stand-offs on the rear panel of the radio receiver should in-
sert into the three stand-offs on the facc-plate of the band switch
adapter. If either the coupler or the stand-offs do not engage prop-
erly, reposition the coupler longitudinally on its axis.

Tighten the three main-frame securing screws (C) from the rear of
the face-plate so that the band switch adapter is held securely to
the rear panel of the radio receiver. (Two of these screws are not
visible.in figure 23.)
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(h) Tighten the three face-plate securing screws (B) to hold the band
switch assembly firmly to the housing frame.

(i) Replace the cover of the band switch adapter.

(J) Open the hinged door, labeled TERMINATION OF FREQUENCY INFORMATTON

LINES FROM ELECTRICAL POwti CABLE ASSEMBLY CX-l6l9/U, on the rear
panel of radio frequency oscillator by unscrewing the two cap-
tivated screws.

(k) Connect fanning stip E9OL of CX-1619/U to TB803 on the radio fre-
quency oscillator. This fanning strip has the longest lead-out from
the end of the cable insulation, and it mates with the upper termi-
nal board.

(1) Connect fanning strip E902 of CX-1619/U to TB8OL on the radio fre-
quency oscillator. This fanning strip has the shortest lead-out
from the end of the cable insulation, and it mates with the lower
terminal board.

(m) Ground the shield of CX-1619/U to the rear panel of the radio fre-
quency oscillator using the screw and lockwasher located between
TBB03 and TB8OL.

(n) Secure the cable using the cable clamp on the rear panel of the
radio frequency oscillator.

(o) Close and secure the hinged door.

b. Transmitter connection. The radio frequency output feeds the transmitter
through Cord CG-409C/U(122-inch). This cable connects from the 50 OHM OUT J81L
of the radio frequency oscillator to a 50-ohm input jack of the transmitter. In
the event that the transmitter has no 50-ohm input Jjack, a 50-ohm input circuit
can be prorided by use of Electrical Dumy ILoad DA-85/U. For this connection
J906 of the dunmy load connects to the cable from the radio frequency oscillator.
J905 of the dummy load then connects directly to the crystal socket of the trans-
mitter. With this hook-up, the pin of d905 which is mounted in the glass lead-
through insulator carries the rf signal, and the other pin must be grounded.

This polarity must be observed when plugging the dummy load into a transmitter
crystal socket. If the polarity is reversed the rf signal is grounded out. This
will not damage the radio frequency oscillator. The dummy lcad is also used as
a load during testing the oscillator group. When so used it is connected as
previously described with Cord CG-409C/U no ground need be provided since ground
is supplied through the cord.

L. Input signal line connection.

(1) Remote input signal lines connect to TB802 located on the rear
panel of Radio Frequency Oscillator 0—152/URA-13. The rear panel
markings indicate clearly the terminals for CW,PM (phone), FSK and
FAX (facsimile) remote input signals. For PM (phone) operation
Jumper CARRIER CONTROL terminal 12 to GND terminal 1L unless ex-
ternal carrier contol is provided. If the identity of the signal
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Figure 23. Band switch adapter of Electrical
Special Purpose Cable Assembly CX-l6l9/U , cover removed.

carried by the remote input line is unknown, connect the signal line to
the ™WO WIRE terminals 2 and 3 and select the proper operating mode by
trial and error with the SERVICE SELECTOR switch on the front panel.

Tocal input signal lines connect to the IOCAL MIKE KEY Jjack J701 located

on the front panel of Radio Frequency Oscillator 0-152/URA-13. This in-

put line must terminate in an Amphenol 164-8 type plug. For local phone

operation, the input signal must be to terminal C of the plug with termi-
nals E and H providing the ground return. For local cw operation the in-
put signal must be to terminal F of the plug with terminals E and H pro-

viding the ground return.
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d. Grounding. For equipment cabinet installations, ground each component of
Oscillator Group 0-152/URA-13 to the cabinet. This is best accomplished by con-
necting a grounding strap from the rear bumper of each component to the cabinet.
Make sure that the grounding strap makes good electrical connections; that is,
connections which are free from paint, grease, dirt, etc.

e. Ac Power Connections.

CAUTION, Check to see that the 115/230 VAC switch S801 on Radio Receiver
R-390/URR and the LINE VOLTAGE selector S901 on Radio Frequency Oscillator
0-152/URA-13 are in the proper position for operation from the available power
source. The radio receiver switch is accessible with the bottom dust cover re-
moved. The radio frequency oscillator switch is accessible with the top dust
cover removed.

Power input to the Oscillator Group AN/URA-13 is through Power Cable Assembly
CX-l358/U. Before connecting the ac power, check to see that the POWER switch of
the radio frequency oscillator is in the OFF position. Connect Power Cable
Assembly CS-l358/U to LINE PWR jack J809 on the rear panel of the radio frequency
oscillator. Connect the other end of the cable into the power source. In rack-
type cabinet installations this cable may connect to the rack ac bus. In this
case the bus is energized from the ac source.

20. Service Upon Receipt of Used or Reconditioned Equipment

Follow the instructions in paragraph 17 for uncrating, unpacking and checking
the equipment. Check used or reconditioned equipment for tags or other indica-
tions pertaining to changes in the wiring of the equipment. If changes have
been made, note the changes in this instruction book, preferably on the applicable
schematic. Perform the installation and connection procedures given in paragraphs
18 and 19.
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Section II. INITIAL ADJUSTMENT OF EQUIPMENT

Note. Personnel performing the procedures described in this section should
be familiar with the use of controls and instruments and with the operating pro-
~cedures described in ¢hapter 3.

21. Extent of Initial kdjustments

The procedures given in paragraphs 22 and 23 must be performed before the
oscillator group can be used for the routine operation described in chapter 3.
Whenever the asiigned operating frequency is changed the radio receiver should
be calibrated using the procedure given in paragraph 22. Normally the standard
deviation must be reset when the operating frequency is changed. The standard
deviation need not be reset if cw transmission énly is used.

22. Radio Receiver Calibration

Execute the starting procedure given in paragraph 30 before proceeding with
the following operations.

a. Set ASSOC XMIR FREQ MULT switch to X1 position.
E.f'Set”radiotfrequengycoséillatorfFUNCT10N~sWitbhftoTCALtREC position.
c. Set rad;o receiver FUNCTION switch to CAL position.

g. Turn};QAio receiver RF GAIN control to position 10.

e. Set KILOCYCLE CHANGE control for a reading on the frequency indicator at
the 100-kc point nearest the frequency desired for transmission.

Note:. Tha MEGACYCLE CHANGE control is set to the desired position, during the
execution of the starting procedure which precedes the execution of this calf .
ibration procedure.

f. Turn ZERO ADJ clockwise as far as it will go to lock KIIACYCLE CHANGE dial.

g. Tune KILOCYCLE CHANGE control to give ZERO reading on radio frequency os-
cillator CAL IND meter.

h. Turn ZERO ADJ counterglockivisec to stop.
i. Set radio receiver RF GAIN control to position k.
g. Set radio receiver FUNCTION switch to AGC position.

k. Return KILOCYCLE CHANGE control to its initial setting. When this is
done the desired operating frequency is indicated on the frequency indicator.

1. Set radio frequency oscillator FUNCTION switch to OPERATE position. The
green AFC indicator will relight.
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23.

the

Setting Standard Deviation of 425 cps.

Execute the starting procedfire given in paragraph 30 before proceeding with
following operations.

a.

by 1o Ip IB I im le Ie b

ho

X.

Set ASSOC XMTR FREQ MULT switch to X1 position.

Set radio frequency oscillator FUNCTION switch to CAL EXC position.
Set MOD TEST switch to CARRIER ON position.

CAL IND meter will go to zero.

Set radio frequency oscillator FUNCTION switch to DEV SET position.
Set MOD TEST switch to SPACE-BLACK-ILOW position.

Unlock DEVIATION control by turning the dial lock counterclockwise.
Ad just DEVIATION control until CAL IND meter reads 42.5 (425 cps).
Set MOD TEST switch to CARRIER ON position.

Set radio frequency oscillator FUNCTION switch to CAL EXC psiiton.
CAL - IND meter will go to zero.

Set radio frequency oscillator FUNCTION switch to DEV SET.

Set MOD TEST switch to MRK-WH-HI.

Ad just DEVIATION control until CAIL IND meter reads 42.5 (425 cps).
Set MOD TEST switch to CARRIER ON position.

Set radio frequency oscillator FUNCTION switch to CAL EXC position.
CAL IND meter will go to zero.

Repeat operations given in subparagraphs e through q, above, until no

further adjustment of DEVIATION control is required to make CAL IND meter read
42.5 (L25 cps) during the operations given in subparagraphs h and n.
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Lock DEVIATION control by turning the dial lock clockwise.
Set MOD TEST switch to the Line position.

Set the radio frequency oscillator FUNCTION switch to the DPERATE position.



CHAPTER 3

OPERATING INSTRUCTIONS

Section I. CONTROLS AND INSTRUMENTS

Note. This section locates, illustrates, and describes and use of the vari-
ous controls and instruments that are - provided for the proper operation of the
equipment. Hephazard operation or improper setting of the controls can cause
damage to electronic equipment. For this reason, it is important to know the
function of every control. The actual operation of the equipment is discussed
in the next section of this chapter.

2. Radlo .Frequency Oscillator 0-152/URA-13 Front Panel Controls and Instruments

The following teble lists the front panel controls and instruments of the
radio frequency oscillator and indicates their function.

Control Function

| POWER switch (S706). . In ON position, connects radio frequency oscillatori
; and radio receiver to ac power source. In OFF |
position, disconnects ac power. 1

POWER indicator (1701) Indicates line power is on (red lens).

CAL IND meter (M703) The FUNCTION switch switches this meter. When the !
FUNCTION switch is in the OPERATE position, the
meter indicates the relative level of the if. in-.
put signal to the radio frequency oscillator. A
meter reading of O indicates no input signal. A
meter reading of 10 ua indicates a normal, 100 i
mv input signal. When the FUNCTION switch is in |
! either the CAL REC, CAL EXC or DEV SET position,
the meter indicates the difference between the
frequency of the if. input signal and the 455 ke |
standard of the discriminator. A meter reading of
| 0 indicates an if. input of 455 kc. A meter |
reading of 40 ua indicates an if. input 400 cps
above or below 455 kec.

|
|
!
f
|
!
'

!
!

FUNCTION switch (S707) Selects desired radio frequency oscillator functioni
by switching various operating voltages and the 3
CAL IND meter. The positions and functions are
as follows.
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Control Function

Position Function

frequency reduction is equivalent to
the radio-teletype "space" signal or
the facsimile "black" signal.

MRK-WH-HI Applies negative test modulation volt-
age to reactance tube to increase
the frequency of the rf output. The
frequency increase is equivalent to
the radio teletype "mark" signal or
the facsimile "white" signal.

LINE Connects the input modulation signal
to the reactance-tube oscillator
from the input circuits. The switch
is in this position during normal

operation.
MOD TEST switch movable Prevents MOD TEST switch from being placed in the
dial stop CARRIER OFF position unless the stop is depressed.
DEVIATION control (R706) Controls deviation voltage applied to reactance tube.
DEVIATION control dial Locks DEVIATION control to prevent accidental change.
lock of setting.
ASS0C XMTR FREQ MULT AdJjusts the deviation voltage applied to the reac-
switeh (S703) tance tube and adjusts the band switching circuit
to compensate for frequency multiplication by the
transmitter.
POLAR NEUTRAL switch Switches bias voltages to the fsk relay coils for
(s701) various modes of operation. In the 30 MA POLAR

position both relay coils must carry 30 ma for
operation. In the 60 MA NEUTRAL position one
relay coil is so biased that the other coil
must carry 60 ma for operation. In the 20 MA
NEUTRAL position one relay coil is so biased
that the other coil must carry 20 ma for
operation.

