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scribed in SR 700-45-5 and AF TO 
00-35D-54. 

b. Damaged or Improper Shipment. DD 
Form 6, Report of Damaged or Improper Ship
ment, will be filled out and forwarded as pre
scribed in SR 745-45-5 (Army); Navy Ship
ping Guide, Article 1850-4 (Navy); and AFR 
71-4 (Air Force). 

c. Preventive Maintenance Forms. 
(1) DA Form 11-238, Operator First Eche

lon Maintenance Check List for Signal 

Corps Equipment (Radio Communica
tion, Direction Finding, Carrier, Ra
dar) , will be prepared in accordance 
with instructions on the back of the 
form (fig. 13). 

(2) DA Form 11-239, Second and Third 
Echelon Maintenance Check List for 
Signal Corps Equipment (Radio Com
munication, Direction Finding, Car
rier, Radar), will be prepared in ac
cordance with instructions on the back 
of the form (fig. 14). 

Section II. DESCRIPTION AND DATA 

3. Purpose and Use 

a. The receiver (fig. 1) is a high-perform
ance, exceptional.ly stable, general-purpose re
ceiver for use in both fixed and mobile service. 
The receiver provides reception of continous
wave (cw), modulated-continuous-wave (mew), 
amplitude-modulated (am), frequency-shift 
keyed (fsk) and single-sideband (ssb) signals 
within a frequency range of .5 to 32 megacycles 
(me). In this receiver, the radio-frequency (rf), 
intermediate-frequency (if), audio-frequency 
(af), oscillator and power-supply circuits are 
situated on individual removable subchassis 
(fig. 56 through 72) mounted on a front panel 
and main frame assembly (fig. 74). These sub
chassis can be removed readily for trouble 
shooting and repair in a minimum of time, by 
the use of ordinary hand tools. All the sub
chassis can be interchanged between any re
ceivers bearing the same model, number. 

b. The receiver furnishes an output of 500 
milliwatts (mw) of af power to a local 600-ohm 
load (loudspeaker and headset), and 10 mw of 
af power for application to a 600-ohm balanced 
line. Operation is possible from an alternating 
current (ac) input of either 115 or 230 volts 
±10 per cent, 48 to 62 cycles per second (cps). 

c. Connectors and terminals are provided for 
use of the receiver with auxiliary equipment. A 
50-ohm, if output connection is provided for 
carrier-shift teletypewriter, single-sideband, or 
other auxiliary equipment. Automatic gain con
trol (age) and diode-detector load connections 
are available for use in diversity combining 
systems. When the receiver is used in a single-
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sideband reception . system, an external age cir
cuit may be substituted for the internal control 
circuit. Connections are also provided for exter
nal manual rf gain control; however, when 
using only the receiver for single-sideband re
ception, manual gain control of the receiver 
should be used rather than automatic gain con
trol. A break-in relay for disabling the receiver 
circuits is operated by grounding a terminal 
provided at the rear of the receiver. 

d. The calibration of the receiver is accurate 
to within 300 cycles per second, an accuracy that 
permits use of the receiver as an accurate fre
quency meter. 

4. System Application 
a. Space-diversity Receiving System. 

(1) Two or three receivers can be con
nected as a space-diversity receiving 
system for reception of voice signals 
(fig. 2). This system provides uniform 
audfo output to a loudspeaker or head
set, regardless of fading of signals. 

(2) Rhombic or doublet antennas spaced 
at least 600 feet apart are connected 
to the two receivers. 

b. Space-diversity Radioteletype System, 
Type 1. The upper half of figure 3 shows two 
receivers connected in a space-diversity radio
teletype system. The doublet or rhombic anten
nas feed the incoming frequency-shift signals 
to the receivers, where they are converted to a 
frequency of 2,125 cycles for the mark condi
tion and 2,975 cycles for the space condition/of 
the radioteletype terminal equipment sending 



contacts. The outputs taken from the LINE 
AUDIO outputs of the receivers are applied to 
Radioteletype Termina1 Equipment AN/ FGC-1, 
which provides diversity combining and pro
duces direct current (de) signals for operation 
of teletypewriter equipment. The receivers are 
connected for operation as described in para
graph 16. Use of parallel-connected age circuits 
. (par. 3c) provides improved signal-to-noise 
ratio. 

c. Space-diversity Radioteletype System. 
Type 2. Two receivers also can be used in the 
type of space-diversity radioteletype system 
shown in the lower half of figure 3. The doublet 
or rhombic antennas feed the incoming fre
quency-shift signals to the receivers, where the 
carrier frequency is converted to a 455-kilo
cycle (kc) intermediate frequency. This if sig
nal, taken from the 50-ohm if output circuit of 
the receivers, then is fed to Frequency Shift 
Converter CV-116/ URR, which provides diver
sity combining and produces de pulses for oper
ation of teletypewriter equipment. The receivers 
are connected for operation as described in par-

ANTENNAS 

agraph 16. Use of parallel-connected age circuits 
(par. 3c) provides improved signal-to-noise 
ratio. 

d. Single-sideband Radioteletype System. 

(1) A receiver and a Single Sideband Con
verter CV-157/URR may be connected 
as shown in figure 4. This system per
mits the reception of single-sideband 
signals occupying 12 kc of rf spectrum 
space divided into two 6-kc sidebands 
on both sides of a reduced carrier; or, 
a double-sideband signal, either ampli
tude-modulated or phase-modulated 
(pm), occupying up to a total of 12 kc 
of spectrum space can be received. If 
phase modulation is received, the devi
ation cannot exceed an average of 1 
radian. This system is used primarily 
for the reception of multi-channel ra
dioteletype transmissions. For addi
tional information, see TM 11-649, 
Radio Receiving Sets AN/ FRR-40 and 
AN/ FRR-41. 
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Figure 2. Space-diversity receiving system, block diagram. 
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Figure 4. Single-sideband radioteletype system, 
block diagram. 

(2) Th~ 455-kc if output of the receiver is 
fed to Single Sideband Converter CV-
157 /URR, which heterodynes the if 
signal to 100 kc. The 100-kc signal is 
amplified and fed through highly selec
tive filter circuits to separate the upper 
sideband, lower sideband, and carrier 
components of the original signal. The 
upper and lower sidebands are fed to 
individual detectors to recover the low
frequency (lf) intelligence that is fed 
to terminal equipment. The carrier 
component is used for automatic fre
quency control (afc) _in the converter. 

(3) The converter has provision for gen
erating age voltage from the carrier, 
upper sideband, lower sideband, or 
both the upper and lower sidebands, 
and feeding it back to the receiver. In 
addition, means are provided for re
storing the original age voltage of the 
receiver. 
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5. Technical Characteristics 
Type of circuit .................. . ...... Triple-conversion superheterodyne on eight lowest 

frequency bands; double-conversion superhetero
dyne on all other bands. 

Frequency range . ...... ............. .... . 0.5 to 32 me. 
Types of signals received ................ Al, cw; A2, mew; A3, voice; A9, single sideband; Fl, 

frequency-shift keying. 
Type of tuning ......................... Continuous; frequency read directly on counter-type 

indicator. 
Method of calibration ... . ................ Built-in crystal-controlled. 
Calibration points .. ............. . ...... Every 100 kc. 
Audio power output: 

600-ohm unbalanced line ............... 500 mw, minimum. 
600-ohm balanced line ................. 10 mw, minimum. 
Headphones ......................... 1 mw, minimum. 

If selectivity ....... . . ............. ..... 100 cps to 16 kc bandwidth in six steps. 

Intermediate frequencies: 
First variable if (used on eight lowest 

frequency bands) ........ .......... 17.5 to 25 me. 
Second variable if ( used on all bands) .... 2.5 to 2 me on lowest band; 3 to 2 me on all other 

bands. 
Third (fixed) if ....... ...... ..... . ... 455 kc. 

Power source .......... . ............... 115/230 volts ac ±10%, 48 to 62 cps. 

Power input: 
115/230 volts ac ...................... 225 watts total; 140 watts with OVENS switch 

turned to OFF. 
Number of tubes ..................... . . 26 (including current-regulator tube RT510). 

Antennas: 
Unbalanced ..... ..... ............ _ ... Straight-wire of random length or vehicular-mounted 

whip. 
Balanced ....... ..................... 125-ohm terminating impedance; matches 50- to 

200-ohm balanced or unbalanced transmission lines 
by using adapters. 

Temperature range ..................... -40° C (-40° F) to 65° C (149° F). 
Altitude . .. ........................... Up to 10,000 ft. above sea level. 
Weight ......... ...................... 75 lb. 
Range of vfo . .... ..... ............ .... . 3.455 to 2.455 me. 

6. Table of Components 

Required Height Width Depth Volume Unit 
Component No. (in.) (in.) (in .) (cu ft) wt (lb) 

Receiver 1 10- 15/32 19 16-19/32 2 7 
Technical manuals 2 2 
Set of running spares 1 1 

Total weight (lb) 80 

; 

Nole . This list is for general information only. See appropriate supply publications for information pertaining to requisition 
of spare parts. 
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7. Description of Radio Receiver 
R-390A/URR 

a. The receiver (fig. 1) is a 26-tube, super
heterodyne receiver for reception of cw, voice, 
and radioteletype signals with a frequency 
range of .5 to 32 me. The receiver is designed 
for mounting in a standard 19-inch rack, such 
as Electrical Equipment Cabinet CY-1119/ U. 

b. All operating controls are located on the 
front panel (fig. 11), which has a gray semigloss 
finish. Two handles are provided at the outer 
edges of the panel to aid in the removal of the 
receiver from the rack or case. The MEGA
CYCLE CHANGE and KILOCYCLE CHANGE 
controls are used to tune the receiver to the 
desired frequency. A counter-type frequency 
indicator shows the frequency in kilocycles. A 
LINE LEVEL meter is used to indicate the 
level in volume units (vu) of the line audio out
putof thereceiver. The CARRIER LEVEL meter 
indicates the relative strength of the incoming 
signal. There are 15 bar knobs that control vari
ous functions of the receiver. The PHONES 
jack is used to connect a pair of headphones to 
the receiver local audio output. 

c. On the rear panel. of the receiver (fig. 12) 
are mounted special tools, antenna input con
nectors, an operating and a spare fuse, a power 
cord, an if output connector, an OVENS switch, 
and terminal strips for the connection of exter
nal circuits. 

8. Description of Cases and Cabinets Used 
With Radio Receiver R-390A/URR 

Two cases and two rack-type cabinets (not 
supplied) are available for use with the re
ceiver. In addition, the receiver may be mounted 
in any standard 19-inch rack, if adequate venti
lation is furnished. In mobile installations, the 
weight of the receiver must be supported at the 
rear of the main frame rather than by the front 
panel alone. 

a. Cabinet CY-917 / URR. This is a light
weight, table-top cabinet for general fixed-sta
tion use. 

b. Cabinet CY-979 /URR. This case is con
structed more rigidly than the CY-917/ URR, 
and has shock-absorbing mountings for mobile, 
table-top instaUations. 

c. Electrical Equipment Cabinet CY-1119/U. 
This cabinet is a floor-mounted, rack-type instal
lation for fixed-station use. Shelf-type angle 
brackets permit installation of the receiver by 
one man. 

d. Electrical Equipment Cabinet CY-1216/ U. 
This cabinet is of rugged construction and in
cludes shock-absorbing mountings for mobile 
installations. When either electrical equipment 
cabinet is used with more than one receiver, 
always use a 1%,-inch or larger blank strip be
tween the receivers for adequate ventilation. 

Caution: When the receiver is installed in 
any case other than those described above, 
adequate ventilation must be provided. The re
ceiver must be supported in the manner pro
vided in Cabinet CY-979/URR and Electrical 
Equipment Cabinet CY-1216/ U. For mobile 
applications of the receiver in cabinets other 
than Cabinet CY-979 /URR and Electrical 
Equipment Cabinet CY-1216/ U, support must 
be provided at the rear and bottom of the re
ceiver, so that the front panel does not carry 
the entire weight. The recommended cabinets 
have dowel pins that engage holes ::tt both rear 
lower corners of the receiver (fig. 12) and pro
vide the required support. 

9. Running Spares 

A group of running spares is furnished with 
each receiver. The following is a list of running 
spares: 

1 tube, type OA2. 
1 tube, type 3TF7. 
1 tube, type 6AK6. 
1 tube, type 6C4. 
1 tube, type 6DC6. 
1 tube, type 26Z5W. 
1 tube, type 5654/ 6AK5W. 
2 tubes, type 5749/ 6BA6W. 
2 tubes, type 5814A. 
5 fuses, 3-ampere, 125-voJ.t. 
1 dial lamp, 6 volts, .2 ampere. 

I 0. Additional Equipment Required 

The following material is not supplied as a 
part of Radio Receiver R-390A/ URR, but is 
required for its operation. The connectors re
quired will depend on the particular installation. 
Also refer to paragraph 15. 
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Antenna: 
Balanced ............................ Doublet or rhombic. 
Unbalanced ................ : ........ Random-length straight-wire o:,; whip. 

Low-impedance transmission line: 
Balanced ............................ 50 to 200 ohms. 
Unbalanced ......................... 70-ohm coaxial cable. 
Connector ........................... Connector Plug PL-259 or Connector Plug UG-573/U. 

Headset ............................... Headset Navy type CW-49507 or equivalent 600-ohm 
headset. 

Cord ................................. Headset Cord CX-1334/U, or equivalent. 
~ Loudspeaker ......................... .. 600 ohms. 

Adapter Connector UG-970/U .. ·.· ....... Adapts Connector Plug PL-259 on unbalanced an-
. tenna lead-in to balanced antenna input. 

Adapter Connector UG-971/U ............ Adapts Connector Plug UG-573/U on unbalanced 
antenna lead-in to balanced antenna input. 

Note. In adapting an unbalanced transmission line to the BALANCED ANTENNA. input, use Connector 
Plug UG-573/U in combination with Adapter Connector UG-971/U wherever possible: 
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CHAPTER 2 
INSTALLATION 

I I. Sitting Considerations 

a. External Requirements .. The tactical situ
ation and local conditions usually indicate the 
general, area where this receiver is to be used. 
When locating the antenna within the general 
area, observe the following: 

(1) 

(2) 

(3) 

(4) 

(5) 

Radio signals are absorbed and some
times reflected by nearby obstructions 
such as hills, metal buildings and 
bridges, or leafy vegetation that ex
tends above the height of the antenna. 
Transmitted signals have a greater 
ra~ge when the antenna is as high 
above ground as possible. Transmis
sion and reception is best over 'water, 
or level or gently rolling ground. 

Enemy jamming action against the 
receiver is always a possibility. The 
effects of enemy jamming may be re
duced by locating the antenna so that 
nearby obstructions act as a screen 
in the direction of _probable sites of 
enemy jamming transmitters. This 
screening action may also reduce the 
transmitted signal strength in a direc
tion toward the enemy, thereby mak
ing it more difficult for the enemy to 
intercept signals or to locate the trans
mitter by direction finding methods. 

If transmission and reception in all 
directions are required, place the an
tenna on the highest hill within the 
designated area. 

When possible, avoid locating the an
tenna near sources of electrical inter
ference such as power or telephone 
lines, radar sets, and field hospitals. 

Where possible to do so, try several 

locations within the general area and 
select the one that provides the best 
signals from the desired stations, and 
for the best screening from the enemy. 

b. Internal Requirements. 

(1) 

(2) 

(3) 

For fixed service, mount the receiver 
in Electrical Equipment Cabinet CY-
1119 /U in Cabinet CY917/URR, or 
in a standard rack. 

For mobile use, mount the receiver 
in Electrical Equipment Cabinet CY-
1216/U, or in Cabinet CY-979/ URR. 
The shelter used must provide com
plete protection from the weather. 
Always provide adequate ventilation 
(par. 14). 

12. Unpacking 

a. Packaging Data. When packed for ship
ment, the components of the receiver are placed 
in a water-vaporproof container and packed in 
a wooden crate. An exploded view of the ship
ping crate and its contents is shown in figure 
6. The dimensions of the crate are approxi
mateI.y 24%, inches high, 201/2 inches wide, and 
143.4 inches deep. It weighs approximately 99. 76 
pounds, with a volume of approximately 3.89 
cubic feet. 

b. Removing Contents. 
( 1) Place the packing case as near the 

operating position as is convenient. 
(2) Cut and fold back the metal straps. 
(3) Remove the nails with a nail puller. 

Remove the top and one side of the 
wooden case if the receiver cannot be 
lifted out. 

( 4) Remove the desiccant bags, the card
board tray, and the plywood board. 
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Figure 5. Siting Radio Receiver R390A/ URR. 
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(5) Take out the sealed cardboard carton 
containing the receiver. 

(6) Open the carton and withdraw the in-
ner carton that is inclosed in the mois-
ture-vaporproof barrier. 

(7) Slit open the seams of the moisture-
vaporproof barrier and open the in-
ner carton. 

(8) Remove any spacers or padding from 
\\ the inner carton. 

(9) Withdraw the receiver from the inner 
carton, and place it on a work bench 
or near its final location. 

(10) Remove the technical manuals and the 
running spares. 

13. Checking 
Note. For used or reconditioned equip

ment, refer to paragraph 17. 

a. Check the contents of the cartons against 
the master packing slip. 

b. Check the front panel of the receiver for 
damage to the knobs or the glass windows of 
the meters and the frequency-indicator dial. 

c. Operate the control knobs; examine them 
for looseness. Operate the MEGACYCLE 
CHANGE and KILOCYCLE CHANGE con
trols throughout their range. Rough operation 
or binding indicates a damaged tuning system. 

d. Remove the top and bottom dust covers by 
removing the 16 screws and lock washers that 
secure the covers to the main frame. 

e. Inspect the subchassis on the upper and 
lower decks of the receiver for loose tube shields 
and broken tubes. See that all connectors are 
seated firmly ; loose connectors are a common 
cause of improper operation in radio equip
ment. If the receiver is to be used in a fixed 
installation, remove the shields from all tubes 
except V201, V202, V203, V204, V205, V206, 
V505, and V701. Refer to figures 15 and 16 for 
the locations of these tubes. Unless extremely 
dusty conditions are expected, do not replace 
the dust covers. Do not replace the dust covers 
when the receiver is to be installed in Cabinet 
CY-979/URR or in Cabinet CY-917/URR. 

f. Remove the fuse on the rear panel. See that 
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it is of the proper value. If the receiver is to 
be operated from a 115-volt source with the 
OVEN switch in the OFF position, replace the 
AC 3 AMP fuse with a 2-ampere fuse. This 
provides maximum overload protection for the 
receiver. If the receiver is to be operated from 
a 230-volt power source with the OVENS switc~ 
ON, use a llf2-ampere fuse; use a 1-ampere fuse 
with the OVENS switch at OFF. 

Caution: To avoid serious damage to the re
ceiver, do not use any fuse other than the value 
specified. 

g. Inspect for bent or broken connectors and 
terminals on the rear panel. See that the special 
tools are in place in their holder. See that the 
spare fuse is of proper rating and clipped firmly 
to the rear panel. 

h. Check the contents of the box that contains 
the running spares for damaged parts. 

14. Installation of Radio Receiver 
R-390A/URR 

a. Antenna. The receiver is normally used 
with rhombic, doublet, or double-doublet anten
nas. For information on the rhombic and dou
blet antennas, refer to TM 11-666, Antennas 
and Radio Propagation. For information on the 
double-doublet antenna, refer to TM 11-2629, 
Antenna Kit for Double-Doublet Receiving An
tenna. 

b. Receiver. The receiver is shipped with all 
tubes, crystals, and the fuse in place. Instruc
tions for instaHing the receiver for fixed and 
mobile use are listed in (1) through (4) below. 
If the radio receiver is used as part of a system, 
refer to the system technical manual for exact 
instructions on connections. 

( 1) Fixed, table-top installation. When 
housed in Cabinet CY-917 /URR or a 
similar well-ventilated case for fixed 
operation, place the receiver on any 
sturdy table or bench. Install the re
ceiver without the top and bottom dust 
covers and without the tube shields 
according to the instructions in para
graph 13e. 

(2) Fixed, cabinet installation. To install 
the receiver in a standard cabinet, 
such as Electrical Equipment Cabinet 



CY-1119/U, remove the top and bot
tom dust covers of the receiver. Re
move one of the blank panels from the 
cabinet and install the receiver. Secure 
the front panel to the cabinet with the 
bolts removed from the blank panel. 
Insert them in the elongated holes lo
cated along the vertical edges of the 
receiver front panel (fig. 11). 

(3) Mobile, table-top installation. When 
the receiver is housed in Cabinet CY-
979 /URR for mobile operation, secure
ly bolt the case to a table or shelf that 
is fastened rigidly to the vehicle. Allow 
space for ventilation, for access to the 
connections on the back panel, and for 
withdrawal of the receiver from the 
case for servicing. To install the re
ceiver in Cabinet CY-979/ URR, first 
remove the top and bottom dust covers 
of the receiver: 

(4) Mobile, cabinet or rack installation. 
When the receiver is installed in Elec
trical Equipment Cabinet CY-1216/U 
for mobile operation, securely bolt the 
cabinet to the vehicular body. 

( 5) Ventilation. In all types of installation, 
provide as much ventilation as possi
ble. Do not operate the receiver with the 
dust covers in place unless extremely 
dusty or sandy conditions exist. For 
table-top cabinets, remove the dust 
covers before the receiver is installed. 
In fixed instal.Iations, operate the re
ceiver with the tube shields removed 
(par. 13e). This will reduce the bulb 
temperature of the tubes and will pro
long tube life. Wherever possible, al
low space at the back of the cabinet or 
rack to allow for circulation of air. 

(6) Support. For mobile installations, pro
vide support for the lower rear of the 

. receiver. This support is furnished in 
the cabinets listed in ( 3) and ( 4) 
above. When other cabinets are used, 
use the mounting holes that are pro
vided at the rear of the receiver. Dowel 
pins may be inserted into them to hold 
the receiver securely. Figure 12 shows 
the dimensions required when install
ing the dowel pins in the cabinet. 

15. Connections 

Each receiver is shipped with jumpers be
tween terminals 1 and 2, 3 and 4, 11 and 12, and 
14 and 15. These four jumpers are required 
for normal operation. 

Warning: The voltages used are high enough 
to endanger human life. To prevent shock haz
ard for personnel touching outside metallic 
parts of the receiver, connect GND terminal 16 
(fig. 12) to the same ground as the ac power 
source. Do not depend on the front-panel mount
ing screws for a ground connection. Do not use 
the antenna transmission line shield for the 
chassis ground. 

Caution: Check to see that TB801 is con
nected for the correct ac voltage (fig. 7) . This 
terminal board can be reached when the power
supply subchassis is removed from the bottom 
of the receiver (par. 128). See figure 72 for the 
locations of TB801 and J811. 

a. Power Input (fig. 7 and 8). For 115- or 
230-volt, 48- to 62-cps operation, plug the ac 
power cord into the ac power source. 

b. Antenna. Figure 9 shows the method of 
connecting coaxial connectors to the . coaxial 
cable. The antenna is connected to either the 
UNBALANCED or the BALANCED ANTEN
NA connector (fig. 12) as follows: 

(1) UNBALANCED ANTENNA connec
tor, J103. When a whip antenna is 
to be used for vehicular installations 
or a random length wire is to be 
used in fixed instal.Iation, connect the 
lead-in to the UNBALANCED AN
TENNA connector by means of Con
nector Plug UG-573/U. The whip an
tenna lead-in should be as short a 
length as possible of Radio Frequency 
Cable RG-8/ U or RG-11/U. 

(2) BALANCED ANTENNA connector 
J104. The BALANCED ANTENNA 
connector furnishes input to the re
ceiver through a tuned antenna trans
former. This connector is used for all 
balanced antennas, such as a balanced 
doublet, and should be used for un
balanced, low-impedance transmission 
lines. Connect the balanced coaxial 
Radio Frequency Cable RG-22, from 
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50- to 200-ohm balanced antennas to 
Jl04 with Connector Plug UG-421/U, 
or, when Radio Frequency Cable RG-
86/U transmission line is used, use 
Connector Plug UG-969/ U. Two right
angle adapters (fig. 10) are available 
for connecting unbalanced coaxial 
cable to the BALANCED ANTENNA 
connector. When unbalanced coaxial 
lead-in is terminated in Connector 
Plug PL-259, use Adapter Connector 
UG-970 /U to connect it to the BAL
ANCED ANTENNA connector. When 
unbalanced coaxial lead-in is termi
nated in Connector Plug Connector 
UG-573/U, use Adapter Connector 
UG-971/ U to connect it to the 
BALANCED ANTENNA connector. 
Adapter Conn.ector UG-971/ U and 
Connector Plug UG-572/U are pre
ferred and should be used when avail
able. Connect a whip antenna through 
Connector Plug UG-573/U directly to 
the UNBALANCED ANTENNA con
nector. 

c. Audio Output (fig. 8). 

14 

(1) A 600-ohm headset or speaker may be 
connected as indicated below: 

(a) Insert the headset plug into the 
PHONES jack (fig. 11) or connect 
the headset between PHNS ter
minal 8 and ground, terminal, 7 (fig. 
12). 

( b) Connect the loudspeaker between 
LOCAL AUDIO terminals 6 and 7 
on the rear panel. 

(2) A 600-ohm balanced line for telephone 
and similar applications may be con
nected as follows : 

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

( b) If a balancing bridge is to be used 
for long-distance line applications, 
remove the jumper from terminals 
11 and 12 on the rear panel and con
nect the bridge between these ter-

minals. Connect the balanced line 
between terminals 10 and 13. 

d. Auxiliary Connections (fig. 12). 

(1) Break-in relay. Connection to the 
break-in relay is completed through 
GND terminal 16 and ERK IN ter
minal 9 on the rear panel. The break
in relay operates to disable the re
ceiver when the BREAK IN switch is 
set at ON and terminal 9 is grounded 
remotely. 

(2) External diode load. DIODE LOAD 
terminals 14 and 15 on the rear panel 
provide detector diode-load combining 
for diversity reception. Connect to
gether terminals 14 and 15 for normal 
receiver operation. 

(3) External rf gain control. For external 
rf gain control of the receiver, discon
nect the internal RF GAIN control at 
the terminal strip on the rear panel 
and connect externally a 5,000-ohm 
potentiometer. To substitute the ex
ternal control for the internal RF 
,GAIN control, remove the jumper be
tween RF GAIN terminals 1 and 2 on 
the rear panel and connect the external 
control between terminal 1 and termi
nal 7 (ground), or between terminal 
1 and terminal 16 (GND). 

( 4) Age circuit. For external age of the 
receiver, remove the jumper between 
AGC NOR terminals 3 and 4 on the 
rear panel, connect the negative ter
minal of the source to terminal 4, and 
connect the other terminal of the 
source to terminal 7 (ground). 

16. System Connections 

To improve the signal-to-noise ratio for diver
sity use, make the common age connections as 
shown in figure 2. Move the jumpers from ter
minals 3 and 4 on each receiver to terminals 4 
and 5. Connect together· the No. 4 terminals. 

a. Space-diversity Reception of Voice Sig
nals. To connect two Radio Receivers R-390A/ 
URR for space-diversity reception of voice sig
nals, proceed as follows: 
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Figure 7. Connections for 115-volt or 230-volt operation. 
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Figure 8. Radio Receiver R-390A/URR, cording diagram. 
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NUT ·GASKET .CLAMP MALE CONTACT PLUG BODY 

SLIDE NUT AND GASKET OVER CABLE . 
I REMOVE VINYL JACKET FOR 9(32 INCH. 

00 NOT NICK BRAID. 

COMB OUT BRAID AND FOLD OUT. 
2 CUT DIELECTRIC TO '1a INCH ANO 

BARE CENTER CONDUCTOR 5132 INCH. 

3 
PULL BRAID FORWARD ANO TAPER 
SLIDE CLAMP OVER BRAID. 

FOLD BACK. BRAID, TRIM TO PROPER 
4 LENGTH ANO FORM OVER CLAMP AS 

. SHOWN. SOLDER CONTACTS TO CENTER 
CONDUCTOR, NOTE '116 INCH DIMENSION. 

TMB56A-20 

Figure 9. Assembly of Connector Pliig UG-573/U to coaxial cable. 

(1) Refer to paragraph 15 for normal op
erating and auxiliary connections for 
the desired mode of operation. 

(1) Refer to paragraph 15 for normal op
erating and auxiliary connections for 
the desired mode of operation. 

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

b. Space-diversity Reception of Radiotele
type Signals, Type 1. To connect two Radio Re
ceivers R-390A/URR for space-diversity recep
tion of radioteletype signals using the audio out
put of the receivers, proceed as follows : 

(2) Connect LINE AUDIO terminals 10 
and 13 of each receiver to the input of 
each channel in Radioteletype Termi
nal Equipment AN/FGC-1 as shown in 
the upper half of figure 3 as type 1. 

c. Space-diversity Reception of Radioteletype 
Signals, Type 2. To connect two Radio Receivers 
R-390A/ URR for space-diversity reception of 
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ADAPTER CONNECTOR 
UG-970/U 

ADAPTER CONNECTOR 
UG-971/U 

Figure 10. Adapter Connectors UG-970/U 
and UG-971/U. 

TM856-17 

radioteletype signals using the if outputs of the 
receivers, proceed as follows: 

(1) Refer to paragraph 15 for normal op
erating and auxiliary connections for 
the desired mode of operation. 

(2) Connect the IF OUTPUT connector 
(J116) of each receiver to the input of 
each channel in Frequency Shift Con
verter CV-116/URR as shown in the 
lower half of figure 3. (A cable ter
minated in Radio Frequency Plug UG-
88/U is required for connection to 
J116.) 

d. Single-sideband Reception. To connect Ra
dio Receiver R-390A/URR for the reception of 
multichannel radioteletype signals using Single 
Sideband Converter CV-157/URR, proceed as 
follows: 

(1) 

(2) 

Refer to paragraph 15 for normal op
erating and auxiliary connections for 
the desired mode of operation. 

Connect AGC NOR terminals 3 and 4 
and the IF OUTPUT connector (J116) 
to the age line terminals and the if in
put connector on Single Sideband Con
verter CV-157 /URR as shown in figure 
4. (A cable terminated in Radio Fre
quency Plug UG-88/U is required for 
connection to J116.) 

17. Service Upon Receipt of Used or 
Reconditioned Equipment 

a. Follow the instructions in paragraphs 12b 
and 13 for uncrating, unpacking, and inspecting 
new equipment. 

b. Check to see whether the used or recon
ditioned equipment has been changed by a Modi
fication Work Order (MWO). If modified, the 
MWO number will appear on the front panel 
near the name plate. Indicate the MWO number 
on the schematic diagram. (fig. 106). 

c. Check the MEGACYCLE CHANGE and 
KILOCYCLE CHANGE controls for ease of 
rotation. If lubrication is required, refer to the 
lubrication instructions in paragraph 133. 

d. Perform the installation and connection 
procedures given in paragraphs 14, 15, and 16. 
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CHAPTER 3 
OPERATION 

Section I. CONTROLS AND INSTRUMENTS 

18. General 

Haphazard operation or improper setting of 
the controls can resul.t in poor reception. For 
this reason, it is important to know the function 
of every control. The actual operation of the 
equipment is discussed in paragraphs 20 

Control 

LINE LEVEL meter 
(MlOl) 

LINE METER switch 
(8105) 

LINE GAIN control 
(R104) 

AGC switch (8107) 

LIMITER switch and 
control (8108 and 
R120) 

CARRIER LEVEL 
meter (M102) 

BANI;>WIDTH switch 
(8501, 8502, 8503) 

18 

Function 

Indicates level of balanced-l ine 
audio output. 

In OFF position, disconnects 
LINE LEVEL meter from 
balanced-line output. In +10 
position, 10 vu is to be added 
to LINE LEVEL volume units 
reading; in O position, LINE 
LEVEL meter is read directly 
in volume units ; in-10 position, 
10 vu is to be subtracted from 
LINE LEVEL volume units 
reading. 

Controls level of af signal applied 
to balanced-line output ter
minals. 

Determines rapidity of change in 
gain of receiver for a change of 
signal strength. 

In positions 1 through 10, pea1 
signal impulses are cut off to 
reduce static interference. In
creased reduction of signal 
peaks is obtained at clockwise 
positions of control. In the 
OFF position, limiter does not 
operate. 

Indicates level of incoming rf 
signal. Indication of O decibel 
when RF GAIN control is at 
position 10 corresponds to an 
input signal of less than 2 to 5 
microvolts. 

Selects width of the if pass band 
in KC. 

through 28. 

19. Radio Receiver R-390A/URR Controls 

(fig. 11 and 12) 
The following table lists the controls of the 

receiver and indicates their function: 

Control 

BFO PITCH control 
(Z502) 

AUDIO RESPONSE 
switch 8104 

BREAK IN switch 
(8103) 

FUNCTION switch 
(8102) 

Function 

Varies frequency of tone when 
receiving continuous-wave 
signals. 

Varies response of audio ampli
fier. In SHARP position, an 
800-cycle-per-second tone is 
loudest. In WIDE position, 
all frequencies passed by the 
BANDWIDTH switch are 
heard. 

In ON position, permits break-in 
operation of receiver when 
proper connections have been 
made at rear panel. In OFF 
position, break-in operation is 
not possible. 

In OFF position, receiver is 
turned completely off. Other 
positions and functions are: 

Position 

STAND 
BY 

AGC 

MGC 

CAL 

Function 

Receiver inoperative, 
but ready for in
stant use. 

Receiver operative, 
with gain con
trolled automati
cally. 

Receiver operative, 
with gain controlled 
manually by RF 
GAIN control or by 
an external gain
trol. 

Permits calibration of 
the tuning system 
at 100-kc points. 
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Control 

ANT TRIM control 
(C225) 

BFO switch (8101) 

DIAL LOCK 

ZERO ADJ 

LOCAL GAIN 
control (R105) 

RF GAIN control 
(R103) 

Function 

Permits peaking of received signal 
to maximum value. 

In ON position, places beat-
frequency oscillator in opera-
tion. In OFF position, beat-
frequency oscillator is inopera-
tive. 

In clockwise position, locks 
KILOCYCLE CHANGE con-
trol to prevent accidental 
change of setting. Unlocks in 
counterclockwise position. 

When turned clockwise, disen-
gages frequency indicator from 
KILOCYCLE CHANGE con-
trol for calibration purposes. 

Controls level of af signal applied 
to local output terminals. 

Controls ·gain of rf and if ampli-
fiers. 

Control 

I{ILOCYCLE 
CHANGE control 

MEGACYCLE 
CHANGE control 

PHONES jack (Jl02) 

OVENS switch (8106, 
on rear panel) 

Function 

Tunes receiver to any frequency 
within a band, and changes 
reading of last three digits on 
frequency indicator. Frequency 
range of control slightly greater 
than 1 me; when tuned to fre
quency higher or lower than 
that indicated by first two 
digits, plus or minus sign is 
displayed in space between me 
and kc readings indicating, 
respectively, addition or sub
traction of 1 me in reading of 
first two digits to obtain true 
reading. 
Selects any one of 32 tuning 
steps; changes reading of first 
two digits of frequency indi
cator. 

Provides means of connecting 
headset to the receiver. 

Screw-driver operated. In ON 
position, turns on oscillator 
heaters for increased frequency 
stability. 

Section II. OPERATION UNDER USUAL CONDITIONS 

Warning: The voltages employed are high 
enough to endanger human life. Every precau
tion should be taken by personnel to minimize 
the danger of shock. Be sure that the GND ter
minal 16 on the rear panel (fig. 12) is connected 
to the same ground as the ac power source. 

20. Sforting Procedure 

Caution: Set the ac power supply of the re
ceiver to the correct ac input voltage. Refer to 
paragraph 15 and figure 7. Be sure that all of 
the external, connections to the receiver are sat
isfactory for the desired type of operation out
lined in paragraphs 15 and 16. 

a. If the receiver is operated under low
temperature conditions, or in a location where 
there is considerable change in temperature, 
set the screw-driver-adjusted OVENS switch 
8106 on the rear panel to ON. When the set is 
~perated in a temperature-regulated building, 
set the OVENS switch to OFF. Be sure the 
proper fuse i.s used (par. 13!). 

b; Turn the FUNCTION switch to AGC. 
Before operating the receiver, allow it to warm 
up for several minutes. 

21. Voice Reception 

a. Set the controls as follows: 
Control 

BFO 
LINE GAIN 
RF GAIN 
LOCAL GAIN 
BANDWIDTH 
AUDIO RESPONSE 
AGC 
LIMITER 
DIAL LOCK 

Position 
OFF 
0 

10 
5 
8 KC 
WIDE 
MED 
OFF 
Counterclockwise 

b. Use the MEGACYCLE CHANGE and 
KILOCYCLE CHANGE controls to set the fre
quency indicator to the frequency of the desired 
station. If a plus or minus sign appears in the 
space between the megacycle and kilocycle read
ings on the dial (because of overtravel of the 
KILOCYCLE CHANGE control) when tuning 
in an unknown station, the reading of the first 
two digits must be increased or decreased, re
spectively, by 1 me to arrive at the correct fre
quency. To maintain maximum tuning accuracy, 
calibrate the frequency indicator as directed in 
paragraph 26 each time the MEGACYCLE 
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CHANGE control is operated to select another 
band. 

c. 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 the frequency setting. 

e. Adjust the LOCAL GAIN control for the 
desired volume level. 

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

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

h. If interference is heard, set the BAND
WIDTH switch to the 4 KC position, or, if nec
essary, to the 2 KC position. 

i . When a balanced-line audio output circuit 
is used to feed telephone line or other equip
ment, set the LINE METER switch to the re
quired range and adjust the LINE GAIN con
trol for the desired reading on the LINE 
LEVEL meter, normally at the VU mark ( 0 
VU). 

j. If the break-in relay is connected to the 
transmitter control circuits and the receiver is 
to be disabled during periods of transmission, 
set the BREAK IN switch to ON. 

22. Mew Reception 

For reception of tone-modulated radiotele
graph signals, operate the controls the same as 
for voice reception (par. 21), with the follow
ing exceptions : 

a. Set the BFO switch to ON. 

b. Adjust the BFO PITCH control for a com
fortable tone. 

c. Set the BANDWIDTH switch to the 2 KC 
position or to a lower position, to reduce adja
cent channel interference. 

d. Set the AGC switch to SLOW. If keying is 
at a slow speed so that age brings noise up be
tween characters, set the FUNCTION switch 
to MGC and reduce the RF GAIN control to 
prevent blocking. 

22 

23. Reception of Cw Signals 

Operate the receiver controls for cw signals 
in the same manner as for voice reception (par. 
21), with the following exceptions: 

a. Set the BFO switch to ON. 

b. Adjust the BFO PITCH control for com
fortable pitch. 

c. If signal interferen' '~is encountered, set 
the BANDWIDJ'JI switch to the next lower 
position. "For gre),test degree of selectivity set 
the BANDWIDTH ~witch to 2 KC, 1 KC or .1 .... 
KC position. Set the BFO PITCH control at 0, 
tune the receiver for zero beat, and reset .the 
BFO PITCH control for a comfortable pitch 
(about 800 cycles). 'Set the AUDIO RESPONSE 
switch to SHARP. 

d. Set the AGC switch to SLOW. If keying 
is at a slow speed so that age brings noise up 
between characters, set the FUNCTION switch 
to MGC and reduce the RF GAIN control to 
prevent blocking. 

24. Reception of Frequency-shift Signals 

This procedure can be used for tuning the 
receiver to frequency-shift signals unless an
other is given by the instructions in the techni
cal manual covering the particular receiving 
system. The extremely sharp selectivity of the 
receiver requires exact tuning. The entire pro
cedure applies to systems using the audio output 
of the receivers, such as Radioteletype Terminal 
Equipment AN/FGC-1. Omit the step in 1 below 
when using equipments that use the if output 
of the receivers, such as Frequency Shift Con
verter CV-116/URR. 

a. Tune the receiver to the 100-kc point near-
est the frequency of the radioteletype signal. 

b. Turn the FUNCTION switch to CAL. 

c. Turn the BANDWIDTH switch to .1 KC. 

d. Rotate the ZERO ADJ knob fully clock
wise. 

e. Tune the KILOCYCLE CHANGE knob 
for maximum output as indicated on the CAR
RIER LEVEL meter. 

f. Turn the BFO switch to 0R 

g. Adjust the BFO PITCH <!ontrol for zero 



beat. If the knob does not fall on 0, loosen the 
set screw, set the knob at 0, and tighten the set 
screw. 

h. Turn the ZEEO ADJ knob ful.ly counter-
clockwise. 

i. Set the BANDWIDTH control to 2 KC. 

j. Turn the FUNCTio'N~,switch to AGC. 

k. Tune the KILOCYCLE CHANGE control 
until mark and space signals with the same beat 
note are heard ( with 850 cps shift this should 
be 425 cps). 

l. Adjust the BFO PITCH control for proper 
operation of the radioteletype equipment. 

Note. For filter-type terminal equipment, such as 
Radio-teletype Terminal Equipment AN /FGC-1 where 
audio frequencies of 2,125 cps and 2,975 cps are used, 
set the BFO PITCH knob between 2 and 3 (normally 
on the + side). 

m. Turn the LINE GAIN control fully clock
wise. The LINE LEVEL meter should show full 
deflection to the right. Adjust the . LIMITER 
control unti1 the reading on the LINE LEVEL 
meter is O vu. (There is no O marking on the 
meter; the O vu position is directly at the letter
ing vu on the meter face.) 

25. Reception of Single-sideband Signals 

Tuning the receiver for reception of single
sideband signals must be done accurately if this 
type of signal is to be received. The procedure 
for tuning the receiver to ssb voice signals is 
given below: 

Note. This procedure may be used for ssh reception 
of am double-sideband signals. To eliminate interfer
ence and distortion caused by selective fading, use one 
or the other sideband. 

a. Calibrate the receiver at the 100-kc cali
bration point nearest the single-sideband signal 
to be received (par. 26). 

b. Set the FUNCTION switch to MGC. 

c. Set the RF GAIN control to 5. 

d. Set the LOCAL GAIN control between 5 
and 10. 

e. Set the BANDWIDTH switch to 2 KC. 

f. Turn the BFO switch to ON. 

g. Set the B.FO PITCH control to -1 for up
per sideband -reception ( + 1 for lower sideband 
reception) . 

h. Tune to the carrier frequency 1 kc if the 
upper sideband is used (-1 kc if the lower side
band is used). 

i. If a BANDWIDTH switch setting of 4 KC 
is to be used, double the -1 or +1 setting in the 
steps in g and h above. 

j. Adjust the BFO PITCH and/or KILO
CYCLE CHANGE controls slightly for the most 
intelligible signal reception. 

k. Adjust the LOCAL GAIN and RF GAIN 
controls for the desired audio level. 

26. Frequency-indicator Calibration 

To maintain maximum tuning accuracy of the 
receiver, calibrate the frequency indicator at 
the 100-kc calibration point nearest the fre
quency desired for reception. Calibration is 
accomplished by the use of the internal calibra
tion oscillator as follows : 

'a. Set the BANDWIDTH switch to the .1 KC 
position. 

b. Set the AUDIO RESPONSE switch to 
WIDE. 

c. 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 control to 0. 

g. 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-kc point 
nearest the frequency desired for reception. 

i . Turn the ZERO ADJ knob clockwise as far 
as it will go. 

j . Rotate the ANT TRIM knob to obtain max
imum indication on the CARRIER LEVEL 
meter. 

k. Adjust the KILOCYCLE CHANGE con
trol for a maximum indication on the CARRIER 
LEVEL meter. 

l. Check to see that the BFO PITCH control 
produces a zero beat at the O position. If it does 
not, tune it for zero beat, loosen knob screw, and 
adjust to O without rotating the shaft. Tighten 
the screw with the fluted screw driver. 

m. Turn the ZERO ADJ knob counterclock-
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wise until it stops. The dial now is calibrated 
accurately. 

27. Stopping Procedure 

a. 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 tb 
STAND BY. 

Caution: The FUNCTION switch should not 
be left in the STAND BY position for too long 
a period of time. Under this condition of opera
tion, with the filaments lighted and no plate 
voltage applied, the useful life of certain va
cuum tubes may be shortened. 

b. To shut off the receiver completely, turn 
the FUNCTION switch to OFF. 

28. Antijamming Instructions 

When it is determined that the receiver is be
ing jammed so that the desired signal cannot be 
heard satisfactorily, inform the immediate su
perior officer promptly. To provide maximum 
intelligibility of jammed signals, adhere to the 
operational procedure indicated for each type of 
operation. 

a. When receiving voice signals and the re
ceiver is being jammed, follow the procedure 
in the order indicated below unti1 the signal is 
heard with the least amount of · interference. 
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(1) Rotate the KILOCYCLE CHANGE 
control very slowly through several 
dial markings on either side of the de
sired signal. Some separation of the 
desired signal from the jamming sig
nal may be achieved. 

(2) Set the BANDWIDTH switch to the 4 
KC or 2 KC position, whichever gives 
the best results. 'Slowly tune as de
scribed in (1) above. 

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

(4) If the noise is severe, adjust the LIM
ITER control as required. 

( 5) When the jamming signal is weak, 
set the FUNCTION switch to MGC 

and turn the RF GAIN control coun
terclockwise. The interfering signal 

, may be reduced enough to permit part 
of the desired signal to come through. 

( 6) If these steps do not provide some de
gree of signal separation, request a 
change in frequency and call sign. 

(7) Request the use of cw operation if this 
is permissible ( b below) . 

( 8) If practicable, change the direction, 
length, and height of the antenna. This 
practice may reduce the jamming ef
fectiveness so that some degree of sat
isfactory reception is obtained. 

(9) If the jamming action is such that 
communication is impossible, report 
this fact to the immediate superbr. 
Keep the radio receiver tuned to the 
desired signal frequency; continue to 
operate. 

b. When receiving cw or mew signals and the 
receiver is being jammed, follow the procedure 
in the order indicated below until satisfactory 
reception is established. 

(1) Rotate the KILOCYCLE CHANGE 
control very slowly through a few dia1 
markings on either side of the desired 
signal. Some separation of the desired 
signal from the jamming signal may 
be achieved. 

(2) Set the BANDWIDTH switch to the 
1 KC or .1 KC position and set 
the AUDIO RESPONSE switch to 
SHARP. Slowly tune as described in 
(1) above. 

(3) Reset the BFO PITCH control; it may 
be possible to separate the pitch of the 
desired signal from, the jammipg sig-
nal to provide readability. \ 

(4) Perform the steps indicated in a (3) 
through (6), (8), and (9) above. 

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



Section Ill. OPERATION UNDER UNUSUAL CONDll IONS 

29. General 

The operation of the receiver may be difficult 
in regions where extreme heat, cold, humidity 
and moisture, sand conditions, etc. prevail. Pro
cedures are given in paragraphs 30, 31, and 32 
for minimizing the effects of these unusual oper
ating conditions. 

30. Operation in Arctic Climate 

Subzero temperatures and climatic conditions 
associated with them affect the efficient opera
tion of the equipment. Instructions and precau
tions for operation under such adverse condi
tions follow: when the equipment has been 
exposed to cold and is brought into a warm 
room, moisture will condense on it until the 
equipment reaches room temperature. This con
dition also can develop when the room or shelter 
warms up after a cold night. When the equip
ment has reached room temperature, dry it 
thoroughly. The best way to dry the receiver 
is to turn the receiver on and let its own heat 
provide the drying action. Under conditions of 
extreme cold, allow a 45-minute warm-up time 
to allow the oscillators to reach a stable temper
ature and frequency. Leave the OVENS switch 

in the ON position to help maintain frequency 
stability. 

31. Operation in Tropical Climate 

The receiver never should be inclosed to such 
an extent that adequate circulation of air is 
prevented. When it is exposed to humid condi
tions, turn the receiver on to allow it to heat 
up and evaporate any condensed moisture. 

32. Operation in Desert Climate 

a. Conditions similar to those encountered in 
a tropical climate often prevail in desert areas. 
Use the same measures to insure proper opera
tion of the equipment. Leave the OVENS switch 
in the ON position to compensate for the great 
difference in the day and night temperatures 
common in desert areas. 

b. Keep the equipment as free from dust as 
possible. In rack-type cabinets, leave the top 
dust cover on. Make frequent preventive main
tenance checks. Pay particular attention to the 
lubrication of the equipment (par. 133). Dust, 
sand, or dirt that comes into contact with oil 
and grease causes grit to form. This grit may 
cause damage to the equipment. 
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CHAPTER 4 
ORGANIZATIONAL MAINTENANCE 

Section I. TOOLS AND EQUIPMENT 

33. Tools, Materials, and Test 
Equipment Required 

The following tools, materials, and test equip
ment are required for organizational mainten
ance procedures. 

a. Tools. 
Tool Equipment TE-41 

b. Materials. 
Cheesecloth, bleached, lint-free 
Sandpaper, flint #000 
Cleaning Compound (Federal stock No. 
7930-395-9542) 

c. Test Equipment. A common usage name is 
indicated after each component. 

Nomenclature Common name 
Electron Tube Test Set TV7 /U Tube tester 
Multimeter TS-352/U Multimeter 

34. Special Tools Supplied 

The special tools supplied with the receiver 
are mounted on the rear panel (fig. 12). The 
use of these tools is described in a and b below. 

a. Phillips Screw Driver. The Phillips screw 
driver is used to remove the screws that secure 
dust covers, front panel, removable subchassis, 
terminal strips, etc. 

b. Bristo (Fluted) Socket Wrench. The No. 
8 fluted socket wrench is used for removing the 
front-panel bar knobs and the MEGACYCLE 
CHANGE and KILOCYCLE CHANGE knobs, 
and for loosening the collars that secure the 
camshafts and gears in the mechanical tuning 
system. 

Section II. PREVENTIVE MAINTENANCE SERVICES 

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 
mantenance differs from trouble shooting and 
repair because its object is to prevent certain 
troubles. 

36. General Preventive Maintenance 
Techniques 

a. Use #000 sandpaper to remove corrosion. 
b. Use a clean, dry, lint-free cloth or a dry 

brush for cleaning. If necessary, moisten the 
cloth or brush with Cleaning Compound. After 
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cleaning, wipe the parts dry with a cloth. Use 
Cleaning Compound on all parts, including elec
trical contacts. 

Warning: Prolonged breathing of Cleaning 
Compound fumes is dangerous. Make sure ade
quate ventilation is provided. Cleaning Com
pound is flammable; do not use it near a flame. 

c. For further information on preventive 
maintenance techniques, refer to TB SIG 178, 
Preventive Maintenance Guide for Radio Com-
munication Equipment. 

37. Use of First Echelon Preventive 
Maintenance Form 

(fig. 13) 
a. DA Form 11-238 is a preventive mainten-



OPERATOR FIRST ECHELON MAINTENANCE CHECK LIST FOR SIGNAL CORPS EQUIPMENT 
RADIO COMMUNICATION, DIRECTION FINDING, CARRIER, RADAR 

INSTRUCTIONS: See other side 

EQUIPMENT NOMENCLATURE EQU 1 PM ENT SER I AL NO. 

