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Figure 1. Radio Recciver R-500/URR.



CHAPTER 1
INTRODUCTION

Section I. GENERAL

. Seope
This technical manual contains information for
the guidance and instruction of all concerned. It
contains instructions for the installation, opera-
tion, maintenance, and repair of Radio Receiver
90/URR.

2. Forms and Records

“The ollowing forta will be eed for reporting
unsatisfactory of Army materiel and
equipment:

. DD Form 6, Report of Damaged or Improper
Shipment, will be filled out and forwarded as pre-
seribed in SR 745-45-5 (Army), Navy Shipping
Guide, Article 18504 (Navy), and AFR 714
(Air Force).

. DA Form 468, Unsatisfactory Equipment
Report, will be filled out and forwarded to the

Office of the Chief Signal Officer, as prescribed in
SR 700-45-5.

. DD Form 535, Unsatisfactory Report, will be
filled out and forwarded to Commanding General,
,‘\nr Materiel Command, Wright-Patterson Air

rco Base, Dayton, Ohio, as prescribed in SR
700—45-.) and AFR 65-26.

d. DA Form 11-238, Operator First Echelon
Maintenance Check List for S|gn|il Corps Equip-
‘ment (Radio Commu rection Finding,
Carrier, Radar), will be preplmd in accordance
with instructions on the back of the form.

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

s other forms and records as authorized.

Section Il. DESCRIPTION AND DATA

3. Purpose
Radio Receiver R-390/URR (fig. 1) is a high-
0

receiver for use in both fixed and mobile service.
The receiver provides reception of continuous
wave (ew), modulated continuous wave (mew),
voice, and frequency-shift keyed signals within a
frequency range of 5 to 32 megacycles (mc)

4. System Application
. Spase-Diveaity Beseiing Syntems (2.

(1) Two or three Radio Receivers R-390/
URR can be connected as shown in figure
2 us a space-diversity receiving system
for reception of voice signals. This sys-
tem provides uniform-strength output to
a loudspeaker or headset, regardless of
fading of signals. Diversity combining
to obtain a uniform output is accom-
plished by using a common detector diode
Tead for the receivers.

(2) Rhombic or doublet antennas spaced ap-
proximately 600 feet apart are connected
to the balanced antenna jacks (J108) of
the two receivers.

(3) The detector diode load of receiver B is
made to be common to both receivers by
connecting terminals 14 of both receivers
together and removing the jumper be-
tween terminals 14 and 15 of receiver A.
The audio system of receiver B only is
used. A loudspeaker is connected in the
‘manner shown from terminal 6 to ground.
A balanced line may be connected be-
tween terminals 10 and 13 to supply audio
to some remote location.

(4) Tn the presence of x strong signal on the
antenna of receiver A, automatic gain
control (age) vollage produced in this
set increases and, by means of the com-
mon connection between terminals 4 of
both receivers, is applied to the controlled

3
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Figure 2. Space-diversity receiving system, block diagram.

stages of both receivers. Thus, the weak
signal on the antenna of receiver B is fur-

ceivers are connected for rormal operation as
dev:nbml in paragraph 17.

gainof the
controlled stages of this receiver. The
te would be true when the signal on
he antenma of ecsiver 8 stronger than
that on the antenna of receiver A. A
jumper for normal reception is removed
from terminals 3 and 4 of both receivers
and is placed between terminals 4 and 5.
This connects a erystal diode into th
cuits to prevent loading of the age cireuit
of the controlling receiver by the age
circuit of the passive receiver.

b. Space-Diversity Radioteletype Receiving
System, Type 1 (fig. 3). Figure 3 shows two
Radio Rmivem R- 0/URR connected in a s
diversity e receiving system.
doublet. or nm,.m amtennas fou the incoming
frequency-shift signals to the receivers, where they
are converted to a frequency of 2,125 eycles for the
MARK conditions and 2975 cycles for the
SPACE condition of the radioteletype t
equipment sending con The outputs taken
from the LINE AUDIO outputs of the receivers
are applied to Rudioteletype Terminal Equipment
AN/FGC-1( ), which provides diversity con
ining and produces direct current (de) pulses for
operation of teletypewriter equipment. The re-

minal

4

cociving
Two Radio Receivers
also can be used in the type of space-
dlvermy ke m shown in
figure 4. The doublet or rhombic antennas feed
the incoming frequency-shift signals to the receiv-
ers, where the carrier Trequency is converted to
4s5-kilocycle (k) intermediate frequency (if.).
This if. signal, taken from the 50 OHM IF OUT-
PUT circuit of the receivers, then is fed to Fre-
quency Shift Converter CV-116/URR, which pro-
vides diversity combining and produces de pulses
for operation of teletypewriter equipment. The
eceivers are connected for normal operation as
described in paragraph 1

d. Single-Sideband - Radioteletype  Raceiving
System.

(1) A Radio Receiver R-390/URR and a
Single  Sideband  Converter
157/URR may be connected as shown in
figure 5 for the reception of single-si
band signals occupying 12 ke of radio

frequency (rf) spectrum space divided
into two 6-ke sidebands on both sides of
a reduced carrier, or to receive a double-
sideband signal, either amplitude modu-
lated or phase modulated, oceupy
tou total of 12 ke of spectrum space. 1f

,\ jvh'm, TWW 2 (fig. 4).
90/U

2
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RADIO RECEIVER R-390/URR
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Figure 5. Single-sideband radioteletype receiving system,
block diagram.

phase modulation is received, the devi-
ation cannot, exceed an average of one
radian. This system is used primarily
for the reception of multichannel radio-
teletype transmissions. For additional
information, see the manual on Radio
Receiving  Sets  AN/FRR-40  and
AN/FRR-41,

The 455-ke if. output of the receiver is
fed to the converter, which heterodynes
the if. signal to 100 ke. The 100-ke sig-
nal is amplified and fed through highly
selective filter circuits to separate the
upper sideband, lower sideband, and car-

rier components of the original signal.
The upper and lower sidebands are fed
toindividual detectors to recover the low-
frequency intelligence which is fed to
terminal equipment. The carrier com-
ponent. is utilized for automatic fre-
quency control in the converter.

(3) The converter has provision for gener-
ating age voltages from the carrier,
upper sideband, lower sideband, or both
the upper and lower sidebands, and
feeding it back to the receiver. In ad-
dition, means are provided for using the
original age voltage of the receiver.

5 t0 82 me (in 32 steps).
Lo b il el o
A9—composite _transmls-
sions,  Fl—trequency-shitt
Keying.
Continuous; trequency read
directly on countertype n-
ateat

Type of tuning..

Method of calibration__ Bulltin crystal-controlled
callbration oscillator.
Calibration points. Every 100 ke.

6000 unbalanced 500 my.
line.
0ohm balanced 10 mw.

Headphones.
It. selectivity..

100.cps to 16ke bandwidth,
in 6 steps.

20 my with a receiver signal
Input ot 3 .

1. output.

Intermediate  frequen-
cles:

First variable i£. 9 to 18 me.
ht
bands
Second variable If. 2 to 25 me on lowest

(all bands). 2103 me on all other steps.
Thira (fxed) it. (all 4

3 v o better.

1 a or better.

115/230 volts ne 10%, 48-62
eps through Power Supp'y
PP-621/URE.



‘Power input.

115/230 volts fe.. 270 watts total; 170 watts
with oven heaters of.

Number of tubes.

33 (including ballast _tube
RT512)

Antennas
- Bandom ongth srgitire
cular-mounted w
i) eeminating

1250

Temperature range._.

Altitude
Weight

# 1 (ocding Power gop-
Dly PP-621/URR)

6. Packaging Data
(fig. 6
When packed for export, or domestic shipment,
Radio Receiver R-390/URR is wrapped in paper
and placed in an inner corrugated fiberboard car-
7. Table of Components

ton. Cleated wooden spacers are used to hold
the receiver securely within the carton and to
prevent, damage to the controls and connections
on the front and back panels. Tn the space be-

tween the back panel of the receiver and the rear

£ barrie
placsd n an outer tight-ftting corrugated card-
board carton. This outer carton is wrapped in

s rtant paper, seuled “with tape, phced
ina excelsior, and se-
cured with metal straps complete package
is 21 inches high by 32 inches wide by 32 inches
long, giving it a volume of approximately 124
cubic feet. The running spares for the receiver
are shipped separate, paper-wrapped, cor-
rugated fiberboard carton.

Note. Ttems may be packaged in @ manner different
from that shown, depending on the supply channel.

o e e el s
i R iU s gl w | w|w
o Sy o VR R B W I
L .
1
bt Xl
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“locludes Pover Supply PP-02/URK.

t is for gencral information only.
ot e vn
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8. Description of Radio Receiver R-390/URR
4. Radio Receiver R-390/URR (fig. 1) is
33-tube superheterodyne receiver designed for re-
ception of ew, mew, voice, and rmhotele'ype sie
nals within a_ frequency range of 5 to
The receiver is designed for mounting in a st
ard 19-inch rack, such as Electrical Equipment
Cabinet, CY-1119/U. The structural parts of
the receiver are of aluminum.
Il operating controls are located on the
fmm pmx (fig. 21), which has a gray semigloss
nish. Two handles are provided at the outer

See appropriate supply publications for information pertaining to

edges of the panel to facilitate withdrawal of the
ver from the rack or case. The two large
knobs at the bottom of the panel marked
MEGACYCLE CHANGE and KILOCYCLE
CHANGE are used to tune the receiver to the
desired frequency. Above the KILOCYCLE
CHANGE knob is a countertype frequency indi-
he numbers shown indicate the frequency
in kilocycles. In the upper left-hand corner of
the front panel is a LINE LEVEL meter. In
the upper rig]
is o CARRIER LEVEL meter.
about the panel are 15 bar knobs which control

g
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FRONT PaneL

Figure 1.

the various functions of the receiver. These con-
trols include the LINE METER switch, LINE
GAIN control, AGC time-constant ~switch,
LIMITER off-on switch and threshold control,
AUDIO RESPONSE selector switch, m(h.\m
IN cireuit switch, BANDWIDTH

CRYSTAL osciLLATOR
Suecuisss

AN Frane

TH 566

Radio Receiver R-390/URR, top dust cover removed, location of subchassis.

OVENS OFF-ON switch, terminal strips for
reuits, and, under a pro-
tective cover, trimmer adjustments for the crystal
oscillators.

d. Radio Receiver R-390/URR St ised of

BFO PlT(‘H control, FUNCTION switch, an-
tenna_ trimmer (ANT. TRIM) control, BFO
OFF-ON swith, DIAL LOCK for KILO-
CYCLE CHANGE control, frequency-indicator
zero-adjustment, (ZERO ADJ.) control, LOCAL
GAIN control, and RF GAIN control. The
PHONES jack in the lower left-hand corner of
the panel is provided for connecting a pair of
hextlphmw« to the receiver local audio outp:

 back panel of the receiver ( 2)
S el special tools, ANTE: input,
POWER, REMOTE CONTROL, IF <)u1‘m T
connectors, operating and SPARE FUSES,

a number of mblies (figs. 7
ugh 16), including the m: r feamo and mren
The rf subehassis, if. sub-
s, and crystal osillator subchasis are
mounted on the upper deck of the main frame.
Mounted in three compartments on the lower deck
are the variable frequency oscillator (vfo) sub-
chussis, andio frequency (af) subchassis, calibrs
Hon-selltor subchassis, and Power Supply PP-
621/URR (ulternating current (ac) power sup-

by The subchassis are connected to the main
frame or to each other by cables terminating in
locking-type connectors. subchassis can be

vemoved readily for trouble shooting and repair

9
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Figure 8. Radio Receiver R-300/URR, bottom dust cover removed, location of subchasais.

um of time by the use of ordinary hand

9. Description of Cases und Cnbmols Used
With Radio Receiver R- URR
Two cases and two rack-type c;bmm (not sup-
plied) are available for use with the receiver.
However, the receiver may be mounted in any
standard 19-inch rack, provided that adequate
ventilation is furnished and the entire weight of
the receiver is not supported by the front panel
ul(me when the receiver is used in mobile service.
abinet CY-917/URR. This is a light-
m.gm table-top cabinet designed for general
fixed-station use.
Case CY-979/URR. This ease is con-
structed more rigidly thau the CY-917/URR,

10

and embodies shock-absorbing mountings for mo-
bile, table-top installations.
c. Electrical Equipment Cabinet CY-1119/U.
The electrical equipment cabinet is a floor-
‘mounted, rack-type installation designed for fixed-
station use. Seventy inches of panel space are
provided for accommodating several components.
One-man installation is possible through the use
of shelf-type angle brackets.
Electrical Equipment Cabinet C¥-1216/U.
This cabinet is of rugged construction and includes
shock-absorbing mountings for mobile installa-
tions. A panel space of 48 inches is provided for
accommodating several components. When either
electrical equipment cabinet is used with more
than one receiver, always use a 13-inch blank
between the receivers to provide adequate
tion.
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Figure 9. Front panel and main frame.

Caution: When Radio Receiver R-390/URR
is installed in any case other than those deseribed
above, adequate ventilation must be provided. In
mobile use, the receiver must be supported in the
manner provided in Case CY-979/URR and
Electrical Equipment Cabinet CY-1216/U. For
mobile applications of tho receiver in cabinets
other than Case CY-979/URR and Electrical
Equipment Cabinet CY-1216/U, support must be
provided at the rear of the receiver, so that the
front.panel does not, carry the entire weight.

10. Description of Power Supply PP—621/URR
(Ac Power Supply)
(fig. 16,

Power Supply PP-621/URR, which consists of
a power transformer, two rectifier tubes, and asso-
ciated cireuits mounted on a removable subchassis,
is mounted in a compartment, on the lower deck
of the main frame. The power supply furnishes
the proper voltages for operation of Radio Re-
ceiver R-390/URR from . 115- or 230-volt, =10

percent, 48- to 62-cycle source. A switch on the
top of the subchassis must be locked in the proper
position to connect input power for either 115-volt
or 230-volt operation.

11. Description of Power Cable Assembly
CX-1358/U (Ac Power Cable)
(fig-1)

The ne power cable, used when the receiver is
operated from a 115-volt or 230-volt ac source, is
made up of an 8-foot, two-conductor cable, termi-
nated in o screw-locking plug at one end and a
standard parallel-prong nc plug at the other end.
The screw-locking plug has a center lead screw for
securing the cable plug to the POWER connector
of the receiver.

12. Running Spares

A group of running spares is furnished with
each receiver. Spares are provided for all nor-
wally expendable items such as tubes, dial lamps,

n
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Figure 12, Crustatoscillator subchassis.

Figure 13, Vfo subchassis.






Figure 16, Potwer Supply PP-621/URR.

and fuses. The following is a list of ruming

pares.
o tubes, ype ITFT.

6 tubes, type 6AJ5.
2 tubes, type 6AK6.
1 tube, type 6BHG.
3 tubes, type 6BJ6.

1 tube, type 5651.

4 tubes, type 5749/emsw.
1 tube, type 60t
4 ditlumps, lype GE 321,
fuses, 3-ampere, 125-volt, slow blow, MS
typu FO2DSROOB.
6 fuses, 3-ampere, 125-volt, slow blow, MS
type FO2DBROOB.

13. Additional Equipment Required
The following material is not supplied s a part

of Radio Receiver R-390/URR but is required
for its operation.

Doublet or rhombie.
ightwire or random length

Low-impedance trans-
‘mission line:
Balanced_

125 or 200 ohms,

T0-ohm coaxial cable.

Headset Navy Type OW—40507,
ot saivaent 00 ch i

Unbalanced
eadse

Hentaet Dore OX-170, o
saure

Speaker._. 600 o
Adupter Conmector Adapta Plog PL-250 on unbal-
UG-970/T. antenna_leadin to
BALANCED ANTENNA 125
OHM connector J1(
Adupter Connector  Adapts Plug Connector UG-
UG-971/0. 573/U on unbalanced an-

tenna lead In to J108.



CHAPTER 2
OPERATION

Section I. SERVICE UPON RECEIPT OF RADIO RECEIVER R-390/URR

14. Siting
(fig. 17)
a. Eaternal Requirements. The location of

radio equipment depends on the sination and ool
requirements, such as the necessity of ing
the equipment from an installation when it can-
not be seen, from an installation in a vehicle or o
shelter, and from an installation which has ready
access to messengers.  In addition to these factors,
the terrain demands consideration before an op-
erating location is decided upon. The prime con-
sideration for establishing the most eficient com-
munication is the location of the antenna. It
should be in a location which is high and clear of
hills, buildings, cliffs, densely wooded areas, and
other obstructions. Depr presions, valleys, and
other low places are poor sites for radio recep-
tion, because the high surrounding tarrain Absorbs
vf energy. Clear, strong signals cannot be ex-
pected if the antenna is located under or close to
a steel bridge, an underpass, a hospital, a power
line, or a power unit. Flat ground having good
cnnd\u.mxty is desirable.
b. Interior Requirements. 1 the receiver is to
be installed for fixed service, the shelter must meet
the following requirements :
(1) The receiver is to be mounted in Electri-
cal Equipment Cabinet CY-1119/U or in
a standar

(2) For table-top mslnllutmns, a table or
bench capable of supporting the weight
of the equipment must be available.

(8) The receiver must be located in a posi-

tion convenient to the 115- or 230-volt ac
p(mer mnm if it is to be installed for n

) Adequam Tighting for day and night op-
eration must be provided. ~Position the
receiver so that the panel designations
may be read easily by the operating per-
sonnel. ~ Install artificial lighting so that

the light f,.na dwcm upon the panel
portable dro frripiont gty
are (-onvemenl assets for maintenance
personnel.
(5) Adequate ventilation always must be

provided

15. Uncrating, Unpacking, and Checking
New Equipment

Note. For used or reconditioned equipment. refer to

paragraph 19,

. General. "The equipment is packed identi-
cally for both export and domestic shipment.
When new equipm received, select a sito
where the equipment can be unpacked without ex-
posure to the elements and which is convenient for
the installation of the equipment.

wtion: Be careful uncrating, unpacking, and
handling the equipment.

complete overhaul might be mq\lire(l, or the
easipment might be rendored uaele
crating and Unpacking for.
Peios Shipmen

(1) Place the pnckmgum- as near the oper-
ating position as is convenient.

(2) Cutand fold back the metal straps.

(3) Remove nails with a nail puller. Re-
move the top and one side of the wooden
shipping case. Do not. attempt to pry
off the side and top, because this might
damage the equipment.

(4) Remove the excelsior covering the paper-

apped sealed carton inside the crate,
and take out the carton.
(5) Remove the paper cover
open the o

wport and

ng from the car-
ton, corrugated  fiber-
board carton, and withdraw the inner
carton inclosed in the moisture-vapor-
proof barri

(6) Slit open the seams of the moisture-
vaporproof barrier and remove the inner
corrugated fiberboard carton.
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HILLTOP, FLAT TERRAIN OR
NEAR LARGE WATER SURFACE

8AD
NEAR HIGH TENSION WIRES,
STEEL BRIDGES, OR IN
VALLEYS OR DEPRESSIONS

T 83693

Figure I7. Siting Radio Receiver R-390/URR.

(7) Open the inner carton and remove (l\u ¢. Checking.
four wooden spacers from  the (1) Check the contents of the cartons against
carton. the master packing slip.

(8) Remove the bags of silica gel, the techni- (2) Check the front panel of the receiver for

cal manuals, and the package containing dumage to the knobs or to glass windows

the power cord from the space at the rear of the meters and frequency-indicator
of the receive dial.

(9) Withdraw the paper-wrapped rec (3) Operate the control knobs: examine them
from the inner earton, place it on n work for loosene peratethe MEGA-
bench or near its final location, and re- CYCLE CHANGE and KILOCYCLE

move the paper wrapping. CHANGE  knobs throughout  their

[rTr—— L4



ranges. Rough operation or binding in-

dicates a damaged tuning system

Remove the top and bottom dust covers

by removing the 16 screws and lock-

washers that secure the covers to the main
frame.

Tnspect, the subchassis on the upper and

Tower decks of the receiver for loose tube

ds and broken tubes. See that all
connectors are seated firmly; loose con-
nectors are a common cause of improper
operation in radio equipment. Replace
the dust covers.

) Remove the three fuses on the rear panel.
See that they are of the proper ratings.
See that the fuses are seated firmly after
replacing them.

Caution: To avoid serious damage to
the receiver, do not use any fuse rated
above the value specifi

(7) Inspect for bent or broken connectors

and terminals on the rear panel. See

that all special tools are in place in their
holders (fig. 22). Remove the small
cover at the lower right-hand_corner.

See that spare fuses of proper ratings are

g

in place.
(8) Check the contents of the box contain-
ing the running spares for damaged parts.

16. Installation

a. Antenna. Radio Receiver R-390/URR is
normally used with rhombic, doublet, or double-
doublet antennas. ~ For information on the rhom-
bic and doublet antennas, refer to TM 11-666,
Antennas and Radio Propagation. For informa-
tion on the double-doublet antenna, refer to TM
11-2629, Antenna Kit for Double-Doublet Receiv-
ing Antenna.

b. Radio Receiver R-390/URR. Radio Re-
ceiver R-390/URR is shipped with all tubes, erys-
tals, and fuses in place, and no further internal
installation is required. Instructions for install-
ing the receiver for fixed and mobile use are listed
in (1) lhmugh (4) below. If the radio receiver
is used as part of a system, refer to the system
',eclmm\l manual for exact installation instruc-

ms.
(1) Fived, table-top installation. When
housed in Cabinet CY-917/URR or a
similar well-ventilated case for fixed

operation, the receiver can be placed on
any sturdy table or bench
(2) Fized, cabinet installation. To install
receiver in a standard cabinet. such
as Electrical Equipment Cabinet CY-
1119/T, remove the top and bottom dust
covers of the receiver. Remove one of
-l panal froenthe cabina and
install the receiver. ure the front
panel to the ebinet with theelis s
moved from the blank panel. Insert
them in the elongated holes. locnlul along
tl\e \erucnl edges of the rece front

Mﬁbile. table-top installation. When
the receiver is housed in Case CY-979/
URR for mobile operation, the case must.
be securely bolted to a table or shelf
which is fastened rigidly to the vehicle
body. Sufficient room must, be allowed
for ventilation, for access to the connec-
tions on the back panel, and for with-
drawal of the receiver from the case for
servicing. Adequate lighting facili
‘must be provided to permit reading of the
control names and positions during day
and night operation. To install the re-
ceiver in Case CY-979/URR first remove
the top and bottom dust, covers of the
receiver.

Mobile, cabinet or rack installation.
When the receiver is installed in Elec-
trical Equipment Cabinet CY-1216/U
for mobile operation, the cabinet must be
securcly bolted to the vehicular body.
Adequate ventilation must be provided,
and sufficient room must be allowed for
access to back panel connections and for
withdrawal of the receiver for servicing.
Provision for lighting must be made to
permit reading of control names and posi-
tions during day and night operation.

17. Connections

Each Radio Receiver R-390/URR is shipped
with jumpers between terminals 1 and 2,3 and 4, 11
and 12, and 14 and 15. These four jumpers are
required for normal operation. If the radio re-
ceiver is used as part of a system, refer to the
system technical manual for exact connections.

Warning: The voltages used are sufficiently
high to endanger human life. To prevent shock
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Figure 15.

hazard for personnel touching outside metallic
parts of the receiver, connect terminal 16 (marked
GND) on the rear panel (fig. 22) to ground.

a. Power Input (fig. 20). For 115- or 230-volt,
48- to 62-cps operation, connect Power Cable As-
sembly CX-1358/U between the power source and
POWER receptacle J104.

Caution: Check to see that 115 VAC/230 VAC
switch S801 (fig. 88), on Power Supply PP-621/
URR, is in the proper position for operation of
the receiver from the available power source. The
switch is reached easily when the dust cover is
removed from the bottom of the receiver. When

MALE CONTACT  $LUG 80DV

SLIOE NUT ANO GASKET OVER CABLE,
REMGE il BCKET S S
BE'NGT NicK o5

COMB OUT BRAID AND FOLD 0UT:
COMDRLECTRIC 10 Ja ek AND.
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Assembly of Plug Connector UG-573/U 1o a coasial cable.

the receiver is operated from a 230-volt power
source, change the fuse marked AC 3A (fig.
20) from a 3-ampere, 125-volt type (MS type
FO2D3ROOB) to a 3-ampere, 250-volt type (MS
type FO2G3RO0A).

. Antenna (fig. 18, 19, and 20). The antenna.
is connected to either the UNBALANCED
WHIP or BALANCED ANTENNA 125 OHM
connector on the back panel (fig. 22) as follow

1) UNBALANCED WHIP connector.
When a whip antenna is to be used for
vehicular installations, or a random
length wire is to be used in fixed installa-

19



& ¢

soapreR. comecron
(st

aoapren comecron
wlanre

Figure 19, Adapter Conneetors UG-970/U and UG-971/0.

tions, the lead-in must be connected to
UNBALANGED WHIP connctoe 107
(Receptacle Connector UG-368/U).

(a) Assemble Plug Connector LG-.ﬂa/l)‘
to the couxial transmission line as in-
dicated in figure 18. (The whip
antenna lead-in should be as short a
length as possible of Radio Frequency
Cable RG-8/U or RG-11/U.)

(5) Connect the terminated transmission
line to UNBALANCED WHIP con-

nector J107.
(2) BALANCED ANTENNA 125 OHM

connector. BALANCED ANTENNA
125 OHM connector J108 (Receptacle
Connector UG—422/U) furnishes input to
the receiver through a tuned antenna
transformer. This connector is used for
all balanced antennas, such as a balanced
doublet, and should be used for unbal-
anced low-impedance transmission lines.
(a) Connect the balanced conxial Cable
RG-22/U from 50 to 200-ohm balanced
antennas to J108 with Plug Connector
UG-421/T, or when Cable RG-86/U
transmission line is used, connect. with
Plug Connector UG-
(2) Tworight-angle adapters are available
for connecting unbalanced conxial cable
to the BALANCED ANTENNA 125
OHM connector. Adapter Connector
UG-970/U adapts unbalanced coaxial
lead-in terminated in P}
the connector, while Adapter Conn
tor UG-971/ d to comnect w
balanced conxial lead.
Plug Comnector UG-573/T
Connector UG-971/U and Plug Co
nector UG-573/U are preferred and
houtd be e when avadable

e. Audio Output (figs. 20 and 21).
«a

) A 600-ohm l\entlsel or speaker may be
connected as indicated below:

(@) Tngert the. headset plug into the
PHONES juck on the front panel (fig.
91), or connect the headset, between
PHNS terminals 7 and 8, on the back
panel (fig. 22)

Connect the speaker between LOCAL
AUDIO terminals 6 and 7 on the back

LOCAL AUDIO output is available at.
pin H of REMOTE CONTROL re-
ceptacle use with @ remote

speaker.
(2) A 600-ohm balanced Tine for telephone

and similar applications may be connected
as follows

(a) For normal balanced-line operation,
connect the line between LINE
AUDIO terminals 10 and 13 on the
back panel. - Do not remove the jumper
on terminals 11 and 12.

(B) If a balancing bridge is to be used for
Tong-distance line applications, remove
the jumper from terminals 11 and 12
on the rear panel and connect the bridge
betwween these terminals.  Connect the
balanced line between terminals 10 and

13.
(¢) Line audio output is available at con-
acts A and J of REMOTE CON-
TROL wcep(acle J105 when BREAK
IN is set at the OFF

a. Amhw Conncctions (6. 22).
(1) Break-inrelay. Connection to the break-

in relay is completed through contact B of
REMOTE CONTROL receptacle J105
or BRK IN terminal 9 on rear panel.
The break-in relay operates to disable the
receiver when the BREAK IN switch on
the front panel is set at ON and BRK IN
terminal 9 on the rear panel or contact B
of J105 is grounded remotely.

(2) Carrier control. Connection for carrier

control of an external circuit is completed
through contact K of REMOTE CON-
TROL _receptacle . When the
BREAK IN switch is set at OFF and
the FUNCTION switch is set at
SQUELCH, the earrier control circuit
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Figure 20. Radio Receiver R-340/URR, cording diagram.

is grounded whenever u carrier
being r received.

(3) Sidet Sidetone is applied to the
t)ullult o the receiver by sonmocting the
sidetone circuit to contacts H_and
(ground) of the REMOTE CONTROL
receptacle.

Eaternal. diode load. DIODE LOAD
terminals 14 and 15 on the rear panel are
provided to facilitate detector diode-load
combining for diversity reception. Ter-
minals 14 and 15 must be connected to-
gether for normal receiver operation.
Eaternal rf gain control. For external
control of the rf gain of the receiver, the
internal RF GAIN control is discon-

gnal is

G

nected and a 5,000-ohm potentiometer is
connected externally. To substitute the
external control for the internal RF
GAIN control, remove the jumper be-
tween RF GAIN terminals 1 and 2 on
rear panel and connect the external con-
trol between terminal 1 and terminal 7

reu
external age of the receiver, re-
move the jumper between AGC NOR
terminals 3 and 4 on rear panel, con-
nect the negative terminal of the source
to terminal 4, and connect the other
terminal of the source to terminal 7
(ground).
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(b) When the age circuits of the two re-
ceiivers are to be tied together, use the
following procedure:

1. Remove the jumper between AGC
NOR terminals 3 and 4 on each
receiver.

2. Connect, the jumper between AGC
DIV terminals 4 and 5 on each
receiver.

3. Connect, terminal 4 on one receiver to
the same terminal on the other
receiver.

18. System Connections

When the radio receiver is part of a system,
refer to the technical manual covering the system
for the exact connections. The instructions in o
through d below are to be used when information
to connect the radio receiver in a system is not
available,

Space-Diversity Reception of Voice Signals.

To connect two Radio Receivers R-390/URR for
space-diversity reception of voice signals, proceed
as follows:

(1) Refer to paragraph 17 for normal oper-
ating and auxiliary connections for the

esired mode of operation.

(2) Connect, terminal boards on rear panels
of both receivers as shown in figure 2.

b. Space-Diversity Reception of Radioteletype
Signals, Type 1. "To connect two Radio Receivers
R-390/URR for space-diversity reception of
radioteletype signals using the audio ontput of
the receivers, proceed as follow:

(1) Refer to paragraph 1 for nomat oper-
ating and auxiliary connections for the
desired mode of operation.

@ ('onne«.t LINE AUDIO terminals 10

13 of each receiver to the input of
cach channel in Radioteleype Terminal
Equipment AN/FGO-1( ) 3 shown in

e. Space- nmmry Reception of Radioteletype
Signals, Type 2. To connect two Radio Receivers
R-390/URR for space-diversity reception  of

Section
20. General

Haphazard operation or improper setting of the

controls can cause damage to the receiver. For

2

radioteletype signals using the
receivers, proceed us follows:

(1) Refer to paragraph 17 for normal oper-
ating and auxiliary connections for the
desired mode of operation.

(2) Connect, IF. OUTPUT 50 OHM con-
nector 106 of each receiver to the input
of ench channel in Frequency Shift Con-
verter CV-116/URR as shown in figure
4. (A eable terminated in Radio Fre-
quency Plug UG-88/U is required for
connection to receptacle J106.)

d. Single-Sideband  Reception. To  connect
Radio Receiver R-390/URR for the reception of
multichannel - radioteletype signals _employing
d Converter CV-157/URR, pro-

. outputs of the

(1) Refer to paragraph 17 for normal oper-
u(mg and auxiliary connecnom for the
‘mode of operati
2) (mmect AGC NOR termumls 3 and 4
and IF. OUTPUT 50 OHM connector
106 to the age line terminals and the if.
input connector on Single Sideband Con-
verter CV-157/URR as shown in figure
5. (A cable terminated in Radio Fre-
quency Plug UG-88/U is required for
connection to receptacle J106.)
19. Service Upon Receipt of Used or Recon-
ioned Equipment
a. Follow the instructions in paragraph 15 for
unerating, unpacking, and inspecting the equip-
ment,

ent.

5. Examine the used or reconditioned equip-
ment for tags or other indications pertaining to
changes in the wiring of the equipment. If any
changes in the wiring have been made, note the
change in this technical manual, preferably on
the schematic diagrams.

¢. Check the MEGACYCLE CHANGE and
KILOCYCLE CHANGE knobs for ease of rota-
tion. Tf lubrication is required, refer to the lub-
rication instructions in paragraph 106.

d. Perform the installation and connection pro-
cedures given in paragraphs 16, 17, and 18.

. CONTROLS AND INSTRUMENTS

thie veson, it is important to know the function
of every control. actual operation of the
equipment is discussed in paragraphs '  oigh
28,




MEGACYCLE CHANGE

Figure 21, Radio Reoeiver R-390/URR, front panel.
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Figure 22, Radio Recciver R-390/URR, back panel.

Receiver R-390/URR Controls

radio receiver and their functions are listed in the following chart:

Contrl

\ i

LINE LEVEL

[P—

LINE METER off-on and range switch_

of ;
In OFF position, switch disconnects LINE LEVEL meter from balsnced-line
+10 position, 10 db is to be added to LINE LEVEL vu rea

EVEL meter is read direetly in vu; in —10 pos
10601310 bopbatsid i LINE LEVEL % sz

LINE GAIN control
A6C FLOWMEDFARE
stant swi

HIyETER on aviteh aad threshord

CARRIER LEVEL meter_

fime’Son- | Determines rpidty 'of changs In g of receiver for 8 certaln obuago of ai

In'any poition other than OFF, adjusts limiting of peak signal impulses to
creased reduction of signal peaks is obtained at

Indicates lvel of incoming rf signal. (Indication of 0 db when RF GAIN

teh
BFO PITCH control...

AUDIO RESPONSE switch._

BREAK IN switch_

. P bandin KC for 450-cs . ampiir siage.
Vils Rt o
Vi e o i e, T PR i S A
filter is inserted into audio circuit; in MED, position, » 3,500-cps low-pess
filteris inserted; in WIDE position, no filter is used.
Tn ON position, bresk-in relay control circuit is connected to REMOTE
| CONTROL rcaptace 7105 and balancedice output s disconnesd trom
3105,




Contrl

Functon

FUNCTION switeh When rotated to an

sourse s slcts dosrod esiver functin. Tho' pou

y_position other than OFF, connects receiver o power
s and functions

are as follows
Fundion
STAND BY. .. iver disabled but Slaments remain lighted snd
Sesliaors o an; et mdy o ieat .
AGC...oo.......... Ganjscontrolled sutemateny to normal
MGC Hao dim colled macualy by Y RE GAIN
ontrol.
CAL.————_...___. Caltrtion orastor foncctoms 46 supply signal st
0040 points
SQUELCH Squelch iected for silencing receiver when
aput signal als below threshold level determined by
setting of RF GAIN control.
ANT. TRIM control
BFO OFF-ON In ON position,
DIAL LOCK control.. | Lo xoCYOLE
ZERO ADJ. contro 2 When turned o . dosngagee (quency incletor (rom KILOGYCLE
CHANGchntm\furc-lxbn ion purpe
LOCAL GAIN control
RF GAIN control.._. Controls gain of f and if. amplifiers. When

clockwise po

MEGACYCLE CHANGE control
KILOCYCLE CHANGE control

than 1 &
o and ko reads

dicates subtractior
reading.

S e Gl a0 pessr St

[k hi
re digts on froquency ‘ncator

Trdieted by s two i, lusor mius

squeleh circuit is operative,
when in the maximum

i any one of 52 tuning steps; changes reading of first two digits of fre-

in a band, and changes reading of last
Frequency range of control is slightly
hen tuned o 8 frequency higher or lower then that
sign is displayed in space between
o indicates addition, snd & minus sign in-
n reading of firat two digits to obtain a true

bls
b

dset to the receiver.

PHONES j
OVENS OFF-ON awieh (. 2.

oven HR401 and v
Fuse AC 3A (fg. 22).
Fuse B-+3/8.4 (8

Protects

Serew-driver adjustment.

1 ON posiion, 2 volta 10 are spplid to eystal
fo oven HE:

Birosa voves oottt Emnsonil

Section Ill. OPERATION UNDER USUAL CONDITIONS

Warning: The voltages employed are suffi-
ciently high to endanger human life. Every v
caution should be taken by personnel to
the danger of shock. See that GND t.:rmmll lB
on rear panel (fig. 22) is grounded.