LINE CURRENT control Adjusts fsk relay current to the value indicated
(R/O1) by the setting of the POLAR NEUTRAL switch.

LINE CURRENT meter Indicates line current through fsk relay.
(M701)

AUDIO LEVEL control Controls the phase deviation effected by a
(AT701) phone input signal.

41



Control

Function

AUDIO LEVEL meter
(M702)

LOCAL MIKE KEY Jjack
J701

CARRIER CONTROL switch
(8705)

AFC indicator (I702)

OVEN ON indicatcr
(1703)

Indicates phase deviation effected by a phone input
signal. The meter 1s calibrated from 0-100.
During PM operation the phase deviation in radians
equals the meter reading multiplied by 0.0l.

Provides access to input circuits for local phone
and key operation. Pin F is to the cw circuit,
Pin C to the pm circuit, pins E and H are to
ground and the remaining pins are not connected.

Switches input circuit from LOCAL (through LOCAL
MIKE KEY jack) to LINE (through TB802).

Indicates that the radio frequency oscillator is
tuned to the frequency of the radio receiver
(¢zreen lens).

Indicates that the discriminator oven heater
is on (amber lens).
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Radio Frequency Oscillator 0-152/URA-13,
front panel controls.



25. Radio Frequency Oscillator O-l52/URA—l3 Rear Panel Controls

The following table lists the rear panel terminal boards and Jjacks on the radio
frequency oscillator and indicates their function.

Control Function

Terminal board TB802 Provides access to input circuits for line operation.
Terminals are provided for CW, PM (for phone), FSK
and FAX signals. A two-wire input signal line which
may carry different type signals at different times
may be connected to the TWO WIRE terminals and the
proper operating mode selected, with the SERVICE
SELECTOR, by trial and error. The CARRIER CONTROL
terminal provides for external carrier control
during PM operation only. This terminal is jumpered
to the GND terminal during pm operation unless ex-
ternal carrier control is desired. During cw
operation the CARRIER CONTROL terminal must not be
grounded. The SIMPLEX terminal provides a termi-
nating circuit for a three-wire simplex circuit.

The PM or TWO WIRE terminals provide the other two
terminals when the SERVICE SELECTOR is in the PM
position.

Terminal board TB803 These terminal boards are located behind the hinged
and Terminal board cover labeled TERMINATION OF FREQUENCY INFORMATION
TBSOL LINES FROM ELECTRICAL POWER CABLE ASSEMBLY

CX-1619/U. Fanning strips E901 and EJ02

of CX-1619/U terminate on TB803 and TB8O4 respec-

tively.

LINE PWR jack (J809) Line voltage input for both the radio frequency
oscillator and the radio receiver.

REC PWR jack (J810) Line voltage output to the radio receiver. Line
voltage to the radio receiver from this jack is
turned off and on by the POWER switch of the
radio frequency oscillator.

455 KC INPUT jack This is the input jack for the rf signal (nominal
(J812) frequency 455 kc) from the radio receiver.
REC ANT jack (J813) This is the output jack for the rf signal to the

radio receiver.

50 OHM OUT jack (J81k4) | This is the output jack for the rf signal to the
associated transmitter.
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Figure 25. Radio Frequency Oscillator 0-152/URA-13,
rear panel controls

26. Radio Receiver R-390/URR Front Panel Controls and Instruments.
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The front panel of the radio receiver is partially covered with Panel Cover
CW- 261/URA 13. The front panel controls covered by the panel cover are preset
before the panel cover is installed (par. 18b). The following table lists the
front panel controls and instruments of the radio receiver which are not covered.
The function of the controls and instruments is also listed.

Control Function
MEGACYCLE CHANGE tuning Selects one of the 32 tuning steps and changes
control the reading of the first two digits of the
frequency indicator.
KILOCYCLE CHANGE tuning Tunes the radio receiver to the frequency within
control the megacycle band selected by the MEGACYCLE

CHANGE control and also changes the reading of

the last three digits of the frequency indicator.
The frequency range of the control is slightly
greater than 1 mc. When the control is tuned

to a frequency higher or lower than that indicated
by the first two digits of the frequency indicator)
a plus or minus sign appears between the mc and
the kc readings. This indicates, respectively,
that 1 mc must be added to or subtracted from
the mc reading to obtain the true reading.

DIAL IOCK Locks the KILOCYCLE CHANGE control to prevent
the accidental change of the setting.

ZERO ADJ When turned clockwise, disengages the frequency
indicator from the KILOCYCLE change control for
calibration purposes.
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Control

Function

FUNCTION switch (S107)

RF GAIN control (R123)

When rotated to any position other than OFF, this
switch connects the radio receiver to the power
source and selects the desired function. The
Positions and functions are as follows.

Position Function
STAND BY Radio receiver disabled but filaments

remain on and oscillators remain on.
The radio receiver is ready for
instant use.

AGC Gain is controlled automatically for
normal operation.

MGC Gain is controlled manually by RF GAIN
control or an external gain control.

CAL Calibration oscillator enabled to supply
signals at 100-kc points.

SQUELCH Squelch circuit is connected for
silencing receiver when the input
signal falls below the threshold
determined by the setting of the RF
GAIN control.

Controls gain of rf and if. amplifiers.
When the squelch circuit is operative,
controls squelch threshold. Permits
maximum agc when in the minimum
clockwise direction.

ANT. TRIM Tunes out the reactive component of the
antenna.
27. Radio Receiver R-390/URR Rear Panel Controls

The following table lists the rear panel controls, jacks and terminal boards,
of the radio receiver and indicates their function.

Control

Function

L6

SYNC XTAL 0SC adjusting
slot

This screwdriver adjusting slot permits synchronizing
the crystal oscillator switches with the radio re-
ceiver mechanical tuning system. The band switch
adapter termination of Electrical Special Purpose
Cable Assembly CX-1619/U mechanically couples to
the radio receiver tuning linkage at this point.




Control Function

POWER Jjack J1O4 Line voltage input to the radio receiver from the
radio frequency oscillator.
IF OUTFUT 50 OHM Jack Provides if. signal (nominal frequency 455 ke) to
J106 the radio frequency oscillator.
ANTENNA UNBALANCED WHIP Connection for whip or random length antennas.
Jjack J107 The radio receiver receives the rf signal from

the radio frequency oscillator through this Jjack.

ANTENNA BALANCED 125 CHM Connection for balanced antenna or unbalanced
J1io8 low-impedance transmission lines.
OVEN switch (S108) Screwdriver switch to apply voltage to crystal

and vfo ovens. In OFF position oven can not
operate. 1In ON position ovens are under ther-
mostatic control.

Terminal boards TB1l0Ol and These terminal boards provide connections for
TB102, terminal 1 through various external control circuits and signals.
16. For use in Oscillator Group AN/URA-13, terminal

1l is jumpered to terminal 2 and terminal 3 is
Jjumpered to terminal 4 on TB102. Terminal 11
is jumpered to terminal 12 and terminal 1k is
Jumpered to terminal 15 on TB1Ol.

Remote Control Jjack J105 This Jjack provides connections for various re-
mote control circuits and signals.
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Section II. OPERATION UNDER USUAL CONDITIONS
28. Modes of Operation

The input intelligence signal to Oscillator Group AN/URA-13 may be from either
a local or a line source. With a local signal, phone or cw transmission is
possible. With a line input signal, phone, cw, fsk or facsimile transmission
is possible. To operate the equipment in any particular mode, perform the pre-
liminary starting procedure to select the operating mode (par. 29), the starting
procedure (par. 30), the tuning procedure (par. 33), if necessary, and the
stopping procedure (par. 34).

29. Preliminary Starting Procedure to Select the Operating Mode.

a. Selection of Cw Operation with a Line Inpul Signal.

(1) Connect the remote cw line to TB802 CW terminals 4 and 5 on the rear
panel of the radio frequency oscillator.

(2) Remove jumper, if it is present, between CARRIER CONTROL terminal 12
and GND terminal 14 of TB802.

(3) Set the SERVICE SELECTOR switch to the CW-LINE NORMAL position.
Note: In the event that the input connections are reversed to TB802,

correct the signal polarity by setting the SERVICE SELECTOR switch to
the CW-LINE REVERSE position.

(4) Set the CARRIER CONTROL switch to the LINE position.

b. Selection of Phase Modulation Operation for Phone Transmission with a
Line Input Signal.

(1) Connect the remote line which carries the voice signal to TB802 PM
terminals 6 and 7 on the rear panel of the radio frequency
oscillator.

(2) Connect jumper from CARRIER CONTROL terminal 12 to GND terminal 1k
of TBBO2.

Note: If external carrier control is employed, connect the external
carrier control line to terminal 12 of TB802 rather than jumpering
this terminal to ground. This provides "push-to-talk" control.

(3) Set the SERVICE SELECTOR switch to the PM-LINE NORMAL position.

(4) Set the CARRIER CONTROL switch to the LINE position.

¢. Selection of FSK Operation with a Line Input Signal.

(1) Connect the remote fsk line input to TB802 FSK terminals 8 and 9 on
the rear panel of the radio frequency oscillator.
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Local Input Signal.

(2) sSet the SERVICE SELECTOR switch to the FSK-LINE NORMAL position.

Note: 1In the event that the input connections are reversed to TBB02
correct the signal polarity by setting the SERVICE SELECTOR switch
to the FSK-LINE REVERSE position.

(et

Selection of Facsimile Operation with a Line Input Signal.

(1) Connect the remote facsimile line input to TB802 FAX terminals 10
and 11 on the rear panel of the radio frequency oscillator.

(2) sSet the SERVICE SELECTOR switch to the FAX-LINE NORMAL position.
Note: In the event that the input connections are reversed to TB802,

correct the signal polarity by setting the SERVICE SELECTOR switch to
the FAX-LINE REVERSE position.

e. Selection of CW Operation with & Local Input Signal.

(1) Connect the local cw line to the LOCAL MIKE KEY Jack.

(2) Remove jumper, if it is present, between CARRIER CONTROL terminal 12
and GND terminal 1k of TB802.

(3) Set the SERVICE SELECTOR switch to the CW-LINE NORMAL position.
(4) sSet the CARRIER CONTROL switch to the LOCAL position.

f. Selection of Phase Modulation Operation for Phone Trensmission with a

30.

(1) Connect single button carbon microphone line to the LOCAL MIKE KEY
Jack.

Note: "Push-to-talk" carrier control is provided through the LOCAL
MIKE KEY jack, J70l terminal C. If "push-to-talk" control is not de-
sired, jumper carrier control terminal 12 of TB802 to GND terminal 1L,
(2) Set the SERVICE SELECTOR switch to the PM-LINE NORMAL position.
(3) Set the CARRIER CONTROL switch to the LOCAL position.
Starting Procedure
a. Set the Radio Receiver R-390/URR front panel controls as follows:

(1) Turn the ANT. TRIM Control to the O position.
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{(2) sSet the FUNCTION switch to the AGC position.
(3) Turn the RF GAIN control to position 4.

(4) Turn the KILOCYCLE CHANGE and MEGACYCLE CHANGE control until de-
sired frequency is indicated.

b. Set the Radio Frequency Oscillator 0-152/URA-13 front panel control as
follows.

(1) sSet the MOD TEST switch to the CARRIER ON position.
(2) set the FUNCTION switch to the OPERATE position.
(3) Set the ASSOC XMIR FREQIMULT switch to the X1 position.

Note. If frequency multiplication is carried out in the transmitter,
follow the procedure given in par. 31 after completion of the
starting procedure.

(4) sSet the POWER switch to the ON position.