RADIO RECEIVER R-390 A/URR 4 7 
LEGEND FOR MARKING CONDITIONS: ..f Satisfactory; X Adj.ustment, repair or replacement required; © Detect corrected. 

NO 

NO. 

10 

11 

12 

NOTE: Strike out items not applicable. 

DAILY 

ITEM CONDITION 
M T W T 

COMPLETENESS A.NO GENERAL CONDITION OF EQUIPMENT (re.ceiveT, I a,u Hh u J.iAg sun, ,d 1 •101 bl 
"isr11,lu1u:e, hhu, spare pads. technical manuala and accessories). PAR 390fl) 

LBE\TIBU AIJ9 IPJSTtLLtTJ011 SUITIBLE FBR tl8Rlltl 9PERITl811 

CLEAN DIRT AND MOISTURE FROM ttHEtUJ•, UIGR9Pt19t1E 1 HEADSETS, GIIEHSET&; ViE"61 JACKS, PLUGS, TELEP118tJE5, 
6ARR'f'lt16 8&661 COMPONENT PANELS. 

PAR 36 

INSPECT SEATING OF READILY ACCESSIBLE "PLUCK-OUT" ITEMS: ~LAMPS,~, FUSES, CONNECTORS, 
"IBR'TBRS., PLSG Ill 681L6 ·ue RESIST'"'' PAR390(2) 

INSPECT CONTROLS FOR BINDING, SCRAPING, EXCESSIVE LOOSENESS, lV8Rtl BR €111PPEB 6(ftR61 MISAL!GNMENT, POSITIVE 
ACTION. 

CHECK FOR "NORMAL OPERATION. 

ITEM 

CLEAN AND TIGHTEN EXTERIOR OF COMPONENJS ANO CASES,~ 
t1QIIHS, HIOCI.:: IIQ'l't~·i, &tff[lltlft t,81;1'i6 1 €9\Kl\l TR•USMIS519ti 

-t-tftE5, .:AwE 6t:IIBES, ANO CABLE CONNECTIONS. 
PAR 36 

lt1SPC€T €\SES, M8l:m=r1uGS, INTEtHl•S, T8lVERS, 6tiQ i.XPQHB 
MET/..l St:IRFASES, FSR Rt:IST, C6RR95 I 811, t tlB 1181 Ht.I~[ 

INSPECT~ CABLE, ;flRE, ;1c,1e 5116CH M91:114fS FbR.CtiTS, 
BREAKS, FRAYING, · DETERIORATION, KINKS, AN1Q ·STRAIN. 

PAR39b(I) 

111SPEeT i\PHEtmA FSR ECEEtHRt€1TIES, CBRRes~.aH, tee5-E--F-++, 
BANA6[8 11451:ttATSRS AllB REFtEeTBRS. 

1115F[ .JT P Iii 5 ITEl45, LE T!IER, IH! e,BLl116 FBR MILB[h, 
f[IR6J lflB FRI I 11J6, 

INSPECT FOR LOOSENESS OF ACCESSIBLE ITEMS: SWITCHES, 
KNOBS, JACKS, CONNECTORS, E LEETR 16 t l TR t USF9RMER5, PBl ER 
STITS, :REL•:s, SELSi116, MBT6RS, BL6t.[RSJ eAPACITBRS, BEil 
EP'TQRii, em~ PILBT L1611T •ssrnaucs. 

PAR 39b(2) 

WEEKLY 

lJ 

15 

16 

17 

18 

PAR 390(3) 

PAR 390(4) 

ITEM 

1U6PE6f H8Rt6E BIH(RIES FBR BIRT, LBBSE TERMINI LS, ELEC 
TR8LYTE LE'•El ttJEl SPEGIFI€ 6RA 111TY, AP48 B*IAl6[8 Ct5(5 . 

CLEAN A IR FILTERS, BRASS NAME PLATES, 01AL AND METER 
WINDOWS, i(WEL t65El1BLIE6 

PAR 36 

1NSPECT METERS FOR DAMAGED GLASS ~ND CASES. 

PAR39b(3) 

IUSPE€T 511ELTER6 •us G9l'(R6 FQR ftB[Q1:JfGY QF l"(tftl(R -
e11ee1t MfT(fU,.\ 6t:li IRES FSA 1:£165[11[65 tflB PR9P(R TEIIS 19Pl 

GH[GI( T(RIIIMlb eex GQl'[R8 F8R GRtGKEi, l('l(S, 91J1'6E9 
Gft8KET8, BIRT 1119 GRE\SC. 

19 IF DEFICIENCIES NOTED ARE NOT CORRECTED DURING INSPECTION, INDICATE ACTION TAKEN FOR CORRECTION. 

DA 1 •• ~~ 11-238 REPLACES DA AGO FORM 1Jl9, 1 . DEC 50, WHICH IS OBSOLETE. 

TM856A-45 

Figure 13. DA Form 11-238. 
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SECOND AND TH I RD ECHELON MA I HTEHAHCE CHECK LIST FOR SIGNAL CORPS EQUIPMENT 
RADIO COHHUHICATION, DIRECTION FINDING, CARRIER, RADAR 

INSTIWCTIONS: Sc: e arhet° •ide 

EOUI PMENT NOMDICLATURE I EQ!JI PME NT SERIAL NO. 

RADIO RECEIVER R-390A/URR 4 7 
LEGEND FOR ¥.ARKitlG CONDITIONS: ,( Satis!actory; I Adjustment, rel)a.ir or replacement required; <!) Defect correctec1. 

NOTE: Strike out items not applicablE:. 

,o 

10 

ITEM 

COMPLETENESS. ANO GENERAL CONDIT101<1 OF EOUIPMHff (receiver, 

~ spare psrt,, tec:Mic11l "'"nualS .and occ:e.uorie:r). 
PAR390fl\ 

l85 Tl8l 19 1Pl5T LL:ATl9il SlilT B .[ F0R USA•] l SPCA Tteu. 

CLE~N DIP.TA.~ KOl STIJRE FROM AHTEII , MIEA0·11er1E, HEADSETS, 
e1.EST5ETE , re ~, Jr.CKS, PLIX,S, TEl::£P11e11-5, GARRYl'1G e·~~. 
COMPON[NT i'A.1\€.L:'> . 

PAR 36 

INSPECT S(ATlN:. OF flEAO I LY .ACCESSIBLE ~PLUCK-OUT" ITEMS : 
~l~l-!PS,~1 FUSES,CONNECTORS,~ 
l'U:IG 111 GQIU 'tlQ c;;U15T8R£ 

PAR 39 O (2) 

INSPECT CONTROLS FOR B lt<IOtNG, SCRAPING, EXCESS IV[ LOOSENESS, 
Y9RI 9i:I 6 lPl'[Q 6[tiU1 MISALIGNMENT, POSITJVE ACTION. 

PAR 390{3) 

CHECK FOR NORMAL OPERAT ION. 

PAR 39 0(4) 

CLEAN AtlO TIGHTEl<I EXTERIOR Of COMPONENTS ANO CASES,~ 
119 IH 6 Q'o 8 ·n, J'fE I 9 r ·o, 69 (I l'FR'ISUISSl(II I 
l:ltl[E, we ( G~IQH, . AND CABLE C<rnNECTIONS. 

PAR 36 

lUSPECT 615[61 8~11Tl116Er IIITEUI 61 T8'1fCRS 0 10 EltP(l5[8 
METH S~RF EES, F6R RtlST, eeRR6516U, IB ltBISTtlR[. 

INS PECT~ CASlE'., UIRE, AUD SIIOCK•OJUfS FOR CUTS, 
BREAKS, FRAT ING, OE7ERIO!lAT ION, KIIIKS, ANO STRAIN. 

PAR39b{JJ 

It sP:er UTE"! u F0R ECECJTR IElTICS, eeRRBSIBll, LBOS( FIT, 
8 11 :;-g II SL-' TSRS 8 [Fl(STBRS. 

20 

21 

ITEM 

~l[ClRQI' TYi Et 1'EPE£l F9R l99EE O El9PEE 1 6•P E81 CE 
T9tli, CPI( (Q 5GGY(H• I I~ FF161frT r961fT 5PF!tr6 TC1s1e1, 
GLE I 8~H • .lt=l t=JIRT 6•"1ffl LLY ' b i;C ' [1166191 Bf 1'! ""6 (1 ER 
~ 

ltlS PEG'T Ft l 1 6 IT e~TE F9i:I l90EE ' RT&, 8 IRT, ~,s ll6U 4CUT 
1119 C9PR96164 

IN~PECT FlhE.l CAPACIT(.J,1S FOR LEAKS , DULG ES , Al/0 DISC CLORA
TlON. 

PAR 39C ( I) 

22 INSPECT RELAY t 18 €\PG IT BR( ER ASSF.1,HJL IES FCiR LOOSE 
MOUNTINGS; BUIHtED, 1>1nrn, CORROOEO . Ct;NTA CTS; MISALIGN~[NT 
OF CONTACTS ANO SFfilNG S ; IN5U!'F IC lc:MT SPRING TENSION; BIND
ING Of PlUl<IGERS ANO HINGE PAIITS. PAR 39C (2) 

2) 

,, 

" 
21 

26 

IIIE P[CT I' IR I tB L[ CI PIG ITQRE FSR. :;; tRT 1 1191 EHRCr IA IE I ll61 
11rnr Of'. PllHE, INQ l:Q(;t[ tl9~1Tlf'65 

INSPECT R(S!STORS, 811~1111651 re l !UbTeRS, FOR CRACKS, 
CHI PPIIIG , DUSTER ING, OISCOLORAT I Oil t 19 M916hPE 

PAR 39 C (3) 

IIEIEGT TERllltJll:i QF l,,IRG[ FlXEQ b'PfG'TeRG lpQ q[61ET9Pi 
FSR 6~RQt t91l 1 PIRT 1119 l:98&E C811TtGH 

CLEAN AND TIGHTEN 5 1rs11cs, TERMIII l Bl0EJIS, Bl8 [RS, 
R(lly 6t&E5; MIS· INTERIORS OF CHASSIS ANO CABINETS HOT 
RE.AOllYACCESS16LE. 

PAR 39C (4) 

!NSPECT TERMINAL 13!.0CKS FOR LOOSE CONNECTIONS, CRACKS 
ANO BREAKS. 

PAR 39C(5) 

GIIEGI{ SETTl1165 SF BdtlST BL[ RELA1S. 

~~---------------------+--4---l------------------------+-""" 
ll 29 

12 

13 

16 

11 

1e 

1."'[6T GI I Iii tT(11~, L-TIER; U9 6 SL.Pl" f81'1 ti11:BE"1 
+: •Ri 1 It 'll FRIYIIICi 

lN'.;PEC.i FOR LOOSENESS OF ACCESSIBLE ITEMS: SW ITCtl!::S, KNCBS, 
J.l:Ct(S, CON NEC:TORS, £1:C6lRle L TR IISF9RIER5; P9WERST TS, 
REL s, _:;: G. ·; , lt9TW5, el8WER6; 6 P ensi.s, ii)l(RtTQRi, 
1119 1'1 l8T l"Ul 's~,,eo I liS PAR 39b(2) 

ltr&l'EH HQPt-f 8tTT[AIH fiQA QIAT 1 1:98EC TERlll!PlS, 
ElfETRBLITE l£ El HB SP[EIFIE GR ITY, 116 0 M -ce EASES . 

CLEAN AIR Fl tTERS1 SR SS NUIE PLATES, DIAL ANO I.ETER 
WINOOWS, cl(f(l tHE BU[§ 

PAR 36 

INSPECT METERS FOR OANAGED GU.SS ANO CASES. 

PAR39b(3 

rnSPEeT Sll(tTERS ue ES ER6 FSR 19(9 tGY 9F ( 1111ERl'R08fllf6 

Gll(GK I ITEU t 61i't WIRE& FSR b085Elli:5$ 1119 PR9Prn Ttllf lQN 

611(611 TCRlllfll l 8811 69 CRS F9R GR 6115, l(lll51 B M 6EB 
6 51-'FS, BIRT AUD 6R[ S[. 

JO 

31 

32 

JJ 

Jl 

36 

J) 

LUBR ICATF [O~!IP~E n ta ACC.:01·'. 0ANCE WITH APPLICABLE 
OEP AR l~( tlT OF TtlE ARIU !.Ul!RICATION ORDER. 

PAR 133 

tHEl'EGT 6Ell(AtTQRE, !Ul'll9'fHE6 , 9Yllll19T8RE 1 F0R BRll611 UAR, 
,P;ilflG TEll'l~I", 'RGlll6, t 9 FITTIIIG SF 69111 TITSR 

~ll;MTE'I COll'lli:CTIGl'i ltlQ ttQlltlTltlii fQR TR!IIEFORUER6 

INSPECT "!RANSFORM~RS, 6119KEE, PSTEltT I 8METERS, 118 
~FOROVERHEATINGANOOIL-LEAKAG£.· 

PAR 39C(6) 

flEEOPE SHIPPlt'G .O? STOAIIIG REll8"[ B HCRICS. 

IIIEPECT 61TH88( RIY Tl:IS(6 FSR Bt:IRll'f 56REEU SPSTS. 

INS ercr BfTIER LES FOR SMQf'TS 1119 Q(t8 GEll:S, 

IISl'E6T FSR LE 1111"6 'TITERl'R88F 6161(ETE 1 ¥8RII BR l80SE P RTS. 

MOISTURE AUD FUNGI PROOF . PAR 41 b 

}8 IF DEFICIENCIES NOTED ARE NOT CORRECTED D\/Rll<IG I USPECT ION, INOICATE ACTION TAKEN FOR CORRECTION. 

DA , .. :-0~~11-239 R[PLAC[ S DA AGV rORM U9, 1 OLC 50, \"iHICll IS OB·SO LETE. 

TM856A-46 

Figure 14, DA Form 11-239. 



ance check list to be used by the operator as 
directed. 

b. Items that do not apply to the receiver are 
lined out on figure 13. References in the ITEM 
block in the figure are to paragraphs in this 
manual that contain additional · information 
about the item. 

38. Use of Second and Third Echelon 
Preventive Maintenance Form 

(fig. 14) 
a. DA Form 11-239 is a preventive mainten

ance check list to be used by second and third 
echelon repairmen as directed. 

b. Items that do not apply to the receiver are 
lined out on figure 14. References in the ITEM 
block in the figure are to paragraphs in this 
manual that contain additional information 
about the item. 

39. Performing Preventive Maintenance 
Caution: Tighten screws, bolts, and nuts 

carefull.y. Fittings tightened beyond the pres
sure for which they are designed will be dam
aged or broken. 

a. Daily Items. 
(1) Refer to the table of components (par. 

6), the list of running spares (par. 9), 
and the list of additional equipment 
required (par. 10) when checking for 
completeness of the equipment. 

(2) When checking the various pluck-out 
items, pay particular attention to the 
seating of the connectors on the cables 
that interconnect the subchassis. 

(3) If binding of the KILOCYCLE 
CHANGE or the MEGACYCLE 
CHANGE control is found, it is pos
sible that the bushing, mounted in the 
front panel, has been forced out of 
alignment with the shaft by having 
been tightened in the wrong manner. 
Remove the knob and loosen the large 
hexagonal nut that holds the bushing 
to the front panel. If the binding is 
relieved, tighten the nut carefully. 

.(4) When checking for normal operation, 
use the over-all operational test given 
in paragraph 45. If there is any doubt 
about the performance of the receiver 
after using this test, proceed to the 
equipment performance check list 

(par. 50). 
b. Weekly Items. 

(1) Inspect the power cable connected to 
the rear panel. Check to see that no 
strain is placed on it. Repair or re
place it if it shows signs of wear or 
deterioration. 

(2) Check all front-panel controls and 
knobs for looseness. The frequency 
indicator wheels should not move when 
the ZERO ADJ knob is tightened. If 
they do, the ZERO ADJ mechanism 
requires adjustment (par. 139). Also 
check the PHONES jack. If any parts 
are found to be loose, tighten them. 

( 3) Inspect the LINE LEVEL and CAR
RIER LEVEL meters (fig. 11) for 
damaged glasses and cases. If such 
damage is found, replace the meter, 
when possible. 

c. Monthly Items. 
(1) Capacitors C603 and C606 (fig. 57) 

are likely to show signs of leaking and 
bulging. · Replace them if they do. 

(2) Inspect relays KlOlA and KlOlB (fig. 
73). If necessary, tighten the mounting 
screws. If the contacts appear to be 
dirty, burned, or pitted, clean them 
with a few light strokes of a contact 
burnisher. Brush out any dirt in the 
assemblies; pay particular attention 
to the hinges. 

( 3) Inspect a11 fixed resistors for cracks, 
chipping, blistering, and discoloration. 
Remove each subchassis except the 
power-supply subchassis. If any resis
tors do not appear to be satisfactory, 
replace them. 

( 4) Tighten all screws that hold the sub
chassis to the main frame. Brµsh out 
all dirt and dust from the subchassis. 
Remove the dust cover from the top 
of the rf subchassis and carefully 
brush out dust and dirt. 

(5) Inspect the terminal strips on the rear 
panel (fig. 12). Carefully tighten the 
screws that hold the strips to the panel. 
Look for· cracks and breaks. 

(6) Inspect transformer T801 (fig. 71) 
for overheating and leaking. Do this 
immedately after the receiver has been 
turned off. 
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Section Ill. LUBRICATION AND WEATHERPROOFING 

40. Lubrication 

Lubrication is to be performed by trained 
maintenance personnel. Lubrication instruc
tions are given in paragraph 133. 

41. Weatherproofing 

a. General. 'Signal ·Corps equipment, when 
operated under severe climatic conditions such 
as prevail in tropical, arctic, and desert regions, 
requires special treatment and maintenance. 
Fungus growth, insects, dust, corrosion, salt 
spray, excessive moisture, and extreme temper
atures are harmful to most materials. 

b. Tropical Maintenance. The soldered con
nections in the receiver have been treated with 
a moistureproof and fungiproof varnish by the 

manufacturers. After repairs have been made 
to these connections, this type of varnish, if 
available, should be applied. 

c. Arctic Maintenance. Special, precautions 
necessary to prevent poor performance or total 
operational failure of equipment in extremely 
low temperatures are explained in TB SIG 66, 
Winter Maintenance of Signal Equipment, and 
TB SIG 219, Operation of Signal Equipment 
at Low Temperatures. 

d. Desert Maintenance. Special precautions 
necessary to prevent equipment failure in areas 
subject to extremely high temperatures, low 
humidity, and excessive sand and dust are ex
plained in TB SIG 75, Desert Maintenance of 
Ground Signal Equipment. 

Section IV. TROUBLE SHOOTING AT ORGANIZATIONAL 
MAINTENANCE LEVEL 

42. General 

a. The trouble shooting and repairs that can 
be performed at organizational maintenance 
level ( operators and repairmen) are necessarily 
limited in scope by the tools, test equipment, 
and replaceable parts issued. Accordingly, trou
ble shooting consists of determining such trou
bles as burned-out tubes and fuses. 

b. Paragraphs 43 through 50 will assist in 
determining which of the subchassis of the re
ceiver is at fault, and in localizing the fault in 
that-assembly 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. 

c. Tr~uble shooting at an organizational level 
is co~ierned with the localizing of defective 
parts that are readily replaceable at an organi
zational level (tubes, fuses, cables, etc.). If the 
fault can be determined through organizational 
procedures, corrective measures are indicated. 
If the fault cannot be determined through or
ganizational procedures, reference is made to 
the necessary field maintenance instructions, 
which indicates the need for trouble shooting 
at a field maintenance level. 
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43. Visual Inspection 

a. When the receiver fails to operate and the 
reason is not clear, check the items in b below 
before starting a detailed examination. If pos
sible, obtain information from the operator of 
the receiver concerning performance at the time 
the trouble occurred. 

b. Failure of the receiver to operate properly 
or not at all may be caused by one or more of the 
fol.lowing faults: . 

(1) Improperly connected, worn, or brok
en power cable. 

(2) Improperly connected, worn, or brok
en speaker or headset cord. 

(3) Burned-out fuse. Be sure a fuse of 
proper value (par. 13) is used, espe
cially when the receiver is operated 
from a 230-volt source. 

( 4) Grounded or broken antenna or anten-
na lead-in. 

(5) Improperly connected antenna lead-in. 
(6) Defective tube. 
(7) Improperly connected or seated exter

nal or internal interconnecting cables. 
(8) Loose connection on terminal strips on 

rear panel. Be sure to check the ground 
connection at the rear of the receiver. 
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44. Checking for B Plus Shorts 

a. One of the most damaging troubles in the 
receiver is a B plus short circuit. This trouble 
causes excessive current to flow through the 
rectifier tubes and the various B plus circuits. 
Such a short circuit can cause the rear panel AC 
3 AMP fuse to blow, damage rectifiers tubes 
V801 and V802, or burn out circuit resistors. 
Prior to applying ac power to the receiver, 
check for B plus shorts as follows: 

(1) Disconnect the receiver from the ac 
power source. Remove V801 from the 
power-supply subchassis. 

(2) Connect the multimeter between 
ground and pin 3 or 8 of tube socket 
XV80L 

(3) With the · receiver still disconnected 
from the ac power source, turn the 
FUNCTION switch to each of its posi
tions and observe the de resistance of 
the B plus circuits for each position of 
this switch. If the de resistance is less 
than 40,000 ohms, a B plus short 
exists. 

(4) With the FUNCTION switch on AGC 
or MGC, turn the BFO switch to ON. 
If the de resistance is less than 40,000 
ohms, a B plus short exists. 

(5) Replace rectifier tube V801 and re
move V802. Once again check the de re
sistance from ground to pin 3 or 8 of 
XV802. This checks V801 for a short 
circuit. 

b. If the above tests reveal. a B plus short, 
trouble-shooting at a field maintenance level is 
required. 

45. Over-all Operational Test 

A rapid check of the receiver should be made 
when making frequency changes or when per
forming daily preventive maintenance. The pro
cedures given in a through e below form a rapid 
check of the entire receiver except the primary 
of the antenna transformer. 

a. Set the controls as follows: 
Control 

RF GAIN 
FUNCTION switch 
BFO switch 
BFO PITCH control 
LINE GAIN control 
LOCAL GAIN control 
BANDWIDTH switch 
AUDIO RESPONSE switch 
AGC switch 
LIMITER control. 
LINE METER switch 

Position 
10 
CAL 
ON 
+2 
5 
10 
4 KC 
WIDE 
MED 
OFF 
0 

b. Disconnect the antenna. Tune the KILO
CYCLE CHANGE control to any 100-kc point 
for maximum indication on the CARRIER 
LEVEL meter. 

c. Starting at 00, turn the MEGACYCLE 
CHANGE control to each of the bands. Adjust 
the ANT TRIM control for maximum indica
tion on the CARRIER LEVEL meter for each 
band. Listen to the signal produced by the cali
bration oscillator. It should be approximately 
the same level on all bands. The minimum indi
cation on the LINE LEVEL meter should be O 
vu on all bands. 

d. This test wiU, indicate which bands may be 
inoperative. Alignment of these bands or circuit 
repair is normally required to return them to 
normal sensitivity. These operations will be 
done at a field maintenance level. 

e. Turn the BFO switch to OFF and listen 
for hum in the headset or loudspeaker. A slight 
hum is normal, but excessive hum indicates the 
need for trouble shooting in the power-supply 
circuits at a field maintenance level. 

46. Checking Receiver Performance 
With Noise 

An effective method of checking receiver per
formance and determining in which subchassis 
possible causes of trouble exist is to perform 
certain operations while listening to the noise 
produced by the receiver. Perform the opera
tions in a through e below with the antenna dis
connected from the receiver. Adjust the controls 
to produce audible noise in the loudspeaker or 
headset. Set the FUNCTION switch at MGC, 
the BANDWIDTH switch at 16 KC, and the 
BFO switch at OFF. 
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a. Af Noise Test. While listening to the noise, 
ground the DIODE LOAD terminal on the rear 
panel (terminal 14). Terminal 16 is a conveni
ent ground connection. The noise should be 
greatly reduced. Make the same check while 
listening to the remote audio output or while 
watching the LINE LEVEL meter. If the noise 
at both audio outputs almost disappears when 
the DIODE LOAD terminal is grounded, the 
audio circuits may be considered to be operating 
properl.y. If only the local output is reduced, 
check tubes V602 and V604 and the seating of 
connector P120 (fig. 57). If only the remote out
put is affected, check tubes V602 and V603 and 
the seating of connector Pl19 (fig. 57). If 
neither output is affected, check tubes V507 and 
V601. If tube replacement is not effective, it 
will be necessary to trouble shoot the af sub
chassis at a field maintenance level. 

b. If Noise Test. Set the BANDWIDTH 
switch at 16 KC. With the other controls set for 
audible noise, set the BANDWIDTH switch 
successively at each lower position, listening to 
the noise. The noise should decrease at each 
position, until it can hardly be heard in the .1 
KC position. If there is little or no change in 
noise output as the switch is rotated, check 
tubes V501 through V504. If the tubes are not 
defective, further trouble shooting of the if sub
chassis at a field maintenance level will be 
necessary. 

c. Noise at Grid Test Points. Set the multi
meter to the highest resistance range. Connect 
one multimeter lead to the chassis and, in turn, 
touch the prod on the other lead to grid test 
points E211, E210, E209, and E208, in that 
order (fig. 58). A click should be heard each 
time the prod touches the test point. If no click 
is heard, check the tube closest to the check 
point. Be sure that all connectors are seated 
firmly in their receptacles. 

d. Rf Tuner Noise Test. Starting with the 
megacycle frequency indicator at 02, turn the 
MEGACYCLE CHANGE control through its 
range to the highest frequency, listening to the 
noise in the headset or loudspeaker. There 
should be a sharp and pronounced increase in 
noise as the control is seated in each detent posi
tion. Across the tuning range, some adjustment 
of the ANT TRIM control wil.l be necessary to 
produce maximum noise. Between detent set
tings, the noise should show a pronounced drop 
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in level. From one detent setting to the next 
( except between the settings where rf coil 
ranges are to be switched) , the noise level 
should be almost constant. Rf coils are switched 
between the following settings : 03 and 04, 07 
and 08, 15 and 16. If noise at any point across 
the range is not maximum with the knob in the 
detent position, mistracking at that point is 
possible. Adjustment at a field maintenance 
level is required. The rf and variable if align
ment should be checked (par. 142, 143, and 
144). If the noise does not drop between detent 
settings, check for excessive if gain (par. 95). 
If noise is l,ess at one detent setting, check the 
over-all gain (par. 94) and the adjustment of 
the crystal-oscillator trimmer capacitors (par. 
140e) . 

e. Antenna Circuit Noise Tests. Rotate the 
ANT TRIM control. The noise should peak at 
one particular point. Ground the center contact 
of the ANTENNA UNBALANCED connector 
(J103) . A click should be heard and the noise 
should drop sharply. Ground both contacts 
of the ANTENNA BALANCED connector 
(J104). A click should be heard and the noise 
should drop sharply. If the receiver does not 
pass these tests, check the antenna relay, the 
connectors on the antenna relay box, and the 
sections of the rf band change switch that con
nect to transformers T201 through T206. 

47. Electron Tube Testing Techniques 
a. Inspect all interior cables, connections, and 

the general condition of the equipment before 
removing the electron tubes. 

b. Isolate the trouble to a particular subchas
sis of the receiver (par. 46) . 

c. If Electron Tube Test Set TV-7 / U or 
equivalent is available, remove and test one tube 
at a time. Substitute new tubes only for those 
that are defective. Tubes that are shorted or 
contain heater-to-cathode leakage should be dis
carded immediately, because these conditions 
can upset the automatic gain control circuit, as 
well as other receiver functions, and produce 
misleading test results. 

d. If a tube tester is not available, trouble 
shoot by the tube substitution method. 

(1) Substitute a new tube for an original 
tube. If no change occurs in the opera
tion of the receiver, replace the new 
tube with the original. Similarly, check 



each original tube, in turn, until the 
equipment becomes operative or until 
all suspected tubes have been tested 
and the need for further trouble shoot
ing is indicated. 

(2) Some circuits, for example oscillator 
circuits, (V206, V207, V401, V505, and 
V701) may function with one tube and 
not another, even though both tubes 
are new. 

(3) Do not leave a new tube in a socket if 
the receiver operates properly with the 
original tube. 

( 4) If a replacement tube soon becomes de
fective, further trouble shooting is ne
cessary. The section containing the 
tube should be tested for defective 
component parts. 

(5) If tube substitution does not correct 
the trouble, reinsert the original tubes 
in the original sockets before forward
ing the defective equipment for higher 
echelon repair. 

(6) If another receiver of the same type 
is available, refer to the instructions 
given in g below. 

e. As a general rule, discard tubes . on1y in 
the cases given in (1) and (2) below. Do .not 
discard them merely because they fall on or 
slightly above the lowest acceptable value when 
tested in a tube tester. Do not discard tubes 
merely because they have been used for some 
time. Satisfactory operation in a circuit is the 
final proof of tube quality. The tube in use may 
work better than a new tube. 

(1) Discard tubes when a test in a tube 
tester or other instrument shows that 
the tube is defective. 

(2) Discard tubes when the defect can be 
plainly seen, such as a broken glass 
envelope or a broken connecting prong. 

f. Be careful when withdrawing a miniature 
tube from its socket. Do not rock or turn it; pull 
it straight out. The variable-frequency ocsmator 
(vfo) tube shield (V701) is held in place by a 
special clamp. Be sure that the metal insert is 
in place when replacing the shield. Straighten 
the pins with the proper pin straightener, if 
one is available, before replacing tubes in the 
receiver. 

g. 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 lower 
frequency bands is preferred. Turn the FUNC
TION switch to AGC and the RF GAIN control 
to 10. Make the substitutions from the faulty 
receiver to a corresponding position in the good 
receiver, one tube at a time; gently tap the tube 
under test; and, if noise or abnormal change in 
volume is observed, replace the tube. A consid
erable decrease in indication on the CARRIER 
LEVEL meter or a noticeable decrease in vol
ume or quality of the signal emitted from the 
speaker or headset indicates a weak or other
wise defective tube; however, different test re
sults for the following tubes must be observed. 

(1) When tubes V508 and V509A (age 
circuit) are weak, a decreased indica
tion on the CARRIER LEVEL meter 
with an increase in volume may be 
noted. A weak V506A (age time con
stant circuit) will cause an increase in 
indication on the CARRIER LEVEL 
meter without any change in volume. 
A weak V509B (if cathode follower) 
will produce a weak signal, at the IF 
OUTPUT connector (J116). After 
testing tube V507 (noise limiter) in 
the usual manner, tune the receiver 
away from the test signal, and, if 
noise is received, rotate the LIMITER 
control clockwise; the tubes u'nder test 
and tubes that are known to be good 
should be equally effective in reducing 
noise. After testing these tubes, re
turn the LIMITER control to OFF, and 
retune the receiver to the test signal. 
To test V505, turn the BFO switch to 
ON, and, while turning the BFO 
PITCH control through its entire 
range, listen for the beat note. 

(2) Test tube V801 and V802 of the power
supply subchassis and V701 of the vfo 
subchassis by listening to the audio 
output and observing the indication 
on the CARRIER LEVEL meter (g 
above). Visually inspect V605; if it 
does not glow properly, it will cause 
abnormal voltage on the +150-volt 
regulated line. When testing tubes 
V205 and V206, turn the FUNCTION 
switch to CAL, tune through several 
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100-kc points, and observe the indica
tion on the CARRIER LEVEL meter. 

(3) Test tubes in the af circuits by listen
ing to the volume and quality of the 
output signal of the af channels. When 
testing tubes V602A and V603 (local 
af amplifier) , listen to the output sig
nal of the local audio channel.. When 
testing tubes V602B (line af ampli
fier) and V604, listen to the output sig
nal from the balanced-line circuit and 
observe the indication on the LINE 
LEVEL meter. Tube V601 is common 
to both the local and line af channels. 
Generally, small changes in LINE 
LEVEL meter indication may be ex
pected because of certain differences 
among tubes. 

48. Interchangeable Tubes 
Do not substitute a type 6C4W tube for a 

6C4 tube. The differences in characteristics are 
such that the type 6C4W will not operate prop
erly in the receiver. 

49. Trouble Shooting by Using 
Equipment Performance 
Check List 

a. General. The equipment performance 
check list (below) will help the repairman to 

50. Equipment Performance Check List 

Item A chon or 
N o. I tem co11dition 

p 1 Antenna Lead-in wire connected. 
R 
E 2 Loudspeaker or Loudspeaker connect ed to 
p headset LOCAL AU DIO 
A t erminals 6 and 7 or 
R headset connected t o 
A PHO'.\TE8 jack. 
T 
0 3 600-ohm line Connect ed to terminals 
R 10 and 1:3. If 600-ohm 
y line is not available, 

connect headset to 
terminals for test 
purposes. 

4 Power cord Connected to ac power 
source. 

5 AuDIO RESPON8E Set at WIDE. 
switch 

6 BA'.\TDWIDTH switch Set at 8 KC. 
7 RF GAIX 8et at 10. 
8 LOCAL GAIX control 8ct at fl. 
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locate trouble in the receiver. The list gives 
the items to be checked, the conditions under 
which the item is checked, the normal indica
tions and tolerances of correct operation, and 
the corrective measures to be taken. To use this 
list, follow the items in numerical sequence. 

b. Action or Condition. For some items, the 
information given in the Action or condition 
column consists of various switch and control 
settings 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. 

c. Normal Indications. The normal indica
tions listed include the visible and audible signs 
that the repairman should observe when he 
checks the items. If the indications are not nor
mal, the operator or repairman should apply the 
recommended corrective measures. 

d. Corrective Meas·ures. The corrective meas
ures listed are those that the operator or repair
man can make without turning in the equipment 
for repairs. A reference in the table to a para
graph relating to field maintenance indicates 
that the trouble cannot be corrected during 
operation and that trouble shooting by an ex
perienced repairman is necessary. If the recom
mended corrective measures do not produce re
sults, further trouble shooting is necessary. 

N ormnl ( 'orrccti 11c 
indication s 111cn., 11rcs 



50. Equipment Performance Check List (cont.) 

Item Action or Normal Corrective 
No. Item condition indications measures 

9 FUNCTION switch Turn to AGC. Dial lamps light. Check power cord. Check 
dial lamps and AC 3 
AMP fuse. Refer to 
paragraph 43. 

R ushing noise or signal Test tubes. Check con-
heard in speaker or nectors hetween sub-
headset. chassis. Refer to para-

graphs 45 through 47. 

10 MEGACYCLE Set to each band, in turn '.'formal signal output on Rotate control several 
CHANGE control each band. times to clean switch 

contacts. 
Refer to paragraphs 96 

and 97. 
E 
Q 
u 11 TCILOCYCLE Tune across a band. Signals received. Refer to paragraphR 9G I 
p CH . .\~GE contro l CARRIER LEVEL ancl !li. 

M meter indicntes 

E str<'ngth of rc<'eiv<'<l 

N Rignals. 

T 

p 12 ANT TRli\I Rotate control. Obtain pPak i11di<'ation on Refl'r t.o paragraph,; !)f\ 

E C.-\RRIER LE\'EL and Iii:.! . 

R meter for e,H'h hand. 

F 
0 
R 13 LOCAL GAIN Rotate control in either Volume at loudspeaker or Refer to paragraph 9\1. 
M control direction. headset increases or 
A decreases. 
N 
c 
E 14 LINE GAI'.'r Rotate control. Output level to 600-ohm If head~et ll'v<'l varil's and 

control line or headset and pointl'r of meter i, 
LINE LEVEL n)('ter sti<·king, tap llll'ter 
increases or decrpa~C'R. liµ;ht.ly. 

If lo<"al output is sa ti,;-
f:l<'tor~- . hut line out-
put ,wak, <0 hP<"k tubes 
\'l\02 and \'!iO-L Rl'fer 
to paragraph 100. 

15 RF GAIN Rotate control. Audio output and lfrfrr to paragraph \Hi. 
control CARRIER LE\'EL 

meter indimtion 
incrcasps or dc<'rca::-cs. 
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50. Equipment Performance Check List (cont.) 

Item Action or Normal Corrective 
No. ! tern condition indication s measures 

16 FUNCT ION switch Turn to MGC. With no signal input, Refer to paragraph 96. 
noise level should 
increase slightly and 
CARRIER LEVEL 
does not indicate. 

Turn to AGC, and tune Output volume nearly Refer to paragraph 96. 
through several constant 
different signals. 

Turn to CAL, and then Deflection on CARRIER Reset ANT TRIM 
operate KILOCYCLE LEVEL meter at each control. 
CHANGE control. 100-kc reading. 

Refer to paragraphs 96, 
97, and 120. 

E 17 LIMITER control Turn clockwise. Noise peaks are reduced Refer to paragra ph 96. 
Q in amplitude. 
u 
I 18 BREAK IN relay switch Turn to ON. Short BRK LINE LEVEL Meter is Refer to paragraph 96. 
p 

IN terminal 9 on rear disabled and break-in 
M panel to ground relay functions to 
E momentarily. silence receiver. 
N 
T 

LINE METER switch 19 Turn to +10. Line level is 10 vu above Refer to paragraph 116. 

p LINE METER 

E indication. 

R 
Turn to 0. LINE METER indicates F 

0 the line level controlled 

R by the LI NE GAIN 

M control. 

A 
Turn to -10. Line level is 10 vu below N 

c LINE METER 

E indication. 

Turn to OFF. LINE LEVEL meter is 
disconnected. Line 
audio output is still 
connected. 

20 BFO control and BFO Turn BFO control to ON. Tone of signal varies. Refer to paragraphs 96 
PITCH control Tune in a cw signal, and 97. 

and vary the BFO 
PITCH control. 

21 BANDWIDTH switch Turn from 16 kc to .1 KC. Selectivity becomes Refer to paragraphs 96 
sharper and noise and 110. 
decreases. Only low-
frequency audio tones 
are heard in the 
counterclockwise 
positions. 

I 
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50. Equipment Performance Check List (cont.) 

Item Action or Non11al Corrective 
No. Item condition indications measures 

E 22 AUDIO RESPONSE Operate t hrough both Permits amplification of Refer to paragraphs 96 
Q switch positions. nearly full af range in and 111. 
u WIDE position, and 
I 800 cps in SHARP 
P . position. 

p 23 OVENS switch Turn to OFF. Oscillator ovens are 
E turned off. 
R 
F . 24 FUNCTION switch Turn to STA~D BY Receiver is silent. 

Filament circuits and 
oscillator circuits are 
kept on for immediate 
reception. 

s 
T 25 FUNCTION switch Turn to OFF. Turns off all receiver 
0 circuits. 
p 
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CHAPTER 5 
THEORY 

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

51. General 

a. Radio Receiver R-390A/URR provides 
reception of cw, mew, and am (including sin
gle-sideband) signals over a continuous fre
quency range of .5 to 32 me. The receiver is a 
superheterodyne type with multiple frequency 
conversion. Double conversion is used when the 
receiver operates from 8 to 32 me and triple 
conversion from .5 to 8 me. 

b. Tuning is linear, thus allowing constant 
frequency spread throughout the range. This 
,tuning is accomplished by the insertion of 
powdered-iron cores into the rf and variable if 
~oils at a rate controlled l:>y a complex mechani
cal arrangement of gears, shafts and cams. The 
frequency is indicated by a counter-type indica
tor, allowing a frequency-reading accuracy of 
300 cps-or better over the entire range of the 
receiver. 

52. Block Diagram of Radio Receiver 
R-390A/URR 

a. Figure 17 shows the path of the receiver 
signals from the antenna input to the audio out
put and if output. Figure 106 is a complete 
schematic diagram of the receiver. 

b. Rf signals are fed into the receiver by 
either a balanced two-wire antenna such as a 
doublet, or an unbalanced antenna such as a 
whip or random-length wire antenna. Antenna 
relay KlOl disconnects and grounds the an
tenna during standby, calibration, or break-in 
operation. When KlOl is not energized, the 
balanced antenna is connected to the input of 
one of the antenna transformers, T201 through 
T206, which is selected by the MEGACYCLE 
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CHANGE switch. The transformers are tuned 
by the KILOCYCLE CHANGE and/or the 
MEGACYCLE CHANGE tuning dials. The out
put of these tuned circuits is fed into rf ampli
fier V201. The signal from the unbalanced an
tenna is fed directly to the grid circuit of the 
rf amplifier. 

c. The calibration circuit, consisting of 200-
kc crystal calibration osci1lator V205A, 100-kc 
multivibrator V206, and 100-kc cathode fol
lower V205B, injects 100-kc markers into the 
input circuit of rf amplifier V201. When the 
FUNCTION switch is in the CAL position, B+ 
is connected to the calibration circuit. 

d. Rf amplifier V201 amplifies the signals 
from the antenna before they are fed to first 
mixer V202. Six tuned circuits are selected by 
a switch that is connected to the MEGACYCLE 
CHANGE control. The tuned circuits are ad
justed by the KILOCYCLE CHANGE and/or 
the MEGACYCLE CHANGE controls. The fre
quency range of tuned circuits Z201 through 
Z206 is .5 to 32 me. • 

e. Signals from .5 to 8 me are coupled from rf 
amplifier V201 and fed into the input circuit of 
first mixer V202. The 8- to 3~-mc signals from 
V201 are switched around the first mixer and 
fed directly into second mixer V203. When the 
receiver is operated between .5 and 8 me, the 
first mixer mixes the rf signals with a 17-mc_ 
signa1 from first crystal oscillator V207. The
output (sum) frequency is the first variable if 
signal, and its frequency varies from 17.5 to 
25 me. Tuned circuit Z213 is a triple-tuned de-
1vice that is permeability tuned as the MEGA
CYCLE CHANGE and the KILOCYCLE 
CHANGE controls are operatec.. 
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f. The 17.5- to 25-mc output of the :first mixer 
stage (when the receiver is tuned from .~ to 8 
me) or the 8- to 32-mc output from rf amplifier 
V201 (when the receiver is tuned from 8 to 32 
me) is selected by the operation of the MEGA
CYCLE CHANGE control and fed into second 
mixer V203. Also fed into V203 is a signal from 
second crystal oscillator V 401. The output fre
quency of V 401 is changed as the MEGACYCLE 
CHANGE control is operated so that the dif
ference between signal frequency and oscillator 
frequency is always between 2 and 3 me. When 
the frequency reading on the receiver dial is 
between 15 and .999 me, V401 feeds a 20-mc 
signal into V203. When the frequency is be
tween 1 me and 1.999 me, V401 feeds a 21-mc 
signal into V203. The output frequency of V203 
thus varies downward from 3 to 2 me, except 
on the .5- and 1-mc band, where the output fre
quency of V203 varies between 2.5 and 2 me. 
This is the second variable if signal. Another 
set of triple-tuned coils, Z216, tunes the output 
of V203 as the KILOCYCLE CHANGE control 
is operated. 

g. The 3- to 2-mc output of the second mixer 
and its tuned output circuit Z216 is fed into the 
input circuit of third mixer V204. This stage 
beats the 3- to 2-'mc signal with a continuously 
variable signal from variable-frequency oscil
lator V701. This precision oscillator has accu
racy comparable with a frequency standard and 
is controlled by the KILOCYCLE CHANGE 
control. The output of V204 is a fixed frequency 
.of 455 kc. This is the third if. 

h. The 455-kc signal is fed into or around 
455-kc crystal filter Y501, as determined by the 
setting of the BANDWIDTH control. When 
this control is in the .1 KC or 1 KC position, the 
455-kc signal is fed through crystal filter Y501, 
and in any other position it is bypassed around 
the filter directly to first if amplifier V501. The 
output of V501 is fed into one of four mechani
cal filters. The output from the selected filter is , 
fed successively through the second, third, and 
fourth if amplifiers (V502, V503, and V504, 
respectively). 

i. The output of the fourth if amplifier, V504, 
is fed into half-wave diode detector V506B and 
audio-frequency voltage is produced. This af 
signal is fed to the limiter stage V507, which 

clips off noise peaks that might render recep
tion difficult. 

j. Beat-frequency oscillator V505 generates 
and feeds signals variable in frequency from 
452 to 458 kc to detector stage V506B. The re
sultant beat frequency is adjustable continu
ously from O to 3,000 cps whether the bfo is 
above or below the carrier signal. Setting the 
BFO switch to the ON position turns on the bfo. 

k. The audio output from limiter V507 is fed 
to first af amplifier V601A. This stage amplifies 
the audio signal and passes it through or around 
800-cps band-pass filter FL601, depending upon 
the setting of the AUDIO RESPONSE switch. 
The audio signal is then fed to af cathode fol
lower V601B. This stage feeds the audio signals 
to the local and line audio channels. The local 
audio channel consists of local af amplifier 
V602A and local af output tube V603. This audio 
source is used for 600-ohm headsets, loud
~peakers, or special uses. The line audio channel 
is similar to the local audio channel, consisting 
of line af amplifier V602B and line af output 
tube V604. The output provided matches a bal
anced 600-ohm line. 

l. If signals ( 455 kc) present at the input to 
fourth if amplifier V504 are also fed to the in
put of if cathode follower V509B. This stage 
provides a 50-ohm source of 455-kc signals for 
use with a frequency-shift converter for tele
typewriter operation. The IF OUTPUT con
nector for this type of service is located on the 
rear panel of the receiver. Tube V509B also 
feeds 455-kc signals into the age circuit. The 
first tube of this circuit is age if amplifier V508. 
This stage amplifies the 455-kc signal and feeds 
it to age rectifier V509A. The rectifier stage 
rectifies the if signal into de with amplitude in 
proportion to the average amplitude of the if 
-:,ignal. This age bias is fed to the control grid 
circuits of V201 through V204 and V501 
through V503. Tube V506A provides age time 
constants of various durations when the AGC 
'switch is set to various positions. 

m. The B+ supply for the receiver is powered 
by a source of 115 or 230 volts alternating cur
rent (ac) at 60 cps. This ac power is change~ 
into de by rectifiers V801 and V802. A source of 
.regulated 150 volts is provided by voltage regu
lator V605. This regulated voltage is used as a 
screen grid supply for V207, V401, and V701. 
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Section 11. CIRCU\T ANALYSIS 

63. General 
Radio Receiver R-390A/URR consists of a 

main frame and six subchassis. These are the rf 
subchassis, variable-frequency oscillator (vfo) 
subchassis, crystal~oscillator subchassis, if sub
chassis, af subchassis, and the power-supply 
subchassis. The receiver is constructed on this 
basis for easier repair and repfa.cement. 

54. Antenna Circuit 
(fig. 18 and 19) 

The antenna circuit provides an efficient 
means of matching antennas o'f various charac
teristics to rf amplifier V201. 

a. The BALANCED ANTENNA connector, 
J104, has a characteristic impedance of 125 
ohms. It can accomIIJ.odate two-wire antenna 
.systems such as doublets with either twisted 
pair or coaxial transmission lines in the range 
from 50 ohms to twin-lead transmissions lines 
in the vicinity of 200 ohms without serious mis
match. It is also suitable for long wire antennas 
when one side of J104 is connected to ground. 
.UNBALANCED ANTENNA connector, J103, 
is provided for whip antennas, long-wire an
tennas and random-length, single-wire anten
nas. 

b. Antenna relay KlOl is actually two relays 
operated as a single unit. During conditions of 
standby, cal.ibration, or break-in operation, both 
sections of KlOl are energized. Relay KlOlA 
opens the antenna coil primary circuit and 
grounds both of the wires of a two-wire antenna 
system. This opening and grounding of the an
tenna circuit attenuates the antenna signal in
put well over 40 decibels (db). Relay KlOlB 
accomplishes the opening and shorting fea
ture for a single-wire antenna system, and the 
resulting attenuation is also well above 40 db. 
.Resistor Rl21 drains static charges that may 
accumulate on a single-wire antenna because of 
mobile operation. Neon lamp I 103 ignites and 
shorts to ground momentarily whenever the 
radio frequency potential at J103 exceeds 80 to 
90 vol.ts. The source of relay power is approxi
mately 20 volts de from CR102, a bridge recti
fier located in the rear section of the main frame 
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.of the receiver. The antenna signals that pass 
through the antenna relay circuit feed through 
miniature coaxial connectors Jl05 through J107, 
and P205 through P207 to MEGACYCLE 
CHANGE switch section 8205, 8202, and 8201 
respectively. 

c. Figure 19 shows rf band switches 8201 
through 8205 in the .5- to 1-mc. positions. This 
corresponds to the MEGACYCLE CHANGE 
dial setting of 00. The two-wire antenna signals 
are fed through 8201 and 8202 to the proper coil 
corresponding to the MEGACYCLE CHANGE 
dial setting. The two-wire antenna is balanced 
across the primary of antenna transformer 
T201 by series-connected capacitors C201A and 
C202. The lower capacitor is fixed and the up
per is adjustable, which allows for optimum ad
justment of the balance. When a whip or ran
dom-length single-wire antenna is used, con
nection is made to the appropriate coil through 
8205. Capacitor coupling through C204 pro
vides good signal transfer between the antenna 
and coil for a wide variety of antennas. The 
secondary windings of the antenna transform
ers are permeability tuned by powdered-iron 
cores that are inserted into the coils by the 
mechanical tuning system. 

d. Capacitor C201B is placed across the sec
ondary of T201 for alignment purposes. It is 
aligned when ANT TRIM capacitor C225 is set 
at 0, its midposition. Generally, antennas con
tain a reactive component as well as a resistive 
component; ANT TRIM capacitor C225 is used 
for cancelling this reactive component to ob
tain maximum signal transfer from the antenna 

. to the input of the receiver. The tuning effect 
of this control is more pronounced with an an
tenna connected through the UNBALANCED 
ANTENNA connector (fig. 19) because of the 
capacitor coupling (C204), which presents a 
capacitive reactance. Capacitor C203 is also 
connected across L213 in paral,lel with C201B 
and C225. This provides the balance of capaci
tance necessary to tune L213 to resonance at 
the correct frequency. Because a given amount 
of capacitance change will cause an ever in
creasing change in frequency as the resonant 
frequency increases, both sections of C225 are 



connected across L213 (par. 80e). This is done 
to maintain the range of C225 consistent on all 
frequency bands. 