22. Starting Procedure

Caution: The ac power supply of the receiver
must be set to the correct ac input voltage. Refer
to paragraph 17. Make sure that all of the exter-
nal connections to the receiver are satisfectory for
the desired type of operation outlined in para-
graphs 17 and 18,

a. If the radio receiver is operated under low-
temperature conditions, or in a location where
there is considerable variation in temperature, set
the screwdriver-adjusted OVENS ON-OFF
switch on the back panel to ON.  When the set is
operated in a temperature-regulated building or
when maximum frequency stability is not required,
set OVENS ON-OFF switch to OFF.  When the
receiver is secured in the cabinet and is protected
by dust, remove the top and bottom dust covers of
the receiver to provide adequate ventilation.

5. Turn the FUNCTION switch to AGC. Be-
fore operating the receiver, allow it to warm up
for several minutes.




23. Reception of Voice Signals

a. Set. front panel controls to positions indi-
cated : BFO to OFF, LINE GAIN to 0, RF GAIN
to 10, LOCAL GAIN to 5, BANDWIDTH to 8
KC, AUDIO RESPONSE to MED, AGC to
MED., LIMITER to OFF, and disengage the
DIAL LOCK control.

5. With the MEGACYCLE CHANGE AND
KILOCYCLE CHANGE controls, et frequency-
indicator reading to frequency of desired station.
If a plus or minus sign appears in the space be-
tween the megacycle and kilocycle readings on the

dial (because of over-travel of the KIIA)LYCLE

decreased, respectively, by 1 me to

arrive at the true frequency. To maintain tuning
accuracy of at least 3 ke, calibrate the dial as di-
rected in paragraph 26 each time the MEGA-
CYCLE CHANGE control is operated to select
another band.

¢. Adjust the KILOCYCLE CHANGE and
ANT. TRIM controls for maximum reading on
the CARRIER LEVEL meter.

d. Tighten the DIAL LOCK to prevent chang-
ing of frequency setting.

e. Adjust the LOCAL GAIN control for de-
sired volume level.

/. If noise is excessive, rotate the LIMITER
control clockwise as needed.

9. When the signal fades rapidly, set the AGC
switch to FAST.

h. If interference is encountered, set the BAND-
WIDTH switch to the 4-KC position, or, if neces-
sary, to the 2-KC position.

4. When it is desired to quiet the receiver be-
tween transmissions, set the FUNCTION switch
to SQUELCH and rotate the RF GAIN control
counterelockwise from the full-on position to
reduce high-level noise. Avoid reducing gain to
such an extent that the desired signal is also
eliminated.

o Duaut e SOUBLCH 1 e dsrd i
weak or subject to fad

j- When the bnllnwd-lme output circuit is be-
ing used to feed the telephone line or other equip-
ment, set the LINE METER switch to the re-
quired range and adjust the LINE GAIN control
for desired reading on the LINE LEVEL meter,
normally at O-VU.
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F. Tf the break-in relay is connected to the trans-
mitter control circuits and the receiver is to be
disabled during periods of transmission, set the
BREAK IN switch to ON.

24. Reception of CW and MCW Signals

Operato the receiver controls in the same mi
ner as for voice reception, with the following
exceptions:

a. Set the BFO switch to ON.

5. Adjust the BFO PITCH control for com-
fortable pitch.

c. If signal interference is encountered, set. the
BANDWIDTH switch to the next lower position.
For greatest degres of selectivity, set the BAND-
WIDTH switch to 2-, 1-, or 1-KC position and
the AUDIO RESPONSE switch to SHARP.
Set the BFO PITCH control at zero, tune the
receiver for zero beat, and reset the BFO PITCH
control for a comfortable pitch.

d. For manual gain control only, set the FUNC-
TION switch to MGC and control the sensitivity
with the RF GAIN control.

¢. When receiving machine code transmissions,
set the FUNCTION switch to AGC and turn the
AGCswitch to SLOW.

J; Torsducethowffctaof fuding st ha FUNC-
TION switch to AGC a n the C switch
to SLOW. For full sensitivity, rotate the RF
(,Am control to position 10 (maximum clock-

ise).

e Do not use SQUBLOH when reeiving mew
signal
25. Reception of Frequency-Shift Signals

Correct, operation of & radio receiving system
designed for the reception of frequency-shift sig-
nals depends, to a great extent, on the experience
of the operator and his ability to analyze the op-
erating conditions at any given time. The set-
tings of the controls then will depend on the op-
erating conditions. ~Refer to the technical manual
covering the receiving system for the exact operat-
ing procedure.
26. F-qu-n:y-lnduum Calibration

‘To maintain the tuning accuracy of the receiver,
calibrate the frequency indicator at the point
nearest the frequency desired for reception when-
ever the MEGACYCLE CHANGE control is
operated to select another band. Calibration is
accomplished by the use of the internal calibration
oscillator as follows:



4. Set the BANDWIDTH switch to the .1-KC

position.
5. Set the AUDIO RESPONSE switch to
MED.

¢. Set the RF GAIN control to 10.
d. Set the LOCAL GAIN control to 5.
e. Set the BFO switch to ON.
f. Turn the BFO PITCH to 0.
. Turn the FUNCTION switch to CAL
h. Adjust the MEGACYCLE CHANGE and

KILOCYCLE CHANGE controls for a reading

on the frequency indicator at the 100-ke point

nearest the frequency desired for reception.
i. Tllrn the ZERO ADJ. control fully clock-

w

Rotn[e the ANT. TRIM to obtain indication
on CARRIER LEVEL meter.

k. Adjust the KILOCYCLE CHANGE con-
trol for s 2o best indfeaton i the headost or
speake

- Turn the ZERO ADI. control counterclock-
wise tostop. The dial now is ealibrated necurately.

27. Antijamming Instructions

When an operator recognizes that his receiver
is being jammed, he promptly will inform his im-
mediate superior officer. Under no conditions will
he cease o To provide maximum intel-
ligibility of jammed signals, he will adhere to
the opemuoull procedure indicated for each type
of operation.

Ve receiving voice signals, and the re-
ceiver is being jammed, follow edure in
the order indicated below until signal is heard
with the Teast amount of interference.

(1) Rotate the KILOCYCLE CHANGE
control very slowly through several dial
markings on cither side of the desired
signal. Some separation of the desired
signal from the jamming signal may be

chieved.

@) B the mm)wu)u-[ switch to_the

r 2-KC position: whichever gives
o bt ooty Sl 1y tune as deseribed

in (1) above.

(3) Adjust the ANT. TRIM control to the
point where the signal is heard with the
Teast amount of interference.

(4) If the noise is severe, sd]ust the
LIMITER control as requi

(5) When the jamming signal e ek,
the FUNCTION switch to MGC e

turn the RF GAIN control counterclock-
wise. The interfering signal might be
reduced enough to permit, part of the
desired signal to come through.
£ these steps do not provide some degree
of signal separation, request a change in
frequency and call sig
Request the use of ew operation if this is
permissible (b below)
I practicable, change the direction,
length, and height of the antenna. This
practice may reduce the jamming effec-
tiveness o that some degree of rend-
thre obtained.

(9) If the j: ]mnmmg action is such that com-
‘munication is impossible, report this fact
to the immediate superior. Keep the
radio receiver tuned to the desired signal

frequency continue to operate.

5. When receiving o or mew signals, and the

receiver is being jummed, follow the procedure

the order indicated below until read-through is

established.

(1) Rotate the KILOCYCLE CHANGE
control very slowly through a few dial
markings on either side of the desired
signal. Some separation of the desired
Signal from the jamming signal may be
achieved.

S»t the BANDWIDTH switch to the 1-
v .1-KC position and set the AUDIO

RESPONSE switeh (o SHARP. Slow-

Iy tune as deseribed in (1) above.

Reset the BFO PITCH control; it may

be possible to separate the pitch of the

desired signal from the jamming signal
to provide readability.

(4) Perform the steps indicated in a(3)

through (6), (8), and (9) above.

. When receiving frequency-shift signals, refer
to the technical manual covering the receiving
system for antijamming instructions.

28. Stopping Procedure

«@. When the receiver is not to be used for a
short interval but is to be maintained in a state
of readiness, turn the FUNCTION switch to
ST AND BY.

e, Tho FUNCTION prith shold ot be et i
ong i the STAND B won

b. Turn the chnon switch to OFF.




Section IV. OPERATION UNDER UNUSUAL CONDITIONS

29. General

The operation of Radio Receiver R-390/URR
may be difficult in regions where extreme heat,
cold, humidity and moisture, and sand conditions
prevail. Procedures are given in paragraphs 30,
31, and 32 for minimizing the effects of these un-
usual operating conditions.

30. Operation in Arctic Climate

Subzero temperatures and climatic._conditions
associated with cold weather affect the efficient
operation of the equipment. Instructions and

recautions for operations under such adverse
conditions follow :

a. Handle the equipment carefully.

. Keep the equipment warm and d

c. Place a knitted woolen cap over the earphones
when operating in the open air with headsets that
do not have rubber earpieces. Frequently, when
headsets without, rubber earpieces are worn, the
edges of the ears may freeze without the operator
being conscious of this condition. Never flex rub-
ber earpuces, since this action may render them

usels r gets into the recelvem, or if
water mnd nses within them, it may fi
impede the action of the dizphragms. When this
happens, unscrew the bakelite cup, and remove the
ice and moisture.

d. When equipment that has been exposed to
the cold is brought into a warm room, it will start
to sweat until it reaches room temperature. This
condition also may arise when a room warms up

r a cold night. When the equipment has
reached room temperature, dry it thoroughly.

31. Operation in Yropm:l Climate
When operated in a tropical climate, radio
squpruent can be installd in ente, huté, o whon
ary, in underground shelters. When equip-
ment. s fnstaled balow. ground Jevel, and. when
it is set up in swampy areas, moisture conditions
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are more acute than those normally met in the
tropics. Ventilation usually is poor, and the high
relative humidity causes condensation of moisture
on the equipment whenever the temperature of the
equipment becomes lower than the surroundmg

The receiver never should be inclosed t
such an extent that adequate cireulation of air is
prevented.

32. Operation in Desert Climate

a. Although high temperatures and low humid-
ity are characteristic of desert climate during the
day, the drastic fall in temperature at night often
causes condensation on the equipment. Dry the
equipment thoroughly, as requ

b. The main problem which arises with equip-
ment operation in desert areas is (he large amount
of sand, dust, o hich enters the moving
partaof thooquipment. The |dul puvenuve pro-
caution is to house the a dustproof
shelter. Since, however, such a hmldmg seldom
is available and would require air conditioning,
the next best, precaution is to make the building
in which the equipment is located as dustproof
as possible vailable materials. Hang wet
sacking over the windows and doors, cover tho
de walls with heavy paper, and secure the side
walls of tents with sand, to prevent them from
flapping in the wind.
Neter is power cords, igoal cords of oher
wiring connections to either the inside or outside
of tents. Desert areas are sub]ectwsuddan wind
squalls which may jerk the connections loose or
break the lines.

Keep the equipment as free from dust as
possible. Make frequent preventive maintenance
Pay particular attention to the

essive amounts.
of dust, sand, or dirt that come into contact with
oil and grease result in grit, which will damage the
equipment.




CHAPTER 3
ORGANIZATIONAL MAINTENANCE

Section 1.

33. Tools, Materials, and Test Equipment Re-
uired

The following tools, materials, and test equip-
ment are required for organizational maintenance
‘procedures.
a. Tools.
ool Equipment TE~41
b. Material
Checsecloth, blonched, lintfre.
Paper, sand, flint No. 0000.
Solvent, ])ry Cleaning (SD) (Fed. spec No.
1a).

e Test Eq m;m,m
Electron Tube Test Set TV-7/U, TM 11-5083.
Multimeter TS-552/U, TM 11-5527.

34. Special Tools Supplied With Radio Re-
ceiver R-390/URR
(fig. 22)

The special tools supplied with the receiver are
mounted on the back panel, as shown in figure 22.
The use of these tools is described in a through d
below. Spare 20-ampere, 3-ampere, and 34-ampere
fuses are mounted on the rear panel of the receiver,
under a protective cover.

Section Il. PREVENTIVE
35. Definition of Preventive Maintenance

Preventive maintenance is work performed on
equipment (usually when the equipment is not in
use) to keep it in good working order so that
breakdowns and needless interruptions in service
will be kept to a minimum. Preventive mainte-
nance differs from trouble shooting and repair
since its object is the prevention of certain troubles
rather than their correction (refer to AR 750-5).

36. General Preventive Maintenance Tech-
nique:
a. Use No. 0000 sandpaper to remove corrosion.
b, Usea clean, dry, lint-free cloth or a dry brush
for cleaning.

TOOLS AND

a. Tube Pullers. Two cable grip type tube
pullers are furnished: one for 7-pin miniature
tubes and the other for 9-pin miniature tubes. To
remove & tube, slide a tube puller of the proper
size over the tube envelope. Pull upward on the
tool and, at the same time, wobble the tube slightly.
After the tube has been removed from the socket,
remove the tube from the tool by pushing the tube
toward the handle.

b.. Right-Angle Phillips Screwdriver. The No.
8 right-angle screwdriver is used to remove the
screws which secure the dust covers, front panel,
removable subchassis and terminal strips.

¢. Fluted Socket Wrench. The No. 8 fluted
socket, wrench is used to remove the front-panel
bar knobs and the MEGACYCLE CHANGE and
KILOCYCLE CHANGE knobs, and to loosen the
collars which secure the camshafts and gears in
the mechanical tuning system.

Pin_ Straighteners. The T-pin and 9-pin
straighteners are attached to the back panel.
When a miniature tube is inserted into the receiver,
cither after maintenance or for replacement pur-
poses, it first should be inserted into the proper
pin straightener to align the pins properly.

MAINTENANCE SERVICES

(1) If necessary, except for electrical con-
tacts, moisten the cloth or brush with sol-
vent (SD) ; then wipe the parts dry with

Clean electrical contacts with o small
brush moistened with carbon tetrachlo-
ride; then wipe them dry with a clean
cloth.

Caution: Repeated contact with car-
bon tetrachloride or prolonged breathing
of the fumes is dangerous. See that ade-

uate ventilation is provided.

¢. If available, dry compressed air can be used
at a line pressure not exceeding 60 pounds per
square inch to remove dust from inaccessible
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places; be careful, however, to avoid causing me-
chanical damage to delicate parts.

d. For further information on preventive main-
tenance techniques, refer to TB SIG 178.

37. Use of Preventive Maintenance Forms

4. The decision s to what items on DA Forms
11-238 and 11-239 are applicable to this equip-
‘ment s a tactical decision to be made in the case of
first echelon maintenance by the communication
officer/chief or his designated representative and,
in the case of second and third echelon mainte-
nance, by the individual making the inspection.
Tnstructions for the use of each form appear on
the reverse side of the form.

b. Circled items in figures 23 and 24 are par-
tially or wholly applicable to Radio Receiver

RR. Paragraph references in the ITEM

column indicate paragraphs in text which give ad-
ditional or detailed information.
38. Performing Preventive Maintenance

Caution: Tighten screws, bolts, and nuts care-
fully. Fittings tightened beyond the pressure for
wluc.h they are designed will be damaged or

roken.

a. Performing Eaterior Preventive Mainte-
nonce, Promniins maictznancs s pertormed on
the exterior of the equipment as follows

(1) Check thesquipment ngsost e table of
components (par. 7), list of running

spares (par. 12), and st of additional
u]uipmem required (par. 13), to see
components or parts are not missing.
Observe the general condition of the
equipment.

(2) Use a clean, lint-free cloth to remove
dust, dirt, and moisture from the head-
set, glass windows of the front-panel
meters, front and back panels, and dust
covers.

(8) Tnspect for proper seating of the antenna
lead-in cable, headset, and power-cord
plugs, and fuses on the back panel. See
that connections to the terminal boards
on the back panel are secure.

(4) Operate ﬂm controls to check for bind-

and KILOCYCLE CHANGE controls
indicates a damaged tuning system or
the need for cleaning and lubrication.

(5) Check for normal operation of the re-
ceiver (par. 46)
) Clean and tighten the exterior of the
case and POWER and REMOTE CON-
TROL connectors.  Use a clean, lint-free
cloth. Remove grease, if necessary, with
a cloth dampened in solvent, (SD) ; then
wipe the parts dry.
Tnspect the case and front and back
panels for moisture and corrosion. Re-
‘move rust spots with No. 0000 sandpaper.
Touch up the bare spots (par. 40).
Tnspect the antenna lead-in cable, power
cable, headset.cord, and all other external
cables for cuts, breaks, fraying, deteriora-
tion, kinks, and strain. Repair the cuts
in the insulation by covering them with
rubber tape held in place by electrician’s
tape. Replace or repair torn cables.
(9) Inspect the antenna for bends, corrosion,
loose fit, and cracked or broken insulators.
If the antenna is bent, straighten it, if
possible; if the antenna cannot be
straightened, replace it. Tighten the
lace cracked or broken

(10) Click for Ioosnss of the front-panel
rol knobs. Tighten them with the
fited socket wrench provided.

(11) Use a clean, damp cloth to clean the
glass windows of the front-panel meters
and frequency indicator; then wipe them
dry. Clean the name plate.

(12) Tnspect the front-panel meters and the
frequency indicator for cracked or broken

in
(13) If deficiencies noted are not corrected
during inspection, indicate the action

taken for correction.

b. Performing Interior Pre Mainte-
nance. 'To perform interior mumnmm, pro-
ceed as follows:

Caution: Disconnect the power cable from the
power source before performing the follnwing
operations. Upon completion, reconnect the
pover cable and check for satisfactory opmnon.

) Remove the tubes from their sockets, one.
at & time, and inspect for loose envelopes
and cracked sockets. Remove dust and
dirt from the tube envelopes. Check the
tubes for emission and short-circuited
electrodes; use Electron Tube Test Set
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wighten the tube pins with
the pin straighteners on the back panel.
Replace the tubes carefully: check for
adequate spring tension in the individual
See. that the tubes are
in the sockets in an upn
positon and (it tube shiela ae -

See that corrugated
re replaced in the vfo tube
shield and that the ~h|r-l<l is tightened

fi
for sk, ilgs v declonstion.

(3) Tnspect antenna relay K101 (fig. 80) f.“
 loose mounting burued, pited.
Rl ot o Tack ot kot
s springe; and imsnficlont sy tone

Section Il
39. Lubrication and Weatherproofing

Sign: when

ler severe climatic conditions such ns

a. General. Corps equipment,

operated
prevail in tropical,
quires special treatment and mainter
crowth, insects, dust, corrosion,
d extreme temperatur
e

etic, and desert regions,
e Fun-
alt spray, ex-
are

cessive moisture,

harmful to most »

b Tropic A special moisture-

proofing and fungiproofing treatment has been

ch, if properly applied, provides a
t

7 Maintenance.

devised wh

Winter Maintenance
sary to prevent poo
operational failure of equipment in extremely low
temperatures are explained in TB SIG 66 and TB
SIG 219,

d. Desert Special
necessary o prevent equipment fa
subject o extremely

performance or total

Maintenance, precautions

high temperatures, low hu-

Section IV. AT

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

(5) Inspect terminals of large fixed capac-
itors and resistors for corrosion, dirt, an
Toose contacts,

(6) Clean and tighten the connectors in the

(7) Inspect terminal wips for loose connee-
tions, eracks, and bre
(8) Clean nml ehten

mountin transformers,

umlmnom and
chokes,

Potenciometersand sheoatat
(9) Trupect Tranformer TH0L (g 78) of

PP-621/URR for over-
Inspection should
de soon after shutting down th

receiver.

(10) Check the condition of moistureproof
and fungiproof material in the receiver
(par. 30

LUBRICATION AND WEATHERPROOFING

and excessive sand and dust are explained
SIG

ion is to be per-
90/URR at organ

istructions are con-

e. lvrbmulmu No lubrie
formed on Radio Receiver R-
izational level. Lubrietion i
tained in paragraph 106,
40. Rustproofing and Pai

a. When the finish on the front panel or case

zed, touch up bare
Use solvent (SD) to remove dirt and

Caution: Do not use steel wool. Minute parti-

cles frequently enter the ease and ca ful
internn s or ing of cire

. When a touchup job is necessary, remove
oo paint from xln» case and front panel, and

apply paint with a small brush. - Paint (Specifi-
SHILL 5 11857) usd willbe o 2610 i
gloss gray enamel (Federal Specifieation TT-C-

When a front-panel marking has been
ased, use « fine brush and white enamel to re-
Dlace the marking:

E LEVEL

41. General
4. The troubleshooting and repairs that can be
formed at organiz e level

N

(operators and repairmen) are necessarily limited
in scope by the tools, test equipment, and replce-
able parts issued, and by the existing tactieal sit-
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uation. _Accordingly, troubleshooting is based on
the performance of the equipment and the use of
the senses in determining such troubles as burned-
out tubes and overheated transformers.

b. The purpose of the puragraphs that, follow
in this section is to assist the operator in deter-
mining which of the subchassis of the receiver is
at fault and in localizing the fault in that assem-
bly to the defective stage or part, such as a tube or
fuse. Repair will be limited to the replacement
of those parts included in the running spares.

42. Visual Inspection
a. Failure of the equipment to operate properly
may be caused by one or more of the following
faults:
(1) Tmproperly connected, worn, or broken
. 4).

(2) Improperly conueeled worn, or broken
speaker or l\endxe
(3) Bumed-out fuse (g, 22).
(4) Grounded or hmken antenna or antenna
ad-in.
(5) Improperly connected antenna lead-in.
(6) Defective tube (par. 43 and figs. 25 and

(7) Tmproperly connected or sented external

or internal interconnecting cal

(8) Loose connection on terminal strips on
back panel (fig. 22).

b When the receiver il to operss and the

s not immediately apparent, check as many

of the abors ftams a4 1 practicable before start-

ing a detailed examination. If possible, obtain

information from the operator of the receiver re-

garding performance at the time the trouble

When visually inspecting the tubes for
burned-out filaments, it may be discovered that
more than one tube is not lighted. This condi-
be caused by one filament burning out
in @ cireuit having several filaments in series
All filaments, except the four connected directly
across the 25.2-volt filument supply, are connected
in series circuits which include two, three, or four
filaments.In u series circuit, an open filament
in one stage will cause another stage to appear
defective. Tubes V605, V606, V801, and V802,
oven heaters HR401, HRT701, and HR901, and
indicating lamps T 101 and T 102 are connected
directly ncross the 25.2-volt. filament supply.
Cold-cathode, gas-flled tubes V608 and V609, also

3

known as glow-discharge voltage regulators, do

ot vequire heated laments, Figures 25 and 26
show the locations of all tubes in Ra eiver
R-390/URR. As an aid in locating trouble
caused by an open filament circuit, the reference
designations of the tubes in each filament circuit
are listed belo

Serien Mlament clrcults (5. 54)

V202, V203, V204, and V2
a V201

V01 and Voo

43. Tube-Testing Techniques
a. General. When Electron Tube Test Set
TV-7/U, or equal, is available, test the tubes
(nccording to the instructions supplied with the
tester) for shorts, leakage, and cither emission or
mutual conductance. If a tube tester is not avail-
able, a similar receiver in good operating condi
tion can be used to test the tubes by the substitu-
tion method described in b below. If another
not available, the tubes can be checked
by substituting spares, as described in ¢ below.
Observe the following precautions when removing
and replacing tubes
Test each tube and replace it in its socket
before removing another tube. How-
ever, if it is necessary to remove more
than one tube for testing, mark each one
so that it can be replaced, if satisfactory,
in the proper socl
Remove the tube shields by pressing down
and turning_one-fourth turn counter-
clockwise. The vfo tube shield is held
in place by a e i clnm t the
corrugated mef tis in place when
replacing the vi n, Lube shield.
(3) Use the proper tube puller (fig. 22), and
extract the tubes carefully. Avoid ex-
cessive movement of the tube from side
to side during emmmm as miniature
tube pins are ben
hlmlglnmlhr|)m~wlLI\ll\epmslrmghb
eners on the rear panel of the receiver;
then replace the tubes in the receiver.
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(5) Do not dlscard tubes that were replaced

tubes when using the tube sub-

iation method.  Thee tubes o be

hocked on a tube cheskers if good, they
may be used in less critical circuits.

b. Checking Tubes by Substitution in a Similar
Receiver. Tune a similar receiver, which is in
good operating condition, to a voice signal that
is not subject to fading; a signal on one of the

ver-frequency bands is preferred. Turn the
FUNCTION switch to AGC and the RF GAIN
contro o he position marked 10. Make thesub-

he faulty v

g position e tho gl Tacaivar, one tube 46 &
time; tap the tube under test, and, if noise or
abnormal change in volume is observed, replace
the tube. A considerable decrease in indication
on the CARRIER LEVEL meter, or a noticeable
decrease in volume or quality of the signal emit-
ted from the speaker or headset, indicates a weak
or otherwise defective tube. However, different
test results for the following tubes must be
observed.

(1) When tube V509 or V510 (age circuit)
is weak, a_ decreased indication on the
CARRIER LEVEL meter Fl i 5

weak

s
cause an increase in indication on the
CARRIER LEVEL meter without any

change in volume. A weak section of
V511 (if. eathode follower) will produce
a weak signal at IF OUTPUT 50 OHM
connector J106. To test tubes V507 and
V510 (noise limiters), tune the receiver
away from the test signal and, if noiso s
received, rotate the LIMITER control
clockwise; the tubes under test and tubes
that_are know
equally effective in
After testing these tubes, return the
LIMITER control to OFF, and retune
the receiver to the test signal. To .
V508, turn the BFO switch to ON and,
while turning the BFO PITCH control
through its entire range, listen for the

at note.

(2) Check tubes V801 and V802 of the ac
power supply to see that all four heaters
glow with equal brightness; a blue flash
indicates an arcing tube. V605, V606,
and V607 of the audio-frequency sub-

chassis and V701 of the vfo subchassis
are checked by listening to the audio out-
put and observing the indication on the
CARRIER LEVEL meter. Visully
inspect V608 and V609; if they do not
low properly, they will cause abnormal
B+ voltage. When testing tubes V901
and V902, turn the FUNCTION switch
to CAL, tune through several 100-ke
points, and observe the indication on the
CARRIER LEVEL meter.

Tubes in the af circuits are tested by
listening to the volume and quality of the
output signal of the af channels. When
testing tubes V601, V602, and V603
(local af amplifier), listen to the output
signal of the local audio channel. When
testing V601, also test the squeleh cireuit
by tuning betsween stations to see if it is
operating properly, that is, eliminating
all interchannel noise and static. When
testing tubes V602 (1ine af amplifier) and
V604, Tisten to the output signal from
the balanced-line circuit and observe tho
indication on the LINE LEVEL meter.
Generally, small changes in LINE
LEVEL meter indication may be ex-
pected because of the differences among

tubes.

¢. Checking Tubes by Substituting Spares
Replace the tubes in the faulty receiver, one at
a time, with the respective spare tubes, following
the same genenl procedure outlined in b(1), (2),
and (3) al

44. Checking Power Cable Assembly CX—
1358/U

A defective power cord is often the cause of an
inoperative receiver. The repairman often can
save time by checking this cable first. Remove
the connector from the ac input and, with the
cable assembly still attached to POWER recep-
tacle J104, connect an ohmmeter, such as that in-
cluded in Multimeter TS-352/U, across the ter-
minals of the ac connector. Turn the FUNC-
TION switch to OFF; the ohmmeter should
indicate infinity. With the FUNCTION switch

t to STAND BY, the ohmmeter indication
should be about 15 ohms for 115-volt ac input
and 3.5 ohms for 230-volt nc input. Tf these con-
ns are not obtained, remove the cable assem-
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Pigure 25, Radio Reccirer R-390/URR, top deck, tube location. e
bly from the receiver receptacle. Check for a  Warning: To prevent electrical shock or han

tween ful short circuits, turn off the receiver before re-
I fora  moving the plugs or touching any cireuits other

ok
hetween the  than those specified below.

short cireuit in the cord by measurin
the two te of the ac conne

break or an open circuit by measy
acited terminai of the two connectors, 1€ 4. Power Supply and Af Subchassis. Set the
these tests show that the cable assembly is good,  FUNCTION switch at MGC and tl\c AUDIO
the fault is in the receiver. RESPONSE switeh at MED. the RF
IN, LOCAL GAIN, and LINE GALN con-

45. Subchassis Testing trols to their extreme clockwise positions. Re-
Make the simple tests outlined in . b, and ¢ move tubes V50T and V510 and, with u pointed

ble  metallic probe with an insulated handle, touch
tube-socket pin 1 of A loud click in the
or headset indicates that the power su
af subchassis are functioning. Replace

af subehnssis and

below to determine in which subehassis the t
lies. When an abnormal indication in these tests
is obtained, further checking of the tubes, con-  speak
Hectors. and fuses of the suspeeted subehusas often  ply and
will disclose the source of the trouble. the tubes after the test.  If the
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Figure 26, Radio Receiver R-390/URR, bottom deck, tube location.

power supply are functioning, proceed with the
test described in b belows if these units are not
Functioning, check the followi

ble connection (par. 44).
(3) Speaker or headset.

(4) Tubes V801 and V802 (fig.
(5) Tubes V601 through V606 (fig. 26).
(6) Cable connectors on af subehassis (fig.

).

7. Subchassis. Remove plug P226 (fig. 86)
from receptacle J526 and touch the contact of the
receptacle with the probe. A loud click from the
speaker or headset indicates that the af and if.
cireuits are functioning. Replace the plug. If

the if. subchassis is functioning, proceed with the
testing of the rf subchassis (¢ below). If the
subchassis is not functioning, check the following:
(1) Tube V510 (fig. 25).
(2) Tubes V301 through V307 (fg. 25).
(3) Connector J517 en the if. subchassis
(fig. 68)
Rf Subchassis.

tenna to the antenna recept

‘The connection of the an-
cle while the receiver
Toud clicking sound
‘When a sound is not
produced, check tubes V201 through V205.

additional test can be made by turning. the
FUNCTION control to CAL and tuning to cali-
bration signals




46. Troubleshooting by Using Equipment Per-
formance Checklist

a. General. "The equipment performance check-
st (par. 47) will help the repairman to locate
trouble in the equipment.  The lst gives the items
tobe checked, the conditions under which the item
is checked, the normal indications and tolerances
of correct operation, and the corrective measures

to be taken. 7o use this list, follow the items in
numerical sequence.
b. Action or Condition. For some items, the

information given in the action or condition col-
umn consists of various switch and control set-
tings with which the items are to be checked. For
other items, it represents an action that must be
taken to check the normal indication given in the
normal indications column.

¢. Normal Indications. The normal indications

47. Equipment Performance Check

listed include the visible and audible signs that

repairman should perceive when he checks
the items. If the indications are not normal,
the operator or repairman should apply the
recommended corrective measures.

Corrective Measures. The corrective meas-
ures listed are those that the operator or repuirman
can make without taning | in the equipment for
repairs. A referer able to a paragraph
indicates that. the trouble. cannot, bo.corrected
during operation, and that troubleshooting by an
experienced repairman is necessary. I the re-
ceiver is completely inoperative or if the recom-
mended corrective measures do not yield results,
troubleshooting is necessary. However, if the
tactical situation requires that communication be
maintained and if the receiver is not completely
inoperative, the operator must maintain the re-
ceiver in operation us long as it is possible to do so.
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CHAPTER 4
THEORY

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

48. General
Radio Receiver R-390/URR provides for the

reception of voice, c-w, and frequency-shift signals
over _frequen to he re-
ceiver s basi eterodyne of the mul-
tiple conversion riple conversion is used
for the lower frequencies (.5 to § me) and double
conversion for the higher frequencies (8 to 32 mc).

b1 operates from a self-contained
power supply designed to operate at 2 nominal
Rl of 15 06 690 yols ovet & frequency range
of 48 t les et second (cps)
of Rudio Recsiver
1500/ provides Tnear taming ovor the entire
frequency range of the receiver. Permeability
tuning (insertion of powdered-iron cores into
coil) and u system of gears and cums make pos-
sible and the use of a counter-type
indieator am th foont panel to show the frequency
selected.

d. Radio Receiver R-390/URR employs uni
tized tion consisting of seven subchassis
which are mounted onto a main frame. Certain
components of unrelated electrical circuits some-
times are located on the same subchassis. The
circuit analysis given in the following paragraphs
is bused upon the signal path established in the

g

iian st remmber tht the physieal location of

« component often is quite removed from the cir-
is For example, al-

though the voltage regulator is effect

of the power supply. it is actually located on the

af subchassis, to

de-

termine on which subchassis a |)m|(\|ln\r compo-
nent is located, refer to figure 107.

49. Block Digram
i

mo.}. shows the signal path
from the antennn t 6he utput. . A schemati Jia:

gram (fig. 108) shows details of the circuits in the
sume order. A schematic diagram of each sub-
chassis and the interconnecting wiring is shown
in e 107,

. Power Supply PP-621/URR provides direct
current (de) for the antenna and break-in relays,
4 to the flament and oven circuits, and B+ volt-
age to the voltage-regulator circuit. All B+
voltages supplied to the receiver are regulated.
The voltage-regulator cireuit consists of series
regulator V605 and V606, de amplifier V607, and
voltage-reference tubes V605 and V609. The
power supply has a_transformer, with two pri-
mary windings connected in series for 230-volt ac
operation (or connected in parallel) for 115-volt
ac operation and rectifiers V801 and V802, De
voltage for the break-in relay circuits is provided
by dry-disk rectifier CR801

. Rf signals are fed to the receiver from either
a balanced or unbalanced antenna.
G

npmm to protect the antenna cireuits of the re-
ceiver during standby operation. ~ If the balanced
antenna input is used, the rf signals pass through
one of several antenna transformers (selection of
which is determined by the operating frequency of
the receiver) and are fed to first rf amplifier V201,
If the unbalanced antenna input is used, the sig-
nals are capacitor-coupled to secondary of the
teduitornsrs and are applied to first rf

T The alibati iclitas (V901 and V902)
supplies a signal at every 100-ke point within the
fyeqlmnty range of the receiver. A 1,000-ke

tal-oscillator stage, one-half of V901, provides
a w_nml for synchronizing multivibrator stage
V902 at 100 ke. A buffer-amplifier stage, one-
half of V901, isolates the multivibrator from the
loading effects of the rf circuit and increases the
strength of the higher 100-ke harmonics. When
the FUNCTION switch is in the CATL position,

a



B+ voltage is fed to the calibration oscillator
cireuits.

e. The output of first of amplifier V201 is
coupled to the grid of second rf amplifier V202.
The gain of the first and second rf amplifiers
is controlled manually by the RF GATN control
and n\llonmt\cn!ly by the age voltage. Thwa

. Tho et of the soond
¥f amplifier (5 to 32 me) s fod to cither the
first or second mixer, depending on e MEGA-
CYCTE CHANGE contral stting. For fre.
quencies from .5 to 8 me, the rf signal is mixed
with the output of first erystal oscillator V401 in
first miser stage V203 to produce an if. signal
which is variablo in frequency from 9 to 18 me.
For frequencies from § to 32 me, the rf signal is
fed directly from the output of the second rf stage
to second mixer V204, The heterodyning signal
for this mixer is supplied from second crystal
oscillator V402 The if. range of the second-
mixer-output signal is 3 to 2 me. Tt should be
noted that the intermediate frequency at the out-
put of the second mixer decrenses as the input
signal frequency increases. The input to third
mixer V205 always has a frequency range of 3 to2
me except in the 5- to 1-me band, in which case it
has a frequency range of 25 to 2 me.  The output
of 455 ke. The frequency range of the vfo s from
in the third mixer to produce a fixed frequency
of 455 ke. The frequency range of the vfo is from
5 to 2455 me on all ranges of the receiver
except the 5 to 1-me range, in which cass the
upper fregtoncy limi: o 2968 me.