(5) After the green AFC indicator lights, set the MOD TEST switch to the
LINE position.

c. The radio frequency oscillator requires not more than two minutes to warm up
and Tune to the frequency set up on the radio receiver. When the radio frequency
oscillator is in tune, the green AFC indicator lights. When the green AFC indicator
lights, the rf exciting signal is available to the transmitter.

31. Operation with transmitter which multiplies the rf output from the radio fre-
quency oscillator.

Where the transmitter used in conjunction with Oscillator Group AN/URA-l3
multiplies the rf excitation frequency provided by the radio frequency oscillator,
perform the following operations after the starting procedure has been executed.
These operations provide the transmitter with a subharmonic of the frequency shown
by the frequency indicator of Radio Receiver R-390/URR. Upon multiplication by the
trensmitter circuits, the rf output of the transmitter is the frequency shown by the
frequency indicator of Radio Receiver R-390/URR.

8. Perform starting procedure (par. 30).

b. Set the FUNCTION switch of the radio frequency oscillator to the DEV SET
~  position.

c. Set ASSOC XMIR FREQ MULT switch of the radio frequency oscillator to the
"  appropriate multiplier (X2, X4, X8, or X16).

g. Advance RF GAIN control of the radio receiver to position 8.

€. Return the FUNCTION switch of the radio frequency oscillator to the OPERATE
position.

32. Operating Procedure.

&. Cw Operation. There is no special operating procedure to follow after the
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execution of the preliminary starting procedure to select cw operation
(either local or line) and after the starting procedure.

b. Phase Modulation Operation for Phone Transmission. After executing the
starting procedure, adjust the AUDIO LEVEL control of the radio frequency
oscillator to keep the peak phase deviation, as indicated by the AUDIO LEVEL
meter, below 1.0 radian. The lower scale reading of this meter, the scale cali-
brated from 0-100, times 0.0l equals the phase deviation in radiens.

c. Fsk Operation. After executing the starting procedure, perform the initial
adjustment of setting the standard deviation (par. 23), then set the POLAR NEUTRAL
switch of the radio frequency oscillator to the position which agrees with the type
of keying signal, l.e., 60 MA NEUT, 20 MA NEUT or POLAR. Adjust the LINE CURRENT
control so that the LINE CURRENT meter indicates the current which is required for
the particular type of keying. That is, for a 30 MA POLAR setting of the POLAR
setting of the POLAR NEUTRAL switch, the LINE CURRENT meter should read 30 ma; for
& 60 ma NEUT setting, the LINE CURRENT meter should read 60 ma; for 20 MA NUET
setting, 20 ma.

d. Facsimile QOperation. There is no special operating procedure to follow
after the preliminary starting procedure to select facsimile operation and after
the execution of the starting procedure. The initial adjustment of setting the
standard deviation (par. 23) should be performed before beginning to operate.

33. Tuning Procedure.

To tune Oscilletor Group AN/URA-13, first set the MOD TEST switch to the
CARRIER ON position. Then set the MEGACYCLE CHANGE control and the KILOCYCLE
CHANGE control of Radio Receiver R-390/URR to indicate the desired frequency on
the frequency indicator. Radio Frequency Oscillator 0-152/URA-13 will automatically
tune to the frequency set up on the radio receiver. The radio frequency oscillator
will require not more than 50 sec. to retune to & new frequency. During this
process of retuning the green AFC indicator may go out. This indicates that the
redio frequency oscillator is not on frequency. When the AFC indicator relights,
the radio frequency oscillator is agein on frequency. After the radio frequency
oscillator is on frequency, return the MOD TEST switch to the LINE position.
(Setting the MOD TEST switch to the CARRIER ON position during tuning, removes
modulation from the reatance tube.) If the green AFC indicator remeins lighted
during the execution of & tuning procedure, the radio frequency oscillator has then
tracked the tuning change and has remained on frequency throughout the change.
The associated transmitter must be separately tuned, either manually or automatically,
to the proper frequency.

34. Stopping Procedure.

a. To place the oscillator group in a stand-by condition (no rf output to
transmitter), turn the MOD TEST switch to the CARRIER OFF position. The movable
dial stop must be depressed before the switch can be set in this position.

b. To remove power from Oscillator Group AN/URA-13, set the POWER switch of
the Tradio frequency oscillator to the OFF position.

Section III. OPERATION UNDER UNUSUAL CONDITIONS
35. General.

The operation of Oscillator Group AN/URAP13 may be difficult in regions where
extreme cold, heat, moisture, sand; etc., prevail. Procedures for minimizing the
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effect of these unusual operating conditions are outlined in paragraphs 36, 37 and
38, following.

36. Operation in Arctic Climates.

The cold arctic climates effect the efficient operation of the equipment. Take
the following precautions when operating the equipment under such conditions.

8. Keep the equipment warm and dry. If the equipment is not in & heated
inclosure, construct an insulated box for it. Keep resistor heaters, if
supplied, turned on providing they do not overtax the power supply. If it is im-
practical to use resistor heaters, keep the filaments of the tubes lighted constantly
unless this also overtaxes the power supply.

b. Locate the equipment inside a heated inclosure so that there is no danger
of & cold draft striking the glass tubes when a door is opened. Such a sudden
draft mey shatter the glass envelope of a heated tube. If the inclosure is so
constructed that this precaution is impossible, place a blanket or some other barrier
_between the source of the draft and the equipment.

c. Equipment will sweat when brought into a warm room after being exposed to
the cold. This condition may also arise when the equipment warms up after exposure
during & cold night. If sweating occurs, dry the equipment thoroughly after the
equipment has reached room temperature and the sweating has stopped.

37. Operation in Tropical Climates.

When operated in a tropical climate, the equipment may be installed in tents,
huts, or, when necessary, in underground dugouts. When equipment is installed bea-
low ground level or when it is set up in swampy areas, moisture conditions are more
acute than those normally met in the tropics. Ventilation usually is poor, and the
temperature of the equipment becomes lower than the sourrounding air. To minimize
this condition, place lighted electric bulbs under the equipment. The equipment
never should be enclosed to such an extent that adequate circulation of air is
prevented.

38. Operation in Desert Climates.

a. Sand, dust, or dirt entering moving parts of the equipment is the main problem
that arises when operating radio equipment in desert cdimates. The best precaution
against this is to make the housing for the equipment as dustproof as possible. Hang
wet sacking over the windows and doors; cover the inside walls with heavy paper; secure
the side walls of tents with sand to prevent their flapping in the wind.

b. Never tie power cords, signal cords, or other wiring to either the inside
or the outside of a tent. Desert areas are subject to sudden wind squalls which
may jerk the connections loose or bresk the lines.

¢ Keep the equipment as free from dust as possible. Mske frequent preventive
meintenance checks (chapter 4). Pay particular attention to the lubrication, since
sand which combines with grease or oll forms a grit which will damage the equipment.

d. Cover the equipment with & tarpeulin or similar material at night to protect
it from the condensation of moisture caused by the drastic fall in temperature at night.
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CHAPTER L

ORGANIZATIONAL MAINTENANCE INSTRUCTIONS

Section I. TOOLS AND EQUIPMENT
39. General

The tools, parts, supplies, and test equipment necessary to perform organize-
tional maintenance are authorized by appropriate publications. Additional tools
and testing facilities may be supplied with any particular radio set.

LO. Tools and Materials Required for Oscillator Group AN/URA-13

Tools and materials required for orgenizational meintenance of the radio set
are listed in subparagraphs a. and b. below. Items contained in Tool Equipment
TE-41 are listed in Department of the Army Supply Menual SIG 6-TE-41.

a. Tools.

tool equipment TE-L41

tube puller for 7-pin miniature tubes

tube puller for 9-pin miniature tubes
right-angle phillips screwdriver, #8
fluted socket wrench, #8

pin straighténer for 9-pin miniature tubes
pin straightener for 7-pin miniature tubes
set of multiple spline wrenches

FRHERERREPERP

b. ‘Materials.

Solvent, Dry Cleaning (SD) (Fed spec No. P-S-66/a).
Paper, sand, flint #0000.

c. Test Equipment

Electron Tube Test Set TU-7/U (TM 11-5083, when published)
Miltimeter TS-352/U, TM 11-5527.

L1. Special Tools Supplied with Equipment

a. Special Tools Supplied with Radio Receiver R-390/URR. The special tools
supplied with the radio receiver are mounted on the rear panel. The tools supplied
are one tube puller and one pin straightener for 9-pin miniature tubes, one tube
puller 'and one pin for straightener T-pin miniature tubes, one #8 right-angled
phillips screwdriver, and one #8 fluted socket wrench. Refer to the instruction
book for Radio Receiver R-390/URR for instructions covering the use of these tools.
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b. Special Tools Supplied with Radio Frequency Oscillator 0-152/URA-13. One
set of multiple spline wrenches is supplied with each radio frequency oscillator.
These wrenches are mounted on the rear panel. These wrenches are used for removing
front-panel bar knobs and for loosening the collars which secure the cam shafts and
gears in the mechanical tuning system. A special tuning tool and a gear train
synchronizing rod are also supplied with the radio frequency oscillator, but these
tools are not required for organizational maintenance. The tuning tool is clipped
to the top of the rf amplifier subassembly. It is usedl specifically for adjusting
timing capacitors and adjusting tuning coils. The gear train synchronizing rod"
is clipped to the underside of the top dust cover. It is used to align the gear
train.

Section II. PREVENTIVE MAINTENANCE SERVICES
42. Definition of Preventive Maintenance

Preventive maintenance is work performed on equipment (usually when the equip-
ment is not in use) to keep it in good working order so that break-downs and
needless interruptions in service will be kept to a minimum. Preventive main-
tenance differs from trouble shooting and repair since its object is to prevent
certain troubles from occurring.

43. General Preventive Meintenance Techniques
a. Use #0000sandpaper to remove corrosion.

b. Use a clean, dry, lint-free cloth or a dry brush for cleaning. If the
dry cloth or brush will not remove the dirt, use one of the following techni-
ques, as applicable.

(1) When cleaning electrical contacts, use a cloth or brush moistened
with carbon tetrachloride; when the contacts are clean, wipe them
dry with a dry cloth.

Caution. Repeated contact of carbon tetrachloride with the skin
and prolonged breathing of the fumes are dangerous. Make sure
adequate ventilation is provided.

(2) When cleaning surfaces that perform no electrical function, use a
cloth or brush moistened with Solvent, Dry Cleaning (SD); after
cleaning, wipe the parts dry with a dry cloth.

c. If available, dry compressed air may be used at a line pressure not
exceeding 60 psi to remove dust from inaccessible places; be careful, however,
or mechanical damege from the air blast may result. Do not use compressed
air in the vicinity of speaker cones or meter movements.

Caution, When using compressed air, always direct the first blast of the air
line toward the floor. This clears condensed moisture from the line.

d. For further information on preventive maintenance techniques, refer to TB
SIG I78, Preventive Maintenance Guide for Radio Communicetion Equipment.
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4h, Use of Preventive Maintenance Forms

a. The decision concerning the items on DA Forms 11-238 and 11-239 that are
to be applied to this equipment is a tactical decision to be made in the case of
first echelon maintenance by the communication officer/chief or his designated
representive, and in the case of second and third echelon meaintenance, by the
individual making the inspection. Instructions for the use of each form appear
on the reverse side of the form.

b. Circled items on figures 28 and 29 are partially or totally applicable
to Oscillator Group AN/URA-13.

45. Performing Preventive Maintenance

a. Performing Exterior Preventive Maintenance.

Caution. Tighten screws, bolts, and nuts carefully. Fittings tightened be-
yond the pressure for which they are designed will be damaged or broken.