R233 and C255. Resistor R233 and capacitor 
C255 add to the negative bias from the age line 
at the control grid of V201 when extremely 
strong signals cause grid current to flow. This 
short time-constant network improves the cross
modulation and blocking characteristics of the 
receiver when the interfering signal is strong 
P.nough to cause grid current to flow in V201. 
Test point E208 is located on the rf subassem
bly chassis for test and alignment purposes. 

e. The rotor of the rear section of switch 
S204 shorts adjacent secondary winding T203. 
This prevents transformer interaction that 
would otherwise occur. The front section of 
S204 selects the proper antenna transformer 
and connects it to the control grid of rf ampli
fier V201 through the grid-leak network of 
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Fig.ure 18. Antenna cireuit, schematic diagram. 
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55. Rf Amplifier V20 I 
(fig. 20 and 21) 

A miniature-type 6DC6 tube is used to ampli
fy the antenna signals before they are fed to 
first mixer V202. This stage also isolates the an
tenna circuit from the various signals generated 
by the oscillators in the receiver. 

b. Cathode resistor bias is provided by re
sistor R202 and RF GAIN control R103. This 
control adjusts the cathode bias and conse
quentl.y the gain of rf amplifier V201. This con
trol is especially useful for test purposes and 
during reception of cw and single-sideband sig
nals. A low setting of this control during cw 
operation prevents strong signals from pro
ducing a pounding effect in the headset or 
speaker. RF GAIN control R103 is tied into the 
cathode circuit by the RF GAIN jumper on ter
minals 1 and 2 of TB102 at the rear of the 
receiver. This jumper can be removed and a 
remote rf gain control used (par. 15d[3] ). 
Capacitor C227 bypasses the cathode to ground 
to prevent cathode circuit degeneration. 

a. The grid circuit is returned to ground 
through the antenna coils and age line when the 

· FUNCTION switch is on AGC or directly to 
ground when the FUNCTION switch is on 
MGC (fig. 104 and 106). The antenna signals 
from the front section of switch 8204 are fed 
through the grid-leak network of R233 and 
C255 to the control grid of V202. The 1-micro
microfarad (uuf) capacitor C228 couples 100-
kc marker signals into the grid circuit when the 
FUNCTION switch is on CAL. Test point E208 
is provided for testing and alignment. 

c. Screen grid voltage is obtained from the 
junction of voltage-divider resistors R203 and 
R204 from the switched rf-if B+ line to ground. 
Capacitor C229 is the screen grid bypass capaci-
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Figm·e 20. Rf amplifier V201, sche mat ic diagram . 
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tor to ground. Plate voltage for V201 is obtained 
from the switched rf-if B+ line through the de
coupling network of R205 and C248. Rf choke 
L209 and capacitor C308 provide additional 
isolation at the junction of R204 and R205. 
From the R205 point, the voltage is connected 
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to the number 1 terminals of Z201-1 through 
Z206-l (fig. 21 and 106, over-all receiver sche
matic diagram) and then through the No. 3 
terminal of the tuned circuit selected by switch 
8206. Parasitic suppressor E212 is a small car
bon resistor with a few turns of wire wound in 
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parallel with the resistor. This device presents 
a high impedance to parasitic oscillations in the 
multimegacycle range. 

d. Switch section S206 of the MEGACYCLE 
CHANGE switch selects one of the six tuned 
circuits Z201-1 through Z206-1 (fig. 21 and 
106), depending upon the setting of the MEGA
CYCLE CHANGE control. The coils are perme
abiI.ity tuned (by the KILOCYCLE CHANGE 
and/or the MEGACYCLE CHANGE controls) 
by ferrite slugs inserted into the coils. The 
variable capacitors and the fixed capacitors in 
Z201-1 and Z201-2 resonate with the coils over 
the .5 to 1-megacycle range. Capacitor C254 
couples the signal from Z201-1 to Z201-2. The 
value of this capacitor is such that the coupling 
is slightly less than critical. Tuned circuit Z201-
2 is similar to Z201-1 except that capacitor C276 
is connected across L224-2 (externally) to com
pensate for the pl.ate capacitance of previous 
stage V201. The control grid circuit of first 
mixer V202 is connected at the junction of 
series-connected capacitors C231-2 and C232-2, 
to minimize the loading of Z201-2 by first mixer 
V202, and permit the Q of the circuit to remain 
high enough for good selectivity. By use of this 
tapping down across the tuned circuit, the rf 
amplifier gain on each of the six bands is ap
proximately 15 db. The desired tuned circuit is 
selected by MEGACYCLE CHANGE switch 
section 8207 through parasitic-suppressing re
sistor R208 to the mixer control grid. E209 is 
a test point for testing and alignment. 

e. Figure 21 shows the complete switching 
system of switches S206 and 8207. The outputs 
of Z205-2 and Z206-2 (fig. 106) are routed 
around first mixer V202 and fed directly to sec
ond mixer V203. Double conversion, rather than 
triple conversion, is used on the 8- to 16-mc and 
16- to 32-mc bands to keep the second variable 
intermediate frequency between 3 and 2 me. 

56. First Mixer V202 
(fig. 22) 
This stage uses a miniature triode type 6C4 

tube. First mixer V202 beats the .5- to 8-mc sig
nals from rf amplifier V201 with a 17-mc signal 
from first crystal oscill.ator V207. This develops 
the first variable if, and its range is from 17.5 
to 25 me. 

a. The grid circuit of V202 is/ returned to 
ground through grid resistor R231, the decou-

piing network of R232 and capacitors C273 
and C284, and rf choke L208, and then through 
the age circuit when the FUNCTION switch is 
on AGC, and directly to ground when the 
FUNCTION switch is on AGC, and directly to 
ground when the FUNCTION switch is on MGC 
(fig. 104). Resistor R208 is a parasitic-suppres
sing resistor, and test point E209 is provided 
for testing and alignment. The cathode of V202 
is returned to ground through the bias resistor 
R209 bypassed by C277, through connectors 
P221 and J221, which are miniature coaxial 
types, and finally through the secondary wind
'ing of the rf output transformer of first crystal 
oscillator V207. The cathode is the point at 
which the 17-mc signal is injected into the mixer 
stage. Plate voltage for V202 is fed from the 
switched rf-if B+ line through the decoupling 
network of R212 and C280, rf choke coil L209 
bypass capacitor C308, and L232-1 of Z213-l'. 

b. The output circuit of V202 tunes to the 
sum frequency of the control, grid and cathode 
signals. The cathode receives a fixed 17-mc sig
nal, while the control grid receives signals with
in the range of .5 to 8 me. The plate circuit is 
tuned from 17.5 to 25 me, the first variable in
termediate frequency range. Tuned circuits 
Z213-1, Z213-2, and Z213-3 form a triple-tuned 
circuit with loose coupling 'between the coil as
semblies. Capacitors C281 and C282 provide this 
loose coupling. Trimmer capacitors C283-1 
C283-2, and C283-3, coils L232-1, L232-2, and 
L232-3, and fixed capacitors C318, C329, and 
C334 across their respective coil assemblies 
form the tuned circuits. The trimmer capacitors 
are set during alignment. The coils are permea
bi1ity tuned by the MEGACYCLE CHANGE 
control and/or the KILOCYCLE CHANGE 
controls. 

c. The rear section of switch 8208 shorts the 
output of tuned circuits Z213-3 to ground and 
opens the plus 150-volt regulated power source 
to the first crystal-oscillator screen grid when 
the receiver is tuned above 8 me. The front sec
tion of switch 8208 feeds the 17.5- to 25-mc. : 
signal from Z213-3 to the control grid of sec
ond mixer V203 through parasitic-suppressing 
resistor R214 when the receiver is tuned to the 
.5- to 1-mc, 1- to 2-mc, 2- to 4-mc, or 4- to 8-mc 
range. When the front section of 8208 is 
switched to the 8- to 16-mc range, the output of 
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tuned circuit Z205-2 is connected to the control 
grid of second mixer V203. When the 16- to 32-
mc range is being used, terminal 2 of Z206-2 is 
connected to the control grid of V203. 

57. First Crystal Oscillator V207 
(fig. 23) 
A miniature-type 5654/ 6AK5W tube is used 

to generate a stable 17-mc crystal-controlled 
signal for cathode injection into first mixer 
V202. This stage is operative on the .5- to 1-mc, 
1- to 2-mc, 2- to 4-mc, and 4- to 8-mc ranges, as 
controlled by the MEGACYCLE CHANGE con
trol on the front panel of the receiver. 

a. Crystal Y201, 17-mc, is connected across 
the grid circuit of V207. It is contained in crys
tal oven HR202 and maintained at a tempera
ture between 72° and 78° centigrade (162° to 
172° fahrenheit). Resistor R207 is the grid 
resistor. Capacitors C324 and C325 form an 
approximately ten-to-one voltage divider for 
feed-back voltage for maintaining oscillation. 
Coil L201 isolates the 17-mc voltage from 
ground while maintaining the cathode of V207 
near de ground potential. This circuit is a modi
fication of an electron-coupled Colpitts oscilla
tor, as evidenced by the cathode choke, the 
voltage-dividing capacitors across the grid cir
cuit, and the tap back to the cathode. The screen 
grid is held at rf ground potential by feed
back capacitor C326. 

b. Plate voltage is applied through connec
tors P108-K and J208-K, through the decoupling 
networ~ of R211 and C328, ".nd through the 
primary winding of T207. The. primary of T207 
is tuned to a frequency of 17 me with coil L230 
and fixed capacitor C327. The primary of T207 
is adjusted to 17 me with a movable powdered
iron slu~' in the coil. The screen grid of V207 
is fed fro the regulated +150-volt line through 
connector Pl08-D and J208-D, through the 
switch contacts of the rear section of switch 
8208 and through the voltage-dropping decou
pI.ing network that consists of R210 and C326. 
Switch 8208 (rear) removes the screen voltage 
from V207 when the receiver is tuned to the 8-
to 16-mc or 16- to 32-mc band to disable the 
oscillator. Capacitor C275 bypasses any varia
tions in the +150-volt regulated line. 

c. Coil . L231 is the secondary winding of 
T207. Thie_ coil consists of a few turns of wire 

coupled to primary coil L230. This low-im
pedance coil is the de cathode return path for 
first mixer V202, and feeds the 17-mc signal to 
the cathode through the cathode-biasing and by
pass network that consists of R209 and C277. 
Both connections to miniature coaxial connectors 
J221 and P221 are made through coaxial cables. 

58. Second Mixer V203 
(fig. 24) 

The second mixer stage uses a miniature-type 
6C4 triode. Second mixer V203 receives 17 .5-
to 25-mc signals on the control grid from first 
mixer V202 when the receiver is tuned from 
.5 to 8 me, and 8 to 32 me from the rf ampI.ifier 
V201 when the receiver is tuned within that 
range. This switching is accomplished by the 
front section of 8208 (fig. 22). 

a. The grid circuit is returned to ground 
through parasitic-suppressing resistor R214, 
grid resistor R213, and the decoupling network 
consisting of R206 and C319. The ground con
nection continues through connectors J208-E 
and Pl08-E and to the age circuit (fig. 104). 
Age bias is fed to the control grid when the 
FUNCTION switch is on the AGC position, and 
the age line is grounded when the FUNCTION 
switch is set to MGC. The cathode is returned 
to ground through the cathode-biasing and by
pass network consisting of R215 and C287, the 
coaxial line, connectors P215 and J415, and 
finally through the secondary winding of T401. 
Transformer T401 is in the crystal oscillator 
subchassis. Plate voltage for second mixer V203 
is obtain~d from the switched rf-if B+ line, 
through connectors P108-A and J208-A, rf 
choke coil L209, the plate decoupling network 
of R216, C308, C288, and coil L233-1 in Z216-1. 

b. Triple-tuned circuits Z216-1, Z216-2, and 
Z216-3 tune to the difference frequency of the 
incoming control grid and cathode signals. 
These three tuned circuits are coupled by C289 
and C290, and provide an essentially fiat band
pass. Test point E211 is for testing and align
ment, and R230 is a parasitic-suppressing resis
tor. The signals from the second crystal oscilla
tor are of such frequency that the difference 
between the signal on second mixer grid V203 
and the oscillator signal injected at its cathode 
lies between 2 and 3 me. This difference fre
quency is the second variable if. Because the 
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second crystal oscillator frequency from V 401 
always is above the signal frequency, an in
crease of the signa1 frequency results in a de
crease of frequency for the second variable if. 
When the receiver is tuned to .5 me, the second 
crystal oscillator feeds a 20-mc signal to the 

,cathode circuit of second mixer V203. This beats 
with a 17.5-mc signal from first mixer V202. 
The resultant difference frequency is 2.5 me. 
When an 8-mc signal from the rf amplifier is 
fed into the control grid of second mixer V203, 
the second crystal oscillator feeds an 11-mc 
signal into the cathode of the second mixer. The 
resultant variable intermediate frequency is 
3 me. 

59. Second Crystal Oscillator V40 I 
(fig. 25 and 26) 

Second crystal oscillator V 401 uses a minia
ture-type 5654/ 6AK5W pentode tube. This stage 
generates and feeds one of 32 frequency selec
tions ranging from 11 me to 34 me to second 
mixer V203. The frequency selected depends on 
the input fre~uency to the grid of second mixer 
V203. The output frequency of this crystal-con
trolled oscillator is controlled by two 32-contact 
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rotary switches (fig. 26), which select certain 
crystals and resonant plate circuits for the oscil
lator. A total of 15 crystals is used to produce 
24 different output frequencies and 32 fre
quency selections. This is done by operating the 
plate circuit of the second crystal oscillator at 
its fundamental frequency, second, or third 
harmonic. 

a. Each crystal, Y 401 through Y 415, is 
switched across the grid circuit of V401 (fig. 
26), the selection depending on the operating 
frequency of the receiver. Resistor R404 (fig. 
25) is the de return to ground for the control 
grid, and series capacitors C408 and C409·-form 
an approximately ten-to-one voltage divider 
across the grid circuit. The cathode is connected 
at the junction of these two capacitors, and is 
maintained above rf ground by rf choke coil 
L401. This oscillator is a modified electron
coupled Colpitts, as distinguished by the cathode 
choke and the feed-back path from the junction 
of the series-connected capacitors and the cath:: 
ode. The screen grid of V 401 is held at rf ground 
potential with feed-back capacitor C410, and 
the plate circuit is electron-coupled to the grid 
and cathode circuits. Test point E402 is located 
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Figure 25. Second crystal oscillator V 401, schematic diagram. 

54 



2D CRYSTAL 
OSCILLATOR 

Y401 
IOMC 

5401 V401 
5654/6AK5W 

5402 

Y402 
10.5MC 

0 

Y403 
·'~'M=C'--------<'Of--~~~~~~~~~-+-+--+-~2-0 

Y404 
•'=l.5~M=C'-----~,o,f--~~~~~~~~-..--l---+--+----"3-0 

Y405 
12MC 

Y406 
12.5MC 

Y407 
13MC 

4 

6 

Y408 
'"-'-9M~C'-------',Dl,1-~~~~---<~~--l--+-+-l--l---'7~ 

Y409 
14MC 

Y410 
15MC 

Y411 
16MC 

Y412 
17MC 

Y413 
9.5MC 

" 

Y414 
14.5MC 

" 

D, 

IUI 

C402 
5 

11 C403 
4 

Y415 
15.5MC 

" 
C404 

4 

8 

9 

10 

II 

12-

13 

14 

15 

16 

r 

19 

20 

21 

23 

24 

25 

26 

r 
27 

28 

I 
29 

31 

i 1 i l+i I I 
I I 
I I 
I I 
I SEE NOTE I 1---- _____ ...J 

I OPERATED SY 
I !MEGACYCLE CHANGE! 
: CONTROL . 

L_. TO OTHER CONTROLLED 
CIRCUITS 

NOTE: 
TERMINAL NUMBERS OF 5401 
AND 5402 INDICATE 

I 

I MEGACYCLE CHANGE! DIAL 

READING. FREQUENCIES 
INDICATE OUTPUT FREQUENCY 
OF V401-

0 (20MC) 

I (21MC) 

2 (22MC) 

3 (23MC) 

4 (24MC) 

5 (25MC) 

6 (26MC) 

7 (27MC) 

8 (IIMC) 

9 (12MC) 

10 (13Me') 

II 114MC) 

12 (15MC) 

13 (16MC) 

14 (17MC) 

15 IISMCl 

16 (19MC) 

17 (20MC) 

_18 (21MC) 

19 (22MC) 

20 (23MC) 

21 (24MC) 

22 (25MC) 

23 (26MC) 

24 (27MC) 

25 (28MC) 

26 (29MC) 

27 (30MC) 

28 (31MC) 

29 f32MC) 

30 (33MC) 

31 134MCl 

r 
T 

r 

r 

T 

T 

I 

T 

r 

r 

r 

.... 

.... , 

... , 
'' C431C C428 

5°25 II 5 .. ,, 

' ' C430F 5-25 ... , 
•-,;;:: C430E 

5-25 ... , 
'"'- C431F 

5-25 

"' ''\. C429B C417 
a-so " 150 .. " 

''-. C429A C418 
a-so " 120 ... , " 

a-,;;:: C430B C419 
8.-50 II 100 ... , " 

"-,;;:: C430A C420 
9-50 II 82 

.... , " 

... , " 

'"" C431A C422 
5-25 " 56 ... , " 

''- C429D C423 
5-25 " 47 

.... , " 
'' C429C C424 

5-25 II 39 
" .... , 

'' C430D C425 
5-25 11 33 

...... 
'"- C431E 

5-25 ..... 
'' C429H 5-25 

..... , 
'"- C429G 

5-25 ..... 
"- C430H 

5-25 

"' ''°' C430G 3-12 
.'\.., 

'" C431H 
3-12 

'" C431G 
312 

" 

TMB56A-9 

Figure 26. Second crystal oscillator V401, crystal and plate switching, schematic diagram. 55 



at the control grid of V 401 and provides a con
venient test point for checking the oscillator 
stage. This point is normally between 4 and 11 
volts negative with respect to ground. 

b. The plate voltage is supplied from the rf
if B+ line through connectors PllO-A and J410-
A, two stage-decoupling networks consisting of 
-R407, R406, C413, C412, and C411, and finally 
through the primary of T401, coil L403. The 
screen grid is fed from the +150-volt regulated 
line through connectors PllO-C and J410-C, and 
decoupling network R405 and capacitor C401. 

c. The output circuit is tuned to one of 32 
various frequency selections by the use of one 
of 15 crystals and the use of one of 24 resonant 
plate circuit selections. The latter is accom
plished by the setting of S402 which connects 
one of the 24 capacitor selections across the 
plate circuit. The actual output frequency of the 
oscillator ranges from 11 me (position 8) to 34 
me (position 31). At the 12 lowest oscillator 
frequencies the adjustable trimmers are paral
leled by additional. fixed capacitance (fig. 26). 
This is done to tune IA03 to resonance at these 
lower frequency ranges. 

3-2MC FROM 
20 MIXER AND 
AGC BIAS THRU 

2215-3 

E211 

30 MIXER 
V204 
6C4 

60. Third Mixer V204 
(fig. 27) 
Third mixer V204 uses a miniature-type 6C4 

tube to heterodyne the 3- to 2-mc output signals 
from second mixer V203 with the continuously 
variable signals from variable frequency oscil
lator V701. The frequency range of V701 is 
precisely 3.455 me to 2.455 me. The resultant 
fixed third intermediate frequency is the differ
ence of the two, 455 kc. 

a. Ground return and age bias for the grid of 
V204 is fed through tuned circuit Z216-3 of the 
second mixer stage (fig. 24). Resistor R230 is 
the grid circuit parasitic suppressor and E211 
is a test point on the top of the rf subchassis for 
testing and alignment. The cathode of V204 is 
fed with variable-frequency oscillator signals 
through the secondary winding of T701 in tuned 
circuit Z702, through coaxial cable, miniature 
connectors P717 and J217, coaxial. cable, and 
the cathode-biasing resistor and bypass com
bination of R218 and C298. Plate voltage for 
the circuit is furnished from the switched rf-if 
B+ line through connectors P108-A and J208-A, 
rf filter choke L209, voltage-dropping and de
coupling network R219 and capacitors C308 and 
C307 and primary coil L234 of T208. 

455 KC 
TO INPUT CIRCUIT 

OF IST IF AMPL 
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C298 
5,000 

C307 
R219 I_ 5,000 2,200 

56 

C30B 
L209 I_ 5,000 .5MH 
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Figure 27. Third mi:i·ci· lf;:!04, schematic diagram. 
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b. As the receiver frequency increases, the 
second variable intermediate frequency into the 
grid of V204 decreases, and the cathode signal 
likewise decreases. The rate of change of these 
two signal sources is such that the plate circuit 
at all times is tuned to a constant djf!'erence fre
quency of 455 kc. Coil L234 is tuned by adjust
ing the powdered-iron slug in the coil. The sec
,ondary coil of T208, L235, is center-tapped. The 
two signals are 180° out of phase with each 
other and are fed through P218 and J518, and 
P213 and J513 to the input circuit of first if 
amplifier stage V501 in the if subchassis. The 
first if amplifier stage is discussed in para
graphs 62 and 63. 

61. Variable-frequ'ency Oscillator V70 I 

(fig. 28) 

Variable-frequency oscillator V701 uses a 
miniature-type 5749/6BA6W tube, which gen
erates the signals fed to the cathode circuit of 
the third mixer. The frequency range of V701 
is precisely 3.455 me to 2.455 me. The frequency
determining elements of this circuit are con
tained in oven HR701, which operates when 
the OVENS switch on the rear panel is in the 
ON position (fig. 102). 

a. The variable-frequency oscillator is an 
electron-coupled Hartley oscillator. The screen 
grid acts as the plate of an equivalent triode 
oscillator circuit. A powdered-iron slug in coil 
L702 is moved in the coil by the operation of 
the KILOCYCLE CHANGE control. Coils L701 
and L702 with capacitors C701, C702, and C703 
form the frequency-determining circuit. Capaci
tor C704 and resistor R701 develop grid leak 
bias on the control grid of this tube. 

b. The screen grid voltage for V701 is ob
tained from t!le +150-volt regulated line and is 
connected through connectors J709-B and Pl09-B 
and the voltage-dropping and decoupling net
work consisting of R702 and C714. Capacitor 
C705 is the feed-back capacitor to the grid tank 
circuit. The plate voltage for V701 is supplied 
from the rf-if B+ line through connectors P109-
A and J709-A, through the plate decoupling 
network consisting of R703, C707, and C708, 
and the primary winding of T701. 

c. The pl.ate circuit of V701 consists of tuned 
circuit Z702 which includes the primary of T701 

and variable capacitor C706. The secondary coil 
of T701 and capacitor C709 are shunted by 
R704, a 150-ohm resistor. This resistor broad
ens the response over the range of 3.455 kc to 
2.455 kc so that the output voltage injected into 
the cathode of the third mixer is essentially con
stant in amplitude with frequency. The im
pedance match from the plate circuit of V701 
to the cathode circuit of V204 is optimum. 

d. The sealed tuning unit is a precision de
vice comparable in accuracy and stability to 
laboratory frequency standards. It is sealed 
and not intended to be repaired in the field. Coil 
L701 is tun~ble, and is the end point adjustment. 
This adjustment is made at the factory to pro
vide the complete frequency range of precisely 
:3.455 to 2.455 me with exactly 10 turns of the 
vfo tuning shaft. The adjustment of L701 can 
be used to restore the 3.455- to 2.455-mc 10-turn 
shaft travel if circuit aging causes the 1-mc 
frequency coverage to change appreciably. 

62. Crystal Filter 

(fig. 29) 

A quartz crystal, employed as an if selectivity 
filter, contains the properties of a high-Q reso
nant circuit consisting of capacitance, induc
tance, and resistance. To obtain .1- and 1-kc 
bandwidth, a crystal filter, consisting of tuned 
circuit Z501 with 455-kc crystal Y501, is used 
preceding the first if amplifier, V501. 

a. The 455-kc output signal from third mixer 
V204 is coupled to the if subchassis through 
transformer T208. The secondary winding of 
this transformer has its center tap grounded, 
thus placing the ends of the coil 180° out of 
phase with each other. This coil is coupled . 
through coaxial cables and connectors P218, 
and J518, and P213 and J513 into crystal filter 
Z501. Because of its high Q, crystal Y501 passes 
only those signals at or very close to 455 kc. 
Because of crystal holder capacitance and stray 
circuit capacitance, the circuit would be unbal
anced if neutralizing capacitor C520 were not 
also connected to the control grid of V501. This 
capacitance introduces a signal 180° out of 
phase at terminal 1 of Z501, and with proper 
adjustment, neutralizes the crystal holder and 
stray circuit capacitance. When this capacitor 
is properly adjusted, extremely narrow and 
symmetrical band pass with steep skirts is pro-
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Figure 29. Crystal filter, schematic diagram. 

vided by Y501. Coil L503, capacitor C524, and 
stray capacitances are tuned to 455 kc. 

b. When BANDWIDTH control S501 is in 
the .1 KC or 1 KC position, Y501 functions in 
the circuit. When the BANDWIDTH control is 
in the .1 KC position, the crystal circuit is 
loaded by C503 in series with the combination 
of R502 in parallel with the series combination 
of C501 and R503. The exact value of R503 is 
chosen between 560 and 2,700 ohms, and the 
value is selected for a bandwidth of .1 kc, an 
equivalent circuit Q of at least 4,500. When the 
BANDWIDTH control is placed in the 1 KC 
position, C501 and R503 are removed from the 
circuit, and the load becomes essentially resis
tive with R502. This causes the circuit Q to de
crease to approximately 450, and bandpass is 
increased to 1 kc. When this control is turned 
to the 2 KC, 4 KC, 8 KC, or 16 KC position, the 
control grid of V501 is coupled through capaci
tor C501 directly to terminal 4 of Z501 ahead of 
crystal Y501, effectively removing the crystal 
from the circuit. 

63. First If Amplifier V50 I and 
Mechanical Filters 

(fig. 30) 
First if amplifier V501 uses a miniature-type 

5749/ 6BA6W pentode tube. This stage amplifies 
the 455-kc if signals from crystal filter Z501. 

a. The control grid of V501 is returned to the 
age line through the crystal filter circuit (fig. 
29). The cathode circuit returns to ground 
through cathode-biasing resistor R504, if choke 
coil L501, connectors J512-16 and P112-16, and 
RF GAIN control Rl03. Capacitors C505 and 
C504 prevent degeneration and add additional 
bypassing foi' if signals to ground. Screen grid 
voltage is obtained from the junction of resis
tors R506 and R505, part of a voltage divider 
across the switched rf-if B+ line consisting of 
resistors R506, R505, R504, and RF GAIN con
trol R503. Capacitor C506 bypasses the screen 
grid to prevent degeneration. Plate voltage for 
V501 is obtained through rf choke coil L505 and 
the decoupling filter consisting of R508 and 
C511. Plate voltage for the plate and screen grid 
circuits is obtained through J512-2 and P112-2 
from the switched rf-if B+ line. 

b. Four mechanical filters are coupled to the 
shunt-fed plate circuit of V501 through coupling 
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Figure 30. First if amplifier V501, schematic diagram. 

capacitor C553 and BANDWIDTH switches 
8502 and 8503. When this BANDWIDTH 
switch is in the .1 KC, 1 KC, or 2 KC position, 
2-kc mechanical. filter FL502 is switched into 
the circuit. The 4 KC, 8 KC, and 16 KC positions 
of the BANDWIDTH control use FL503 
through FL505, respectively. The band pass of 
the if amplifiers, and ultimately the entire re
ceiver, is determined by the selection of one of 
the six switch positions of the BANDWIDTH 
control. The very narrow bandwidth .1 KC and 
1 KC positions of this switch also incorporate 
the crystal filter (par. 62) into the first if ampli
fier circuit. Switch 8502 (front) connects the 
plate circuit of V501 to the input of the appro
priate mechanical filter, and 8503 (front) con
nects the output of the filter to the control grid 
circuit of second if amplifier V502. Switches 
8502 (rear) and S503 (rear) short-circuit the 
input and output terminals of the unused me
chanical filters. This is done to prevent stray 
coupling to the if circuits of the unused mechan
ical filters through the terminal-to-terminal 
capacitance of switches 8502 (front) and 8503 
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(front). Capacitors C507 through C510 and 
C513 through C516 are used to resonate the 
input and output coils in the filters to achieve 
optimum gain and band pass. Resistor R507 and 
capacitor C512 are an age line decoupling filter. 
Age bias for V502 is fed through P112-6, J512-
6, and the functioning mechanical filter. 

64. Mechanical If Filters 
(fig. 31) 

a. General. A receiver with perfect band-pass 
characteristics would be one whose band-p~ss 
characte"ristics were such that the curve would 
be flat across the top and the skirts would be 
vertical to a horizontal plane. The selectivity of 
this receiver would be such as to discriminate 
against interfering signals not in the band pass 
of the receiver. This is practically impossible to 
accomplish with conventional tuned circuits. 
The use of mechanical filters in Radio Receiver 
R-390A/URR approaches this concept. The ex
planation of the mechanical filters used in the 
receiver is divided into two parts. This para-
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Figure 31. Typical mechanical filters. 

graph gives a general description of mechanical 
filters, and paragraph 65 deals specifical1y with 
those used in the receiver. 

b. Typical Construction. Figure 31 illustrates 
typical construction of a · mechanical filter. A 
signal current is passed through the input 
transducer coil, which causes the driving wire 
to expand and contract due to magnetostriction. 
This mechanical motion is transmitted to the 
disk resonators through the coupling wires. 

Each disk resonator is sharply resonant to the 
intermediate frequency, and several such disks, 
synchronously tuned, are used to accomplish the 
required band pass. The last disk resonator is 
tied to the driven wire, which induces the out
put if signal into the output transducer coil,. 

c. Characteristics. Mechanical filters have 
three distinctive advantages over conventional 
tuned band pass filters. The first of these lies 
in the fact that in the low if range, 100 to 500 
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kc, the dimensions of the mechanical filters are 
very small and lend themselves to compact de
sign of communication equipment. (The filters 
used in Radio Receiver R-390A/URR are ap
proximately 3 inches tall and less than an inch 
in diameter.) These dimensions compare favor
ably with the most compact tuned circuits. The 
second advantage of mechanical filters is the 
extremely high Q they possess. Circuit Q's in 

· excess of 2,000 are obtainable. The third ad
vantage mechanical filters offer is the perma
nence of faining of the filter. Once tuned and 
adjusted to the desired band pass, no further 
adjustments are required, even under conditions 
of widely varying temperatures. This feature 
is important because the initial design and ad
justment are complex. 

d. Performance. Figure 31 also illustrates a 
typical mechanical filter band pass and a con
ventional band-pass curve for a tuned circuit. 
The band-pass curve for the single mechanical 
resonator has a Q of 10,000 and possesses a 
3-db band pass of approximately 45 cps, cen
tered at 455 kc. The conventional tuned circuit, 
with a Q of 100, has a 3-db band-pass curve 
approximately 4,500-cps wide at the 3-db point. 
The attainable circuit Q resulting from the use 
of mechanical filters permits their application 
to highly selective band-pass circuits that are 
essentially flat across the top with very steep 
skirts. 

e. Spurious Responses. Mechanical filters 
have spurious responses that occur at various 
points removed from the desired band pass, and 
necessitate correct design in order to keep these 
spurious responses as far removed from the 
center frequency as possible. These spurious 
responses must be attenuated sufficiently to pre
vent false band-pass characteristics. This disad
vantage can be minimized by designing an if 
circuit that has sufficient attenuation at these 
off-resonant frequencies. One way of accom
plishing this is with the use of additional con
ventional tuned if circuits. 

f. Applications. The use of mechanical filters 
in if circuits makes it possible to eliminate some 
of the conventional tuned if circuits that are 
normally found in such applications. An if cir
cuit thus can be designed with a minimum num
ber of tuned circuits; the necessary amplifica
tion can be obtained with simple untuned 
and/or broad-band if amplifiers. This type of 
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design eliminates the numerous critical tuned 
circuits which are a major cause of trouble in 
if circuits. 

65. Typical Characteristics of Mechanical 
Filters Used in Radio Receiver 
R-390A/URR 

(fig. 32) 

a. General. Figure 32 illustrates typical band-. 
pass characteristics of the 2-, 4-, 8-, and 16-kc" 
mechanical filters used in Radio Receiver R-
390A/URR. The general characteristics of these 
four filters are summarized in b through g below 
and hold true except for the band pass of the 
individual filters. 

b. Center Frequencies and Bandwidth. The 
center frequency for each of the four filters is 
centered at 455 kc and the nominal band pass 
is selected in the vicinity of 3- to 6-db attenua
tion. The bandwidth at 60 db down is less than 
twice the bandwidth at the 6-db points, which 
indicates that the skirts of the curve approach 
a perpendicular with the x-axis of the curve. 

c. Transfer Impedance. Transfer impedance 
is defined as the ratio of the signal voltage 
across the output terminals terminated only 
with resonating capacity, to the input signal 
current, measured at frequencies of maximum 
response. The mechanical filter is symmetrical 
with respect to terminal characteristics permit
ting an arbitrary designation of input and out
put terminals. This transfer impedance is ap
proximately 7,000 ohms. 

d. Voltage and Current Considerations. 
Either series or shunt feed can be used with 
these mechanical filters; however, shunt feed 
operation is used to prevent the flow of de 
through the transducer coil. With series feed, 
satisfactory performance is obtainable with de 
from O to 5 milliamperes, but de in excess of 20 
milliamperes will damage the coils. The maxi
mum de voltage impressed across the coils must 
be below 300 volts, or voltage breakdown might 
occur. 

e. Resonating Capacitance. To obtain proper 
operation, external capacitance is required 
across the terminals of the filters to resonate 
the transducer coils. The total external capaci
tance required is 120 to 140 uuf. This figure 
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includes the input and output capacitance of the 
circuit tubes plus stray circuit capacitance. 
Capacitors C507 through C510 and C513 
through C516 (fig. 30) are selected for optimum 
operation of the mechanical filters. 

f. Input and Output Impedances. The input 
and output impedances of the filters is in excess 
of 20,000 ohms, and provides for satisfacto:ry 
impedance matching to the input and output 
circuits of the preceding and following if stages. 

g. Temperature Range. The mechanical fil
ters operates satisfactorily from -40° C to 
+85° C (-40°F to +185°F). U:pder conditions 
of widely varying temperatures the maximum 
shift of the reference frequency of 455 kc is less 
than 10 parts per million per degree centigrade. 
The band-pass response variation is less than 1 
db. The maximum change in bandwidth at the 
temperature extremes is 5 per cent or less. 

66. Second, Third, and Fourth If Amplifiers 

(fig. 33) 

These three stages use miniature-type pen
ivde tubes. Stages V502 and V503 each use a 
type 5749/ 6BA6W, and V504 uses a type 6AK6. 
The 455-kc signals from the first if amplifier 
V501 are fed to the control grid of V502, and are 
amplified by V502, V503, and V504. 

a. The control grids of V502 and V503 are 
connected to the age line, and the control grid of 
V504 is returned to ground through secondary 
winding L511 of T502. The screen grids of these 
tubes obtain voltage from the switched rf-if B+ 
line through P112-2 and J512-2. The V502 and 
V503 screen grids are tied to the junctions of 
voltage-dividing resistor combinations, consist
ing of R515 and R514, and R520 and R550, 
respectively. The screen grid of V504 is oper
ated near full B+ voltage in order to obtain 
maximum output and gain from this stage. By
pass capacitors for the V502 and V503 screen 
grids are C518 and C522, respectively. The B+ 
voltage for the plate circuits of V502, V503, and 
V504 is series fed through the primary coils of 
T501, T502, and T503, respectively. Plate circuit 
decoupling for these three sfages is accom
plished with the combinations of R521 and 
C552, R551 and C523, and R525 and C529. 

b. Figure 33 shows that variable resistors are 
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found in the cathode circuits of V502, V503, and 
V504. RF GAIN control Rl03 (5K) and resistor 
R513 provide cathode bias for V502. The RF 
GAIN control also adjusts the bias of rf ampli
fier V201 ( par. 55b) and first if amplifier V501 
(par. 63a) . Capacitor C517 prevents cathode 
degeneration. GAIN ADJ control R519 and 
resistor R518 are the cathode-biasing resistors 
for V503. Screw-driver-adjusted GAIN ADJ 
control R519 is adjusted during alignment so 
that the if amplifiers will yield sufficient ampli
fication to produce - 7 volts potential at the 
DIODE LOAD terminals on the rear panel of 
the receiver when an unmodulated 150-micro
volt signal is fed into the if subchassis at con
nector J513. This adjustment compensates for 
the variation in tube gain, and the loss of tube 
gain as a result of aging. The cathode circuit of 
V504 contains R524 in series with the parallel 
combination of R537 and screw-driver-adjusted 
CARR-METER ADJ control R523. The setting 
of this adjustment has little effect on the gain 
of V504, as it varies the cathode resistance of 
V504 between 680 and 698 ohms. Tube V504 
is used as one leg of a bridge circuit containing 
CARRIER LEVEL meter M102 (par. 70d). 

c. Adjustment of if transformers T501, 
T502, and T503 is normally not included in the 
if amplifier alignment procedure. They are in
itially tuned during receiver assembly, and 
should require no subsequent adjustment. The 
bandwidth of these transformers is sufficiently 
wide to have negligible effect within the band 
pass of even the 16-kc mechanical filter. 
Their most important function is that of pro
viding attenuation to if signals more than 8 kc 
removed from 455 kc. This is done to attenuate 
spurious responses of the mechanical filters. 
Refer to paragraph 64e for an explanation of 
mechanical filter spurious response. Neutraliz
ing capacitor C525 is adjusted to cancel beat
frequency oscillator signals that might feed 
back from detector V506B through V504. The 
secondary winding of T502 also feeds 455-kc 
signals to the if cathode follower V509B, which 
supplies 50-ohm, 455-kc signals to external cir
cuits (par. 69, fig. 37). The output signal de
veloped across the secondary winding of T503 
is connected to detector V506B and part of the 
detector DIODE LOAD circuit which contains 
L502. Capacitor C530 bypasses if signals to 
ground. 
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67. Detector V506B and Limiter V507 
(fig. 34 and 35) 
The detector demodulates the 455-kc if sig

nal to recover the intelligence from the modu
lated signals. The limiter removes noise pulses 
that exceed the amplitude of the modulation. 
The output of the detector passes through the 
limiter stage before it is fed to the audio chan
nels. 

a. Detector. This stage, V506B, uses one half 
of a miniature twin triode tube type 5814A. 

(1) Detector V506B is connected as a half
wave diode by connecting the control 
grid and plate together. The secondary 
winding of T503 feeds the if signal to 
the detector. The diode load consists 
of resistors R527 and R526. To con
nect these load resistors to the stage, 
the jumper at the DIODE LOAD ter
minals on TB103 must be in place. 
Capacitor C530 and choke coil L502 
are an if filter used to remove if sig
nals from the detected audio. 

(2) When the 455-kc if signals developed 
across the secondary winding of T503 
are negative, the diode is an open cir
cuit to the signal. When the polarity 
reverses and the positive peaks are 
applied to pins 6 and 7 of V506B, the 
tube will conduct and current will flow 
from ground, through the diode, 
through L513 in T503, through L502, 
J512-5 and P112-5, the DIODE LOAD 
terminals 14 and 15 on TB103 at the 
rear of the receiver, P112-3 and J512-
3, R527, and R526, and back to ground. 
The polarity at the DIODE LOAD ter
minals with respect to ground is nega
tive. 

(3) Neutralizing capacitor C525 is con
nected to terminal 5 of L512 in T503 
and is adjusted to minimize the bf~ 
signal to the 50-ohm if output of the 
receiver. The 50-ohm if output circuit 
is explained in paragraph 69. The 
audio signals are taken from the j unc
tion of R527 and R526 and coupled 
through C531 to limiter tube V507. 

b. Limiter. Limiter V507 is a series-type 
diode limiter, which couples the audio signals 
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from the detector to the audio channels. When 
LIMITER switch 8108 is in the OFF position, 
audio signals pass through stage V507 without 
any limiting action. When this switch is turned 
on, the amount of limiting applied is controlled 
by LIMITER control R120. 

(1) The limiter uses both sections of twin 
triode tubes type 5814A. The B-section 
of the tube is the negative peak limiter, 
and the A-section is the positive peak 
limiter. The limiter effectively removes 
noise peaks above the level of the mod-. 
ulation. When the LIMITER control is 
set at the OFF position, switch 8108 
grounds cathode resistor R535 through 
J512-9 and P112-9. At the same time, 
B+ voltage from the switched rf-if 
B+ line is applied to the diode plates 
through their plate resistors R532 and 
R533, common resistor R534, and con
nectors J512-2 and Pl12-2. Audio sig
nals from the detector diode load pass 
to the plate of V507B and superimpose 
the audio on the B+ voltage at the 
plate. This audio signal causes the 
cathode of V507B to follow the audio 
signal without any limiting. Since the 
cathodes of both sections of the tubes 
are tied together, the cathode of 
V507 A modulates the plate current of 
this section of the tube. The audio sig
nal is then coupled through C549 and 
connectors J512-7 and P112-7 to the 
grid circuit of first af amplifier V601A. 

(2) When the LIMITER control is turned 
clockwise, switch 8108 removes the 
ground from the bottom of R535 and 
short-circuit~ B+ to ground at the 
junction of R532 and R533. The entire 
B+ voltage is dropped across resistor 
R534. The cathodes of V507 assume a 
negative threshold, the level of which 
is determined by the setting of R120. 
Resistor R119 and capacitor ClOl re
move the audio component from the 
threshold voltage, leaving the thresh
old voltage at the average de level, de
pendent on the setting of the LIM
ITER control, signal strength, and 
modulation percentage. Depending on 
the modulation percentage, the total de 
limiter threshold voltage available is 
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equal to or greater than the peak-to
peak level of the audio signal at the 
junction of R527 and R526. When the 
plate voltage (audio peaks) is higher 
than the threshold voltage, current 
will flow through the diode sections. 
Negative peaks at the plate (pins 6 
and 7) of V507B that exceed the nega
tive threshold level, at the cathode 
(pin 8) will be clipped because V507B 
will not conduct when the plate is more 
negative than the cathode. Simultane
ously, the audio signal appears on the 
common cathodes, and is fed to section 
A of V507. This common connection 
is at the same negative level with re
spect to ground ( as determined by the 

A. AUDIO SIGNAL AND RANDOM 
NOISE PULSES WITHOUT 
NOISE LIMITER OPERATION 

RANDOM NOISE 

AUDIO SIGNAL 

setting of R120), and any positive 
peaks that are positive enough to cut 
off the current flow through V507 A 
will be clipped. As the LIMITER con
trol is turned clockwise towards 10, 
the threshold voltage approaches 
ground and more severe clipping re
sults. Figure 35 shows that the audio 
signal, as well as the noise, will be 
clipped if the LIMITER control is 
turned too far clockwise. Because the 
amplitude of the threshold voltage, as 
well as the audio signal, is a function 
of the signal strength and modulation 
percentage, the circuit automatically 
adjusts to any level of signal input and 
modulation percentage. 

8. AUDIO SIGNAL AND RANDOM 
NOISE PULSES WITH NOISE 
LIMITER OPERATION 

LIMIT LEVEL 
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Figure 35. Typical oscilloscope presentation of limiter operation. 

68. Beat-frequency Oscillator 
(fig. 36) 
Beat-frequency oscillator V505 uses a minia

ture-type 5749/6BA6W pentode tube. This cir
cuit generates and couples through capacitor 
C535 stable signals variable from approxi
mately 452 kc to 458 kc (3 kc above and 3 kc 
below the intermediate frequency). This ~ange 
of frequencies beats with the 455-kc if signal at 
the detector to produce audio signals variable 
from O to 3,000 cycles. 

a. The oscillator circuit is an electron-cou
pled Hartley-type oscillator similar to that de
scribed in paragraph 61. Coils L508 and L509 
with capacitors C554, C555, and C556, with the 
addition of input capacity and compensation 
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capacitor C527, are the basic frequency-deter
mining elements of the circuit. Inductive feed
back is accomplished through tapped tank coil 
L508. The cathode is connected to the tap. Resis
tor R528 and capacitor C526 are used for devel
oping grid leak bias. Tuned circuit Z502 is 
sealed for maximum protection and reliability. 

b. Capacitor C533 is the feed-back capacitor 
and resistor R529 is the screen voltage-dropping 
resistor. Resistor R530 is the plate load for the 
circuit. Resistor R531 with capacitor C534 
forms a plate decoupling circuit. The vol.tage for 
the plate and screen grid is obtained from the 
switched rf-if B+ line, and is completed 
through BFO switch 8101 when the switch is in 
the ON position. 
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Figure 86. Beat-frequency oscillator V505, schematic diagram. 

69 . . If Cathode Follower V5098 
(fig. 37) 
This stage uses one half of a miniature twin 

triode tube type 5814A. This stage provides a 
50-ohm 455-kc if output signal for use with a 
frequency-shift converter in a teletypewriter 
system. This stage, being a cathode follower, 
reflects a very high impedance at its input cir
cuit, having negligible loading effect on if trans
former T502, which also feeds the grid of fourth 
if amplifier V504. 

a. The input circuit of this cathode follower 
is connected across the secondary winding of 
T502. The plate circuit of this tube is decoupled 
and bypassed to ground with resistor R539 and 
capacitor C541, and its plate voltage is obtained 
from the switched rf-if B+ line through con
nectors P112-2 and' J512-2. 

b. Two signal output connections are made at 
the low-impedance cathode of this stage. The 
first output is developed across the tuned circuit 
resonant to 455 kc which consists of coil L504 
and series-connected capacitors C539 and C540. 

The IF OUTPUT connector at the rear panel of 
the receiver is connected to the junction of C539 
and C540 through resistor R552, providing, an 
if output impedance to match a 50-ohm load. 
Resistor R538 develops de cathode bias which 
maintains the tube operating current at a safe 
level. A second 455-kc if signal is taken directly 
from the cathode through capacitor C542 to the 
grid of age if amplifier V508. The cathode fol
lower stage isolates the age if amplifier from 
fourth if amplifier V504, preventing interaction 
between the two stages. 

70. Automatic Gain Control Circuit 
(fig. 38 and 39) 
When the FUNCTION switch on the front 

panel of the receiver is set on the AGC position, 
age bias is fed to the control grid circuits of 
tubes V201 through V204 in the rf subchassis 
and to tubes V501, V502, and V503 in the if 
subchassis. This age bias controls the gain of 
the tubes in the rf and if subchassis in propor
tion to the average level of the incoming rf 
signal. This circuit extends the useful signal 
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Figure 37. If cathode follower V509B, schematic diagram. 

strength range of the receiver from a few 
microvolts to more than 1 volt. Signals appear 
to have a relatively const~nt signal strength. 
The age circuit operates only for signals in 
excess of approximately 5 microvolts, in order 
not to reduce the gain of extremely weak sig
nals. The AGC switch on the front panel of the 
receiver al.Jows the operator to select one of 
three age time-constant characteristics. These 
positions are SLOW, MED, and FAST, and are 
approximately 5 seconds, .3 second, and .015 
second, respectively. This feature extends the 
usefulness of the age circuit by enabling the 
operator to choose an age time constant which 
most effectively compensates for fading rf sig
nals. Three tubes are used in this age circuit: 
age if amplifier V508, which amplifies the volt
age from the if cathode follower V509B; age 
rectifier V509A, whkh rectifies the output of 
V508; and age time-constant tube V506A, which 
is used as an electronic device for extending the 
time constant of the age circuit when the AGC 
switch is set to the SLOW position. Figure 39 
shows how the developed age bias varies with 
antenna signal strength from 10 to 10,000 
microvolts. 

a. Age If Amplifier. This stage (V508) 
amplifies the if signal from if cathode follower 
V509B. This signal is coupled through capacitor 
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C542, and R540 is the grid return resistor to 
ground. Screen grid voltage is dropped and de
coupled by the combination of R543 and C544. 
The developed age bias from the junction of 
R546 and R547 is connected to the suppressor 
·grid of V504 and V508 to use them as positive 
clamps to prevent the age line from going more 
than a few volts positive. Plate voltage for the 
age if amplifier is fed from the switched rf-if 
B+ line through connectors P112-2 and J512-2, 
the decoupling network of R542 and C545, and 
tuned circuit Z503. The amplified if output of 
V508 is then coupled to the age rectifier through 
capacitor C546. 

b. Delayed Age. The purpose of delaying the 
application of age to the rf and if circuits is to 
prevent the controlled tubes from having their 
gain reduced unless the incoming rf signal is 5 
microvolts or stronger. Maximum receiver gain 
is therefore available for the weakest rf signals. 

(1) The age circuit depends on the action 
of the voltage divider from the B+ 
line, consisting of R544, R546, and 
R545. A slightly positive de voltage is 
present at the junction of R546 and ' 
R547 and on the suppressor grids of 
V504 and V508. Contact potential de
veloped at the grid of V506A reduces 
the positive voltage on the age line, 
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-

and may make it sl.ightly negative 
depending on the age and condition of 
the tube. This positive delay voltage 
offsets any low level of age bias that 
is developed at the junction of R546 
and R547 due to weak signals. 

(2) When the positive peaks of the 455-kc 
signal are applied to the age rectifier, 
the tube will conduct and effectively 
place a low impedance to ground at 
C546, putting a negative charge on it. 
On the next half-cycle, when the 455-
kc signal swing is downward, V509A 
will not conduct and current wm flow 
from C546 through R545 to ground, 
making the junction of R545 and R546 
negative with respect to ground. The 
amplitude of this negative voltage 
depends on the positive voltage which 
is being developed simultaneously at 

this junction by the B+ voltage 
divider action. If the developed age 
voltage is larger, a negative voltage 
wiJ.1 appear at both ends of isolation 
resistor R54 7 and also on the age line 
at J512-4. Capacitor C547 bypasses 
to ground any audio or 455-kc signals 
appearing at the junction of R546 and 
R547, leaving only de bias at this 
point. 

(3) Strong 455-kc signals (depending on 
the strength of the incoming rf sig
nals) cause larger currents to flow 
through R545, and thereby" charge 
C547. Substantial age bias will be 
developed and fed through connectors 
J512-4 and Pl12-4, through the AGC 
NOR terminals 3 and 4 of TB102, and 
through the mating pairs of connec
tors Pl12-6 and J512-6 to the first 



three if amplifiers (V501, V502, and 
V503) in the if subchassis. Connectors 
P108-E and J208-E feed the same age 
bias to the rf amplifier and the three 
mixer stages (V201 through V204) in 
the rf subchassis. 

( 4) When the FUNCTION switch is in 
the AGC position, the age bias is ap
plied to the controlled stages. How
ever, when the .FUNCTION switch is 
in the MGC position, the age line and 
the grids of the controlled stage are 
grounded and no age bias is allowed 
to get the controlled tubes. Under this 
condition the only control of the re
ceiver rf and if gain is through the 
use of the front-panel RF GAIN con
trol of the receiver (fig. 20, 30, and 
33). 

c. Time-constant System. The time constant 
of the age system is the time required for the 
age line to drop to 37 per cent of its full voltage 
when the signal producing the age voltage is 
removed. Three levels of age time constant are 
available. They are controlled by the AGC con
trol, and the three positions are FAST, MED, 
and SLOW. The time constants are approxi
mately .015 second, .3 second, and 5 seconds, 
respectively. 