The 435-ke output signal of the tlurd mixer
is applied to the grid of first if. amplifier V501
ther diveetly or throngh erystal lter Z501, de-
pending on the bandwidth desired. For the two
narrow pas bands, L and 1 ks, the ceyatal ltee
is used. Four additional degrees of selectivity

stal filter are

in the if. stages by the BANDWIDTH switch
which varies the coupling betuveen the p
secondary circuits of the if. transformers.  The
it ampliio consists of six stages, V0L through
V506, which, together with the associated trans-
formers, provide the n-(|mmd pass band. The
output of fifth if. amplifier V505 is divided to
supply a 453-ke signal to ench of three stages:
sixth if. amplifier V506, age amplifier V509, and
the eathode follower, one-half of V511, T)

put signal of the sixth if. amplifier is demodulated

4

in the detector cireuit, one-half of

de load may be connected fr
LOAD terminal 14 nd ground with the fumper
eteen terminals 14 and
put of the fifth if. amplifier is amplified in o
xullpllhcr V509, and the resulting signal is rectified
e rectifier, one-half of V510, When the
FUNCITON » set for AGC operation, the
gain of rf amplifiers V201 and V202 and of
amplifiers V501 and V503 is controlled automati-
cally by do valtage desloped by the age rectifier,
onelulf of V3I0, t kep the output level of the
re ely constant and independent of
by slvn\[:lb variation at the antenna. Thus
for str nals, the grid bias is high and the
min of the controled stages s reduced and for
wealk signals the grid bias is reduced and gain of
the controlled stages i ased. The response
ato of the g cineits ean bo conteolled to satafy
reception loqluruxm-nk thongh the' e of the
AGC switch, the age time constant circuit, and
onedadf of tabe V311, For MGC aperation, the
age bus is grounded by the FUNCTION switch.
The cathode follower, one-half of V511, provides
a low-impedance connection (50 ohms) from the
output of the fifth if. stage for use when the re-
ceiver s employed for frequency-shift teletype-
writer and single-sideband reception. To facili-
tate operation in the reception of Tadiotelgraph
signals, in certain system applications and in cali-
bration, bfo tube V508 provides a signal in the
to 458 ke. This signal is

=

sixth if. amplifier to produce a beat frequency in

the output of the detector which is in the af range.

The output of the detector 1f of V507) is

coupled to the af amplifier (one-half of V601)
i alf

®
?

iter (one-h:
V507) and a positive peak limiter (one-half of
V510) which prevents noise peaks from exceeding
average signal level. If operation mi
ing is desired, the limiters can be disabled by a
front-panel control

. Tn addition to supplying s mﬂ: to the lim-
iter, the detector, one-half o supplies a de
signal to the squeleh tube, one- lm!fufwu which
a voltage amplifier. The average de output volt-
age of the squelch tube varies 1n proparion tathe
average signal level. When the signal level drops
below some predetermined noise level established
by the setting of the RF GAIN control and when
the FUNCTION switeh s set for SQUELCH op-




eration, this voltage operates squelch relay K601,  half of V602) and a line af amplifier (one-half of
which ~circuits the output of af amplifier  V602). The output of the local af amplifier sup-
V601 to quiet the receiver output. The output of  plies signals to local af output tube V603, which
the af amplifier also can be shorted to ground by has connections for a speaker or u headset and for
relay K602, when the FUNCTION  side tone signals from an associated transmitter
switch is set to STANDBY, or to either MGC, (5 permit monitoring. The line af amplifier sup-
AGC, or SQUELCH when the BREAK IN  pjieg sigmals to line af output tube V604, which
switch ia sat 16/ON and an has connections for a balanced line.

u
(one-half of V6
separate gain controls to a local af amplifier (one- R

Figure 21, Radio Receiver R-390/URR, block diagram.

Section II. CIRCUIT ANALYSIS

in the range of 5 to 1 me. Movement of this
tuning core in conjunction with other tuning cores
throughout the equipment (par. 80) is effected
by rotating the KILOCYCLE CHANGE control,
The voltage developed across the secondary of
201 s applid,through switeh 5205 (rar) and
coupling capacitor C227, to the control grid (pin
1) 0f ft o amplifier V201, When an unbal
anced antenna such us a whip is used, connection
is provided from J107 'hm\lgh J109 and P209, and
through switch 201, eapacitor C204, switch 5205
(rear), and coupling capacitor C227, o the control
orid of V201 When this type antenna is used, it
is connected to the secondary winding of T201.
The B section of capacitor C201 is provided for
aligmment purposes. - Switch S203 connects either
section A or B or both of C225 in parallel with
fixed capacitor C203.

b. In addition to its basic function as part of
the antenna transformer, the secondary winding

b : of T201 along with R201 provides a de path for

to1-meband. This means of simpli- e 7 b i
eation wil e folowe i the diccusion of ll e, VISIME the rid of the firs xf amplifer. To
ceeding stages e ofherwise ndiatad, D, Prevent rectve ffets beten the transformer
mary winding of T201 is balanced to ground by and the transformer naxt dower in fre-
B e e Gy Tange, the latter is shortcireuted by $205
capacitor C201._The 125-ohm input impedance of (f* 15 therctse shown, fhars 12 10 Jowe
201 i essentilly resistive, but the reactive com-  (1e1uency range, cherefore, the secondary wind-
ponent depends crtcally upon the adjusiment 1 of To05'i8 shortad.Inmea. Antinna rslay
of the ANT. TRIM capacitor C225, in paratlel K101 i operated through the brenkein relay cir-
with 203, Ty suitable adjustment, the reactive  <Uits and it grounds both antenna-input circuits
component may be made less thun 20 ohms over  When an wsociated transmitter is i operation,
the entie frsquency rangs of the transtormer during calibration, and during standby operation.
However, at higher frequencies it may 4. Resistor RI26 prevents the gradunl accumulation
erably greater. The primary and secondary wind.  f & static lectrieal charge on the antenna, and,
ings of T201 are magnetically coupled and electro.  1f an unusually strong charge is induced (such as
tatically shiclded. Transformer T201 contains a  might be caused by transmission from an adjncent
powdered-iron core which is movable for purposes  transmitter) glow tube 1 103 becomes momen-
of achieving resonance for any desired signal  tarily conductive and passes the charge to ground.

a3

50. Antenna Circuit
(fig. 28)

‘The antenna circuit provides means for match-
ing antennas that have different characteristics to
the input of first rf amplifier V201.

@ Antennas that have a nominal, balanced, ter-
minal impedance of 50 to 200 ohms and terminate
in two wires (such as twin lead or dual-conductor
coaxial cable) are connected through J108 to the
primary winding of one of six antenna trans-
formers. One lead connects through J110, P210,
and $202, and the other lead connects through
J111, P21, and S20L. Six transformers (T201
through T206) are employed to cover the fre-
quency range of .5 to 32 megacycles. The trans-
former in use for a given band is selected by the
operation of S201, 5202, $208, 5204 and S205.
Since the theory of operation is identical for all
bands, only one band is shown in the stage sche-
matic diagram (fig. 28). The conditions shown




. Switches S201 through $205 are sections of
315 paeitan b il il 4 gpdratd by b
MEGACYCLE CHANGE ntrol.  When the
new position, the fol-
neously.
(1) One of the six antenna transformers is
inserted into the input circuit (depend-
\z on the operat ted;
(2) Both, or either, of llu- two section
l'l(l\( m.pmm are added to the
antenna cire required.
(3 O of the nmued transformer secondary
windings is short-circuited
d. The antenna circuit is designed to cover a
e i six b, a3 fllows
2004 § me, § to

5tolme 1to2
16 me, and 16 to
for each band is

e, The transforme. used
201 through T206, respectively.

Figure 25, Antenna circuit and first rf amplificr,

sehematic diagram.
(Contatned 1o separate envelope)
51. First Rf Amplifier V201
(fig. 28)

T S ¢ iNGE e & LIRS patods
tube, type 675, se the amplitude of the
signals from the it e they are applied
to the second rf stage. The following disc:
Will b concerned only with the 5. t 1-mc band.

a. Grid bias for the first rf amplifier is supplied
by cathode resistor R203 and RF GAIN control
R1z3, and from the age st through FU C.
h S107 (w}m. set to A
pling resistor 202 (which i bypassed by C558),
The sccondary winding of T201, the contacts of
5205 (rear), and grid resistor R201 (which is by-
passed by (2 R201 drops most of the grid
bias developed by V201 when strong off-tune sig-
nals are present and prevents this bias voltage
from backing up into the age line and blocking off
the receiver.
rotated to the MGC position, the age line is
grounded and tube bias is controlled completely
by RF GAIN control R123 and eathode resi
R203. To prevent degeneration in the first rf
stage. low reuit from cathode
round is provided by cxpacitor (229, Since
RF GAIN potentiometer R123 also controls the
n of second rf amplifier V202 (through R209)
and of first and fth if. amplifiers V501 and V5
(through P117-16 and J517-16), decoupling is

aa

tor

pedance signal

necessary.This is accomplished by C231, which

e & lowceitacon pati to groind ot radio
termediats frequencies and. sts 15 & noise
filter when the RF GATN control isopermd. n
external gain control may be connected between
terminals 1 and 7 (GND) of TB102 (fig. 22), pro-
vided the jumper between terminals 1 aml 2is
removed. The sereen grid (pin 6) p
obtined hrough voltage dropping itor B2

rom the output of the 180-volt supply through
L:u», J214-A, and P114-A, and FUNCTION
switch S107 (fr To prevent variations in
voltage caused by sereen-current
signal voltages that appear on the
issed to ground through capacitor
Rf choke L246 and bypass capacitor C339
tion as a low-pass inductance-capacitance fil-
terto prevent =f signals from entering the common
B+ i, Plate volge
through voltage dropping r
of 7201, and band switch 206, and the power
supply is decoupled from the plate circuit of the
tube by capacitor C250. A very small value of
capacitance, C341, is added to the interelectrode
capacitance between the plate of V201 and ground
so that its value equals that of V202, This is done
to provide tracking in the 16 to 32 mc range.
Voltage for the plate and screen circuits is applied
thrmlgh FUNCTION switch S107 (front) in all
STAND BY and OFF.

P 5. Signala from the antenna circuit are applied,
through coupling cupacitor 22, o thoe control
grid (pin 1) of the first rf amplifier. The ampli-
fed signals appearing st the plate (pin 5) of the
fes £f mplifierars spplind to e circuit 2801
The output of the first rf s not taken from
Serie U e Smimact kst et 1o casmiciod
to the junction point of (233 and €333, two series
capacitors which v sa o vollage divider atross
tho coil. This ciruit wrrangement provides 3
High Q (since it reduces loading) and un increased
) (ince i limite guin) gt any
ng that the gain control might cause as a
result of tube capacitance veriation in the follow-
ing stage. In mldnmn tracking at the higher
frequency ranges is facilitated by the fact that the
tube . civent wring capacitance is across only
 portion of the resonant circuit. The output sig-
nals of the first rf amplifier are applied, through
band switch S207 and coupling eapacitor C251, to
the grid circuit of the second rf amplifier. The
tank coil of Z 201 is permeability-tuned for reso-




the operation of the KILOCYCLE

nance by
CHANGI controls and €232 is provided for

alin

o T adtiton (o the normal 57 signals, a cali-

bration signal (par. 76) can be applied to the grid

circuit nf \ o Ll\mugh J924, P24, and coupling

capa (fig. 62) provides an

easily acee »«:ble connction to the grid cireuit for
poses.

ches S206 and S207 are sections e
six-position band switch mentioned previously
(par. )), and are controlled by the Ml'(xA-
CYCLE CHANGE control. Selection of one of
ned cireuits in the output circuit of the
nplifier is made with this control. The
frequency e of ech e ciruit s s fallows:
7201, .5 to 02,1 to 2 m to4 me;
7204, 4 to. X me; /201 8to16m Ai(m‘ lli t0 32 me.
The core in each tuned circuit is movable and is
controlled by the KILOCYCLE CHANGE and
the MEGACYCLE CHANGE controls through
the differential except for the 5- to 1-me and the
1- to 2-me bands when it is controlled by the
KILOCYCLE CHANGE control only.

52. Second Rf Amplifier V202
(fig. 29)

‘The second rf amplifier uses a miniature pentode
tube, type 6BJ6, which amplifies the signal volt-
ages from the first rf amplifier.

. The grid return to the age circuit is through
parasitic suppressor R221, grid bias resistor R207
and resistor R208. Resistor R208 and capacitor
€252 form a decoupling network. The cathode
(pin2) and suppressor grid (pin 7) are connected
together and return to ground through cathode
esistor R209 and RF GAIN control R123.
is the cathode bypass capacitor. Provision !nr
external RF GAIN control is at terminals 1 and 2
of TB102 which normally are connected together
by a jumper. The RF GAIN control is common
o the first and second rf stages and the first and
fifth if. stages. Connection to the ]uner is made
through P117-16 and J517-16. solates the
first rf stage from the circuit. The screen grid
(pin 6) s bypassed for rf by (254 und is
to the junction of R210 and T
lex across the 180-volt supply.
cireuit is completed to B+ through
oil of 7207, and decoupling resistor
I is bypassed by (278, Additional fil-
tering of the supply voltage is accomplished by

2

The

1246 and €339 which also prevent rf signal volt-
ages from entering the power supply

e signal is applied through band switeh
8207, coupling eapacitor C:
pressor R221, to the control grid (p
ond rf amplifier V202, The amplified signal ap-

amplifier plate circuit, capacitors C256 and C335

in series as a
To achieve greater selectivity than is obtainable
from one tuned ireuit,the unetion of thess capac-
itors is coupled, through capacitor 274, to the
grid of the first mixer and to another tuned cir-
cuit, 2213, i s dentical o 2207 and contans
a voltage - made up of capacitors C277 and
e ot capacitors have been
selected 50 that only one-tenth of the output volt-
age is applied to the control g (pin ) of the
first mixer, V203; since this is equivalent to con-
necting tho grid of V21 to tap nine tenchs of the
way down on coils of 2207 and Z213 grid loading
and detuning are reduced (because tube input
‘made negligible by the use of  large
in the grid vlrcmn and this
y is obtained. Tuned 207
and 2213 are individually shielded, fo prevenl
coupling between fank <oils; a separate shog for
each circuit is mounted on the
rack. Trimmer capacitor
test point E207 (fig. 62) co mua to the grid of
V202, are provided for repair and alignment pur-

tion to tuned circuits Z207 and Z213,
which cover the 5- to 1-me range, five pairs of
inductors cover the additional ranges: 2208 and
7214, 1 to 2 me; 2209 and Z215, 2 to 4 me; 2210
and 2216, 4 to 8 me; 2211 and 2217, 8 to 16 me;
and 7212 and Z218, 16 to 32 me. Triple conver-
sion is used in the frequency range of .5 to 8 me,
and double conversion is used in the frequency
range of 8 to 32 me. Therefore, in the frequency
range of .5 to 8 me, the output from the second
rf amplifier is fed through switch $209 to the grid
cireuit of first mixer V203, and in the frequency
range of 8 to 32 me, the output is fed through
switch 210 to the grid cireuit of second miser
V204, The resonant circuits are tuned by vary
the degree of insertion of powdered-iron cores.

Figure 20, Second rf amplificr, schematie diagram.

(Contained 1 separate envelope)




53. First Mixer V203
. 30)

The first mixer stage uses a miniature triode,
type 6C4. On frequency ranges from .3 to § me,
the signals from the output of the second rf ampli-
fier are applied to the control grid (pin 6). The
output of the first crystal oscillator V401 is ap-
plied to the cathode (pin 7), and the two signals
are heterodyned in the mixer stage to produce a
signal of 9 to 18 me in the plate cireuit. The
frequency of this signal is variable and is the sum
of the frequencies of the two input signals (par.

a. Grid bias for V203 is developed across R213,
and R214 is a parasitic suppressor. The cathode
cireuit, composed of the secondary of transformer
T401 and resistor R404 in series to ground, pro-
vides cathode bias. Bypass capacitor C404 pre-
vents degeneration ncross R404. B+ to the plate
of the first mixer is fed through tank coil of Z219,
decoupling resistor R215 (which is bypassed for
rf by C304), 1246, J214-A, and P114-A.~ Capaci-
tor C305 provides fixed tuning. L246 and C339
serve as an rf filter, as described in the analysis
of the second rf amplifier stage (par. 52a). C306
is for alinement purposes.

b. The first mixer functions only over the 5- to
S-me range; therefore, throughout this range of
frequencies, the signal voltage from the second
of amplifier stage is applied through $209 to the
control grid of the first mixer. The injection
signal from the first erystal oscillator is a fixed
frequency for each frequency range and is applied
through T401, J421, and P221, to the cathode
(pin7) of V203. T401 serves to isolate the mixer
from the oscillator, and to match the low-
impedance cathode cireuit of the mixer to the com-
paratively high output impedance of the oscillator
plate circuit. The plate circuit is tuned over the
9- to 18-me range by changing the positions of the
powdered-iron_cores in 2219, 7220, and 7221,
Capacitors C306, €309, and C311 are provided for
purposes of alinement. The 9- to 18-me signal
from the plate of the mixer is fed, through C307,
€310, and $210, to the grid cireuit of second mixer
V204, Tuned circuits 2220 and Z221 are added
to provide additional selectivity. C308 s for fixed
tuning and provides equivalent capacitance to that
of the conxial cable across 7219 and Z221. The
rear section of S210 connects the output of first
mixer V203 to second mixer V204 for the .5- to

a6

8-me range (four bands), and connects the output
of second rf amplifier V202 to the second mixer
for the 8- to 32-me range (two bands). In the
8- to 32-me range, the front section of S210
grounds the output cireuit of V203.

¢. The powdered-iron cores which tune the tank
coills of circuits 7219, 2220, and Z221, move simul-
taneously to a predetermined position when the
MEGACYCLE CHANGE knob is turned. In
addition, the three tuned circuits are mounted on
& movable platform, the position of which is con-
trolled by the KILOCYCLE CHANGE knob
(par. 80). E208 (fig. 62) is provided for test
and alinement purposes.

Figure30. First mizer stage, schematic diagram.

(Contataed tn eparate envelope)

54. First Cryslul Oscillator V401
(fig. 3
The first crysm oscillator provides the injection
signal to first mixer stage V203 on the eight lower
frequency bands. For simplicity, the circuitry
for operation on only the first band, .5 to 1 me, is
shown in ﬁgm 31 The oscillator uses a type
GAJ5 miniature pentode, connected in an electron-
conplod Colpitieniype cineuit whore « Mgy slec.
tive erystal is substituted for the resonant circuit.
4. Bins is developed by crystal current, through
resistor R401. Since no crystals are in the circuit,
after the first eight bands, protective bias must be
provided to prevent damage to V401 on the re-
maining higher frequency bands. Resistor RA02
provides the required negative bias for the control
grid (pin 1) because of the positive potential on
the cathode (pin 2). The grid is returned to
ground through R401. Voltage for the screen
rid and the plata s epplied through coman
choke LA06 and resistor v R40D s 0
ol dropping ioon Tor e et grid (pin
6) and C438 is the sereen rf bypass capacitor.
The B+ voltage to the plate is fed through the
primary winding of T401. Both the plate and
sereen circuits are decoupled from the power sup-
iy by R408 and C405.
e oscillator is a triode consisting of the
1), and the

e (pin 2), the control grid (pi
screen grid (pin‘6). The screen grid acts as the
oscillator anode.  The control grid is connected to
erystal Y401 through the contact marked 0 of
switeh $402. Capacitor C438 returns the signal
to the oscillator tank through ground. Crystal
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Figure 31

Y401 and capacitors C401 and C402 form the
oscillator tank circuit ; the proportion of the feed-
back voltage supplied to the control grid is deter-
mined by the voltage divider action aeross the two
capacitors. The amoutof feedback issulicient
to maintain oscillation at the fundamental crystal
frequency of 9 me. Rf choke LA01, by offering a
high-impedance path to the rf signal, isolates the
bias resistor, R402, from the crystal circuit, and
thus prevents unnecessary loading, which might

is coupled into the plate circuit because of the elec-
tron flow within the tube, variations in plate lond-
ing have lttle effect on oscillator stability. Ca-
pacitors C414 and C415, in parallel, are connected
by switch S404 to the primary winding of T401
for adjustment to obtain the maximum output at
the resonant crystal frequency of 9 me. The 9-me
signal is magnetically coupled to the secondary
winding of T401 and is applied through jack J421
wnd Plu P221 to the cathode of fire miser tube
V203, Bias resistor R404 and bypass capacitor
ivtars a part of the cathode
2. Only five crystals and five trimmer capacitors
are used to cover the frequency range of .5 to 8
megacycles in eight steps (g 103 purt ). The
chart below shows 1, its funda-
mental frequency, the o in use, and

S soormiowa,_contRoLLso.

T
i

R
-

Firat crystat oxcillator, schematic diagram,

the step of switches S402 and S404. The step
corresponds to the reading of the two left-hand
digits of the frequency indicator on the front
panel.

Fudsmenet| s weion

o sunsep

0and
1 and .

2and7.

C414 is made up of five variable capacitors.
er V204

Note.

55. Second
(fig. 32)

The second mixer stage uses a miniature triode,
type 6C4. On the eight lower-frequency bands,
signals from first mixer tube V203 (or from the
output of the second rf ampli the 8- to
36-me range) are applied to the control grid (pin
6) of the mixer. The output of second crystal
omumm V402 is applied to the eathode (pin 7).
s heterodyne in the stage to o
(hne a slgnnl of 95 to % m i tha plete sironis
when the receiver is set to the .5- to L-me band,
and 3 to 2 me on all other bands. The frequencies

a7
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in the plate circuit are variable, and are the dif-
ference between the signal frequency applied to
the grid and the oscillator frequency injected at
the cathode (par. 103)

1. Grid bias is developed across R216, and cath-
ode bias is developed across resistor R40S which
is bypassed for rf by capacitor C408. B+ volt-
age is applied to_the plate through PILi-A,
J214-A, L2146, R217, and tank coil of Z222. De-
coupling from the power suppl\ s provided by
resistor R217 and_capacitor (313, 1246 and
€339 serve as an rf filter, as described in para-

sraph 51
5. Unlike the first mi c-
tions for all bands. ~ Signals are selected from the
first mixer or the second re by switeh S210
(rear) (fig. 30) and are applied through
tor (312 to the control grid (pin 6) of
The injection signal from the second crystal oseil-
lator is applied to the mixer cachole (pi n
through T402, which serves to solate the mixe
from the oscillator and to mateh the low- Ympn]-
ance cathode circuit of the mixer (o the compara-
tively high output impedance of the oscillator
plate circuit. The signal from the mixer plate
is applied throwgh coupling capacitors C316,
€519, and (322 to the grid of third mixer V20,
. Sinee the output freuency of che plte cir
cuit is variable ove e (
mw), it is necessan
This is achieved by postoning pow dored-
iron ¢ coills 2 3, and %224,
pin E209 (fig. 62) in the grid cireuit and capa
tor C314 in parallel with (315, C317 in parallel
with C318, and 320 in parallel with C321 in the
funed circuits, are provided for repair and aline-
ment purposes.

56. Second Crystal Oscillator V402
(fig. 33)

v, the second mixer fun

The second ¢
sigmnal to second mixer V204 on all 32 frequency
bands. For simplicity, the circuity of the first
pand, 5 to 1 me, is shown in figure
Tator uses a type 6AJ5 miniature pentode in
Colpitts_cireuit employing crystals as the fre-
determining element of the grid circuit.

Bias is developed by erystal current flowinge
n.mug, R405 in the grid (pin 1) circuit. Addi-
tional bias is developed by eathode resistor Ri06
in the cathode (pin 2) cireu

ystal oscillator provides injection

e

rid (pin 6) voltage dropping resistor and C409
he sereen grrid rf bypass eapacitor. B+ voltage
is fed to the plate through the primary of T402.
Both the screen and plate circuits are decoupled
from the rover supply by R40T and C407. Addi
provided by L40G and C436.
oscillator is  triode consisti
2), the control grid (
(pin 6). The sereen grid acts as the
plte for the oscillator and is at g al
for the sigmal voltage. The portion of the signal
satug, which is fed from the sereen grid (or
plate) fo the control rid to maintain osillation

1 the fondamental erystal fxeql ney (12 me) is
determined by the voltage div ction of se-
ries-connected cap pacitors C105 and C406, To pro-

duce sustained oscillations, the values of these two
capacitors are selected so that the feedback s not
at the electrical center of the tuned circuit. 402,

an vf choke in the eathode circuit, offers u high
impedance path to the rf signal whi es bins
resistor Rit6 and prevents unnecess ing of
the erystal Flctron coupling of the rf
il mto the plate cireit eliminates the eflets
on the stability by variations in the plate load.
rs C420 and C419 are placed in the pri-
reuit of T402 by switch 403 to permit ad-
justment for maximum output at the resonant
stal frequency of 12 me. The signal is coupled
ough T402 o the cathode ¢ nd
mixer tube V204 through jack J422. 4
response to the operation of the MEGA-
CYCLE CHANGE control, switch mkmn s401,
at the position marked O, connects Y406,
cut to 12-me frequency, to the‘control gnd (pin1)
at the same time that switch section $403 connects
capacitors C419 and one seetion C420 into the plate
(pin 5) circuit for alignment purposes. To facili-
tate the use of  fewer number of crystals and to
avoid the use of fragile erystals required to cover
the higher f anges, the fundamental fr
quencies of 18 crystals, or their harmonics are
used. Crystals are selected by switch section S401.
5403 selects the trimmer section of 420 used
ench erysta

(1) The chart below shows the erystal s
bol, its fundamental frequency, and the
step or position of $401. The step cor:
sponds to the reading of the two left-
hand digits of the frequency indicator on

the front panel.
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(2) The following chart shows the step or
n of $403 and the trimmer section

posi
which is used to resonate the plate
inductance.
540 en s sestion
o bando, | c420and Cato.

H (lhm (,u:y 6 ond 15
4 an c:
Sand 13 ~7| C420 and Ca21.
7and 17.

8.

. The 24 trimmers contained within (420 are
adjustable for the required output frequencies.
The adjustments are described in the alinement
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procedure given in chapter 5. As indicated in
paragraph 103, 10 bands operate directly at. the
fundamental frequency, 13 at the second harmonic,
and 9 at the third harmonic of the corresponding
crystals. To obtain frequency tripling on the
fourth band, series capacitor 433 is used to de-
crease the total capacitance introduced into the
tuned primary of T402. In addition to decreasing
the number of crystals required, frequency dou-
\g and tripling eliminate the need for the ex-
tremely delicate crystals for the higher frequencies.
57. ..d Mixer V205
. 34)

The nmd mixer stage uses a miniature triode,
(ype 6C nals from second mixer V204 and
variable fnsqurm-,y oscillator V701 are heterodyned
in this stage to produce an intermediate or differ-
ence frequency of 455 ke for application to the
first if. amplifier grid circuit.

4. Bias voltage for the grid of this stage is
developed across grid resistor R218. Cathode
bias is developed across resistor R219 and the com-
bined resistances of the secondary components of
Z702. L7104 is wound on R705. The combined
resistance of the parallel group is less than .1 ohm
and provides the de return for the cathode. B-+
voltage is applied to the plate (pin 1) through
P114-A, J214-A, L246, R220, and through pri-
mary winding L340 of T207. Resistor R220 and
capacitor C325 form a plate circuit decoupling
network. 246 and C339 serve as an rf flter, as
described in the analysis of the second rf amplifier
(par. 51).

. The output signal
mixer stage V204 is appl

t0 2 me) of the second
d to the grid of the third

x through coupling capacitor C322. The vfo
onl .45 o 2455 me i applied, from tuned cir-
cuit 2702 (composed of T701 and an impedance
‘matching network made up of R704, C708, L703,
R705, 704, and C709), to the cathode of V205
through mza 7229, and coupling capcitor CA23.

i

Tnmsformer 1“107 Has
wdriver-
adjusted powdered-iron core is pnmdsd for aline-
ment purposes. The secondary winding of L241
is center-tapped. The center tap is connected to
the shields of a pair of coaxial cables, the center
conductors of which are connected to the ends of
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Figure 35, Second crystal o

the winding. The shields become grounded when
this e b comneeted to the nest stage, through
P226 w (par.59).  output sig-

1 of the third mixer is applied (o the fist it
amplifier circuit.

58. Variable Frequency Oscillator V701
(fig. 35)

‘The variable-frequency oscillator uses a minia-
ture pentode tube, type 5749, connected as a Hart-
ley oscillator to produce the injection signals.for
the third mixer stage. The oscillator grid (pin
1) is eapacitively couplied by CT04 to tank circuit
7701 The cathode (pin 7) provides oscillator
plate current to sustain_oscillation
through a tap near the ground end of L702. The
screen grid (pin 6) acts as the anode of the oscil-
Tator and is held at rf ground potential by C705.
Thus, the sereen grid is effectively an electrostatic
the grid and the plate (pin

rid (pin 2) has negligible effect
ded to helpy reduce the interelectrode
capacitance of the vfo tube. The signal app
ing at the plate (by electron coupling) is applied
through Z702 to the cathode of the third
“This oscillator arrangement is exceedingly stable
and insensitive to load variations.

4. Bias for the control grid is developed by the
flow of grid current through RT0L  Capacitor

oomonaL conTroLLEd
"Grciirs
-
scitator, schematic diagram.
704 prevents the grid-bias circuit from shorting
to ground through low-resistance coils L701 and
702 A positive potential is applied to
n 6) through voltage-dropping resistors
703 and RT02. Capacitor ('.u.a acts as a low
impedance return for 1 to the grounded
side of Z701. The ;mlenunl on the plate (pin 5)
is applied through R703 and the primary winding
of TT0L R703, together with C706 and CT07,
form a low-pass flter to isolate the oscillator stage
from the power supply.
The signal developed by the triode portion
of the vfo modulates the electron flow to the plate
the primary of TT0L The
jnal is magnetically coupled to the
which is a part of the cathode cireuit of
the third mixer stage, where it heterodynes with
the vfo to produce a fixed frequency output of 455
ke In addition to T701, 4702 contains R704,
708, 1703, 1704, R705, and €709 which form a
band-pass mm vaz matehes the low impedance
eathode third mixer V205 to the rela-
high u\ll])ul impedance of vio tube V701
harmonies of the oscillator
output frequencies. L704 provides a low-r
ance path for the de eathode current of the mixer
stagze, and it has negligible cffect on the value of
the load resistor, R705, over the frequency
of the vo.

tiv
and attenuates
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Figure 35, Variable frequency oscillator, schematic diagram.

c. Tuning unit Z701 is inclosed within a her-
cally sealed can: the temperature of the
tuning unit s maintained st constant level bya
heating element d around the can,
and wiich s dosigmated HEFOL on figure 107
part L The can should not be opened under any
circumstances; the tuning unit is adjusted accu-
rately under laboratory conditions at the factory,
and any attempt to perform adjustments except
under these conditions would affect the accuracy
of the unit seriously. The tuned circuit includes
capacitors C701, CT02, and €703 ross
he series-connected coils. These capacitors are
selected carefully with regard to temperature co-
efficient so as to achieve a high degree of frequency
stability. When the temperature at. the receiver
ocation varies over a rathe

ceiver. The oven current is controlled by thermo-
stat switch ST01 (fig. 54) to maintain a constant
oven temperature of 75° C.
d. As the receiver is tuned from the lowest to
the highest, frequency within a_particular band,
a powdered-iron slug within coil L702 is moved
to change the frequency of the vfo over a range of
455 to 2455 me. The slug is moved through
the range in exactly 10 turns of a precision lead
serew that is coupled mechanically to the KILO-
CYCLE CHANGE control knob on the front
panel. The frequency of the oscillator varies
linearly over its entire range because of a preci
sion fatory adjusted mechanism. Tho inductance

of trimmer coil L701 is also factory-adjusted to
obtain a 1-megacycle range for ten turns of the
tuning screw. The variation in the inductance of
the coil is obtained by adjusting the core of the
coil with a screwdriver.

59. Crystal Filter
(fig. 36)

. To distinguish between adjacent signals, and
o provent inerference from signale of o fre-
quency close to that of the desired carrier may
require a pass band as narrow as 100 cps
455-ke if, amplifier. Crystal filter Z501 provides
the filtering action necessary to establish the two
narrow pass bands of 0.1 and 1ke. Tt is a part of
the bandwidth control systen. that provides the
required degree of select v all modes of
oAt fovn e capability of Radio Receiver
R-390/UR]

b. The crysul filter has u erystal that is cut for
a frequency of 455 ke. The circuit consists basi-
cally of one half of the secondary L241 (between
terminals 3 and 4), erystal Y501, resistors R502
and R561, and capacitor C502.

¢. The inductance L and eapacitance C are used
primarily to tune out, or cancel, the effects of
capacitance found in the grid circuit of first if.
tube V501, the wiring, and the adjacent com-
ponents. This is done to reduce the crystal load
circuit to one which is essentially purely resistive,
and thus to prevent the crystal from tending to

A variable neutralizing capacitor is

d between one end of the crystal holder
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for Y501 and the other half of secondary L241
(terminals 2 and 3). This capacitor feeds a volt-
age whose amplitude is equal and whose phase is
opposite that of the voltage applied from jack
J525 across the crystal holder eapacitance to the
control grid of V501, from jack J526. This out-
of-phase voltage serves to neutralize effectively the
capacitance of the erystal holder. The output of
the third mixer stage is coupled muguetimllly by
transformer T207, through mzr. and
P226 and jacks J525 and J5 u\ u;A rystal
filter Z501. When BANDWIDTH swi N(l\ 'wﬂl
s in the .1- and 1-KC positions the 4
is applied to Z501; on the remaining four pm
tions of the control marked 2, 4, 8, and 16 KC,
the signal is applied to the control grid (pin 1)
of V501 through coupling capacitor C50. Not
that with the switch in the lust four positions,
C503 short-circuits erystal Y501, but in the first
two positions, C503 serves as o low-impedance
connection at the intermediate frequency to
resistor R561.

d. With the BANDWIDTH switch in the .1-
KC position, the erystal is loaded principally by
R502 and €502, but R561 is shunted across R502
through C503. This reduces the total resistance
in the circuit; the RC combination which repre-
sents the crystal series load becomes essentially
capacitive, and the crystal tunes more sharply to
resonance. With the BANDWIDTH switch in
the 1-KC position, the crystal is loaded prin-
cipally by R502 and €502, and R561 is removed
from the circuit. Since this RC combination is
essentially resistive, the cireuit Q is lowered, and
the width of the pass band is increased. The ratio
between the crystal impedance and the resistive
load (1-KC position) and the ratio between the
erystal impedance and the capacitive load (.1-KC
position) are such s to maintain the same gain
in the circuit in both cases.

60. 455-ke If. Amplifiers

[T i, amplifie system, which has . very igh
gain, consists of six voltage-amplifier stages. Th
first five if. stages use 6BJ6 miniature penmdz
tubes V501 through V505; associated if. trans-
formers are T501 through T505. The output of
the fifth if. stage supplies signals through the
sixth if. stage V506 to the detector V507, through
the age amplifier V509 to the age rectifier, one-
half of V510, and, through the cathode follower,
one-half of V511, to the 50-ohm if. output jack,

T512 (g, 44). The gain of the if. amplifier s
controlled manually by the RF GAIN control
with the FUNCTION switeh set to MGC, AGC,
CAL, and SQUELCH. The gain is controlled
automatically by the age cireuits, when  the
FUNCTION switch is in the AGC, CAL, or
SQUELCH position.  When six amplifier stages
using the same power supply are tuned to approxi-
mately the.sume frequency (as in the case in this
amplifier), oscillation may occur as a result of
coupling between stages, mmuu\ the common
impedance of the power suppl prevent this,
decoupling networks are used in the ehd and plte
cireuits of all if. stages. Additional fltering is
led by choke L503 and Shpactony €530 and
C531 in the power supply circuit. In addition
to the selectivity obtained by the use of crystal
flter Z501, four degrees of selectivity are obtain-
able by varying the coupling between the primary
and secondary windings of each of the if. trans-
formers by means of the BANDWIDTH switch.

61. First If. Amplifier V501
(fig.37)

The first if. stage uses a type 6BJG miniature
pentode tube as a voltage amplifier of 455-ke
signals.