(1) Check for completeness and general condition of the oscillator group.
The components of the group are listed in paragraph 7.

(2) Check suitability of location and installation for normal operation.

(3) Clean dirt and moisture from microphone, key, Jjacks, plugs, and
component panels.

(4) TInspect the seating of fuses and connectors on the rear panel of
each component (figs. 25 and 27).

(5) 1Inspect all controls for binding, scraping, excessive looseness,
worn or chipped gears, misalignment, and positive action.

(6) Check for normal operation (par. 52).
(7) Clean and tighten all cable connectors in the system (fig. 22).

(8) 1Inspect cabinet and external metal surfaces for rust, corrosion and
moisture.

(9) 1Inspect cables for breaks, fraying, deterioration, kinks and strain
(fig. 22).

(10) 1Inspect switches, knobs, indicator lamp assemblies and meters for
looseness (figs. 24 and 26).

(11) Clean all nameplates and meter windows (figs. 24 and 26).

(12) 1Inspect all meter cases and windows for possible damage (figs. 2b
and 26).

(13) 1Inspect shelters and covers for adequacy of weatherproofing (par. L7).

Note. If deficiencies are not corrected during inspection, indicate
corrective action taken.
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OPERATOR FIRST ECHELON MAINTENANCE CHECK LIST FOR SIGNAL CORPS EQUIPMENT
RADIO COMMUNICATION, DIRECTION FINDING, CARRIER, RADAR

INSTRUCTIONS: See other side
EQUIPMENT NOMENC LATURE EQUIPMENT SERIAL NO.

LEGEND FOR MARKING CONDITIONS: Y Satisfactory; X Adjustment, repair or replacement required; @ Defect corrected.
NOTE: Strike out items not applicable.
DAILY

CONDITION

NO ITEM

COMPLETENESS AND GENERAL CONDITION OF EQUIPMENT (receiver, tranamitter, carrying cases, wire and cable,
microphones, tubes, spare parts, technical manuals and accessories).

LOCATION AND INSTALLATION SUITABLE FOR NORMAL OPERATION.

CLEAN DIRT AND MOISTURE FROM ANTENNA, MICROPHONE, HEADSETS, CHESTSETS, KEYS, JACKS, PLUGS, TELEPHONES,
CARRYING BAGS, COMPONENT PANELS.

VIBRATORS, PLUG-IN COILS AND RES{STORS.

@ INSPECT SEATING OF READILY ACCESS!BLE "PLUCK~OUT™ ITEMS: TUBES, LAMPS, CRYSTALS, FUSES, CONNECTORS,

INSPECT CONTROLS FOR BINDING, SCRAPING, EXCESSIVE LOOSENESS, WORN OR CH!PPED GEARS, MISALIGNMENT, POSITIVE

ACTION.
(3
CHECK FOR NORMAL OPERAT ION.,
WEEKLY
'A |
NO. ITEM 23No ITEM EE
[Sw B=
(5] u)—
© 13
CLEAN AND TIGHTEN EXTERIOR OF COMPONENTS AND CASES, RACK
MOUNTS, SHOCK MOUNTS, ANTENNA MOUNTS, COAXIAL TRANSMISS1ON {NSPECT STORAGE BATTERIES FOR DIRT, LOOSE TERMINALS, ELEC-
LINES, WAVE GUIDES, AND CABLE CONNECT{ONS. TROLYTE LEVEL AND SPECIFIC GRAVITY, AND DAMAGED CASES,
1
INSPECT CASES, MOUNTINGS, ANTENNAS, TOWERS, AND EXPOSED CLEAN AIR FILTERS, BRASS NAME PLATES, DIAL AND METER
METAL SURFACES, FOR RUST, CORROSION, AND MO{STURE. WINDOWS, JEWEL ASSEMBLIES.

INSPECT CORD, CABLE, WIRE, AND SHOCK MOUNTS FOR CUTS,

BREAKS, FRAYING, DETERIORATION, KINKS, AND STRAIN. INSPECT METERS FOR DAMAGED GLASS AND CASES.

g 5
INSPECT ANTENNA FOR ECCENTRICITIES, CORROSION, LOOSE FIT, INSPECT SHELTERS AND COVERS FOR ADEQUACY OF WEATHER~
OAMAGED INSULATORS AND REFLECTORS. PROOF ING.

n 17

INSPECT CANVAS ITEMS, LEATHER, AND CABLING FOR MILDEW,

TEARS, AND FRAYING. CHECK ANTENNA GUY WIRES FOR LOOSENESS AND PROPER TENS ION.

@ INSPECT FOR LOOSENESS OF ACCESSIBLE |TEMS: SWITCHES, 18
KNOBS, JACKS, CONNECTORS, ELECTRICAL TRANSFORMERS, POWER- CHECK TERMINAL BOX COVERS FOR CRACKS, LEAKS, DAMAGED
’ ’
STATS, RELAYS, SELSYNS, MOTORS, BLOWERS, CAPACITORS, GEN- GASKETS, DIRT AND GREASE.

ERATORS, AND PILOT LIGHT ASSEMBLIES.

@ IF DEFICIENCIES NOTED ARE NOT CORRECTED DURING INSPECTION, {NDICATE ACTION TAKEN FOR CORRECT |ON.

DA 35?511-238 REPLACES DA AGO FORM 419, 1 DEC 50, WHICH 1S OBSOLETE.

Figure 28. DA form 11-238.



SECOHD AND THIRD ECHELON MAINTERANCE CHECK LiST FOR SIGNAL CORPS EQUIPMENT
RADIO COMMUNICATIOR, DIRECTION FINDING, CARRIER, RADAR

IVEH"ECTIO’(S.‘ See othaor side

£QUIPMENT NOMENC LATURE

EQUIPMENT SERIAL NO.

LEGEND FOR MARKING CONDITIONS: V' Satisfactory; X

NOTR: Strike out items pot applicable.
T

Adjustment, repair or replacemeat required; @ Defect corrected.

JACKS, CONNECTORS, ELCCTRICAL TRANSFORMERS, POWERSTATS,
RELAYS, SELSYMS, MOTGRS, BLOWERS, CAPACITORS, GENFRATORS,
AND PILOT LIGHT ASSEMBLIES.

T
NO, ITEM géno. ITEM H
oH g
Q' CoMPLETENESS AND GENERAL CONDITION OF EQUIPKENT (receiver, & ELECTRON TUBES - INSPECT FOR LOOSE ENVELOPES, CAP CONNEC-
transmitter, carrying cai wire and cable, microphones, TORS, CRACKED SOCKETS: INSUFFICIENT SOCKET SPRING TENSION;
tubes, spare parts, technical menuuls and accessories). CLEAN DUST AND DIRT CAREFULLY; CKECK EMISSION OF RECEIVER
TYPE TUBES.
g 20
INSPECT FILN C ART A g
LOCATION AND INSTALLATION SUITABLE FOR NORMAL OPERATION. e T OUTS FOR L0GSE PAR S5 DIRT, MISALIGNEN
[© |8
CLEAN DIRT 2% MJISTURE FROM ANTEWNA, WICROSHONE, HEADSETS,
CHESTSETS, KEfS, JACKS, PLUSS, TELEPHONES, CARRYING BAGS, INSPECT FIXED CAPACITORS FOR LEAKS, BULGES, AND DISCOLORA-
COMPONENT PANE LS. TioM.
16D| InsPecT RELAY MiD CIRCUIT BREAKER ASSEMBLIES FOR LOOSE
INSPECT SEATING OF READILY ACCESSIBLE "PLUCK-QUT" ITEMS: HOUNT INGS; BURNED, PLTTED, CORRODED CONTACTS; MISALIGNMENT
TUBES, LAMPS, CRYSTALS, FUSES, CONNECTORS, VIBRATORS, OF CONTACTS AND SPRINGS; VXSUFFICIENT SPRING TENSION; BIND~
PLUG-IN COILS AND RESISTORS. ING OF PLUNGERS AND HINGE PARTS.
INSPECT CONTROLS FOR BINOING, SCRAPING, EXCESSIVE LOOSENESS, INSPECT VARIABLE CAPACITORS FOR, DIRT, HOISTURE, MESALIGN~
WORN OR CHIPPED GEARS, MISALIGNMENT, POSITIVE ACTION. MENT OF PLATES, AND LOOSE MOUNT INGS.
INSPECT RESISTORS, BUSHINGS, AMD INSULATGRS, FOR CRACKS,
CHECK FOR NORMAL OPERATION. CHIPPING, BLISTERING, DISCOLORAT1ON AND MO!STURE.
Q |®
CLEAN AND TIGHTEN EXTERIOR OF COMPONENTS AND CASES, RACK
MOUNTS, SHOCK MOUNTS, ANTENNA MOUNTS, COAX1AL TRANSNISS |ON ,‘,g:"ggagg’::;"‘;s‘Rflxﬁigogg‘ggﬂg:g{_g'm“ AND RESISTORS
LINES, WAVE GUIDES, AND CABLE CONNECTIONS. ’ .
[©)] |e®
INSPECT CASES, MOUNTINGS, ANTENNAS, TOWERS, AND EXPOSED ‘:LE:" ":D TIGHTEN SWITCHES, TERWINAL BLOCKS, BLOWERS,
METAL SURFACES, FCR RUST, CORROSION, AND MGISTURE. igkn‘x’rj iggés;?gLé"‘ER'o“S OF THASSIS AND CABINETS NOT
Q | 3)
INSPECT CORD, CABLE, WIRE, AND SHOCK MOUNTS FOR CUTS, INSPECT TERMINAL BLOCKS FOR LOOSE CONNECTIONS, CRACKS
BREAKS, FRAYING, DETERIORATION, KINKS, AND STRAIN. AND BREAKS.
10 28
INSPECT ANTENNA FOR ECCENTRICITIES, CORROSION, LOOSE FIT,
DAMAGED INSULATORS AND REFLECTORS. CHECK SETTINGS OF ADJUSTABLE RELAYS.
1 29
INSPECT CANVAS ITENS, LEATHER, AND CABLING FOR M) LDEW, LUBRICATE EQUIPMENT IN ACCORDAKCE WITH APPLICABLE
TEARS, AND FRAYING. DEPARTMENT OF THE ARMY LUBRICATiON ORDER,
[ 11SricT For LOSENESS OF ACCESSIBLE ITEMS: SWITCHES, KNOBS, 30

INSPECT GENERATORS, AMPLIDYNES, DYNAMOTORS, FOR SRUSH WEAR,
SPRING TENSI1ON, ARCING, AND FITTING OF COMMUTATOR.

INSPECT STORAGE BATTERIES FOR DIRT, LOOSE TERMINALS,
ELECTROLYTE LEVEL AND SPECIFIC GRAVITY, AND DAMAGED CASES.

CLEAN AND T1GHTEN CONNECTIONS AND MOUNTINGS FOR TRANSFORMERS
CHOKES, POTENTiOMETERS, AND RHEOSTATS.

CLEAN AIR FILTERS, BRASS NAME PLATES, DIAL AND METER
WINDOWS , JEWEL ASSEMBLIES.

INSPECT TRANSFORMERS, CROKES, POTENTIOMETERS, AND
RNEOSTATS FOR OVERHEATING AND O1L-LEAKAGE.

CHECK TERMINAL BOX COVERS FOR CRACKS, LEAKS, DAMAGED
GASKETS, DIRT AND GREASE.

B )

INSPECT METERS FCR DAMAGED GLASS AND CASES. BEFORE SHIPPING OR STORING ~ REMOVE BATTERIES,
09 m

INSPECT SHELTERS ARD COVERS FOR ADEQUACY OF WEATHERPROOF ING. INSPECT CATHODE RAY TUBES FOR BURNT SCREEN SPOTS.
17 35

CHECK ANTENNA GUY WIRES FOR LOOSENESS AND PROPER TENSION. INSPECT BATTERES FOR SHORTS AND DEAD CELLS,
18 36

INSPECT FOR LEAKING WATERPROCF GASKETS, WORN OR LOOSE PARTS.