(1) FAST. In the FAST position, the 
ability of the age circuits to follow 
fast-fading rf signals is maximum. 
With the AGC switch in this position 
the time constant depends upon the 
resistance-capacitance (RC) combina
tion of R546 and C54 7, and R54 7 and 
C548, as well as each of the age de
coupling circuits for the individual 
controlled stages. 

(2) MED. In the MED (medium) posi
tion, the age line is influenced by the 
same RC combinations as in the FAST 
position, plus the additional capaci
tance of C551 in parallel to C548 
through AGC switch 8107. 

(3) SLOW. In the SLOW position, the abil
ity of the age line to follow the fading 

signal is minimum. This is often use
ful for holding the receiver gain con
stant with on-off keying. It is more 
desirable than a rapid age discharge, 
which would raise the noise level 
between characters. In the SLOW 
position, the RC combination used in 
the FAST position is used, plus the 
effective time constant produced by 
capacitor C551 connected to the plate 
of age time constant tube V506A rath
er than to ground as in the MED 
position. The time constant in this 
SLOW position is approximately 16 
times that achieved in the MED posi
tion. This is caused by the apparent 
Miller effect action of tube V506A. As 
the age bias at the control, grid of 
V506A goes more negative, the voltage 
drop across plate resistor R549 de
creases and the plate voltage at pin 1 
of V506A will rise. At this point, ca
pacitor C551 begins to charge to the 
level of the age voltage, as referenced 
to the B+ level at the plate of V506A. 
As this charging advances, the plate 
voltage of V506A continues to rise, 
and C551 continues hunting for a new 
voltage level as a reference for its 
charging rate. This bootstrap action 
continues until the grid of the tube 
V506A reaches the level, of voltage at 
the junction R546 and R547. As C551 
discharges, its rate of discharge is also 
retarded since the plate of V506A and 

. the switch side of C551 gradually go 
less positive. 

d. CARRIER LEVEL Meter Circuit (fig. 40 
and 41). CARRIER LEVEL meter M102 indi
cates the relative strength of the incoming rf 
signal and is useful in tuning and calibrating 
the receiver. The meter is connected across age 
time-constant tube V506A, cathode resistor 
R548, and two cathode resistors of fourth if 
amplifier tube V504. These two cathode resis
tors of V504 consist of CARR-METER ADJ 
potentiometer R523 and R537 in parallel. The 
remainder of the CARRIER LEVEL meter 
circuit is so arranged to form a bridge circuit 
with the meter connected to read the bridge 
unbalance. In the absence of an incoming rf 
signal and with the RF GAIN control fully 

73 



PART OF 3 

T503 
PRIMARY 

4 

R525 
2,200 J512-2 Pll2-2 

f'\r------+;\.,---••- FROM SWITCHED 
'/ RF -IF B + LINE 

C529 

4TH IF I 
AMPL I 

UF I .033 AGC TIME 
CONSTANT TUBE 

V50 6A 
(l/2)5814A V504 

6AK6 R522 I 5 

2 
_ ___ J 

6 2 

3 

!CARRIER LEVEL! 

MI02 

C528 

J.IUF 

--~~-~~~~~~+~--~--~--~~-
J512 -14 Pll2-14 Pl12-12 J512-12 

R537 
22 

R548 
27 

TM856A- 17 

Figure 40. CARRIER LEVEL meter circuit, simplified schematic diagram. 

counterclockwise, the current through V504 and 
V506A is adjusted with the CARR-METER 
ADJ control, located on the if subchassis, until 
the CARRIER LEVEL meter reads zero. At 
this time the currents through V504 and V506A 
are equal. As an rf signal is applied to the 
receiver, (RF GAIN control fully clockwise) 
the developed age bias is applied to the control 
grid of V506A (fig. 38), and its plate current 
and the voltage drop across R548 decreases. 
Meter M102 then reads some value proportional 
to the level of the incoming rf signal. Electron 
current flows from ground; through R548; 
through J512-12 and P112-12; through M102; 
through P112-14 and J512-14 to the junction 
of R524 and R523 ( which is at the higher poten
tial than pin 3 of V506A) ; through cathode 
resistor R524; through V504 and its tuned cir
cuit T503; through the decoupling network 
consisting of R525 and C529 to the switched 
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rf-if B+ line. Figure 41 shows how CARRIER 
LEVEL meter M102 will indicate with various 
signal strengths fed into the receiver. When 
the FUNCTION switch is in the MGC position, 
the grid of V506A, pin 2, is grounded (fig. 104), 
and the CARRIER LEVEL meter will read 
zero unless the signal input to the grid of V504 
is large enough to draw grid current. This con
dition indicates an overload, and the RF GAIN 
control should be turned counterclockwise until 
the CARRIER LEVEL meter once again reads 
zero. 

e. Diversity Circuit. When two receivers are 
used in a diversity reception system, the jumper 
that is normally between terminals 3 and 4 
is placed between terminals 4 and 5. This con
nects crystal diode CRlOl into the circuits to 
prevent loading of the age circuit of the con
trolling receiver by the age circuit of the passive 
receiver. 
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71. First Af Amplifier and Af 
Cathode Fol lower 

(fig. 42) 
The purpose of these two stages is to amplify 

the audio signals and provide a circuit that will 
distribute the audio signals to the local and line 
audio channels. The gain of V601A is less than 
10 db, and the gain of V601B is less than unity. 

a. Audio signals from limiter tube V507 are 
fed through P120-14 and J620-14, through iso
lation resistor R601 to the control grid of 
V601A. Resistor R603 is the grid resistor and 
R604 and C609 are the cathode-biasing resistor 
and bypass capacitor, respectively. Resistor 
R605 is the plate load resistor, and decoupling 
and hum filtering is accomplished with R606 
and the two sections of electrolytic capacitor 
C603. The audio output of V601A is coupled 
(through C602) to terminal 9 of AUDIO RE
SPONSE switch 8104, and is either fed straight 
through the switch to af cathode follower 
V601B (WIDE position) or through the switch 
and 800-cps band-pass filter FL601 (SHARP 
position) to af cathode follower V601B. 

b. Amplified audio signals from terminal 3 
of 8104 are fed through connectors P120-4 and 
J620-4 to the control grid of af cathode follower 
V601B. The cathode of V601B is connected to 
ground through cathode resistor R627 in series 

the parallel-connected potentiometers R104 and 
R105. These are respectively the LINE GAIN 
and the LOCAL GAIN controls on the front 
panel of the receiver. The line audio signals are 
taken from the arm of potentiometer R104 
through connectors P120-3 and J620-3 and coup
ling capacitor C607 to the control grid of line af 
amplifier V602B. Loca1 audio signals are fed 
from the arm of potentiometer R105 through 
connectors P120-1 and J620-1 and coupling ca
pacitor C604 to the control grid of local af am
plifier V602A. The grid resistor of af cathode 
follower V601B, connected at the junction of 
R627 and the parallel combination of the 
LOCAL GAIN and LINE GAIN controls, is 
R608. Sufficient cathode bias prevents excessive 
plate current from flowing when the BREAK 
IN switch (fig. 45) causes relay K601 contacts 
6 and 2 to close and ground the lower end of 
R627. When 8104 is in the WIDE position, 
capacitor C601 and resistor R602 connect the 
audio signal present at the junction of R627 · 
and the R104, R105 combination to the grid of 
the first af amplifier. This introduces negative 
feedback into the V601A circuit and reduces the 
gain of this stage approximately 5 db. The nega
tive feedback reduces distortion in these two 
stages. This gain loss is comparable to the loss 
in FL601 in the SHARP position. 
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72. Local Audio Channel 
(fig.43) 

Local af amplifier stage V602A, which is one 
half of a miniature twin triode type 5814A, 
amplifies the audio signal from LOCAL GAIN 
control R105 and drives local af output tube 
V603, a 6AK6 miniature pentode power ampli
:fier. 

a. Tube V602A develops cathode bias by the 
current flow through R615 and R610. The plate 

-1oad resistor for V602A is R611, and plate volt
age is supplied from the af B+ line. Resistor 
R609 is the grid return to ground. The grid 
resistor for tube V603 is R613, and cathode bias 
is developed across resistors R614 and R615; 
R615 is a common cathode-biasing resistor for 
V602A and V603. Plate and screen grid voltages 
for this tube are also supplied from the af B+ 
line. 

b. Audio signals from LOCAL GAIN con
trol R105 are fed through connectors P120-1 
and J620-i through coupling capacitor C604 to 
the control grid of V602A. The amplified audio 
output of this stage is coupled to the control 
grid of V603 through C605. The primary of 
audio output transformer T601 is the plate load 
for V603. The audio signals are induced in the 
series-connected secondary windings and are 
fed from terminal 3 through connectors J619-9 
and Pll9-9 to TB102. Terminals 6 and 7 are 
600-ohm LOCAL AUDIO connectors for this 
channel. The maximum audio output is at least 
500 milliwatts. The same audio signal is passed 
through an attenuator, which consists of RlOl 
and R102 to terminal 8, the PHNS terminal of 

- TB102, and the PHONES jack J102 on the 
front panel of the receiver. The maximum out
put at these connections is at least 1 milliwatt. 

c. Three feed-back paths are used in the local 
audio channel to improve impedance matching 
and stabilize the gain of this channel. The first 
feed-back circuit is regenerative and is accom
plished by using resistor R615 as a common 
cathode resistor for V602A and V603. The 
second feed-back path is degenerative through 
resistor R612 from the plate of V603 to the 
cathode of V602A. The third feed-back circuit, 
also degenerative, is accomplished by not by
passing the cathodes of V602A and V603. 

73. Line Audio Channel 
(fig. 44) 

The line audio channel, which is similar to the 
local audio channel, includes a LINE LEVEL 
meter and a LINE METER switch for measur
ing and calibrating the LINE LEVEL meter. 
The maximum output of this circuit exceeds 10 
milliwatts when matched into a 600-ohm im
pedance, and is available for teletypewriter 
operation. 

a. Cathode biasing for V602B and V604 is 
accomplished with resistors R621 and R625, 
respectively, and common bias resistor R623. 
Resistors R620 and R624 are the grid return 
resistors for their respective tubes. Plate volt
age for V602B is fed from the af B+ line to the 
plate of V602B through its plate load resistor 
R622. Plate and screen grid voltage for V604 
is obtained from the same source. 

b. Audio signals from LINE GAIN control 
R104 are fed through connectors P120-3 and 
J620-3 and coupling capacitor C607 to the con
trol grid of line af amplifier V602B, one half 
of a miniature twin triode type 5814A. The 
signal is amplified and coupled through C608 
to the control grid of line af output tube V604, 
a miniature pentode power amplifier type 6AK6. 
The audio signals developed in the primary of 
audio output transformer T602 are induced in
to the secondary windings of T602. A 600-ohm 
output impedance exists across terminals 3 and 
6 of T602 when the LINE AUDIO terminals 11 
and 12 on TB103 are connected with a jumper. 
This connection is made through the two pairs 
of mating connectors J620-10 and P120-10 and 
J620-9 and P120-9. The 600-ohm audio signals 
from terminals 3 and 6 of T602 are fed through 
the mating pairs of connectors J620-12 and 
Pl20-12 and J620-8 and P120-8 through a 14-
db attenuator to terminals 10 and 13, the LINE 
AUDIO connections on TB103. Five resistors, 
Rlll through R115, are the circuit elements of 
this H-type attenuator. A 600-ohm load is main
tained on the secondary of T602 when a 600-ohm 
load is present at the LINE AUDIO terminals. 

c. Three feed-back loops, similar to those 
used on the local audio channel, are employed. 
Regenerative feedback is accomplished by com
mon cathode resistor R623, and degenerative 
feedback is accomplished by the connection of 
resistor R626 between the plate of V604 and the 
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cathode of V602B. The unbypassed cathodes of 
these two stages supply additional degenerative 
cathode feedback. 

d. The audio signal at the junction of P120-12 
and R112 is fed to one of the two movable sec
tions of LINE METER switch 8105 through 
resistor RllO. This switch has four positions: 
OFF, +10, 0, and -10. Simplified basic equiva
lents of the four switch positions are shown in 
figure 44. When in the OFF position, R109 and 
RllO load the secondary of T602, and LINE 
LEVEL meter MlOl is absent from the circuit. 
In the +10 position, resistors R106, Rl08, and 
RllO are placed across the T602 secondary, and 
MlOl in series with R107 measures the voltage 
across R106. In the O position, a similar circuit 
combination is used except that RllO, Rl17, and 
R118 are in series across T602, and MlOl, in 
series with R116, measures the voltage across 
Rl18. In the - 10 position, LINE LEVEL meter 
MlOl and series-connected resistor RllO are 
placed directly across the secondary winding of 
T602. 

TB •0 3 

CRl02 

PART OF 
ANTENNA 

RELAY 
KIOI 

BREAK-IN 
RELAY 
K601 

5 

____ _ _ _ ___ _J 2 

e. LINE LEVEL meter MlOl is calibrated in 
volume units (vu), which are based on a zero 
reference level pure sine wave of 1 mw into 600 
ohms, or O dbm. For example, a reading on the 
LINE LEVEL meter of -10 vu is equal to 
-10 dbm. A reading of +5 vu is equal to 
+5 dbm. When LINE METER switch 8105 is 
set at the O position, the LINE LEVEL meter 
is read directly. When it is set at the -10 posi
tion subtract - 10 vu from the meter reading, 
and similarly, add +10 vu to the meter reading 
when 8105 is set at the +10 position. 

74. Break-in Circuit 
(fig. 45) 
The break-in circuit is used for disconnecting 

and grounding the antenna from the receiver 
and also grounding the audio in the receiver 
when the receiver and a radio transmitter are 
operated as a radio set. 

a. When ERK IN terminal 9 on TB103 at the 
rear of the receiver is grounded through the 

AF CAT HOOE 
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V6018 
(1 121 5814A 

J620-2 PIZ0-2 ILINEl I 

~ 

RI0 4 
2,500 TO CONTROL 

GRID OF 
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Pll9-6 P119-7 

6 

I FUNCTION I 8 

5102 
FRONT 

~2'---- -----+ Ti Rc1gN6~oL 
RI05 V60 2A 

3 2,50 0 

II 

~---- ~ 
!STAND BY ! 

TM856A-2 ? 

Figure 45. Break-in circuit, schematic diagram. 
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GND terminal 16, and BREAK IN switch 8103 
is in the ON position, current will flow through 
the coi1 of break-in relay K601 from the 6.3-volt 
ac filament circuit to ground. 

b. When the break-in circuit is actuated and 
break-in relay K601 is operated, terminals 2 and 
6 and terminals 3 and 4 make contact. Terminals 
2 and 6 ground out the audio signal input to 
the local and line af amplifier stages, silencing 
the receiver. Terminals 3 and 4 complete a 
ground circuit through connectors J619-6 and 
Pll9-6 to CR102, energizing antenna relay 
KlOl. This disconnects and grounds the anten
na signal input (fig. 18). When the break-in 
relay K601 is de-energized, antenna relay KlOl 
can also be energized by the FUNCTION switch 
when the latter is placed in the CAL or ST AND 
BY position. This ground is applied through the 
CAL or STAND BY position of the FUNCTION 
switch, connectors Pll9-7 and J619-7, contacts 
5 and 4 of K601, and J619-6 and P119-6, to the 
same connection of CR102. 

75. Calibration Markers, I 00-kc 
(fig. 46) 

In order to calibrate the receiver at 100-kc 
intervals over its entire range, a calibration cir
cuit consisting of the calibration oscillator 
V205A, the 100-kc multivibrator V206 and the 
100-kc cathode follower V205B are used. Both 
of these tubes are minature twin triode types 
5814A. A crystal oscillator generates a 200-kc 
signal which synchronizes a 100-kc multi
vibrator. The output from this multivibrator 
consists of nonsinusoidal waves, producing 
many 100-kc harmonics. This stage drives a 
cathode follower which, in turn, feeds this 
source of 100-kc markers to rf amplifier V201. 

a. Calibration oscillator V205A is essentially 
a Pierce crystal oscillator. Resistor R220 is a de 
grid return to ground and resistor R221 is the 
plate load resistor. Capacitor C312 at the plate 
of the calibration oscillator provides a feed-back 
path to sustain oscillation. The 200-kc crystal 
Y203 is connected between the control. grid and 
the plate through capacitor C311. Crystal Y203 
is kept at a constant temperature by crystal 
oven HR202. Trimmer capacitor C310 provides 
a means of making very small frequency adjust
ments. The calibration circuit harmonics can be 
checked against a secondary frequency standard 

or one of the test signals from station WWV. 
Capacitor C313 couples the 200-kc signal into 
the grid circuits of 100-kc multivibrator V206 
at the junction of grid resistors R225 and R222 
and the common grid resistor R223. 

b. Tube V206 is a conventional muJ.tivibrator 
with the plates of each section coupled back to 
grid circuits of the other section to sustain 
oscillation. The frequency of oscillation is 
chiefly determined by the time constants deter
mined by the values of grid resistors R222 and 
R225 and coupling capacitors C314 and C315. 
Resistors R224 and R226 are the plate load 
resistors for the halves of this twin triode. 
Capacitor C316 couples 100-kc harmonics to 
the grid of V205B, placing a high grid circuit 
impedance across V206. The output of V205B 
is developed across L210 and R229. Coil L210 
resonates with circuit and output cable capaci
tance above 32 me, and provides high-frequency 
compensation to the 100-kc harmonics at the 
higher frequencies in order to maintain all of 
the 100-kc markers at approximately the same 
amplitude at the control grid of rf amplifier 
V201. Resistor R229 provides the load for the 
lower frequency harmonics and also prevents 
the stage from drawing excessive cathode cur
rent. The 100-kc harmonics are fed through 
coaxial cable and the small 1-uuf coupling 
capacitor C228 to the control grid of rf amplifier 
V201. The plate of V205B is kept at rf ground 
potential through the decoupling network con
sisting of R228 and C320. Plate voltage for all 
three stages is applied through rf filter choke 
L211, bypassed by C317, when FUNCTION 
switch '8102 is in the CAL position. 

76. Power Circuits 
(fig. 47, 102, and 103) 

a. Power Supply. Plate and screen-grid volt
age for all the tubes in Radio Receiver 
R390A/ URR is supplied by the power supply 
subchassis. This subchassis (fig. 57) consists 
of power transformer T801 on which is mounted 
a small chassis which accommodates rectifier 
tubes V801 and V802 and terminal board TB801. 
The plate sections of each rectifier are connected 
in parallel and each tube functions as a half
wave rectifier across the ends of the center
tapped high-voltage winding (terminals 5, 6, 
and 7). Rectifiers V801 and V802 rectify this 
ac voltage (570 volts, terminals 5 to 7) and feed 
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this unfiltered de voltage from the cathodes 
through connectors J811-5 and Plll-5, and 
through connectors P119-5 and J619-5 (fig. 103) 
to terminal 1 of swinging filter choke L601. The 
B+ distribution div1des at ' terminal 2 of L601 
and follows three separate paths. The af B+ 
path is through filter choke L603 to the af sub
chassis. The rf-if B+ line through filter choke 
L602 and connectors J619-2 and P119-2 supplies 
the plate circuits of first and second crystal 
oscillators V207 and V 401 and variable-fre-

. quency oscillator V701. Terminal 6 of FUNC
TION switch S102 is also connected to the rf-if 
B+ line, and through its terminal 7 feeds this 
B+ voltage to all the plate and screen circuits 
in the rf subchassis (except the calibration 
oscillator and the 100-kc multivibrator) and if 
subchassis ( except the bfo stage). BFO switch 
SlOl also connects to this point. This B+ line 
is called the switched rf-if B+ line, and is 
energized when FUNCTION switch S102 is on 
the AGC, MGC or CAL position. The screen 
grids of both crystal oscillators V207 and V 401 
and the variable-frequency oscillator V701 re
quire a source of regulated B+ voltage. This is 
supplied by voltage regulator tube V605, which 
maintains a constant positive 150 volts across 
its terminals under conditions of varying loads. 
This voltage is regulated at terminals 1 and 5 
of V605, ano fed through connectors J619-4 and 
P119-4 to the screen grid circuits of V207, V401, 
and V701. This B+ line is called the +150 volt 
regulated line. Resistor R619, when not shorted 
out by the FUNCTION switch, inserts additional 
resistance into the voltage-dropping circuit 
which includes resistors R617 and R618. These 
three resistors drop the voltage between term
inal 2 of L601 and the constant 150 volt drop 
across V605. When FUNCTION switch S102 is 
in the STAND BY position, plate and screen 
voltage for most of the tubes in the rf sub
chassis and if subchassis is removed and the 
voltage at L601 tends to rise. This voltage rise 
would cause excessive current through V605, 
in excess of the 30 milliamperes which is the 
current rating of the tube. Resistor R619 is 
allowed to remain in this voltage-dropping cir
cuit only when the FUNCTION switch is in the 
STAND BY position, protecting V605. When 
the FUNCTION switch is turned to the AGC, 
MGC, or CAL position, resistor R619 is short
circuited. 

b. Filament and Oven Circuits (fig. 102). 

Filament voltage for all the tubes in the receiver 
except V505, V701, V801, and V802 are obtained 
from the 6.3-volt ac line, which is obtained from 
the filament (terminals 11 and 12) secondary 
winding of power'. transformer T801. Filament 
voltage for tubes V201 through V204 and V206 
and V207 in the rf subchassis are made through 
connectors P108-B and J208-B. Rf choke coils 
L202 through L207 and capacitors C300 through 
C305 decouple rf and prevent rf currents from 
entering or leaving the filament circuits. Tubes I 
V501 through V504 and V506 through V509 
obtain 6.3-volt filament power through connec
tors Pl12-20 and J512-20. Resistor R536, a 4-
ohm resistor, reduces the filament current to 
limiter tube V507 to approximately 5.3 volts. 
This does not impair operation of the stage but 
does reduce the filament hum generated by this 
stage. Connectors P119-10 and J619-10 connect 
6.3 volts ac directly to the filaments of all the 
tubes in the af subchassis. Tube V 401 in the 
crystal oscillator subchassis receives 6.3 volts 
ac through connectors PllO-B and J410-B. Rf 
filament choke L402 · and capacitors C414 and 
C415 bypass rf signals to ground at the filament 
rf this tube. Secondary winding 8, 9, and 10 of 
power transformer T801 supplies 25.2 volts ac 
to the heaters of rectifiers V801 and V802. This 
25.2 ac source is also fed through connectors 
J811-1 and Plll-1 to bridge · rectifier CR102. 
The rectified voltage, approximately 20 volts de, 
is used to energize antenna relay KlOl when the 
yellow lead at the output side of the bridge is 
grounded through the closed contacts 4 and 3 
or 4 and 5 of break-in relay K601 (fig. 45). The 
25.2 volts ac is further used to supply filament 
voltage to tube V505 and tube V701 in series 
with each other and with current regulator 
RT510. This circuit maintains the filament cur
rent of these critical frequency-determining cir
cuits constant under conditions of varying line 
voltage. Capacitors C538 and C712 and rf choke 
L706 decouple rf from the filament circuit. 
Crystal oven HR202 is operated by 6.3 volts ac 
through connectors P108-F and J208-F, and is 
in operation at all times that power is applied 
to transformer T801. Ovens HR701 and HR401 
receive 25.2 volts ac for their heater circuih, 
when OVENS switch S106 is in the ON position. 
This switch should be operated only when tlw 
receiver is operated in low temperatnn' :mr
roundings or when the ultimate in frl'quem·~· 
stability is necessary. 
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this unfiltered de voltage from the cathodes 
through connectors J811-5 and Plll-5, and 
through connectors P119-5 and J619-5 (fig. 103) 
to terminal 1 of swinging filter choke L601. The 
B+ distribution div1des at ' terminal 2 of L601 
and follows three separate paths. The af B+ 
path is through filter choke L603 to the af sub
chassis. The rf-if B+ line through filter choke 
L602 and connectors J619-2 and P119-2 supplies 
the plate circuits of first and second crystal 
oscillators V207 and V 401 and variable-fre
quency oscillator V701. Terminal 6 of FUNC
TION switch 8102 is also connected to the rf-if 
B+ line, and through its terminal 7 feeds this 
B+ voltage to all the plate and screen circuits 
in the rf subchassis (except the calibration 
oscillator and the 100-kc multivibrator) and if 
subchassis (except the bfo stage). BFO switch 
8101 also connects to this point. This B+ line 
is called the switched rf-if B+ line, and is 
energized when FUNCTION switch 8102 is on 
the AGC, MGC or CAL position. The screen 
grids of both crystal oscillators V207 and V 401 
and the variable-frequency oscillator V701 re
quire a source of regulated B+ voltage. This is 
supplied by voltage regulator tube V605, which 
maintains a constant positive 150 volts across 
its terminals under conditions of varying loads. 
This voltage is regulated at terminals 1 and 5 
of V605, ana fed through connectors J619-4 and 
P119-4 to the screen grid circuits of V207, V401, 
and V701. This B+ line is called the +150 volt 
regulated line. Resistor R619, when not shorted 
out by the FUNCTION switch, inserts additional 
resistance into the voltage-dropping circuit 
which includes resistors R617 and R618. These 
three resistors drop the voltage between term
inal 2 of L601 and the constant 150 volt drop 
across V605. When FUNCTION switch 8102 is 
in the STAND BY position, plate and screen 
voltage for most of the tubes in the rf sub
chassis and if subchassis is removed and the 
voltage at L601 tends to rise. This voltage rise 
would cause excessive current through V605, 
in excess of the 30 milliamperes which is the 
current rating of the tube. Resistor R619 is 
allowed to remain in this voltage-dropping cir
cuit only when the FUNCTION switch is in the 
STAND BY position, protecting V605. When 
the FUNCTION switch is turned to the AGC, 
MGC, or CAL position, resistor R619 is short
circuited. 

b. Filament and Oven Circuits (fig. 102). 

Filament voltage for all the tubes in the receiver 
except V505, V701, V801, and V802 are obtained 
from the 6.3-volt ac line, which is obtained from 
the filament (terminals 11 and 12) secondary 
winding of power'. transformer T801. Filament 
voltage for tubes V201 through V204 and V206 
and V207 in the rf subchassis are made through 
connectors P108-B and J208-B. Rf choke coils 
L202 through L207 and capacitors C300 through 
C305 decouple rf and prevent rf currents from 
entering or leaving the filament circuits. Tubes I 
V501 through V504 and V506 through V509 
obtain 6.3-volt filament power through connec
tors P112-20 and J512-20. Resistor R536, a 4-
ohm resistor, reduces the filament current to 
limiter tube V507 to approximately 5.3 volts. 
This does not impair operation of the stage but 
does reduce the filament hum generated by this 
stage. Connectors P119-10 and J619-10 connect 
6.3 volts ac directly to the filaments of all the 
tubes in the af subchassis. Tube V 401 in the 
crystal oscillator subchassis receives 6.3 volts 
ac through connectors PllO-B and J410-B. Rf 
filament choke L402 · and capacitors C414 and 
C415 bypass rf signals to ground at the filament 
rf this tube. Secondary winding 8, 9, and 10 of 
power transformer T801 supplies 25.2 volts ac 
to the heaters of rectifiers V801 and V802. This 
25.2 ac source is also fed through connectors 
J811-1 and Plll-1 to bridge · rectifier CR102. 
The rectified voltage, approximately 20 volts de, 
is used to energize antenna relay KlOl when the 
yellow lead at the output side of the bridge is 
grounded through the closed contacts 4 and 3 
or 4 and 5 of break-in relay K601 (fig. 45). The 
25.2 volts ac is further used to supply filament 
voltage to tube V505 and tube V701 in series 
with each other and with current regulator 
RT510. This circuit maintains the filament cur
rent of these critical frequency-determining cir
cuits constant under conditions of varying line 
voltage. Capacitors C538 and C712 and rf choke 
L706 decouple rf from the filament circuit. 
Crystal oven HR202 is operated by 6.3 volts ac 
through connectors P108-F and J208-F, and is 
in operation at all times that power is applied 
to transformer T801. Ovens HR701 and HR401 
receive 25.2 volts ac for their heater circuits 
when OVENS switch 8106 is in the ON position. 
This switch should be operated only when tlw 
receiver is operated in low temperahll'l' sur
roundings or when the ultimate in frl'quenL'Y 
stability is necessary. 
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77. FUNCTION Switch 
{fig. 48) 
FUNCTION switch S102 selects the various 

types of operation of the receiver. 
a. OFF. When the FUNCTION switch is in 

the OFF position, the power switch is open and 
line voltage is disconnected from the primary 
circuit of power transformer T801. 

b. STAND BY. When in the STAND BY 
position, ac power is applied to the primary cir
cuit of T801, and ground is connected through 
terminal 2 of the front section of this switch 
through terminals 5 and 4 of K601 which 
grounds the yellow terminal, of KlOl. This ap
plies 20 volts de to energize the antenna relay 
KlOl, opening and grounding the antenna cir
cuit of the receiver. Resistor R619 is placed in 
the + 150 volt regulated B+ circuit by the rear 
section of S102 to protect V605 {par. 76a). 

c. AGC. In the AGC position, ac power is also 
applied to the primary of T801. The rear section 
of this switch connects plate voltage from the 
rf-if B+ line to the rf and if subchassis. 
Resistor R619, part of the voltage regulator 
dropping resistor circuit, is short-circuited to 
maintain proper operating conditions for the 
voltage regulator. The age line, at the AGC ter
minal 4 of TB102 is ungrounded, allowing the 
age bias to control the receiver gain. 

d. MGC. In the MGC position, ac power to 
T801 and plate and screen grid voltage to the rf 
and if subchassis are applied, but the age line 
is short-circuited to ground. Under this condi
tion, the only control of receiver sensitivity is 
maintained by RF GAIN control Rl03. 

e. CAL. In this position, ac power to T801 
and plate and screen grid voltage to the rf and if 
subchassis are supplied. In addition, plate volt
age for the calibration oscillator circuit is ap
plied from the rf-if B+ line through connectors 
P108J, and J208-J. At the same time, antenna 
relay KlOl is operated and the antenna discon
nected .from the receiver and grounded. This 
allows only calibration markers at 100-kc in
tervals to pass through the receiver circuits. 

78. External Control Circuits 
a. General. The receiver alone is capable of 

furnishing reception when it is connected to 
an ac power source, a suitable antenna, and a 
headset or a loudspeaker. In many installations 
the receiver will be used as part of a receiving 
system. Under such conditions, external control 

and use of the receiver functions is necessary. 
b. Brnak-in Conn ection. When the receiver is 

operated in conjunction with a transmitter, and 
receiver disabling is desired during transmit
ting periods, BRK IN terminal 9 on the rear 
panel of the receiver must be grounded at the 
transmitter. In addition, the BREAK IN switch 
on the front panel of the receiver must be set 
at the ON position. During transmitting periods 
the antenna input and the audio circuits are 
grounded. Refer to paragraph 74. Receiver dis
abling may be removed for netting by setting 
the BRK IN switch at OFF. 

c. DIODE LOAD Connection. Under condi
tions of diversity reception of voice signals, 
diode-load combining of the output of two or 
more receivers may be used. The jumper be
tween terminals 14 and 15 of one receiver is 
removed and terminals 14 of both receivers are 
then connected together. With this connection, 
the diode detectors of both receivers are con
nected to the diode load resistor of the receiver 
with the connection between terminals 14 and 
15. As the signal fades alternately in the two 
receivers, the diode detector having the larger 
signal develops a voltage across the load that 
cuts off the diode. Thus the receiver with the 
larger signal always develops the signal in 
the audio output. The audio signal is taken from 
the receiver with the connection between ter
minals 14 and 15. 

cl. AGC Connection. Under some conditions 
of diversity reception, an improvement in sig
nal-to-noise ratio may be had by common con
nection of the age systems of the two re
ceivers. The jumpers of the two receivers be
tween terminals 3 and 4 are moved to 4 and 5, 
and terminals 4 of the two receivers are con
nected together. Normally, when a receiver 
goes into a deep fade, the age system increases 
receiver gain and noise output is increased. 
With the common connections, age voltage from 
the receiver having the larger signal develops 
an age voltage that lowers the gain of the noisy 
receiver. 

e. E~:ternctl RF GAIN Contrnl Connection. 
In some applications it is necessary to control 
the gain of the receiver at a remote location. 
This is accomplished by connecting an rf gain 
control to the RF GAIN terminal on the rear 
panel of the receiver as explained in paragraphs 
55, 63, and 66. 
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Section Ill. ANALYSIS OF MECHANICAL TUNING SYSTEM 

79. General Principles of Operation 
(fig. 49) 
a. General. The mechanical tuning system of 

Radio Receiver R-390A/ URR controls the per
meability tuning and switching to provide con
tinuous linear tuning over a range of .5 to 32 me 
in 32 steps. Each step, or band of the MEGA
CYCLE CHANGE control (except the first 
band), is tuned linearly over a range of 1 me. 
The first band is tuned from .5 to 1 me. Al
though the counter can be set between 00 000 
and 00 500, no signal reception is possible. The 
frequency to which the receiver is tuned is in
dicated on a counter-type dial, which indicates 
the frequency in kilocycles. Figure 49 is a sim
plified block diagram of the mechanical tuning 
system. 

b. MEGA CYCLE CHANGE Control. Opera
tion of the MEGACYCLE CHANGE control is 
limited to 10 turns by a progressive mechanical 
stop. As the control is turned, the first two num-
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ber wheels on the counter-type dial are rotated, 
and the numbers coincide with the frequency 
of reception in thousands of kilocycles (mega
cycles) from O through 31. At the same time, 
the 32-position crystal selector switch is 
switched to one of 32 positions. The rf band 
switches are also operated by this control 
through the intermittent gear and overtravel 
coupler. This system operates the band switches 
at precisely the correct time as the MEGA
CYCLE CHANGE control is continuously 
turned. The MEGACYCLE CHANGE control 
also controls the positioning of all slug racks 
except the .5- to 1-mc, 1-2 me antenna and rf 
slug racks, and second variable if slug racks 
through the differential. 

c. KILOCYCLE CHANGE Contrnl. The 
KILOCYCLE CHANGE control is connected 
directly through a 10-turn stop to the vfo, the 
second variable if, and the slug racks of the .5-

1 • 

to 1-mc and 1- to 2-mc antenna and rf slug 
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Fig. 4,9, T1rniug sys tem, inechc111ical, block diagram. 
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racks. The KILOCYCLE CHANGE knob is also 
connected through the same differential as the 
MEGACYCLE CHANGE knob. The KILO
CYCLE CHANGE knob provides the movement 
for the 2- to 4-mc, 4- to 8-mc, 8- to 16-mc, and 
the 16- to 32-mc antenna and rf slug racks and 
the first variable if slug racks from the sta rt
ing point established by the MEGACYCLE 
CHANGE knob. A ZERO ADJ knob on the 
front panel of the receiver allows frequency dial 
correction over a small range in order to align 
the receiver frequency with the frequency
counter reading. 

80. Functional Analysis 
(fig. 50) 

a. General. Figure 50 gives a more detailed 
description of the operation of the mechanical 
tuning system. A detailed study of the mechan
ical alignment, disassembly, and reassembly of 
the tuning assembly should be made in connec
tion with the following analysis. In order to 
tune continuously from .5 to 32 me at a linear 
rate, not only must the correct coils and trans
formers be selected but the slugs must be moved 
at the proper rate to tune numerous coils and 
rf tranformers simultaneously. For example, 
to cover the .5 to 1-mc band, the slugs in coils 
T201 and Z201 move over their entire range, 
a distance of approximately eight-tenths of an 
inch. At the same time the slugs in the coils of 
Z213 move approximately five-hundredths of 
an inch in covering this range. This tuning is 
controlled with a-single knob by means of nu
merous gears and cams. 

b. KILOCYCLE CHANGE Knob. Starting 
with the right-hand side of figure 50, it will be 
seen that the KILOCYCLE CHANGE knob 
tunes the vfo directly through the 10-turn pro
gressive stop. Also connected to this control 
( dotted lines) are the second variable if slug 
rack (3 to 2 me) and the antenna and rf slug 
racks for the coils covering the .5- to 1-mc and 
the 1- to 2-mc bands. 

c. MEGACYCLE CHANGE Knob. This knob 
controls the selection of the proper crystal and 
tuned circuit in the crystal oscillator subchassis. 
This is done through 32 positions of switches 
S401 and S402 as the MEGACYCLE CHANGE 

knob is turned from end to end through the 10-
turn progressive stop. The antenna, rf and vari
able if band switches are rotated through six 
positions as the MEGACYCLE CHANGE knob 
is turned from stop to stop. This motion is inter
mittent, and occurs at precisely the correct time. 
Switches S201 through S208 in the rf subchas
sis are operated with this intermittent motion. 
This is accomplished through the intermittent 
gear and overtravel coupler. An intermittent 
gear turns its mating gear only when one of 
the few teeth of the driving gear mesh with 
teeth of the driven gear. The MEGACYCLE 
CHANGE control also positions (through the 
differential) the starting point for the slug 
racks of the first variable if ( 17 .5 to 25 me) and 
the antenna and rf coils for the 2- to 4-mc, 4- to 
8-mc, 8- to 16-mc, and 16- to 32-mc bands. From 
this starting point, the KILOCYCLE CHANGE 
control moves (through the same differential) 
the slug racks to cover the frequency range of 
this control. 

d. Shorting Adjacent Coils. The rear section 
of switch S204 short-circuits the secondary 
winding of the adjacent antenna transformer. 
This is necessary to prevent interaction with 
the secondary winding of the antenna trans
former that has been selected by the front sec
tion of switch S204. The chart below indicates 
the band, frequency range, secondary winding 
in use, and the secondary winding shorted by 
the rear section of S204. 

B and switch and Secondary 1cincling Secondary 1cinding 
710.~ition in use shorted 

1 (.5-1 ) L213 L217 
2 (1-2) L215 L213 
3 (2-4) L217 L21.5 
4 (4-8) L219 L217 
5 (8-16) L221 L219 
6 (16-32) L223 L221 

e. S election of ANT TRIM Capacitors. Ei
ther or both of ANT TRIM capacitors C225A 
and C225B are used for peaking the tuning of 
the secondary windings of antenna transform
ers T201 through T206 (par. 54d). The chart 
below indicates the band, frequency range, the 
selection of C225A and/ or C225B, and the use 
of parallel or series connection with a fixed 
capacitor across the selected antenna trans
former secondary winding. 
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Band switch and Connection lo fixed 
position (me) C225A C225B capacitor in 

antenna transform er 

1 (.5-1) In In Parallel 
2 (1-2) In Iu Parallel 
3 (2-4) Out In Parallel 
4 (4-8) Out In Series 
5 (8-16) In Out Parallel 
6 (16-32) In Out Series 

81. Detailed Mechanical Analysis 
(fig. 51) 

a. General. To facilitate an understanding of 
the function of the mechanical gearing system 
and electrical tuning system, the gears in figure 
51 have been assigned letter designations, as 
well as the number of teeth in each gear. The 
turning ratio between mating gears thus can 
be calculated. The cams that furnish motion to 
the slug racks are shown as single units; actu
ally, each slug rack has a roller at both ends and 
identical cams mounted on each end of the 
cam shaft. This is done to provide stable and 
accurate operation. 

b. MEGACYCLE CHANGE Control. 
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(1) As the MEGACYCLE CHANGE con
trol is turned, it is limited to 10 turns 
by a progressive stop. The me counter 
wheels show the frequency band or 
step selected by the MEGACYCLE 
CHANGE control. As this control is 
rotated, the counter wheels are driven 
through gears (A), (B), (C), (D) , 
(E), (L), (M), (R), (S), and (T). 

(2) The MEGACYCLE CHANGE control 
also operates the six-position rf band 
switch through gears (A), (B), (C), 
(D), (E), (F), (G},intermittentgear 
(H), and gears (J) and (K). The in
termittent gear and overtravel coupler 
provides an intermittent rotary mo
tion so that the switch is turned to 
only one of its six positions at exactly 
the right time. The gear (G) rotates 
continuously as the MEGACYCLE 
CHANGE knob is turned. However, 
the gears (J) and (K) are driven only 
during the part of the rotation of the 
gear ( G) when the teeth of the inter
mittent gear (H) engage the teeth of 
the gear (J). 

(3) Also operated by the MEGACYCLE 
CHANGE control is the 32-position 
crystal oscillator switch. This is ac
complished through gears (A), (B), 
(C) , (D) , (E), (L), (M}, (N), and 
(P). 

( 4) The 2- to 4-mc, 4- to 8-mc, 8- to 16-
mc, and 16- to 32-mc rf slug racks 
are moved by both the MEGACY
CLE CHANGE and KILOCYCLE 
CHANGE controls through a differ
ential gear system consisting of gears 
(NN), (B) , (VV), (WW) , and (U) . 

(a) The 2- to 4-mc rf slug rack is 
operated by the MEGACYCLE 
CHANGE control through gears 
(A), (B), (U), (V), (W),and (X}. 

( b) The 4- to 8-mc rf slug rack is 
operated by the MEGACYCLE 
CHANGE control through gears 
(A), (B) , (U), (V), (W), (X) , 
(Y), and (Z). 

(c) The 8- to 16-mc rf slug rack is 
operated by the MEGACYCLE 
CHANGE control through gears 
(A) , (B), (U), (V), (W), (X), 
(Y) , (Z) , (AA) , and (BB). 

(d) The 16- to 32-mc rf slug rack is 
operated by the MEGACYCLE 
CHANGE control through gears 
(A), (B), (U), (V), (W), (X) , 
(Y), (Z) , (AA), (BB), (CC), and 
(DD). 

(5) In each of the steps (bands .5-1 me 
through 16-32 me) of frequency cov
erage it is necessary to have an exact 
stopping point or reference for the 
circuit elements controlled by the 
MEGACYCLE CHANGE control. 
This is done by the me change detent. 
A disk with three equally spaced 
notches around its edge touches the 
me change detent and locks the disk 
when the me change detent falls into 
one of the three notches. This me 
change detent is made of spring ma
terial, and constantly maintains pres
sure against the three-notch disk. As 
the MEGACYCLE CHANGE knob is 
rotated through each band, the action 
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of the me change detent can be felt. 
Increasing the hand torque applied to 
the MEGACYCLE CHANGE knob at 
this point wil.l cause the three-notch 
disk to turn past the me change detent, 
but it will fall into the adjacent notch 
when the detent meets the adjacent 
notch. 

( 6) The first variable if slug rack ( 17 .5 
to 25 me) is driven by the MEGA
CYCLE CHANGE knob in the same 
manner and on the same shaft as the 
8- to 16-mc rf slug rack. The gearing 
is through gears (A), (B), (U), (V), 
(W), (X), (Y), (Z), (AA), and 
(BB). 

c. KILOCYCLE CHANGE Control. 
(1) The KILOCYCLE CHANGE control 

is limited to 10 turns by a progressive 
stop. The kc counter wheels show the 
frequency selected by the KILOCY
CLE CHANGE control. To permit 
overlapping of each band selected, the 
frequency range of this control is 
slightly greater than 1 me. As the 
KILOCYCLE CHANGE control is ro
tated, the kilocycle counter wheels are 
driven through gears (EE), (FF), 
(GG), (HH), (JJ), and (KK). 

(2) The vfo tuning unit is connected di
rectly to the KILOCYCLE CHANGE 
control through the 10 turn stop and 
the Oldham coupler. The Oldham cou
pler is a coupling device for correcting 
slight misalignment of two shafts. It 
consists of three disks, the first and 
third have a tongue, or ridge, running 
through the center of the inner faces. 
These two tongues are 90° displaced 
from each other. The second, or inner 
disk, has two grooves running through 
the center of the faces, each likewise 
displaced 90° from the other. Fitting 
the three disks together and using the 

first disk to drive the third disk 
through the second disk, transfers ro
tary motion between two shafts which,, 
can be slightly out of line with each 
other. This is possible because the 
mating tongues and grooves slide 
slightly to correct the out-of-1.ine con
dition. 

(3) The .5 to 1-mc rf slug rack cam is op
erated by the KILOCYCLE CHANGE 
knob through gears (EE), (FF), 
(LL), (MM), (NN), (PP), (RR), 
and (SS). The 1- to 2-mc rf slug rack 
cam is operated through gears (EE), 
(FF), (LL), (MM), (NN), (PP), 
(RR), (SS), (TT), and (UU). 

( 4) The second variable if slug rack (3 to 
2 me) is operated by the KILOCYCLE 
CHANGE control through the same 
gears and same shaft as the 1- to 2-mc 
rf slug rack cam. 

(5) The 2- to 4-mc, 4- to 8-mc, 8- to 16-mc, 
16- to 32-mc rf slug rack cams are 
moved by the KILOCYCLE CHANGE 
control through a differential gear 
system. These rf slug rack cams are 
operated through the same gears as in 
b ( 4) (a) through ( d) above, except 
for gears (A) and (B). These two 
gears are replaced by gears (EE) , 
(FF), (LL), (MM), (NN), (VV), 
and (WW). 

d. ZERO ADJ Control. The ZERO ADJ con
trol provides a means of correcting errors in 
calibration. A locking screw operated by the 
knob releases the clutch and locks the gear 
( GG). Tuning over a range of approximately 
15 kc is possible with the KILOCYCLE 
CHANGE control without moving the setting 
on the three kilocycle counter wheels on the 
frequency indicator. Operation of the ZERO 
ADJ knob in a counterclockwise direction en
gages the clutch and unlocks gear ( GG). 
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CHAPTER 6 
FIELD MAINTENANCE 

Section I. GENERAL TROUBLE-SHOOTING TECHNIQUES 

Warning: When servicing the receiver, avoid 
contact with the power supply and plate cir
cuits. The high voltages present in these cir
cuits can cause serious injury or death. Con
nect GND terminal 16 to the same ground as the 
ac power source before applying power to the 
receiver. 

82. Test Equipment and Tools Required 
for Trouble Shooting 

The test equipment required for trouble 
shooting Radio Receiver R-390A/ URR is listed 
below. A common usage name is given after 
each component. 

Nomenclature 

RF Signal. Generator set AN/ URM-25, or equiv-
alent, with Accessory Kit MK-288/ URM 

Audio Oscillator TS-382/ U, or equivalent 
Electronic Multimeter TS-505/ U, or equivalent 
Multimeter TS-352/ U, or equivalent 
Electron Tube Test Set TV-2/ U, or equivalent 
Oscilloscope OS-8A/ U 
Electronic Multimeter ME-30A/ U 

83. Trouble-shooting Procedures 

a. General. Begin trouble shooting with the 
steps in paragraphs 42 through 45. The field 
maintenance instructions supplement the or
ganizational maintenance instructions. When 
trouble shooting the receiver, begin at the out
put circuits and work back toward the antenna 
circuits. The first step in servicing a defective 
receiver is to sectionalize the fault. Sectionali
zation consists of tracing the fault to the sub
chassis responsible for the abnormal operation 
of the receiver or to the main frame. The sec-

ond step is to localize the fault. Localization 
means tracing the fault to the defective circuit 
on the subchassis or to the parts and wiring of 
the front panel and main frame. FinaUy, isolate 
the defective part by voltage, resistance, and 
continuity measurements. Some faults, such as 
burned-out resistors, shorted transformers, and 
loose connections often can be located by sight, 
smell, and hearing. The majority of faults, how
ever, must be located by checking tubes, voltage, 
and resistance. 

b. Detailed Procedure. The tests listed below 
are to be used as a guide in isolating the source 
of the trouble. To be effective, the procedure 

Common usage name 

Signal generator 

Audio oscillator 
Vtvm 
Multimeter 
Tube tester 
Oscil.loscope 
Ac vtvm 

should be followed in the order given. The pr_o
cedure is summarized in (1) through (8) below, 
which contain references to paragraphs having 
detailed information for carrying out the tests. 

(1) Initial inspection. It is often possible 
to locate troubles within an equipment 
by inspecting the condition of the wir
ing and individual parts for visible 
signs of failure. Because the initial 
inspection (par. 89) can be quickly 
and simply carried out and is capable 
of producing rapid results, it is the 
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first to be applied in the trouble-shoot
ing procedure. This inspection is also 
valuable because additional damage to 
the receiver that might occur through 
improper servicing methods possibly 
can be avoided. 

(2) Checking B+ and heater circuits for 
shorts. These measurements (par. 90 
and 91) prevent further damage to the 
receiver from possible short circuits. 
This test gives an indication of the 
condition of the filter circuit; there
fore, its function is more than pre
ventive. 

(3) Operational test. After it has been de
termined in the preceding test that 
a short is not present in the receiver, 

· an operational test (par. 92) is carried 
out. By using the information gained 
from observing the symptoms of 
faulty operation, it is sometimes pos
sible to determine the exact nature of 
the fault. 

( 4) Over-all receiver gain test. Measure
ment of the over-all gain (par. 94) is 
the most important test that can be 
used to determine over-all receiver per
formance. This measurement should 
be the basic test in all maintenance 
procedures. 

( 5) High-frequency oscillators injection 
voltage test. The operation of the high
frequency oscillators (par. 93) in the 
receiver should be checked. 

( 6) Trouble-shooting chart. The trouble
shooting chart (par. 96) presents a 
systematic method for checking the re
ceiver by eliminating possible sources 
of trouble until the actual trouble is 
found. 

(7) Signal substitution. Signal substitu
tion (par. 98 through 103), when used 
with the trouble-shooting chart, pro
vides an effective method for methodi
cally tracking down trouble in a re
ceiver. 

(8) Interrnittents. In all these tests, the 
possibility of intermittents should not 
be overlooked. If present, this type of 
trouble may be rriade to appear by tap-

ping or jarring the subchassis or parts 
under test. It is possible that the trou
ble is not in the receiver itself, but 
in the installation (mounting, anten
na, ground, auxiliary equipment, or 
vehicle), or the trouble may be caused 
by external conditions. In this event, 
test the installation, if possible. Inter
mittent noise conditions may be caused 
by electron tubes. Tapping each tube 
gently with a pencil may give an in
dication of which tube is causing the 
trouble. Cover the receiver to cause 
its operating temperature to rise. This 
sometimes causes intermittent trou
bles to appear more readily. 

84. Trouble-shooting data 
Take advantage of the material in this manu

al. Consult the following trouble-shooting data: 

Fig. No. Par. No. Description 

15 Radio Receiver 
R -390A/ URR, top 

deck, tube location. 
16 Radio Receiver 

R -390A/ URR, 
bottom deck, tube 
location. 

52 and 53 Fabrication of test 
cables. 

56 through 7 4 Illustrations of receiver 
and subchassis. 

Megacycle change 
noise test. 

Calibration oscillator 
test. 

90 Checking B + circuit 
for shorts . 

91 Checking filament 
circuit for shorts. 

94 Over-all receiver gain 
test. 

95 If subchassis gain test 
and adjustment. 

75 through 81 Voltage and resistance 
diagrams. 

98 through 103 Signal substitution. 
105 Stage gain charts. 
106 De resistances of 

transformers and 
coils. 