. The control-grid circuit of V501 consists of
the winding L in the crystal filter (2501) and
R501, which is bypassed by C501. Resistor R50L
is connected to the age circuit. The control grid

(pin 1) is returned to the age circuit or
through the inductor in 2501, R501, el 4
and 3 of TBL03, and the rear section of FUNC-
TION switch S107. Voltage from the age cir-
cuit is applied to terminal 3 of TB102 which, for
normal operation, is connected to terminal 4 by a
jumper. In the MGC position of the FUNC-
TION svitch, the age voltage is grounded. In
the MGC position of the switch, the dc return
path for the grid is through the inductor in Z501
and resistor R30L Under this condition, the
stage gain is controlled by the value of the cathode
bias (at pin 2) which is established by the setting
of the RF GAIN control R123. Minimum-bias
is Timited by R508. Capacitor C505 bypasses if.
on the cathode to ground. C504 and L501 are o
low-pass filter used to prevent interference of
signals between this and other stages which use
the common RF GAIN control. External con-
trol of the rf gain can be used by removal of the
jumper between terminals RE GAIN 1 and 2 of
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TB102 and connecting 1
ween terminal 1 and ground.
position of the FUNCTION switch, the voltage
from the age cireuit is applied to the control grid
and the stage gain is controlled automatieally by
the avernge signal level ns described in paragraph
6. However, the RF GAIN control is still effec-
tive under these conditions. The suppressor grid
(pin 7) is connected to the cathode. The screen
rid (pin 6) is bypassed for if. to ground by ¢
and is connected to the junction of
2 1 voltage divider across the
he plate (pin 3) cireuit is com-
plted to B4 through the primary of T501 and
decoupling resistor R506, which is bypassed for
if. by Additional fitering of the supply

00-0hm potentiometer
In the AGC

accomplished by 1503 and eapaci
a pi-type filter which prevents e
signals from entering the power supp ts.
The resistor connected across the primary wind
of T501 is used to achieve the required bnd-pass
characteristics for this stage.
b The 455-ke if. glml from the third mixer,
. is fed to the control grid (pin 1) of V301
her through erystal filter Z501, or directly from
the third stage through the contacts of
5501 and coupling capac-
“The amplified signils . the piate
1 to the control grid of

ding

. Three degrees of slectivity are obtainable by
col\l\eﬂmg one of three windings in transformer
T501. through |I|e contacts of BANDWIDTH

502 Two of these windings have u ser

resistor (Rmh and 508, These windings and

contribute to th lectivity

fier system. They are discussed in
more detail in paragraph 64,

62. Second If. Amplifier V502
(fig. 37)

‘The second if. amplifier uses a mini
ode tube, 6BJ6 as a voltage amplifi
. The grid (pin 1) returns to ground throu
a punmn of the secondary ng of
¥ited bins is obtained in the cthode { (pin 2)
cuit by plate current flowing through resistor R310
and_ potentiometer R362 which are in series to
L (509 is the cathode if. bypass capacitor
which is used o prevent d.mm.nnu in the cath-
le circuit. The stage gai et by a screw-
adjustment of R362 (G. N DY) during

ure pent-

an alinement procedure (par. 119). The suppres-
sor grid (pin 7) s connected to the cathode. The
sereen grid (pin 6) is bypassed for rf to ground
by C510 and is connected to B+ through \nltnge
dropping resistor R312 to the pi-type filter de-
scribed in the preceding stage discussion (pul, 61).
The plate (pin 5) circuit is completed to B+
through the primary winding of T502, (lecoupl\nu

(which is bypassed for rf 07)

and the il
b. The outjut of the first if. amplifier is applied
nhmug\ 01 to the grid of the second if. ampli-
fier. The range in voltage controlled by GAIN
ADJ control RA62 is increased by bleeder current
which flows through r 504 R304
screen grid voltage divider circuit of the first if.
amplifle stage. “The signal is unplifis and -
lied to dhe third i£ sige thraugh T502

$m

achieve the required bandwidth of the if. n.mpl
fiers. (-\ ke on either s f the intermediate fre
55 ke) and at the same time maintain

Y (2 to 5 micro-

atively large number of voltage
amplifiers must be employe

¢. Four degrees of selectivity can be obtained
 connecting one of four windings in transformer
T502, through the contacts of BANDWIDTH
switch S503. ave series
resistors (Ro14 and R515)
contribute to the final select
fier system and are discussed in more detail in
paragraph 64

63. Third and Fourth If. Amplifier V503 and
V504

(fig. 38)
Both the third and fourth if. stages use a minia-
ture pentode tube, type 6BJ6. Their operation
is the same us that of the second if. stage, except
for certain leﬂ(vwm\'s, which are discussed below.
. Cathode bins for V503 and V504 is decrensed

a5 the BANDWIDTH control is otated front the
ion to the 16-KC' position, to prevent
the gain of the if. stages from decreasing. (In the
(mlnn\n |f stage,as bandwidth is nmwd the
overall stage gain is decreased.) Resistors R518
sy ected, by |\Nn~uflhe=lu\e|
of BANDWIDTH control 5504, to fixed bias re-
7 and R526 of the cath ode.\( 2) of
ively. The restomsare in

troduced in series with the fixed bias resistors to
decrease the control-grid bias and thereby increase
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the gain proportionately as the band-pass is
resistors are selected to meet gain
requirements for individual if. amplifiers during
manufacture. If these resistors require replace-
ment, the original values should be duplicated.
The eathodes are bypassed for rf to ground by
capacitors C514 and (513, The suppressor grids
(pin 7) are connected to the cathodes.

b. Thesi . amplifier is fed
through coupling eapacitor (512 to the control
rid (pin 1) of V503 which is returned to ground
by R316. This grid leak resistor is necessary be-

cause the common gain adjusti s are used

e
before the age circuit can take control and reduce
the signal strength. This grid current, flowing
through the common cathode circuit of V503 and
V504, produces an additional bias voltage which
would block V504, Thus, no signal would reach
the age cireuit and the receiver would remain
blocked until the input signal to V503 was re-
duced. R516 Timits the flow of grid current to
very small amount which has negligible effect on
the cathode bins and prevents blocking. R522 and
RSIT are voltage dropping: mmm fm screen
grids (pin 6) of V503 and pectively.
The crcen g ds are bypassed rm»mn grmmd by
capacitor and G518, The plate (pin 5) of
V503 is mmmml to B+ through (lw pxlmnn
winding of T503, R523, and e of
V504 is connected to B+ through n.e pllmnr)
i Ro23 w
16 and R528 with C519 decouple the plate cir-
ts from the common B+ circuits.

. The amplified signal at the plate of V503 is

to the contr (pin 1) of
The amplified signal at the plate (pin
lnr manner through T50:

w sin
to the control grid of V7
4. Four degrees of selectivity can b obtained
by (vml\mlvl[_
former:
switehes S503 and S50,
each p RO
each secondary provide the required pass b
o of the windings in each
series resistors. R R
T503, and resistors Ra20 and R330 are
used for 04, These compon

one of four windings in trans-

network in series with

oy and

have

used fo
contribute to

the final selectivity of the if. amplifier system and
are diseussed in more detail in paragraph 64.

64. Fifth If. Amplifier V505
(fig. 39)

“The fifth if. amplifier uses n miniature pentode
tube, 6BJG. This stage is similar ration to
the previous if. stages except for certain dif-
ferences which are discussed below.

. The grid (pin 1) of V505 returns to ﬂ\e age
circuit through part of the secondary winding of
T304, resistor R309, and FUNCTION sw en S107
rar. I, signals are solated from the age cir

i resistor R09 +f by
I to ground by C505. The upvlutmu of the
TION switch and age cireuit are the same
tage s described for he first if, amplifer
61). The cathode (1 -onnected
or grid (pin T) and returns to
ugh bias limiting resistor R531, the
RF GAIN terminals 1 and 2 of TB102 and the
RF GAIN control Ri2. (520 is the cathode
bypass capacitor. The operation of the RF GAIN
control is the same as that described for the first
if. stage except that the level of the signals at
this stage is much higher and therefore additional
isolation of the cathode circuit from the other
controlled stages is provided by L501. The screen
grid (pin 6) is bypassed for rf to ground by €521
and is connected to the junction of R511 and R332
which form « voltage divider across the 180-volt
supply. The plate (pin 5) ciruit is unnplelell
to B+ through nm primary windin
decoupling resist 3 which is bypm-d for
¥ by Cp22. “Sdditional flteving of the supply
voltage is accomplished by L3503 and capacitors
C530 and €531, a pitype filter which prevents rf
signals from entering the power supply circuits.
2 ke signal from the previous ampli-
fier, V504, is coupled, through T504, to the control
erid of V505 The output of the plate of V505
is umple(l by T505 to the control grid of V506.
. The band pass of the if. amplifier system
can be varied in six steps by the BANDWIDTH
control over a range extending from .1 KC to 16
KC. This range is obtained by the effects of the
exystal filter (501) and by controlling the mutual

coupling between the windings of the interstage
The opera-

transformers (T501 through T505).
tion of the ¢

Mutual coupling in the transformers is con-
troled by the e of coils wound on the sme
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form s the primary ot secondary winding. Three
of these coils are used in T501 (fig. 105, part 2)
While four are used in the remain
Tormers, The et of thete cals 3 to aid o
oppose (depending on how they are connected)
the mutual coupling which exists betsveen the pri-
mary and secondary windings of the transformer.
When the mutual inductance is inereased, the
bandwidth is brondened and when the mutual
inductance is decreased, the bandwidth is nar-
rowed. The coils shown schematically nearest to
the secondary windings are effective in obtaining
the widest bandwidth. Transformers T502, T503,
T504 and T505 include those coupling coils which
are phase opposing. These provide the sharpest.
selectivity, because the smallest degree of coupling
exists betuween the primary and secondl\ry wind-
ings. One coupling coil at a time ected
i G tranaformbe 5prodites o givon dageee
of inductive wuplmg

. A sories coupling civeit mn mc!udas con-
acts of BANDWIDTIT cted con-
pling coil, and a capacitor nmmedud in parallel
with a resistor, is connected across each secondary
winding to obtain a given bandwidth. Resistors
of different values in series with the coupling coils
also may be included, when needed, to increase the
bandwidth. Each of the primary and secondary
windings is covered by a magnetic cup, and is
alined by a powdered iron slug.

(1) When the BANDWIDTH s

he position marked 1,1 or 5 KC, trans.
i coupling_circuits remain un-
changed; narrow bandidths for the 1-
KC and 1-KC positions depend on ciy
cuit changes in erystal filter Z50L. In
these_three positions of the BAND-
WIDTH switch, the coupling coil which
is phase aiding and mounted at the great-
est distance from the primary winding of
ransformer T501 is in the circuit.

(2) When the BANDWIDTH switch is in
the 4-KC' position, the coupling circuit
of transformer T501 remains the same as
noted in (1) above. Coupling coils that
are phase aiding and located at the great-
est distance from the primary windings

502, T503, T504, and T505 are used.
When the m\mmrrn switch is in

KC position, the middle coupling
il of transformer T501 and series
sistor, R307 are connected into the cou-

H
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pling circuit. The coupling coils in the
second positions from the primary w
g5 of transformers Tsnz through T
and series resistors 5
and R334 are included
coupling circuits. In this switch i
tion, the windings of transformer T501
are not mupled v closely as the windings
of T 3, T504, and T505, therefore
the single pcnk fequency response of
T501 fills in betsween the double-peak fre.
quency response of the succe
cuits, which are overcoupled.
When the BANDWIDTH switch is on
the 16-KC position the nearest coupling
coil of transformer T501 and coupling
coills that are nearest i primlry wind-
ings of the four other mers are
included in_ the (ouplmg ireuita, o
sistor R30S is in series with the coupling
of transfo rmer 501, and swisors
and re in series
with the (m.,u...[_ ol of To02, 1505,
T504, and T505.  As in the 8-KC posi-
n, the first circuit provides sharper se-
lectivity than the succeeding circuits,
compensate for double-peak frequency
response caused by overcoupling.

02,

g cir-

Figure 3. Fifth and sizth if. amplificrs, schematic
diagram.

(Contatned n eparate envelope)

65. Sixth If. Amplifier V506
(fie. 39)

The sixth if. amplifier uses a miniature pentode
tube, GAKG. This stage is similar in operation
to the previous if. stages, except for certain differ-
ences, which are discussed below.

a. Cathode b (ml,umm. b
contol) s prorided b
E

a serewdriver
R536 and poten-
“The cathode i 51 by-

23, The control
retumed to ground
u,muu. part of the secondary of T505. B+ volt-
- tothe sereen grid (pin 6) and the plate (pin 5)
upplied from the same de pntrlmul source
tlu‘ou;zh decoupling resistor R reen
w ml |)11m~ return ireuits are rf bypassed to g'mnnd
by €

[ 'um ke signal from fifth if. amplifier
305 is applied throngh

6 the control grid



of V506, through C539 to the grid of age amplifier
v.w, and to the grid of the cathode follower, sec-

B of V511 The amplified signal appearing
seehe plate of V506 is coupled inductively by 1506
to the detector, section A of V50T,

. Capacitor C525 neutralizes the interelectrode
capacitance between the plate and the control grid
of the sixth if. amplifier. This prevents the ou
put signal from beat-frequency oscillator V508
(swhich is applied to the secondary of T506) from
appearing in the output of the if. cathode follower.
In addition to providing fixed bias, variable re-
sistor R537, designated CARR-METER ADIJ, is
used in the carrier level meter (M102) circuit dis-
cu«,d  (par. 68).
nsformer T506 does not have provision
fur vurvnlg the selectivity. The 22000-ohm re-
sistor neross the primary winding, together with
the coil and capacitor across the secondary wind-
ing, permitsuny degree of bandwidth selected in
the previous stages to pass through the trans-
Tormer to the deteator without attenuation,

66. Detector and Limiter
(fig. 40)

The detector demodulates the #55-ke if. signal,
to recover the intelligence from the signal for most
types of operation of Radio Receiver R-390/URR.
The limiter minimizes interference by removing
noise peaks which exceed the amplitude of modu-
lation. The detector and limiter circuits are dis-
cussed together because the output of the detector
abuays s applied through the liter eireuit to af
amplifier, section A o

a. Detector. The etetceis pplies an_ audio
signal for application to the limiter and af stages.

(1) The detector uses one-half of V507, a
type 12AU7 miniature twin-triode tube,
connected us a half-wave diode rectifier.
The plate and control grid (pins 1 and 2)
et as an anode, which is connected to the
secondary of T506. The ground-return
circuit from the secondary inclu

iode Tond, which

heif. s £, amplifier
is applied through T506 to the detector
anode. During each positive half-cycle
of the if. signal, the anode is positive and
the tube conducts. Choke L302 and ca-
pacitor 526 block the if. signals from

the diode load, but permit the audio vari-
ationsto prss 20 that an af voltage ap-
pears across the load. Audio output is
taken from two points: The af voltage
developed  across is applied,
through coupling capacitor C521, to the
negative-peak limiter, one-half of V507.
The af voltage developed across both
9 is applied, through a
jumper connection on TBI0L, to the con-
trol grid of the squelch tube, one-half of
The de voltage developed across
the diode load is of negative polarity.
LIMITER control R124, shunted across
the load, provides an adjustable, negative
voltage, for use in setting the operating

level (threshold) of the limiters.

(3) The output, of the bfo is coupled to the
detector plate through capacitor C536.
The bfo signal beats with the if. input
signal to produce a beat note (par. 67).

. Limiter. The limiter couples the audio sig-
o oo st o ths i stages. When
limiter switch S105 is on, the peak amplitude of
the detector output is limited to eliminate noise
peaks above a certain threshold.

(1) The Timiter cireuit employs two triode
tube sections, connected as dlode seri
limiters, to provide lim th pos
tive and negative noise prags. T
ative-peak limiter uses one- hmof V50T,
atype 12AUT miniature twin-triode tube,
and the positive-peak imiter uses one.
half of V510, another tube.
When LIMITER control Ri2kis tumed
to OFF, s

the Timiter potent
parallel-connected
R54, and removes the ground connec-
tion at the junction of resistors R4 and
o425 this permits the plats to become
positive because +180 volts now is ap-
Pied through 1503 and Ko, With the
plates of both diodes at a positive poten-
tial and both cathodes grounded, a direct
current flows through both diodes. The
af signal voltage that is applied to the
anode of section B of V30T superimposes
itself on (modulates) the de flowing
through this diode and, as a result, the
af signal appears across cathode resistor
R54. Since this resistor is common to

59






both diode cireuits, th
uperimposed on the de flowing through
section B of V510 and appears across
342 at the plate. From this point, the
signal is Luu])lnl through C5:
arid of the
of V601 0
€531, is a decoupling network and, in the
OFF position of $105, R543 and 525,
perform the same fu The pur
pose of €551 is to bypass to ground any
if, that might be present in the output
of the detector stage. 5 pr
cessive loudingz of the detector output as
a result .,f the grounding of cathode
esistor R
When the LAMITER co

vol is turned

removes the ground on the cathodes of
the diodes. As a result, the cathodes
assume a negative threshold potential
which is adjustable by means of LIM-
ITER potentiometer R124. The diodes
thus are converted into negative (one-
half of V507) and positive (one-half of
) peak I gain, a direct
current flows through the diodes and as
long as it flows, the af signal is tr
ferred through the diodes as before.
However, any negative-going impulse
that drives the plate of V507 more nega-
tive than the cathode will cut off the
diode, and that impulse will be limited to
an amplitude eq: hold volt-
age. Similarly, any positive impulse
that overcomes the threshold potential
on the eathode of V510 will cut off that
diode, and the positive impulse will be
limited. the LIMITER control is
turned toward position 10, less negative
threshold voltage is applied to the diodes,
and more severe limiting results.  Since
the threshold voltage at any given settin
of the LIMITER control varies with the
average amplitud

diode load sige

ction

nal, the Timiting wtomatically
adjusts ifselfat low modulation levels,
greater Timiting takes place, and at high

medulation levcla e Tniting takes
place. €102 RI23 decouple the

Timiter circuit from the detector circuit

and

€550 stabilizes the threshold voltage at
the eathodes.

67. Bfo Tube V508
(fig. 41)

To facilitate accurate tuning of signals and to
permit the reading of radiotelegraph signals, the
bfo is used. When BFO switch S108 is set to ON,
the bfo generates a signal which is mixed with the
ke if. signal at the input o the detector one-
half of V307, The two signals heterodyne to pro-
duce an audible beat frequency in the output of
the receiver._ The bfo employs u miniature pen-
tode tube, type 5749 cted as a Hartley oscil-
lator, and its operation is similar to that of vfo
. 55)

. Bins for the control-grid (pin 1) is developed
by the flow of grid eurrent through R
pacitor (532 prevents short, circuiting the grid-
bins mnm to gromd 0 through the low
tank coils of Z302. B+ voltage is appli
sreen grid 4;»”\ 1»7 nm.uu\ contacts 4
BFO switeh S103 and voltage-dropping resistors
R548 and R346. These
\A|)»u1(m\("ﬁ'ﬂmn| ¥

‘apacitor C534
mp.-.h.m \‘pm path to the ground side of

voltage to the plte s aken from the
junetion ot Tt o a8 and fod through
Tha bto output signal is developed (by ehdmn
coupling to the plate) neross resistor The
decoupling netork formed b\ Rods i
isol e oscillator e power supply.
When the BFO il codlod OFF, B+
e is removed from the plate and screen cir-
s of the oscillator.

5. The oscillator section is u triode in which
the sereen grid (pin 6) acts as the anode. The
control grid (pin 1) is connected, by capacitor
« which consists of a
ected

to tuned cireuit Z50

tank coil (two inductors c in series) and
w tank upmnu (three cap
llel). cathode of is con-
tap on the tank coil. The feedback
voltage required to produce and sustain oscillation
is induced in the coil by the flow of cathode cur-
rent Hmmuh the portion of the coil that is con-
d between Aml;_umml This voltage
applied to the control grid through coupling ca-
citor 332, Since the P output is co
Plad it the plate by the electron flow
within the tube, v

tors connected

cirenit by
fons in plate load have little
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Figure 41.

effect on oscillator stability. The amplified signal
from the plate is coupled, through eapacitor C536,
to the plate of the detector one-half of V507

e. Capacitors C532 and C533 form a voltage-
divider network which improves frequency sta-
biity by pheing the grid nput capacitance of
The three

ss only part of the tank coil.

insure frequency stabil
Tange of temperature. The tuning unit, Z50% is
inclosed within a hermetically senled can. The
can should not be opened under any circumstances.

The tuning unit has been adjusted accurately,
baked, and sealed under lubomwr y conditions at
the factory. Any attempt to perform adjustments
except under these conditions will affect the accu-
racy of the unit seriously.

d. The audio frequency produced by this mix-
ing action in the second detector may be varied b}
varying the oscillator frequency over a range o
452 to 458 ke. This is accomplished by varying
the degree of insertion of the powdered-iron core
within the coil of Z502 (BFO PITCH control).
‘When the control knob on the front panel is set
to 0, the output of the bfo is exactly 455 ke and
therefore no heterodyne frequency is produced in
the detector. Thus, the zero position of the con-
trol knob represents a bfo llvqllenc) of 455 ke, and
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Beat frequency oscillator, schematic diagram.

the calibration indicates the number of kilocycles
sepuration (==3) from the bfo frequen

68. Age Circuit
(fig. 42)

When FUNCTION switeh S107 is turned to
AGC, CAL, or SQUELCH, the age circuit is
operative. In the MGC (manual gain control)
position, the age control line is disabled (ground-

The age cireuit develops a negative de po-
tential which is related in amplitude to the
strength of the incoming signal. To maintain the
reciver onipat iy comtant Tevel regardless of
signal-strength variations, this negative de poten-
{iaT i usd o bing the grid of the first and second
amplifiers, V201 and V202, and the first and
fifth if. amplifiers, V501 and V505. (In this dis-
cussion these tubes will be designated as the con-
trolled tubes) The delayed-action system func-

tions to prevent the application of age bias to the
controlled tubes during the reception of weak sig-
1s, so that maxinum receiver gain may be real-
d. The time-constant system permits three de-
grees ise to be selected by the AGC con-
trol.  Depending on the type of fading experi-
enced and the type of signals being received, the
control s set to FAST, MED., or SLOW, and
thus insures maximum effectiveness of the age ¢
cuit. (A fading signal is an incoming rf signal
s alternately strong and weak over a given




period of time.) The circuit makes use of a min-
iature pentode tube, type 6BJ6 (V509) and two
‘miniature twin-triode tubes type 12AU7 (one-half
of V10 wnd onealf of VG11). Age umplifier
V509 is a voltage amplifier operating at 455 ke;
one-half of V510, connected as a diode, is used as a
rectifier.

a. Age A This stage (V509), except
for cortain, medifieations, is similu in operation
to if. amplifiers V501 through V506 (pars. 61
through 65).

(1) The 455-ke signal frem the secondary of
T505 in the fifth if. amplifier stage is
coupled to the control grid (pin 1) of
V509 through C539, producing grid bias
across R51 at high signal inputs.  This
resistor also serves as a de return path to
grownd. Cathode bias s _developed
ncross R552, which s I.vyp)\ssed for if. by
capacitor CH40. n grid is sup-
plied o de potentin through voltage-
dropping resistor Ro53: C54l is the
screen grid bypass eapacitor. The sup-
pressor grid (pin 7) is connected as a part
of the delayed ago crouit The plate
(pin ) recsives 13+ woltage through de-
coupling ¢ Rsst and the coil of
7503, ('npn\u(or C542 and R554 form
plate circuit decoupling networ)

(2) The amplified signa] from the plate is
developed across the high impedance of
tuned cireuit Z503. The signal is coupled,
through C543, to the plate of the age
rectifier, one-half of V510. The coil of
2503 s a powdered-iron core which is
adjusted for maximum output during
alinement.

b. Delay Age System. The purpose of delay-
ing age action is to prevent the application of
negative bias to the control tubes unless the i
signal has sufficient menglh to produce ndoqunle
input to detector V5
fore available for the rec eplnm of weak xlgnals.

(1) The age function is made dependent on
the strength of the received signal by the
action of the circuit consisting of voltage
dividers R558, R556, and R555, the sup-
pressor grid of V509, and the age recti-

er, one-half of V510, This circuit pro-
duces a positive potential on the age bus
which is too small to overcome the nega-

tive grid bias produced by the cathode
resistors of the controlled tubes.

During the positive peaks of if. signal,
the age rectifier V510 offers low imped-
ance to ground therefore positive peaks
do not generate voltage in the diode cir-
cuit. During intervals when the applied
Voltage is negative, the diode is not con
ducting, and u pulsating negative voltage
is developed in the plate circuit across
resistor R355. 'l'lus pulting voltags is
filtered by resi 6 and capacitor
Cott. Coud b presents a low-imped-
ance path to ground for the if. signal i
the suppressor grid of V509. Under this
condition, the junction of R556 and R558
is nearly at ground potential because of
the high voltage drop across R358. This
voltage drop is produced by the negative
voltage from the ageretifier and the flow
o it into the suppressor grid (pin
7) of

"u\«mer, if a strong signal is npplied
through C543 to Ahe age rectifier, a
negative do voltag

across
vnlnlgrapprmmg at the junction of R556
and R35 input voltages greater
Ui thie positive vahue (thrshold) the
negative voltage will exceed the positive
voltage, and the flow of suppressor-grid
current will cease. When this occurs,
the negative voltage that is in excess of
the positie voltag is applied through
and the time-constant circuit, to the
ngc line, and thus the gain of the con-
trolled tubes is decreased.
e age voltage is fed, through AGC
terminals 3 and 4 (fig. 22), to the
gr\\l it of the four controlled tubes
201, V202, and V505). Re-
sistors R202, xunx 1, and R509 and
acitors C226, €252, C01, and C508
form decoupling circuits which isolate
if. and rf cireuits from each other and
the age line. The age line is short-cir-
cuited to ground when FUNCTION
switch S107 is turned to the MGC posi-
ot MGC position of 107, the
rolled solely by
Terminals 3
and 4 of TB02 normally are connected

tion.
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e. Time-
of the age

together by a jumper. Crystal CRI0L
prevents loading of the age ci
controlling receiver |
other receivers in diversity systems.
voltage supplied by the age circuit of the
reduces the

controlling receiver furth
ain in the passive receiver.
‘onstant System. The time constant
ne (the time required for the age

voltage to drop to 37 percent of its initial value

when the signal is removed)
steps by AGC switeh 3104
tion, the t

justable in three
In the FAST posi-
cond: in the MED.
ol in the slow

e constant is 01 s

AST |m~‘il|ou. nh« ..|mr
ity of the age control voltage
fa i ther e this posi-
n work
ing prevails.
voltage from the if.
R556 and eapacitor
« m is applied to the second flter
r 57 and eapacitor C545) for
. “The time constant
ined sally by the « cap:
sistance connected to the age line.
E)

Where rapid nonsel
The negative

(2] In the MEDIUM position, ca-
7 are connected
teh S104, 50 that the

e sonstaHE o D41 m s incrensed.
(3) SLOW. In the SLOW position, the
Wbl of the reciver to follow i e

i minimum, but this position s ver

ful for telegraphy work since the n“
holds receiver gain constant between code
moups. When AGC svitch 5104 3 in
position, capacitors Co6 and (5
are still used to determine the time o
stant, but their eapacitance appears to be
about 10, times as lurge as in uu- \n-:n
position. This _apparent in
Value i achioved by Millr aflc i the
triode section, one-half of V511, a min-
fature duo-triode 12ATT. One-half of
V5L is a de amplifier with the control
rid connected to the age line: plate (pin
6) is connected through load resistor
R560 to B+, The amplified age voltage
across R60 is \m.\.ﬂl n.mp.ui«. s ol

d ¢ between
control grid (pm 7 and plxmv (pin 6).

this case 2 microfarads (uf), is mil-
tiplied by the gain of the tube to give
fotalappatent input capucitance betwen
and cathode (pin 8) of 26
i T r.qmmumce together with the
remaining capacitance and resistance of
the age line, further increases the time
constant. (mlmdp resistor

RRIER LEVEL meter
RIER LEVEL Meter Cire u.,.\ 12
The CARKIER LEVEL meter indi-
cates the relative strength of
assist in tuning, ealibrat
nt. B+ voltage is applied to the plates of
V506 and section A of V5L, Almm;_h filter choke
L5303, Capacitors C330 and €331 and 1503 form
a decoupling network pl‘()\\(]ts additio
decoupling for sixth if. amplifier V506, a
is the plate load resistor for age time constant tube
V311" Tho cathode. (pin T) of V505 returns to
sevound throngh minimum bias resistor Rs6 and
CARR-METER \l)Yumme The cathode
resistor for Vol 559 The CARRIER
FEVEL meter, M103 b sumected beineen he
cathode of V311 and the
K For simplification. the remai
th if. amplifier and those of
ibe are not shown on the sim-
i 4. The equivalent. re-

B11 are shown as resistors

elements of the
the time constant
plified schematic

306

connected by um«« hm 5 the cathodes and

Dlates of the tube to the cirenit is the

1 the eathade cire

ely high value of
The voltage drop

pentodeand hasa relat
resistance which is constant.

oss this esistance s con
with a steady reference voltage

VI meter M2, The equiva
nee of the age time constant tube, which
is in series with R359. is changed readily. In the
absence of age voltage. as a_result of o carvier
b ved or the below the
threshold of the s cicit. wo bixs ix applied to
the control grid (pin 7) of V311 Under these
oneions; the voMagh dson acrosm Dh't5izds v
the pentode is the same since they are effectively
w parallel across the same power supply. No dif-
ference of potential exists across meter M102
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Figure 3.

When u signal is received, age voltage is developed.
The amplitude of the age voltage is dependent on
thostgnel evl. The higher tholovel of thesgnal
the lurger the age voltage developed. The age
volige s applied to the grid of Vi1, U
those conditions, the cathode-to-plate current is

decreased and the voltage drop across the tube is
increased. This results in a change of potential
at the cathode, and, since no change occurs in the
pentode, a voltage difference is produced across
the meter terminals which represents the relative
level of the signal being received.

69. If. Calhode Follower
fig. 44)

lhe cathode follower, one-half of V511, uses a
section of miniature duo-triode 12AU7 tube to
couple 455 ke from the high-impedance secondary
winding of T505 to a low-impedance cable. This
matching is necessary when operating Radio Re-
ceiver R-390/URR with esternal equipment such

20471 0-

im0y

S

oument
TORE
RESISTANGE.

UNLESS OTHERWISE SHOWN,
RESisTons ARE W OMS.

THese-5

el meter circuit, simplificd schematie diagram

as n frequency-shift converter or single side-band

equip

pment.
4. The cathode (pin 3) is connected, through
e vesstor R340 and Toad _resistor R350, to
ground.  Since capacitor Tow-im-
edancs pah o the if. o nal, the signal is de-
veloped on The plate (pin 1) is
Comcted diretly to 180 volt throngh coil L4o3,
which forms a pi-type filter with (330 and C531.
b. The control grid receives th ignal
from T30 wwnduy i the output circuit Cof hth
i amplifier teserves as the ground
veturn for signal uuu-l\l since all signal at the
plat is sturnd o the cathode through flers
0, . The if. output signal i
nh-\elope(l oros 193, the thode ond iton,
and is applied through C538, jack J512, plug
P12, and the conxial cable, to 50 OHM IF OUT-
PUT receptacle J106.
The cathode follower is well-suited to this
1 since external load variations have no
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Figure 45, Cathode follower, schematie diagram,

effect on the input circuit, and no gain or distor-
tion s introduced in this type of cireuit.

70. Af Amplifier and Filter Circuit
fig. 45)

Af amplifier, one-half of V601, amplifies the
audio signal from the positive-peak limiter and
applies the signal through the flter cireu
local audio and the line audio channels. The filter
circuit selects the range of and eliminates cer-
tain audio frequencies that are applied to the local
and line audio channels; therefore noise and inter
fering signals are reduced appreciably in the out-
put cireuits and greater intelligibility of received
signals results.

a. Bins voltage for the af amplifier, one-half
of V601, is developed across cathode resistor R602,
which is connected between cathode (pin 8) and
ground. The control grid (pin 7) returns to
round through resistor R60L B+ is applied to
the plate (pin 6) through choke LG01, resistor
R60, and the primary of transformer T60L Re-
sistor R603 and eapacitor C601 form a decoupling
cireuit for the plate. - Additional decoupling and
filtering for all the af stages is provided in the
B+ line by choke L601 and capacitor C103. The

i presentinga low-imp
path to ground for the af '(uzlml prevent audio
modulation of the B+ voltage which would cause
interference in other circuits.
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b. The audio signal output from the limiters is
developed neross grid resistor R601 and applied to
the control grid of section A of V601 After am-
plifieation, the slgmll Appos iz the primary
of transfor Capacitor €602, whic
in parallel with tl\e primary of transformer T601,
improves the frequency characteristics of the

stage by correcting the transformer impedance i
the middle and upper af range: the see-

ondary of transformer T601, which has a nominal
impedance of 600 ohms to match the input of the
filter circuits, the signal is applied through the
filter to LINE GAIN potentiometer mm
LOCAL GAIN potentiometer R104, and res
R105, which are connected in parallel and i
have a nominal impedance of 600 ohms to match
the output of the filter circuit. The portion of the
signal voltage that is applied to the line audio
channel depends on the position of the arm of
LINE GAIN potentiometer R103, and the portion
of the signal voltage that is applied to the local
audio channel depends on the position of the arm
of LOCAL GAIN potention
¢. Before the signal ar
and LOCAL GAIN potentiometers, it passes
u.mngh \UDIO RESPONSE switch 105, In
e WIDE position of this switch, no frequency-
el s i i s e Tt e signal path;
in the MED. position, the low-pass filter
serted; and in the SHARP position, the band-pass




filter is inserted. These fiters determine the
range of frequencies that will be appied to the
input of the succeeding stages. To maintain the
same signal level regardless of the setting of switch
8102, attenuator pads are connected into the cir-
cuit n the WIDE and MED. positions of the
switch. These pads, , R107,
nd RI08 i the MED, position, and R0, R0,

§

and R111 in the WIDE position, bring the total
insertion loss in these positions up to that in the
SHARP position.

The MED. position of the
hen the greatest intelligibility
s desired. Filter FL602 atten-
uates the higher audio frequencies as well as noise
or adjacent-channel _interference that might
appear when the WIDE position is used. In
addition, filter FL602 is used with the line audio
channel to prevent cross talk (or splattering) in
telephone lines as a result of the presence of high-
frequency audio components which tend to couple
into adjacent lines through the capacitance be-
tween the lines. In the SHARP position, the in-
put to the local and line audio channels is fed
through an 800-cps bandpass filter (FLA01)
This filter is designed to attenuate by at least 6 db
all signals below 600 cps and above 1,000 cps, and
by at least 30 db all signals below 400 cps and
above 1200 cps. Tn this position, the reading of

noise and-adjacent-channel interference.

Figure 45, Af amplifer, schematio diagram.

(Contaud tn separate envlope)
71. Local Audio Channel
(fig. 46)

The local audio channel cmmm of two stages
of Class A amplific e first stage, local af
amplifier one-half of V:m ,.mpl.rﬁ the audio
signal from the af amplifier and applies this sig-
nal to the second stage. The second stage, local af
output tube V603, amplifies the power of the audio
ignal from the local af amplifier to a suitable level
for operating a loudspeaker or  headset. Three
different types of feedback are incorporated in
this channel to obtain the required output imped-
ance and frequency response.

a. Bias voltage for the local af amplifier is de-
veloped across resistors R604 and R609, which are
connected in series between cathode (pin 3) and
ground. The control grid (pin 2) returns to

ground through LOCAL GAIN potentiometer
R104. B+ isapplied to the plate (pin 1) through
plato load resistor R605 and choke L601. Choke
L601 and eapacitor C103 form a low-pass filter.
This cireuit provides filtering and prevents audio
signals from entering the common power supply
cireuits.  Bias voltage for V603 is developed
across resistors RG0S and R609, which are con-
nected in series between cathode (pin 7) and
ground. The control grid (pin 1) returns to
ground through resistor R607. B+ voltage from
the filter circuit is applied directly to the screen
rid (pin 6) and through the primary of trans-
former T602 to the plate (pin 5).

b. The signal voltage from the af amplifier is
developed across the total resistance of LOCAL
GAIN potentiometer R104. A portion of this sig-
nal voltage, depending on the position of the po-
tentiometer arm, is applied to the control grid
(pin2) of V602, The signal is amplified in V602
and appears across plate load resistor R
signal then is applied to the co (pin 1)
of V603, through coupling capacitor C603, where
it is power-amplified. The output from the stage
is impedance-matched to 600 ohms by transformer
T602. The primary of transformer T602 is
shunted by capacitor C604, which improves the
frequency characteristics of the stage by correct-
ing the transformer impedance in the middle and
upper audio-frequency ranges. The secondary
winding consss o twosinglo \nl\dmgs wm\emad
« jumper between ter and 5.
Oneond (terminal 6 i connected gromn‘l The
signal ncross the secondary winding is applied
across resistors RI27 and R128, which are con-
nected in series betsseen terminal 3 of transformer
T602 and ground. The signal across resistors
R127 and R128 s applied to pin H on REMOTE
CONTROL jack 7105 and terminal 6 of TB102.
The REMOTE CONTROL jack (pin H) is for
sidetone connection from an ussociated transmit-
ter. The signal from terminal 6 of TB102 normal-
ly is applied to a speaker, and the signal from
terminal 8, which is at a lower power level because
of the voltage divider action of resistors R127 and
R128, normally is applied to u headset. To facili-
tate connections, the signal from terminal 8 of
TBI102 is also available at PHONES jack J103 on
the front panel of the radio receiver.