&

MOISTURE AND FUNGIPROOF.

@ IF DEFICEENCIES NOTZD ARE KOT CGRRECTED DURING INSPECTION, INDJCATE ACTION TAKEN FOR CORRECTION.

DA ™111-239

Figure 29.

REPLACES DA AGO FORM 419, 1 DEC 50, WHICH 1S OBSOLETE.

06—16—64252-1

DA Form 11-239.
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b. Performing Interior Preventive Maintenance.

Caution: Disconnect all power from the oscillator group before performing
the following operations. Upon completion, reconnect power and check for satis-
factory operation

(1) Inspect electron tubes for loose envelopes, cracked sockets, and
insufficient socket spring tension; clean out dust and dirt care-
fully; check emission of receiver type tubes (figs. 18-21).

(2) 1Inspect fixed capacitors for leaks, bulges and discoloration.

Note. when checking tubes, remove and replace one tube before pro-
ceeding to the next tube. Interchanging tubes, even trough +the tube
types are identical, can cause misalignment of the equipment.

(3) Inspect relays for loose mountings.

(4) 1Inspect resistors for chipping, blistering, discoloration and moisture.

(5) 1Inspect terminals of large fixed capacitors and resistors for
corrosion, dust, and loose contacts.

(6) Clean and tighten switches, terminal boards and subchassis.
(7) 1Inspect terminal boards for loose connections cracks, and breaks.

(8) Clean and tighten connections and mountings of transformers, chokes,
and potentiometers.

(9) 1Inspect power transformers for overheating and leskage.
(10) Check adequacy of moistureproc fing and fungiproofing.

Note. 1If deficiencies are not corrected during inspection, indicate corrective
action taken.

Section III. LUBRICATION AND WEATHERPROOFING

46. rubrication

No lubrication is to be performed on either Radioc Receiver R-390/URR or Radio
Frequency Oscillator O-152/URA-13 at the organizational maintenance level. Refer
to paragraph 134 for lubrication at the field maintenance level.
47. Weatherproofing Procedures and Precautions

a. General. Signal Corps equipment, when operated under severe climatic con-
ditions such as prevail in tropical, arctic, and desert regions, requires special

treatment and maintenance. Fungus growth, insects, dust, corrosion, salt spray,
excessive moisture, and extreme temperatures are harmful to most materials.
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b. Tropical Maintenance. AAspeeialngsitureiproofing and fungiproofing treat-
ment has been devised which , if properly applied, provides a reasonable degree
of protection. This treatment is explained in TB SIG 13 and TB SIG 72. The
equipment is given the moistureproofing and fungiproofing treatment at the factory
and it is necessary to repeat the treatment only when parts are replaced or
repaired.

c. Winter Maintenance. Special precautions necessary to prevent poor per-
formance or total operational failure of equipment in extremely low temperatures
are explained in TB SIG 56 and TB SIG 219.

d. Desert Maintenance. Special precaution necessary to prevent equipment
failure in areas subject to extremely high temperatures low humidity, and ex-
cessive sand and dust are explained in TB SIG 75.

48. Rustproofing and Painting

a. When the finish on the case has been badly scarred or damaged » rust and
corrosion can be prevented by touching up bared surfaces. Use #00 or #000 sand-
paper to clean the surface down to the bare metal; obtain a bright smooth finish.

Caution. Do not use steel wool. Minute particles frequently enter the case
and cause harmful internal shorting or grounding of circuits.

b. When a touch-up job is necessary, apply paint with a small brush. Re-
move rust from the case by cleaning corroded metal with solvent (SD). In
severe cases it may be necessary to use solvent (SD) to soften the rust and to
use sandpaper to complete the preparation for painting. Paint used will be
authorized and consistent with existing regulations.

Section IV. TROUBLE SHOOTING AT ORGANIZATIONAL MAINTENANCE LEVEL.
4L9. Extent of Instructions

a. Trouble shooting at an organizational level is limited to localizing de-

fectIve parts that are readily replaceable at an orgenizational level (tubes,

fuses, cables, ete.), or to gsectionalizing defective units that must be replaced
as a unit (receiver or radio frequency oscillator). The outlined procedures attempt
to determine the defective unit first and then to determine the nature of the

fault within the unit. If the fault can be determined through organizational
procedures, corrective measures Or the need for repair at a field maintenance

level is indicated. If the fault cannot be determined through organizational
procedures, reference is made to the necessary field maintenance instructions.

b. The techniques utilized for organizational trouble shooting include
visual inspection, operational test, tube test, and simple continuity checks.
The material is presented in the order which the repairman would normally
employ in servicing defective eguipment, When the procedures indicated are not
sufficient to determine the source of trouble, trouble shooting at a field
meintenance level (ch. 6) is required.
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50. Visual Inspection

a. When failure occurs and the cause is not immediately apparent, visually
check as many of the items listed in subparagraph b. as is practical before con-
tinuing with the performance check (par. 51). Do Hot disassemble the equipment
for complete visual inspection without some knowledge of operational symptoms.
Obtain available information from the operator of the equipment regarding per-
formance at the time trouble occurred.

b. Failure of the oscillator group often may be caused by the following faults.

(1) worn, broken, or disconnected power cords.

(2) Blown fuses (figs. 25 and 27).

(3) Defective tubes (check voltage regulator tubes first).
(4) Improperly connected interconnecting cables (Fig. 22).

(5) Loose connection to terminal boards on rear panel of the radio fre-
quency oscillator.

(6) Line voltage not applied or very low.

c. When visually inspecting the tubes for burned-out”filaments, it may be
discovered that more than one tube is not lighted. This condition will arise
when & single filament burns out in a series filament circuit. Both the radio
receiver and the radio frequency oscillator employ some series filament circuits.
Refer to the over-all schematic diagrams (figs. 110 and 111) of the two units
for the filament circuits.

51l. Trouble Shooting by Using Equipment Performance Checklist

a. Purpose and Use. The equipment performance checklist is the beginning of
a systematic trouble-shooting technique to isolate with a minimum effort.
Operate the equipment as directed in the checklist and check for a normal indi-
cations listed. If an abnormal induction occurs, follow the corrective measure
outlined in the final column of the checklist.

b. (Corrective Measures. 1In a few cases the abnormal indications permit
immediate localization of the trouble to & particular part. In these cases the
corrective measure indicates the specific part to be repaired or replaced. In
most cases, however, the abnormal indications provide only for sectionalizing the
trouble to a particular unit or subchassis within a unit. In these cases the
corrective measure calls for the performance of additional testing procedures to
localize the trouble. When the procedure referred to is beyond the scope of
organizational maintenance personnel, trouble shooting at field msintenance
level is indicated by making a reference to paragraph 126.
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CHAPTER 5

THEORY

Section I. THEORY OF RADIO RECEIVER R-390/URR
53. General

a. Radio Receiver R-390/URR provides reception over a frequency range of .5
to 32 mc for cw (continuous wave), mew (modulated continuous wave) and am (ampli-
tude modulation) radio transmission. The radio receiver is a multiple conversion
superhetercdyne using triple conversion for frequencies between .5 and 8 mc and
double conversion for frequencies between 8 and 32 me. The radio receiver oper-
ates from a self-contained power supply with a nominal input of 115 v ac or 230
v ac. Permeability tuning (insertion of powdered-iron cores into coils) and a
system of gears and cams provide linear tuning of the radio receiver over the
entire frequency range.

b. In its application as part of Oscillator Group AN/URA—l3, the radio re-
ceiver operates as a frequency control for the radio frequency oscillator. Elec-
trical Special Purpose Cable Assembly CX-l619/U mechanically couples to the main
tuning gear train of the radio receiver. Tuning the radio receiver provides fre-
quency control information by positioning switches within the housing of the
cable assembly. This provides the radio frequency oscillator with sufficient in-
formation to tune automatically to a coarse position near the frequency to which
the radio receiver is set. The radio receiver receives its rf input directly from
the radio frequency oscillator and, ultimately, as the tuning operation in the
radio frequency oscillator approaches the frequency to which the radio receiver is
set, the radio receiver develops an if. output. This if. output from the radio
receiver feeds back to the radio frequency oscillator. The radioc frequency oscil-
lator develops a servo control signal from this if. signal and the servo signal
continuously corrects the tuning of the radic frequency output to maintain the re-
ceived if. signal at 455 kec. Thus, the rf output from the radio frequency oscil-
lator is controlled by the frequency set on the radio receiver.

54. Block Diagram
(fig. 30)

a. The block diagram shows the signal path through the radic receiver from the
antenna tc the output. In its application as part of Oscillator Group AN/URA-l3,
only the signal path from the unbalanced antenna input to the IF OUTPUT 50 OHMS
jack J106 is of importance.

b. Rf signals feed to the radio receiver from either a balanced or unbalanced
antenna. Antenna relay K10l grounds the antenna input for break-in operation and
during calibration. This relay also operates to protect the antenna circuits of
the radio receiver during standby operation. From the balanced antenna input, the
rf signals pass through one of several antenna transformers tc the first rf



amplifier V201. From the unbalanced antenna input, the rf signals capacitively
couple to the secondary of the antenna transformers and feed through to the first
rf amplifier.

¢. The calibration oscillator subchassis, containing V901 and V902, supplies
a signal at every 100-kc¢ point within the frequeuncy range of the receiver. A 1 mc
crystal-oscillator stage, one-half of V901, provides a signal for synchronizing
multivibrator stage V902 at 100 kc. The buffer amplifier; one-half of V901,
isolates the multivibrator from the loading effects of the rf circuit and increases
the strength of the higher 100-kc harmonics. When the FUNCTION switch is in the
CAL position, B+ voltage enables the calibration oscillator circuits.

d&. The output of the first rf amplifier V201 feeds the second rf amplifier
V202, The RF GAIN control provides manual gain control and the automatic gain
control voltage effects automatic gain control of the first and second rf ampli-
fiers. Together, these stages amplify the rf signals before they pass to the
mixer circuits. Depending on the MEGACYCLE CHANGE control setting, either the
first or second mixer receives the output from the second rf amplifier. For
frequencies from .5 to 8 me, the rf signal mixes with the output of the first
crystal oscillator V4Ol in the first mixer V203. This produces an if. signal
between 9 and 18 mc. This if. signal further mixes with the output of the second
crystal oscillator V402 in the second mixer Vaok to produce an if. signal from
3 to 2 mc. Note that the if. output from the second mixer decreases in fre-
quency as the frequency of the input signal to the stage increases. For fre-
quencies from 8 to 32 mc, the rf signal feeds directly from the second rf stage
to the second mixer where it mixes with the output of the second crystal oscil-
lator to produce the if. signal from 3 to 2 me. The if. output from the second
mixer mixes with the output of the vfo tube V7Ol in the third mixer V205. The
frequency of the vfo stage varies from 3.455 to 2.455 me to result in a fixed
frequency of U455 kc if. output from the third mixer.