107 Rf and variable if 
conversion scheme. 

95 Over-all audio 
response chart. 

110 through 117 Checking special 
circuit parts. 



Fig. No. Par. No. Description 

121 through 132 Removals and 
replacements 

100 Resistor color code. 
101 Capacitor color code. 
102 Filament and oven 

circuits, schematic 
diagram. 

103 B + circuits, 
schematic diagrams. 

104 Age distribution, 
schematic diagram. 

105 Main frame wiring 
diagram. 

106 Receiver schematic 
diagram. 

85. Initial Control Settings 

Use control settings given below prior to any 
test or trouble-shooting procedure. Many of the 
tests that follow repeat some of the settings and 
others refer back to this paragraph, to stress 
the importance of using the proper control, set
tings. Observe these control settings, and 
change them only when instructions in a par-

ticular procedure order difj erent control set
tings. 

LINE METER ......... OFF 
LINE GAIN ........... 0 
AGC .................. MED 
LIMITER ......... ... .. OFF 
AUDIO RESPONSE .... WIDE 
BANDWIDTH ........ . 8 KC 
BFO PITCH ........... 0 
BREAK IN ............ OFF 
FUNCTION ........... AGC 
ANT TRIM .......... .. 0, or maximum out-

put 
BFO .................. OFF 
DIAL LOCK ... .. ...... Unlocked, fully 

counterclockwise 
ZERO ADJ ............ Disengaged, fully 

counterclockwise 
LOCAL GAIN .......... 5, or desired volume 
OVENS ........ . ...... OFF 
MEGACYCLE CHANGE 01, or as specified 
KILOCYCLE CHANGE .510, or as specified 
RF GAIN .............. 10 

Section II. TROUBLE SHOOTING RADIO RECEIVER R-390A/URR 

86. Bench Testing 

a. When testing or trouble shooting the re
ceiver, do not remove a subchassis unless ab
solutely necessary. The patch cords (fig. 52 and 
53) are required for operating the subchassis 
out of the receiver. When making these items, 
be sure to make several of the coaxial type (fig. 
52), because the rf and if subchassis have more 
than one coaxial connection. 

b. To prepare a subchassis for testing or 
trouble shooting outside the receiver main 
frame, follow the instructions given in para
graph 121. Avoid disturbing the synchroniza
tion of the rf gear train assembly with the rf, 
crystal oscillator, or vfo subchassis. 

87. General Precautions 

When servicing a receiver, observe the pre
cautions given in a through f below. 

a. When the receiver is removed from the 
case, cabinet, or rack for servicing, connect a 
suitable ground to the main frame and to any 
subchassis operated outside the main frame be
fore connecting the power cord. 

b. Be sure the receiver is disconnected from 
· the power source or is turned off before touch

ing high-voltage circuits or changing connec
tions. 

c. After disconnecting auxiliary equipment 
and before testing the receiver, connect pairs of 
terminals on the rear panel terminal strips as 
shown in figure 12. 

d. After disconnecting tuning shafts for re
moval of a subchassis, avoid turning the shafts 
or tuning controls unless necessary for trouble 
shooting or adjustment. Careful handling may 
eliminate the need for mechanical synchroni
zation. Make a note of the positions of the front
panel controls indicated in the removal proced
ure when removing a subchassis, because a con
trol may be accidentally disturbed during serv
icing. 

e. Careless replacement of parts often makes 
new faults. 

( 1) Before unsoldering a part, note the 
position of the leads. If the part has a 
number of connections, tag each of its 
leads, or make a sketch of the proper 
connections. , 
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STRAIGHT PLUG 
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64 

ANGLE PLUG 

INSERT CLAMP NUT OVER CABLE, 
INSERT BRAID CLAMP OVER CABLE JACKET, 
PLACE AT DIMENSION SHOWN AND WITH 
PLIERS CRIMP SLOTTED ENO INTO CABLE 
JACKET. DO NOT EXCESSIVELY DISTORT 
SLOTTED ENO. CLAMP NUT MUST RIDE FREE 
OVER CRIMPED PORTION. REMOVE CABLE 
JACKET BACK TO END OF BRAID CLAMP, 

2. COMB OUT BRAID WIRES, FORM BACK OVER 
BRAID CLAMP ANO TRIM TO LENGTH, 
CUT OFF CABLE DIELECTRIC AS SHOWN. 
CUT INNER CONDUCTOR TO 5/64 AND TIN, 

3. INSERT INSULATOR BUSHING OVER CONDUCTOR. 
TIN END OF CONTACT HOLE AND SWEAT 
CONTACT TO CONDUCTOR. OUTSIDE SURFACE 
OF CONTACT MUST BE FREE OF SOLDER. 

4. INSERT INSULATOR OVER CONTACT, INSERT 

~65~~i~y R~1l~{~t:lL~T T~i~:EL~tRE 

1r0-l/32 

b =11r-t, 
L"'-TIN 

':I l 
32 

INSULATOR 
...,..==8 [ BUSHING 

U cz:..:.,u t? 2 CONTACT 

I. INSERT CLAMP NUT OVER CABLE. 
INSERT BRAID CLAMP OVER CABLE JACKET, 
PLACE AT DIMENSION SHOWN AND WITH 
PLIERS CRIMP SLOTTED END INTO CABLE JACKET. 
DO NOT EXCESSIVELY DISTORT SLOTTED END. 
CLAMP NUT MUST RIDE FREE OVER CRIMPED 
PORTION. REMOVE CABLE JACKET BACK TO END 
OF BRAID CLAMP. 

2. COMB OUT BRAID WIRES, FORM BACK OVER 
BRAID CLAMP AND TRIM TO LENGTH, 
CUT OFF CABLE DIELECTRIC AS SHOWN • 
CUT INNER CONDUCTOR TO 3/32 AND TIN. 

3. INSERT INSUL ATOR BUSHING OVER CONDUCTOR, 
TIN END OF CONTACT HOLE AND SWEAT CONTACT 
TO CONDUCTOR, OUTSIDE SURFACE CONTACT 
MUST BE FREE OF SOLDER. 

BRAID CLAMP IS SEATED. THREAD CLAMP 
NUT INTO BODY AND TIGHTEN NUT BY 
HOLDING KNURLED PORTION OF BODY 
WITH SOFT-NOSED PLIERS, 

MOUNTS THRU .080 , 130 
PANEL WITHOUT SPACERj 
MOUNTS THRU .030-.080~ 
PANEL WITH SPACER - 4

· ~gg~\~gs~~iiE ~tfJH~t~ffo iu1K~NsTuiiAB~KAID 

I. INSERT CLAMP NUT OVER CABLE, 
INSERT BRAID CLAMP OVER CABLE JACKET, 

~t~i\ Ac!Rl~~\~~~~lt1~~· l~~g t111E 
JACKET. 00 NOT EXCESSIVELY DISTORT 
SLOTTED END, CLAMP NUT MUST RIDE FREE 
OVER CRIMPED PORTION, REMOVE CABLE 
JACKET BACK TO END OF BRAID CLAMP, 

2. COMB OUT BRAID WIRESf FORM BACK OVER 
BRAID CLAMP ANO TRIM O LENGTH, 
CUT OFF CABLE DIELECTRIC AS SHOWN, 
CUT INNER CONDUCTOR TO 7/64 AND TIN, 

3. INSERT ASSEMBLY, LESS CLAMP NUT, INTO 
ANGLE PLUG BODY AND ROTATE SLIGHTLY 
TO MAKE SURE BRAID CLAMP IS SEATED, 
THREAD CLAMP NUT INTO BODY AND TIGHTEN 
NUT, WITH CAP REMOVED SOLDER CONDUCTOR 
IN SLOT OF ANGLE PLUG CONTACT. INSERT CAP 
IN HOLE AND SPOT SOLDER OR SPOT STAKE 
TO RETAIN CAP, 

JACK 

CLAMP IS SEATED. THREAD CLAMP NUT INTO HEX. 
COUPLING AND TIGHTEN NUT. WHEN JACK IS PANEL 
MOUN T ED IT IS NECESSARY TO MOUNT FRONT BODY 
THRU PANEL INSERT SPACER (IF REQUIRED) 8 LOCK 
WASHER AND THREAD ON HEX. COUPLING BEFORE 
INSERTING CABLE ASSEMBLY. 

CABLE TERMINATION 

ASSEMBLY INSTRUCTIONS FOR CABLE TERMINATIONS ARE IDENTICAL WITH THOSE 
GIVEN IN STEPS I AND 2 FOR STRAIGHT PLUGS EXCEPT DIMENSIONS FOR 
CUTTING CABLE DIELECTRIC AND CENTER CONDUCTOR ARE OPTIONAL , 
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CABLE ASSEMBLY 

NOTES: 
I. ALL UNSHIELDED WIRES TO BE NO SMALLER 

THAN 18 GAGE STRANDED WIRE, ALL SHIELDED 
WIRES TO BE NO SMALLER THAN 18 GAGE 
SHIELDED, 

2. LACE OR TAPE COMPLETED CABLES. 

3 MAXIMUM CABLE LENGTH SHALL BE 24 INCHES. 

4. CHECK CONTINUITY AFTER COMPLETING 
FABRICATION . 

5. LABEL CABLES FOR IDENTIFICATION, 
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(2) Be careful not to damage leads while 
pulling or pushing them out of the 
way. 

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

( 4) A carelessly soldered connection may 
create a new fault. It is important to 
make well-soldered joints; a poorly 
soldered joint is one of the most diffi
cult faults to find. 

( 5) When a part is replaced in the rf or 
if circuit, place it in the exact position 
of the original part. A part that has 
the same electrical value but different 
physical size may cause trouble in 
high-frequency circuits. Give particu
lar attention to proper grounding 
when replacing a part. Use the same 
ground connection as in the original 
wiring. Failure to observe these pre
cautions may result in decreased gain 
or, possibly, in oscillation of the cir
cuit. 

f. Before taking voltage measurements or 
performing signal tracing, always check the 
value of the regulated de voltage, unregulated 
de voltage, and ac line voltage. Approximately 
+150 volts de should be obtained at the +150 
V de jack, E607 (fig. 69), located on the af sub
chassis. This jack is accessible through the main 
frame of the receiver, at the left side. Check the 
unregulated de voltage at pin 6 of XV603 or 
XV604. Do this by removing tube V603 or V604 
from its tube socket on the af subchassis. This 
voltage should be between 200 and 225 volts 
positive with respect to chassis ground when 
the receiver is operating. 

88. Trouble-shooting Notes 

a. To avoid the necessity for removing a sub
chassis when voltage is to be measured, or a 
signal is to be injected at a tube-socket pin that 
does not have a test point, remove the tube, 
wrap a short length of thin insulated wire hav
ing both ends bared, around the desired tube 
pin. A more convenient method is the use of a 
tube adapter with test points. Construction in
formation is shown in figure 54. The rf tuning 
coils and transformers on the rf subchassis 
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==r~=====j:;::::::__MINIATURE OR NOVAL 
TUBE SOCKET. 

SPACER 

I T03 
INCHES 

N0.18 SOLID TINNED WIRES. 
PULL THRU LUGS AND 

lt----HOLES,AND SOLDER EACH 
WIRE AT UPPER AND LOWER 
SOCKET. 

CUT OFF FLANGE SO ALTERED 
TUBE SOCKET WILL FIT INTO 
TUBE SHIELD BASES ON 
SUBCHASSIS. 

WIRES PULLED THRU HOLES 
IN LOWER SOCKET. ALL WIRES 
TRIMMED TO SAME LENGTH. 

TMB56A-101 

Figur e 54 , Fabrication of t u be t est p oint adapters. 

can be removed readily, if necessary, to 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 
paragraph 130. 

b. If trouble is suspected in the rf subchassis, 
perform as much detailed trouble shooting as 
possible to be sure that the trouble is in the sub
chassis before removing it, because removal and 
replacement of the rf subchassis is a time-con
suming procedure. 

c. A test-speaker assembly, such as the de
vice shown in figure 55, is useful when testing 
or trouble shooting the receiver. The spade lugs 
should be connected to the LOCAL AUDIO or 
LINE AUDIO terminals on the rear panel of 
the receiver. The three-position, two-section 
rotary switch can be adjusted to an OFF posi
tion, a. SPEAKER position, or a 600 OHM 
LOAD position. The external terminal board 
provides tie points for an audio output meter. 
The test-speaker assembly can be made from 
general-purpose parts. The only critical. item 
is the 600-ohm, noninductive resistor. This re
sistor should be selected to be sure the resis
tance is as close to 600 ohms as possible. 

d. Receiver noise can be an extremely useful 
aid in trouble shooting. A properly operating, 
receiver will produce considerable noise when 



TO I LOCAL AUDIO I 
OR 

I LINE AUD IO I 
TERMINALS 

SPADE LUGS 
EXTERNAL 
TERMINAL 

BOARD 

OFF 
AUD IO TRANSFORMER 
600- 0HM PRIMARY ~' I ' 

3- TO 6-0HM SECONDARY 

I 
I 
I 
I 
I 
I 
I 
~, 
I ' 
I 
I 
I 

SPEAKER 

600 OHM LOAD 

L_ 3 -POSITION, 2-SECTION 
SELECTOR SWITCH 

600-0HM, NON INDUCTIVE 
RESISTOR, I WATT OR LARGER 

TM856A-89 

Figure 55. Test-speaker assembly fabrication. 

the rf and af gain controls are advanced fully 
clockwise. Examples of the use cf receiver noise 
for trouble shooting are as follows : 

(1) Rf subchassis noise should decrease 
and then increase as the MEGACY
CLE CHANGE knob is turned from 
band to band (par. 46d). 

(2) Rf subchassis noise should change as 
the ANT TRIM control is adjusted and 
should decrease as the antenna ter
minals are shorted (par. 46e) . 

( 3) If subchassis noise should decrease as 
the BANDWIDTH control is turned 
from a wider bandwidth to a narrower 
bandwidth (par. 46b). 

( 4) Af subchassis noise will decrease as 
the DIODE LOAD terminals on the 
rear panel are grounded (par. 46a). 

e. The CARRIER LEVEL meter and the 
LINE LEVEL meter on Radio Receiver R-
390A/URR are useful instruments for testing 
and trouble shooting. The CARRIER LEVEL 
meter measures the relative signal strength of 
the incoming rf or test signals. Indications on 
this meter are proportional to those at the AGC 
terminals on the rear panel, of the receiver. The 
LINE LEVEL meter readings can be trans
lated into audio output or power ratio readings. 
The LINE METER switch extends the range 
of the LINE LEVEL meter over a 40-db range. 

89. Initial Inspection 

When a receiver is brought in from the field 
for check or repair, remove the top and bottom 

dust . covers, and inspect according to the in
structions in a through g below. Observe the 
precautions described in paragraph 87. 

a. Inspect all cables, plugs, and receptacles. 
Check to see that all connectors are seated prop
erly. This is important because improperly 
seated connectors are a frequent cause of ab
normal operation in equipment. Repair or re
place any connectors or cables that are broken 
or otherwise defective. 

b. Inspect for burned insulation and resistors 
that show signs of overheating. Look for wax 
leakage and any discoloration of parts and 
wires. 

c. Inspect for broken connections to tube 
sockets, plugs, and other apparatus, as well as 
for defective soldered connections. Examine for 
bare wires touching the chassis or adjoining 
wires. 

d. Be sure that all tubes are in their correct 
positions (fig. 15 and 16). Replace or inter
change any tubes that are not of the type called 
for in the illustrations. Replace broken tubes. 
Inspect for loose tube-socket contacts. 

e. Inspect the AC 3 AMP fuse and replace, if 
necessary, with a fuse of correct rating and 
type (par. 131). Check carefully for short cir
cuits (par. 90 and 91) whenever a blown fuse 
is found. 

f. Be sure the MEGACYCLE CHANGE and 
KILOCYCLE CHANGE controls turn freely. 
Rough operation or binding indicates a dam
aged tuning system or need for cleaning and 
lubrication (par. 39a(3) and 133). 
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g. Check al1 switches and controls for ease 
of operation. 

90. Checking B+ Circuits for Shorts 
a. To prevent damage to a receiver sent in for 

repair, always check the high-voltage circuits 
for shorts. A B+ short will blow the AC 3 AMP 
fuse FlOl, damage rectifiers V801 and V802, 
cause resistors to burn up, or produce any com
bination of these three items. Before applying 
ac power to the receiver, check to see that the 
primary of power transformer T801 is con
nected for the correct line voltage ( par. 15). 

b. Always check for and isolate B+ shorts 
with an ohmmeter prior to applying ac power. 
Proceed as follows: 

(1) Remove the ac power plug from the 
source of ac power. 

(2) Adjust the front-panel controls as in
structed in paragraph 85. 

ANTENNA 
RELAY 

(3) Remove rectifier V801 (or V802) and 
connect the ohmmeter between ground 
and pin 3 or 8 of XV801. Set the re
ceiver frequency below 8 me. The r e
sistance reading should not be lower 
than 15,000 ohms. If the reading is 
lower than 15,000 ohms, a B+ circuit 
short exists. If a short is not detected, 
turn the FUNCTION switch through 
all its positions and look for short cir
cuit indication. Do the same with the 
BFO switch. 

(4) Remove rectifier V802 (or V801) ; if 
the tube was shorted, resistance read
ing will increase above 15,000 ohms. 

(5) Remove power and control plugs from 
each of the subchassis in the order 
listed below and observe the ohmmeter 
reading each time a plug is discon
nected. 

Jll6 P20 5 P206 ASSEMBLY P207 PIOB P717 P221 

Pll6 

Pll2 

P218 

P213 

Pll4 

PIIO 

P215 ----, 

IF SUBCHASSIS 

CRYSTAL 
OSCILLATOR 
SU BCHASSIS 

102' 

lliii:¥-la:\t-tif- RF SU BC HASS IS 

~~~~~~~~~~~~~~--16T032MC ~ SLUG RACK 

8TO 16 MC Jtl.t~~ffl...-rtelfiT- SLUG RACK 

4 TO 8 MC 
SLUG RACK 

2 TO 4 MC 
J.!,l!U-l~H:".;lffl11 SLUG RACK 

FigU?·e 56. Radio Receiver R-390A/URR, top view. 

I TO 2 MC 
~ -+irff!t+-- SLUG RACK 

-ttt+!-i- .5 TO I MC 
SLUG RACK 

TMB~A-27 



(a) Af subchassis (P119 and P120). 
(b) Ifsubchassis (P112). 
(c) Rf subchassis (Pl08). 
(d) Vfo subchassis (P109). 
(e) Crystal-oscillator subchassis 

(PllO). 
(!) Power-supply subchassis (Plll). 

( 6) After disconnecting each of the plugs 
[ (a) through (!) above], observe the 
reading on the ohmmeter. If one of the 
subchassis contains a B+ short, the 
ohmmeter reading will suddenly in
crease when its power plug is discon
nected. 

(7) If a B+ short is traced to an individ
ual subchassis, remove the subchassis 
and connect the ohmmeter to the B+ 
line for that subchassis. The charts 
given in paragraph 119 give the de 
resistance readings at the power con
nectors of each subchassis. These 
measurements are made with the sub
chassis removed from the main frame. 
Remove each tube, one at a time, while 
observing the ohmmeter. This will de
tect a shorted tube. If tubes are not 
the cause of the trouble, check each 

TBI02 CRIOI CRI02 RICI RIOZ Piii Pl09 CI03 FLIOI 

VFO SUBCHASSIS 

POWER 
SUPPLY 

SUBCHASSIS 

subchassis bypass capacitor for a short 
circuit. 

(8) If the short circuit persists after all 
the subchassis are disconnected, the 
short circuit is in the main frame wir
ing. If this is the case, continue tracing 
the B+ short with all the subchassis 
plugs disconnected. Check the ohm
meter readings from the chassis 
ground to each of the following con
nections: Pll9-2, P119-3, P119-4 and 
Pll9-5. Use the lowest ohmmeter scale 
that wiU give a usable reading. Trace 
through the various B+ lines with the 
aid of the B+ distribution diagram 
(fig. 103). 

c. In some cases, B+ shorts will be intermit
tent or will appear only when B+ voltage is 
present. If this is the case, disconnect all power 
connectors except power-supply subchassis con
nector Plll and af subchassis connector Pl19. 
Apply power by connecting 115 volts ac ( or 230 
volts ac if power transformer T801 primary is 
connected for 230 volts ac) and setting the 
FUNCTION switch to AGC. Remove tube V603 
or V604 from the af subchassis and connect the 
de voltmeter to pin 5 or 6 of either of the tube 

FIOI T8103 Sl06 Cl02 

TM&,&A-28 

Fignre 57. Radio Receiver R-390A/URR, bottom v iew. 
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P215 

P207 

P218 

P213 

P205 

P221 

P206 

2213-1 2213•3 
J208 2213-2 

2205-1 

22os-1 

V201 

E208 

T204 

T205 

T206 

C225 

HR202 _i..---1 Y20 1 
Y203 

,.~~~~---- V207 

T207 

V206 

2203-2 

2202-2 

2201-2 

2203-1 

2202-1 

2201-1 

T203 

T202 

T201 
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Pigure 58. Rf subchassis, top view. 

sockets. If the voltage is approximately 215 to 
240 volts, the B+ short is not in this subchassis. 

d. Reconnect each subchassis, one at a time; 
~each time, note the B+ voltage at pins 5 or 6 
of XV603 or XV604. Each time an additional 
subchassis is reconnected, B+ voltage will drop 
a few volts after the tubes warm up. This is 
normal, because of the additional load. 

e. When the if subchassis is tested in thiP 
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manner, momentarily turn the BFO switch to 
ON, and check the bfo circuit for B+ shorts. 

f. When the rf subchassis is tested, momen
tarily check the calibration oscillator by setting 
the FUNCTION switch to CAL. Tune the re
ceiver to a frequency between .5 me and 8 me. 
This applies regulated +150 volts to the screen 
grid of V207. 

g. When reconnecting the crystal-oscillator 
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Figure 59. Rf su!Jchassis, bottom view, front section. 

subchassis and the vfo subchassis, check the reg
ulated voltage at the +150V test point E607 on 
the af subchassis. This point can be reached 
through a hole at the left side of the receiver. 
Also check for approximately 205 to 225 volts 
on pins 5 and 6 of XV603 or XV604 when all the 
subchassis are reconnected. 

91. Checking Heater and Oven Circuits 
for Opens and Shorts 

a. Open Circuits. 
(1) An open circuit in the filament and/ or 

oven circuits will not cause damage to 
the receiver, but will render the re
ceiver, or some of its functions, in
operative. All tube heaters are con
nected in parallel with the ac 6.3-volt 

filament winding of power transformer 
T801 with the exception of V401, V7fJl, 
V801, and V802. The tube heaters of 
V 401 and V701 are connected in series 
with current-regulator tube RT510, 
which is located on the if subchassis. 
A tube that does not light either has 
an open heater or the circuit carrying 
the heater power is open. A tube with 
an open heater is easily detected by 
substitution by a tube known to be 
good. 

(2) If tubes V401 and V701 do not light, 
the trouble is with either tube, cur
rent-regulator tube RT510, or in the 
wiring of the series circuit. If rectifiers 
V801 and V802 do not light, the trouble 
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C290 R218 XV204 L204 R213 C281 

R220 

C312 --.. ~ J.~tlJili'~ 
L211 - JE~:Nbl,~~~ 

L207 
LZ06 
C304 
R2ZI 

XV205 
C313 
L210 

R224 
R222 
R228 
R229 

R223 
RZ25 
C315 

XV206 
C314 

Figure 60. Rf subchassis, bottom view, rear section. 

Y404 Y415 Y414 Y413 Y401 Y406 Y409 Y408 Y407Y405 

Y412 

Y403 
Y411 
Y410 
V401 
J410 

J401 

Figure 61. Crystal-oscillator subchassis, top view. 
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C429 B,D,F,H 

C429 A,C,E,G 

C430B,D,F,H 
C430A,C,E,G 
C43 I B,D,F,H 
C431 A,C,E,G 
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C425 C423 C419 ~15 C408 L401 C402 

C427 C421 C412 R406 R40<I R405 C401 

Figure 62. Crystal-oscillator subchassis, bottom view. 

is with the tubes, an open 25.2-volt ac 
filament winding on power trans
former T801, or' in the wiring. 

____ HEATER 
WINDING 

TM856A-33 

Figure 63. Crystal-oscillato~ subchassis, internal 
view of crystal oven. 

(3) Crystal oven HR202 on the rf sub
chassis is always connected to the 6.3-
volt ac line. If it does not operate, the 
thermostat switch, the heater winding, 
or the wiring to it is defective. For the 
vfo oven HR701, or crystal-oscillator 
oven HR401 to operate, OVENS switch 
8106 must be in the ON position. 
Trouble in these circuits must be de
tected by checking the individual parts 
in each one. Use figure 102 when 
checking these circuits. 

b. Shorted Circuits. 
(1) Short circuits in the tube heater and/ 

or oven circuits usually blow the AC 3 
AMP fuse on the rear panel on the re
ceiver. Disconnect all power plugs ex
cept Plll from the power-supply sub
chassis and apply ac power to the 
receiver. Set the FUNCTION switch to 
STAND BY. If tubes V801 and V802 
in the power-supply suhchassis light 
and fuse FlOl does not blow, the 
trouble is in one of the other sub
chassis. If the fuse blows, the trouble 
is in the power-supply subchassis or 
main frame wiring. Follow the pro
cedure in (2) below for locating the 
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tube heater or oven short. 
(2) Remove each tube from the subchassis 

to be tested and check the terminals 
listed below with an ohmmeter. If the 
reading is below that specified, a fila
ment bypass capacitor or an oven 
heater winding is short-circuited. 

Subchassis Points of Resistance not 
ohmmeter check less than 

Rf subchassis J208-B to ground Infinity 
J208-F to ground 100 ohms 
J512-8 to ground Infinity 

If subchassis J512-19 to ground Ir.iinity 
J512-20 to ground Infinity 

Af subchassis J619-10 . Infinity 
Xtal osc subchassis J410-E to ground 11 ohms 

J410-F to ground 11 ohms 
J410-B to ground Infinity 
J709-D to J709-J 13 ohms 

Vfo subchassis J709-E to J709-K 13 ohms 
J709-H to ground Infinity 

92. Operational Test 

a. Operate the equipment as described in the 
equipment performance check list (par. 50). 
This check list is important because it fre-

quently aids in sectionalizing the trouble with
out the need for further testing. Check for over
heated parts, faulty controls, and intermittent 
operation. Observe 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 in
cluding fourth if amplifier V504. If the LINE 
LEVEL meter reading is normal, satisfactory 
operation of the remaining stages, except for 
the local audio channel, consisting of V602A and 
V603, is indicated. These latter stages can be 
checked by listening to the LOCAL AUDIO out
put at terminals 6 and 7 on the rear panel with 
a 600-ohm headset or speaker. 

b. To check the local audio and if stages 
quickly, connect a 600-ohm headset to the 
PHONES jack on the front panel. Turn the 
FUNCTION switch to AGC. Starting at the 16 
KC position of the BANDWIDTH switch, set 
the switch in turn to each lower position. If the 
volume of the noise heard in the headset de
creases noticeably with each lower setting, the 
if and local audio stages are operating. This test 
does not necessarily indicate normal operation. 

V504 T503 T502 V506 V503 T501 FL505 FL504 C515 FL502 C513 

!BANDWIDTH I 
SWITCH 
SHAFT 

!BFO PITCH I 
SHAFT 
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Figure 64. If siibchassis, top view. 



c. The calibration-oscillator signal can be 
used as a convenient means of quickly localizing 
trouble in the receiver. Typical methods are 
described in (1) and (2) below. 

(1) To check the contacts of the rf band 
switches (S201 through 8208, fig. 59) 
and crystal-oscillator band switches 
(8401 and 8402, fig. 62), connect a 600-
ohm headset to the PHONES jack on 
front panel. Set the FUNCTION 
switch to CAL. Set the KILOCYCLE 
CHANGE control to any 100-kc posi
tion, and turn the BFO switch to ON. 
Starting with the lowest detent posi
tion of the MEGACYCLE CHANGE 
control, turn the control to each detent 
position in succession. Adjust the BFO 
PITCH control as necessary to obtain 

R533 XV507 C537 R546 

C511 FL502 RSOB R506 

a signal in the headset. If no audible 
signal is heard in a detent position, 
trouble with contacts of the rf band 
switch or crystal-oscillator band switch 
is indicated. 

(2) Check the LINE LEVEL meter, LINE 
METER switch, and LINE GAIN con
trol as follows : Connect a headset to 
the PHONES jack on the front panel 
and adjust the KILOCYCLE CHANGE 
control for an even 100-kc reading on 
the dial. Set the FUNCTION switch 
to 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 O vu (upper 

C539 J514 

5502 R504 

R536 

J512 

C504 

C505 
JSIB 

J513 

~~~==~~4~:11---1 L501 :;l: R503 

C501 C502 

C503 

R502 

TM856 A-35 

Figure 65. If subchassis, bottom view, rear section. 
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lM&~A-36 

Figure 66 . If subchassis, bottom view, front section. 

scale). Turn the LINE METER switch 
to 0. Reading on LINE LEVEL meter 
should drop to -10 vu. Readjust the 
LINE GAIN control for a 0-vu reading 
on LINE LEVEL meter. Turn 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 the 10-db pads on 

Figure 67. Vfo siibchassis, top view. 

TB101 (fig. 74), the LINE METER 
switch, and the LINE GAIN control. 

d. The synchronization of the tuning shafts 
can be quickly checked as follows: 

C714 R702 C712 L706 C713 XV701 P717 
TM8:56A-38 

Figure 68 . Vfo subchassis, bottom view. 



FL601 C603 C606 L601 

J620 K601 E607 V605 V601 TM856A-39 

Figure 69. Af subchassis, top view. 

(1) Set the frequency-indicator reading so 
that the first two digits are zeros and 
the last three digits read an even 100 
kc or a multiple thereof between 500 
and 900. 

(2) Set the FUNCTION switch to CAL. 
(3) Advance the RF GAIN control until a 

reading is obtained on the CARRIER 
LEVEL meter. 

(4) Raise the .5- to 1-mc slug rack (fig. 56) 
slightly with the hand; the CARRIER 
LEVEL meter reading should df.
crease. 

(5) Press down lightly on the .5- to 1-mc 
slug rack (fig. 56) slightly with the 
hand; the meter reading should de
crease. If the reading increases when 
the slug rack is either raised or de
pressed, the camshaft is out of syn
chronization or electrical alignment is 
requir~d. 

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

(6) Repeat the procedures described in (1) 
through (5) above for each slug rack 

(fig. 56), setting the megacycle num
bers on the frequency-indicator dial at 
a reading within the band covered by 
the slug rack being checked. 

e. If an increase in CARRIER LEVEL meter 
reading is obtained, check mechanical and elec
trical alignment (par. 138 through 144). 

93. High-frequency Oscillator Injection 
Voltage Tests 

A simple check to determine whether the 
conversion oscillators (V207, V401, and V701) 
are oscillating can be made as follows: 

a. Turn the FUNCTION switch to STAND 
BY. This removes B+ from all tubes except the 
conversion oscillators. The cathodes and con
trol grids of the mixers act as rectifiers of the 
oscillator voltage at test points E209, E210, and 
E211 (fig. 58). The voltage at test point E402 
(fig. 58) is the rectified grid leak bias at the 
control grid of V401. 

b. Check the de voltage at test points E209, 
E210, and E211 with a vtvm. The voltages 
should be as follows : 
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Test point V oltage 

E209 -6.8 (approx.) 
E210 -3.5 to - 8 
E 211 -2.8 to - 4.3 
E 402 -4 to -11 

N ote. To obtain a meter reading at test point E209, 
.he receiver must be tuned below 8 me. 

L602 R617 R618 

R614 

R615 

R610 

R612 

R625 

R623 

R621 

R626 

R622 

C608 

C609 

C605 

R611 
C604 
C607 

R606 

R605 

C 602 

R6.27 

R608 

XV605 

E 607 

C611 

K601 

94. Over-all Receiver Gain Test 

The procedures given in this paragraph and 
paragraph 95, provide a quick method for 
measuring the over-all gain and if gain of the 
receiver. These tests, when applied properly, 
r ender accurate information regarding the over-

R619 

L601 

R613 
XV603 

XC606 

R624 

XV604 

R609 

XV602 

R620 
XC603 

R604 

R603 

R607 

FL601 

XV601 

R602 

C601 

R601 

J620 

J619 

TM856A-97 

Figure 70. Af subchassis, bottom -view. 
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Figiire 71. Power-supply subchassis, top view. 

all performance of the receiver. Correct use of 
these tests and procedures will eliminate the 
possibility of discarding tubes, which still meet 
tube tester emission tests, but are not ·quite as 
good as new tubes. These instructions also out
line the method for adjusting GAIN ADJ con
trol R519 on the if subchassis. 

a. Set the receiver controls as instructed in 
paragraph 85, except set the FUNCTION switch . 
to MGC. 

b. Connect the vtvm between the DIODE 
. LOAD terminal 14, and ground. 

c. Connect the signal generator through 
Electrical Dummy Load DA-121/ U, or equiva
lent, to the BALANCED ANTENNA connector 
on the rear panel of the receiver. 

d. Tune the receiver and the signal generator 
to the same frequency. 

e. Adjust the signal generator attenuator to 

XV802 xvao, TBBOI TBOI JSII 

TM856A- 42 

Figure 72. Power-supply subchasbis, bottom view. 

KIOtB 

JI03 

Jl04 

TM856A-43 

Figure 73 . Antenna relay assembly, internal view. 

obtain a diode load voltage reading on the vtvm 
of -7 volts. 

f. If the attenuator setting on the signal 
generator is between 1 and 4 microvolts, the 
over-all gain of the receiver is satisfactory. If 
the over-all gain of the receiver is below (or 
above) this limit, proceed with the instructions 
in paragraph 95. 

g. To make this test successfully, use an ac
curately calibrated signal generator. If an ac
curately calibrated signal generator is not 
available, compare the input signal required to 
produce a -7-volt reading at the DIODE LOAD 
terminal of the receiver under test with another 
similar receiver known to be in good condition. 

h. Each time this test is made, record the 
amplitude of the input voltage required to pro
duce -7 volts between the DIODE LOAD 
terminal and ground. If the results of this test 
show that more than twice the input voltage is 
required compared to the last recorded input 
voltage, make the if-gain test according to the 
instructions in paragraph 95. 

95. If Subchassis Gain Test and Adjustment 
Note. This test and adjustment procedure should be 

done each time tubes are replaced in the if subchassis. 

If the over-all gain of the receiver is not 
sufficient to yield a diode load voltage of - 7 
volts when the input is between 1 and 4 micro
volts, check and adjust the if subchassis gain as 
follows: 

a. Disconnect plugs P213 and P218 from 
jacks J513 and J518 on the if subchassis (fig. 
56). 
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TM856A - 44 

Figure 74. Radio Receiver R-390A/URR, front panel and interior of main frame. 

b. Connect the signal generator through Im
pedance Adapter MX-1487 to the IF OUTPUT 
receptacle. Disconnect P114 from J514, and con
nect it to J513. 

c. Connect the vtvm between the DIODE 
LOAD terminal 14 and ground. 

d. Set the receiver controls as instructed in 
paragraph 85, except set the FUNCTION switch 
to MGC. Be sure the RF GAIN control is fully 
clockwise. 

e. Turn the signal generator modulation off. 
f. Tune the signal generator to exactly 455 . 

kc, by peaking the response with the BAND
WIDTH control set at .1 KC. 

g. Adjust the signal generator attenuator for 
an output of 150 microvolts, and set the BAND
WIDTH control to 8 KC. 

h. If the reading on the vtvm is less than - 7 
volts, loosen the hexagonal lock nut and adjust 
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GAIN ADJ control R519 located on the if sub
chassis (fig. 64) to obtain a reading of -7 volts. 
A reading of greater than -7 volts generally 
indicates low gain in the rf subchassis. 

i. If a -7 volts reading cannot be obtained 
with a signal input level of 150 microvolts ±50 
microvolts, defective tubes, misalignment, or 
circuit trouble is indicated. 

j. Disconnect the signal generator and vtvm 
from the receiver, reconnect P114 to J514, P213 
to J513, and P218 to J518, and tighten the 
hexagonal lock nut on R519. 

96. Trouble-shooting Chart 

a. The tests given in paragraph 46 will prove 
to be effective in localizing troubles; use of these 
tests should be the first step in trouble shooting. 

b. The following chart is supplied as a further 



aid in locating trouble in the receiver. This chart 
lists the symptoms that the repairman observes, 
either visually or audibly, while making simple 
tests. The chart also indicates how to localize 
trouble quickly to the audio, if, or rf stage that 
is defective. The signal substitution tests out-

97. Voltage and Resistance Checks 
Note. Receiver controls must be set as instructed in 

paragraph 85. 

Voltage and resistance diagrams for the vari
ous subchassis of the receiver are shown in 
figures 75 through 81. These illustrations show 
the values that should be obtained at the tube
socket pins and resistor and capacitor boards. 
If a value, as read on the meter, such as Multi
meter TS-352/U, or equivalent, 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 

''iined in paragraphs 98 through 103 can then be 
used to supplement this procedure as an aid in 

1locating the defective stage. Once the trouble 
has been localized to a stage or circuit, a tube 
check and voltage and resistance measurements 
of the stage or circuit should ordinarily be 
sufficient to isolate the defective part. 

No . 

1. 

2. 

3. 

4. 

5. 

Sympton 

·when the FUNCTION switch is in any 
position other than OFF, receiver 
fails to operate and tubes and dial 
lamps do not light. 

Receiver passes if noise test (par. 4611) 
but does not pass rf noise test (par. 46d) . 

Probable trouble 

Open AC 3 AMP fuse on rear 
panel. 

Current regulator RT510 burned 
out or P717 disconnected 
from J217. 

Tubes and dial light, but receiver is Low B supply voltage caused 
inoperative or insensitive. by weak rectifier tubes. 

RF n01se 1s maximum when MEGA- Mistracking of RF coils. 
CYCLE CHANGE control is out of 
detent position. 

Noise on any band is less than that on an 
adjacent band. 

Crystal oscillator trimmers mis
adjusted. 

6. Noise does not drop sharply between If gain is set too high. 
detent positions of MEGACYCLE 
CHANGE control. 

Correction 

Replace fuse. If it blows again, check 
receiver for B + and filament shorts 
(par. 90 and 91). Also check for correct 
power supply connections (par. 15). 

Replace tube. Inspect cable connected 
to P717. 

Check for + 150 volts at t est point E607. 
Check for +205 to +225 volts at pins 
'5 and 6 of V603 and V604. If voltage 
is low, replace V603 and V604. 

Realign rf coils (par. 144) . 

Realign crystal oscillator trimmers (par. 
140). 

Adjust if gain (par. 148). 

7. Calibration signal not present on all Lack of oscillator injection volt- Replace proper oscillator tube. Check 

8. 

9. 

bands. age (par. 93). oscillator crystals (par. 104). Realign 
crystal oscillator trimmers (par. 140). 

Abnormal conditions found during syn
chronization tests. 

Excessive error at one end of KILO
CYCLE CHANGE control after ex
treme other end has been calibrated. 

Receiver out of synchronization. 

Aging has caused vfo range to 
spread. 

Resynchronize (par. 138) receiver. 

Reset vfo end point (par. 150). 

10. Intermittent noise. Overage tubes . Isolate noisy tube by tapping and replace. 

Readjust disk on shaft. 11. Binding evident when KILOCYCLE Dial lock disk misplaced. 
CHANGE knob is turned. 

Dial lock guide pin not seated Reposition lock. 
in front panel. 

Panel bearing out of position, Reposition bearing in front panel. 
distorting shaft. 

12. Calibration signal audible on only one Crystal oscillator · switch shaft Check and tighten switch linkage (par. 

13. 

14. 

band. disengaged. 140). 

Inaccurate frequency identification when Calibration crystal off frequency. 
receiver is calibrated. 

Receiver completely operative above 8 Trouble in V202 or V207 stages. 
me only. 

Adjust calibration oscillator (par. 146). 

These stages are used only from .5 to 8 
me. Test stages by signal substitution 
and voltage and resistance tests (par. 
98 and 97). 
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which part is at fault. For example, if a 100,000-
ohm resistance reading is indicated at a given 
tube-socket pin on a diagram and the actual 
reading is 30,000 ohms on the meter, the cir
cuit diagram of the subchassis should be ex
amined for the presence of a resistor or capaci
tor in the circuit under test that could, if 
defective, account for the incorrect reading. 
Such a part would then be suspected and should 
be checked. There are many ways of using the 
voltage and resistance diagrams, depending on 

the resourcefulness of the repairman. Set the 
receiver controls as instructed in paragraph 85, 
and change them only if indicated in the par
ticular voltage and resistance diagram. 

98. Signal Substitution Notes 
Note. The noise tests described in paragraph 46 

should be used to localize the trouble to a subchassis or 
group of stages within a subchassis prior to attempting 
signal substitution. These tests are simple to conduct, 
and, in most cases, are as effective as signal substitution. 

100-KC 
MULTIVIBRATOR 

V206 

CALIBRATION OSC 
AND IOO-KC CATHODE 

FOLLOWER IST CRYSTAL OSC 
V207 

5654/6AK5W 

2.8 
*220 
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5814A 
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20K 
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V205 
5814A 

IST MIXER 
V202 
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9. 7 
2200 

~4 / 0 
61MEG NOTE I O 

NC 

NOTE I 

30 MIXER 
V204 
6C4 

NOTES: 
I. TO OBTAIN MEASUREMENTS SHOWN 

ON V202 AND V207 OPERATE 
RECEIVER BELOW SMC, 

2. TO OBTAIN MEASUREMENTS SHOWN 
ON V205 AND V206 SET !FUNCTION! 
SWITCH IN [f&] POSITION. 

3 . *-WITH !RF GAIN! CONTROL COMPLETELY 
CLOCKWISE . 

4. 6-IFUNCTION! SWITCH IN THE ~ POSITION . 

20 MIXER 
V203 
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199 
20K 

NC 

NC 
TM856A-70 

,Figure 75. Rf subchassis, voltage and resistance diagram. 
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Figure 76. Crystal-oscillator subchassis, voltage and resistance diagram. 

a. Signal substitution for Radio Receiver 
R-390A/ URR requires an audio oscillator, such 
as Audio Oscillator TS-382/ U, or equivalent, 
for checking the audio circuits. An rf signal 
generator, such as RF Signal Generator Set 
AN/ URM-25, or equivalent, is required for 
checking the antenna, rf, and if circuits. This 
signal generator must be able to supply un
modulated and modulated signals from 400 kc 
to 32 me. The signal output level of this genera
tor must be continuously adjustable and ac
curately calibrated from one microvolt to 100,-
000 microvolts. 

b. A multimeter (such as Multimeter TS-
352/ U, or equivalent) and a tube tester (such as 
Electron Tube Test Set TV-2/ U, or equivalent) 
are required to isolate troubles in the various 
stages and tubes. 

c. For the tests described in paragraphs 99 
through 103, connect the ground lead of the 
audio oscillator or signal generator to the re
~eiver chassis, and connect the hot lead to the 
specified point through a capacitor (approxi
mately .05 uf). When using RF Signal Generator 
Set AN/ URM-25, use Test Lead CX-1363/ U in 

place of the .05-uf blocking capacitor. The test
ing information in paragraphs 86 and 87 should 
be followed. 

d. When performing the signal substitution 
tests, be sure that the amplitude of the signal 
from the signal generator or the audio oscillator 
is sufficient to produce an audio output; how
ever, when working from the output of the re
ceiver towards the antenna, reduce the signal 
generator or audio oscillator output as required 
to prevent overloading. Turn the amplitude of 
the generator all the way down and then raise it 
to an audible level. This insures that an ex
tremely strong signal is not overloading the re
ceiver, or that the signal is not being forced 
through a defective stage. 

e. Listen to the audio signal in the headset 
or in the speaker, and determine whether the 
signal is being distorted. Be sure that the 
LIMITER control is in the OFF position, other
wise limiter action might distort the audio sig
nal. If another similar receiver is available and 
in proper ope_r~ting condition, compare the re
sults between the two receivers. 
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!ST IF AMPL 
V501 
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!. VOLTAGE AND RESISTANCE READINGS ON *RESISTANCE VALUES IN() INDICATE RANGE 4: RESISTANCE READING OF PIN 2 IN () 7. A !RF GAINI CONTROL 
V503 ARE WITH A NORMAL SETTING OF OF READINGS DEPENDING UPON SETTING TAKEN WITH !FUNCTION !SWITCH SET TO COMPLETELY CLOCKWISE. 
THE !GAIN ADJ! CONTROL R519. MINIMUM OF R519. ~ .VALUES OF PINS 6 AND7 IN () 8. **!FUNCTION I SWITCH 
(CLOCKWISE) AND MAXIMUM (COUNTER- 2 -RESISTANCE OF PIN 7 VARIES WITH SETTING TAKEN WITH !LrMITERi CONTROL SET TO Ilg, IN ~ POSITION. 
CLOCK.WISE) SETTINGS CHANGE VOLTAGE • OF !CARR-METER ADJi CONTROL R523. . 5 . VALUES IN () TAKEN WITH !LIMITER! 

READINGS AS FOLLOWS: 3 _SET ~ SWITCH TO~ POSITION. CONTROL SET TO [Q], 

PIN NO. RESISTANCE VALUES OF PINS SAND 6 IN () 6. RESISTANCE VALUES lrl () TAKEN WITH 
R519 2 5 6 7 ARE TAKEN WITH @fQt SWITCH IN !FUNCTION ! SWITCH SET TO ~ -
MIN 19 196 144 19 [QITl POSITION. 
MAX 1.3 178 85 1.3 

Figure 77. If subchassis, voltage and resistance diagram. 

f. While performing the signal substitution 
tests, carefully examine the wiring and the 
physical condition of the receiver. Sometimes 
trouble is caused by loose solder or wire chips 
caused by previous repair or handling. Always 
be sure that the front-panel controls are set as 
specified in paragraph 85, or as instructed for 
the particular procedure. 

g. A tuning shaft that is out of synchroniza
tion or a coil slug or trimmer capacitor that is 
misaligned will cause reduced output, or even 
no output at all. Synchronization of the shafts 
and cams (par. 138) should be checked, and the 
proper positioning of the rf, if, and crystal-
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oscillator band switches should be checked be
fore adjustment of the individual tuned circuits 
is attempted. 

h. When the trouble is isolated to a particular 
stage, check the most probable cause of trouble 
first, and then proceed to the other probable 
causes. Tubes and control settings should be the 
first items checked. If this fails to reveal the 
trouble, proceed with voltage and resistance 
tests. 

i. Trouble in a particular stage does not al
ways upset the normal voltage and resistance 
readings. This is especially true of open capaci
tors. Open capacitors often can be detected by 
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Figure 78. Vfo subchassis, voltage and resistance diagram. 

bridging the suspected one with a similar capaci
tor. This practice is limited by the frequency at 
which the circuit functions, as serious detuning 
of rf :md if stages might result. The applica
tion of this practice and its success depends 
largely upon the skill and experience of the 
repairman. 

j. When testing tubes, remove one tube at a 
time. Observe the tube type and check it by sub
stituting it with a tube known to be in good 
condition; if a tube tester is available, the tube 
can be checked on it. When inserting tubes into 
the receiver, be sure their pins are straight and 
that none of the pins is missing. Be sure to use 
the proper type tube. A wrong tube installed 
in the receiver might result in no operation at 
all, and in certain instances, cause damage to 
the receiver. 

k. Each succeeding step of the signal sub
stitution tests assumes that the preceding steps 
were made, and that the previously tested 
stages are functioning properly. 

99. Local Audio Channel Tests 
Note. Prior to attempting the audio tests, connect 

the output of the audio oscillator to DIODE LOAD ter
minal 14 .. and chassis ground to determine conclusively 
whether the local and/or line audio channels are func
tioning. If a clear strong signal is heard at the local 
and line audio outputs, the audio channels may be 
assumed to be operating properly. 

a. Pin 5 of V603 (Plate of Local AF Output 
Tube). Apply an af signal to pin 5 of tube socket 
XV603. Use the full output of the audio oscilla
tor. The audio signal heard in the headphones 
or speaker will be low. If no signal is heard, 
check the connections to audio output trans
former T601, and also check the de resistance of 
the transformer (par. 106). 

b. Pin 1 of V603 (Grid of Local Af Output 
Tube). Apply the audio signal to the grid (pin 
1) of tube socket XV603. The audio signal 
should be loud as compared with the previous 
step. It may be necessary to reduce the output 
of the audio oscillator. If there is little or no 
increase in gain, or the signal sounds distorted, 
or both, replace tube V603. If this does not im
prove the condition, check coupling capacitor 
C605 for leakage and check voltages on this 
tube. 

c. Pin 1 of V602 (plate of Local Af Amplifier 
Tube). Apply the same level of audio signal to 
pin 1 of XV602 as that used in b above. The 
audio output level should be approximately the 
same. If the audio signal is noticeably weaker, 
or does not exist at all, check capacitor C605 by 
bridging it with a similar capacitor and repeat
ing the test. 

d. Pin 2 of V602 (Grid of Local Af Ampli
fier). Turn the LOCAL GAIN control on the 
front panel of the receiver fully clockwise. Ap-
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Figure 80. Power-.supply subchassis, voltage and resistance diagram. 

ply the af signal to pin 2 of XV602. The signal 
should be much louder than that of the previous 
steps, and it will be necessary to reduce the af 
output from the audio oscillator. If the signal is 
not amplified as it should be, or the signal 
sounds distorted, or both, check tube V602 by 
replacing it. If this does not correct the trouble, 
check voltages, resistance, and parts in the local 
af amplifier circuit. 

I 00. Line Audio Channel Tests 
Connect a headset across the LINE AUDIO 

terminals on the rear panel of the receiver. The 
. LINE LEVEL meter may also be used to check 
;the output of the line audio channel; however, 
the headset must be used to detect distortion 
and noise. 

a. Pin 5 of V604 (Plate of Line Af Output 
Tube). Apply the full output of the audio oscil-

lator to pin 5 of XV604. A weak af signal should 
be heard in the headset. In no signal is heard, 
check the leads to af output transformer T602, 
the de resistance of T602 (par. 106), the at
tenuator (Rlll through R115), and the wiring 
in the output circuit of the line audio channel. 
Terminals 11 and 12 on the rear panel of the 
receiver must be tied together for this test. 

b. Pin 1 of V604 (Grid of the Line Af Output 
Tube). Apply the af signal to the grid (pin 1) 
of XV604 of the line af output t1;1be. The af sig
nal should be louder than that in the previous 
step. If it is not, check tube V604 (by substitu
tion) and coupling capacitor C608 for a short or 
leaky condition. Check the other voltages on 
V604 and the associated circuit parts. Check the 
operation of the LINE LEVEL meter by turn
ing LINE METER switch S105 to each of its 
positions. Meter deflection should be minimum 
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on the +10 setting and maximum on the -10 
position. If the output from the audio oscillator 
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c. Pin 6 of V602 (Plate of Line Af Ampli
fier). Apply the audio oscillator signal to pin _6 
of XV602. The signal should be of approxi
mately the same amplitude as that of the pre-

' vious step. If it is not, check coupling capacitor 
C608 for an open by bridging it with a similar 
capacitor. If this does not correct the trouble, 
check the circuit voltages and resistances. 

d. Pin 7 of V602 (Grid of Line Af Amplifier). 
Turn the LINE GAIN control fully clockwise. 
Apply the af signal to pin 7 of XV602. The audio 
output should be much louder than in the two 
previous steps. It will be necessary to r~duce 
the output of the audio oscillator. If the signal 
is not amplified as required, check tube V602 by 
substitution, check voltages and resistances. 