¢. Negative voltage feedback, negative current
feedback, and positive voltage feedback circuits

4
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Figure §6. Local audio channel, schematic diagram.

are incorporated in the local audio channel to ob-
tain the required output impedance.
tive voltage feedback loop con:
R606, R604, and R609. This cireuit reduces the
internal impedance of the amplifier and the over-
all gain, and results in improved stabilty. Har-
onic distortion, nelse und hum s1o are reduced,
since they are fed back with the original signal and
reduced in amplitude in proportion to the reduced
gain. Negative current, feedback is produced by
unbypassed resistors R608 and R609 in the c mhode
cireuit of V603 and by R604 in the cathode circuit
of the Toal af amplifier, ative current
fmnmck increnses the internal impedance of the
amplifier. The r 0 the amounts of the
o types of feadback i adjustad o se the in.
ternal impedance of the amplifier to 600 ohms. A
mall amount of positive voltage feedbuck is ap-
plied to the cathode of the local af amplifier R604,
which is connected to the junction of R608 and
R609. This eliminates the negative feedback at
the cathode that is introduced through resistor
R604. The gain of the local af amplifier is there-
fore equivalent to that produced in a similar a
plifier stage employing u eathode bypass capacito
and no negative current feedback.

=
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72. Line Audio Channel

iz 47)

The line audio channel is similar to the local
audio channel, which is explained in paragraph
715 however, it is designed to feed a balanced line
i an impedance of 600 ohme, and it has pro
visions for monitoring the output level of the
channel with LINE LEVEL meter MI0L.

a. Bias mn,.;,g fm Ahe lme af .\mphlm' is devel-
oped across r are
comnected in ser l.wn\cm e cathode (pin. 5
and ground. The control grid (pin 7) i
hected to ground through LANE GATN potenti-
ometer RI03. B+ voltage is applied to the plate
(pin 6) through plate lond resistor R629 and de-
coupling resistor RG34 R634 and C609 form
decoupling cireuit. The B+ voltage is obtained
from the power supply through choke L60L A
Tow-pass filter consisting of filter choke L601 and
capacitor C103 prevents audio signals from ent
ing the common power supply circuits. Bins
voltage for V604 is developed neross. resistors.
which are connected in series be-
thode (pin 7) and ground. The con-
1) is connected to ground through
B+ voltage is applied directly to

(
resistor R631.



the screen grid (pin 6) and through the primary
of transformer T603 to the plate (pin 5).

5. The signal path through line af amplifier and
line af output tube is identical with the signal path
through local af amplifiers. The three types of
feed-back circuits explained in paragraph 71 are
also applicable to section B of V602 and V604.
“The output circuit of the line audio channel differs
from that of the local audio channel because ter.
minals 4 and 5 of transformer T603 are connected
direetly to terminals 11 and 12 of TBIOL A

a balancing network is required to correct to 600
s the terminal impedance of u line connected

to terminals 10 and 13, The end terminals (3 and
6) of the transformer are connected to an H-
attenuator, consisting of T
RLLG. The attenuator reduces the output from
approximately 250 millivatts (mw) so that a
maximum of 10 myw (+10 dbm) of af power is
supplied to  600-ohm balanced line connected to
terminals 10 and 13 of TII0L, as well as to ter-
minals A and J of REMOTE CONTROL recep-
tacle J105. (The Hetype attenuator is used to
reduce the power level by 14 db to permit the use
of a meter having a 4-db sensitivity and still
achieve a —10-dbm output level.) Output is ap-
plied to the remote-control receptacle only when
BREAK IN switch $106 is in the OFF position.
LINE LEVEL meter M101 is connected across the
nsformer secondary to indicate the level
nal being applied to the balunced line.
‘This meter is calibrated in vu which are based
on & sero referones Joval pure sine mave of
1 myw into 600 ohms or 0 dbm. For example, a
reading of —20 vu or +3 vu would be equivalent
to—20 dbm or +3 dbm. The face of the meter has
two seales: the upper scale is calibrated to read
directly in vu when LINE METER switch $101
is set (0 0 vu; the lower scale is calibrated from
0 to 100 ending at a point opposite 0 vu on the
upper seale. When the output of the receiver is
fed into a telephone line, the meter
to show the line input level. Meter M101 s an
impedance of 3,900 ohms. Resistor RI01 is con-
1 MIOI to mateh its impedance
and to enable the meter to follow
amplitude changes. To change the

range of the meter, switch S101 selects either of
two pads or permits direct connection to the meter.

For the — 10 vu range, the connection is direct; for
the 0-vu range, a pad consisting of R117, R118 and
R119 is used  and for the-+ 10 vu range a pad con-
sisting of R120, R121, and R122 is used. Pads
are used as range mumpmn and to maintain the
impedance match. A fourth position of the
switch, OFF, dmumcu the meter from the ci
cuit and substitutes R102 in its place to maintain
the impedance mateh required across the secondary
winding of T603.

Figure §7. Line audio channcl, schematic diagram.
(Contatned n sev

73. Squelch Circuit
(fig. 18)

e envelone)

The squelch circuit utilizes one-half of 1 12AUT
dual-triode tube (V601) which is connected as a
de amplifier. The squelch circuit eliminates noise
signals in the output of the audio amplifiers when
signals are not ed or when the signal
level of the desired carrier is too low for useful
reception

a. Fixed cathode bias is developed across re-
sistor R612, which is part of a voltage-divider
cireuit consisting of resistors R612 and R613 con-
nected between B+ and ground. B+ voltage is
only supplied to the plate (pin 1) of V6L through
the coil of relay K601 and to the voltage divider
when the FUNCTION switch S107 is in the
SQUELCH position.
sence of a carrier-frequency signal,
or when a weak carrier-frequency signal is being

ceived, no negative bias is a to the grid
pin 2) of V60L. The tube conducts and plate
current flows through the coil of relay K601 en-
ergizing the relay and closing contacts 1 and 2.
Contact 2 is connected to terminal 3 of T601, and
contact, 1 is connected to ground therefore, when
these contacts close, the secondary winding of
transformer T601 is shorted, and the audio ampli-
fiers are disabled. When a carrier-frequency sig-
nal of sufficient level is received, the voltage across
the diode load (resistors R539 and R340) becomes
more negative. This negative voltage, which is
applied to the control grid (pin 2) of V601
through resistor R610, causes the plate current to
When the plate current decreases, relay
K601 is deenergized and contacts 1 and 2 open;
the ground is thereby removed from terminal 3

ransformer T60L and the received signal ap-
pears in the output of the audio amplifiers. By

decrease.

6
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Figure 9. Calibration oscitator, schematic diagram.

pass eapacitor €605, between the grid (pin 2) of
V601B and ground, prevents chattering of the
relay which might be caused by audio frequency
signals. The position of the RF GAIN control
determines the level to which the incoming s

reu
carrier-control cireuit also is incorporated
n vy K601, When an adeguate signal i re-
ceived, relay K601 is deenergized and contact, 1
makes with contact 3. With FUNCTION switch
S107 and BREAK IN switch S106 set to
SQUELCH and OFF positions, respectively, the
closing of these contacts will complete to gmund
uitof u
pin K of REMOTI CONTROL, receptacle 105,

74. Calibration Oscillator
(fig. 49)

The function of the calibration oscillator and
the associated circuits is to provide a secondary

standard frequency in 100-ke steps in the fre-
quency range .5 to 32 me for use in calibrating
Radio Receiver R-390/URR. The calibration
oscillator, one-half of V901, supplies a crystal con-
trolled 1'me signal to synchronize muliivibrator

a. Resistor R901 provides de bias to the control
grid (pin 2) and limits erystal current. B+ is
applied to the plate (pin 1) through series-
dropping resistor R902, and coil 902, when the
FUNCTION switch (S107) is set to the CAL
position. 1902 and C907 form a low-pass filter
to isolate the rf circuits from the power supply.

4. The calibration oscillator uses one-half of o
miniature dual-triode tube (type 12AUT, V901)
in a Pierce oscillator circuit. The crystal
(Y901), u,m,.md between the control grld and
the plate circuit, takes the place of a conventional
tuned cireuit. I)c plate voltage is blocked from
the crystal by capacitor C904. Capacitor C905 is

n
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used to provide the proper amount of feedback
from the plate to the cathode. The amount of
feedback is fixed by the voltage-divider action of
capacitor €905 and parallel capacitors C901 and
€903, Frequency adjustment capacitor C901 is
variable and it permits adjustment of the resonant
frequency over a small range. Its use is de-
scribed in paragraph 128,
75. Multivibrator V902
(fig. 50)

The 1me signal from the calibration scillator

is used t 24100 ke

5 10 32 M

tioo-kc” sTevs)

TO BUFFER awPL
Vsar

sior
FRONT
= SEE NOTE 3

TORE1-£4ND A CIRGUITS

TMBS6-49

igure 50. Multivibrator, schematic iagram.

choke 1902, voltage-dropping resistor R904, and
grid resistors R906 and R908. Choke L902 and
resistor R904 are bypassed by C907 and €913,
nwporlnely. {o proside a low-impedunce path to
A positive voltage, greater
than that apphed to the grids, is applied to the
plates (pins 1 and 6) through resistors R903
R905, and R907. All B+ voltages are applied
through FUNCTION switeh S107, front, when
set to the CAL position.

b. The output of the calibration oscillator is
coupled by capacitor C306 to the mltivibrator,

S 1 e output (a square wave)

is composed of  Targe number of harmonics, it is

mpuble of supplying all the calibrating s
uired to cover the frequency range .5 to 32

a. Tniial_positive bias for the control gaids

(pins2and 7) is supplied from B+ through filter

72

oscillator employing
St triode tube, type 12A U, Oscll
lation is sustained by the feedback from the plate
of one tube section to the grid of the other tube
section. The free-running frequency prior to
synchronization by the erystal oscillator is deter-
mined by the time constants of R906 and C908 for




o uron ,_,

igure 51.

nd €912 are not of the sume value, since
compausnnol\ mustbe made for the grid input
impedance of buffer amplifier V901, which |seﬁ':c-
tively across one tube section of the mult
€913, being adjustable, permits '{y!\chrmuxnlmn at
100 ke. This adjustment is made and st perma-
nently by the manufacturer, and no readjustment
will be required.

76. Buffer Amplifier
(fig- 51)

The buffer amplifier is a_triode section of a
dual-triode tube, type 12AUT. ~ The buffer ampli-
fier amplifies and distorts the output of the multi-
vibrator and isolates the multivibrator from the
first vf amplifier.

Resistor R911 (connected to pin 7) serves as
the de-grid return, and cathode resistor R909
(connected to pin 8) maintains a constant, bias o
the control grid. Cathode bypass eapacitor C911
offers a low-impedance path to ground for rf sig-
nals. B+ is applied to the plate (pin 6) through
choke 1902, resistor R910, and choke L901. Choke

coor

Tow

poiea

6 A 10 R ANOAF GRGUTS

THBss-50

Bufler amplifer, schematic diagram.

L902 and capacitor C907 form a plate circuit de-
coupling network. To increase the higher har-
monics in the vicinity of 25 me and thus to flatten
the overall frequency response, L901 and R910
form a low-Q resonant cireuit with the output ca-
ance of VI0L

4. The 100-ke signal from the multivibrator is
applied through capacitor C910 to the buffer-am-
plifier control grid. The output from the plate
(pin 6) i upplwdwlhe input circuit of the first
+f amplifier,

77. Power Circuits
The power circuits provide regulated B+ volt-
age to all stages, heater voltages for the filaments
of all tubes, de voltage to operate relay circuits,
and ac voltage for the crystal-oven heater circuits.
The power supply consists of two sections or com-
ponents, Power Supply PP-621/URR and the
voltage regulator. Operation of the FUNCTION
switeh (swr) connectsthesc pover input (o the
power ¢ in all positions except OFF
o Powes Supply PIGI1/URR. (g, 53).
(1) The power supply operates from either
Tt sup-

115 or 230 vollts, 48 to 62 eycles.

7



plies a 300-volt, unregulated, rectified
voltage to the voltage-regulator circuits;
6 volts de to the relay cireuits: and 25.2
volts ac to lI|e filament and over
uits.  Primary power is connected to
he power supply throngh power recep.
taclo J104. The primary of transformer
T80 is connected through the line filter
(FLIOD, s-ampere sc fuse 101, switch
S801, “TION switeh S107 to
ermil A\ and D of power receptacle
104 Pi-type filter FLIOL provides ade-
0o Filtering of eachside of the e fo
prevent the entrance of noise and inter-
ference from external sources. Trans-
former TS01 contains two separate pri-
mary windings to permit selection by use
of switch S801 of either 115
volt operation. For 1
S801 connects the two primary wind
in parallel and for 230-volt operat
SS01 connects the windings in series
ermnals nd{A(5t commestord PL1B
and J818 w d.
Tho ends of the high wllugo su«mdury
(terminals 5 and 7) of x TS01
areconnected o the plates (ping 1 nd 6)
of rectifiers V801 and V802. The cen-
ter tap of transformer TSOL (terminal 6)
is grounded. The tubes, V801 and V802,
are connected as diodes in a_full-wave
rectifier cireuit. Each cathode (pins 3
and 8) has a protective resistor between
iL and the common connection at J18,
nal 5. These resistors (R801, R802,
RA03 and RSD4) e the miziman cur”
rent of each diode. The low voltage sec-
ondary (terminals § and 10) of TS01
su volts to_the rectifier tube
heaters, all remaining heaters, dial lamps,
and oven heater cireuits. A tap (termi-
nal 9) on this winding provides 12 volts
to a dry disk rectifier (CRS01), the de
output of which supplies 6 volts for oper-
ation of the antenna relay K101 and the
reakcin relay K602 through the FUNC-
TION and BREAK IN switches. The
high voltage de output from the power
supply is filtered by input eapacitor C101
before being applied to the voltage regu-
lator cireuits.

b. Voltage Regulator (fig. 53). The voltage
regulator insures that the output voltage of Power
Supply PP-621/URR remain constant, regard-
less of changes of load current drawn from Power
Supply PP-621/URR or changes in the input
voltage. The output from the power supply is fed
to the voltage regulator through a #-ampere fuse,
The voltage-regulator circuit includes the
following: two dual- . type 6082 (V605
and V606), which function as a variable series re-
sistance to regulate the dc output voltage; a minia-
ture pentode tube, type GBHG (V607), which is a
de amplifier to control the series resistance of V605

and V606 in accordance with voltage variations
originating either in the power supply or in the
receiver B+ load; and two cold-cathode tubes,
type 5651 (V608 and V609), which provide a con-
stant, reference voltage for de amplifier V607,
The voltage regulator supplies a regulated 180

to the bfo stage when BFO switch S108 is set. to
ON, gt FUNGTION sitch Si07 15 e
squelch circuit, and to the if., af, rf, and calibra-
o atihton i, T o plates of V605
and V606 (pins 2 and 5) are all tied together and
connected directly to the unregulated de voltage
the four cathodes (pins 3 and 6) are connected in
parallel by four resistors (R619 through R622) to
balance the distribution of load current.  The volt-
age appearing at,the cathodes is determined by

the voltage drop across the tube resistance, which
appearing on the four par-
£ cither the unregulated

Loltage or the regulated voltngs changes, V607
will convert the change into a comparative bias-
voltage change, and the resistance of the series
voltage regulators will change in a direction to
correct tl\e initial change. A series cireuit con-
S volage rerunes tube VIOE dndl V400
626 is connected across

the wollng& mgulnled output. circuit. Resistor
R627 neross V608 insures that both reference tubes
receive proper starting voltage. A characteristic
of these tubes is that the voltage drop across their
rermnmls remains nearly constant, in spite of
cha urrent. Therefore, any voltage varia-
tion tha takes lece acrosthe; i et 13-
nd R626. The drop across
R626 is applied throuph resistor R624 to the con-
trol grid (pin 1) of V607, and amplified variations
are produced across plate load potentiometer R614
and resistor R615. Resistor R618, which is by-
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passed for af by C606, provides a fixed positive
bias to the eathode (pin 2). These amplified volt-
age variations then are applied to the parallel-con-
nected control grids of V605 and V606, Capacitor
C607 bypasses transient. pulses appearing in the
grid circuit of voltage regulators V605 and V606,
The cireuit operates in the following manner: Tf
the de voltage at, the control grid of V607 in-
erenses, because of an increase of current in the
load, the \'uhngo on the plate circuit will drop;
this produces a less positive voltage on the par-
allel-connected grids of V605 and V606, whi

creases the resistance of the tubes and, conse-
quently, the voltage drop across the tubes. Thus
the utput voltage from th cathode oireuit of
V605 and V606 cerease by an amount equal
to the positive bins !ul to the de amplifier control

id. The reverse action will take place when the
current in the load decrenses. The action is auto-
matic and produces a nearly constant output volt-
age. In addition to controlling voltage variations
caused by changes i the voltage regulator
Sorves to eliminate ripple and hum componenta
that are not removed completely by the RC filter,
and to eliminate variations caused by line-voltage
changes. Compensation for 120-cps.
vided through capacitor C608, which applies the
ripple voltage to the control grid (pin 1) of the
deamplifier. The sereen grid (pin 6) is connected
through a voltage divider (resistors R616 and
R617) to the unregulated voltage ahead of the
regulator tubes. Therefore the screen-grid volt-
age varies in phase with the control-grid voltage
of the de amplifier. This increases the effective-
ness of the amplifier in maintaining constant out-
put voltage. R614, HUM BAL control, is an ad-
justment for presetting the amount of the ripple
voltage fed back to the control grids of V605 and
V606 to minimize the hum in the output. Capaci-
tor C606 adjusts the phase of the hum components
of the cathode voltage to produce more complete
hum cancellation in the output.

c. Filament and Oven Heater Cireuits (fig. 51).
Filament voltages of 6.3, 12.6, and 25.2 volts are
required for the tubes in the receiver. Dml Tumps
L 101 and 102 and Flaments tht r

of high-frequency signals through
reuits, the following capacitor and
choke coil combinations are used : 1242 and

L243 and C327; L244, C328, and C329; 1245,
€330, and C331; 1247, €332, and C340; 1403,
C437, and C410; LA04 and C412; 405, C413, nnd
C436; and L706, C712, and C713. Limiting
sistor R11 limits the voltage across V401, Vs,
and V201 to 18 volts. To maintain constant
heater voltage and thus stabilize the operation of
the vfo tube (VI01) and the bfo tube (V508),
ballast tube (RT512) is connected in series with
the filuments of V701 and V508 When the
OVENS switch S108 is set to ON, 25.2 volts is
applied to the crystal oscillator ove
2 voltsisapplied to the calibrat;
tor oven at all times. The erystal oscillator oven
(HR401), the vfo oven (HR701), and the calibra-
tion oscillator oven (HR901) serve to further im-
prove the stability of the vfo, the calibration
oscillator, and the erystal oscillator circuits. The
ovens are thermostaieally controlled by switches
$405 and STO1, in the crystal oscillator and vfo
oven cireuits, respectively, and by the unmarked
switeh in the calibration oscillator oven circuit.
To linterference caused by arcing
at the contacts of the the c switches, capac-
itors C434, C435, CT10, CT11, €902 and coil L705
are connected in the oven circuits. Resistor R635
has been added to the audio subchassis in series
with the filament cireuit of tubes V601 and V602.
This resistor reduces the flament current for these
tubes, which in turn reduces the hum in the audio
subchassis.

Figure 52. Power Supply PP-621/URR, schematic

(Contaimed tn separate envelope)

Figure 55, Filament and oven heater circuits, sehematic
diagram.

(Contanet 1 separte enseope)
78. Function Switch $107

4. The FUNCTION switch performs simple
switching operations which affect the entire oper-
ation of Radio Receiver R-300/URR. Each
mode of operation and each stage is affected by
the position of the segments of the front and rear
sections of this switeh, A thorough understand-
ing of the switch is essential for successful trouble-
shooting and maintenance,

b. Figure 55 shows the six positions of the
FUNCTION switch. For clarification of its
operation, only those cireuits which are closed by
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the switch segments are identified. For example,
although a jumper connects terminals § and 10
mge'.lwr mul to ground, a ground connection is
onl shoy terminal 10 in the STAND BY

on, since e segment does not contact termi
Tl 8 i his postion. The fable below shows
the circuits affected in each of the positions of the

switch as related to the control knob indication.
The primary power is applied to Power Supply
PP-621/URR through a cam-operated switch sec-
tion at the front of SI107 in all positions except
OFF. The following chart shows the completed
contacts and circuits for the six positions of
FUNCTION switch S107.

Swiehcontocts shorted

Pastion
Front R

Creuts

None______
91010

Bimnipess
of CRSO1 is grounded, applying
K101 wich grounds the anenna nput st 107 and 1108
+180 volts d from the tages.

pover i dusonnested rom th resever (. 52,
S0l o i s Termi

s

de is removed from. ., an

F .| 700 vomerte i appied e hat I sl i Ao ol
atcontact 7of S107 i not grounded.  Ground s removed from
| terminal 2 of CRSOI removing energizing voltage 1o antenna
‘ontacts 1 and 2 of S107 con 1ot
nal 4 (coil) of break-in rela
is made available (par. 79)
L1208 [ 2008 | The condiionsfor MGC ar the same s for AGC escept the ase
Tt08.
809
o antenn el K101 which grounds the antenmna iaput at
107 and J108.
SQUELCH........_[12t03......| 1to2.. The conitons for SQUELOIN aro the ame 1 fr AGC gxept
2011|4105 0 volts de ix applicd to Car

18
control ircui s mad. avalabe (pa. 7

squeleh tube V601
9).

79. Control Circuits
(fig. 56)

2. When using Radio Receiver R-390/URR in
connection with a transmitter, it is necessary to
disable certain receiver cireuits during transmis-
sion to prevent damage and to silence the receiver.
When FUNCTTON switeh S107 is set to STAND
BY, segment 2 is neross terminals 9 and 10 and
ground is applied to xm.mu.l 2 of rectifier CRS01;
u.mfm antenna ground iy K101 is ener-
gized. g this relay are
Ctnd o gromd and the- sontaele” Sho:
cireuit the antenna input at receptacle J107 or
J108. No rf energy can enter the input circu
of Radio Receiver B39/ URR. When FUNC.
TION switch S107 is at CAL position the rf input
is shorted to ground in the same manner as
described above, except that segm

entering Radio Receiver R-390/URR to produce
false beat notes with the output of the ealibration
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oscillator. When FUNCTION switch S107 is at
AGC, MGC, or SQUELCH, the coil of break-in
reluy K602 is in parallel with the coil of antenna
grounding relay K101 By applying a ground
connection, by means of anxiliary equipment, to
terminals 9 of TB101 or B of REMOTE CON-
TROL receptacle J105 and by turning BREAK
IN switeh S106 to ON, segment 3 of $106 is across
terminals § and 10, and the antenna, reluy K101
and breakin relay K602 are energized. The
antenna input and_ the af amplifier ontput are
t-circuited to ground. Thus Radio Receiver
90/URR is disabled during the operation of a
Toeal transmitter if it is connected for remote
operation.  With the BREAK IN switch in the
OFF position, line audio output is applied to ter-
minals A and J of REMOTE CONTROL recep-
tacle J105 to permit remote net operation. To
permit carrier control operation, FUNCTION
switch S107 must be set to SQUELCH a-d
BREAK IN switch to OFF. The carrier control
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line is terminated at K of REMOTE CONTROL
jack J105 and completed to ground through ter-
minals 4 and 5 of switch S107 (segment 3), ter-
minals 5 and 6 of switch S106 (segment 2), and
contacts 1 and 3 of squelch relay K601 When
BREAK IN switch S106 is at the ON position,
the carrier control line is disabled by opening the
lead from contact 3 of relay K601 When squelch
relay K601 is energized, the carrier control line
is disabled by the opening of contacts 1 and 3.

5. Diode rectifier CRI0L s used when Radio Re-

ceiver R-390/URR is connected in diversity sys-
tems (fig. 2). Its function prevents the age cir-
cuits of the passive receiver from loading down the

c circuits of the controlling receiver and to fur-
ther reduce the gain of the passive receiver by
placing the ago volage on its conrole stages.

The erystal diode permits age current flow in one
diveston. only, and the acive st has age control
over the auxiliary equipment.

Pigure 56. Break-in circuit, schematic diagram.

(Contatned n separate envelope)

Section lll. ANALYSIS OF MECHANICAL TUNING SYSTEM

80. General Principles of Operation
(fig. 57)

. The mechanical tuning system of Rad
ceiver R-390/URR controls the permeability
tuning and switching elements to provide contin-
s taing f s el far o  ra
me, in 32 steps (bands). band is tuned over
a rnn;:e of 1 me except for the first band, which is
tuned from .5 to 1 me. The frequency is selected
on 1 countertype dial, which shows the frequency
in kilocycles.  Figure 57 shows a simplified block
diagram of the tuning system.

b. Operation of the MEGACYCLE CHANGE
knob is limited to 10 turns by a progressive me-
chanialstop. As th conrol Kb s turned, the

18 me fo the requency range of 5
the other ranges, although the shig (tuning-core)

disabled.) At the
sume time, the switches in the first and second crys-
tal oscillators are rotated through 32 positions.
The rf band switch is operated by rotation of the
MEGACYCLE CHANGE knob through a Ge-
neva system and an overtravel coupler. In addi-
tion, the starting point from which a given slug
rack is moved by the KILOCYCLE CHANGE
knob is established, through a differential, by the
MEGACYCLE CHANGE knob. The slug racks
thus affected are those controlling the frequency
ranges of 16 to 32 me, 8 to 16 me, 4 to 8 me, and 2 fo
4

me.

e. The KILOCYCLE CHANGE knob is con-
nected directly through a 10 turn stop to the vio
and throngh the gear train to the antenna, rf am-
plifier, second variable if. slug racks, and the first
variable if. can rack. The KILOCYCLE
CHANGE knob also is connected to the same dif-
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ferential as the MEGACYCLE CHANGE knob.
The KILOCYCLE CHANGE knob provides
movement of the slug racks in the four bands (5
above) from the starting point established by the
MEGACYCLE CHANGE knob. A ZERO ADJ.
knob on the front panel permits correction, over &
small range, between the kilocycle reading on the
counter and the mechanical and electrical tuning
system.

81. Functional Analysis

a. It is intended only to provide the necessary
information required by the repairman to adjust
and repair the mechanical tuning system. A care-
ful study of the material in the paragraph relat-
ing to mechanical
connection with the following analysis. Figure
58 shows a more detailed block diagram of the
mechanical tuning system. As discussed in the
chm o paragraphs covering the antenna, rf, and
e if. circuits, the rate at which the fre-
q\ ~determining elements of e
be clmxae(l varies. For example, o soer the 5-
to 1me band in the rf stages requi move-
ment of Shugs i cails of 1201, 5201, 7307, and
7213 from one extreme to the other, or a distance
of approximately 1 inch. However, the shigs in
coils 7219, 2220, and 7221 move less than one-
eighth of an inch in covering this range. There-

fore it is necessary to achieve these various lengths
of travel by mechanical gearing under the control
of a single knob.

b. Reference to the block diagram (fig. 58) will
show which of the circuits are controlled by each
of the two front-panel controls. Starting at the
right-hand side of the drawing, it can be seen that
the KILOCYCLE CHANGE control, working




SWe RACKS
ANTENNA AND R-F  AMPL

Figure 51.

through the 10-turn stop, varies the position of
the va illator slug, the second
variable if. slug rack, the first variable if. can
rack, the rf slug rack covering the 5- to 1-me
range, and the rf shug rack covering the 1- and 2-
me range.

c. The MEGACYCLE CHANGE control,
through a 10-turn stop and the Geneva system
and overtravel coupler, varies the positions of
switches S201 through S210. This control also
selects the proper erystal frequency for the first
and second erystal oscillator stages, by operating
the 52-position switch through a system of gears.
The MEGACYCLE CHANGE control rotates
switches S401 through $404 in Ahe (it id ool

erystal oscillators through 3 of freq
coverage. These 32 steps ar ummx |.y nn]v 3
transformers or coils, for e Since each

st af cals has n frequency raio of 2 to 1 it s
necessary to have the positions of the switches
change only 6 times for 32 steps of frequency cov-

e + appears 400 |
ABOVE AS 32024 XC
e apreans, SUBTAAET 1ME

SLUG RACKS
ANTENNA AND R-F AMPL 20 vARIABLE 1-F

15T vRIABLE 1-F

AN RacK

T 85656

Mechanical tuning system, block diagram.

erage. This is accomplished by n lost-motion
coupler with a few teeth approximately geometri-
cally spaced around the
driven gear associated with this gear will rotate
only when it is engaged by one of the teeth
on the lost-motion gear. The MEGACYCLE
CHANGE control also sets (through the differen-
tial) f the slug racks of the
lastfour bands. From this starting point, the
KILOCYCLE CHANGE control moves (through

e same differential) these slug racks to cover
y range of the KILOCYCLE CHANGE
able if. cans ure mounted
on a k which is driven by the KILOCYCLE
CHANGE control, as required, to keep these cir-
cuits in alignment during tuning.
d. The MEGACYCLE CHANGE

A

control
drives switch $205. The front section of the
switeh is used to short-circuit the secondar wmd—

ing of the unused adjacent antenna transformer
(next lower in frequency) to prevent aterction
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with the one being used. The chart, below indi-
cates the winding in use and the corresponding
winding which is short-circuited for each of the
six positions of $205.

A The ZERO ADJ. knob (fig. 59), which is
used when correcting dial ealibration, actually
controls a friction clutch which permits tuning

PR — po——
N 1am
; i g
: i e
: e i
F I+ i
: ]

¢. During discusion of th ntanna it (par
50), a reference was made to the relations
tveen the trimmer-capacitor sections (A and n)
of (225, A section of switch S203 selects the
proper capacitor section for tuning out the re-
actance reflected into the secondaries of the
antenna transformer. The chart below shows the
capacitor or capacitors connected for each posi-
tion of the switch.

Pouton | C225ection & | €225 Secton B

£. When inspecting the various gears employed,
note that each gear in the Geneva system actually
is composed of two gears which are adjacent to
each other and are loaded by a spring in opposite
directions. This is done to achieve n constant
tension at the point where the gear is driven or at
which it drives an associated gear. In this man-
snr,lost motion, o backlsh 1 n reult o play
between the gen is prevented. All gears
and sams embloyed are precision-cut, and a6 de.
signed to give many years of trouble-free service.
ration oscillator is not a part of the
It provides ealibration signals
sed in correcting small errors in tuning
made by the mechanical tuning system. By the
use of the proper calibration signal and the ZERO
ADJ. control, the receiver counter reading can be
‘made to coineide with the frequency of the received
signal.
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over a small range (about 6 ke) on either side of
h iz without moving the frequency
indicator.

Piure 5. eehaiel ting vt wih oot

tages, dlock diagram.
(Contataed o separate envelope)

82. Detailed Analysis
fig. 59

a. General. To facilitate an understanding of
the function of the mechanical gearing
the electrical tuning system, the gears in figure 59
have been given letter designations as well as the
number of teeth in each gear. The cams that
operate the shug racks are shown as single units.
To achieve stable operation, each slug rack has a
roller at both ends and identical cams mounted on
each end of the cam shafts.

CHANGE Contre
the MEGACYCLE CHANGE con-
is turned, it
by a progressive

g stop.
counter wheels show the frequency band
or step selected by the MEGACYCLE

CHANGE control.  As the control is ro-
tated, the wheels are driven through gears
(4), (B), (), (D), (E), (F), (RR),
(SS), (TT), (UU), (VV), (WW), and
(XX).

(2) The control operates the first variable if.
slugrack cam through gears (A), (B),
(C), (D), (E), (F), and (m A\L the
same time, the 32 position

ches are operated by !he conteal

through gears (4), (B), (C), (D), (E),

an Oldham coupler, and gears (H) and

(J). The Oldham coupler is used to cor-

rect slight misalinement betsseen the ends

of the shafts which are mechanically
coupled at the erystal oscillator sub-

ssis.
(3) The G-position rf band switches are
also operated by the MEGACYCLE
CHANGE control through gears (4),
(B), (C), (D), (E), (K), the Geneva
system (L), lost motion gear (GGG),
gears (M), (N), and (P). The Geneva



system provides an intermittent. motion
S0 that the switch is turned to only one
of its six positions. The gear (L) ro-
tates continuously s the control _is
turned.  However, the gears (M), (N)
and (P) are driven only during the part
of the rotation of the gear (I.) when the
teeth of lost motion gear (GGG) engage
the teeth of the gear (M)

(4) The 2-4 me, 4-8 me, 8-16 me, and 16-32
me rf slug racks are moved by both the
MEGACYCLE CHANGE and the KIL-
OCYCLE CHANGE controls through a
differential gear system. The 2-1 me rf
Slug rack cam is operated by the MEGA-
CYCLE CHANGE control ~through
ears (A), (B), (Q), (R), (8),and (T).
The 4-8 me rf slug rack cam is operated
through gears (A), (B), (Q), (R), (S),
(T), (U), and (V). The 8-16 me rf
slug rack cam is rotated through gears
(A), (B), (Q), (R), (S), (T), (U),
(V), (W), and (X). The 16-32 me rf
Slug rack cam is turned through gears
(A), (B), (Q), (R), (8), (T), (U),
(V) (W), (X), (Y), and ().

(5) In each of the steps of frequency cover-
age it is necessary to have an exact refer-
ence or stopping position for the circuit
clements controlled by the MEGA-
CYCLE CHANGE. This is accom-
plished by the me change detent. A disk
with three notches spaced equally around
its edge is rotated by gears (1) and (A)
when the control is operated. An L.
shaped bracket made of spring material
presses against the disk and produces an
effective stop at each notch.

. KILOCYCLE CHANGE Control.

(1) The KILOCYCLE CHANGE control
is limited to 10% turns by a progressive
ring stop. The ke counter wheels show
the frequency selected by the KILO.
CYCLE CHANGE control. To permit
overlapping of each band selected, the
frequency range of this control is greater
than 1 me. As the KILOCYCLE
CHANGE control is rotated, the wheels
are driven through gears (AA), (YY),
(Z2), (AAA), (BBB), and (CCC).

aam 0550

(2) The vfo tuning unit is connected through
an Oldham coupler to the KILOCYCLE
CHANGE control.

(3) As the KILOCYCLE CHANGE
trol is rotated, the second variable i
slug rack cam and the first variable i
can rack cam are operated through gears
(BB), (CC), (DD), (EE), and (FF).

(4) The 2-4 me, 4-8 me, 816 me, and 16-32

me rf slug racks are moved by the KILO-

CYCLE CHANGE control through

differential gear system. The rf slug

rack cams mentioned above are operated
through the same gears mentioned in

B(4) above except for gears (A) and

(B). These two gears are replaced by

gears (BB), (CC), (GG), (HH), (PP),

and (QQ).

The .5-1 me rf slug rack cam is oper-

ated through gears (BB), (CC), (GG),

(HH), (1J), (KK), and (LL). The

1-2 mo of slig rack cam is operated

through gears (BB), (CC), (GG),

(HH), (J)), (KK), (LL), (MM),

and (NN).

The gear (EEE) is shown engaged with

gear (HH) throngh gear (FFF). Gear

(EEE) does not normally engage gear

(DDD), but during disassembly and

reassembly procedures it prevents loss of

synchronization between the KILO-

CYCLE CHANGE control and the

MEGACYCLE ~CHANGE  control

through the differential to the 24 me,

48 me, 816 me and 16-32 me slug

racks. One side of gear (EEE) is cov-

ered with green paint. When the green
ble. the synchronization is locked.

d. ZERO ADJ. Control. The ZERO ADJ.
control provides a means of correcting errors in
calibration. A locking screw operated by the
knob releases the clutch and locks the gear (ZZ).
Tuning over a range of approximately 6 kilocycles
is possible without moving the three right-hand
number wheels on the countertype frequency indi-
cator. Operation of the knob in a counterclock-
wise direction engages the clutch and unlocks
gear (Z2)

G

Figure 59. Tuning systom, eaploded view.