e. The 455-kc output of the third mixer feeds the first if. amplifier V501
either directly or through crystal filter Z501. When the BANDWIDTH switch is in
the .1 KC or the 1 KC positions, the if. signal feeds through the crystal filter.
When the BANDWIDTH switch is in the 2 KC, 4 KC, 8 KC or the 16 KC positions, the
if. signal feeds to the first if. amplifier directly. For the four high pass
bands, the BANDWIDTH switch varies the coupling between the primary and secondary
circuits of if. transformers. The if. amplifier consists of six stages, V501
through V506. The output of the fifth if. amplifier V505 divides to supply a
455.ke signal to the sixth if. amplifier V506, the age amplifier V509 and the
cathode follower, one-half of V511. The detector circuit, one-half of V507,
demodulates the output of the sixth if. amplifier. An external diode load may
be connected from DIODE LOAD terminal 1h4 to ground with the jumper between
terminal 14 and 15 removed. The agc amplifier V509 amplifies the output from the
fifth if. amplifier. Then the agc rectifier, one-half of V510, rectifies the
output from the age amplifier. When the FUNCTION switch is in the AGC positioan
the dc voltage developed by the age rectifier automatically controls the gain of
the first and second rf amplifiers. With strong signals at the antenna, the grid
bias of the two rf amplifiers becomes more negative and the gain decreases. With
weak signals the grid bias becomes less negative and the gain increases. This
keeps the output level of the radio receiver relatively ccnstant and independent
of signal strength variation at the antenna. The AGC switch, the agc time constant
circuit and one-half of tube V511 provide control over the response rate cf the agc
circuits to satisfy different reception requirements. For MGC cperation, the
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FUNCTION switch grounds the agc bus. The cathode follower, one-half of V511, pro-
vides a low-impedance (50 ohms) if. output for external use. In its application

in Oscillator Group AN/URA-13, the if. output from the cathode follower feeds the
discriminating and servo control circuits of the radio frequency oscillator. Bfo
tube V508 provides a signal between 452 and 458 kc which mixes with the L455-kc if.
output from the sixth if. amplifier. This produces an audio beat frequency in the
output of the detector, one-half of V507. The af output from the detector feeds
the af amplifier, one-half of V601, through a negative peak liniter, one-half of
V510. These limiters prevent noise peaks from exceeding the average signal level.
Operation without limiting may be selected with the LIMITER switch. The LIMITER

switch disables the limiters for operation without limiting.

T. -In additionto supplying a signal to the limiter, the dectector supplies a
signal to the squelch tube, one-half of V60l. The average dc output voltage of
the squelch tube, which is an amplifier, varies in proportion to the average sig-
nal level. When the signal level drops below a noise level established by the RF
GAIN control, and when the FUNCTION switch is in the SQUELCH position, the output
of*. the squelch tube operates the squelch relay KG01l. This short-circuits the out-
put of the af amplifier, one-half of V601, to remove the radio receiver output.

The break-in relay K602 short-circuits the output of the af amplifier when the

FUNCTION switch is in the STAND BY position. The break-in relay will also short-
circuit the output of the af amplifier when the FUNCTION switch is in the MGC,

AGC or SQUELCH positions, the BREAK-IN switch is in the ON positdion, and an ex-
ternal circuit- provides a ground. The output of the af amplifier feeds the

local af amplifier, one-half of V602, and the line af amplifier, the other half
of V602. These af amplifier stages have separate gain controls. The output of

the local af amplifier feeds the local af output tube V603 which has connections
for a speaker or a headset and for sidetone signals from an associated transmitter
to permit monitoring. The line af amplifier feeds the line af output tube V60OL
which has connections for a balanced line.

g. Power Supply PP-62l/URR provides all operating voltages for the radio
receiver. This includes dc for the antenna and break-in relays, ac to the fila-

ment and oven circuits, and B+ voltage to the votage-regulator circuit. All B+
voltages are regulated. The voltage-regulator circuit consists of series regu-

lator V605 and V606, dc amplifier V6O, and voltage-reference tubes V608 and
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V609. The power supply consists of a transformer and rectifiers V80l and v802.
Two primary windings of the transformer are connected in series for 230 v ac
operation and in parallel for 115 v ac operation. Dc voltage for the break-in
relay circuits is provided by dry-disk rectifier CR801.

Section II. THEORY OF RADIO FREQUENCY OSCILIATOR 0-152/URA-13

55. ‘@General

Figure 31 is a block diagram of Radio Frequency Oscillator 0-152/URA-13
and Electrical Special Purpose Cable Assembly CX-l6l9/U. This section covers
only the signal paths through the radio frequency oscillator and the electrical
special purpose cable without regard to circuit details. For circuit details
refer to Section IIT and Section IV of this chapter. The radio frequency oscil-
lator, in conjunction with Radio Receiver R—390/URR, operates as an rf exciter
for an associated transmitter.

56. Modulation Signal

a. Qeneral. The modulation signal is the intelligence information signal
which is transmitted by the associated transmitter. The modulation signal path
is from the input lines terminal board TB8O2 for line input or from the LOCAL

MIKE KEY jack for local input, then through service s&lection circults to the
proper modulation control circuits. From the modulation control circuits the

modulation signal is to modulation canceling for mixing with the servo signal and to
the reactance-tube oscillator for modulating the rf signal.

b. Modulation Signal Input.

(1) Line. The input lines terminal board TB802 provides access to the radio
frequency oscillator for remote input modulation signals. Terminals are

provided for a continuous wave keying signal (CW), a phone signal (PM),

a radioteletype keying signal (FSK), and a facsimile modulation signal
(FAX). Any two wire input mey be connected to the terminals marked

T™WO WIRE. In this event the proper modulation circuit for the input sig-
nal is.selected with the SERVICE SELECTOR switch. The SIMPLEX terminal

T2



is the third terminal for a three wire simplex circuit, the other two
terminals being either the PM terminals or the TWO WIRE terminals. The
CARRIER CONTROL terminal affords external control of the cathode circuit
of the rf output power amplifier V1O7. This terminal is Jumpered to
ground during PM operation unless such external carrier control is re-

quired. During FSK and FAX operation this terminal is Jjumpered to
ground by an internal switching circuit. During CW operation this

terminal must not be Jjumpered to ground.

(2) Local. The IOCAL MIKE KEY jack on the front panel provides access for
local modulation signals. This jack is used for either a cw keying
signal input or microphone input for phase modulation. The CARRIER

CONTROL switch switches the input from LINE or IOCAL to the radio
frequency oscillator.

c. Service Selection. The SERVICE SELECTOR switch on the front panel switches

the modulation input signal to the proper modulation control circuit. The type of
input modulation signal dictates the position of the SERVICE SELECTOR switch. When

line input modulation signal is to either the CW, PM, FSK or FAX terminals of
TB802, the SERVICE SELECTOR switch is set to the corresponding position. In
addition the CARRIER CONTROL switch is set to the LINE position. When a remote
input signal is to the TWO WIRE terminals, the SERVICE SELECTOR switch is set to

correspond with the type of signal carried by the two wire input. For local input
signals to the IOCAL MIKE KEY Jjack, the SERVICE SELECTOR switch is set to PM for

microphone input or to CW for key input. In addition the CARRIFR CONTROL switch

is set to the LOCAL position. Polarity of remote input signals to the input lines
terminal board may be reversed with the SERVICE SELECTOR switch, but polarity of
local input signals are not reversible.

d. Modulation Control. The radio frequency oscillator provides modulation

control for cw, phone, fsk and fax signals. The cw keying relay K202 provides cw
control through the cathode circuit of the rf output amplifier V107. For cw
operation the CARRIER CONTROL terminal (12) of the input lines terminal board
TB802 must not be grounded. For cw operation the modulation input to reactance-

tube oscillator VOOl and VOO2 and to moduletion canceling is grounded through the
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SERVICE SELECTOR switch. The pm audic amplifier V501 and V502 produces a phase
modulation vocltage from a phone input signal. Phase modulation is used for phone
transmission as a convenient way of obtaining a modulated rf signal from a vari-
able frequency oscillator, such as the reactance-tube oscillater, which is de-
tectable with an amplitude demodulator. For phase mcdulation operation the
CARRIER CONTROL terminal (12) of the input lines terminal board TB802 must be
grounded to complete the cathode circuit of the rf output amplifier V107, unless
remote carrier control is desired. For radio teletype operation the fsk relay
K801 provides frequency shift voltages from an internal fsk bias supply. Both
polar and neutral frequency=-shift keying are available. For facsimile operation
the fax input signal is divided and applied to the reactance=-tube coscillator and
to modulation cancelling. For both local and remote input the proper modulation
voltage is applied to modulation cancelling and to the reactance-tube coscillator
VOOl and V002 thrcugh the SERVICE SELECTOR switch, S7O4 section F, and through
the MOD TEST switch when in the LINE position.

57. Radic Frequency Signal

a. General. The rf signal originates in the oscillator stage and is modu-
lated by the action of the modulation voltage on the reactance tube. The rf sig-
nal path is from the oscillator, through the buffer, and through the necessary rf
doubling circuits to the rf power amplifier and the rf spectrum amplifier. From
the rf power amplifier the rf signal goes to the associated transmitter. From
the rf spectrum amplifier the rf signal goes to Radio Receiver R-390/URR,

b. Reactance-tube Oscillator. The rf signal is generated by the oscillator
VOOl with a reactance tube VOO2 input. The modulation voltage is applied to the
reactance tube. The reactance-tube circuit appears as a capacitive reactance
in the tuned grid circuit of the oscillator stage. The modulation voltage varies
the apparent capacitance of the reactance=-tube, so the oscillating frequency
varies as a result of the modulation voltage. Thus, the rf output from the
reactance-tube oscillator is modulated. A negative input signal to the reactance
tube causes an increase in frequency and a positive input signal to the reactance-
tube causes a decrease in frequency. The fundamental frequency of the reactance-
tube oscillator is variable between 1.5-3 mc. The reactance-tube coscillator is
permeability tuned autcmatically by varying the degree of insertion of a powdered
iron core in a tuning coil. The fundamental frequency is established so that the
final frequency, after the required doubling, matches the frequency to which the
associated radio receiver is tuned. Coarse and fine positioning of the powdered
iron core is effected by the combined operation of the coarse positioning motor
B102 and the servo motor BlOl. Fine tuning is effected by the servo motor. Once
the carrier frequency is established to match the fregquency to which the radio
receiver is tuned; any tuning effected by the servo motor will be in- the direction
to maintain the established frequency.

c. Buffer, Rf Amplifier and Rf Doublers. The buffer V10l provides isolation
between the oscillator stage and the rf amplifier sc that loading changes do not
reflect back to the oscillator. The rf amplifier V102 supplies a 1.5-3 mc rf out-
put to the rf power amplifier V106 through band switch S101 sections C and G. No
frequency doubling is required for this output. V102 may also operate as the 1st
rf doubler to provide a 3-6 mc rf output through band switch S101 sections D and G
to either the rf power amplifier or the second rf doubler. The second rf doubler
V103 provides a 6-12 mc rf output through band switch S101 sections E and G to
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either the rf power amplifier or to the third rf doubler. The third rf doubler
V104 provides a 12-24 mc rf output through band switch S101 section F and G to
either the rf power amplifier or the fourth rf doubler. The fourth rf doubler
V105 provides a 24-32 mc rf output through band switch S101 section G to the rf
power amplifier. The position of band switch S101 establishes the final output
rf by switching in the required rf doublers. The band seeking motor B1lO3 drives
the band switch to that position which selects the frequency band that includes
the frequency to which the associated radio receiver is tuned. Automatic tuning
by the coarse position motor B1l02 and the servo motor BlOl tune the frequency
doubling circuits of the rf doublers to produce a final rf output which matches
the frequency to which the associated radio receiver is tuned. This tuning pro-
cedure is the same as for the reactance-tube oscillator.