IOI. Af Amplifier Test 
a. Pin 8 of V601. Apply the audio signal to 

pin 8 of XV601. Be sure the AUDIO RESPONSE 
switch is set to WIDE. The audio signal output 
should be considerably weaker than that ob
tained when the signal was applied to pin 2 of 
XV602 because of low impedance at the cathode 
of V601B. If no signal is heard, check tube 
V601 by substitution. If this fails to correct the 
trouble, check the voltages, resistances, and 
parts in the af cathode-follower circuit. 

b. Pin 7 of V601. Apply the audio signal to 
pin 7 of XV601. The audio output should be 
stronger than that obtained from the previous 
step. If no audio signal is heard or it is weak 
and/ or distorted, check tube V601B by substi
tution. If this test fails, check resistors R607 
and R608. 

c. Pin 1 of V601. Apply the audio signal to 
pin 1 of XV601. The audio signal output should 
be the same or weaker than that obtained in the 
previous step. If no audio output is heard, and 
the audio signal is weak or distorted, check tube 
V601 by substitution. If this test fails, check 
circuit voltages, resistances, and parts. 

d. Pin 2 of V601. Apply the audio signal to 
pin 2 of XV601. The audio signal output heard 
should be considerably stronger than that ob
served in the previous test. If this is not the 
case, check V601 by substitution and check cir
cuit voltages, resistances, and parts. 

e. Pin 14 of J620. Apply the audio signal to 
pin 14 of J620, The signal should. be weaker 
than that obtained ind above. 

I 02. If Subchassis Tests 
a. Pin 1 or 2 of V507 (Output Plate of Lim

iter V507). The LIMITER switch should be in 
the OFF position for this test. Feed an audio 
signal to pin 1 of XV507. The audio output 
should be of similar amplitude as that obtained 
when the audio signal is fed to pin 14 of J620. 
If this is not the case, check capacitor C549 for 
an open by bridging it with a similar capacitor. 
If this test fails, check the wiring from the lim
iter V507 to the first af amplifier V601. 

b. Pins 3 and 8 of V507 (Cathodes of Limiter 
V507). Apply the audio signal to pins 3 and 8 
of XV507. The audio output should be of similar 
amplitude as the previous step. If this test fails, 
or the audio signal is weak or distorted, V507 or 
R535 may be defective. 

c. Pin 6 or 7 of V507 (Input Plate of Limiter 
V507). Apply the audio signal to pin 6 or 7 of 
XV507. The audio output should be similar in 
amplitude to that of the previous step. If this 
test fails, V507 may be defective. Replace by 
substitution. If tube V507 checks satisfactorily, 
capacitor V532 may be shorted. 

d. Pin 6 or 7 of V506 (Plate of Detector 
V506B). Apply a modulated 455-kc signal to 
pins 6 and 7 of XV506 through Test Lead 

. CX-1363/ U. Use sufficient 455-kc signal to ob
tain usable audio output. If this test fails to 
pass any signal through the detector V506B, 
the tube may be defective. Test by substitution. 
If no signal output can be obtained, check to see 
that there is a jumper between the DIODE 
LOAD terminals 14 and 15 on the rear panel of 
the receiver. If the trouble persists, trace the 
signal path from the detector V506B to the in
put of limiter V507. 

_e. Pin 5 of V504 (Plate of Fourth If Ampli
fier). Apply the modulated 455-kc signal: to pin 
5 of XV504. The audio output level should be of 
approximately the same amplitude as the pre
vious test. If this test fails, check tube V504 by 
substitution. If trouble persists, check circuit 
voltages, resistances, and individual parts. 

f. Pin 1 of V504 (Confrol Grid of Fourth If 
Amplifier). Apply the modulated 455-kc signal 
to pin 1 of XV504. The audio output observed 
in the headset or loudspeaker should be con
siderably louder than that obtained in the 
previous setup. If this is not the case, check 
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tube V504 by substitution. If trouble persists, 
check circuit voltages, resistances, and parts. 

g. Pins 5 and 1 of First Three If Amplifiers. 
Set the FUNCTION switch to MGC. Turn the 
RF GAIN control fully clockwise, and set the 
BANDWIDTH switch to the 4 KC position. 
Apply the modulated 455-kc signal to each of 
the plates and control grids in succession, work
ing from pin 5 of XV503 and finishing on pin 1 
of XV501. Each time the modulated 455-kc 
signal is applied to the grid of the next if 
amplifier, a noticeable increase in output should 
be observed. If this is not the case, trouble 
shoot the particular stage that fails to give the 
required amplification. 

I 03. Rf Subchassis Tests 
Note. Refer to the rf and variable if conversion 

scheme (par. 107) if alternate test frequencies are 
attempted. 

a. Pin 1 of V204 ( Plate of Third Mixer). 
Apply the modulated 455-kc signal to pin 1 of 
XV204. The amplitude of the audio output 
should be approximately the same as that ob
tained when applying the test signal to pin 1 
of V501. If this test fails, check T208 and the 
connections between the rf subchassis and the 
if subchassis. 

b. Pins 6 and 7 of V204 (Control Grid and 
Cathode of Third Mixer). Set the frequency in
dicator to 01 +ooo, and apply a 2-mc modulated 
signal to test point E211 (fig. 58). If no output 
signal is heard, connect an antenna or a 2-mc 
signal source to test point E211, and at the 
same time, apply a strong 2455-kc unmodulated 
rf signal to pin 7 of XV204. The reception of 
noise or signals indicates a defective vfo. To 
check the injection voltage of the vfo, turn the 
FUNCTION switch to STAND BY, and check 
the de voltage at test point E211. This voltage 
is rectified by the cathode and control grid of 
V204 during the absence of plate voltage on 
V204. This voltage should be between -2.8 and 
-4.3 volts de. If the voltage is not within these 
limits, check _the rf voltage from the vfo. Meas
ure the amount of rf voltage from the vfo by 

· connecting the probe of the ac vtvm to pin 7 of 
V204. The voltage should measure at least 1.8 
volts rms for normal operation. When the 
trouble is in the vfo, check tube V701; check 
tube-socket voltages and resistances. If no sig
nal is heard when the 2455-kc unmodulated 
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signal is applied to pin 6 of V204, check third 
mixer V204 and its tube-socket voltages and 
resistances. 

c. Pin 1 of V203 (Plate or Second Mixer). 
Apply a modulated 2-mc signal to pin 1 of 
XV203. A weak output signal may indicate that 
plate circuits Z216-1 through Z216-3 are not 
tuned or not properly aligned mechanically. 

d. Pins 6 and 7 of V203 (Control Grid and 
Cathode of Second Mixer). Set the MEGACY
CLE CHANGE control to 00, and apply a 17.5-
mc modulated rf signal to test point E210, and 
turn the KILOCYCLE CHANGE knob to 500. 
If no signal is heard, either the second mixer 
stage or the second crystal-oscillator stage is 
defective. To determine which stage is at fault, 
apply a strong 20-mc unmodulated rf signal to 
pin 7 of XV203 while test point E210 is con
nected to an antenna or a 17.5-mc signal source. 
The reception of static or rf signals indicates a 
defective second crystal-oscillator stage. Turn 
the FUNCTION switch to STAND BY. Measure 
the rectified injection voltage at test point E210. 
A reading of -3.5 to -8 indicates that injection 
voltage is available from the second crystal 
oscillator and that tube V203 has cathode emis
sion. The amount of injection voltage available 
from the second crystal oscillator is measured 
by connecting the ac probe of the vtvm to pin 7 
of V203. A reading of approximately 1.8 volts 
ac or higher indicates normal output from the 
second crystal oscillator. If normal output is not 
obtained, check tube V401 by substitution. Also 
check the crystal-oscillator subchassis dial in
dicator. It should read 0. If the trouble persists, 
check the crystal, or crystals, in the second 
crystal-oscillator subchassis associated with 
this test. This can be done by substituting a 
similar crystal of the same frequency. If the 
trouble is not caused by a tube or crystal, check 
the circuit voltages and resistances, and all 
parts associated with that circuit. If no output 
is heard when the proper crystal oscillator sig
nal is applied to pin 7, check second mixer tube 
V203 by substitution. If this test fails, check 
tube-socket voltage and resistance measure
ments and the tuned circuits Z216-1 through 
Z216-3 for incorrect tuning or mechanical mis
alignment. 

e. Pin 1 of V202 (Plate of First Mixer). 
Apply a 17.5-mc modulated signal to pin 1 of 



tube socket XV202. If no signal is heard or it is 
weak, check the tuning and mechanical align
ment of tuned circuits Z213-1 through Z213-3. 

f. Pins 6 and 7 of V202 (Control Grid and 
Cathode of First Mixer). Apply a .5-mc modu
lated signal to test point E209. If no signal is 
heard, apply a strong unmodulated 17-mc signal 
to pin 7 of XV202 while test point E209 is con
nected to an antenna or a .5-mc signal source. 
If static or signals are audible, the trouble is in 
the first crystal oscillator. Turn the· FUNCTION 
switch to STAND BY and check the injection 
voltage at test point E209. A de reading of more 
than 4.5 volts indicates injection voltage is ob
tained from first crystal oscillator V207. Meas
ure the ac voltage at pin 7 of V202 with the ac 
probe of the vtvm. Normal output should be at 
least 3 volts ac. If the output is not as specified, 
check tube V207 by substitution, check crystal 
Y201 by substitution with another 17-mc crys
tal, and measure the tube-socket voltage and re
sistances. If the operation of first crystal oscil
lator V207 is normal, check · tube V202 by 
substitution. If trouble prevails, check the tube
socket voltage and resistances and associated 
parts. 

g. Pin 5 of V201 (Plate of Rf Amplifier). 
Apply a modulated .5-mc signal to pin 5 of 
XV201. If the output is below normal, check the 
tuned circuits that couple rf amplifier V201 and 
first mixer V202. 

h. Pin 1 of V201 (Control Grid of RF Ampli
fier). Apply the .5-mc modulated rf signal to 
test point E208. If the signal is weak or absent, 
check tube V201 by substitution. If' this test 
fails to reveal a defective tube, check tube
socket voltage and resistances. 

i. Antenna Input. Connect the .5-mc modu
lated output of the signal generator to the UN
BALANCED or BALANCED ANTENNA con
nector. If the signal is missing or weak, check 
the antenna tuning circuits and their selector 
switches. Check the operation of antenna relay 
KlOl by setting the FUNCTION switch to CAL, 
and listening for the operation of the relay. 
100-kc markers at every 100-kc point on the fre
quency indicator should be present. 

I 04. Checking Oscillator Crystals 
If it is suspected that an oscillator crystal is 

defective, it can be checked readily by several 
methods. 

a. The first method is to remove the sus
pected crystal and replace it with a similar crys
tal of the same frequency. This comparison 
method depends on the availability of spare 
crystals. 

b. The second method requires the use of a 
vtvm, such as Electronic Multimeter TS-505/U, 
or equivalent. A crystal oscillator rectifies grid 
leak bias when it is oscillating. To determine 
whether the circuit is operating, measure the 
control grid voltage for a negative reading. This 
test determines to some extent the activity of 
the crystal, as well as the condition of the rest 
of the circuit. While reading the negative volt
age at the control grid of the particular oscil
lator, remove the crystal and observe the vtvm 
reading. It should drop to nearly zero. This test 
however, will not indicate whether the crystal 
is operating on the correct frequency. It is pos
sible that the crystal may be operating on an
other mode, possibly far removed from the cor
rect frequency. First crystal oscillator V207 
(17 me) and the calibration oscillator V205A 
(200 kc) do not have grid test points, and access 
to the tube sockets must be. made before check
ing the grid leak bias. Grid leak bias of second 
crystal oscillator V 401 can be made at test point 
E402 (fig. 61). 

c. A third method also requires the use of a 
vtvm. This test is made by setting the FUNC
TION switch to STAND BY and measuring the 
rectified injection voltage at the control grids 
of the mixer stages. Test points E209 and E210 
(fig. 58) are the test points for the first and sec
ond mixers, V202 and V203, respectively, and 
should be used for checking the operation of 
first crystal oscillator V207 and second crystal 
oscillator V401, respectively. 

d. The fourth method is accomplished by re
moving the suspected crystal from the receiver 
and trying it in another receiver. 

e. The fifth method of checking receiver crys
tals consists of feeding the output of the crystal 
oscillator under test into the' antenna receptacle 
of another receiver. This should be · done with 
very loose coupling, such as through a 1-uuf 
coupling capacitor. The frequency of the crystal 
under test should be tuned in on the second re
ceiver and checked for frequency accuracy and 
quality of signal. Be sure the second receiver 
is not tuned to a harmonic of the crystal. 
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I 05. Stage Gain Charts 
The stage gain charts in a, b, and c below list · 

the minimum and maximum voltages required 
to produce a voltage of -7 volts at the DIODE 
LOAD terminal 14 at the rear panel of the re
ceiver for if and rf tests. For af tests, the signal 
input to the af subchassis to produce 500 milli
watts (local af channel) and 10 milliwatts (line 
af channel) is measured. Use this information 
to check the gain of the individual stages, as 
well as the over-all gain of a particular sub
chassis, or the entire receiver. Before attempt
ing these tests, be sure the trouble is not caused 
by weak or defective tubes, improper alignment, 
or misadjustment of GAIN ADJ control R519 
on the if subchassis. To obtain the rf or if stage 
gain readings, connect a vtvm such as Electronic 
Multimeter TS-505/U, or equivalent, between 
DIODE LOAD terminal 14 at the rear panel of 
the receiver and chassis ground. Connect the 
ground lead of the signal generator or audio 
oscillator to the receiver chassis ground, and the 
hot lead to the specified point of signal injection 
through a .05-uf capacitor. When RF Signal 
Generator Set AN/URM-25 is used, use Test 
Lead CX-1363/ U in place of the .05-uf blocking 
capacitor. When checking the if subchassis, ac
cess to the tube sockets must be made by con
necting the subchassis under test to the main 
frame with patch cords. Another method neces
sitates wrapping a small piece of wire around 
the tube pin, or using tube adapters that are 
sometimes available (fig. 54). These tube adapt
ers are placed between the tube and tube socket; 
each pin of the tube is accessible for connection 
to the test probe. Tune the signal generator to 
the frequency of test, and adjust the output for 
a reading of -7 volts. Compare the output of the 
signal generator with the charts listed below. 
Readings that are outside these limits do not 

a. Rf SubcJiassis Stages. 

Note. Set FUNCTION switch to MGC. 

Balanced Test point 

necessarily indicate improper functioning of the 
receiver. The gain of individual stages from one 
receiver to another over a period of time will 
vary. Set the receiver controls as instructed in 
paragraph 85, except set the FUNCTION switch 
to MGC, and change them only when the partic
ular check or test orders different control 
settings. (See chart at bottom of page.) 

b. If Subchassis Stages. Set the FUNCTION 
switch to MGC and set the BANDWIDTH 
switch to 2 KC, 4 KC, 8 KC, and 16 KC positions 
for all tests. The variation from the BAND
WIDTH switch position of maximum gain to the 
switch position of minimum gain must not ex
ceed a ratio of two-to-one. 

Signal generator Signal generator 
output connection output (microvolts) 

1st if ampl grid 100 to 200 
(V501) 

2d if ampl grid 250 to 500 
(V502) 

3d if ampl grid 10,000 to 20,000 
(V503) 

4th if ampl grid 300,000 to 400,000 
(V504) 

c. Af Subchassis Stages. 

(1) Connect the output of the audio oscil
lator to the DIODE LOAD terminal 14 
and chassis ground through a .05-uf 
capacitor, and adjust it for 400 cps out
put. 

(2) Connect the ac vtvm in parallel with a 
600-ohm, noninductive resistor across 
the LOCAL AUDIO terminals 6 and 7 
on the rear panel of the receiver. 

Sign.al generator Antenna E208 Test point E209 Test point E210 Test point E211 
output connection connector grid V20I V202 V203 V204· 

Frequency (me) .5-32 .5-32 .5-8 17.5-25 17 .5 to 3-2 8-32 3-2 .4558 

25 

Signal generator less than 4 4 to 16 15 to 60 15 to 60 20 to 60 13 to 20 to 50 to 20 to 
output (micro- 40 65 125 40 
volts) 

8 Remove the 3- to 2-mc variable if slug rack and tuned circuit Z216-3 before attempting this test [par. 130a(l) and (4) ]. 
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(3) Turn the RF GAIN control fully coun
terclockwise. Turn the LOCAL GAIN 
control fully clockwise. Set the AU
DIO RESPONSE switch at WIDE. 
Check to see that the LIMITER switch 
is in the OFF position. 

(4) Increase the output of the audio oscil
lator until 500 milliwatts (17.3 volts 
rms across 600 ohms) is indicated on 
the ac vtvm. 

(5) Check the output of the audio oscil
lator. It should be approximately 1 
volt. 

(6) Transfer the ac vfvm and 600-ohm re
sistor to LINE AUDIO terminals 10 
and 13. 

(7) Turn the LINE GAIN control fully 
clockwise. 

(8) Adjust the output of the audio oscil
lator for an output of 10 milliwatts 
(2.45 volts rms across 600 ohms). 

(9) Check the output of the audio oscil
lator. It should be less than 1 volt. 

I 06. De Resistances of Transformers 
and Coils 

The de resistances of the windings of the 
transformers and coils in Radio Receiver 
R-390A/URR as measured with an ohmmeter, 
such as Multimeter TS-352/ U, or equivalent, 
are listed below: 

a. Main Frame. 

Trans/ armer or coil Terminals Ohms 

FLIOl A-A less than .1 
B-B less than .1 

KlOl 1-2 200 

b. Rf Subchassis. 

Transformer 
or coil Terminals Ohms 

HR202 1-3 5 
L201 7 
L202 .6 
L203 .6 
L204 .6 
L205 .6 
L206 .6 
L207 .6 
L208 7 

Transformer 
or coil T er111inals Oh111s 

L208 7 
L210 .15 
L211 7 
L236 .3 
T201 1-2 less than . 2 

4-6 2.7 
T202 1-2 less than .2 

4-6 1.2 
T204 1-2 less than .2 

4-6 .4 
T205 1- 2 less than .2 

4-6 less than .2 
T206 1-2 less than . 2 

4-6 less than .2 
T207 1- 2 less than . 2 

3-4 less than .2 
T208 1-5 2.5 

2-3 2 
3-4 2 
2-4 4 

Z201- l 1-3 2.8 
Z202-l 1-3 1.8 
Z203-l 1-3 1.2 
Z204- l 1-3 .5 
Z205- l 1-3 .2 
Z206-l 1-3 less than . 2 
Z201- 2 1-3 2.8 
Z202-2 1-3 1.8 
Z203-2 1-3 1.2 
Z204-2 1-3 .5 
Z205- 2 1-3 .2 
Z206-2 1-3 less than .2 
Z213-l 1-3 less than .2 
Z213-2 1-3 less than .2 
Z213-3 1-3 less than . 2 
Z216-l 1-3 1.1 
Z216-2 1-3 1.1 
Z216-3 1-3 1.1 

c. Crystal-oscillator Subchassis. 

Tra11 sfor111er 
or coil Terminals Oh111 s 

HR401 gnd J410-E 11 
L401 -7 
L402 .6 
T401 1-2 less than .1 

3-4 less than .1 

d. If Subchassis. 

Transformer 
or coil Terminals Oh111s 

FL502 1-2 40 
3-4 40 

FL503 1-2 40 
3-4 40 

FL504 1-2 40 
3-4 40 
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Trans! ormer 
or coil Terminals 

FL505 1-2 
3-4 

L501 
L502 
L504 
L505 
RT510 2-7 
T501 1-2 

4-5 
T502 1-2 

4-5 
T503 1-2 

3-4 
4-5 
3-5 

Z501 1-2 
Z502 1-2 

1-3 
2-3 

Z503 1-5 

e. Af Subchassis. 

Transformer 
or coil Terminals 

F'L601 1-2 
2-3 
1-3 

K601 1-7 
L601 1-2 
L602 1-2 
L603 1-2 
T601 1-2 

3-{ 
5-6 

T602 1-2 
3- 4 
5-6 

f. Vfo Subchassis; 

Transformer 
or coil Terminals 

L706 
Z702 1-2 

3-4 
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Ohms 

40 
40 
7 

90 
3 

90 
8 
6 
6 
6 
6 
6 
6.1 
6 .3 

.2 
4.8 

.2 
1.8 
1.6 

18 

Ohms 

230 
250 
480 

2.8 
130 
125 
110 
580 

28 
30 

580 
28 
30 

Ohms 

.6 
4 

.5 

I 07. Rf and Variable If Conversion Scheme 

a. Use the chart in e below to understand and 
check the frequency conversion scheme. The 
output of third mixer V204 is fixed at 455 kc, 
and the first crystal oscillator is 17 me. The fol
lowing is an example of the use of the frequency 
conversion chart. 

Frequency of received signal .... 7145 kc 
Frequency indicator reading .. . ... 07 145 
Band (me) ....... . ................. 7 
Position of switch S201 and range of 

antenna and rf coils (me) ........ 4-8 
Position of switch S401 .............. 7 
First variable if (me) ...... .. ... 24.145 
Second crystal-oscillator crystal 

frequency (me) ................... 9 
Second crystal-oscillator output 

frequency (me) .................. 27 
Second variable if (me) ........... 2.855 
Vfo frequency (me) .............. 3.310 

b. The first variable if equals the first crystal
oscillator frequency (17 me) plus the frequency 
being received when the received frequency is 
between .5 and 8 me .. When receiving signals 
above 8 me, first mixer V202 and first crystal 
oscillator V207 are disabled. 

c. The second variable if equals the difference 
between second crystal-oscillator V401 output 
frequency and the first variable if. The second 
variable if range is from 3 to 2 me on all bands 
except the .5- to 1-mc band. On this band, the 
range is 2.5 to 2.0 me. -

d. The vfo frequency equals the second vari
able if plus the fixed if output of third mixer 
V204 (455 kc). The vfo frequency range is from 
3.455 me to 2.455 me on all bands except the 
.5- to 1-mc band. On this band, the range is from 
2.955 me to 2.455 me. 



107. e. 

Position of switch S201 
and range of antenna Position of 

Band (me) and rf coils (me) switch S401 

5-1 .5-1 .5 
1- 2 1-2 1 
2-3 2-4 2 
3-4 2-4 3 
4- 5 4-8 4 
5- 6 4-8 5 
6-7 4- 8 6 
7- 8 4- 8 7 
8-9 8- 16 8 
9-10 8-16 9 

10-11 8- 16 10 
11-12 8- 16 11 
12- 13 8- 16 12 
13-14 8-16 13 
14-15 8- 16 14 
15-16 8-16 15 
16-17 16-32 16 
17-18 16-32 17 
18- 19 16-32 18 
19- 20 16-32 19 
20- 21 16-32 20 
21-22 16- 32 21 
22- 23 16-32 22 
23-24 16- 32 23 
24-25 16- 32 ., 24 
25- 26 16- 32 25 
26- 27 16-32 26 
27-28 16- 32 27 
28- 29 16- 32 28 
29-30 16- 32 29 
30-31 16-32 30 
31-32 lu- 32 31 

I 08. B+ Distribution Notes 
Many troubles can be caused by faults in the 

B+ distribution circuits. Make voltage measure
ments of these circuits early in the trouble
shooting procedure. Figure 103 presents B+ 
distribution for the entire receiver. 

I 09. Age Voltage Distribution Notes 
Age troubles with the receiver can be detected 

in several ways. The loss of age bias at the con
trol grids of tubes V201 through V204 and V501 
through V503 can cause excessive receiver gain; 
blocking will result on moderately strong or 
strong signals. Several methods for checking the 
age circuits are explained below. Use figure 104 
when trouble shooting age trouble. 

a. Resistance Check. With the power plug 
disconnected from the source of ac receiver 
power and the FUNCTION switch on AGC, 
check the de resistance between ground and 

1st variable if 2d xlal osc crystal 2d xlal osc output 
range (me) freq (me) freq (me) 

17.5-18 10.0 20.0 
18-19 10.5 21.0 
19-20 11.0 22.0 
20-21 11.5 23.0 
21-22 12.0 24.0 
22-23 12.5 25.0 
23-24 13.0 26.0 
24-25 9.0 27.0 

11.0 11 0 
12.0 12.0 
13.0 13.0 
14.0 14.0 
15.0 15.0 
16 0 16.0 
17.0 17.0 
9.0 18.0 
9.5 19 .0 

10 . 1 20.0 
10.5 21.0 
11.0 22.0 
11.5 23.0 
12.0 24 .0 
12.5 25.0 
13.0 26.0 
9.0 27.0 

14.0 28.0 
14.5 29.0 
15.0 30.0 
15.5 31.0 
16.0 32.0 
11.0 33.0 
17.0 34.0 

AGC NOR terminal 4. It should be no less than 
500,000 ohms. If it is less than this, a tube or 
age bypass capacitor might be shorted or leaky. 
This condition can be further traced by discon
necting P108 and Pl12, one at a time; observe 
the ohmmeter for a change in the de resistance 
to ground of the age line. The checking can be 
carried still further by removing the tubes con
trolled by age and checking the de resistance of 
the bypass capacitors on the age line. 

b. Age Voltage Check. Some age troubles, 
such as gassy tubes, will not be evident unless 
the receiver is operating. This type of trouble 
can be checked by operating the receiver with 
the FUNCTION switch on AGC, and receiving 
a moderate to strong signal from a radio sta
tion or signal generator. With the jumper con
nected across AGC NOR terminals 3 and 4, 
check the age bias with a vtvm. Do not use a 
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voltmeter with an input resistance of less than 
several megohms. With the vtvm connected be
tween chassis ground and AGC NOR terminal 
4, vary the output of the signal generator, or 
detune the receiver slightly. The vtvm indica
tion should rise and fall as this is done. Adjust 
the receiver so that a reference age voltage is 
established at the AGC NOR terminal, and then 
proceed to check the age voltage at test points 
E208 through E211 on the rf subchassis and at 
the control grids of the controlled tubes in the 
if subchassis. If the age voltage established at 
the AGC NOR terminal 4 is absent, or consider
ably lower, at any of these check points, replace 
the particular tube with one known to be good. 
The questionable tube may be gassy. 

c. Tube Substitution. Once it has been deter
mined that age trouble exists, substitute the 
tubes controlled by the age bias. More than one 
such tube may be causing the trouble; tempo
rarily replace all questionable tubes. Be sure to 
replace all the original tubes that are in good 
condition when the check is concluded. 

d. Fixed Bias Source. A means of furnishing 
a variable source of negative de bias to the age 
line can be made up as follows: Provide a de 
source of 9 or 10 volts, such as series-connected 
batteries, and wire a variable resistor across the 
de source. The total resistance of this variable 
resistor should be between 1,000 and 100,000 
ohms. Connect the positive side of the de voltage 
source to the chassis ground. Remove the 
jumper from AGC NOR terminals 3 and 4, and 
connect the slider on the variable resistor 
through a 1,000-ohm resistor to AGC NOR ter
minal 4. This resistor provides protection if 
the FUNCTION switch is accidentally turned to 
MGC. This variable bias device replaces the 
age-producing circuit in the receiver, and allows 
the repairman to determine whether the age 
circuit is operating. It also provides a reference 
bias level for testing as explained in b above. A 
vtvm should be connected between chassis 
ground and AGC NOR terminal 4 for setting 
the bias reference level. 

I I 0. Mechanical If Filter Tests 
The band-pass characteristics of each indi

vidual mechanical if filter can be determined 
by performing the selectivity tests outlined in 
paragraph 161. If the band-pass characteristics 
of one of the filters is abnormal and the others 
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conform properly, the particular filter is prob
ably defective. The db loss in each filter should 
be approximately 8 db. This attenuation can be 
checked by using the CARRIER LEVEL meter 
and a signal from a signal generator or reliable 
signal from a radio station by comparing the 
signal level through the other mechanical filters. 
Both band pass and db losses can be caused by 
a failure of the small mica capacitors connected 
to the input and output windings of the mechan
ical filters. When replacing these items, be sure 
to replace them with exactly the same value 
capacitor, because the resonance and band pass 
of each filter depend on the correct capacitance. 
The input and output coil resistances are given 
in paragraph 106. 

I I I. Band-pass Filter Test, 800-cps 
The attenuation of this filter can be checked 

by comparing the audio level with the AUDIO 
RESPONSE switch in the WIDE position and 
then in the SHARP position. The resulting 
audio levels should be approximately the same, 
The LINE LEVEL meter, LINE METER 
switch, and the LINE GAIN control can be used 
in making this test. The de resistance of the 800-
cps audio filter is given in paragraph 106. 

112. Checking Oven Thermostats 
This procedure outlines the method for deter

mining whether the thermostats in the crystal 
ovens open and close properly. The testing is 
done with an ohmmeter, such as that incorpor
ated in Multimeter TS-352/U, or equivalent. 
Begin this test after the receiver has been 
turned off for an hour or so, to be sure that the 
ovens have cooled. 

a. Oven HR202. 

(1) Disconnect Pl08 from J208, and con
nect the ohmmeter between chassis 
ground and pin F on J208. 

(2) Set the ohmmeter range switch to XlO 
and observe the reading. It should be 
approximately 100 ohms. This indi
cates that the thermostat switch is 
closed. 

(3) Wrap a thin wire around pin 1 of 
HR202 and connect it to one side of an 
ac voltmeter. Connect the other side 
of the meter to chassis ground. 



( 4) Reconnect Pl08 and J208, and turn 
the receiver on; set the FUNCTION 
switch to AGC or MGC. Allow the re
ceiver to operate for approximately 10 
minutes. Note that the ac voltmeter 
reading changes as the oven is turned 
on and off, indicating that the thermo
stat is operating. 

b. Ovens HR401 and HR701 . 

(1) Connect a 0- to 5-ampere ac ammeter 
across OVENS switch 8106. This 
closes the oven circuits. 

(2) With the receiver operating, the ac 
ammeter will indicate zero when both 
thermostats are open, and approxi
mately 2 amperes for each oven when 
they operate. 

I 13. Checking Relays KIO I and K60 I 

If the operating condition of relay KlOl or 
K601 is doubtful, check it by disconnecting the 
relay from the receiver and actually checking 
its operation and the condition of its contacts. 
The de resistance of the relays is given in para
graph 106; relay K601 should operate when the 
voltage across its winding is raised from O volt 
to 5.6 volts ac. The contacts should be checked 
with an ohmmeter for continuity when the relay 
is operated and not operated. Use the receiver 
schematic diagram (fig. 106) for identifying 
the terminals. Relay KlOl should operate when 
the voltage across its winding is raised from O 
volt to 16 volts (rectified, but not filtered ac). 

I 14. Checking Rectifiers CR IO I and CR I 02 

a. Crystal Rectifier CR101. Cry.stal. rectifier 
CRlOl can be checked by measuring the for
ward and reverse current through it. 

Caution: Always begin the test with the arm 
of the potentiometer adjusted to deliver O volt, 
otherwise the rectifier or the milliammeter will 
be damaged. Proceed as follows: 

(1) Connect a 50,000-ohm potentiometer 
across a 221f2-volt battery. 

(2) Connect the negative side of this vari
able voltage supply to AGC DIV terminal 

5 on the rear panel. 
(3) Connect a 0- to 15-volt voltmeter 

across the variable voltage supply. 

( 4) Connect a O to 1 mil.liammeter between 
the arm on the potentiometer and AGC 
NOR terminal 3. 

(5) Increase the voltage output of the sup
ply until 10 volts is read on the meter. 

(6) The reverse current should not exceed 
.075 milliampere. 

(7) Turn the potentiometer back to O volt 
output, and reverse the terminal 3 and 
5 connections. 

(8) Replace the Oto 1 milliammeter with a 
O to 10 milliammeter. 

(9) Adjust the potentiometer for a 1-volt 
reading. 

(10) The forward current through CRlOl 
should be at least 4 milliamperes. 

b. Selenium Rectifier CR102. Turn the 
FUNCTION switch to CAL, turn the OVENS 
switch to ON, and measure the de voltage be
tween the red and blue terminals on CR102 
(fig. 57). It should be at least 19 volts de with 
full load applied. If the voltage is considerably 
less than this, check the ac voltage between 
chassis ground and the yellow terminal on 
CR102. This voltage should be approximately 
25.2 vol.ts ac. If the de voltage output of the 
rectifier is considerably less than 19 volts de, 
replace CR102, and recheck the de voltage be
tween the red and blue terminals. 

115. Checking Current-regulator 
. Tube RT510 

Remove 'the current-regulator tube RT510 
from the tube socket, and measure the de resis
tance between pins 2 and 7. The de resistance 
should be approximately 8 ohms. Also check the 
voltages on the heaters of the tubes that are con
nected in series with RT510 across the 25.2-volt 
winding of the power transformer (fig. 77, 78, 
and 102). 

116. Checking LINE LEVEL and 
CARRI ER LEVEL Meters 

a. LINE LEVEL Meter. The accuracy of this 
meter can be checked by comparing its readings 
with those obtained when performing the audio 
output tests (par. 155). When readings on the 
LINE LEVEL meter are not as they should be, 
check the resistors on front-panel terminal 
board TB101 (fig. 74). These resistors are in 
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the line audio circuit, and the failure of one of 
them wil1 affect the readings, and possibly, the 
audio output level at LINE AUDIO terminals 
10 through 13 on the rear panel of the receiver. 

b. CARRIER LEVEL Meter. This meter is 
most easily checked by comparing its readings 
with those of a similar meter known to be in 
good operating condition. 

117. Checking Lamp I I 03 
This lamp can be checked by appiying 90 volts 

de or 65 volts ac across its terminals. This is the 
minimum voltage required to ionize the gas in it. 

118. Main Frame Resistance and 
Continuity Chart 

This chart can be used as a trouble-shooting 
aid when tracing wires in the main frame of the 
receiver. The From and To columns indicate the 
wire continuity, and the Notes column gives ad
ditional information, such as wire color, ground 
connections etc. This chart should be used with 
the main frame wiring diagram (fig. 105). 

From To Noles 

8101-3 P112-ll White - green 
8101-2 Sl02-2B White - red 

8102-B FlOl-2 White - orange 
8102-A Plll-7 White - orange 
S102-8B P119-3 White - red - b lue 
8102-lB Pll9-2 White - red - green 
Sl02-2B P112-2 White - red 
S102-4B Pl08J White - black - green 
S102-5B P119-8 White - black - red 
S102-7B P119-4 White - brown - red 
Sl02-8F P119-7 White - red - orange - blue 
Sl02-5F TB102-3 White - orange 
S102-6F R103-l White 

8103-3 TB103-9 White - brown - red - orange 
8103-2 P119-l White - black - red - orange 
8104-1 Pl20-6 Shielded wire, black 
8104-2 P120-.'i Shielded wire, red 
8104-4 R104- l White - black 
8104-6 P120-l ... Shielded wire, yellow 
8104-7 Pl20-4 Shielded wire, green 
8104-8 Pl20-7 Shielded wire, brown 
8105-8 TBlOl-7 White - green - blue 
8105-7 TBlOl-3 White - blue 
8105-4 TBlOl-9 White - brown - blue 
8105-3 TBlOl-11 White - black - blue 
8105-10 TBlOl-10 White - black - red - green 
8105-9 TBlOl-12 White - black - red - blue 
8107-9 8108-6 White 
8107-8 P112-15 White - orange - green 
8107-7 P112-13 White - red - orange - green 
Jl02-2 TB102-8 Shielded wire, white - blue 
Jl02-l TB102-7 Shield, white 
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From 

8108-7 
8108-5 

Rl20-3 
Rl20-l 

Rl04-l 
Rl04-3 
Rl04-2 
Rl04-3 
R105-l 
Rl05-3 
Rl05-2 
R105-3 
Rl03-1 
Rl03-2 
MlOl(+) 
M102 (+) 
Ml02 (-) 
TBlOl-1 
I 101-C 
P119-2 
P119-2 
P119-2 
P119-4 
P119-4 
P119-4 
P119-5 
P119-6 
P119-9 
P119-10 
P119-11 
Pl20-8 
P120-9 
Pl20-10 
Pl20-ll 
Pl20-13 
P120-12 
P120-13 
P120-14 
P120-13 
Pl09-D 
P109-E 
Pl09-F 
Pl09-H 
P109-J 
Pl09-K 
Plll-1 
Plll-1 
Plll-2 
Plll-6 
Plll-10 
Plll-11 
TB103-10 
TB103-13 
TB103-14 
TB103-16 
TB103-15 
TB103-16 
TB103-16 
C103 (+) 
Cl03 (-) 

To Notes 

P112-10 White - orange - blue 
P112-9 White - red - orange 

TB103-15 Shielded wire, orange 
TB103-16 Shield 
R105-l Shielded wire, white - black 
R105-3 Shield 
P120-3 Shielded wire, white - orange 
Pl20-13 Shield 
P120-2 Shielded wi1·e, white - black 
Pl20-13 Shield 
Pl20-l Shielded wire, white 
Pl20-13 Shield 
MF gnd-34 Main frame ground, white 
TB102-2 White - brown - green 
;TBlOl-8 White - black - orange 
P112-14 White - black - orange 
P112-12 White - brown - orange 
P119-10 White - black 
MF gnd-32 Main frame ground, white 
P109-A White - red 
PllO-A White - red 
P108-K White - red - green 
P109-B - White - brown - red 
Pl08-D White - brown - red 
PllO-C White - brown - red 
Plll-5 White - red 
CR102-Y2 White - brown 
TB102-6 White - green 
Plll-10 White - black 
MF gnd-34 Main frame ground, white 
MlOl(+) White - black - orange 
TB103-11 White - black - blue 
TB103-1 2 White - brown - blue 
TB103-14 Shielded wire, white - brown 
TB103-16 Shield 
TBlOI-4 White - green 
MF gnd-34 Main frame ground, white 
P112-7 Shielded wire, orange 
Pll2-l 7 Shield 
8106-0N White - brown 
Sl06-0N White - brown 
MF gnd-34 Main frame ground, white 
Pl12-19 White - black - blue 
MF gnd-34 Main frame ground, white 
MF gnd-34 Main frame ground, white 
Pll2-8 White - brown 
8106-0FF White ~ brown 
MF gnd-33 Main frame ground, white 
FL101-A White - orange 
Pl12-20 White - black 
MF gnd-33 Main frame ground, white 
TBIOI-6 White - red - blue 
TBIOl-5 White - black - red 
P112-5 Shielded wire, white - brown 
P112-17 Shield ..: 

Pll2-3 Shielded wire, orange 
Pl12-17 Shield 
MF gnd-33 Main frame ground, white 
P112-16 White - blue 
MF gnd-32 Main frame ground, white 



From To Notes 

P108-H MF gnd-33 Main frame ground, white 
TB102-1 Cl03 (+) White - blue 
TB102-3 P112-4 White - orange 
TB102-4 Pl12-6 White - black - red 
TB102-7 MF gnd-33 Main frame ground, white 
P112-2 P108-A White - red 
P 112-16 P108-C White - blue 
8106-0N PllO-E White - brown 
8106-0N PllO-F White - brown 
P 112-17 MF gnd-32 Main frame ground, white 
P112-18 MF gnd-32 Main frame ground, white 
P112-20 PllO-B White - black 
P112-20 P108-B White-black 
P112-6 P{08-E White - black - red 
P112-20 P108-F White - brown 
PllO-D MF gnd-32 Main frame ground, white 
PllO-H MF gnd-32 Main frame ground, white 
CR102-Yl 8106-0FF White - brown 
CR102 (-) KlOl-1 White - black - red - green 
CR102 (+) KlOl-2 White - black - red - blue 
Plll-3 Pll 1-4 Jumper 
MlOl 8105 White - red 

119. Resistance Measurements at 
Subchassis Connectors 

Shorts and opens sometimes can be localized 
by measuring the resistance to ground of the 
terminals on the subchassis power connectors. 
The charts below indicate what the resistance 
readings should be on properly functioning sub
chassis. 

a. Rf Subchassis. 

Terminal of receptacle J208 Resistance to ground (ohms) 

Aa llOK 
B .8 
c Inf 
Da Inf 
E Inf 
F 100 
H 0 
r Inf 
Ka Inf 

b. Crystal-oscillator Subchassis. 

Terminal of rece7Jtacle J 410 Resistance to ground (ohms) 

Aa Inf 
B 10 
ca Inf 
D 0 
E 11 
F 11 
H 0 

an+ terminal. 

c. If Subchassis. 

Terminal of receptacle J512 Resistance to ground (ohms) 

1 Inf 
za 54K 
3 53K 
4 500K 
5 Inf 
6 Inf 
7 Inf 
8 Inf 
9 Inf 
10 420K 
lla Inf 
12 25 
13 2 meg 
14 Oto 20 
15 140K 
16 105K 
17 0 
18 0 
19 Inf 
20 .5 

d. Af Subchassis. 

Terminal of receptacle J619 Resistance to ground (ohms) 

1 3.6 
2 90K 
3 90K 
4 90K 
5a 90K 
6 Inf 
7 Inf 
8a Inf 
9 80 
10 Less than .1 
11 0 

Terminal of receptacle J620 Resistance to ground (ohms) 

1 Inf 
2 1 meg 
3 Inf 
4 500K 
5 200 
6 Inf 
7 200 
8 Inf . 9 Inf 
10 Inf 
11 Inf 
12 Inf 
13 0 
14 1.4 meg 
15 Inf 

aB + terminal. 
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e. Vfo Subchassis. 

Terminal of receptacle J709 Resistance to ground (ohms) 

Aa Inf 
Ba Inf 
c Inf 
D Inf 
E Inf 
F 0 
H 3.5 
J Inf 
K Inf 

f. Power Supply Sub chassis. 

Terminal of receptacle J811 Resistance to ground (ohms) 

1 Less than .1 
2 0 
3 Inf 
4 Inf 
5a Inf 
6 Inf 
7 Inf 
8 Inf 
9 0 
10 Less than .1 
11 0 

8 B + terminal. 

120. Calibration Oscillator Circuit 
Wave Forms 

Checking the shape and amplitude of the 
wave forms is sometimes useful when trouble 
shooting the calibration oscillator · circuit. To 
perform this check, turn the FUNCTION 
switch to CAL, and check the wave forms 
with an oscilloscope. They should conform with 
the data given in the chart below. Values vary
ing 20 per cent above or below those specified 
are normally acceptable. 

Tube and pin General shape Amplitude, volts 
peak to peak 

V205-1 Sine wave, 200 kc 20 volts 
V205-8 Square wave, 100 kc .75 volt 
V206-1 Nonsinusoidal wave, 100 kc 85 volts 
V206-2 Nonsinusoidal wave, 100 kc 65 volts 
V206-6 Nonsinusoidal wave, 10,0 kc 85 volts 
V206-7 Nonsinusoidal wave, 100 kc 65 volts 

Section Ill. REPAIRS 

121. General Notes on Removals 
and Replacements 

a. General. Instructions for the removal and 
replacement of subassemblies and detail parts 
in Radio Receiver R-390A/ URR are given in 
paragraphs 122 through 131. All the subchassis, 
except the rf subchassis, can be removed from 
the main frame of the receiver without removal 
of the front panel or other subassemblies in the 
receiver. Avoid changing the setting of the 
KILOCYCLE CHANGE control or any of the 
switches or shafts operated by the MEGA
CYCLE CHANGE control when the rf, if, and 
vfo subchassis are operated out of the receiver 
main frame. If these controls are operated, reset 
them to their previous settings. 

b. Captive and Mounting Screws. All the 
threaded fasteners that secure the subassem
blies to the main frame of the receiver are 
color-coded with green screw heads. Loosen 
and remove only these screws unless otherwise 
instructed. The only exceptions to the use of 
the green-headed screws are the front-panel 
screws that secure the front panel of the re-
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ceiver. Some of the securing screws are the 
conventional threaded type, and the remainder 
are captive screws. Captive screws remain at
tached to the subassembly they secure when 
the subassembly is removed from the main 
frame. All captive and mounting screws are 
loosened and removed with the Phillips screw 
driver supplied with the receiver. All knobs, 
shaft couplers, gears, and cams are loosened 
and removed with the No. 8 Bristo (fluted) 
wrench also supplied with the receiver. 

c. Connectors. All rf and power connectors 
used in the receiver are readily removed by 
hand. The rectangular power connectors are 
removed by pulling them outward with a slight 
rocking motion. The polygon-shaped power con
nectors have locking shells that must be rotated 
counterclockwise before removing them from 
their mating connector. The coaxial rf-type 
connectors also must be rotated counterclock
wise before removing them from their mating 
connectors. In several cases, the removal of 
an rf connector can be made easier by the use 
of long-nosed pliers or a long, narrow, plier-



type tool that will readily grip the connector. 
Replacement of the connectors is the reverse of 
removal. Be careful when a ligning the pins on 
the connectors, otherwise they might be broken 
or bent. Examine the pins on the connectors 
before attempting to join them with their 
mating connectors. This will indicate the proper 
pin alignment and reveal damaged pins. 

d. Receiver Handling. The use of two wooden 
blocks about 2 inches thick and 12 inches long 
is necessary for supporting the main frame of 
the receiver when it is placed on a bench or 
table. Place the wooden blocks under the bottom 
side edges of the receiver. This allows the front 
panel to be removed and rested on its handles. 

122. Front-panel Removal and Replacement 

a. General. The front panel has to be re
moved whenever the removal of the rf sub
chassis and its rf gear train assembly is re
quired. Following the proper steps · in removing 
the front panel is important, otherwise damage 
or mechanical misalignment of the tuning sys
tem can result. 

b. R emoval. 
(1) Turn the KILOCYCLE CHANGE 

knob fully counterclockwise to the 
stop (approximately - 963 on kilocycle 
counter). 

(2) Turn the MEGACYCLE CHANGE 
knob fully counterclockwise to the stop 
(approximately 00 on the megacycle 
counter). 

(3) Set the BFO PITCH control to 0, 
and the BANDWIDTH control to 16 
KC. 

(4) Remove the MEGACYCLE CHANGE, 
KILOCYCLE CHANGE, ANT TRIM, 
and DIAL LOCK knobs. Turn the 
shaft on the DIAL LOCK fully coun
terclockwise, loosen the hexagonal nut 
on the shaft, and turn the DIAL LOCK 
mechanism behind the panel so that 
it is in a vertical position, and is 
free from the locking plate on the 
KILOCYCLE CHANGE shaft. 

(5) Loosen, but do not remove, the BFO 
PITCH shaft coupler behind the front 
panel. Grasp the BFO PITCH knob 
and pull the knob and shaft outward 
from the front panel. This will. sepa
rate the shaft and coupler. 

(6) Loosen the BANDWIDTH shaft cou
pler, and pull the knob and shaft out
ward. 

(7) Remove the four % ~_inch by 8-32 flat 
Phillips screws on the left side of the 
front panel (fig . 82). They a re vertical 
and in line with the left front-panel 
handle. Remove the four similar 
screws on the right side of the front 
panel. Remove the five 7 / 16-inch by 
6-32 flat Phillips screws and ext ernal 
tooth lock washers on the front panel. 
All screws to be removed are shown 
in figure 82. 

Caution: Be sure the DIAL LOCK 
mechanism does not bind on the riv
eted locking plate (fig. 86) mounted 
on the KILOCYCLE CHANGE shaft. 

(8) Grasp the front-panel handles and 
pull forward with a slight vertical 
rocking mot~ The front panel will 
separate from the main frame, while 
riding on the ::ihafts of the KILO
CYCLE CHANGE, MEGACYCLE 
CHANGE, and ANT TRIM controls. 

(9) Carefully lower the front panel to the 
bench top, resting on the handles. Be 
sure that the main frame is resting 
securely on the wooden blocks. 

c. Replacem ent. 
(1) Grasp the front panel by the two han

dles and slide it forward on the KILO
CYCLE CHANGE, MEGACYCLE 
CHANGE, and ANT TRIM shafts 
with a slight vertical rocking motion, 
while pushing forward. 

(2) Check to see that the DIAL LOCK 
mechanism is in a vertical position and 
that the ZERO ADJ knob is fully coun
terclockwise. 

(3) Grasp the DIAL LOCK shaft and ro
tate the mechanism so that its jaws 
loosely clutch the riveted locking plate 
on the KILOCYCLE CHANGE shaft. 
Set the mechanism in the position that 
allows the raised surface on the mech
anism to fall into the aligning dimple 
on the rear side of the front panel. 

(4) Replace the eight ry;1-inch by 8-32 
screws and the five 7 / 16-inch by 6-32 
screws with their five lock washers 
that secure the front panel. 
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Figure 82. Front-panel removal, location of screws. 

(5) Turn the DIAL LOCK hexagonal nut 
fully clockwise with the fingers, and 
tighten the hexagonal nut with a suit
able 1/2-inch socket wrench. Replace 
the knob, allowing for a 1/s-inch clear
ance between the knob and the front 
panel. This prevents the knob from 
binding on the front panel when the 
DIAL LOCK is turned fully clockwise. 

( 6) Replace the remaining knobs on their 
respective shafts. The MEGACYCLE 
CHANGE and KILOCYCLE CHANGE 
knobs should have a Vs-inch clearance 
from the front panel to avoid binding. 

(7) Engage and tighten the shaft cou
plings on the BANDWIDTH and BFO 
PITCH controls. Be sure that the 
BANDWIDTH control is tightened on 
the 16 KC position and that the BFO 
PITCH control is tightened on 0. 

(8) Turn all the knobs previously removed 
through their entire range, and check 
for smoothness of operation and free
dom from binding. Also check them 
for correct positioning on their respec
tive shafts. 

(9) If the Oldham coupler and its anti-

backlash spring on the vfo subassem
bl.y were removed in a previous oper
ation, replace them. 

123. Rf Subchassis Removal and Replacement 

a. General. Removal and replacement of the 
rf subchassis is the most complicated of all 
subchassis removals and replacements. Gen
erally, the crystal-oscillator subchassis is re
moved with the rf subchassis because this is 
simpler than removing the rf subchassis sepa
rately. To remove the crystal-oscillator sub
chassis from the rf subchassis when both are 
removed from the main frame, follow the in
structions in paragraph 124. 

b. Removal. To remove the rf subchassis and 
crystal~oscillator subchassis, proceed as follows : 

( 1) Remove the antibacklash spring from 
the Oldham coupler (fig. 67 and 89) 
on the vfo subassembly and place it in 
a tray or container to prevent losing 
or damaging it. 