(Contatned n separate envelope)



CHAPTER 5
FIELD MAINTENANCE

ot Thl chapte contains Intormaion fo e malnensuce. ‘T oun of sl hut c b tetored by
st bvin ek malaenanes sepontiy e e any by e ol a5tk cqipment salae snd by the skill
e repairman.

|
Section 1. ATFIELD LEVEL |

x, avoid can be quickly and simply carried out,

Warning: When servicing the rec
and is capable of yielding such rapid re-

o
contac with the power supply and plate ciruis

The high voltages present in theso circuits can sults, it is the first to be applied in the
cause serious injury. m..n.lesh«m,ug procedure.  This inspec-

" tion is of further value in that ldtlmnnnl
83. Troubleshooting Procedure dumage to the receiver that might occur

a. General. The first step in s ng methods can

tive Radio Receiver R-390/URR is to sectionalize

the fault. Sectionalization consists of tracing the (2) Checking B+ and flament circuits for
fault to the subchassis responsible for the ab- shorts. These measurements (par. 90)
normal operation of the receiver or to the front prevent further damage to the receiver
panel and main frame. The second step is to From possible short cireuits. Sinco this
loalze the . Lecaizaton mesns tracinthe {est ives an Fndisation of tha sondition

fault to the defective ci the subchassis or
front panel and main fme, B inally, by voltage,
resistance, and continuity measurements, the de-
fective part is isolated. Some faults, such as
burned-out resistors, shorted transformers, and
Toose connections often can be located by sight,
smell, and hearing.  The majority of faults, how-
ever, must be located by checking voltage and
resistance.

b. Detailed Procedure. 'The tests listed below tion, it is some
are to be used as a guide in isolating the source of the exact nature of the fault.

of the filter cireuit, its function is more
than preventive.

(3) Operational test. After it has been de-
termined in the preceding test that a
short is not presant in the receiver, an
operational test (par. 91) is carried out.
By using the information gained from
observing the symptoms of faulty opera-

mes possible to determine

the trouble. To be effective, the procedure should (4) Troubleshooting chart. The trouble-
be followed in the order given. Remember that Shooting chart. (par. 92) presonts a syste-
the servicing procedure should cause no further matic method for checking out the re-
damage to the receiver. ‘The procedure is sum- ceiver by eliminating possible sources of
marized in (1) through (7) below, which contain trouble until the nctual trouble is finally
references to paragraphs having detailed infor- resolved.
mation for carrying out the tests (5) Signal substitution. Signal substitution
(1) Initial inspection. Tt is often possible to (pars. 94 through 99), when used in con-
Tocate troubles within an equipment, by junction with the troubleshooting chart,
inspecting the condition of the wiring provides an effective method for methodi-
and detail parts for visible evidence of cally tracking down trouble in a receiver.
failure. Since this inspection (par. 89) (6) Stage gain charts. These charts (par.



101) are useful in localizing obscure,
hard-to-find troubles.

Intermittents. In all these tests the
possibility of intermittents should not be
overlooked. If present, this type of
trouble may be made to appear by tap-
ping or jurring the subchassis or parts
under test. Tt is possible that the trouble
is not in the receiver itself, but in the
installation (mounting, antenna, ground,
auxiliary equipment, or vehicle), or the
trouble may be due to external conditions.
In this event, test the installation, if
possible.

84, Troubleshooting Data

Take advantage of the material supplied in this
technical manual. It will help in the rapid loca-
tion of faults. Consult the following trouble-
shooting data:

the test equipment, where applicable, are also
listed.

Test equipment pr—p—

RF Signal Generator Set AN/URM-25, | TM 11-5551.
equal.

Audio Oscillator TS-382/U, or equal._..| TM 11-2684.

Electronic  Multimeter TS-505/U, or | TM 11-5511.

Multimeter TS-352/U, or equal.. ™™ 11-5527

Figure 60, Assembly instruction for cable No. 1.
(Contained n separate envelope)

5. The tools and materials contained in Tool
Equipment TE-113 are required for field mainte-
nance of Radio Receiver R-390/URR.

86. Bench Testing

- When a cause of equipment failure has been
to a subchassis, as determined by

oo e FcTS

visual inspection, operational test, or the use of the

ek, ubo lcation.
I-lbnclwm of bench-test

1 | G
102 | De'sotaans of trantormers

and coils.

108 | B and varibl . convemion
scheme

Top lnd bottom views of re-

ive ssis, - showing

62 through 79.

ce dingrar
i intorconnection

| dingeas
Radio, Receiver R-390/URR,
schematic disgram.

85. Test Equipment und Tools Required for
Troubleshootin

. The test aqulpmcm required for trouble-

shooting Radio Receiver R-390/URR is listed

below. The technical manuals associated with

chart, a bench test of the faulty
subchassis may be required to locate the trouble
through voltage readings. Since the undersides
of the subchassis are not accessible for trouble-
shooting when the subchassis are mounted in the
may be necessary to remove the sub-
chassis under test and connect them to the receiver
ciruits by the extension eables. Directions for
the fabrication of the extension cables are given in
ngum 60 and 61. The amount and type of ex-
o needed can be determined from the chart
in b below.

b, To prepare a subchassis for bench testing,
remove the subehassis from the receiver according
to the instructions contained in paragraph 105.
Avoid the possibility of disturbing the synchroni-
zation of the gear train with the rf subchassis,
crystal oscillator subchassis, and vfo subchassis.
Connect the extension cables between the receiver
and subchassis according to the chart below.

Caution: When the subchassisare operated ont-
side the receiver, dangerous voltages are exposed
at the tubs-socket pins and other points on the
undersides of the chassis. Observe the rules for
servicing in the presence of high voltage to prevent
possible injury.

(5]



Cave No. | Connectbetween

P210-7110
| P21y
223-P723
P224-J021

Ac power supply.
Coratal ovilator. .-

Veo..

Calibration oseillator .

..

| Js12-P112
J525-P225
1526-P226
8| Js17-PLIT

3

87. General Precautions

When a receiver is to be serviced, observe the
following precautions very carefully :

. When the receiver is removed from the case,
cabinet, or rack for servicing, connect an adequmn
ground to the main frame and to any subchassi
aperated autside the main frame bofore connect:
ing the power cor

. Make certain that the receiver is disonnectsd
from the power source or is turned off before cor
tacting highvoltage sireuits or chunging. con-
nections.

After disconnecting auxiliary equipment and
before testing the receiver, connect pairs of ter-
minals on the back-panel terminal strips as shown
in figure 22.

d. After disconnecting tuning shafts for re-
moval of a subehassis, avoid turning the shafts or
tuning controls unless necessary for troubleshoot-
ing or adjustment. Careful handling may elimi-
nate the need for synchronization. It will be
helpful to make a note of the positions of the
front-panel controls indicated in the removal pro-
cedure upon removal of a subchassis, since a c
trol may be inadvertently disturbed during
servicing.

replacement of parts often makes
new faults inevitable. - Note the following points:

8

(1) Before unsoldering a part, note th posi-
tion of the leads. ~If the part has a num-
ber of connections, tag each of its leads.

(2) Be careful not to damage other leads
while pulling or pushing them out of
the way.

(3) Do not allow drops of solder to fall into
the receiver, since they may cause short
circuits.

(4) A carelessly soldered connection may

eanew fault. It is very important
to make well-soldered joints, since a
poorly soldered joint is one of the most
difficult faults to find.

(5) When a part is replaced in the rf or if.
cireuits, it must be placed in the ezact
position of the original part. A
that has the same clectrical value but dif-
Jerent physical size may cause trouble in
high-frequency circuits. Give partioular
attention. to proper gmund:’ny awhen re-
Placing a part. Use the
in the original wiring. leurs to abA
serve these precautions may result in
decreased gain or, possibly, in oscillation
of the cireuit.

7. Before taking mlhnge measurements or per-
forming mmnl tracing, always check the value of
the regulated de voltage. Approximately 180
ot 0 shonld b o ed at B+ 180V DC jack,
J601, located on the af subchassis (fig. 75). This

ck is accessible through the main frame of the
receiver, at the side.

88. Troubleshooting Notes
a. To avoid the necessity for removing a sub-
chussis when voltage is to be measured or signal
injected at a tube-socket pin that does not have
a test point, remove the tube, insert. into the de-
sired contact a short length of thin insulated wire
both ends bared, and replace the tube.
Connection to  voltmeteror signal ganerator u.p..
can be made throngh the exposed end of the
The rf tuning coils and ranstormers on the f
subchassis can be readily removed, if necessary,
permit measurement of voltage or resistance at
the socket contacts, or measurement of the con-
tinuity of the coils. Instructions for the removal
of the coils and transformers are contained in
e aph 105q.
. If trouble is suspected in the rf subchassis,
per fm 1 as much detailed troubleshooting as pos-
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sible to make certain that the trouble is in the
subchassis before removing it as removal of the
of subchassis s a difficult and time-consuming
procedure.

. When it

suspected that injection voltage
rom vfo bem,. supplied to the third mixer,
check the STFT voltage regulator tube,  1f the
tube does not mm\ or if an excessive glow is noted,
replace the tube.

When the filiment of a particular tube fails
to light, trouble may be in another tube in the
same series filament circuit. Refer to the series
filament cireuit diagram (fig. 54).

e. When trouble appears to be in regulator tube
V605, V606, or V60T, first observe that tubes V608
and V609 are glowing normally, and then check
B+ voltage at the B+ 180V DC jack before
testing regulator tubes in the tube tester.

89. Initial Inspection

When a receiver is brought in from the field
for check or repair, remove the top and bottom
dust covers, aad rapect ¢ 23 follows, observing
the precautions described in paragraph 87.

o Tnapect all cabls, pluge, and. receptacis.
Check to see that all connectors are seated prop-
portant  because improperly
seated connectors are a frequent cause of abnormal
operation in equipment. Repair or replace any
connectors or cables that are broken or otherwise
dsmu e

In

pectfor burned insulation and resistors
mm show signs of overheating. Look for wax
leakage and any discoloration of apparatus and
wires,

¢. Tnspect for broken connections to tube sock-
ets, plugs, and other apparatus, as well as for
defective soldered connections. Examine for bare
wires touching the chassis or adjoining wires.
. Make sure that all tubes are in their correct
pusmm as shown in figures 25 and 26, Replace
rehange any tubes that are not of the type
Caled for in the Mlustrations.  Replace broken
tubes. Tnspect for loose tube-socket contact
e. Tnspect, the fuses and replace, if necessary,
with fuses of correct rating and type. Check
carefully for short circuits (par. 90) wherever
blown fuse is found.
£. See that the MEGACYCLE CHANGE and
KILOCYCLE CHANGE controls turn freely.
Rough operation or binding indicates a damaged

taning eystem or need for cleaning and lubrica-
tion (par. 106).

9. Check all switches and controls for ease of
operation.

90. Chod(ing B+ and Filament Circuits for

'r.. ])w\em damage to n receiver sent in for
ance of the high-
o plying pover to the
cquipment. Repeated burning out of B+ 3/84
fuse, F102, is an indication of a short in one of
the circuits.Disconnect, Power
Cable Assembly CX-1358/U from the s power
input, and test the cable assembly (par. 44).
After it has been determined that the cable assem-
bly is no tthe FUNCTION switch at AGC
and check the high-voltage circuits as follows:
) 'll\e resistance “neasured between the
be-socket pin 2 or 5 of regu-
h tabe V605 and V606 should be ap-
pmxmmel) 140,000 ohms. This meas-
urement can be taken at the 3/8A. fuse
holder by leaving the fuse in place. 1f
the resistance is low, check capacitor
CI01 (fig. 81) for a short circuit or leak-
age. If the resistance is abnormally
high or infinite, check for an open circuit
caused by a break in wiring, poor con-
nector contact, or, possibly, an open
capacitor C101
(2) The resistance measured between the
chassis and the B+ 180V DC jack J601
should be_approximately 19,000 ohms
with the FUNCTION switch at OFF or
STAND BY, approximately 9,400 ohms
with the FUNCTION switch at AGC,
MGC, or CAL, and approximately 8,500
ohms with the FUNCTION switch at
SQUELCH. 1f the resistance is low,
check for a short-circuited or leaking
bypass capacitor, or for a short circuit
in the wiring of one of the plate or screen-
rid ciruits of the individual subchassis.
If the resistance measured is greater than
normal, an open  sereen-grid _bleeder
aml/ur dropping resistor is indicated.
I

which subchassis it is located, as follows:
(a) Turn the FUNCTION switch to OFF.

8



(8) Disconnect all interconnecting cables
-y power to the subehassis.

(¢) Replace any blown fuses.

(@) Check tosee that the 115V /230V switch
on Power Supply PP-621/URR is in
the proper position for the available ac

power source, and connect Power Cable

Remembly CX_1355/1 betsren the re.

ceiver and power source. Turn the

FUNCTION switch to AGC.

Reconnect. (one at a_time) the cables

that carry power to the individual sub-

chassis in the following order: Power

Supply PP-621/URR, af subchassis,

if. sl\bc}mcsls with the BFO switch in

FUNCTION switeh in ¢
If the B+ 3/8A fuse blows after the
power cable is connected to a subehassis
and, in the case of the if. and rf sub-
chassis, the BFO and FUNCTION
switches, respectively, are turned to the
positions indicated, there is probably a
short circuit in that subchassi

b Tf the tests performed as instructed in a(1),
(2), and (3) above reveal n trouble, the filmen,
cireuits should be checked as follows:

faulty controls, and intermittent operation. Ob-
serve closely the readings of the CARRIER
LEVEL and LINE LEVEL meters. A normal
reading on the CARRIER LEVEL meter usually
indicates satisfactory operation of the age circuit
and all stages up to and including the fifth if.
amplifier. If the LINE LEVEL meter reading
is normal, satisfactory operation of the remaining
stages, except for second af amplifier, section A of
V602, and the local audio channel output stage,
V603, is indicated. These latter stages can be
chocked by Tistening with s 600ohm headset or

check the local audio and if. st
q\nckly, connect, a headset to the PHONES jack
onthe front panel. 'Turn the FUNCTION switch
to AGC. 5lnnmg at the 16-KC position of the
BANDWIDTH s ‘h, set the switch in turn to
each lower position. 1 the volume of the rushing
sound heard in the headset decreases noticeably
with each lower seting th it and local adio
xmges are ope This test does not neces-
ds

s

n i
“The calibration-oscillator Slabe el
means of quickly

in the receiver. - Typical methods are described in
(1) and (2) below.

(1) To check the contacts of the rf band

switeh (3201 through $210) (fig. 64)

and erystal-oscillator band switch (S401

(1) See that all th y
cables are in position and properly con-

llle FUNCTION switch to AGC,
k the filament circuits as de-
scribed in paragraph 42. A short in the
low-voltage or filament circuits will b

@)

evidenced by the repeated bu i of
AC 3 fuse, FIOL. In addition o a do-
fective filament circuit, a short circuit to

ground in oven heater HR401, HRT0L, or
HR90L, or dial lamps 1 101 or I 102 will
seriously affect the low-voltage circuit.
If an abnormal filament circuit s indi-
cated, test the tubes by using one of the
techniques described in paragraph 43.

91. Operational Test

a. Operate the equipment as described in the
ipment performance check list (par. 47). This
eck list is important because it fi
sectionalizing the trouble without the need for
further testing. Check for overheated parts,

8

through S404) (fig. 66), connect a head-
set.to the PHONES jack on front panel.
Set the FUNCTION switch at CAL.
Set the KILOCYCLE CHANGE con-
trol to any 100-ke position. Starting
with the lowest detent position of the
MEGACYCLE CHANGE control, turn
the control to each detent position in suc-
cession. Adjust the BFO PITCH con-
trol as necessary to obtain a signal in the
headset. If no audible signal is heard
in a detent position, trouble in contacts
of the rf band switch or crystal-oscillator

band switeh is indieated.

(2) The LINE LEVEL mater, LINE
METER switch, and LINE G \IN con-
trol are checked us follow nect, o

Imudxonotlml’ll(\\l-]h]avkolnl front.
punel and adjust the KILOCYCLE

NGE control for an even 100-ke
reading on the dial. Set the FUNC-
TION switch at CAL and turn the BFO




switch to ON; an audible tone should be
heard in the headset. Set the LINE
METER switch to —10 and adjust the
LINE GAIN control so that the LINE
LEVEL meter reads 0 vu (upper scale).
Turn LINE METER switch to 0. Read-
ing on LINE LEVEL meter should drop
to 10 vu. Readjust the LINE GAIN
control for a 0-vu reading on LINE
LEVEL meter. Tum the LINE
METER switch to +10. The LINE
LEVEL meter reading should drop to
=10 vu. If indications described above
are not obtained, check the LINE
LEVEL meter and 10-db pads (fig. 85),
the LINE METER switch, and the
LINE GA[N mnlrol

. T)

Caution: To prevent damage do not
depress the slug rack too strongly.

(5) Depress the 5- to 1-me slug rack slightly
with the hand the meter reading should
decrease. If the reading increases when
the slug rack is either raised or depressed,
the camshaft is out of synchronization,

(6) Repeat, the procedures described in (1)
through (5) above for each slug rack,
setting the megacycle digits on the
frequency-indicator dial at o reading
within the band covered by the slug rack
being checked.

e. Tf the receiver is not synchronized, refer to
paragraph 111.

92. Troubleshooting Chart
The followmg dmn is supplied as an aid in

beq\ud(ly hecked 14 folowa:
(1) Set the frequency-indicator reading so
that the first two digits are zeros and the
Iast three digits read an even 100 ke or
multiple thereof.
(2) Set the FUNCTION switeh at CAL.
(3) Advance the RF GAIN control until the
reading is obtained on the CARRIER
LEVEL meter.
i to 1-me slug rack (fig. 86)
th the hand; the CARRIER
LEVEL meter reading should decrease.

radio receiver. This chart
e i s)mpmms that the repairman o
cither visually o audibly while making simple
chart also indicates how to localize
trouble quickly to the audio, if. or rf stage that
is defective. The signal-substitution tests out-
lined in paragraphs 94 through 99 can then be
used to supplement this procedure to aid in locat-
ing the defective stage. Once the trouble has
been localized to  stage or circuit,  tube check
and voltage and resistance mensurements of the
stage or circuit should ordinarily be sufficient to
isolate the defective part.

Sympon. Prababl trauble

Cometton

1. Waon FUNCTION awith i In
7 i

e o s i it

2. Dial lamp lights, but CARRIER
LEVEL et doss oo deet
No recepti
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No. B+ voltage.
#a

5th i, stage.

control s rotated.
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(o When nocomary,
oage and res
measurements (Ag. 82).
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shorting cle-

prod to tap each tube. If tapping & tube
causes inerease in noise in the output, try
different tube.
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isten fo nois output. Naise indicates that
 connection should be sodered or that o
part necds re

1. Receiveroutput noiy when con- | Dirty switch contacts, Poor | Clean. switeh sontbess. Cloan and. lubrcate
trols are operate contact at rotor of a gain con- | control, or replace.
trol
12 Distorted signal. Wesk tube. Incurac vollge | Check tubes and reac i ncsar. ek
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such as C603 or C610. s:sy Vs headoet connccted i seres with o

pacitor to check signal across grid and
plate cieuits of audia stagea and, thu
localize trouble.

93. Voltage and Resistance Checks
Voltage and resistance diagrams for the varion
subchassis of the receiver are shown in figures 82,
83,and 84, These drawings show the values that
should be obtained at the tube-socket pins, sub-
chassis receptacles, and terminal bousds 11 »
value, as read on the multimeter, varies (outside
of reasonable tolerance limits) from the value

given in the diagrams, the amount of variance
should be noted and used to aid in determining
which part is at fault. nstance, if a 100.000-
ol resistance rending is indicated at a given tube-

socket pin on a diagram, and the netual reading
is 30,000 ohms on the meter, the circuit diagram
of the subehassis should be examined for the pres-
ence of a resistor in the circuit under test that
could, if defective, account for the incorrect read-
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ing. Sueh a resistor would then be suspected and
should be checked Another possibility would be
that a capacitor has shorted out and is shunting
a resistor. There are many ways of using the
rams, depending on the

e and resistaunce dia
Tesoureefulness of the repa

94. Signal Substitution Notes

a. Signal substitution for Radio Receiver R~
390/URR requires an audio oscillator, such as
Audio Oscillator TS=382/U, for checking the line
and loeal audio channels, and 1
such as RF Generator Set AN/URM-:
to provide a source of modulated rf and if. signal
for checking the rf, v and fixed if.
stages. nal of
455 ke, the signal generator should cover
range of at least 400 ke to

riabl

In addition to |m)(]unll|;_r. if.

RY subchassis, top view.

erator should be capable of furnishing an rf signal
output at any level between 1 mierovolt and 1 volt.
b. A multimeter, such as lectronic Multimeter
-503/U, and tube tester,such as lectron Tube
Set TV-2/U, are needed to isolate the defec-
tive part after the fuulty stage has been indicated
by \vgm\! substitutio
. For the tests described i paragra
Vsl 99 Hohsive, sonsast theigeound xem of
the audio oscillator or signal generator to the sub-
chassis being tested, and connect the signal output
Tead through a apcitr 4f), tothe point
specified.  The bench-testing information in para-
graph 86 and Hve information in paragraph 882
indicate the method of preparing the subchassis
for signal tracing.
d. Note the volume, and listen for distortion
from the speaker or headset at various poi
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the signal-substitution procedure. Make certain
that the LIMITER control is in the OFF posi-
tion: if it is in the ON position, it may be the
cause of the distortion. When working back from
the output to the input stages, decrease the output
of the signal generator as much s possible. If
possible, compare results with u receiver known to
be in good condition.
Check the wiring and soldering in each stage
during the procedure.
ng shaft that is out of synchronization
or  trimmer adjustment that is misalined may
cause reduced output or may prevent any output.
Synchronization of the shafts and cams (par.
110a) should be checked, and the position of the
»f and erystal oscillator band switches should be
checked (par. 1105 and ¢) before the adjustment
of individual tuning circuits (pars, 111 through
116) is attempte
9. When trouble is localized in a given stage,
first test the tube, if such a test is indicated. Then

Ta01  vdol

™ 856- 63

CrystaLosciliator subehassis, top viete.

measure the voltage and, finally, the resistance of
the circuits of tht stage (figs. 82, 83, and 84).

. Trouble in a circuit or stage does not always
change the voltage and resistance measurements at.
the tube socket or terminal board.  Instructions in-
cluded in this paragraph merely serve as a guide,
and suggest other procedures, such as voltage and
resistance measurements of individual parts.

i. When testing, remove only one tube at a time.
Check the type number of the tube, test the tube,
and, if it s not defective, return it to its proper
socket before removing another tube.

J. At each step it is assumed that all previous
steps were completed satisfactorily. Tsolate and
clear any trouble discovered before proceeding
with succeeding steps

k. Refer to the notes in paragraph 88 while per-
forming the tests.

95. Local-Audio-Channel Tests
a. Pin 5 of V603 (Plate of Local AF output
Tube). Apply an af signal to pin 5 of tube socket

9
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XV603 (fig. 75). Listen to the signal from a head-
set or speaker connected to the local audio output.
The volume should be verylow. ~If nosignal is au-
dible, check the connections to output transformer
T602, and test capacitor C604 for a short circuit
(fig.75).

b. Pin 1 of V603 (Grid of Local Af Output
Tube). Apply the signal to pin 1 of tube socket
XV603. Listen for an increased output over that
obtained in the preceding step (a above). If no
signal is audible, test the tube and the voltages
at the socket pins. When the signal is distorted
or when there is a positive de voltage on the con-
trol grid with respect to the chassis, test capacitor
€603 for leakage (fig. 75).

¢. Pin1 of V602 (Plate of Local Af Amplifier).
Connect the output of the generator to pin 1 of
tube socket XV602 (fig. 75). If the signal output
decreases, test capacitor C603 (fig. 75).

92

d. Pin2 of V602 (Grid of Local Af Amplifier).
the LOCAL GAIN control fully on._ Apply
the signal to pin 2 of tube socket XV602. The out-
put signal should be much louder than that ob-
tained in the previous step (¢ above). If the
signal is weak, check the tube and the voltages
at the tube socket pins (fig. $3).

96. Line-Audio-Channel Tests
Connect the headset to the LINE AUDIO out-
put, terminals 10 and 13 of the rear terminal
(fig. 22).  After the LINE LEVEL meter
has been checked, using Multimeter TS-352/U,
it may be used as w ut indicator. Rely on
the headset, however, o detect noise and distor-
tion.

a. Pin 5 of V60i (Plate of Line Af Output
Tube). Tnsert the audio-oscillator signal at pin
5 of tube socket XV604 (fig. 75). The volume
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Figure 61, Crystat oscillator subchassi, location of crystais.

should be very low, as heard in the headset. 1f
no signal is audible, check the leads to output
transformer T603. The center leads of the sec-
ondary winding must be connected by a jumper
between terminals 11 and 12 of the rear terminal
strip (fig. 22). Test capacitor C611 (fig. 75).
b. Pin 1 of V60§ (Grid of Line Af Output
Tube). Apply the signal to pin 1 of tube socket
XV604. The output signal should be much louder
than that obtained in the previous step (a above).
If the output is unsatisfactory, check the tube and
the voltages at the tube socket pins (fig. 83). If
the grid bias is incorrect, as indicated by distor-
n o excessive plate current, check capacitor
€610 for leakage (fig. 75). Check the operation

of the LINE METER switch and the LINE
LEVEL meter.

<. Pin6 of V602 (Plate of Line Af Amplifier).
Apply the audio-oscillator signal to pin 6 of tube
socket XV602 (fig. 75). Rotate the LINE GAIN
control fully on. Tf the signal output decreases
ably, test capacitor C610 (fig. 75).

97. Af Amplifier Tests

a. Pin 6 of V601 (Plate). Tntroduce the sig-
nal from the audio-oscillator at pin 6 of tube socket.
XV601 (fig. 75). Set the AUDIO RESPONSE
switeh to MED. The signal output should be
somewhat less than that obtained when the signal
was applied to pin 7 of V602. If no signal is
heard, or if the signal is weak, check capacitor
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V1o subchassis, vottom view.

€602 (fig. 75) for a short circuit, and check the
conuecnuns to the AUDIO RESPONSE switch.
b. Pin7 of V601 (Grid). Apply the signal to
n 7 of tube socket XV601. The output signal
Should be much Touder then that abtsined in the
preceding step (s sbore). I the sigue i weak,
the tube and the voltages at the tube socket

pms (fig. 83).

98. If. Subchassis Tests

a. Pins 1 and 2 of V510 (Anode of Positive-
Peake Limiter). Introduce an af signal at pins 1
and 2 of tube socket XV510 (fig. 69). If no signal
is audible, o if the signal is weak, check capacitor
©520 (fig. T0). Check the seating of connectors
PLIT and P11 in connectors J517 and J619, re-
qvettne!y (l|gw sx and 74

b 7510 (Cathode of Positive-Peal
anm»). Apply the af signal to pin 3 of tube
socket XV510. A weak signal may indicate that
V510 is defective or that resistor R342 or Rod4 is
open (fig. 70).

c. Pins 6 and 7 of V507 (Anode of Negativ
Peak Limiter). Apply the af signal to pins 6 and
7 of tube socket, XV507 (fig. 69). If the signal is
weak, check V507 and resistor R541.

%

4. Pins 1 and 2 of V507 (Anode of Deteotor)
Introduce a 455-ke modulated signal from the sig-
nal generator at pins 1 and 2 of tube socket XV507.
If there is no output signal, or if the signal is weak,
check the tube and the jumper connection between
terminals 14 and 15 of the rear terminal strip (fig.
22). If the trouble persists, check the voltage and
resistance of the circuit components (fig. 82).
e. Pin5 of V506 (Plate of Siath If. Am i
 modulated signal to

XVO00 (fig, 69). A weak obtput signal
may indicate that transformer T506 is not aligned
properly or that it has an open or short-circuited

wing

. Pin 1 of V306 (Grid of Siath If. Amplifier).
Apply the signal to pin 1 of tube socket XV506.
The output signal should be somewhat louder than
that obtained in the preceding step. If the signal
is weak, check the tube and tube socket voltage
(fig. 82).Test cathode-bypass capacitor (523 and
screen-grid capacitor € ) for an open
cireuit by temporarily shunting capacitors of like
value them.

. Pins 5and 1 (Plate and Grid of First Five If.
Amplifiers). Set the FUNCTION switch at

THoss-os

Figure 73, V1o subchassis, sealed circuit cover removed.



Figure i, Af s

MGC, turn the RF GAIN control fully on, and sat
the BANDWIDTH switeh at the +-KC position.
Apply the 455-ke modulated signal in turn to pins
5and 1 of the tube socket of the first five 455-ke if.
amplifiers, proceeding from the fifth stage to the
first (fig. 69). Correct any faults found in a stage
before proceeding to the next.

99. Rf Subchassis Tests

a. Pin 1 of V205 (Plate of Third Mizer). In-
troduce the 455-ke modulated signal at pin 1 of
tube socket XV205 (fig. 64). If no signal is
heard, check transformer T207 and the signal con-
nections to the if. subehassis.
inde of he sval sbslnton
r tou frequency
e e vt et i s essor sl
g at 01000

b. Pins 6 and 7 of V205 (Grid and Cathode of
Third Mizer). Apply a 2-me modulated signal

23471 05

TeseT

ubchassis, top view.

o test point B210 (fig. 62). Tf no output signal
is heard, connect an antenna or a 2-me signal
sourcsto the sotenca terminas of the receiver,
and, at the sa
unmodulated
XV205 (fig. 64). The reception of static or sig-
nal when the 2,455-ke signal is substituted for the
receiver oscillator signal indicates a faulty vio.
To check for injection voltage from the vio, set
the FUNCTION switch at STANL BY, and
measure the de voltage using the vtvm at test
point, E210 (fig. 62). The voltage should be
betwween 3 and 11 volts de. (This is a reference
voltage only.) This voltage is present because

tube V205 is rectifying the vfo oscillator signal.
Tthe voltage is within these limit
age from the vfo is available. Measure the
amount of injection voltage from the vfo by dis-
connecting PT23 (fig. 88) and connecting the ac
probe of Electronic Multimeter TS-305/U to the
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contact of the plug. The voltage should measure
approximately 2 to 3 volts ae for normal opera-
tion. When the trouble is in the vio, check its
tube (V701), check for loose coupling at the oscil-
Iator tuning shaft (par. 110d), and check the tube
socket voltages. If no output signal is heard when
the 2,455-ke unmodulated signal is applied to
pin 7 of V205, check the third mixer, V203, and its
tube socket, voltages (fig. 52).

c. Pin 1 of V204 (Plate of Second Mizer).
With the FUNCTION switch at MGC, apply the
modulated 2-me signal to pin 1 of tube socket
XV204 (fig. 64). A weak output signal may in-
dicate that plate resonant circuits 7222, 2223, and
7224 ure not synchronized with the other tuning
cireuits (par. 110a) or are not individually alined
correctly.

. Pins 6 and 7 of V204 (Grid and Cathode of
Second Mizer). Apply a 10-me modulated signal
to test point E209 (fig. 62). 11 no output signal
is audible, either the second mixer stage or the
second erystal oscillator stage is defective. To
determine which stage is at fault, apply a strong,
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AF subchassis, bottom view.

2-me unmodulated signal to pin 7 while the an-
nals are connected to an antenna or toa

The reception of static or
me signal is applied indicates
a faulty second erystal oscillator. Check for in-
jection voltage from the second crystal oscillator
by measuring the de voltage with the vtvm at test
point E209 (fir. 62), with the FUNCTION switch
at STAND B’ A reading of —3 to —11 volts
indicates that injection voltage is available from
the second crystal oscillator. The amount of in-
jection voltage available is determined by discon-
Tecting P222 from J422 (fig. 86) and measuring
the voltage at the contact of J422, using the ac
probe of the multimeter. A reading of approxi-
mately 2 to3 volts ac indicates normal output from
the second erystal oscillator.  If normal output is
not obtained, test tube V402, the tube socket volt-
ages (fig. 82), the alinement of the oscillator cir-
cuits, and the oscillator erystals (par. 100).
Check synchronization (par. 110). If n crystal is
defective, the band or bands associated with that
crystal will be inoperative. 1 no output is heard
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Pigure 7. Calibration-oscillator subchassis, top view.
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Figure 17, Calibration-oscillator suvchasais, bottom view.
hen the signal is applied to pin 7, check second  modulated signal to pin 1 of tube socket XV203
‘mixer V204 and its tube socket voltages (fig. 82).  (fig. 64). If the output signal is weak, check the
e. Pin1 of V203 (Plate of First Mizer). With  synchronization of the first if. slug rack and the
the FUNCTION switch at MGC, apply at 10-me if. can rack. Alinement of the individual
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wlugs for resonant circuits 7219, 2220, and Z221
required.

me modulate
If no signal is audible,
apply a strong, S-me unmodulated signal to ter-
minal 7 of V203 while the antenna input is con-
nected to an antenna or to a 2me signal source.
Then, if static or signal is audible, a faulty first

pyeal oscllator is ndicated. Turn the FUNC-
N switeh to STAND BY and check for in-
jection voltage from the first crystal oscillator at
test point E208; if a rea between —3 and

— 11 volts de is obtained, injection voltage is avail-
able from the first crystal oscillator.  Disconnect
P221 from J421 (fig. 86) and measure the ac volt-
age at the contact of J421. The output from the
st erystal oscillator is normal if  reading of
s obtained. If the
output is abnormal, check tube V401 (fig. 65) , the
tube socket voltages (fig. 82), the alinement of
the oscillator cireuits and the oscillator crystals
lp)\x 100). Check synchronization of erystal

ator (par. 110). However, if the set is still
.m..i o if Lhe ot i wealk, check first mixer
tube socket voltages (fig. 52).

v/ l'm 5 a/ Ve (Plate of Second Rf Ampli-
fier). With' the FUNCTION «mmh at MGC,
apply 4 2:me modulated signal to of tube
socket XV202 (fig. 64). If the o\ltpul is abnor-
mal, check the tuning cireuits that couple the plate
of the second rf stage to the grid of the first mi
and band switch s ig. 64).

I Pin 1 of V202 (Grid of Second R Ampl;
fier). Apply the signal to test point E207
62). The audic signal output should be much
louder than in the preceeding step (¢ above). Tf
the signal is weak, check tube V202 and its socket
voltages.

i. Pin 5 of V201 (Plate of First Rf Amplifier).
Apply the 2-me signal to pin 5 of tube socket
XV201 (fig. 64). If the output signal is weak,
inspect the tuning circuits that couple the plate
of the first 1f stage to the grid of the second rf
stage and band switch section S206 (fig. 64).
Check voltages.

J. Pin 1 of V201 (Grid of First Rf Amplifier)
Apply the 2-me modulated signal fo test point
E206 (fig. 62). The output signal should be louder
than that obtained in the preceding step (7 above).
Tf the signal is weak, test tube V201 and its socket,
voltages (fig. 82).

100

k. Antenna Input Circuits. Connect the 2me
‘modulated output of the signal generator, in turn,
to UNBALANCED WHIP antenna input recep-
tacle J107 and to BALANCED 125 OHM antenna
input receptacle J108. If the signal is weak,
check the antenna tuning circuits and connections.
Check break-in rel by setting the FUNC-
' witeh at CAL xu\d 4\\: frbq\len(\' indieator
reading at an even 100-k obtain a cali-
bration signal, and by sw ibchmg ‘e FUNCTION
switeh back and forth between the CAL and MGC
positions several times. Tone shuuld be heard

the headphones at the MGC position, while at
the CAL position no tone should be heard,

100. Checking Oscillator Crystals

1 it is suspected that an oscillator erystal is
faulty, it can be readily checked by the use of a
second Radio Receiver R-390/URR in good oper-
ating condition, us follows

. To check erystals of second erystal oscillator,
disconnect plug P222 from the erystal-oscillator
ubchassis, and connect, the contact of J422 to the

NBALANCED antenna input, of the second
receiver.

5. Set the MEGACYCLE CHANGE control to
the frequency at whi ystal (par. 103) is
connected in the circuit.

¢. Tune the second receiver to the frequency of
tal in the receiver under test, and set its
witeh to ON. An audible signal should be
heard in a headset connected to PHONES jack.
Rock KILOCYCLE CHANGE knob to identify

N

Figure1s. Power Supply PP-621/URR, top view.
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If no signal is heard, the erystal
should be replaced.

d. Check the first crystal-oscillator crystals in
the same manner us deseribed in a, &, and ¢, above,
except that the contact of J421 is connected to the
second receiver.

101. Stage Gain Charts
The stage gain charts in @ and b below list the
imum voltages required at each
e r if. stages of the receiver to produce
a voltage of —7 volts dc ucross the diode load.
Use these charts as a standard when troubleshoot-
12 to check the overall gain of the receiver and
the gain of each rf or if. stage or group of stages.
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Front panct and main frame, top view.