d. Rf OQutput Amplifier and Impedance Matching. As the final stage, the rf
power amplifier V107 provides the power for the rf output to the associated trans-
mitter. The normally closed bandpass relay contact K4OLl in the cathode circuit
disables the rf output amplifier in the event the radio frequency oscillator loses
the frequency to which the radio receiver is tuned. In the event the frequency is
lost, the bandpass relay energizes, thus remcving the rf output to the transmitter.
The rf is again available when the radio frequency oscillator retunes to the proper
frequency and the bandpass relay de-energizes. The output from the rf power ampli-
fier is through impedance matching networks to the associated transmitter. Three
watts of rf power is supplied to a 50-ohm input load of a transmitter. Pi-L net-
works provide impedance matching between the final rf power amplifier and the 50-
ohm transmitter load. Band switch S101 sections H and J switch in the required
impedance matching network for the output radic frequency. The band switch is
automatically operated by the band-seeking motor to select the proper network for
the selected frequency. Permeability-tuned inductances in the networks are auto-
matically tuned to produce the proper matching impedance. The coarse positioning
mctor and the servo motor provide this turing.

e. Rf Spectrum Amplifier. The rf spectrum amplifier V106 receives the rf
output from the rf amplifier and rf doublers. This is the same rf signal as
received by the rf output amplifier V107. The rf spectrum amplifier enriches
the harmonic components of the rf signal for input to the radioc receiver UNBAL-
ANCED WHIP, ANTENNA jack. PFrom this signal the radic receiver develops the if.
signal which feeds back to the radio frequency oscillator. The distortion to en-
rich the harmonics in the rf signal is necessary because the receiver is tuned to
a harmonic of the rf output in the event that frequency multiplication is carried
out in the transmitter. For instance, if the transmitted frequency is 20 mc and
the associated transmitter circuits are such that the rf exciting frequency is
guadrupled, the radio receiver is tuned to 20 mec but the rf output from the radio
frequency oscillator is only 5 mc. In this event, the radio receiver must develop
an if. signal from the fourth harmonic of the rf signal. The rf input to the
radic receiver must be rich in harmonics because circuits are available in the
radio frequency oscillator to compensate for transmitter frequency multiplying
factors of 2, 4, 8 and 16. The if. signal developed by the radio receiver from
the rf signal received from the radio frequency oscillator feeds back to the radio
frequency oscillator.

58. Servo Signal and Servo Control

a. General. The servo signal develops from the if. input signal to the radio
frequency oscillator from the radio receiver. The path of the servo signal is
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through the if. amplifier, the limiters, the discriminator; modulation cancelling,
servo damping, the chopper, and the servo amplifier to the servo motor. The servo
signal controls the operation of the servo motor to maintain the radio fregquency
oscillator on frequency after operation on frequency has been established. This
is a fine tuning operation.

b. If. Amplifier. The output from the IF OUTPUT Jjack of the radio receiver
is to the 455 KC INPUT jack of the radio frequency oscillator. The if. amplifier
V30l amplifies this if. signal and feeds it to the limiter stages. The relay
control stages also receive the amplified if. signal. This signal path is dis-
cussed in paragraph 61b. There is an if. input to the radio frequency oscillator
only when the rf output from the radio frequency oscillator to the radio receiver
is within eight kilocycles of the frequency to which the radio receiver is tuned.
The radio frequency oscillator is under servo control only when the rf output is
within 3 ke of the radio receiver frequency.

¢, First and Second Limiters. The first and second limiters, V302 and V303
respectively, provide two stages of limiting before the if. signal is discriminated.
These two stages of limiting provide a constant 70 v ac output signal over approxi-
mately a 50 dbm range. Two-stage limiting removes undesirable amplitude modulation
from the if. signal. This is necessary since the discriminator is sensitive to
amplitude modulation. By removing any amplitude variation in the if. signal, the
discriminator output is entirely dependent upon the frequency variation of the if.
signal.

d. Discriminator. The discriminator V379, receives a constant amplitude if.
input from the second limiter. The discriminator compares the frequency of the
if. signal with a 455-kc standard. The output voltage from the discriminator is
approximately 1 mv per cycle of deviation. The 455-kc standard of the discrimi-
nator is obtained from two tuned circuits. If the input frequency is greater than
455 kc, the discriminator output is positive. If the input frequency is less than
455 ke, the discriminator output voltege is negative. If the input frequency is
exactly 455 ke, the discriminator output voltege is zero. The frequency modulation
present in the input signal to the discriminator results in an output voltage which
is proportional to the modulation signal. Therefore, except for cw operation, an
output proportional to the modulation voltage is to be expected from the discrimi-
nator. In addition to the output due to modulation, the discriminator output will
contalin a dc component proportional to the deviation from the mean frequency. It
is this component which is used for servo control. The modulation cancel circuit
receives the discriminator output. The chopper also receives the discriminator
output directly to develop a calibration signal.

e, Modulation Cancel. The modulation cancel circuit removes the component
due to modulation from the discriminator output. A voltage division circuit
does this. The modulation voltage 1s applied, through the SERVICE SELECTOR
switch; to one end of a voltage divider and the discriminator output is applied tc
the other end. The modulation voltage is derived from and 1s in phase with the
modulation voltage applied to the reactance tube VOO2. The modulation voltage
varies inversely with the modulation it effects. Therefore, the modulation voltage
is positive to produce a frequency deviation below the mean carrier frequency and
negative to produce a frequency deviation above the mean carrier frequency. The
discriminator voltage is in opposition to the modulation voltage. That is, a
positive discriminator voltage indicates an increase in frequency and a negative
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voltage indicates a decrease in frequency. Therefore, the proper voltage division
between these two inputs effectively cancels that component in the discriminator
output due to the modulation. The output from modulation canceling will then in-
dicate the deviation of the mean frequency irrespective of modulation. A posi-
tive voltage output from modulation canceling indicates a mean carrier frequency
output from the radio frequency oscillator above that to which the radio re-
ceiver is tuned. A negative voltage output indicates a mean carrier frequency
below that to which the radio receiver is tuned. It is this voltage, termed the
correction voltage, which the servo control to the zero level by retuning the
radio frequency oscillator. The dc output from modulation canceling is damped
and then applied to the chopper G301 for conversion to an ac voltage.

f. Servo Damping. Servo damping prevents hunting by the servo control mech-
anism by damping the input with a feedback voltage from the rate generator. This
damping feedback is proportional to the servo motor speed and of opposing polarity
to the correction voltage from modulation canceling. Thus, the magnitude of the
correction voltage is diminished as the servo motom accelerates. The dc damping
voltage decreases to zero as the correction voltage decreases to zero.

g. Chopper. The chopper G301 is an electrical vibrator which operates from
a 20 v ac supply to make and break a circuit synchronously with the alternation
in the ac supply. It is used as a dc to ac converter. In its use here, the
chopper grounds the damped output from the modulation canceling during the nega-
tive half cycle of the 20 v ac supply. The output from the chopper is a square
wave, synchronous with the 20 v ac supply. It is important to note the phase
relationships between the output from the chopper with the 20 v ac supply because
the phase relationship establishes the direction of rotation of the servo motor.
If the dc input to the chopper is positive, the output will be in phase with the
20 v ac supply becuase the output is grounded during the negative half of the 20
v ac cycle. If the dc input to the chopper is negative, the output will be 180°
out of phase with the 20 v ac supply. Therefore, the correction voltage (60 cps)
from the chopper has the following relationship between the 20 v ac supply and
the rf output from the radio frequency oscillator. A correction voltage (60 cps)
180° out of phase with the 20 v ac supply indicates a mean rf output from the
radio frequency oscillator below that to which the radio receiver is tuned. A
correction voltage (60 cps) in phase with the 20 v ac supply indicates a mean rf
output from the radio frequency oscillator above that to which the radio receiver
is tuned. The servo amplifier receives the correction voltage (60 cps) from the
chopper. The chopper also produces &a 60 cps ac signal from the discriminator out-
put signal (without modulation canceling) for use as a calibration signal. There-
fore, for calibration purposes, a measure of the carrier deviation is avaiable.
This deviatim voltage is applied to the calibration amplifier V306.

h. Servo Amplifier. The servo amplifier receives the correction voltage (60
cps) from the chopper and amplifies-the signal before applying it to the servo
motor. The servo amplifier consits of two voltage amplification stages VLO1A . and
V4O1B, a phase-splitter stage V402, and a push-pull power amplifier stage VL3 .
and V4OU. wWhile the radio frequency oscillator is under the control of the servo
signal the cathode of the first servo amplifier is grounded through a contact of
the bandpass relay K4Ol. However, with loss of the 1f. input signal and conse-
quential loss of the servo signal, the bandpass relay energizes. This changes the
ground circuit of the first servo amplifier and produces a cathode input signal.
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tc the serve amplifier. This cathode input signal to the servo amplifier is used
during the positioning operation (par. 61b). In addition to amplifying the servo
signal, phase-shifting circuits advance the phase of the signal 90°. A capacitor-
resistor phase-shifting circuit in the second servo amplifier circuit and in the
phase-splitter circuit each advance the phase of the signal 45°. The effect of the
phase-shifting circuits is to vary the phase relationship between the 20 v ac
reference and the servo signal. An effective phase shift of -90° for the servo
signal results from the servo amplifier. This takes into account an odd number

of 180° phase shifts produced by the four stages and the output transformer.
Therefore, the phase relationship of the servo signal to the 20 v ac supply is as
follows. If the ac signal developed by the chopper is in phase with the 20 v ac
supply, the servo amplifier output 2ignal lags by 909 the 20 ¥ ac reference. This indi-
cates that the mean rf output from the radic frequency cscillator is above that

to which the radio receiver is tuned. If the ac signal developed by the chopper

is 180° out of phase with the 20 v ac supply, the servo amplifier output signal
leads by 90° the 20 v ac reference. This indicates that the mean rf output from
the radio frequency oscillator is below that to which the radioc receiver is tuned.
The output voltage from the servo amplifier applies to the control winding of

the servo motor. '

i. Servo Motor. The servo motor Bl0Ol is a two-phase induction motor which
couples, through electro-mechanical clutches, to the tuning linkage of the radio
frequency oscillator. The tuning linkage positions the powdered iron cores of
the tuned circuits in the reactance-tube oscillator and the rf amplifier. The
phase relationship between the reference winding voltage and the control winding
voltage determines the direction of rotation of the servo motor. When the control
winding voltage is 90° leading the reference winding voltage, the servo motor
rotates in the forward direction, this being the direction of rotation which
drives the tuning linkage to tune up-band. When the control winding voltage is
90° lagging the reference winding voltage, the servo motor rotates in the reverse
direction, this being the direction of rotation which drives the tuning linkage to
tune down-band. The 20 v ac supply provides the reference winding voltage of the
servo motor and the output from the servo amplifier provides the control-winding
voltage. Due to the manner in which the servo signal develops, when the mean
carrier rf output from the radio frequency oscillator is above that to which the
radio receiver is tuned, the output from the servo amplifier lags by 90° the 20
v ac supply voltage. Therefore, the servo motor drives the tuning linkage down-
band to correct the error. Conversely, when the mean carrier rf output from the
radio frequency oscillator is below that to which the radio receiver is tuned,
the output from the servo amplifier leads by 90° the 20 v ac supply voltage.

In this case, the servo motor drives the tuning linkage up-band to correct the
error. Since the servo motor cperates to maintain the rf output on the radio
receiver frequency, if the radio receiver is manually tuned at a slow rate while
the system is under automatic frequency control, the servo tuning of the radio
frequency oscillator will track the manual tuning of the radio receiver. It must
be remembered that automatic frequency control depends upon the presence of an
if. output from the radio receiver. Therefore, if this if. signal is lost, dQue
to rapid manual tuning of the radio receiver or for any other reason, the servo
signal will also disappear and automatic frequency centrol will be lost. In this
event a positioning operation will occur to bring the system under automatic fre-
quency control again (par. 61). The servo motor also plays a part in the posi-
tioning operation. However, the control winding voltage develcps from the fine
positioning voltage, which originates in the band-pass relay puller V305B, rather
than from the if. input signal from the radic receiver (par. 61Db).
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_J. Rate Generatcr. The rate generator GlOl is mechanically ccupled to the
servo motor and produces a dc voltage proporticnal to the speed of the servo
motor. This dec output combines with the correction voltage in the servo damping
circuit to damp the servce operaticn. This stabilizes the servec operation by pre-
venting over shooting by the servo motor and consequential hunting. The polarity
of the output of the rate generator is positive if the servo motor is rotating
forward (up-band tuning) and negative if the servo motor is rotating in reverse
(down-band tuning).