(2) Remove the front panel (par. 122). 
(3) Disconnect plugs PllO, P205, P206, 

P207, P717, P213, P218, and Pl08 
(fig. 56). 



(4) 

(5) 

( 6) 

(7) 

Remove the two 5/ 16-inch by 6-32 
Phillips green-headed screws and lock 
washers just below and beyond the
front auxiliary gear plate. One of the 
screws is accessible through an access 
hole in the front auxiliary gear plate 
and is just below the clutch gear 
(fig. 86) . 
Remove the two 1/:! -inch by 6-32 Phil
lips green-headed screws and lock 
washers from the left side of the rf 
subchassis, just below the main frame 
deck, through the access hole provided 
in the left side of the main frame. 
These screws are located behind the 
LOCAL GAIN control, when the front 
panel is in place. 
Remove the three lh-inch by 6-32 Phil
lips green-headed screws and lock 
washers that are located at the right 
side of the main frame. 
Loosen the two green-headed captive 
screws at the rear of the crystal-oscil.
lator subchassis, and the two green
headed captive screws at the rear of 
the rf subchassis. 

Caution: Once again, be sure that 
the cables listed in ( 3) above are dis
connected. 

(8) Turn the KILOCYCLE CHANGE 
shaft fully counterclockwise against 
the stop. 

Caution: During the performance 
of the next step, the Oldham coupler 
on the vfo subassembly shaft will come 
apart and the center disk will fall 
to the bench. Pick up the center disk 
and place it with the Oldham coupler 
antibacklash sprir,g for safekeeping. 

(9) Grasp the rf subassembly by the two 
5%-inch spacers and lift it carefully 
upward out of the main frame. Place 
the rf subchassis on the bench. Remove 
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the crystal-oscillator subassembly only 
when necessary (par. 124). 

c. Replacement. Instructions for replacement 
of the rf subchassis with the crystal-oscillator 
subchassis attached follow: If the crystal-os
cillator subchassis has been removed from the 
rf subchassis, secure it to the rf subchassis 
(par. 124). 

Caution: Before reinstalling the subchassis, 

be sure the KILOCYCLE CHANGE shaft is 
fuU.y counterclockwise. 

(1) If the center disk of the Oldham cou
pler has been removed, smear some 
grease on it and place it on the end 
disk attached to the vfo subchassis 
shaft. 

(2) 

(3) 

(4) 

(5) 

(6) 

Grasp _the rf subchassis by the two 
55/8-inch spacers and place it into the 
main frame. Retain the rf subchassis 
in place by starting, but not tight
ening, one or two of the Phillips green
headed machine screws and their lock 
washers. Leaving these screws loose 
allows shifting of the subchassis when 
starting the other screws. 

Caution: Be careful not to damage 
the metal grounding strips that con
tact the . bottom edges of the rf and 
crystal-oscillator subchassis. To pre
vent damage to the parts on the front 
panel, temporarily slide the front 
panelontothe KILOCYCLE CHANGE 
and MEGACYCLE CHANGE shafts 
prior to setting the receiver on its 
side. 
Set . the receiver on its left side with 
two wooden blocks under it and check 
the fitting of the Oldham coupler on 
the vfo subchassis. The center disk 
of the Oldham coupler should join the 
two end disks with about 1/ 32-inch 
play in the coupler (fig. 89). 
Engage the two green-headed captive 
screws at the rear of the crystal-oscil-
lator subassembly. Do not turn them 
down all the way. Also, engage, but 
do not turn down, the two green
headed captive screws at the rear of 
the rf subassembly. 
Engage the three Phillips green
headed screws and their lock washers 
at the right side of the main frame, 
and the two Phillips green-headed 
screws at the left side of the main 
frame. Engage the two Phillips green
headed screws and lock washers at 
the front under the clutch gear and 
tuning mechanism. 
Tighten all green-headed screws in 
the following order : 

(a) Three at the right side. 
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( b) Four captive screws at the rear 
of both subchassis. 

( c) Two at the left side. 
(d) Two below the clutch gear. 

(7) Reconnect plugs PllO, P717, P205, 
P206, P207, P213, P218, and P108. 

(8) Replace the front panel (par. 122). 

124. Crystal-oscillator Subchassis Removal 
and Replacement When Rf Sub
chassis is Retained in Main Frame 

a. General. Two methods for the removal of 
the crystal-oscillator subchassis are possible. 
This procedure is for the removal of the crystal
oscillator subchassis when the rf subchassis is 
to be retained in the main frame of the receiver. 
The procedure described in (2) through (8) 
below is for the removal of the crystal-oscil
lator subchassis from the rf subchassis when 
the rf and crystal-oscillator subchassis have 
been previously removed from the main frame. 

b. Removal. 
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(1) Remove the front panel (par. 122j. 
(2) Disconnect plugs PllO and P215 (fig. 

56). 
(3) Temporarily replace the MEGACY

CLE CHANGE knob and turn it so 
that the gears are positioned with 
their holes lined up with the access 
hole in the front plate. This makes 
one of the Phillips green-headed 
screws accessible. 

(4) Remove this 5/16-inch by 6-32 screw 
and its lock washer and the two other 
green-headed screws and their lock 
washers. These three screws fasten to 
the front edge on the crystal-oscillator 
subchassis. 

( 5) Loosen, but do not remove, the shaft 
clamp set screw on the crystal-oscilla
tor drive shaft. 

(6) Loosen the two green-headed captive 
screws at the rear of the crystal-oscil
lator subchassis. 

(7) T'emporarily disconnect plugs P205, 
P206, and P207 (fig. 56) to provide 
enough clearance for subchassis re; 
mo val. 

Caution: Be careful not to damage 
the metal grounding strip that con
tacts the bottom edges of the rf and 
crystal-oscillator subchassis. 

(8) Raise the rear end of the subchassis 
approximately 1,4 inch, slide the sub
chassis backward, and lift it out of the 
main frame. 

(9) Reconnect plugs P205, P206, and P207. 
c. Replacement. 

(1) The crystal-oscillator subchassis dial 
indicator should read the same num
ber as the first two digits of the fre
quency indicator on the front panel 
of the receiver. If this is not the case, 
turn the switch shaft with a screw 
driver through the access hole pro
vided at the rear of the subchassis. 
Turn over the subchassis and inspect 
the positioning of the rotor and its 
fixed mating contact on each of the two 
sections of the switch. Adjust the shaft 
slightly to make the contacts mate 
satisfactorily. 

Note. The crystal-oscillator shaft may be 
adjusted at the rear of the crystal-oscillator 
subchassis when the subchassis is mounted in 
the main frame. This is done with a long
shafted screw driver through the SYNC 
XTAL OSC hole at the rear of the receiver 
main frame. 

(2) Temporarily disconnect plugs P205, 
P206, and P207 (fig. 56). 

Caution: Be careful not to damage 
the metal grounding strip that con
tacts the bottom edges of the rf and 
crystal-oscillator subchassis. 

(3) Place the subchassis in position on 
the deck of the main · frame, and care
fully slide it forward and engage the 
drive shaft. 

(4) Engage, but do not tighten, the two 
green-headed captive screws at the 
rear of the subchassis. 

(5) Tighten the set screw in the shaft 
coupler on the crystal-oscillator drive 
shaft, and be sure that the collar and 
gear are pushed against the oilite 
bearing on the subchassis. 

(6) Replace the three Phillips green
headed screws and their lock washers 
at the front of the crystal-oscillator 
subchassis. Long-nosed pliers may be 
used to hold the screws while starting 
them. 

(7) Tighten the two green-headed cap
tive screws at the rear of the sub
chassis. 



(8) Reconnect plugs P205, P206, P207, 
PllO, and P215. 

(9) Replace the front panel (par. 122). 

125. If Subchassis Removal and Replacement 

a. General. Removal of this subchassis does 
not require the removal of other subchassis or 
parts except for those connectors that connect 
to the subchassis. 

b. Removal. The if subchassis is removed as 
follows: 

(1) Disconnect plugs Pll2, P114, P213, 
and P218 (fig. 56). 

(2) Set the BANDWIDTH switch to the 
16 KC and the BFO PITCH control 
to 0. 

(3) Loosen the shaft couplers on the 
BANDWIDTH and BFO PITCH con
trols. Slide the knobs and shafts out
ward. 

( 4) Loosen the three green-headed captive 
screws that secure the if subchassis to 
the main frame. 

( 5) Lift the if subchassis out of the main 
frame. 

Note. Do not change the settings on the 
BANDWIDTH and BFO PITCH shafts un
less absolutely necessary. If they are moved, 
it will be necessary to reset them when 
replacing the if subchassis in the main 
frame. 

c. R eplacement. Replace the if subchassis 
into the main frame of the receiver as follows: 

( 1) Set the if subchassis into the main 
frame of the receiver. 

(2) Engage, but do not tighten, the three 
green-headed captive screws. 

( 3) Slide the shafts and couplers of the 
BANDWIDTH and BFO PITCH con
trols forward so they engage the shafts 
on the if subchassis. 

( 4) Before tightening the couplers, set the 
BANDWIDTH knob to 16 KC, and the 
BFO PITCH knob to 0, and then 
tighten the couplers. 

(5) Reconnect plugs P112, Pl14, 'P213, 
and P218. 

(6) Tighten the three green-headed cap
tive screws. 

126. Af Subchassis Removal and 
Replacement 

a. General. The af subchassis can be removed 
from the main frame without removing other 
subchassis or parts, with the exception of those 
cable connectors that connect directly to the 
subchassis. 

b. Removal. 

(1) Disconnect plugs P119 and P120 (fig. 
57). 

(2) Loosen the four green-headed cap
tive screws that secure the af sub
chassis to the main frame. 

(3) Lift the af subchassis from the main 
frame. 

c. Replacement. 

(1) Place the af subchassis into the main 
frame. 

(2) Engage and tighten the four green
headed captive screws. 

(3) Reconnect plugs Pl19 and Pl20. 

127. Vfo Subchassis Removal and 
Replacement 

a. General. Removal of this subchassis does 
not require the previous removal of any other 
subchassis, but does require careful handling, 
otherwise damage or misalignment of the vfo 
subchassis may result. 

Caution: A void turning the vfo subchassis 
shaft or the KILOCYCLE CHANGE shaft on 
the rf gear train assembly, otherwise the vfo 
will be misaligned. If the KILOCYCLE 
CHANGE shaft must be turned, record the 
setting and be sure to return it to the same 
setting before replacing the vfo. Do not dis
turb the Oldham coupler shaft clamps. 

b. Removal. 
(1) Remove the Oldham coupler antiback

lash spring on the vfo subchassis drive 
shaft and place it in a tray for safe-
keeping. ' 

(2) Turn the KILOCYCLE CHANGE 
control so that one slot in the Oldham 
coupler is vertical and the other is 
horizontal. 
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(3) Loosen the three green-headed cap
tive screws that secure the subchassis. 

( 4) Loosen, but, do not remove, the two 
Phillips screws that secure the trian
gular bracket at the rear of the vfo 
subchassis. This is done to provide 
extra clearance for the removal of the 
subchassis. 

(5) Disconnect plugs P109 (fig. 57) and 
P717 (fig. 56). 

( 6) Carefully remove the vfo subchassis 
from the main frame. The center disk 
of the Oldham coupler will. fall free. 
Place it in a tray with the antibacklash 
spring for safekeeping until the vfo 
subchassis is to be replaced. 

c. Replacement. Replace the vfo subchassis 
as follows: 

( 1) Smear some grease on the centar disk 
of the Oldham coupler and stick it in 
place against the first disk of the vfo 
drive shaft of the rf gear train tuning 
assembly. 

(2) Lower the vfo subchassis into position 
in the main frame and engage the 
Oldham coupler; at the same time, 
engage, but do not tighten, the three 
green-headed captive screws. Replace 
the Oldham coupler antibacklash 
spring. 

Note. The act of remating the Oldham 
coupler will accurately and correctly reposi
tion the vfo shaft. 

(3) Tighten the two Phillips screws that 
secure the triangular-shaped bracket 
at the rear of the vfo subchassis. 

( 4) Tighten the three green-headed cap
tive screws. 

(5) Reconnect plugs P109 and P717. 

(6) Check the frequency of the vfo (par. 
139) if the shaft on the vfo was turned 
from its original setting. 

128. Power-supply Subchassis Removal 
and Replacement 

a. General. Removal and replacement of the 
power-supply subchassis does not require the 
removal or replacement of other subchassis or 
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parts in the receiver, except for connector Plll, 
which connects to the subchassis. 

b. Removal. 

(1) Disconnect plug Plll (fig. 57). 

(2) Loosen the six green-headed captive 
screws that secure the subchassis to 
the main frame of the receiver. 

(3) Carefully withdraw the subassembly 
from the receiver. Be careful not to 
drop it; it is heavy. 

c. Replacement. 

(1) Carefully lower the power-supply sub
chassis into the receiver. Be careful 
not to drop it on the bench or into the 
receiver. 

(2) Engage the six green-headed captive 
screws that secure the power-supply 
subchassis into the receiver. Tighten 
each of the six captive screws. 

(3) Reconnect plug Plll. 

129. Antenna Relay Assembly Removal 
and Replacement 

a. General. Removal of the antenna relay as
sembly is necessary whenever a relay, resistor 
R121, neon lamp I 103, or a connector must be 
replaced. 

b. Removal. Remove the antenna relay assem
bly as follows : 

(1) Disconnect plugs P205, P206, and 
P207 (fig. 56). 

(2) Loosen and remove the four Phillips 
screws that secure the antenna relay 
assembly to the rear panel of the re
ceiver. 

(3) Turn over the antenna relay assembly 
so that the soldered wires can be 
reached and unsolder the wires. Tag 
the wires, or make-a note of the con
nections, and keep this information 
for reference when replacing the as
sembly. 

( 4) Remove the antenna relay assembly. 

c. Replacement. Replace the antenna relay 
assembly as follows : 

(1) Place the antenna relay assembly into 
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the main frame, and turn it over so 
that the solder terminals on the relays 
can be reached. Solder the wires to the 
terminals as indicated by the tags on 
the wires, or with reference to the 
notes made at the time of removal. 

(2) Hold the antenna relay assembly in 
its proper position against the rear 
panel of the receiver and engage and 
tighten the four Phillips mounting 
scre,Ys. 

(3) Reconnect plugs P205, P206, and 
P207. 

130. Removal and Replacement of Parts 
Within Subchassis 

a. Rf Subchassis Parts. 

(1) Slug racks and springs. Remove the 
slug racks by disengaging the retain
ing springs and lifting the slug racks 
out of the coils and away from the 
chassis. A paper clip or short piece of 
solid wire can be fashioned into a 
hook for disengaging the springs. Use 
paper clips for securing the springs to 
the gear and cam plates while the slug 
racks are removed from the coils and 
transformers. 

(2) Band switch shaft. The band switch 
shaft can be removed from the eight 
wafer switches by loosening its drive 
gear and removing the retaining ring. 
Continue the removal by sliding the 
shaft towards the rear of the chassis, 
but be sure not to disturb the setting 
of the rotors in each wafer switch. 
When replacing the shaft, be careful 
not to damage or turn the rotors on 
these wafer switches. 

(3) Crus tal 011en HR202 (fig. 58) . The 
crystal oven is removed from its octal 
socket by first removing the retaining 
springs and plate and then pulling it 
upward out of the socket. Disassembly 
of the crystal oven is shown in figure 
83 and should be used as a guide in 
replacing the plug-in crystals. The 
internal construction of certain crystal 
ovens from various suppliers will vary 
with respect to internal constrnction; 

however, the location of crystals with. 
respect to the octal base will be the 
same. 

( 4) Coils and transformers tuned by me
chanical tuning system. Remove these 
coils and transformers by first remov
ing the slug racks and springs, anq 
then inserting a Phillips screw driver 
into the slug hole, and proceeding to 
loosen the Phillips screw that fastens 
the coil or transformer to the chassis. 
These coils and transformers are 
plugged into small jacks fastened to the 
chassis and can be removed by pulling 
them upward away from the chassis. 
The covers on these coils and trans
formers are removed by pressing the 
tabs on the sides of the cans inward, 
and lifting the cover off the coil or 
transformer. 

(5) Coaxial connecto1'S. Remove these con
nectors by unsoldering the wires and 
loosening the hexagonal nuts that 
secure them ~J the chassis or panel to 
which they are fastened. 

( 6) If transf orme1'S. The if transformers 
that are not slug-tuned are secured to 
the chassis by two hexagonal nuts and 
lock washers. Unsolder the leads and 
remove the nuts and lock washers. 
Two hexagonal nuts and lock washers 
on the tops of the covers must be 
removed to remove the covers. 

b. Crustal-oscillator Subchassis . 

(1) 0 ·1·en cove1·. The oven cover is removed 
by loosening and removing one Phillips 
screw and lock washer on the top of 
the chm;sis and two similar screws and 
lock washers at the rear end of the 
chassis. Lift the cover straight off the 
chassis; two small plugs (P416 and 
P417) connect with two jacks (J416 
and J417) on the chassis. Do not 
loosen or remove the four Phillips 
screws and lock washers on the top 
of the cover unless it is necessary to 
remove the heater winding and insula
tion from the oven. 

(2) Trimme1· capacit,n·s. The 24-screw
d river-adj u::,ted trimmer capacitors are 
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secured to the chassis with 6 Phillips 
screws and lock washers that must be 
removed before the capacitor board 
assemblies can be dropped out of place. 
The individual capacitors cannot be 
replaced individually, and to replace 
a defective capacitor of this type, the 
entire board assembly must be re
placed. If this becomes necessary, be 
sure to identify each lead before it is 
unsoldered so that it will be recon
nected properly. 

(3) Crystal-oscillator band switches and 
shaft. To remove the band switch 
shaft, first remove the retaining ring 
at the front of the subchassis. Con
tinue by sliding the shaft towards the 
rear of the chassis and out the access 
hole provided. Be sure not to turn the 
shaft when removing it, especially 
after removing it from the front wafer 
switch. To remove the switches, un
solder all the wires ; make a sketch of 
their placement as they are removed. 

c. If Subchassis. 
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(1) If transformers. The if transformers 
are secured to the chassis with two 
hexagonal nuts and lock washers. The 
covers on these transformers are re
moved by loosening and removing two 
hexagonal nuts and lock washers on 
the top of the transformers. To check 
the alignment of transformers T501 
through T503 and tuned circuit Z503, 
the top cover must be removed as 
described. These transformers and 
coils have a broad frequency response 
and require no alignment except at 
the time of their replacement. There 
are two cores to adjust in T501 
through T503. They are physically 
located one below the other. A special 
hexagonal alignment tool must be 
provided for this purpose. To adjust 
the bottom core, the alignment tool 
must be dropped down through the 
top core. 

(2) Mechanical filters. The mechanical fil
ters are located beneath a square
shaped cover, which is removed by 
loosening and removing one Phillips 

screw and its lock washer at the top 
of the cover. The mechanical filters 
below the cover are each removed by 
unsoldering the wires attached to 
them, and loosening the two Phillips 
screws and lock washers that secure 
them to the chassis. 

(3) Bfo assembly. To remove the bfo as
sembly (Z502, fig. 66) from the under
side of the if subchassis, first loosen 
the Bristo screws on the bellows-type 
coupler, and then remove the retaining 
ring at the front of the chassis that 
secures the bfo shaft in place. Next, 
slide the bellows-type coupler forward 
and unsolder the wires connected to 
this assembly. After this is done, un
screw the four Phillips screws and 
lock washers that secure the U-shaped 
bfo mounting bracket to the chassis. 
The bfo assembly, with the U-shaped 
bracket, now can be removed from 
the subchassis. 

( 4) BANDWIDTH shaft and switches. 
The shaft is removed from the chassis 
by loosening the two Bristo screws on 
the shaft coupler. The shaft now can 
be slid backward and out the access 
hole provided at the rear of the 
chassis. 

(5) Terminal boards. Terminal. boards, 
parts on the terminal boards, and 
parts in the vicinity of the terminal 
boards, can be reached by removing 
the screws that secure the terminal 
boards to the subchassis partitions. 
An offset screw driver is useful for 
removing some of the screws. 

d . . Af Sub chassis. 
(1) Filter capacitors. Remove the two 

multisection filter capacitors located 
on this subchassis by first loosening 
their hold-down clamps. Pull the filter 
capacitors out of their octal sockets 
similar to an octal tube. 

(2) Chokes, relays, and transformers. 
These parts are secured to the sub
chassis by Phillips screws and lock 
w.ashers. 

(3) Terminal board. Remove the terminal 
board located under the af subchassis 



by removing the two Phillips screws 
and lock washers to reach certain 
other parts. 

e. Vfo Subchassis. 

(1) External cover. Remove the external 
cover on the vfo subchassis by first 
removing power connector J709 (fig. 
67) and the three Phillips screws and 
lock washers spaced 120° around the 
lower edge of the cover. Remove this 
cover only to check or remove the 
thermostat and bypass capacitor. Do 
not remove the inner cover of the vfo. 

(2) Chassis cover. The small U-shaped 
chassis cover . can be removed by re
moving the three small Phillips screws 
and lock washers. 

(3) Thermostat. Thermostat 8701 is a sep
arate unit and can be removed from 
the heater winding cover assembly. 
The external vfo cover should first be 
removed as instructed in ( 1) above, 
and then the three screws around the 
lower edge of the heater winding cover 
and sealed inner cover should be re
moved. Do not remove the sealed inner 
cover, as this will break the seal of the 
vfo tuning unit. Unsolder the thermo
stat lead wires, and carefully lift the 
heater winding cover upward. Now 
the thermostat can be slid downward 
out of the cylindrical compartment 
that holds it. When replacing the 
thermostat, carefully slide it upward 
into the cylindrical compartment, tak
ing note of the positioning of the com
partment slot and the aligning pin on 
the thermostat. Be sure that the cylin
drical partition is not damaged or 
dented, as this will impair the opera
tion of the thermostat. Replace the 
three screws, and resolder the ther
mostat lead wires. 

f. Antenna Relay Assembly. Most of the 
parts in the antenna relay assembly are re
moved by unsoldering and unscrewing the par
ticular parts. The exception to this is resistor 
R121 and neon lamp I 103. These parts are 
simply unsoldered. 

KEY 

[]

-COVER 

I . 

HEATER 
WINDING 

NOTE: 

OBSERVE LOCATION OF CRYSTALS 
WITH RESPECT TO KEY ON BASE . 
Y201 CONNECTS THROUGH PINS 4 
AND 6

0
AND Y203 CONNECTS THROUGH 

PINS 2 AND B,ON BASE OF CRYSTAL 
OVEN. 
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Figure 83. Location of crystals Y 201 and Y 203. 

13 I. Disassembly and Reassembly of 
Rf Gear Train Assembly 

(fig. 84) 

a. General. Under certain circumstances, 
such as extensive damage, it may be necessary 
to disassemble and reassemble all or part of the 
rf gear train assembly. The instructions given . 
in this paragraph should be used as a guide 
when the method of removal and replacement 
of parts is not obvious. The numbers used in 
the instructions refer to those that identify the 
parts in figure 84. When disassembling the rf 
gear train assembly, place parts in trays or 
containers in the order of disassembly. This 
will simplify reassembly. 

b. Disassembly. 

(1) Remove the 8 cam racks 2.nd 16 ten-
sion springs. 

(2) Remove the front panel (par. 122). 

(3) Remove the rf subchassis (par. 123). 

( 4) Set the frequency indicator to 07 
+ooo. 

(5) Loosen gear clamp (1) by loosening 
the ·1-40 by 9/ 16-inch socket-head 
scre"v (2) and the 4-40 square nut (3). 
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(6) Remove the riveted locking plate (4) 
and spur gear ( 5) . To separate 4 and 
5, remove the two rack gear springs 
(6) and the 7/ 16-inch retaining ring 
(7). 

(7) Remove the four 4-40 by 5/ 16-inch 
machine screws (8) and four No. 4 
split lock washers (9) to remove the 
mechanical counter (10). 

( 8) The bevel gear ( 11) can be removed 
by loosening the gear clamp (12) and 
the 3/ 56 by lJi,-inch socket-head screw 
(13). 

(9) The bevel gear (14) can be removed 
by loosening the gear clamp ( 15) and 
the 3/ 56 by %-inch socket-head screw 
(16). 

(10) Remove the locked clutch gear as
sembly (17) and the pressed bevel 
gear (18) by loosening and removing 
the spur gear (19), .312-inch hole gear 
clamp (20), 4-40 by %-inch socket
head screw (21), 4-40 square nut 
(22), and two washers (23). 

(11) Remove the bevel gear (24), gear 
clamp (25), gear bushing (26), and 
4-40 by 9/ 16-inch socket-head screw 
(27). 

(12) Disassemble the Oldham coupler be
tween the vfo subassembly and rf 
gear train assembly if this has not 
been done previously. 

(13) Remove the %-inch retaining ring 
(28) from the pinned stop assembly 
(29), and remove stop assembly (29) 
and the washers (30 and 31). These 
washers an: used to shim the stop 
assembly (29). 

(14) Remove the pressed auxiliary gear 
plate assembly (32) by loosening and 
removing the six 8-32 by %-inch 
binder-head screws (33) , six No. 8 
split lock washers (34), one special 
screw (35), and one No. 5 split lock 
washer (36). PuU the pressed auxili
ary gear plate assembly (32) forward 
and remove. 

(15) Remove the pressed gear (37) by re
moving the %-inch E-type retaining 
ring (38). 

(16) Remove the staked gear post (39) and 
two 6-32 by 3/ 16-inch machine screws 
(40). 

(17) Remove the pinned gear assembly 
( 41), gear bushing ( 42) , and washers 
(43) from the riveted front gear plate 
(155). 

( 18) Remove the pinned gear assembly 
( 44) and washers ( 45) . 

(19) Loosen or remove the detent spring 
( 46) by loosening or removing the 
two 6-32 by lJi,-inch binder-head ma
chine screws (47), two No. 6 split 
lock washers ( 48) , and two No. 6 flat 
washers ( 49). 

(20) Pull off the final differential gear as
sembly ( 50) . 

(21) PuU off the pinned gear (51). 

(22) Remove the No. 8 riveted gear (52) 
by first removing the %,-inch retain
ing ring (53). 

(23) Pull out the pinned spur gear (54) 
with the spur gear ( 55), .312-inch 
hole gear clamp (56), 4-40 by 112-inch 
socket-head screw (57), 4-40 square 
nut (58), and gear bushing (59). 

(24) Remove the loaded rack gear assem
bly (60), .312-inch hole gear clamp 
(61), 4-40 by 1/;.i-inch socket-head 
screw (62), and 4-40 square nut (63) 
by loosening screw ( 62) . 

(25) Remove the No. 4 gear assembly (64), 
.312-inch hole gear clamp (65), 4-40 
by 112-inch socket-head screw (66), 
and 4-40 square nut ( 67) by loosen
ing screw ( 66). 

(26) Remove the soldered rack gear (68), 
gear clamp (69), 4-40 by 9/ 16-inch 
socket-head screw (70), 4-40 square 
nut (71), the gear assembly consisting 
of the retaining ring (72), soldered 
gear (73), spur gear (7 4), and two 
gear rack springs (75) by loosening 
screw (70) and removing retaining 
ring (72). 

(27) Remove the gear assembly consisting 
of the soldered rack gear (76), gear 
clamp (77), 4-40 by 9/ 16-inch socket
head screw (78), 4-40 square nut (79), 



Figure 84 . Rf gear train loded view. . assembly, exp 

TM8~6A-65 . 

145/146 



, 

retaining ring ( 80) , and No. 2 gear as
sembly (81) by loosening screw (78) 
and removing retaining ring ( 80) . 

(28) Remove the 8- to 16-mc gear (82), 
the 8- to 16-mc loading gear (83) by 
removing the three 4-40 by %-inch 
machine screws (84) and two gear 
rack springs ( 85) . 

(29) Remove the loaded rack gear assem
bly (86), by loosening the .312-inch 
hole gear clamp (87), 4-40 by 112-inch 
socket-head screw (88), and 4-40 
square nut (89). 

(30) Loosen and remove the gear clamp 
(90), oscillator spur gear (91), 5/16-
inch flat washer (92), and oscillator 
dial hub (93), by loosening the 4-40 
by 9/16-inch socket-head screw (94) 
and 4-40 square nut (95). 

(31) Remove the switch gear assembly 
(96) by removing the screw at the 
rear of the riveted front gear plate 
assembly (155). 

Caution: To disassemble the switch 
gear assembly (96), remove retain
ing ring (97). Do not lose the 3/ 16-
inch ball bearing. Observe the posi
tioning of the parts ( fig. 87). The 
remainder of 96 is removed by re
moving the screw at the rear of the 
riveted front gear plate assembly 
(155). 

(32) Remove the locking gear (98) by first 
removing the 1/s-inch E-type retain
ing ring (99). 

(33) Remove the idler gear (100) by loos
ening the .312-inch hole gear clamp 
(101), 4-40 by %-inch socket-head 
screw (102), 4-40 square nut (103), 
shaft sleeve (104), gear bushing 
(105), and %-inch retaining ring 
(106). 

(34) Remove the trimmer shaft (107), heli
cal driven gear (108), helical gear 
bushing ( 109), special washer (110), 
helical gear clamp (111), and shaft 
insulator (112) by loosening two 8/ 36 
by 1/s-inch set screws (113) and re
moving the 3/ 16-inch retaining ring 
(114). . 

(35) Remove the megacycle gear (115) and 
the soldered megacycle gear (116) by 
loosening the gear clamp (117). To 
separate items 115 and 116, remove 
the retaining ring ( 118) . The 4-40 by 
9/16-inch socket-head screw (119) 
and 4-40 square nut (120) secure the 
gear clamp (117). To separate items 
(115) and (116), remove the two 
multiturn gear springs (121). 

(36) Remove the rf stop assembly (122) 
by removing retaining ring ( 123) and 
washers (124) and (125). 

(37) Remove the two gear panel spacing 
posts (126) by removing their 8-32 by 
5/ 16-inch flat head machine screws 
(127). 

(38) Remove the four panel spacing posts 
(128) by removing eight 8-32 by %
inch machine screws ( 129) and eight 
No. 8 split lock washers ( 130). 

(39) Remove the differential shaft (131) 
by removing the 8-32 by 5/ 16-inch 
flat-head machine screw (132). 

( 40) Remove the .5- to 1-mc camshaft as
sembly that consists of the camshaft 
(133), soldered rf cam (134), sol
dered rf cam ( 135), and two No. 6/ 0 
taper pins (136). This is done by re
moving the taper pins (136). 

( 41) The 1- to 2-mc camshaft assembly 
consists of the 1- to 2-mc camshaft 
(137), soldered rf cam (138), 1- to 
2-mc soldered rf cam ( 139) , and sol~ 
dered rf cam (140). Disassemble by 
removing three No. 6/ 0 taper pins 
(141). 

( 42) The 2- to 4-mc camshaft assembly 
consisting of camshaft (142), soldered 
rf cam ( 143), and soldered rf cam 
(144) can be disassembled by remov
ing the two No. 6/ 0 taper pins (145). 

( 43) The 4- to 8-mc camshaft assembly and 
the 16- to 32-mc camshaft assembly 
are identical; each consists of cam
shafts (146), soldered rf cams (147), 
and soldered rf cams (148). They can 
be taken apart by removing the two 
No. 6/ 0 taper pins (149) from each. 
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(44) The 8- to 16-mc camshaft assembly 
consists of the shaft ( 150) , pressed 
gear assembly (151), soldered rf cam 
(152), and soldered rf cam (153). 
Disassemble by removing three No. 
6/ 0 taper pins (154). 

(45) The riveted front gear plate (155) 
and the pressed cam plate (156) are 
fastened together by four posts (157), 
eight 6-32 by %-inch machine screws 
(158), and eight No. 6 split lock wash
ers (159). In addition, two cam plate 
brackets ( 160) are fastened to the 
pressed cam plate (156) with two 6-32 
by 7 / 16-inch machine screws (161) 
and two No. 6 split lock washers (162). 

(46) The pressed auxiliary cam plate (163) 
is fastened to the pressed cam plate 
(156) with four short posts (164) and 
eight 6-32 by %:-inch flat head ma-

132. Rf Gear Train Assembly Parts Legend 

Index R cferc11cc DescriJ)/io n 
No. -'!J 111hol 

1 0 207 Gear clamp 
2 H21 8 4-40 b:,· Q/ Hi-irwh socket-head screw 
3 H219 4-40 square nut 
4 . .\. 216 Riveted loeking plate 
5 0 :{23 Spur gear 
6 0 322 R ack gear springs 
7 H213 7 / Hi-inch retaining ring 
8 H227 4-40 hy 5/ Hi-inrh machine screws 
9 H202 No. 4 split lo('k washers 

10 i\1201 :\iechanical counter 
11 0 202 Bevel gear 
12 H 2:n C:ear clamp 
13 H217 3/ 56 by 1/ 4-inch socket-head screw 
14 0 212 Bevel gear 
15 H231 Gear clamp 
16 H 217 ;{ / 56 by 1/ 4-inch socket-head screw 
17 0 205 Larked clutch gear assembly 
18 0 206 Pressed bevel gear 
19 0 2-!ii Spm gear 
20 H233 .312-inch hole gear clamp 
21 H215 4--rn b.v 1/ 2-inch socket-head screw 
22 I-{21!) 4-40 square nut 
23 H251 \Yashers 
24 0 213 Bevel gear 
25 H231 Gear rbmp 
26 0 221 C:car bushing 
27 H217 4-40 by 9 / 16-inch socket-head screw 
28 H224 1/ 4-inrh retaining ring 
29 0 316 Pinned stop assembly 
30 H251 \Yasher 
31 H253 Washer 
32 A 201 Pressed auxiliary gear plate assembly 
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chine screws ( 165). 
(47) Two long posts (166) separate the 

pressed rear plate (167) and the riv
eted front gear plate (155) with two 
6-32 by 3;i1-inch flat head machine 
screws (168) , two 6-32 by %-inch 
machine screws (169), and two No. 
6 split lock washers (170). 

c. Reassembly. Reassemble the rf gear train 
assembly in the reverse order of disassembly. 
The reverse order of the index numbers in 
figure 84 should be used as a guide. During 
and after reassembly the mechanical and elec
trical synchronization of the rf gear train as
sembly must be followed (par. 138). Each step 
of the disassembly procedure (par. 131b) con
tains an item, or items, removed, and the at
taching parts, such as screws, retaining rings, 
etc. Collect the parts for each step, and reas
semble in a systematic manner. 

l11de:c Rrf crc11ce /)c.srri/J/io11 
No . sy11,lw/ 

33 R230 8-:12 b y :3 / 8-inC"h hinder-head screm . 
34 H201 Xo. S split lock washers 
35 H240 Specia l screw 
36 H212 Xo. 5 split lock washer 
37 0 253 Pressed gear 
38 H222 1/ 4-inch type E retaining ring 
39 0 252 Staked gear post 
40 H228 6-32 by 3 / 16-ineh machine scre,Ys 
41 0 261 Pinned gear assembly 
42 0 222 Genr bushing 
43 H254 \Yashers 
44 0 246 Pinned gear assembly 
45 H254 Washers 
46 0 244 Detent spring 
47 H216 6-32 by 1/ 4-inch binder head screws 
48 H203 No. 6 split lock washers 
49 H213 No. 6 flat washers 
50 0 219 Final differential gear assembly 
51 0 283 Pinned gear 
52 0 205 No. 8 riveted gear 
53 H224 1/ 4-inch retaining ring 
54 0 390 Pinned spur gear 
55 0 243 Spur gear 
56 H233 .312-inch hole gear clamp 
57 H215 4-40 by 1/ 2-inch socket-head screw 
58 I-{21!) 4-40 square nut 
59 0 223 Gear bushing 
60a Loaded rack gear assembly 
61 H233 .312-inch hole gear clamp 
62 H215 4-40 by 1/ 2-inch socket-head screw 
63 H219 4-40 square nut 
64b Gear assembly No . 4 



Index Reference Description 
No. symbol 

65 H233 .312-inch hole gear clamp 
66 H215 4-40 by 1/2-inch socket-head screw 
67 H219 4-40 square nut 
68 0 201 Soldered rack gear 
69 0 208 Gear clamp 
70 H218 4-40 by 9/16-inch socket-head screw 
71 H219 4-40 square nut 
72 H234 Retaining ring 
73 0 392 Soldered gear 
74 0 254 Spur gear 
75 0 325 Gear rack springs 
76 0 363 Soldered rack gear 
77 0 209 Gear clamp 
78 H218 4-40 by 9/16-i nch socket-head screw 
79 H219 4-40 square nut 
80 H234 Retaining ring 
81c ~ o. 2 gear nssembly 
82 0 328 8- to 16-mc gear 
83 0 324 8- to 16-mc loading gear 
84 HUI 4-40 by 1/ 4-inch machine screws 
85 0 273 Gem' rae k springs 
86a Loaded rack genr assembly 
87 H233 .312-inch hole gear clnmp 
88 H215 4-40 by 1/ 2-ineh socket-head screw 
89 H219 4-40 square nut 
90 0 210 Gear elam p 
91 0 241 Osc ill ator spur gem· 
92 H214 5/ Hi-inC'h flat \\'asher 
93 0 240 Oseillator dial hub 
94 H218 -1-40 by \l / lu-ineh socket-head screw 
95 H21!J 4--10 square nut 
96 0 307 Switeh gear assembly 
97 H237 Retaining r ing 
98 0 20:3 Locking gear 
99 H221 E-type 1/ 8-inC'h retaining ring 
100 0 204 Idler gear 
101 H23:3 .312-inch hole gear clnmp 
102 H215 4-40 by l /2-inC'h socket-head screw 
103 H219 4-40 squnre nut 
104 0 215 Shnft sleeve 
105 0 2-12 Gear Lushing 
106 H22-! 1 / 4-inch retaining ring 
107 0 236 Trimmer shaft 
108 0 318 Helical driven gear 
109 0 256 Helical gear Lushing 
110 H232 Special washer 
111 H245 Helical gear clamp 
112 E227 Vfo shaft insulntor 
113 H220 8 / 32 by 1/ 8-inch set screws 
114 H223 3/16-inch retaining ring 
115 0 218 11egaeycle gear 
116 0 321 Soldered megacycle gear 
117 0 211 Genr elamp 
118 H213 7 / 16-inch retaining ring 
119 H218 4-40 by 9/ 16-inch socket-head screw 
120 H219 4-40 square nut 
121 0 319 i\Iultiturn gear springs 
122 0 317 Rf stop as~embly 
123 H234 Retaining ring 

Index Reference Description 
No. symbol 

124 H251 ,vashers 
125 H253 Washers 
126 H23G Gear panel spacing posts 
127 H226 8-32 by 5/ 16-inch flat-head 

machine screws 
128 H235 Panel sp acing posts 
129 H230 8-32 by 3/8-inch machine screws 
130 H201 Xo. 8 split lock washers 
131 0 206 Differential shaft 
132 H226 8-32 by 5/16-inch flat-head 

machine screw 
133 0 311 Camshaft 
134 0 311 Soldered rf cam 
135 0 311 Soldered rf cam 
136 0 311 No. 6 / 0 taper pins 
137 0 312 1- to 2-mc camshaft 
138 o:n2 Soldered rear cam 
139 0 312 1- to 2-mc soldered rf ram 
140 0 312 Soldered rf cam 
141 0 312 X o. u/ 0 taper pins 
142 o;n3 Ca m~haft 
143 0 313 Soldered rf cam 
144 0 313 Soldered rf ram 
14,i 0 313 Xo. u/ 0 taper pins 
146 0 314 Camshafts 
147 0 314 Soldered rf rams 
148 0 314 Soldered rf enms 
149 0 314 Xo. 6/ 0 taper pins 
150 0 315 Shaft 
151 0 315 Prrssed gear assembly 
152 0 315 Soldered rf cam 
153 0 315 tloldered rf cam 
154 0 315 Taper pins 
155 A 202 R iveted front gear plate 
156 .-\ 209 Pressed cnm plate 
157 H2H Posts 
158 H229 G-32 by 3/8-inch machine screws 
159 H20;l Xo. 6 oplit lol'k washers 
160 A 206 Cam plate brackets 
161 H2;'35 G-:l2 hy 7 / 16-inch mnrhine screws 
162 H20:3 Xo. G spli t Jock washers 
163 0 :JOG Pressed auxiliary cnm plate 
164 H2-!2 .. 8 hort posts 
165 H225 6-32 by 3/ 8-in<'h flat head 

mal'hine 8CrC\\'S 
166 H2-n Long posts 
167 . .\. 20S Pressed rear plate 
168 H225 6-:32 by 3/ 8-inl'h flat-head 

mal'hine screws 
169 H229 G-:i2 by :l / 8-inch maC"hine screws 
170 H2(l:3 Xo. li split lol'k m1shers 

alndex Xo. 60 l'onsists of H2:l-!, 0 262, 0 2u-1, nnd O 247. 

blndex Xo. 64 consists of O 25:l , () 27:l, 0 27-1, a nd O 324. 

clndex Xo. 81 ronsists of O 270, 0 271, 0 259, and H234. 

Note In items 133 through Li-!, rrfcrcnee symbols are for 
entire camshaft assembly. 
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NOTES 

I. LUBRICATE EVERY 6 MONTHS 
UNDER OROI NARY CONDITIONS. 
LESSEN INTERVAL IF RECEIVER 
IS USED EXCESSIVELY. 

2 CLEAN PARTS WITH CLEANING 
COMPOUND BEFORE LUBRICATING . 
USE SMALL BRUSH ANO LINT·FREE 
CL.OTH, 00 NOT ALLOW SOLVENT TO 
GET ON OTtiER PARTS . 

MIL·L-7870 

CAM RO LERS ANO SHAFT 
BEARINGS . I DROP, OPERATE 
TO SPREAD. 

MIL·G·7421 

GUIDE SLOTS ANO GEARS, 
APP-Y EVENLY, BUT NOT 
EXCESSIVELY, OPfRATE TO 
SPREAD. 

TM856A·86 

Figure 85. Radio Receiver R-390A/URR, Lubrication points. 

133. Lubrication of Mechanical 
Tuning System 

The only parts of the receiver that require 
.lubrication are the mechanical tuning system, 
which includes the rf gear train assembly and 
cam racks, and the BFO PITCH control shaft 
bearing. The receiver is lubricated at the factory 
and should be lubricated every 6 months there
after. If inspection indicates the need for more 
frequent lubrication, or if the receiver is used 
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under abnormal conditions, shorten the lubrica
tion interval accordingly. When the receiver is 
used in a hot, dry climate, the bearings may re
quire lubrication at least every 3 months. Over
lubrication sometimes causes more trouble than 
a lack of lubrication and should be avoided. 
Check the condition of the mechanical tuning·· 
system every time the receiver is withdrawn 
from its cabinet or case. Turn the MEGACYCLE 
CHANGE and the KILOCYCLE CHANGE con
trols throughout their ranges, and observe the 



operation of all the gears, cams and shafts, bear
ings and guide slots. Look for grit, sand, and 
dust in the moving parts; if any are present, 
clean and relubricate the parts. Check the opera
tion of the BFO PITCH control. If it does not 
operate freely, check the lubrication of the con
trol shaft bearing. 

Caution: Do not attempt to lubricate the 
sealed tuning unit of the vfo subchassis. Un
gfo.bl~ op~rlltion of the oscillator may result. 

a. Cleaning Prior to Lubrication. Remove the 
top and bottom covers of the receiver. Use a 
clean, thin, long-handled brush with medium 
bristles, dipped in Cleaning Compound. Remove 
the dirt, grit, sand, grease, and oil from the 
gears, cams, guide slots, shafts, and bearings. 
Rotate the MEGACYCLE CHANGE and the 
KILOCYCLE CHANGE knobs to reach all the 
parts. Remove excess Cleaning Compound from 
the brush so that none is dropped on wires and 
cables. Use a clean, lint-free cloth moistened 
with Cleaning Compound for removing dirt, oil, 
and grease from the larger parts of the receiver, 
such as chassis and castings. Thoroughly dry 
all parts with a clean lint-free cloth before 
applying the lubricant. 

b. Detailed Lubrication Instructions. Lubri
cate the gears, cams, bearings, slug racks, and 
guide slots as indicated in figure 85. To dis-

tribute individual drops of oil to the bearings, 
dip a short length of bare wire into the oil and 
touch the end of the wire to the bearing. This 
method will prevent the application of too much 
lubricant. A small hand-operated grease gun 
and a clean thin brush can be used for depositing 
grease to the gear teeth, cam edges, and guide 
slots. Operate the MEGACYCLE CHANGE and 
KILOCYCLE CHANGE knobs while performing 
the lubrication to expose all parts and to spread 
the lubricant to all gear teeth and wearing 
surfaces. 

134. Refinishing 

Instructions for refinishing marred panels or 
a cabinet exterior are contained in TM 9-2851, 
Painting Instructions for Field Use. Use paint 
No. 2610 semigloss gray enamel (Federal speci
fication TT-C-595) for the front panel. After ex
tensive use of the receiver, the paint on the 
knobs may wear off. The knobs can be restored 
to a new condition by painting them with a dull, 
black paint. Knobs with a white index line can 
be restored by cleaning off the old white index 
line, and then filling the index groove with fresh, 
white paint. The excess paint should be wiped 
off with a clean cloth. When a front-panel mark
ing has been worn off, use a fine brush and 
white enamel to replace the marking. 

Section IV. ALIGNMENT AND ADJUSTMENT PROCEDURES 

135. Test Equipment and Tools Required 
for Alignment and Adjustment 

a. Test Equipment. The test equipment re
quired for alignment and adjustment is listed 
below. A common usage name is given after 
each component. 

Nomenclature 

RF Signal Generator Set 
AN/ URM-25 with Acces
sory Kit MK-288/URM 

Electronic Multimeter TS-
505/ U 

Multimeter TS-352/ U 
Electronic Multimeter ME-

30A/ U 

Common name 

Signal Generator 

Vtvm 

Multimeter 
Ac vtvm 

b. Tools. Use the fluted Bristo wrench, 
mounted on the rear panel of the receiver, for 
adjusting the antenna, rf, and variable if cores. 
Use the same tool for adjusting the tuning 
shafts during mechanical synchronization. Use 
a nonmetallic screw driver for adjusting the 
various trimmer capacitors. Use a hexagonal, 
nonmetallic tool for adjusting the cores in T501, 
T502, T503, and Z503 on the if subchassis. This 
tool must be inserted through the top core into 
the bottom core; the bottom core will turn with
out disturbing the setting of the top core. This 
type of adjustment is to be made only after the 
particular coil or transformer is replaced. 

c. Other Equipment. A 600-ohm and a 50-
ohm resistor are required. They should be non
inductive and should be 1 watt or larger. 
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136. Standard Test Conditions 

Unless specified otherwise, conduct all align
ment and test procedures under the following 
conditions: 

a. Temperature-normal room or shelter. 
b. Humidity-normal room or shelter. 
c. Line voltage and frequency-115 volts ac 

± 1 per cent at 60 cps. 
d. Warm-up period--at least 5 minutes. 
e. Dummy antenna:-balanced: Electrical 

Dummy Load DA-121/U (part of Accessory Kit 
MK-288/URR). 

f. Standard modulation-30 per cent am at 
400 cps. 

g. Audio load impedance-600 ohms, non
reactive. 

137. Preliminary Checks 

Before aligning the receiver and applying 
power, check the following items and perform 
the instructions: 

a. All the controls should operate freely and 
the knobs should be securely attached to their 
shafts. 

· b. The AC 3 AMP fuse FlOl on the rear panel 
should be good and be a 3-ampere type when the 
OVENS switch is to be turned to ON. Use a 
2-ampere fuse if the OVENS switch is to be left 
in the OFF position. Use a 11;'2-ampere fuse if 
230 volts ac is used to power the receiver with 
the OVENS switch at ON. Use a 1-ampere fuse 
with the OVENS switch at OFF. 

c. Tubes and tube shields should be securely 
in place. 

d. All connectors should be seated firmly. 
e. Jumpers should be connected between ter

minals 1 and 2, 3 and 4, 11 and 12, and 14 and 
15 on the rear panel of the receiver. 

f. The KILOCYCLE CHANGE dial over
travel should be not less than 25 kc at each end. 

g. The resistance between terminals 3 and 5 
on the rear panel terminal board should measure 
low with the positive ohmmeter lead on terminal 
5 and high with it on terminal 3. 

h. Ground the receiver, apply ac power, and 
set the front-panel controls as instructed in 
paragraph 85. 

i. Check B+ voltage between +150 V test 
point E607, on the left side of the receiver, and 
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chassis ground. It should be between +148 volts 
and + 153 volts. 

j. Check to see that all tube filaments are 
lighted. 

k. Check to see that the CARRIER LEVEL 
and LINE LEVEL meters are illuminated. 

l. Check to see that the antenna relay is 
actuated when the FUNCTION switch is placed 
in the ST AND BY and CAL positions. 

m. Set the BREAK IN switch to the ON posi
tion, and momentarily ground the ERK IN ter- , 
minal, terminal 9 on the rear panel of the re
ceiver. This should actuate the antenna relay 
and short out the audio output when the FUNC
TION switch is in the AGC or MGC position. 

n. Set the FUNCTION switch to AGC and the 
RF GAIN control fully counterclosewise. Adjust 
CARR-METER ADJ control R523 (fig. 64) on 
the af subchassis for a O reading on the CAR
RIER LEVEL meter. 

138. Mechanical and Electrical 
Synchronization 

(fig. 86 through 89) 
The receiver tuning elements, consisting of 

the frequency-indicating counter, KILOCYCLE 
CHANGE and MEGACYCLE CHANGE stops, 
the six-position rf band switch, the second crys
tal-oscillator band switch, and the vfo, must be 
in synchronization with the rf gear train before 
attempting electrical alignment. Nonsynchroni
zation of the tuning shafts and rf gear train is 
likely to occur as a result of the removal and 
replacement of the rf subchassis, crystal-oscil
lator subchassis, vfo subchassis, or disassembly 
of part or all of the rf gear train assembly. 
Check and adjust the following items as may 
be necessary : 

a. Camshafts. The camshafts are synchro
nized properly if the index lines on the pressed 
cam plate line up with the holes in the cams, 
and if the intermittent switch drive gears are 
as shown (fig. 87) when the frequency indicator 
reads exactly 07 +ooo. If the cams line up at 
some other frequency indication, line the cams 
up to the index lines with the KILOCYCLE 
CHANGE control, loosen the bevel gear on the 
counter (fig. 86), and adjust it to 07 +ooo. To 
synchronize the rf subchassis when it is re
moved from the main frame, turn the KILO
CYCLE CHANGE drive shaft by rotating the 



riveted locking plate (fig. 86) until the counter 
reads 07 +ooo. If the index lines do not bisect 
the holes as specified, follow the instructions in 
(2) and (3) below. All camshafts, except the 8-
to 16-mc camshaft, are secured to the drive 
gears. To position a camshaft, loosen the clamp 
that is located at the end of the individual shaft 
in front of the subchassis. To avoid losing the 
nut, do not loos!=!n the clamp more than is neces
sary. Be careful not to strip the screw thread. 