When the receiver output is low, and the tubes are
operating satisfactorily (us indicated by a tube
checker), localize the defective stage by checking
the signal voltage level of each stage against the
chart while using the signal substitution method
of troubleshooting, or by measuring the individual
stage gain. To obtain the stage-gain readings,
connect a de voltmeter, such as Electronic Multi-
meter TS-505/U, between terminals 14 (DIODE
LOAD) and 16 (GND) of the terminal strip on
the back of the receiver (1ig. 22). Terminal 14
must be jumpered to terminal 15, Comnect. the
ground lead of the rf signal generator to the
receiver ground, and connect the generator output

TMBse-T7
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Figure 81, Front panct and main frame, bottom vici.

Aouf capacitor to the receiver  diode-lond reforence voltuge of —7 valts do
checking the  against the figures given in the charts. The low-
est figure is the minimun and the highest is the
be gained by operating the subchassis outside the  maximum that should be required over the speci-
receiver, using the extension cubles (par. 86), or  fied frequency range for normal operation. How-
by inserting a short length of wire into the tube ever, a reading that s slightly outside this range
socket terminal (par. 88a). Check the output  does not necessarily indicate improper func-
ator required to obtain the tioning.

lead through
points indicated in the chart.
455-ke if. stuges, access to the injection points can

from the

signal gen

a. Rf Subchassix Stages.

e | o point 210
et polnt 0 20 mier i 22
iy o e

T T
[ o | Tt

st |
o va |

o-15 9-19

Frequency (me) .
Signal generator output (miero-
volts)

b, If. Subchassis Stages.
[ ——
s — —
10w s
T 00 to 1,900 1100 0 2,000 001100 860 t0 1,700

aa i 2300 t0 5,000 7

S i, srid V301 7,000 t0 12,000

it grid V505, 16,000 10 20,000

Bl i, id V06 e on | 15000010 300000 | 120000 10 0000 | 13000 5 800000

J— R il
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The de resistances of the transformer windings
and the cils in Radio Rceiver R-300/URR us

measured with an ohmmeter (such as that incor-
pmatod in Multimeter TS-352/U) are listed
o Radio Beceiver R-390/URR.
Trntormecorcol | Terminals “onms
AA (108) | Tess than 1
D-D (104)
: 1

b

sITIvic

Ts02, T503, T504,
‘and T505.

Torminals ot
12 Loss than 1
34

7

5.
29

7
Less than 1
31

than 1.
s than 1.

Tow than 1, T602* and To03+

25. 24.

15, 3 2

11 Loor.. I v e,

Less than 1. .- 2

Tess than 1.

Tess tha

Less than 1. b. Power Supply PP-621/URR.

Transtormer o col | Terminals Ohms.

801




103. Rf and Variable If. Conversion Scheme
In order that the frequency conversion scheme

of Radio Receiver R-390/1

may be ex

RR y un-
derstood, the chart is provided below. The fre-

t0 20 me for the 5- to 10-me band, ard from 3.0
to 20 me for all other bands. The frequency
range of the vfo is 3.455 to 2.455 me for all bands.
The fied output 1, of the third mixer is 435 ke,
The following is an example of the use of the chart.

Fraquaey rango o anteans d o si... 48 mo
!

Position of switeh s
Pt cya et oz (mqueno» Sme
or output frequency . 8 me
135me
e s s . s b st o el s

raueney it e eyannuu i ree
Second erystal-oscillator frequenc
Second er»sul—wcll!lwr output frequeney 16 me.
Second variable 25
i, i el s e e
P i

Vio fxeuuem‘ : 2,055 me

Ereauney o saion b ... 35 me
Frguenc indior rad o500 o quenes caul theecond staie . e
oy Wotiuol e g
Posion of swith 201 4 Third miser fixed i sk
‘ \

B e e o R ey e

oo | [ B | T | S | i ‘ sy | S 1 gt
- I I =
1| o o 9 9 | asw0 | 12

2| 1z 1 5 s o1 12 12

3| 24 2 w0 10 1203 | 15 15
3| a26|  12e| tewss| 62 150

i i 7 7 11 1 18

. 5 s s s 16

1 o o 9 13

7w 10 10 2

5| s 5 1 1

. 9 2 12 12

10 13 1

1 1 1

e[ 15 15

1 HEEE ao 18

1 85 7

15 5 20 15

6| i 10 95 19

B 0 2

105 21

1 2

s )

12 2

% 125 2

13 2

9 2

1 2

0. 666 2

0 3

10,33 3

10660 »

S I 3

313 11338 3

oL e Bt b roqueney bands
Figure 82. Radio Recciver R-390/URR, tube voltage and

(Contatned In
Figure 83, Radio Receiver

resistance and subchassis receptacle resistance diagram, top

separate envelope)

deo
tatued tn sep

tottom

k.

Figure 83, Radio Recciver )Hgn/lmn termlmlnuwdnomvtu»n rexistance diagram.

tained
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104. B+ Voltage Distribution
The input. voltage from the porer line to the
jd

In addition, this s\\mh

m‘ controls the «ppnumn of B+ to the various
cireuits, with the exception of the first and second
erystal oscillators and the vfo (fig. JK) B+ is
vays connected to these cireuits e tem-
perature of the components will remain mmlnut
Tn the MGC and the AGC positi 7, reg-
ulated B+ voltage is npplved o all cirouts of the

Section II.

105. Removals and Replacements
Directions for removing and replacing the sub-
chassis and various detail parts of the receiver
for bench testing or repair are mlm\nwd ina
through ¢ below. Al the subchassis, except the
¥f, can be removed from the receiver without prior
removal of any of the other semblics, While
the rf, if., and vfo subchassis are outside the re-
cefver,aeoid changin the positions of the KILO-
CYCLE CHANGE, bfo, ,.ml vfo tuning shafts,
if possible. ks e positions of these
shafts necessitates s»mmmz.nmn Make any
necessary presettings of the receiver controls,
gl potebl, hifore rsarng e bl
Subcha unting screws are color-coded with
greon heads, T most cases are captive
screws, and need be loosened only unt
free of the main frame to remove the subchassis.
When replacing the subehassis, the captive serews
should first be started one at a time to locate the
subchussis before tightening the screws all the
way. The reference designations of the conxinl
plugs are marked on bands fastened to the cables,
near the p!u(.. 'l'o remove a conxial plug, press
the plug y and twist counterclockwise to
release; then puu e plug mmm out. Wi hm
conxial plugs are not readily
type Tube Puller TL201, supplied ith Tool Set
TE-41, can be used. To remove 7-pin plugs P13,
P14, PT15, and P916, first twist the metal shell
slightly counterclockwise to release the clamp,
then pull the plug. Make sure that the pins are
properly alined with the jack contacts when re-
placing multi-contact plugs; the pins are easily
When loosening the clamp serews, be care-
ful not to overdraw the serews: this will cause

bent,
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reeiver except the u\hbrnuon oscillator and the
squeleh cireuit (fg Tn the C

Theswiteh, n.pph.m itof the alibration osei
lator is energized, and the de output of the dry-
disk rectifier is applied to the antenna relay (fig.
In the SQUELCH position, B+ is co
nected to all receiver cireuits as well as to the p
circuit of the squeleh tube, section B of V601 (fig.
98). Inthe STAND BY position,all B+ circuits
except to the oscillators are disconnected, and de
voltage is applied to the antenna relay (figs. 56
and 98).

g2

REPAIRS

the nut to drop off. Do not tighten clmp serews
o thrends muy be srippod. Make sure
that the Bristo wrench is fully insorted into the
o avd stripping theslta i the head,
a. Removal of Front Panel (figs. 21 and 80).
To gain access to the wiring and parts on the back
of the front panel, or to prepare for removal of
the rf sub( hnw, remove the front panel and pro-
ceed a
{1) Remote the top and bottom dust covers
from the recei
(2) Remove the two handles from the front
panel by removing the nuts and washers
that secure the handles at, the rear of

the panel.

() Place wooden blocks under the side plates
e receiver main frame, in back of

the front panel, so that the panel is clear

of the bench and the receiver tilted back-

ward.

(4) Rotate the MEGACYCLE CHANGE
and KILOCYCLE CHANGE control
knobs fully comntercloclwise to the home
stop position

(3) Position the ANT. TRIM control at —4,
and remove the knob.

(6) Position the BFO PITCH control at 0.

Position the BANDWIDTH control at

. Loosen the collars on the

BANDWIDTH and BFO PITCH con-

trol shafts.

Remove the KILOOYCLE CHANGE

and MEGACYCLE CHANGE control

Knobs.

Remove the DIAL LOCK and ZERO

ADJ. knobs. Loosen the nut on the

DIAL LOCK hushing and disengage the

cl



Tock from the mmcvcu CHANGE
control locking disk (fig. 8

Remove the four flat- heml Phillips
screws that secure the front panel to the

©

(10) Remove the front panel by grasping the
edges and drawing it straight out from
the receiver. Replace the handles and
place the panel face down on the bench,
resting on the handles. Handle the
panel carefully.

b. Replacement of Front Panel. To replace
the front panel, reverse procedures in (1) through
(10) above. When replacing the ZERO ADJ.
knob, be sure that the threaded eap on the end of
the shaft is rotated clockwise finger-tight. Place
the knob on the shaft so that the spring-loaded
movable part of the stop mechanism fits into the
noteh in the knob. Rotate the knob clockwise
until the stop is reached. Allow the knob to
rotate counterclockwise approximately  one-
teenth of an inch and tighten the set screw. Tf
the bushings for the KILOCYCLE CHANGE
and MEGACYCLE CHANGE controls have
been moved, they should be loosened before the
front panel is replaced and tightened after it is
replaced.‘This helps to line them up and prevent
binding of controls.
¢ Removal of Rf Subchassis (figs. 21 and 85).
To rer chassis, first disconnect co-
8 from 1223 on the bottom
receiver (fig. 88) ; use scissors-type
tube puller TL201. Then remove the front panel
as described in a above and proceed as follows:

(1) Remove the green-coded offset gear from
the upper left part of the rf gear plate
and place it in mesh with the gear train
as shown in Iil.rnre 8T,

Jote, The oftt g 15 wed (o mainain
waation o the xeur rain when the

Sankwla I emared from the recelvr

(2) Disengage the following conxial con-
nectors on the top deck of receiver: P209
from J109, P210 from J110, P211 from

J111, P221 from J421, P222 from J422,

P224 from J924, P225 from J525, and

P226 from J526. (It may be necessary

totemporarily remove V501 and its shield

to disengage this connector.)
(3) Remove the dust cover from the top of

Wl fnbchiadiay s dimonnsol P14

from J21

(4) Rotate the KILOCYCLE CHANGE

(

(

controlshaft slghtly counterlockvis to
D position. The froquency indicator
A‘esdmg:lmul(lbel)ﬂ 972, (Note minus

5) Ramove the two green g-inch, color-
coded screws that secure the subchassis
to the end plate of the main frame. Mako
sure that only these serews are used when
replacing the subehassi

6) Loosen the three green color-coded cap-
tive serews, two at the left-hand corne

of the subchassis, and one in the upper

right-hand corner.

Lift the subch:

is up and out of the

shaft.The floating disk of the coupler
will drop down; do not lose this disk.
The subchassis should be placed on its
side or on top of the test bench, but never
n such a position that it is supported by
the gear train that extends beyond the
frame of the subchassis.

Caution: When the rf subchassis is re-
moved from the receiver, the tension of
the loading springs on the MEGA-
CYCLE CHANGE control split gear
and Kll ()CY(‘LE CHANGE control
split gear (fig. 88)
l‘eheved n!lomng the springs to hang
loosely from the gears. Remove the
springs and place them in an envelope.
The two loading springs of the KILO-
CYCLE CHANGE split gear are shorter
than those of the MEGACYCLE
CHANGE split gear.

d. Replacement of Rf Subchassis (figs. 85, 86,
aid 88). Before replacing the rf subcha
checkits synchronization (par. 110a). To replace,
proceed as follows:

(1) Loosen the front clamp that holds the

¢

(

KILOCYCLE CHANGE control lock-
iug disk (fig. 85) and move the disk

ard.

2) Lonsm the Oldham coupler clamp (fig.
86) on the crystal oscillator and move
the coupler back.

3) To set the 10-turn stops, rotate the
KILOCYCLE CHANGE and MEGA-
CYCLE CHANGE control shafts fully
counterclockwise.
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(4) Place the rf subchassis on the frame in
the receiver and loosely tighten the rear
left and_rear right green mounting
serews. Engage but do not tighten the
Front left green mounting scre

(5) Ruise the front left side of the rf sub-

chassis by placing a screwdriver between

if. and the main frame, near the if. sub-
chassis.

TLoad the large brass split gear (fi

two teeth. Pull out the serewdriver ( (o)

above). The intermediate gear will mesh

with the pinion gear (fig. 88).

(7) Tighten front and rear left green mount-

ing screws.

Raise the front side of the rf subchassis

with a screwdriver to disengage the

driven gear (fig. 87) from the MEGA-

CYCLE CHANGE control drive gear

(fig. 85).

Caution: While performing the last
step make sure that the intermediate gear
does not disngge from he pinon gear
((6) above).

o) Lot the MEGACYCLE

trol drive gear two teeth.

(10) Pl aut the serewdriver ((5) above)
and mesh the MEGACYCLE CHANGE
control drive gear to the driven gear.

(11) Tnsert the two green mounting screws
on the right side of the frame.

(12) To replace  the KILOCYCL
CHANGE control locking disk, engage
one-half of the counter drive gear (fig.
88) s lond the gears two teeth, and then
engage the front half of the counter drive

ear.

(13) Remove the green-coded offset from the
gear train and mount it in its position at
the upper left part of the rf gear plate.

(14) Tighten the front clamp on the KILO-
CYCLE CHANGE control locking disk.

(15) To check the detent, rotate the MEGA-
CYCLE CHANGE control fully clock-
wise. The stop must fall where the first
two digits on the frequency indicator
und lppmxlmllely halfway between 31

CHANGE

(16) Set the MEGACYCLE CHANGE con-
trol 50 that the Oldham coupler (fig. 86)
protrusion is horizontal. Slide on the re-

movable disk and mate the rear disk to
the removable disk.

(17) Check the reading on the crystal-oscil-
Iator band switch position indicator (fig.
65). See that it agrees with the reading
on the megacycle portion of the fre-
quency indicator. If it does not, turn
the SYNC XTAL OSC control (ﬁg 92)
until the two readings correspond.

(19) Tighten the rear clamp on the Oldham

oupler.

(19) Recomneet the following coaxial con-
nectors: P209, P210, P211, P21, P222,
P224, P225, and P226.

(20) Reconnect P14 with J214, and replace
the dust cover over kl\e of subchassis.

(21) Reconnect P723 with J223.

(22) Replace the front pnnel (b above).

(23) Recheck synchronization (par. 110a).

(24) Check synchronization of the vfo tun-
ing shaft (par. 110d).

(25) Check alinement of the rf subchassis

(pars. 114, 115, and 116).

. Removal of Crystal-Oscillator Subchassis

(fig. $6). To remove the erystal-oscllator sub-

chassis, proceed as follow
(1) Remove the top st cover o the receiver:
(2) Disconnect plugs P13 from J413, P221

from J421, and P222 from J422, on the
arystal-oseillator subchassis (fig. 65).
) Komu\e the cover from the top of the

) an he MEGACYCLE CHANGE
control until the set screw in the clamp
of the erystal-oscillator band switch
coupler is  accessible. Loosen the set-
screw and push back the flange.

) Remove the two, green, %g-inch color-
coded screws that secure the subchassis to
the rear pancl of the receiver. When
replacing the subchassis, make sure that
only these screws are used, because longer
serews can cause a short cireuit in the
erystal-oscillator subehassis.

(6) Loosen the two green captive screws in-
side the subchassis, one near tube V401
and the other near the point where the
switeh shaft enters the subchassis.

(7) Lift the subchassis straight up from the
receiver. The floating disk of Oldhan,
coupler will drop down; do not lose it.



f. Replacement of Crystal-Oxcillator Subchas-
illator subchassis,

(1) Lightly cont the coupler xnge;on the
erystal-oscillator band swite l.m
(located on th

X agaim -
of the flange.
in place until
the flanges of the couplers are mated.
Lower the subchassis earefully into place
and start the two green color-coded cap-
tive serews.
(8) Replace the %g-inch green captive serews
in the back panel; tighten the screws.
(4) See that the ridges on the coupler flanges
are positioned 90° apart, and that the
mumber showing slul onilltor
e awile, pos  (below
) agrees with the megncycle reading
on the frequency indicator. Mate the
flanges and secure the clamp.
(5) Complete the replacement by performing
the procedure deseribed in (3), (2), and
(1) (in that order) of ¢ above.
(6) Cheek syuchmuizn(mn of the crystal
oscillator (par. 1
4. Removal of 1f. Subchassis (fg. $6).
move the if. subchassis, proceed as follows
(1) Remove the top dust cover of the receiver.
(2) Rotate the BANDWIDTH control to
gain aceess to the clamp that secures the
control shaft in back of the panel is ac-
cessible. Make a note of the control

®

ion

To re-

position.

(3) Set the BFO PITCH at 0.

(4) Loosen the clamp set screws on the
BANDWIDTH and BFO PITCH con-
trol shafts, and uncouple the shafts by
pulling outward on the control knobs.

(5) Disconnect coaxial l‘n!"\ul()ﬂ P225 from
J525, P226 from J526 and P112 from
J512 on top of the if. subchassis (fig. 68).

(6) Disconnect, plug P117 from J517 (fig.

68]

(7) Loosen the three green captive screws,
one at the front-center of the subchassis
and two at rear corners.

(8) Lift the subchassis straight up from the
receiver. Do not disturb the positions of
the BANDWIDTH and BFO PITCH
tuning shafts after the subchassis is re-

moved from  receiver, unless necessary
for performing tests.

h. Replacement of If. Subchassis. To replace
the if. subchassis, reverse procedures in (1)
through (8) above. recoupling  the
BANDWIDTH and BFO PITCH control shafts,
be sure that the controls are set at the positions
noted during removal.  Check the calil
the b (per. 111,

woval of Power Supply PP-621/URR

(fig xm To remove the power supply sub-
chassis, proceed as follows:

(1) Remove the bottom dust cover from the

receiver.
(2) Disconnect large connector P118 from
JB1S (fig. 88).
) Loosen the two captive serews, accessible
through holes indicated by arrows
marked MTG SCREWS INSIDE.

(5) Remove the four, green, %g-inch screws
that seeure the power transformer to the
side of the main frame; make sure that
only these screws are used when replacing
the subchassis,

(6) Lift the subchassis straight up from the
receiver.

5. Replacement of Power Supply PP-621/URR.
To replace the power supply subchassis, proceed
in the reverse order of removal. When tighten-
ing the color-coded screws, start the screws in the
following order: the one eaptive screw, the four
7/16-inch screws, and the two hidden serews.

k. Removal of Vjo Subchassis (fig. 88).
remove the vfo subehassis, proceed as follows

(1) Remove the bottom dust cover of the

receiver.
(2) Disconnect plug PT15, conxial connector
23, J115, and J223 (fig. 88). Use
scissors-type Tube Puller TL201 for re-
moving P723.
(8) Remove the small loading spring from
the Oldham coupler on the vfo tuning
shaft. Do not lose the spri
(4) Rotate  the KILOCYCLE. CHANGE
control so that the ridge in the flange or
the coupler nearest the vfo subchassis is
vertical.
£ synchronization of the vfo tuning
i end KALOGTOLE CHANGE somtol 1t

109



be maintained, do not disturb the position of
the shatt during the succeeding steps, or atter
the vto subehassis has been removed.
5) Loosen the two green-coded captive
screws in the front mounting bracket of
the subchassis and the single color-coded
captive screw in the rear bracket.
Carefully remove the subchassis from the
receiver, lifting straight up to disengage
the coupler, and then tilting slightly to
lear the receiver. The floating disk
will drop down from the coupler; do not
it

lose it.
1. Replacement of Vfo Subchassis. To replace
the vfo subchassis, proceed as follows

c

(

the position of the vfo tuning shaft
has been disturbed while the subchassis
removed from the receiver, or if a
new vfo is to be installed, synchronize the
shaft as described in paragraph 110d.
If the position of the shaft has not been
disturbed, place the floating disk on the
flange of the vfo drive shaft (on the main
frame). Position the ridge on the cou-
pler flange of the vfo tuning shaft 90°
from that of the flange on the drive shaft,
and carefully insert the vfo subehassis
into place, tilting it slightly to clear the
receiver frame.
Tighten the three green color-coded
screws on the subchassis mounting
brackets.
4) Replace the loading spring on the
coupler.

() (onnect PT15 to J115 and P723 to J223
. 85).

«
(

m
sis (f
subeha

(

6) Rep]llce the dust cover on the receiver.
7) If the vio setting has been disturbed,
iafe to pargraph 110 for aynebrenza-

[{mnwal of € liation-Oselator Subclas-
ig.85). To remove the ci oscillator
proceed as follow:
1) Remove Ah! bottom dust covr from the

@ Disconnect pn.ge PT15 from J115, PI16
6 (!

(

1o

from J ove the cable at-
tached to PT15 u: free it of the subchassis.

) Disconnect couxial connector P224 from
7924 on the top deck of the receiver (fig.
86).

(4) Loosen the two green captive screws at

opposite ends of the subchassis.

(5) Carefully lift the subchassis out of the

receiver.

Replacement of Calibration-Oxcillator Sub-
chassis. To replace the ealibration-oscillator sub-
chassis, proceed in the reverse order of removal.

o. Removal of Af Subchassis (fig. 88). To re-
move the af subchassis, proceed as follows:

) Rnnuw the bottom dust cover from the

@) l)lsmmect plugs P119 from J619 and

120 from J620 (fig. 88)

(3) Remove the screw h‘om he cable clamp
that secures the cable at side of the af
subehassis.

(4) Loosen the screw in the clamp that se-
cures the cable to the casting at the front
end of the af subchassis, and swing the
clamp free of the cable.

(5) Loosen the three green color-coded cap-
tive ws, one at the front end of the

is and two at the rear corners.

(6) Move the cable from which the clamps
were removed, 1ift the subchassis straight
up, and then tilt the front down slightly
to remove the subchassis fro

m the re-

1. Replacement of Af Subchassi. o replace
the af subchassis, reverse the procedure described
in o above.

4. Removal o/ Rf Tuning Coils and Trans-
formers To remove the rf tuning coils
e voltage and resistance meas-
urements at the sockets or bunana-pin contacts
proceed as follows:

(1) Remove the slug rack associated with the
coil or transformer, by unhooking the
spring located at each end of rack. Then
use a bent paper clip hooked through the
end of the spring to anchor the spring
temporarily to the end plates of the sub-
chassis. Be careful that the springs do
not fly into the subchassis.

(2) Insert a Phillips screwd;iver, supplied
with the receiver, into the two holes in
the coil or transformer can, and loosen

h screws until they are free of the sub-

®

(3) \\'nl\dn\\\ the coil or transformer from
the subchassis.
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Figure 85, Radio Receiver R-390/URR, front punel removed.

Figure 86. Radio Recciver R-390/URR, top view, dust corer and shields removed.
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Figure §1. Location of gears

7. Replacement of Rf Tuning Coils and Trans-

formers. o veplace the rf tuning coils and trans-
formers, reverse the procedure described in g
above.

. Removal of Antenna Boz (fig. 86). To remove
the antenna box for troubleshooting or repair, pro-
ceed as follows
(1) Disconnect coaxial connector P209 from
J109, P210 from J110, and P211 from
J111 (fig. 86).
(2)Unsolder the leads from the winding of
antenna relay K101,
(3) Remove the three screws that secure the
antenna box to the back panel of receiver.
t. Replacement of Antenna Bow. Replace the
nna box by reversing the procedure described
in s above.

12

106. Lubrication of Mechanical ~Tuning
System

The only parts of the receiver that require lubri
cation are the mechanical tuning system (which
includes the gear train, slug racks, and cam rack),
and the BFO PITCH control-shaft bearing. The
receiver is lubricated at the factory and should be
lubricated thereafter once every 6 months under
normal operating conditions. spection indi-

es the need, or if abnormal conditions or activi-
ties are encountered, shorten the interval between
lubrications. When the equipment is operated in
a hot, arid climate, it may be necessary to lul
cate the porous bronze bearings about twice as
often as indicated. Overlubrication causes more
harm than no lubrication. Check the condition
of the mechanical tuning system whenever the re-
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ceiver is withdrawn from the case or rack for serv-
icing. Manually rotate the MEGACYCLE
CHANGE and KILOCYCLE CHANGE con-
trols throughout their ranges, and note ease of
operation.  Check for lck uﬂul)ri\'nlwn on gears,
edges of cams, cam rollers, s, and bear-
ings; inspect for gritty grease and ml Operate
the BFO PITCH control; if operation is rough
or uneven, check the lubrieation of the control-
shaft bearing.

Caution: Never nllempk to lubricate the sealed
oscillator (vfo), regardle: possible noisy op-
eration of the mm. durma tuning.  Unstable
operation of the oscillator may result.

a. Cleaning Before Lubrication. Remove the
covers from the rf and erystal-oscillator sub-
chassis. Use a thin, long-handled brush with
medium bristles, dipped in Solvent, Dry Cleaning
(SD). Remove the dirt, oil, and grease from the

5234710558

PINION GEAR  GOUNTER DRVE
"sean

SUBCHASSIS

oasLe
CLaNPs

LARGE BRas:
SPLIT GEAR

™ 886-81

Radio Receiver R-390/URR, bottom view, dust cover removed.

gears, cams, guide slots, and bearings. To gain
ecess to all of the gear teeth while cleaning, ro-
tate the MEGACYCLE CHANGE and KILO-
CYCLE CHANGE knobs. After dipping the
brush in solvent (SD), remove the ex
vent solvent from dripping onto cons
other electrical parts. Use a clean,
hm free cloth moistened with solvent (SD) to
remove grease from the metal casting and chassis.
Thoroughly wipe all parts with a clean, dry, lint-
free cloth before proceeding with lubrication.

b. Detailed Lubrication Instructions. Lubri-
cate the gear train, slug racks, and cam rack as
indicated in figure 89. To apply oil to the bear-
ings, dip a length of wire into the oil to collect
a small drop at the end, and transfer the oil to
the bearing by touching the end of the wire to the

£ the bearings. Avoid using excessive
amounts of oil. A standard grease gun and a

n3



Figure 9. Lubricat

o g—lmml]ed brush should be used for apply-
v teeth, edges of cams, and tuning
s ate the MEGACYCLE
CHANGE and KILOCYCLE CHANGE con-
trols as necessary to expose all gear teeth.
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107. Refinishing
Instructions for touchup painting are given in

paragraph 40, and instructions for refinishing
adly marred punels or an exterior cabinet are

contained in TM 9

Pl

AND

108. Test Equipment and Tools Required for
Alinement and Adjustment

a. Signal Generator. The signal generator
must be an aceurately calibrated instrument such
nal Generator Set AN/URM
Bl of producing of sigals withi
range of 435 (o 32 me. Tho attemtor must be
capable of varying the output of signal generator

14

over a range of approximately 1 microvolt. to 1
vol
b. Output Meter. The output meter should be
un-tube voltmeter, such as Electronic Mul-
505/U, having a high resistance input.
e ge range suitable for meas-
g 2 to 10 volts, and a high-frequency probe
for mensuring 1 to 10 volts ac.

a vae




A \'nlmhmmeln required
tion of the erys

. Voltohmmeter.
for checking the el

onclntor bund switch and Tne voltago mesure
ments. Multimeter TS, zm s sitable for his
purpose.

d. Vtem. A vacuum-tube voltmeter that has a
01- to _1-volt ne range, such as Electronic Multi-
meter ME-6/U, is required for performing the
Ngulmed voltage hum adjustment.

Variable Autotransformer. A variable a m-
trumfﬂrmer. such as Transformer 6,/
required for performing the rem]metl\olnge
hum adjustment.

. Resistors. Two 68-ohm,  T5-ohm, and a
ohm, noninductive, 74-watt resistors must be avail-
abl for connscting RF Signal Generstor AN/
URM-25 to mlunml antenna input when
nll|\|nglhe|f:uhh

Tootn. A bakelite alinement tolis required

i

for adjusting transformer cores and trinmer
capacitors. The No. 8 Bristo wrench and the
Phil mp« s rr\\nlnw supplied with the receiver
are requiy during s 2

. Insert the screwdriver in the slot of HUM
BAL control R6L4 (fig. 75), which is accessible
through the right side plate of the main frame,
¢ for minimum reading one Electronic
Multimeter ME-6/U.

110. Muhani‘ul «and Electrical Synchroniza-

e Suaioa i st cinssing Gt ths
nd switch shaft, slug-rac
(aloosillton bund switch shafe, and
the vfo tuning shaft, ynchronization
with the gear train before attempting to aline the
veceiver. Follow the procedure given below.

a. Camshafts. The camshafts are synchronized
properly if the index line etches on the rear plate
of the rf sube t the Toles in each of the

ms (fig. 90) when the frequency-indicator
reading is 02 000. To synchronize the rf sub-
ehasiswlon .1 emored fond s cabfl ckta
the lrge brass gear (in the center of the subchas-
sis) and the clutch gear (fig. §7) to |)osn.|ons
where the f dicator reading is 02 000.

tiom of the t tulnng shafts.

Note. Tefore performing th
recelvee to weem ap fo 1 hour,

109. Regulated-Voltage Hum Adjustment

If objectionable hum is noted in the output of
the rorivr, adjut zulated voltage for
minimum hu,

e Pones G A;«embu CX-1358/U
between the receiver and a variable autotrans-
formar, sl aa Tyanformar C)

b. Comnect a voltmeter (such as Multimeter TS-
30507, et at 100 to 200-volt e range, ncros the
output of the autotransformer.

. Connect the vtvm (such as Electronic Multi
meter ME-6/U) set at 01- to .1-volt ac range,
between B+ 180 VDC jack J601 and ground.

Warning: Avoid contact with the B+ 180
VDC jack when the receiver is turned on; the
high voltage is present at this jack.

. Be sure that the receiver is
connect. the autotransformer to 1
source.

e. Check to see that switeh S801 on Power Sup-
ply PP-621/URR is set at the 115V position then
turn on the recciver and allow it to warm up.

7. Adjust the autotransformer for an accurate
115-volt line-voltage reading on the vtvm.

s, allow the

o

ex lines do not bisect the holes, follow
the procedure outlined in (2) through (7) below.
Before replacing the rf subchassis (par. 105d),
rotate the two gears mentioned above to positions
where the first two digits on the frequency indi-
cator indicate halfway between 99 and 00, and the
last three digits read —972. (Note the minus
sign.)  When the rf subchassis is in the cabinet,
proceed as follows:

. The camshatts are secured to the drive gears by
claumps at the hubs of the gears, To position 1 camshatt,
Loosen the clamp which (except for the $-16: )is
located at the end of the individual shaft in front of the

¢ the nut. Do not loosen the
essary. Be careful not (o strip the

T subchasis to &
clamp more than

(1) Check the 10-turn stop by rotating the
MEGACYCLE CHANGE  and
KILOCYCLE CHANGE controls fully
counterclockwise. The frequency indi-
cator should read halfway betiween 99

and 00 (off detent position) and —972.

(Note the minus sign.) Check the read-

ngz on the erystal-oscillator band switeh
position indicator to see that it agrees
with the reading on the megacyele por-
tion of the frequency indicator. If it
does not agree, loosen the Oldham coupler
clump (fig. 86) on the erystal oscillator

1s



st a-suc
caw w

R-F BAND SWITGH-
St

Figure 0.

aud tan (e SYNG XTAL OSC cul\tl‘o]
) until the two readings
spond, "Tighten the clmp on the Old.
ham coupler. Check the synchroniza-
of each band by noting the po
of the eam rollers at the end frequencies
of each band. The position of the 1-2
me band cam shown in figure 90 repre-
s the correct position for the low end
e band. The position of the second
if. cam shown in figure 90 represents the
correct position for high end of the band
(the last three digits of the frequency in-
dicator should read 999).  Ifall the cams

of synchronization, set the 8-16

- to 2-me camshaft (fig. 90) is not
po: loosen the clamp on
the lmm of the sh»xfl and rotate the rear
cam until the index line bisects the hole
in the cam. Tighten the clum.
Position the camshaft for 5- to 1-me slug
90), if necessary, in the sume
manner as deseribed in (2) above.
(4) Check the position of the 8- to 16-me
camshaft. If it is not alined properly,
loosen the clamp on the front of the 2- to
4-me shaft to position the §- to 16-me

16

seMc  e-lomc  ISTIF 201F
can cam can o

XTAL_osc
BAND swiTCH
CouPLER
™ B56-83

R sudchassis, rear view.

cam, since the gear for the 8- to 16-me.
shaft is pinned through the shaft. After
polioning the 8 to 1 me i, position
to 4-me cam while holding the 8- to
ne cam in place. tighten the
clamp on the 2- to 4-me shaft.
(5) If necessary, .mmm the 4- to 8-me and
s (fig. 90) in the sume
manner as described in (2) abov
(6) o position the first variable if. cam (fig.
90), loosen the clamp nearest the front
plate of the rf subckassis on the crystal-
oscillator band switeh shaft.  Adjust the
position of the cam: then tighten the

variable if. cam (fig. 90),
the same manner as for

T u reading of 02 is not centered
within the two left-hand spaces of the
indicator, loosen the clamp on the bevel
gear on shaft extending from the left side
of the indicator (fig. 87). Set the two
mumber wheels for reading of 02, and
retighten bevel-gear clamp.



(9) Tf reading of 000 does not appear in the
Tust. three spaces of froqu(-ucy—lmliu\tor
dial, loosen the clamp securing bevel ge:
on the shat sxtending from the right

side of the

Smber wheels for reading of 000
b. Sir-Position Rf Band Switch. The pro-

cedure for t]\eclcm;z and synehronizing the rf b

switeh is as follow:

(1) Adjust the KILOCYCLE CHANGE
control for a reading of 000 in the last
three spaces of the frequency indicator.

(2) Rotate the MEGACYCLE CHANGE
control fully counterclockwise, beyond
the first detent position.

(8) Connect the ohmmeter, set at the XI
scale, between test poim E208 (grid of
tube V203 (fig. 62)) and ground.

(4) Rotate the MEGAC Vi CHANGE
through eight. detent
positions. The meter ihn\lhl read more

than 50 ohms in each .

(5) Rotate the MEGACYCLE CHANGE
control clockwise from the eighth to the
ninth_detent position. The ohmmeter
should show a reading. If it does not,
proceed 13 outlined in (6), (7), and (8)
below dication is normal, the

al-oscillator band switeh is in syn-

chronization; case, proceed with

hronization of the crystal-oscillator
band switch as described in ¢ beloy

(6) Rotate the MEGACYCLE CHANGE
control fully counterclockwise; then turn
the control_clockwise through the two
detent positions to the third detent posi-

tion.
(7) Remove the rf subchassis (par. 105)
(8) Toosen the clamp on the front of the s
position switch shaft, located on the bot-
tom of the rf subchassis. Rotate the
sht antil the swich oontacts are con
tered at, position 3 by inserting long-nosed
phers in the hole i the- rear of the sub-
chassis (fig. 90) and turning the shaft.
Positions of the switch contacts are shown

in the schematic diagram (fig. 108, part

1). Tighten the clamp after adjust-

ing

ment.

c. Crystal-Oscillator Band Switch. The crys-
tal oscillator band switch should be checked and
synchronized as follows:

) m» rotor of the erystal-oscillator band
teh is positioned correctly when the

aber centered in the slot of the switch
pasiion mdlcmm (fig. 63) agrees with

the reading of the megicycle portion
(st oo digis) of the frequency mdi-
eator.

(2) T the indieation is incorrect, loosen the
of the Oldham coupler
e the SYNC XTAL OSC con-
) to center the proper reading

in the slot.

Vo Tuning Shaft (fig. 88).
the vfo tuning shaft as follows:
ver and allow sufficient

time for it to warm up.

(2) Fabricate cable No. 1 (fig. 60) , excluding
RF Plug UG-88/U.

(3) Disconnect plug P
l)m |f subchssis nlul comnet b

ck UG-89/U ated cable.

) lmen the center mmh«mr on the other
en(l of cable into UNBALANCED AN-

WHIP input. receptacle J107
u’ a second Radio Receiver R R
Kinown to be in good aperating condition.

(5) Turn the BFO switch on the second re-
ceiver to the ON position, and
receiver between 2.2 and .7 me (this rep-
resents the frequency range of the vfo)

until a signal is heard. Nole the fre-
quency on the second recei

(6) Toosen the clamp on n.c e o the Old-

ham coupler that is t to the front

p,mew o el the vio nnnng shaft to

n freely.

ol Tansthe smcond rceivr to
turn the shaft of the vfo ur
heard.