59. BElectrical Special Purpose Cable Assembly CX—1619/U

The Electrical Special Purpose Cable Assembly CX-l6l9/U supplies frequency
control information from the radio receiver to the radio frequency oscillator.
The radio receiver end of this cable terminates in a band switch adapter which
houses the mec position switch and the band position switch. The band switch
adapter mechanically couples to the radio receiver so that the MEGACYCLE CHANGE
control linkage of the radio receiver positions the switches housed by the band
switch adapter. These switches, through the cable assembly wires, are integral
parts of the coarse positioning motor control circuit and the band seeking motor
control circuit of the radio frequency oscillator. The frequency control infor-
mation carried by the cable assembly consists of a completed ground circuit in
each of these motor contrcl circuits. Since the motor control circuits of the
radio frequency oscillator are "open circuit seeking" circuits, the band seeking
motor and the coarse positioning motor are controlled by the MEGACYCLE CHANGE con-
trol of the radio receiver.

60. Band-Seeking Motor Control Circuit.

The band-seeking motor control circuit controls the operation of the band-
seeking motor B1l0O3. The band=-seeking motor drives the band switch S101 which
switches the rf doublers and the impedance matching circuits in the rf amplifier
circuit. The band switch selects five different frequency ranges of rf cutput.
These frequency ranges are from 1.5-3 mc, 3-6 mc, 6-12 mc, 12-24 mc and 24-32 mc.
When the megacycle position of the MEGACYCLE CHANGE contrcl of the radio receiver
is changed from one of these frequency ranges into another, the band-seeking motor
control circuit closes due to the position change of the band positicn switch of
Electrical Special Purpose Cable Assembly CX=l6l9/U. This operates the band-
seeking motor which drives the band switch. The band-seeking motcr continues to
operate until the band-seeking switch is driven to the open circuit position. When
the band-seeking motor stops, the band switch is in the new position dictated by
the position of the MEGACYCLE CHANGE control cf the radio receiver. At this time
the proper rf doublers and impedance matching circuits are switched into the rf
amplifier circuit tc make possible an rf output in the frequency range which in-
cludes the frequency to which the radio receiver is tuned. The ASSOC XMIR FREQ
MULT switch, included in the band-seeking motor control circult, alters the effect
of the position of the band position switch. This compensates for frequency mul-
tiplication in the associated transmitter. For instance, if a transmitter fre-
quency of 20 mc is desired, the radic receiver is tuned to 20 me. Now, if no
frequency multiplying takes place in the transmitter, the band switch will be
driven to the 12-24 mc position. However, if the input frequency to the trans-
mitter is to be doubled by the transmitter circuits, as indicated by the position
of the ASSOC XMTR FREQ MULT switch, the band switch will be driven to the 6-12 mc
position. The end result is always the same. That is, that the frequency to which
the radio receiver is tuned is the final output frequency of the transmitter.

9



61. Positiocning Operation.

a. General. The ccarse-positioning motor control circuit controls the posi-
tioning operation necessary to tune the radioc frequency oscillator to the proper
frequency. This circuit controls nct only the coarse positioning motor B102 but
also the operation of the electro mechanical clutches 1125 and L126. This allows
the tuning linkage to be driven at three different’. speeds. The tuning linkage is
first coarsely positioned at a very rapid speed by the coarse positioning motor.
Then through a clutch operation, the tuning linkage is finely positioned through
a fast drive by the servo motor. During this fine positioning operation the servo
motor is under the controcl of the fine positioning voltage which is developed in
the bandpass relay puller V305B. Finally, through another clutch cperation, the
tuning linkage is driven by the servo motor through a normsl drive. In this final
condition, the radio frequency coscillator is under automatic frequency control and
is held on frequency as a result of the servo signal. A positioning cperation
occurs whenever the if. input to the radic frequency oscillator disappears. The
disappearance of the if. signal may be a consequence of changing the position of
the MEGACYCLE CHANGE control of the radio receiver. Such a change also changes
the position cf the mc position switch of Electrical Special Purpose Cable
Assembly CX-l6l9/U° Loss of the if. signal may also result from changing the
position of the KIILOCYCLE CHANGE control of the radio receiver at such a fast
rate that the servo operation of the radio frequency oscillator cannct track the
change. Loss of the if. signal may also result from unknown reasons when no
change in tuning of the radio receiver has been made. Regardless of the reason
for the loss of the if. signal, its loss initiates a positioning operaticn. The
positioning operation begins when the relay control circuit detects the loss of
the if. signal.

b. Relay Control. Relay control operates the bandpass relay in the absence
of anif, input signal to the radic frequency oscillator. The circuit operates in the
following manner. When an if. signal input is present from the radio receiver,
this if. signal, amplified by the if. amplifier V301, feeds the relay control if.
amplifier V30L. After a second stage of amplification by V304 the if. signal
feeds the sensing detector V305A. 1In the presence of an if. signal the output
from the sensing detector is of negative potential which holds the control grid
of the bandpass relay puller below cut-off. When this condition exists, the band-
pass relay K4Ol remains de-energized and the system remains on frequency as a
result of the correction voltage developed from the if. signal. However, when
the system is not on frequency, there is no if. input signal. The sensing detec-
tor senses the absence of the if. signal and produces a positive output signal.
This allows the bandpass relay puller to conduct current which energizes the band-
-pass relay. Also when the control grid of the bandpass relay puller goes positive,
the 20 v ac signal applied to the cathode of the tube traverses the tube. This
signal is termed the fine positioning voltage. This signal is blocked as long as
the bandpass relay puller is not conducting. When the bandpass relay energizes,
it alters the cathode-to-ground circuit of the first servo amplifier V4O1lA to ad-
mit the fine positioning voltage for amplification by the servo amplifier. This
signal, amplified by the servo amplifier, drives the servo motor during the fine
positioning operation of the over-all positioning operation. When the bandpass
relay energizes, indicating the absence of an if. input signal, the K4Ol contact
closes in the coarse-positioning motor circuit. This initiates the coarse-
positioning operation. Also, the K4Ol contact opens in the rf power amplifier
V107 cathode circuit. This removes the rf output signal to the associated trans-
mitter. Note, however, that the spectrum amplifier continues to operate to feed
the rf signal to the radio receiver.
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c. Coarse=-Positioning Motor Control Circuit. When the bandpass relay K4O1
energizes, due to the loss of the if. signal from the radic receiver, the coarse
positioning motor control circuit closes and the coarse positioning motor B102
cperates. The coarse positioning motor drives the tuning linkage through the
centrifugal clutch at a rapid rate in the forward, up-band, direction. The nor-
mally closed band seeking motor relay contact in the coarse positicning motor
control circuit prevents the operation until the band switching operation is com-
plete. Also, when the if. signal is lost, circuits in the coarse positioning
motor control circuit operate the electro-mechanical clutches which completely
disengage the servo motor from the tuning linkage. The coarse positioning motor
continues to drive the tuning linkage up~band until the upper limit is reached.

At this time the reverse and recycle relays energize. The reverse relay reverses
the directicn of rotation of the motor so that the motor drives the tuning linkage
down-band. When the recycle relay K204 energizes, the oscillator position seeking
switch S103 by-pass circuit opens. This leaves the coarse positioning motor under
the sole control of the oscillator position seeking switch S103 and the mc position
switch S901 section B. This control circuit determines the coarse position of the
tuning linkage. The coarse positioning motor continues tc¢ tune down-band until the
oscillator positioning switch opens the circuit established through the mc position
switch. Since the position of the mc position switch is established through the
mechanical coupling to the MEGACYCLE CHANGE control linkage of the radio receiver,
the MEGACYCLE CHANGE control establishes the coarse position of the tuning link-
age. The coarse positioning motor coarsely tunes the radio frequency oscillator

to a frequency slightly below the megacycle indicated by the MEGACYCLE CHANGE con-
trol of the radio receiver. At this time a circuit in the coarse positioning
motor control circuit operates the electro-mechanical clutches for the second time.
This clutch operation couples the servo motor to the tuning linkage through a fast
drive for the fine positioning operation. If the proper megacycle position is not
located during the down-band tuning operation, the tuning linkage reaches its

lower limit. At this time, the coarse positioning motor reverts to its forward
direction and the cycle repeats.

d. Fine Positioning, The fine positioning operation continues from where
the coarse positioning leaves off due to the clutch operation which couples the
servo motor to the tuning linkage through a fast drive. During this operation the
servo motor is driven in the forward, up-band, direction due to the fine posi-
tioning voltage developed in the bandpass relay puller V305B (subpar. b. above).
The servo amplifier amplifies this signal in the same manner as it amplifies the
correction voltage used for servo control (par. 59) except that the fine position-
ing voltage is a cathode input signal to the first servo amplifier. The fine po-
sitioning voltage output from theoservo amplifier, which applies to the control
winding of the servec motor, is 90 leading the 20 v ac supply voltage which applies
to the reference winding of the servo motor. The effective 90° phase shift is
aceounted for by the inherent 180° phase shift of the second servo amplifier, the
Phase splltter, the servo output amplifier and the servo output transformer, plus
the 90 phase advance due to the combined effect of the phase shifting circuits in
the second servo amplifier and the phase splitter. There is no inherent 180" phase
shift of this signal in either the bandpass relay puller or the first servo am-
plifier due to the cathcde input of the signal. Since the fine positioning volt-
age of the control winding leads by 90° the 20 v ac supply voltage of the refer-
ence winding, the servo motor runs in the forward direction. This drives the
tuning linkage up-band through a fast drive effected by the electro-mechanical
clutches. This fast drive from the servo motor is much slower than the drive from
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the coarse positioning motor but much faster than the normal drive from the servo
motor. The fine positioning operation continues up=-band until the radioc=-frequency
oscillator tunes near enough to the radio receiver frequency to produce an if. sig-
nal output from the radio receiver. At this pcint the radio frequency oscillator
is sufficiently in tune with the radio receiver, within three kilocycles, for the
received if. signal to develop into the correction voltage. Also, the if. signal
detected by the relay control sensing detector, disables the bandpass relay puller.
This de-energizes the bandpass relay and blocks the fine positioning voltage. When
the bandpass relay de-energizes, the rf amplifier is again enabled to produce an rf
signal to the associated transmitter, and the first servo amplifier is again en-
abled to receive the correction voltage for amplification. At the same time, the
coarse positioning motor control circuit returns to its normal condition as the
recycle relay contact opens and the bandpass relay contact closes. This results

in a third electrc-mechanical clutch operation which couples the servo motor to the
tuning linkage through the normal drive. The radioc frequency oscillator is agsin
under the automatic frequency control of the servo signal as developed from the if.
input signal. In the event that no if. input signal develops from the fine po-
sitioning operation, the servo motor continues to drive the tuning linkage, through
the fast drive, until the upper limit is reached. Since the coarse positioning
motor control circuit does not completely relinquish control until an if. signal

is present, the positioning operation repeats when the upper limit is reached.

62. Calibration Circuit.

The calibration circuit consists of the calibration amplifier, clipper, recti-
fier and CAL IND meter. The circuit gives a relative indication of the discrimi-
nator output on the CAL IND meter. Depending upon the setting of the FUNCTION
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