Caution: The vfo will be permanently
damaged if the shaft is turned too far in
either direction.

Note. With a clockswise rotation of the ¥to
s fewed from the front panel) the ¥to

¥ i decreased.

Synchronize

on the rece

723 from jack

ne the

fren

(8) Reconnect plug PT23 into J223 on rf sub-
chassis of the first receiver. Set the
FUNCTION switch to CAL and the
BFO switch to ON. Connect a headset
into the PHONES jack.

nz




(9) With the first two digits of the frequency
indieator at any setting, set the KILO-
CYCLES CHANGE control to 500.

hten the clamp on the side of the
Oldham coupler.

(11) The receiver should be checked against
a known station such as WIWV.

111. Alinement of 455-ke If. Stages
(fig. 91)

@ Tum on RF Signal Generator Set
AN/URM-25 or equivalent, and connect it o test
point 1210 (control grid of third mixer tube,
V205).

4. For an output meter, connect the grounded
lead of a vtvin,such as Blectronic Multimeter TS
505/U, to the receiver chassis, and connect the
other lead to the DIODE LOAD terminal 14, of
rear terminal strip (fig. 22). Set the function
switch of the voltmeter for measuring negative
de voltage.
et the B.

osition, RF GAIN control to 10, BFO switch to
OFF, and FUNCTION switch to MGC. Allow
the receiver to warm up for several minutes.

. Tune the signal generator to 455 ke (unmo-
ulated) ; then adjust its frequency control for
peak reading on the vtvm. To obtain peak read-
ing, it may be necessary to set the attenuation of
the signal generator for high amplitude output
signal (3 volts). If u reading on the vtvm is ob
ed, proceed with ¢ below. If no rea
obtained, perform the procedure outlined in (1)
and, if necessary, (2) below to secure approximate
alinement before proceeding with ¢ below.

(1) With the signal generator tuned to 455
ke and the attenuator set for full output,
turn the receiver BANDWIDTH switch
to the 16-KC position. 1f the output
reading is not yet obtained, proceed with
(2). If it is obtained, adjust the cores
of transformers T506 through T501 and
T207, in that order, for peak reading on
the vtvm. Then, set the BANDWIDTH
switch at the next lower position, and re-
it 14 &naimen of tha Ertnafmar
cores for peak output. Repeat pro-
cedure for each setting of the H AND-
WIDTH switeh until peak output is ob-
tained at .1-KC position of the switch;
then proceed with ¢ below.

DWIDTH switeh to the 1-KC

e

Note. The frequency will decrense us the
stugs are screwed further into the cofls, and will
Incrense as the slugs are withdrawn.

(2) Perform the procedure outlined in (a)
throngh (e) below only when the trans-
former cores have been displaced greatly
from their normal positions within the
coils.Set the BANDWIDTH switch to
the 2-KC  position, and proceed as
follows:

(a) Tune the signal generator to 455 ke,
and set the attenuator for maximum
output.  Remove the sixth if. amplifier
tube, V506 (fig. 25), and wrap a thin

lead around pin 1 (grid). Re-

place the tube, and connect the other
end of the lead to the signal generator
output.

Adj

he cores of transformer T506

for peak reading on the vivm.

Apply the signal generator output. to

the fifth if. amplifier, V505, in the same

manner as described in (a) above for

V506, and adjust the cores of trans-

former T505 for maximum indication

on the vtvm,

(4) Repeat the above procedure for each
remaining set of if. tubes and trans-
formers in follow order: V504 and

504, )3 and T503, V502 and T502,

V501 A\l\d T501, and V205 and T207.

(e) Set the m\l)\mm{ switch to the

posi nd proceed with the

pxnu-tlmr uuﬂlnul ine
. With the signal tor output connected
to the test point, set the generator frequency at

455 ke. While adjusting the attenuator of the

signal generator to maintain an output of approxi-

mately 6 volts (as read on the vtvm), carefully
tune the generator to the exact frequency required
to obtain peak output reading on the vtvm.
not disturb this frequency sefting while carrying
out the procedures outlined in f, g, and 4 below.

Check the setting repeatedly during these seps

to make sure it has not been changed.

f. Set the BANDWIDTH switch to the 2-KC'
posx on.

Adjust the cores of transformers T506, T505,
T")lll T503, , and T207, m that order, for
peak output reading, wl
ing the attenuator of the
tain a reading of approximately 6 volts on the




vtvm. Repeat these m,um..ems until no further
increase in output is noticeal

i Change the sctting of the BANDWIDTIH
switeh to the 8-KC position, and adjust. the cores
of transformer T m output. Re-
peat the adjustment of cores until no further
increase in output can be produced.

i. Return the BANDWIDTH switch to the
1-KC positio

J. Set the attenuator of the signal generator fo
# reading of approximately 6 volts on the vtvm,
and note the attenuator seting. Tune the gonr-
ator in one direction, away from the frsquoncy
- peak reading, ncrensing the output
of tho generator to restors um vtvm reading to its

nal value. Conti ing the generator in

this direction until rhewlmm ontput requird to

obtain the original reading on the vevm is 1,000

dmes the voltage required at peak frequency.

k. Adjust the plmsmg capacitor n the erytal

filter, 2501, for n vtvm reading, and note
the position of the capaeitor lot

he signal generaior to the opposite side

required for peak output, and set

the attenuator for increased output, s directed in

7 above.

m. Adjust the phasing capacitor for minimum
i note the position  then set the capaci-
imately halfway between the two noted
To avoid rectreadings,
caused by tuning through the positions of min
mum or maximum capacitance, the two settings
for minimum output must be less than 45° apart.

n With the BANDWIDTH switch in the
-1-IKC position, tune the signal generator to obtain
peak output. Set the BANDWIDTH switch to
the 1-KC position. - Adjust the core of the tuning
coil in the crystal filter (Z501) until the frequenc
reading required for obtaining peak output, with
the BANDWIDTI switch in 1-KC position,
corresponds exactly with the frequency reading
required for peak output with the BANDWIDTH
switch in the .1-KC position. Retune the signal
enerator, and alternately change positions of the
BANDWIDTH switch as required to complete
this adjustment.

o sn the BANDWIDTH switch to the

> position, and tune the signal generator for
maximum output as deseribed in ¢ above. Do not
disturb this frequency setting during the adjust-

ment of the age tuning eircuit in the following
ste

P
- Disconnect the vtvm lend from terminal 14
of the rear terminal strip, and connect, it to ter-
minal 4 of the
4. Set the FUNC
BANDWIDTH switeh to the 2-KC position.
Adjust the cord of Z303 for a maximum volt-
ngelemlmgol\ﬂl»\nmm]nleml‘
uator of the sign ator to main
reading of approximate
justiment is completed, di

' and the

te. 1€ a sixnal generator is not available, the pro-
cedures given in ¢ o above e olowe by
using the outpnt o lbration oscillator and the
CARRIER LDVEL by il the RF GALS

12, Allnemlnl of Second Crystal Oscillator
91)

. Comnect the vtvm set for reading negative
de volts, between test point E209 (fig. 62) (grid
of second mixer V204) and o d

b, Turn the OVENS
FUNCTION switch to §
receiver to warm up.
¢ Set_the MEGACYCLE CHANGE control
50 that the frequency indicator reads 31.

d. Serew the slug of T402 (fig. 65) out until
only one peak reading on the vtvm can be obtained,
while operating trimmer 31 (fig. 91) throughout
its full range.

¢. Set the trimmer slightly off the pos
peak reading, and adjust the slug for peak
tion on the vtvm.

/- Adjust the second erystal-oscillator trimmers
(large group of ers on vear panel (fig. 92)
using the table below. Set. the MEGACYCLE
CHANGE control for a megacycle reading on the
frequency indicator shown in first column, and
adjust the trimmer designated in second column
for the meter indication shown in the last col-
umn. Where a trimmer is used in the erystal
oscillator circuit at more than one frequency set-
ting of the MEGACYCLE CHANGE control, it
is listed only for the first setting and is adjusted
aximum only at this setting. For subse-
quent frequency settings of the MEGACYCLE
CHANGE control involving a previously ad-

h to ON and the
T\Mlll\' Allow the

ne



sted timmer, check only for un indiction on
f

Hacrioy ooy, P | no inmer e i
oscillator band switch should ln- checked. o 27 |
— o 0,6 | Maximun,
Db | Adt e | Metrndision 0 | 1,5 | Maximum,
1 . o4 o | Maximum,
0 3 | Maximum,
bt ] A 0| .. Check for indication.
29 o
28 L
7 N e
s 114. Alinement of Second Variable If. Stage
24 (fig. 91)
2 a. Set the vtvm to measure lhe negative de volt-
2 ages of approsimately Connect the
2 ground lead to the revobr chass, and the nput
19 lead to DIODE LOAD terminal 14 of rear ter-
18 RiLlo 200
ir minal strip (fig. 22).
10 b. Conneet the output lead of the signal gen-
15 emlm to test point E209 (fi (control grid of
i cond mixer V204). Connect the ground lead of
u the signal generator to the receiver chasei.
1 c. Set the FUNCTION switch to AGC position,
10 and the RF GAIN control to 10.
o d. With the MEGACYCLE CHANGE and
o7 KILOCYCLE CHANGE controls, set the fre-
e auency-indicator reading to 01 900.
0 ‘onnect. the headset to the PHONES jack.
o4 Turn on the signal generator modulation (30 per-
bs cent at 400 cycles), and tune the generator to ap-
o oo ter md,mmm proximately 2100 ke to obtain an audible receiver
% Check for oiitput. While observing the output meter, tune
ﬂ\e signal generator to the exact frequency which

113. Alinement of First Crystal Oscillator
(fig. 91)

a. Connect the vtvm and set for reading nega-
tive de volts, between test point, 208 (fig. 62)
(grid of first mixer V203) and ground.

b. Turn OVENS switeh to ON and FUNC-
TION switch to STAND BY. ~ Allow the receiver
to warm up.

c. Set the MEGACYCLE CHANGE control
50 that the megacycle reading on the frequency
indicator is 03.

d. Adjust the slug of T401 (fig. 65) for peak
indication on the vtvm.

e. Adjust first  crystal-oscillator  trimmers
(group of five trimmers on the rear panel (fig.
92)) using chart below in a manner described in
paragraph 11:

120

produces peak reading on the output meter.
('!mng‘- the attenuator setting of the signal gen-

rator continuously to maintain a reading of less
Than 5 vlts on the vtvm.

7. Adjust the slugs of tuned circuits 7299, 2993,
and 7224 for peak reading on the output meter.
The three sugs are mounted on the second variable
if. slug rac

4. With the Kmor‘v('u-, CHANGE control,
tune the receiver to 11

. “Tune the signal genenuor to 2900 ke, and
then set it to the exact frequency which produces
peak reading on the output meter.

4. Adjust the three trimmers mounted within
the shield cans of tuned circuits 7222, 7223, and
2224 for peak output.

j. Repeat the procedure deseribed in ¢ through i
until no increase in output ean be obtained. While




making all adjustments, set the attenuator of the
signal generator so that the reading on the vtvm
isless than 5 volts.

F. Tf no test equ
variable if. stage can be aligned, using the CAR-
RIER LEVEL meter and the signal from the
internal calibration oscillator. Disconnect coaxial
connectors 209 from J109, P210 from J110, and
P211 from J111, on the antenna box (fig. 86) ; set
the FUNCTION switch at CAL and the RF
GAIN control at 105 and then proceed with the
alinement, using the receiver frequencies indicated
in e and ¢ above. “tilize the RF GAIN control
as an attenuator to maintain the meter reading at
approsimately midscale while adjusting the tuned
circuits.

ment is available, the second

115. Alinement of First Variable If. Stage
(fig. 92)

a. Connect the signal generator lead to test point,
E208 (fg. 62) (control grid of first mixer tube
V203). The vtvm should be connected as de-
scribed in paragraph 114a.

b. With the MEGACYCLE CHANGE and
KILOCYCLE CHANGE controls, set the fre-
quency-indicator reading to 01 500,

¢. Tune the signal generator to 9.5 me. Reduce
the output of the signal generator as required to
‘maintain vtvm reading of less than 5 volts.

4. Adjust slugs of tuned circuits Z219, 2220,
and 2221 for peak output reading. Slugs are
mounted on the first variable if. slug rack.

e. Adjust the MEGACYCLE CHANGE con-
trol for a reading of 07 500 on the frequency
dicator.

/. Tune the signal generator to 175 me.
Change the attenuator setting of the signal gen-
erator continuously to maintain a reading of less
. than 5 volts on the ytvm.

9. Adjust the three trimmers mounted within
the shield cans of tuned circuits Z219, 2220, and

e

re described in ¢ through
g above until no increase in output can be ob-
ined.

i. The first variable if. stage can be alined, in
the absence of test equipment, in the sume manner
described in paragraph 114k Use the receiver
frequencies indicated in 5 and ¢ above.

116. Alinement of Rf Stages

a. Set the FUNCTION switch to AGC, and the
RF GAIN control to 10.

4. Connect one lead of the vtvm to DIODE
LOAD terminal 14 on the r el
22) and the other lead to the receiver chassis.
meter should be set. to measure negative de volt-
ages of approximately 5 volts, with respect to
chassis.

¢ If preliminary adjustments (d below) are
unnecessary, connect the signal generator to the
balanced antenns input tecminal by comncting
either anf el ALANCED
Al 1'4]\]\1\ 12 OHM cmmmwr J108 to the r¢
ceiver ground and to the ground lead of the signal
generator. Connect the other antenna input ter-
‘minal, through the 95-ohm noninductive series re-
sistor, to the ontput lead of the signal generator.
Connect a 75-ohm noninductive resistor from the
output lead of the signal generator to ground.
Proceed with the procedure outlined in e below.

d. If preliminary adjustments are necessary be-
cause of extreme misalinement, connect the signal
generator through .01-uf capucitor to points listed
in the last column of the chart below instead of
connecting it to the antenna input terminals, and
proceed with alinement as directed in ¢ through j
below and in the chart. After completing the pre-
liminary procedure, connect the signal generator

the antenna input terminals as described in ¢
above; then repeat, the alinement, making all ad-
justments in the order isted in the chart.

e With MEGACYCLE CHANGE control, set
up the digits listed in the second column of chart
in the first two spaces of the frequency indicator
dial. With the KILOCYCLE CHANGE control,
set up the digits listed in the third column in the
Iast, three spaces of the frequency indicator.

. After setting the receiver frequency indicator
reading for a group of adjustments, tune the sig-
nal generator to the frequency listed in the fourth
column. T obtain the exact required frequency,
tune the signal generator for peak reading on the
vtvm; do not depend on the calibration of the
signal goerato.

0. z the alinement procedure, change the
<vll|11g of Hu; signal-generator attenuator as re-
quired to maintain an output reading of less than
5 volts.

. When alining rf transformers, adjust the
shugs for a set of transformers while the receiver

tuned to a lower frequency

H




chart for that set of transformers; adjust the
trimmer capcitors while the receiver s tuned to
a higher frequency. Adjust the slugs of the set
of transformers listed in the fifth column for peak
output; then, after changing the frequency set-
tings of the receiver and signal generator, adjust
the trimmer eapacitors of the set of transformers
listed in the sixth column for peak output. Trim-
mer capacitors are accessible (hrough holes in the
top of shield cans, and should be adjusted with
ted screwdriver. For antenna trans-

formers, adjust the trimmer capacitors mounted
nearest to the back of the receiver for peak ontput
reading. Front trimmers are used to balance the
antenna input ciruits. Repeat the adjustments
for cach set of rf coils until no further change i
moticeable,
i. Set the ANT. TRIM control to 0.
7. Proceed with the rf alinement by performing
adjustments in the order listed in the chart below.
o figure 91 for location of slugs and trim-
mer capacitors.

: : . . . v T
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k. Conneet two 68-ohm resistors in series and
connect the free ends to the BALANCED 125
OHM ANTENNA input terminals. Connect the
output lead of RF Signal Generator Set AN/
URM-25 to the junction of these :
sure that the ground lead of the sigma] generator
is connected to the receiver chassis.

7. Set the tuning controls for the frequency-
indicator reading listed in the first column of the
chart inn below and then tune the signal generator
to this frequency for peak receiver output.

m. Adjust the trimmer capacitor closest to the
front panel of the transformers listed in the second
column of n below for minimum output. During
the alinement procedure, change the setting of the
signal generator attenuator to increase the output
reading to approximately 5 volts.

n. Tn the manner described in , 7, and m, above,
adjust the balance trimmers in the following
order:

0. The tf stages may be lined without, test
equipment by using the CARRIER LEVEL
meter and calibration-oscillator signal as de-

seribed in paragraph 114%, and using the receiver
frequencies given in the preceding charts in this
paragraph.

117. Calibration of Bfo

"The bfo should be calibrated after replacing the
front panel or i, subchassis subsequent to removal.

Calibrate the bfo as follows:

a. Set the BANDWIDTH switch at the .1-KC
position, and turn the FUNCTION switch to
CAL.

b. Connect, the headset to the PHONES jack.
Adjust the KILOCYCLE CHANGE control for
maximum response on the CARRIER LEVEL
meter at any 100-ke calibration check point.

c. Set the BFO switch at ON, and adjust the
BFO PITCH control for zero beat; zero beat
should occur at the position of the control marked
0. If not, loosen the knob and position the knob
at 0.

118. Adjustment of GAIN ADJ Potentiom-
eter R562

4. Disconnect conxial connectors P225 and P226
from J525 and J526, located on the if. subchassis
(fig. 68,

b. Connect RF Signal Generator Set AN/
URM-25 or equivalent between J526 and the re-
coiver ground (chassis). Turn on the signal gen-
erator and tune it to 455 ke, modulated 30 percent
at400 cycles. Adjust the attenuator for an output
of 150 microvolts ().

c. Connect n vivm, such as Electronic Multi-
‘meter TS-505/U, between DIODE LOAD termi-
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Figure 91

nal 14, on the rear terminal strip of the receiver
and the receiver ground (fig. 22). Set the func-
tion switeh of the meter for measuring negative
de volts.

d. Turn_the receiver FUNCTION switch to
MGC and RF GAIN control to position 10. Ad-
just GAIN ADJ potentiometer R562 (fig. 68) for

reading of —7 volts on the vtvm. Reconnect
P25 and P226 after completing the adjustment.

124

Radio Receiver R-390/URR, alinement chart.

115. Adjusiment of CARR-METER ADJ Poten-
tiometer

The CARRIER LEVEL meter is zero-adjusted
using the CARR-METER ADJ potentiometer as.
follows: set the FUNCTION switch at AGC and
rotate the RF GAIN control to its extreme coun-
terclockwise position.  Adjust R537 (fig. 68) for
a reading of 0 on the CARRIER LEVEL meter.




120. Adjustment of Neutralizing Capacitor
€525

Adjust capacitor €525 after alinement of tuning
circuits has been completed, or at any time whe
a minimum bfo signal at the IF OUTPUT 50
OHM jack s required.

a. Connect an ac vtvm such as Electronic Multi
‘meter ME-6/U from IF OUTPUT 50 OHM jack
to ground.

b Remove plug P25 from jack J525 (fig. §6).
Use the shortest length of wire possible to ground
the center terminal of the jack.

Turn BANDWIDTH switch to 2 KC, RF
AIN full on, BFO PITCH to 0, BFO to ON,
and the FUNCTION switch to AGC.

d. Tnsert o serewdriver that has an insulated
shank through the hole in the main frame (fig. 8)

and engage trimmer capacitor C525. Turn the
trimmer to obtain minimum reading on the vtvm.
Caution: The screwdriver for adjusting C525
ust be insulated to prevent short-circuiting bare
wires within the if. subchassis. A metallic screw-
driver that has a length of spaghetti tubing cover-
ing the shank is satisfactory.

Section IV. FINAL TESTING

121. General

This section gives the final performance tests of
the equ Repaired cpvipment: meetin
Uhes performance fedts will furnish uniformiy
satisfactory operation. All o e tess i his
section are to be performed while operating the
receiver with a 115-volt ac input. Allow the re-
ceiver to warm up for a few minutes before making
ny measurements.

Warning: The voltages used are suffc
bighto ndunger l\unn\n life. Bv
should be taken by personnel to m
anger of shock,  The recever chasei should be
grounded during these tests.

122. Test Equipment Required
The test equipment required for final testing
of Radio Receiver R-390/URR is listed below :
4. Electronic Multimeter TS. )OJ/U
b. Spectrum Analyzer TS-723
c. RF Signal Generator Set \\/th 25.
d. Audio Oscillator TS-382/U.
. Electron Tube Test Set TV-2/U.
/. Multimeter TS-352,
4. Electronic Multimeter ME-6/U.

123. Preliminary Checks

Before testing the receiver further, perform the
following preliminary checks

. Check to see that all controls are operative
and that they do not bind.

b. Measure B+ with Electronic Multimeter
TS-503/U, or equal, with the positive lead con-
nected to B+ 180 VDC jack J601 (fig. 75) and
the negative lead connected to terminal 16, marked
GND, of the rear terminal strip (fig. 22). The
meter should indicate 180 volts 5 volts.

¢. Check to see that all tubes and dial lights are
lighted.

d. Check the antenna relay (par. 99%).

e. Check the bfo (par. 117)
124. If. Response

To check the if. response, proceed as follows:

a. Connect a vtvm (such as Electronic Multi-
meter T U) dcroas DIODELOAD tifmic
al 14 and chassis ground on rear terminal strip
(e, 22).  Sot the vovm to & megative Svoltacele

J
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Figure 02, Crystatosciliator trimmers.
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Figure 93, If. response chart,

Set the BANDWIDTH switch to the 1-KC  imum indication on the vtvm. Unlock the ZERO
P n. ADJ.
c. Set the FUNCTION switch to CAL position. 9. Set the BANDWIDTH switch to the 8-KC
d. Set the RF GAIN control to position 10. position. .
e. Adjust the MEGACYCLE CHANGE and “&’;}‘fi“f;“"‘° “fFl GA“W ':;""‘:‘ to obtain &
Yo ANGE contr : age of 1 volt on the vtvm.
KILO“.Y;LE o ‘;.“‘h f'”‘;;":}:) “"" S f"h‘ 7. Turn the KILOCYCLE CHANGE control
quency-indicator reading of - Lock the il the vevm indicates .7 volt.  The frequency-
ZERO ADJ. indicator reading should be 0% 396. Note the
f. Tune Radio Receiver R-390/URR fora max-  readings.
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j Turn the KILOCYCLE (‘m\m-* control
in' the direction opposite to that dese
above until the veom indiates — 1 volt. The fre-
quency indicator reading should be 04 404. Note
the readings. The voltage obtained in i and &
represents 3-db points. Repeat the steps in i and

for . —.5 volt indication on the vtvm. Note
readings. These are the -db ponts.
k. Repeat & through 7 above with the BAND-

‘WIDTH switch set to the 16-KC posi

1. Compare the seadings abfained for the § and
16-KC bandwidths with the following chart and
the curves shown in figure 93.

Savit | gy [ votnees [ votamos | e
=)

sKC_ 43| -5
sKC 13 Zi
SKC 4 a0 [ i
SKC 1101 =7
SKC I
16-KC som| s B
16-KC 430 B
16-KC 1 100 5
16-KC 4107 ) -
1K FIRCY iy R

125. Sensitivity

The test frequencies used in the sensitivity tests
should be the center and the high- and low-
fl‘quencv en(ls of each tuning range. The sensi-
tivity of th ata slgmll plm noise to noise
power- oman .mo is 10 to 1 for amplitude-
modulation (am.) d continuoumvars. (o)
signals.To check sensitivity. proceed as follows:

o Connect Cord G090 to 3102 on RF
Signal Generator AN/URM-25 and to Impedance
Adapter MX-1074/URM-25. Connect another
Cord CG—409A/U to the other end of Impedance
Adapter MX- lm&/i,RM 25 and to Adapter Con-

ector UG—636/U.  Connect Adapter Connector
UG-636/U to Adapter Connector UG-97L
h is attached to BALANCED 125 OHM
ANTENNA jack J108.

5. Connect Electronic Multimeter TS-505/U in
parallel with a 600-ohm 1-watt noninductive re-
sistor to LOCAL 10 terminals 6 and 7 of
rear terminal strip (fig. 22).

o. Turn off the signal generator modulation.

i Adjust the LOCAL GAIN control for a 8-
volt noise indication on the vtvm.

e. Turn on signal generator modulation.

/. Adjust the output of the signal generator for
a 245-volt ac signal-plus-noise cutmn on the
m. The output reading of the gener-
tor s thesensith y for a 10- to Lab sAglml-plus-
noise to noise ratio for am. signals.

The CARBIER LEVEL meee may be u
tend ot Eewtsonte Nutimere TS50

g The rarall iy of he reeiver with a
sigonl being o  balanced antenna should
be better than 3.3 v for signals in the 5- to 16-mc
frequency range and better than 4.4 v in the 16-
to 32-me frequency range.

126. Overall Audio Response

To check the overall audio response, proceed as
follows:

4. Connect Cord CG—409A/U to J102 on RF
Signal Generator Set. AN/URM-25 and to Im-
pedance Adapter MX-1074/URM-25. Connect
another Cord CG—4094/U to the other end of
Tmpedance Adupter MX-1074/URM-25 and to
Adapter Connector UG-636. Connect Adapter
Connector UG-636 to Adapter Connector UG-971
which is attached to BALANCED 125 OHM
ANTENNA jack J108.

3. Connect, Audio Oscillator TS-382/U to RF
Signal Generator AN/URM-25 according to the
instructions in the technical manual supplied with
the

ator.
- Conneet Electronie Multimeter TS-505/T in
parallel with a 600-ohm 1-watt noninductive re-
sistor to LOCAL AUDIO terminals 6 and 7, of
the rear terminal strip (fig. 22

d. The utpot ofthe sgmal generator s modu-
Inted at 30 percent. Make sure the percentage of
modulution dow not vary.

¢. Set the BANDWIDTH switch to the 8-KC
position.

/. Set the AUDIO RESPONSE switch to
WIDE.

. Set, the frequency of Radio Receiver R-390/

JRR to the signal generator frequency.

h. Set the FUNCTION switch to the AGC
position.

i. Set the frequency of the audio oscillator at
1,000 eps.

j. Set the LOCAL GAIN control to where the
output. meter reads 2.5 volts ac. (This will be
considered a 0-db reference level.)

. Vary the audio oscillator frequency between
100 and 10,000 eps.
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Figure 94, Overal auiio response chart.

2 Note the reading on the output meter and
compare readings with the chart in figure 94.

Db down=20 log. 0wl

m. Repeat the steps in # through I above for
the MED. and SHARP positions of the AUDIO
RESPONSE switch.

127. Testing of Calibration Oscillator

To test the calibration oscillator, proceed as
follows:

a. Set the BANDWIDTH switeh to .1-KC
position.

b. Set the AUDIO RESPONSE switch to
MED.

¢. Connect a headset. into PHONES juck.

d. Turn the FUNCTION switch to CAL. In
this position, a note will be heard at every multiplo
of 100 ke as the KILOCYCLE CHANGE control
is rotated. The pitch of the note depends on the
setting of the BFO PITCH control.

128

voltage reading on output
meter

e. Rotate the KILOCYCLE CHANGE control
through a minimum of ten 100-ke steps. If a note
is not. heard exactly at the 100-ke steps, adjust
eapacitor 0912 (fig. 76). Check at least eleven
100-ke positions to make sure a note is heard only
in 100-ke steps.

/. Set, the FUNCTION switch to AGC, and
adjust the MEGACYCLE CHANGE and KILO-
CYCLE CHANGE controls to obtain 10-me read-
ing (transmitting frequency of WWY) on fre-
quency indicator. 1f WWYV cannot be heard on
10-me, try other frequencies such as 2.5-me, 5-me,
15-me, or 20-me.

9. Adjust BFO PITCH control to zero.

h. Adjust KILOCYCLE CHANGE control to
zero beat. to station WWV.

i Turn FUNCTION switch to the CAL
position.

. Disconnect antenna from receiver.

. Adjust capacitor C901 (fig. 76) for a zero
beat, indication.




CHAPTER 6
SHIPMENT AND LIMITED STORAGE AND DEMOLITION TO PREVENT ENEMY USE

Section |. SHIPMENT AND LIMITED STORAGE

128. Disassembly

The following instructions are presented as a
guide for preparing Radio Receiver R-390/URR
for transportation and storage.

a. Disconnect, antenna_lead-in cable, Power
Cable Assembly CX-1358/U and all connections
to tl\e auxiliary equipment, if used.

isconnect, the headphones from the front

e l(emnve the receiver from the rack.

129. Repacking for Shipment or Limited Stor-
age
. The exact procedure for repacking depends

Section

130. General

The demolition procedures outlined in para-
graph 131 will bo used to prevent the enemy from
using or salvaging this equipment. Demolition
of the equipment, will be accomplished only upon
order of the commander.
131. Methods of Destruction

o Smash. Smash the cxytal, contol, tubey

cols, awitahes, capacitors, transformers, an
headsets; use sledges, axes, handaxes, pickaxes,
hammers, crowbars, or other heavy tools.

823471 0—55—

on the available material and the conditions under
which the equipment is to be shipped or stored.
Reverse the procedure order in paragraph 15 for
repacking.

b. Whenever practicable, place a dehydrating
agent, such as silica gel, inside the receiver.
Wrap the receiver and spare parts box in corru-
gated paper, and protect each package with a
waterproof barrier. Seal the seams of the paper
barrier with waterproof sealing compound or
tape. Pack the protected components in a padded
wooden crate, providing at least threo inches of
excelsior or similar material between the paper
barrier and the packing case.

DEMOLITION OF MATERIEL TO PREVENT ENEMY USE

b. Cut. Cut cords, headsets, and wiring; use
axes, handaxes, or machetes.

¢ Burn. Bum cords, resistors, capacitors,
coils, wiring, and technical manuals; use gasoline,
kerosene, oil, flame throwers, or incendiary bombs.

. Bend. Bend dials, cabinet, and chassis.

e. Eaplosives. T explosives are necessary, use
firearms, grenades, or TNT.

1. Disposal. Bury or scatter the destroyed
parts in slit trenches, fox holes, or other holes, or
throw them into streams.

estroy.  Destroy everything.




RESISTOR COLOR CODE MARKING
(MIL-STD RESISTORS)

AXIAL-LEAD RESISTORS
(INSULATED)

RADIAL-LEAD RESISTORS,
(UNINSULATED)

SECOND SIGHIFICANT FIGURE.
FIRST SIGNIFIGANT FIGURE

RC-COMPOSITION

woon)

scbono.
0 siowricant
R

wLTieLER

(007 08 BaND) st
Siauiricant

FIGURE

RZ-COMPOSITION

Toounis wioTn s.sw-:s
FIXED WIRE -wOUNE
RESISTORS)

RU-WIRE-WOUND

scbowo
SoMFICANT
FIGURE.

wuLTIPLER-

{007 o8 BN il
SiguiricaNT

FiguRE

RZ-COMPOSITION

RESISTOR COLOR CODE

BAND  OR BODY¥ BAND 8 OR END¥ BAND C OR 00T OR BAND¥ 8AND D O END¥
FiRsT RESiSTANGE
coon | sowrcant | coon | sowrcawr | cowon | wucmeuen | cowon | Touemance
FicuRe Ficne wweRcenT)
Lok o auacx o BLack ' so0r 20
onow v arown | anown 0 siven *i0
neo 0 neo 2 neo 100 0w s
onance s onance s onanee 1,000
vewwow D vewiow 0 veciow 10,000
oncen s meen s oneen 100000
e 0 ovue . Bue 1000000
FoRRLE . FURPLE =
iotEn wioten)
Gnay o onar . oo o
white s waite B Siven 00

%FOR WIRE-WOUND-TYPE RESISTORS, BAND A SWALL 6E DOUBLE-WIDTH.

WHEN BOOY COLOR 15 THE SAME A8, THE 00T (OR

o) OR ENO COLOR,

THE COLORS ARE OIFFERENTIATED BY SWADE, GLOSS, OR OTHER MEANS.

EXAMPLES (GAND MARKING):
1 OHls ££0 PERGENT: BhGWN BAND A
LACK BAND C; KD BAND O

4.7 OWNS %5 GERCENT. YELLOW BAND A; PURPLE BAND S
3LD BAKD G GOLD BAND .

130 Figure 95. M1

ExaueLES (Bo0Y waRKNG):

10 oHMS +20 PERCENT: v, BLAGK EMD; BLAGK 00T

v 'Sano. 8901 COLon On TOLERANGE END.
3000 ot 10 pERCENT: GRANGE 3001, BLAGK €MD, RED 00T
Byt ereini

TD resistor color code.



CAPACITOR COLOR CODE MARKING
(MIL-STD CAPACITORS)

rroe mbicaton i gurTor FIRST SIGNIFIGANT FIGURE
e ER (oA
FIRST SGNIFICANT FIGURE e —
SECOND SIGNIFIGANT FIGURE. o
InoicATOR
(READING OIREGTION) | GuanscTERISTIC CAPAGITANGE TOLERANGE

BUTTON-MICA (cB)

SECOND SIGNIFICANT FIGURE
[oEcAL wuLTIRLER
ToLERANGE.

ot wuEn FIRST SIGNIFIGANT FIGURE:
ToLgRance

* BLacK 00T: MicA DIELECTRIC i oEnTIFIER

SILVER 00T: PAPER OIELECTRIC (8ack
WAGICATES NOMBER OF ZEROS ON PAPER TYPE
INER-cLEGTRODE.
MICA (C) AND PAPER (CN) TERMINAL ~~
secon oo riune:
st sowricunt o oEcmAL MuLTIPLIER onamacTERISTIC- FIRST SIGNIFICANT FIGURE.
T CAPACITANCE TOLERANGE SECOND SIGNIFIGANT FIGURE

R e DECHAL MULTIPLIER
ELEcTRODE TERMIAL

SECOND SIGNIFIGANT FIGURE
FIRST SIGNIFIGANT FIGURE

“eupRaTURE
GOEFICIENT

Rp— CAPAGITANCE TOLERANGE
oEGMAL MULTIPLIER oLacx spoTl
casacirance ToLcrance | NOTES:
175507 MAY BE USED ON TUBULAR CAPACITORS;
GUARACTERISTIC SPOY Is LAROER 400 . I0ENT FIER

IWNER-ELECTRODE. 1S/ SIDE GIAMETRICALLY OPPOSITE COLOR SPOT:

SPOTS MAY B USED INSTEAD OF BANDS, TEMPERATURE
COEFFICIENT MARKING 15 LARGER

TIES SPaGe BCTwEEN ApuscanT
ToLERaNGe: YELLOW,S100%, 5%

CERAMIC-TEMPERATURE COMPENSATING (CC) CERAMIC-GENERAL PURPOSE (CK)

CAPACITOR COLOR CODE

MULTIPLIER CHARACTERISTIC] TOLERANCE 2 TEMPERATURE
e COEFFICIENT
coLor id. NUMBER cc (WUF/UFrC)
DECIMAL oF [culcn|cafck| om | en | co T
ZER0S. nuEufomiss Ll
uacx o | none B 20 [20 [20 [20] 2 2680
arown " 0 ' slefs|w ' -30
nE0 2 100 2 o | x| 2 @ | e o0
oRaNGE 3 1,000 3 ofs]0 5 -is0.
ewLow . 10,000 . e[ e 220
GReEn s s 2D s [ os | -3
BLve . o s 470
FORRLE = 7 v =
WiolET) 4
orav 0 o x o2s | +30
waiTe g g o [ 1 [ -ssctson 3
coo or s s +100
Siver o0 o [0 ] w

1 LETTERS ARE N TYPE OESIGHATIONS GIVEN W NIL-C SPECIFICAT OKS.
2 BCRCENT, CXCEPT I WU R CE-TUPC CAPAGITONS 07 10 o Lcss $1ota
3 INTENOED FOR USE 1% GIRCUITS NOT REGUIRING COMPENSA

Figure 96. MIL-STD capacitor color code. 12
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BY ORDER OF THE SECRETARIES OF THE ARMY AND THE Atk Forcs:

M. B. RIDGWAY,
General, United States Army,
Chief of Staff.
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JOHN A. KLEIN,
Major General, United States Army,
The Adjutant General.
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OFriciaL Chief of Staff, United States Air Force.
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Colonel, United States Air Force,
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