(1) Check the 10-turn stops by rotating 
the MEGACYCLE CHANGE and 
KILOCYCLE CHANGE shafts fully 
counterclockwise. The frequency indi
cator should read halfway between 99 
and 00 me (off detent position) and 
between -963 and - 972 kc. Check the 
reading on the crystal-oscillator sub
chassis band switch indicator position. 
If it does not agree with the setting of 
00, loosen the clamp on the crystal
oscillator subchassis drive shaft, and 
turn the shaft by hand for the crystal
oscillator drive shaft setting of 0. 
Tighten the shaft coupler after the 
adjustment is made. 

(2) Check the cam followers at the high 
and low ends of each coil range. In gen
eral, all cam followers should be near 
the peak of the cams at the high end of 
the coil ranges. Specifically, all cams, 
except the cams for the .5- to 1-mc 
range, should not quite reach the peak 
of the cams at the high end of the 
range. The cam followers for the .5- to 
1-mc range may pass over the peak of 
the cams for a KILOCYCLE CHANGE 
control reading of +025 or higher. All 
cam followers, except the .5- to 1-mc 
cam followers, should not quite reach 
the valley of the cams as the KILO
CYCLE CHANGE control is turned to 
the low end of the coil ranges. For the 
.5- to 1-mc cam followers, they may 
pass through the valley and start up 
the other side of the cams as the KILO
CYCLE CHANGE control is adjusted 
to a reading of about 475. The cam 
follower on first variable if Z213 ( 17.5 
to 25 me) is near the valley of the cam 
when the KILOCYCLE CHANGE con
trol reading is 500, and rises to near 

the peak at 07 +ooo. The cam follower 
on second variable if Z216 (3 to 2 me) 
is near the valley of the cam when the 
KILOCYCLE CHANGE control is ro
tated fully clockwise and near the peak 
when the KILOCYCLE CHANGE con
trol is fully counterclockwise. 

(3) If the cams do not line up as shown in 
figure 87, loosen the shaft clamps and 
adjust the cams in the following order: 
8- to 16-mc cams (the first variable if 
cams are also on this shaft), 16- to 
32-mc cams, 4- to 8-mc cams, 2- to 4-mc 
cams, 1- to 2-mc cams (the second vari
able if cams are also on this shaft), 
and the .5- to 1-mc cams. 

Nate . The cams and camshafts can 
be identified by the tuning range indi
cated on antenna and if transformers, 
which are tuned by their respective 
slug racks (fig. 56). 

b. Six-position Rf Band Switch. The pro
cedure for checking and adjusting the six-posi
tion rf band switch is as follows: 

(1) With the frequency indicator still read
ing 07 +ooo, observe the intermittent 
gear and its small mating gear. They 
should be as shown in figure 87. Re
move tube V207 from its tube socket, 
and disconnect J208 from P108. Con
nect an ohmmeter between pin 6 of 
XV207 and pin D of J208. The ohm
meter should read approximately 
56,000 ohms. As the MEGACYCLE 
CHANGE control is turned from 07 to 
08, the reading on the ohmmeter 
should become infinity, indicating that 
the rf band switches are selecting the 
correct coils. 

(2) Rotate the MEGACYCLE CHANGE 
control through all of the bands. On 
those bands from 00 through 07, the 
ohmmeter should read approximately 
56,000 ohms; the reading should be 
infinity from 08 through 31. After the 
test is completed, remove the ohm
meter connections, reconnect J208 to 
P108, and replace tube V207. 

(3) If the rf band switch contacts are be
lieved to be out of synchronization, 
turn the MEGACYCLE CHANGE con-
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trol shaft fully counterclockwise; then 
turn it clockwise through seven detent 
positions (count them), and stop the 
shaft exactly on the eighth detent 
position. 

(4) Remove the rf subchassis (par. 123) . 

(5) Loosen the rf band switch clamp (fig. 
88) and turn the shaft by hand until 
the rotors on the rf switches are cen
tered on the 4- to 8-mc switch position 
contacts. Tighten the clamp after ad
justment. Correct positioning of the rf 
band switch can be determined as in 
(1) and (2) above. 

(6) Check the rf band switch overtravel 
as follows: as the MEGACYCLE 
CHANGE control shaft is turned 
through the detent position which 
switches the 4- to 8-mc contacts, the 
switch rotor contacts have a tendency 
to follow the rotary motion slightly as 
the MEGACYCLE CHANGE shaft is 
continued through its rotation. This 
condition is permissible if the contact 
overtravel is the same amount for both 
directions of rotation of the MEGA
CYCLE CHANGE shaft. Check this 
condition by turning the MEGACY
CLE CHANGE shaft both clockwise 
and counterclockwise through the de
tent position which connects the 4- to 
8-mc contacts. If the overtravel is not 
as specified, adjust as follows : 

(a) Turn the MEGACYCLE 
CHANGE shaft off the detent 
in the direction of the excessive 
overtravel. 

( b) Loosen the gear clamp on the 
small gear which drives the in
termittent rf band switch gear. 

(c) Hold the intermittent gear to 
prevent it from turning, and 
return the MEGACYCLE 
CHANGE shaft back into the 
same detent. 

(d) Tighten the gear clamp on the 
small gear. Recheck the over
travel and continue the adjust
ments until the overtravel is 
the same in both directions. 

c. Second C1·ystal Oscillator Band Switch. 
The second crystal oscillator band switch should 
be checked and synchronized as follows: 

(1) The second crystal oscillator band 
switch is synchronized correctly when 
the reading on the indicator wheel 
agrees with the reading on the first 
two digits of the frequency indicator. 
Note . Only even numbers appear on the in-

dicator wheel. Odd numbers appear as straight 
lines between even numbers. 

(2) If the indication is incorrect, loosen the 
shaft coupler on the second crystal 
oscillator band switch and turn it to 
the correct number with the aid of a 
long screw driver through the SYNC 
XTAL OSC hole at the rear of the 
receiver. 

d. Vfo Tuning Shaft. Synchronize the vfo 
tuning shaft as follows : 

(1) Turn on the receiver and allow it to 
warm up for at least 5 minutes. 

(2) Disconnect coaxial plug P717 (fig. 56) 
and reconnect it with an extension 
coaxial cable. Feed the signal from the 
vfo to the rf input of a frequency 
standard, or the UNBALANCED AN
TENNA jack on another Radio Re
ceiver R-390A /URR which is proper!? 
calibrated. Turn the BFO Rwitch on the 
number two receiver to ON, turn the 
BFO PITCH to 0, and tune it between 
2 and 4 me until the signal from the 
,·fo subchassis under teRt is heard. 
Note the frequency of the Recond 
receiver. 

(3) Remove the antibacklash Rpring on the 
vfo shaft Oldham coupler (fig. 89) , and 
loo,:;en the shaft clamp nearest the 
front panel of receiver number one. 

( 4) Tune the receiver number one KILO
CYCLE CHANGE shaft so that the 
last three number wheels on the count
er read exactly 000. 

(5) Once again locate the output of the 
vfo on the second receiver, and tune 
this receiver a few kc in the direction 
of 3.455 me. Turn the vfo shaft RO the 
output signal can be heard on the st'l'

ond receiver. Once again tu1w tlw 



second receiver a few kc nearer 3.455 
me, and turn the vfo shaft to make its 
signal heard on the second receiver. 

(6) Once the correct direction of rotation 
of the vfo shaft has been established, 
tune the second receiver to precisely 
3.455 me, and turn the vfo shaft until 
the 3.455-mc signal from the vfo is set 
at zero beat with the second receiver. 

Caution: The vfo wi11 be perma
nently damaged if the shaft is turned 
too far in either direction. The end of 
the vfo shaft travel can be felt while 
turning the shaft with the fingers. Do 
not force the shaft, or damage will 
result. 

(7) Tighten the clamp on the vfo shaft and 
replace the antibacklash spring. 

(8) Disconnect the extension coaxial cable 
cord from P717, and reconnect P717 to 
J217. 

(9) Set the FUNCTION switch on the re-

COUNTER 

DRIVE 
SHAFT 

ceiver under test to CAL, turn the 
BFO switch to ON, and the BFO 
PITCH control to 0. Connect a headset 
or a loudspeaker to the receiver. 

(10) With the first two digits of the fre
quency indicator set to any position, 
check the receiver calibration on each 
of the 100-kc calibration markers. 

(11) The receiver should be checked against 
a frequency-checking signal, such as 
that from WWV, or any local broad
cast station of known frequency. 

139. Adjusting the Z ERO ADJ Control 

Perform the operational check and adjust
ment of the ZERO ADJ control as follows : 

a. Turn the ZERO ADJ knob fully counter
clockwise. Carefully and slowly turn the knob 
clockwise, and observe the free play in the knob. 
The free play should be approximately 1/s turn. 

BEVEL GEARS 

LOCKED CLUTCH 
GEAR ASSEMBLY 

MEGACYCLE 
GEAR 

DRIVE SHAFT 

TM856A-103 

Figure 86 . Rf gear train assembly, location of parts. 
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Figure 87. Mechanical alignment details. 

b. If there is no free play, or the free play 
is excessive, remove the knob. 

c. With the thumb and forefinger, adjust the 
shaft for approximately Vs-turn free play. 

d. Replace the knob so that the stop on the 
rear of the knob is directly to the right of and 
touching the finger on the ZERO ADJ control 
locking plate on the front panel. Tighten the 
knob. 

e. Turn the ZERO ADJ control fully clock
wise to the stop, and check that the clutch is 
disengaged. Do this by rocking the KILO
CYCLE CHANGE control back and forth, and 
observing that the reading of the frequency 
indicator does not change. 

f. Turn the ZERO ADJ control fully counter
clockwise to the stop and recheck for approxi
mately Vs-turn free play. 

g. Repeat the procedures in b through f 
above if the free play and clutch disengagement 
is not as specified. 
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140. Crystal-oscillator Switch Alignment 
(fig.90) 

Two methods for performing this operation 
are given below. 

a. First Met hod. 

(1) 

(2) 

Set the receiver controls as instructed 
in paragraph 85, except set the FUNC
TION switch to STAND BY, and con
nect a vtvm to test point E210 (fig. 
58) on the rf subchassis. 

Set the MEGACYCLE CHANGE 
control for a reading of 07 on the first 
two digits of the frequency indicator. 
Observe the band switch indicator on 
the crystal-oscillator subchassis. If 
should agree with this setting. 

Note. The band switch indicator on the 
crystal-oscillator subchassis registers the even
numbered bands. Band 7 is t.he white line ha~f
way between bands 6 and 8. 



Tf',1856A·I02 

Figure 88. Location of rf band switch shaft clamp 
and detent spring. 

(3) Rock the MEGACYCLE CHANGE 
control back and forth over the detent, 
and observe the reading on the vtvm. 
The reading on the vtvm should be 
between -3.5 and - 8 volts when the 

· MEGACYCLE CHANGE control is 
on the detent. The crystal-oscillator 
band switch should be centered with 
respect to the detent position. 

( 4) If adjustment is necessary, loosen the 
shaft clamp on the crystal-oscillator 
band switch shaft, and adjust the 
shaft with a long screw driver through 
the SYNC XTAL OSC hole on the 
rear panel of the receiver (fig. 12). 

(5) Set the MEGACYCLE CHANGE con
trol to each of the bands from 08 to 
31 (first two digits of the frequency 
indicator) and adjust the correspond-

ing trimmer on the crystal-oscillator 
subchassis for maximum output (fig. 
90), as observed on the vtvm. 

(6) Check only for output voltage on 
bands 00 through 07. There are no 
adjustments for 00 through 07. The 
numbers on the trimmers that corres- · 
pond to 00 through 07 only indicate 
that the same trimmers are used on · 
the higher frequency bands thus indi

cated. 

b. Second Method. 

(1) Set the receiver controls as instructed 
in paragraph 85, except set the 
FUNCTION switch to CAL, the BFO 
switch to ON, and the BFO PITCH 
control to 0. 

(2) Set the MEGACYCLE CHANGE con
trol for a reading of 07 on the first 
two digits of the frequency indicator. 
Observe the band indicator on the 
crystal-oscillator subchassis. It should 
agree with this setting. 

(3) If adjustment is necessary, loosen the 
shaft clamp on the crystal-oscillator 
subchassis band switch, and adjust 
the shaft with a long screw driver 
through the SYNC XT AL OSC hole 
at the rear panel of the receiver (fig. 
12). 

( 4) Rock the MEGACYCLE CHANGE 
control back and forth over the detent, 
and listen for the calibration oscillator 
signal. The calibration oscillator sig-

ANTI· BACKLASH 
. SPRING ' 

APP.f!OX 1/32 IN. CLEARANCE 

4·40 NC•2X 1/2 IN. 
,-...--"'"--- SOCKET HEAD SCREWS 

AND 4·40 SQ.UAR!! NUTS 

VFO, SHAFT INSULATOR 

TM 81111A·88 

Figure 89. Oldham coupler details . 

157 



158 

L503 
@ 

@@ 
@ 

C520 

2501 

T501 

T502 
'Is R519 

r@l 
w 

T503 

r@l 
w 

0 

0 

0 

IF SUBCHASSIS 

CRYSTAL OSCILLATOR 
SUBCHASSIS 

T401 m w 

0 

13 12 II 10 9 8 

®®®@®® 
2-19 1-18 0-17 16 15 14 

®@®@®@) 
25 7•24 6-23 5-22 4·21 3-20 

®®®®®® 
31 30 29 28 27 26 

®®®®®@ 

TM856A-21 

Figure 90. Crystal-oscillator and if subchassis alignment points. 

nal should drop out on either side of 
the detent. 

(5) Set the MEGACYCLE CHANGE con
trol to each of the bands from 08 to 
31 (first two digits of the frequency 
indicator) and adjust the correspond
ing trimmer on the crystal-oscillator 
subchassis (fig. 90) for maximum out
put, as indicated on the CARRIER 
LEVEL meter. 

(6) Check only for output on bands 00 
through 07. There are no adjustments 
for these bands ( a ( 6) above) . 

141. Beat-frequency Oscillator Alignment 

Two methods for aligning the bfo are given 
below. 

a. First Method. 
(1) Set the receiver controls as instructed 

in paragraph 85, except set the FUNC
TION switch to MGC and connect a 
vtvm to the DIODE LOAD terminal 14 
GND terminal 16 on the rear panel of 
the receiver. 

(2) Set the BANDWIDTH control to .1 
KC and feed a strong 455-kc signal 



with the signal generator into the grid 
of V204 through test point E211 (fig. 
58) on the top of the rf subchassis . 

(3) Adjust the signal generator frequency 
for maximum diode load voltage. This 
adjusts the signal generator to the 
exact resonant frequency of the crystal 
filter. 
(4) Turn the BFO switch to ON, and 
adjust the BFO PITCH control for zero 
beat, as indicated by a slow oscillation 
of the needle on the de vtvm. If zero 
beat does not occur at O on the front 
panel, loosen the BFO PITCH knob, 
and reset it to zero. It may be neces
sary to remove the BFO knob to gain 
access to the BFO PITCH knob set 
screw. 

b. S econd M eth od. 
(1) Set the receiver controls as instructed 

in paragraph 85, except set the FUNC
TION switch to CAL, and tune the re
ceiver to some 100-kc point above 
00 500. 

(2) Adjust the LINE METER switch and 
LINE GAIN control for an indication 
on the LINE LEVEL meter. Set the 
BANDWIDTH control to .1 KC. 

(3) Adjust the KILOCYCLE CHANGE 
control for maximum output, as indi
cated on the CARRIER LEVEL meter. 

(4) Turn the BFO switch to ON, and ad
just the BFO PITCH control to exact 
zero beat, as indicated by a slow oscil
lation of the needle on the LINE 
LEVEL meter. 

(5) If zero beat does not occur with the 
BFO PITCH knob at zero, loosen the 
knob, and reset it at zero. It may be 
necessary to remove the BFO knob to 
gain access to the BFO PITCH knob 
set screw. 

142. Second Variable If Alignment 
(fig. 91) 
Figure 91 is a copy of the printing on the top 

protective cover that is located over the rf sub
chassis alignment points. Remove this cover and 
use it, as figure 91, for locating the alignment 
points . 

a. Set the receiver controls as instructed in 
paragraph 85, except set the frequency indi
cator to 01 900, and the FUNCTION switch to 
MGC. 

b. Connect the vtvm to the DIODE LOAD 
terminal 14 and GND terminal 16. 

c. Connect the signal generator to the control 
grid of V203 at test point E210. Adjust the sig
nal generator to 2.1 me. 

Note. After setting the receiver to the specified 
frequency, t une the signal generator to that fre
quency. Slowly rock the frequency control on the 
signal generator back and forth and set it at the 
point that gives zero beat when the BFO switch is at 
ON and the BFO PITCH is at O (correctly cali
brated) . Do not depend on the reading on the signal 
generator frequency dial. During the alignment pro
cedure, readjust the signal generator attenuator as 
necessary to keep the voltage on the vtvm from ex
ceeding a -7-volt reading, otherwise detector over
loading and inaccurate alignment will result. 

cl. Adjust the slugs in Z216-l, Z216-2, and 
Z216-3 (L233-1 through L233-3) for maximum 
diode load voltage. 

e. Set the frequency indicator to 01 100, and 
tune the signal generator to 2.9 me. 

f. Adjust the trimmer capacitors in Z216-l, 
Z216-2, and Z216-3 (C291-1 through C291-3) 
for maximum diode load voltage. 

g. Repeat the procedures in b through f above 
until no further increase in diode load voltage 
is obtainable. 

143. First Variable If Alignment 
(fig. 91) 

a. Set the receiver controls as instructed in 
paragraph 85, except set the frequency indi
cator to 01 250. 

b. Connect the signal generator to the grid 
of V202 at test point E209 (fig. 58). Tune the 
signal generator to 18.25 me. 

c. Connect the vtvm to the DIODE LOAD 
terminal 14 and GND terminal 16. 

d. Adjust the slugs in Z213-l, Z213-2, and 
Z213-3 (L232-1 through L232-3) for maximum 
diode load voltage. 

e. Set the frequency indicator to 07 250. 
Tune the signal generator to 24.25 me. 

f. Adjust the trimmer capacitors in Z213-l, 
Z213-2, and Z213-3 ( C283-1 through C283-3) 
for maximum diode load voltage. 

g. Repeat the procedures in b through f 
above until no further increase in diode load 
voltage is obtainable. 
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Figure 91. Rf and variable if alignment points. 

144. Rf Coil Alignment 
(fig. 91) 
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Use the chart in g below when aligning the 
rf coils. 

b. Connect the de vtvm to DIODE LOAD 
terminal 14 and GND terminal 16 on the rear 
panel of the receiver. 

c. If preliminary adjustments are unneces
sary, connect the output of the signal generator 
througl:t the 125-ohm antenna simulator Elec
trical Dummy Load DA-121/U (part of Acces
sory Kit MK-228/URM) to the BALANCED 

a. Set the front panel controls as shown in 
paragraph 85, except set the ANT TRIM con
trol to 0. 
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ANTENNA receptacle on the rear panel of 
the receiver. 

d. If preliminary adjustments are necessary 
because of extreme misalignment of the re
ceiver, connect the output of the signal gener
ator through Test Lead CX-1363/ U to the 
points listed in the last column of the align
ment chart in j below instead of connecting it 
to the BALANCED ANTENNA receptacle. 
Continue with the procedures in e through i 
below. After completing the preliminary align
ment, repeat all the steps in the chart with the 
output of the signal generator connected to the 
BALANCED ANTENNA. 

e. Use the MEGACYCLE CHANGE and 
KILOCYCLE CHANGE controls to tune the 
receiver to the frequency indicated in the sec
ond and third columns of the chart. 

f. After setting the receiver frequency to 
the specified settings, tune the signal generator 
to the same frequency. Slowly rock the fre
quency control on the signal generator back 
and forth and set it at the point that gives 
zero beat when the BFO switch is ON and the 
BFO PITCH control is at 0. Do not depend on 
the reading on the signal generator frequency 
dial. 

g. During the alignment procedure, readjust 
the signal generator attenuator as necessary to 
keep the voltage on the vtvm from exceeding 
-7 volts, otherwise detector overloading and 
inaccurate alignment might result. 

h. Adjust the slugs and trimmer capacitors 
to the frequency specified. When adjusting the 
antenna transformers, T201 through T206, 
adjust the slugs in the transformers farthest 
from the front panel. The slugs nearest the 
front panel are used for balancing the antenna 
input circuits. 

i. Proceed with the procedures outlined in 
the table below. Be sure to adjust .the correct 
slugs and trimmer capacitors, otherwise the 
alignment procedure might have to be repeated 
and would be more difficult than it would be 
normally. 

j. Refer to figure 91 for the location of the 
slugs and adjustments. 

Sig Adjust 
Mc K c gen slugs 

Set of read- read- freq for 
rf coils ing ing (kc) 7,cak 

.5-1 me 00 550 ,550 L213 
L224-l 
L224-2 

00 950 950 

1-2 me 01 100 1,100 L21.5 
L22.5-1 
L22.5-2 

01 900 1,900 

2-4 me 02 200 2,200 L217 
L226-l 
L226-2 

03 800 :3,800 

4-8 me 04 400 4,400 L2!9 
L227-1 
L227-2 

07 600 7,600 

8-16 me 08 800 8,800 L221 
L228-1 
L~28-2 

J;'j 200 1.'i,200 

16-32 me 17 600 li ,600 L223 
L229-l 
L229-2 

30 400 '.30,400 

145. Beat-frequency Oscillator 
Neutralization 

Sig gen 
connec-

Adj11,st lion 
trimmer (prelim-
ca.paci- inary 

tors align-
for mcnt 

peak only) 

Jl04 
E208 
E208 

C201B J104 
C230-1 E208 
C230-2 E208 

J104 
E208 
E208 

C205B Jl04 
C23:3-l E20S 
C233-2 E:WS 

.Jl04 
E20S 
E:208 

C209B .Jl04 
c2:rn-1 E:20S 
('236-2 E208 

.JI04 
E20S 
E20,o.; 

C2!3B .J104 
c2:m-1 E20K 
C239-2 E208 

Jl04 
E208 
E20S 

C217B .J104 
C242-1 E208 
C242-2 E20R 

.J104 
E208 
E:208 

C221B .Jl04 
C:241-1 E208 
C245-2 E208 

a. Set the receiver controls as instructed in 
paragraph 85, except set the BANDWIDTH 
switch to .1 KC and the FUNCTION switch to 
CAL. 

b. With the BFO switch in the OFF position, 
tune the receiver for maximum output, as ob
served on the CARRIER LEVEL meter, to any 
100-kc calibration point. 
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c. Turn the BFO switch to ON, and turn the 
BFO PITCH control to the point where it is 
normally set. 

d. Set the FUNCTION switch to AGC, and 
the BANDWIDTH switch to 2 KC. 

e. Connect the ac vtvm, in parallel with a 50-
ohm, noninductive resistor, to IF OUTPUT jack 
J116 on the rear panel of the receiver. 

f. Short the if input to ground at J513 on the 
if subchassis with a shorted connector. 

g. Insert an insulated screw driver through 
the access hole in the left endplate access hole of 
the receiver and adjust bfo neutralization capa
citor C525 (fig. 66) for minimum output at IF 
OUTPUT jack J116. 

146. Calibration Oscillator Adjustment 

This adjustment requires the use of an ex
tremely accurate frequency standard for deter
mining the reference frequency. Station WWV 
from the Bureau of Standards at Washington, 
D.C. should be used as the frequency standard 
if it is at all possible to receive signals from this 
station. Station WWV operates on frequencies 
of 2.5 me, 5 me, 10 me, 15 me, and 20 me. Use the 
highest frequency signal that can be received 
reliably with the receiver. The procedure is as 
follows: 

a. Tune in the highest frequency signal from 
WWV that can be received reliably. 

b. Set the BANDWIDTH switch to .1 KC. 

c. Tune the receiver to exact resonance by 
adjusting the KILOCYCLE CHANGE control 

· for maximum indication on the CARRIER 
LEVEL meter, and adjust the ANT TRIM con
trol for maximum indication on the CARRIER 
LEVEL meter. 

d. Turn the LINE GAIN control to approx
imately 5, and set the LINE METER switch to 
- 10. 

e. Turn the BFO switch to ON, and adjust 
the BFO PITCH control to exact zero beat on 
WWV. This point will occur when the LINE 
LEVEL meter indication drops to zero and 
fluctuates at a slow rate. 

f. Turn the FUNCTION switch to CAL. 

g . Adjust the CAL ADJ calibration oscillator 
adjusting capacitor C310 through the rear panel 
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access hole (fig. 12) for exact zero beat, as in
dicated on the LINE LEVEL meter. Make this 
adjustment with a screw driver through the 
access hole at the rear of the receiver. 

h . Set the FUNCTION switch to AGC, and 
tune in WWV on the other frequencies, and 
check the accuracy of the calibration oscillator 
adjustment. 

147. Alignment of If Tuned Circuits 
(fig. 64) 

If transformers T501, T502, T503, and T208 
and tuned circuit Z503 are fixed-tuned at 455 kc. 
Normally, they do not requi.re frequent align
ment; when these items are replaced, the re
placement parts must be aligned. Transformer 
T208 can be adjusted from the top of the trans
former cover, but T501, T502, T503, and Z503 
cannot be adjusted unless their covers are re
moved. 

a. Alignm ent of T501 , T502, and T503 . 

( 1) Set the receiver controls as instructed 
in paragraph 85, except set the BAND
WIDTH switch to 2 KC, and set the 
FUNCTION switch to MGC. 

(2) Disconnect Pll4 from J514, P213 
from J513, and P218 from J518. Con
nect P114 to J513. 

( 3) Connect the output of the signal gen
erator to the IF OUTPUT jack on the 
rear panel of the receiver. 

( 4) Remove the cover from T501, T502, or 
T503, as required, by removing the top 
nuts and lock washers. 

(5) Punch a hole in the top of the removed 
can. Install the new transformer less 
its cover, and place the cover with the 
punched hole on the transformer. This 
is necessary for correct alignment. 

(6) Connect the vtvm between DIODE 
'LOAD terminal 14 and chassis ground. 

(7) Tune the signal generator to 455 kc, 
and adjust the signal generator for a 
diode load reading of less than 7 volts. 

Note. Connect a 5,600-ohm resistor across 
the winding not. being tuned. Each of trans
formers T501, T502, and T503 has two cores, 
one below the other. The bottom core adjusts 
the primary winding, and the top core ad
justs the secondary winding. 



(8) Adjust the primary and secondary 
windings of the transformer for maxi
mum diode load voltage. Reduce the 
output of the signal generator if neces
sary to keep the diode load voltage less 
than - 7 volts. 

(9) When completed, disconnect P114 
from J513, disconnect the signal gen
erator from the IF OUTPUT jack, and 
reconnect Pll4 to J514, P113 to J513, 
and Pll8 to J518. Install the new cover 
on the replacement part. 

b. Alignment of Z503. 

(1) Perform the procedures in a(l) 
through (3) above. 

(2) Replace Z503 if necessary. Remove the 
cover from Z503, and punch a hole in 
the top of it. Replace the cover on the 
coil. 

( 3) Connect the vtvm to the AGC terminal 
4 and chassis ground on the rear panel 
of the receiver. 

( 4) Tune the signal generator to 455 kc, 
and adjust the attenuator on the sig
nal generator for an age voltage of 1 
to 2 volts negative. 

(5) Adjust the single core in Z503 for 
maximum age voltage. 

( 6) When completed, perform the proced
ure in a ( 9) above. 

c. Alignment of T208 (fig. 58). 

(1) Set the receiver controls as instructed 
in paragraph 85, except set the FUNC
TION switch to MGC, and the BAND
WIDTH switch to 2 KC. 

(2) Feed the output of the signal gener
ator to test point E211 (fig. 58). Con
nect the vtvm to DIODE LOAD ter
minal 14 and chassis ground. 

(3) Adjust the signal generator to 455 kc, 
and adjust the attenuator to give a 
diode load voltage reading of less than 
- 7 volts. 

(4) Adjust T208 for maximum diode load 
voltage. The adjustment of T208 will 
be broad, so be sure to attain maxi
mum output. 

(5) Disconnect the vtvm and signal gen
erator. 

148. Adjustment of GAIN ADJ 
Potentiometer RS 19 

(fig. 64) 

a. General. The correct adjustment of this 
control is very important. If it is set too low, the 
receiver sensitivity will be below that required; 
if it is set too high, the receiver noise will be 
excessive. This adjustment should be checked 
monthly, and whenever any tubes are replaced 
in the rf or if subchassis. When two receivers 
are operated in diversity operation, the if out
puts should be balanced with the GAIN ADJ 
potentiometer. This is done by setting the gain 
.of one receiver, and then matching the other 
to it. 

b. Procedure for Adjustment. 

(1) Disconnect Pll4 from J514, P213 
from J513, and P218 from J518. Con
nect Pll4 to J513. 

(2) Connect the signal generator through 
Impedance Adapter MX-1487 to the 
IF OUTPUT jack on the rear panel of 
the receiver. 

( 3) . Tune the signal generator to 455 kc, 
and adjust the attenuator to an output 
level of 150 microvolts. Be sure the 
modulation is turned off. 

( 4) Connect the vtvm to the DIODE 
LOAD terminal 14 and chassis ground. 

(5) Set the receiver controls as instructed 
in paragraph 85, except set the FUNC
TION switch to MGC. 

(6) Loosen the hexagonal nut on the GAIN 
ADJ control and adjust it for a diode 
load voltage reading of - 7 volts. 
Tighten the hexagonal nut. 

(7) Disconnect the signal generator and 
the vtvm, disconnect Pl14 from J513, 
and reconnect P213 to J513, and P218 
to J518, and Pll4 to J514. 

c. Adjustment for Diversity Operation. When 
the signals at the IF OUTPUT jacks of two re
ceivers are used for diversity operation, pro
ceed as follows : 

(1) Adjust one receiver according to the 
instructions in b above. 

(2) Connect the signal generator to the 
UNBALANCED ANTENNA recepta
cle; tune it and the receiver. 

163 



( 3) Adjust the output level of the signal 
generator to produce 7 volts between 
the DIODE LOAD terminal, and chas
sis ground. 

( 4) Measure the output voltage at the IF 
OUTPUT jack with the ac vtvm. 

(5) Without changing the settings of the 
signal generator in any way, connect 
it to the UNBALANCED ANTENNA 
receptacle of the second receiver, and 
tune the receiver to the frequency that 
was used in (2) above. 

(6) Measure the output voltage of the sec
ond receiver at the IF OUTPUT jack. 
Adjust the GAIN ADJ control until 
the voltage is the same as that meas
ured in (4) above. 

149. Adjustment of CARR-METER ADJ 
Potentiometer R523 · 

(fig. 64) 

a. Set the FUNCTION switch to AGC and 
turn the RF GAIN control full counterclock
wise. 

b. Adjust the CARR-METER ADJ potenti
ometer on the if subchassis for a zero reading 
on the CARRIER LEVEL meter on the front 
panel of the receiver. 

150. Variable-frequency Oscillator End 
Point Adjustment 

(fig.92) 

After the receiver has been in service for 
about a year, a frequency check of the variable
frequency oscillator may reveal that its range 
may not be exactly 3.455 to 2.455 me. This con
dition, in most cases, is caused by aging of the 
frequency-determining components in the sealed 
vfo subchassis, and can be compensated for by 
adjusting end point adjustment L701. Access 
to this adjustment is made by removing the 
screw on the front of the sealed vfo unit. 

Note. Make this adjustment when the accuracy of 
r the vfo exceeds 500 cps when checked from 000 to +000 

on the last three digits of the frequency indicator. The 
procedure for making the end point adjustment is as 
follows: 

a. Remove the vfo subchassis (par. 127). 

b. Remove the plug which covers the end 
point adjustment L701 (fig. 92). 
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c. Replace the vfo subchassis (par. 127). 
d. Remove the front panel of the receiver 

(par. 122). 

e. Turn the riveted locking plate (fig. 86) by 
hand until the frequency indicator reads exactly 
+ooo. 

f. Set the receiver controls as instructed 
in paragraph 85, except set the FUNCTION 
switch to CAL, the BFO switch to ON, and the 
BFO PITCH control to zero beat. Allow the re
ceiver to warm up for at least 1 hour. Adjust for 
zero beat by adjusting the LINE METER 
switch and the LINE GAIN control for a read
ing on the LINE LEVEL meter, and then care
fully adjusting the BFO PITCH control for a 
zero reading, or a slowl.y fluctuating needle on 
the LINE LEVEL meter. 

g. Turn the riveted locking plate until the 
frequency indicator reads exactly 000. 

h. With a thin screw driver, adjust end point 
adjustment L701 for zero beat, as indicated by 
the zero, or slowly fluctuating, reading on the 
LINE LEVEL meter. 

i. Reset the frequency indicator so that the 
last three digits once again show +ooo. Reset 
the BFO PITCH control to zero beat. 

j. Repeat the procedures in g, h, and i above 
until no further improvement can be made. 

k. When the job is completed, replace the 
front panel (par. 122), replace the vfo (par. 
127), replace the end point adjustment plug, 
and replace the vfo. 

VFO SUBCHASSIS, FRONT VIEW 

VFO END POINT ADJUSTMENT 
LOCATED BEHIND THIS NUT. 
REMOVE NUT AND ADJUST 
WITH NONMETALLIC 
SCREW ORIV ER . 

TM B56A-57 

Figure 92. Variable-frequency oscillator 
end point adjustment. 



151. Crystal Filter Neutralizing 

Capacitor C520 in tuned circuit Z501 (fig. 90) 
usually is not adjusted at the time of general 
receiver alignment; however, if any part of 
Z501, or the entire tuned circuit is replaced, or 
if C520 is tuned accidentally, readjustment is 
required. The procedure is as follows: 

a. Set the receiver controls as instructed in 
paragraph 85, except set the BANDWIDTH 
switch to .1 KC, and the FUNCTION switch 
to MGC. 

b. Connect the signal generator to test point 
E211. 

c. Connect the vtvm to DIODE LOAD ter
minal 14 and chassis ground. 

d. Tune the signal generator to 455 kc, and 
adjust the attenuator for -7 volts on the vtvm. 
Retune the signal generator for maximum vtvm 
reading, and readjust the attenuator for -7 
volts on the vtvm. 

e. Record the signal input level, and increase 
the attenuator setting 60 db. This is 1,000 times 
the previous input level. 

f. Tune the signal generator off 455 kc until 
the vtvm once again reads -7 volts. 

g. Adjust C520 for a dip in vtvm reading, 
and, on the shield can, mark its setting for 
reference. 

h. Tune the signal generator to the other side 
of 455 kc for a vtvm reading of - 7 volts. 

i. Readjust C520 for a dip in the vtvm read
ing, and mark this second reference point. 

j. Note that the two marks are less than 45° 
apart. Set C520 halfway between these marks. 

k. Retune the signal generator to 455 kc as 
determined by maximum reading on the vtvm. 

l. Set the BANDWIDTH switch to 1 KC and 
note whether the frequency of peak response 
has shifted. Do this by returning the signal 
generator for maximum reading on the vtvm. 

m. If the peak frequency has shifted, adjust 
L503 in Z501 until the peak frequency for 1-kc 
bandwidth is the same as the peak frequency 
for .1-kc bandwidth. 

Note. This may require several operations of ad
justing L503. 

152. Antenna Trimmer Capacitor Adjustment 
(fig. 93) 

The ANT TRIM control is adjusted properly 
when the red dot on the helical gear th.at drives 
C225 is positioned as shown in figure 93, and the 
ANT TRIM knob is set at 0. If adjustment is 
necessary, lo~en the helical driving gear, posi
tion the helical gears as shown, and reset the 
knob if necessary to point to 0. 

RED DDT 

POSITION !ANT TRIM! KNOB AT@JWITH RED DOT 

AS SHOWN. 
TM856A-85 

Figure 93. ANT TRIM control adjustment. 

Section V. FINAL TESTING 

153. Purpose 

Equipment that has been repaired must meet 
definite minimum performance standards before 
it is returned to service. The tests outlined in 
paragraphs 154 through 168 are designed to 

. measure the performance capability of a re
paired Radio Receiver R-390A/ URR. Receivers 
that meet the minimum standards stated in the 
tests will furnish satisfactory operation. 

154. Test Equipment Required for 
Final Testing 

a. The test equipment required for final test
ing is listed below. A common usage name is 
indicated after each component. 

Nomenclature Common name 

Electronic Multimeter TS-505/ U Vtvm 
RF Signal Generator Set AN / URM Signal generator 
Accessory Kit MK-288/URM Accessory kit 

(for the signal generator) 
Audio Oscillator TS-382/ U Audio oscillator 
Oscilloscope OS-8A/ U Oscilloscope 
Electronic Multimeter ME-30A/ U Ac vtvm 
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b. The following noninductive resistors are 
required: 

Quantity Value (ohms) 

1 600 
1 60 
2 68 

c. To connect the signal generator to the 
BALANCED ANTENNA connector, connect it 
through Electrical Dummy Load DA-121/ U 
(part of the accessory kit), Adapter Connector 
UG-636A/ U, and Adapter Connector UG-971/ U. 

155. Maximum Audio Output 
(fig. 94) 
a. Set the receiver controls as instructed in 

paragraph 85. 
b. Connect a 600-ohm, 1-watt or larger, non

inductive resistor across LOCAL AUDIO ter
minals 6 and 7 on the rear panel of the receiver. 

c. Connect the ac vtvm across the LOCAL 
AUDIO terminals. 

d. Connect the signal generator to the BAL
ANCED ANTENNA connector on the rear panel 
of the receiver (par. 154c). 

e. Set the receiver frequency and the signal 
generator frequency to 1.51 me. Adjust the 
signal generator for an unmodulated, 10-micro
volt output. 

f. On the front panel of the receiver, turn the 

!ANTENNA! 

BFO switch to ON, and the BFO PITCH control 
to 0. Adjust the signal generator for zero beat. 
This can be done accurately by turning the 
LINE METER switch to O and turning the 
LINE GAIN control clockwise for a meter in
dication on the LINE LEVEL meter. When the 
signal generator is tuned to zero beat, the read
ing on the LINE LEVEL meter will drop to 
zero. Turn the BFO switch to OFF. 

g. Turn the signal generator modulation on 
at 400 cps, and adjust the percentage of modula
tion to 30 per cent. Turn the LOCAL GAIN con
trol fully clockwise, and read the output on the 
ac vtvm. It should read at least 500 milliwatts 
(17.3 volts rms across 600 ohms). 

Note. Power (watts) equals voltage squared divided 
by 600 ohms. 

h. Connect the 600-ohm resistor and the ac 
vtvm to the PHNS terminal and GND on the 
rear panel of the receiver. With the LOCAL 
GAIN control turned fully clockwise, the mini
mum power output at the PHNS terminal should 
be greater than 1 milliwatt (.78 volts rms across 
600 ohms). 

i. Connect the 600-ohm resistor and the ac 
vtvm across LINE AUDIO terminals 10 and 13. 
Turn the LINE GAIN control fully clockwise. 
Turn the LINE METER switch to OFF. Read 
the ac power on the ac vtvm. The minimum 
power output should be 10 milliwatts (2.45 volts 
rms across 600 ohms). 

RF SIGNAL 
GENERATOR SET 
AN/URM-25,0R 

EQUIVALENT 

ELECTRICAL 
DUMMY LOAD 
DA-1211 U, OR 
EQUIVALENT 

--r---- )>--.... , --
1 
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>! 
Jl04 

125 OHM 
BALANCED 

RADIO 
RECEIVER 

R-390A/URR 

Figure 94. Receiver audio test setup. 

ELECTRONIC 
MULTIMETER 

ME-30 A/U, OR 
EQUIVALENT 

600-0HM, NON·INDUCTIVE 
RESISTOR, I WATT OR 
LARGER, 

TM856A-92 
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Figure 95. Over-all audio response chart. 

156. Audio Harmonic Distortion 

a. An example of audio distortion can be 
heard by listening to a reliable voice signal from 
a local broadcast station with the LIMITER 
control turned clockwise to 10. With the 
LIMITER control turned to OFF, the local audio 
channel should contain less than 10 per cent 
harmonic distortion, and the line audio channel 
should contain less than 6 per cent harmonic 
distortion. 

b. Connect a headset or speaker across the 
LOCAL AUDIO and LINE AUDIO terminals 
and listen to the quality of the voice signals. 
Compare the audio signals from the receiver 
under test with another receiver known to be 
operating properly. 

157. Hum Level 
(fig. 94) 

To check the hum level of the receiver, pro
ceed as follows: 

a. Set the receiver controls as instructed in 
paragraph 85. 

b. Set the BFO PITCH control to 0, and turn 
the BFO switch to ON. 

c. Connect the signal gened.tor to the BAL
ANCED ANTENNA jack on the rear panel of 
the receiver (par. 154c). 

d. Tune the receiver and signal generator to 
1.51 me, and adjust the signal generator output 
level to 1,000 microvolts. 

e. Adjust the signal generator control for 
zero beat~..a-nd turn the BFO switch to OFF. 

f. Connect a 600-ohm, 1-watt, noninductive 
resistor and the ac vtvm across the LOCAL 
AUDIO terminals 6 and 7 on the rear panel of 
the receiver. 

g. Modulate the rf signal from the signal 
generator with a 400-cps audio signal, modu
lated 30 per cent. 

h. Adjust the LOCAL GAIN control for a 
reading of 17.3 volts ac. This corresponds to a 
power level of 500 milliwatts. 

i. Remove the 400-cps audio signal from the 
rf signal generator, and record the reading on 
the ac vtvm. Determine the number of 11.b the 
audio level has dropped from the formula: 

DB down = 20 log d 
1J·3 

lt recor e vo age 

The hum level should be at least 38 db down. 
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158. LINE LEVEL Meter Operation 

Set the FUNCTION switch to CAL and set 
the KILOCYCLE CHANGE control to any 
100-kc point. With the BFO switch at ON, ad
just the BFO PITCH control for an audible 
tone at the loudspeaker. Set the LINE METER 
switch to +10 and adjust the LINE GAIN con
trol for an indication of -10 on the LINE 
LEVEL meter. Set the LINE METER switch 
to O; the LINE LEVEL meter should indicate 
O vu. Adjust the LINE GAIN control for an 
indication of -10 on the LINE LEVEL meter. 
Set the LINE METER switch to -10. The 
meter should indicate O vu. 

159. Limiter Clipping Level 
(fig. 96) 

The operation of the limiter can be checked 
by one of two methods. The first method con
sists of tuning in an am signal, and operating 
the LIMITER control from the OFF position 
fully clockwise through settings 1 through 10, 
and listening to the degree of clipping that re
sults as the LIMITER control is turned clock
wise. The second method requires the use of 
an oscilloscope and an rf signal generator that 
can be modulated up to a high level. The pro
cedure is as follows: 

a. Connect the output of the signal genera
tor to the BALANCED ANTENNA connector 
(par. 154c), and tune the receiver and signal 
generator to the same frequency. Adjust the 
attenuator· on the signal generator for an out
put of 1,000 microvolts. 

b. Adjust the modulating audio frequency 
to 400 cps. 

c. Connect the oscilloscope to pin 1 or 2 of 
limiter tube V507, and adjust the oscilloscope 
for two or three complete sine waves. This can 
be done with a tube test point adapter. 

d. Increase the percentage of modulation on 
the signal generator to 50 per cent. Use the 
reading on the LINE LEVEL meter for ob
serving the smooth variation of limiting. 

Note. The output may drop approximately 1 db 
when the LIMITER control is turned clockwise from 
OFF position, return to O db, then drop again as the 
control is advanced. 

e. Turn the LIMITER control clockwise to 
1, and note the amount of clipping. Continue 
turning the LIMITER control clockwise to 10; 
note that the amount of clipping is smooth and 
gradual as the control is advanced clockwise. 

160. Bfo Calibration and If Output 
(fig. 97) 
To check the 455-kc if output of the receiver, 

the bfo leakage into this signal source, and the 

!ANTENNA! 

RF SIGNAL 
GENERATOR SET 
AN/URM-25, OR 

EQUIVALENT 

ELECTRICAL 
DUMMY LOAD 
DA-121/U, OR 
EQUIVALENT 
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820K 

2 
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V507A 

( l/2)5814A 

OSCILLOSCOPE 

RADIO 
RECEIVER 

R-390A/URR l_ 

TM856A-91 

Figure 96. Limiter clipping level test setup. 
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calibration accuracy of the beat-frequency os
cillator, proceed as instructed below. 

a. Set the receiver controls as instructed in 
paragraph 85, except set the FUNCTION 
switch to MGC and the receiver frequency to 
1.510 me. 

b. Connect the output of the signal generator 
to the BALANCED ANTENNA connector on 
the rear panel of the receiver (par. 154c). 

c. Connect the ac vtvm in parallel with a 
60-ohm, noninductive resistor to the IF OUT
PUT jack on the rear panel of the receiver, and 
connect the vtvm to DIODE LOAD terminal 
14 and GND terminal 16. 

d. Connect the vertical input of the oscillo
scope in parallel with a 600-ohm, noninductive 
resistor, 1 ~att or larger, across LOCAL 
AUDIO terminals 6 and 7 on the rear panel of 
the receiver. ' 

e. Connect the output of the audio oscillator 
to the horizontal input of the oscilloscope. 

f. Adjust the output of the signal generator 
to 3 microvolts, and. readjust the signal genera
tor frequency for maximum indication at 
DIODE LOAD terminal 14. 

!ANTENNA! 

g. Adjust the RF GAIN control on the re
ceiver for a reading of 20 millivolts on the ac 
vtvm connected to the IF OUTPUT jack. 

h. Increase the output of the rf signal gen
erator to 30 microvolts, and record the reading 
on the ac vtvm. The if output should be between 
180 and 220 millivolts. 

i. Turn the BFO switch to ON, set the BFO 
PITCH control to 0, and adjust the KILOCY
CLE CHANGE knob for zero beat. 

j. Set the BFO PITCH control to -3, and 
adjust the oscilloscope and the audio oscillator 
for a one-to-one lissajous pattern on the oscillo
scope. Read the output frequency of the audio 
oscillator. It should be between 2,400 and 3,600 
cps. 

k. Repeat the procedure in j above for a BFO 
PITCH control setting of +3. 

l. Set the BANDWIDTH switch on the re
ceiver to 2 KC, turn the BFO switch to ON, 
and adjust the BFO PITCH control slightly to 
one side of O until a null is indicated on the ac 
vtvm connected to the IF OUTPUT jack. 

m. Note this reading and record it as bfo 
leakage. The bfo leakage should be less than 
750 microvolts. 
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GENERATOR SET 
AN/URM-25, OR 

EQUIVALENT 

ELECTRICAL 
DUMMY LOAD 
DA-121/U,OR 
EQUIVALENT 

-~-->-i-
ELECTRONIC 
MULTIMETER 

ME-30A/U, OR 
EQUIVALENT 

1 _ _.____ >-1--
'Wil __ _ 

JI04 
125 OHM 

BALANCED 

. RADIO 
RECEIVER TBl02 

R-390A/URR 

ELECTRONIC 
MULTIMETER 
TS-505/U,OR 
EQUIVALENT 

OSCILLOSCOPE 

AUDIO 
600-0HM,NONINDUCTIVE OSCILLATOR 
RESISTOR, I WATT OR TS-382/U, 
LARGER. OR EQUIVALENT 

TM856A-96 

Figure 97. Bfo calibration and if output test setup. 
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161. Over-all Receiver Selectivity 
(fig. 98) 
To check the over-all selectivity of the re

ceiver for all the positions of the BAND
WIDTH switch, except the .1 KC position, pro
ceed as instructed below. The selectivity of the 
receiver when the BANDWIDTH switch is in 
the .1 KC position cannot be checked accurately 
with the given test equipment because of the 
extreme sharpness of this position. 

a. Connect the signal generator to the BAL
ANCED ANTENNA connector on the rear 
panel of the receiver. 

b. Connect the vtvm to DIODE LOAD ter
minal 14 and GND terminal 16. 

c. Tune the receiver to some frequency, end
ing in an even 10 kc, between .5 and 32 me. 
Tune the signal generator to the same fre
quency. 

Note. The bandwidth on the .5- to 1-mc band when 
the BANDWIDTH switch is in the 16 KC position may 
be somewhat less than 16 kc because of the bandpass of 
the .5- to 1-mc antenna and rf coils. This condition is 
permissible. 

d. Set the BFO PITCH control to 0, turn the 
BFO switch to ON, set the BANDWIDTH 
switch to 1 KC, and turn the FUNCTION 
switch to MGC. 

e. Adjust the frequency of the signal genera
tor to zero beat. 

f. Turn the BFO switch to OFF. 
g. Adjust the output of the signal generator 

for a -5-volt reading on the vtvm. 
h. Detune the receiver with the KILOCY -

CLE CHANGE knob until the vtvm indicates 
-3.5 volts. Record the frequency on the dial. 

!ANTENNA! 

' > RF SIGNAL ELECTRICAL I / 
GENERATOR SET DUMMY LOAD I 
AN/URM-25, OR ~ DA-121/U,OR I 

I ' EQUIVALENT EQUIVALENT > / 

I 
I 
I 
I 
I 

I JI04 125 OHM I 
BALANCED 

RADIO 
RECEIVER 

R-390A/URR 

Detune the receiver still further until the vtvm 
indicates -2.5 volts. Record the frequency. Do 
this above and below the 10-kc dial reference 
frequency. 

i . Repeat the procedure in g and h above for 
BANDWIDTH switch positions of 2 KC, 4 KC, 
8 KC, and 16 KC. Record the results, and com
pare the receiver bandwidth with the figures 
given in the chart below. 

B AND- DIODE LOA D voltage 
WIDTH 

control -3.5V - 2. 5V 
setting (3 db) (6 db ) 

1 KC .8tol .3kc 
2KC 1.9to2.3kc 
5KC 3 .6 to 4 .4 kc 
S K C Not less than 7. 5 kc 

16 KC Not less than 13 kc 

j. Reset the BANDWIDTH switch to 2 KC. 
k. Within the 2-kc pass band, tune the re

ceiver, with the KILOCYCLE CHANGE con
trol, for maximum diode load voltage as indi
cated on the vtvm. 

l. Adjust the signal generator output for a 
vtvm reading of -5 volts. 

m. Adjust the KILOCYCLE CHANGE con
trol for the minimum vtvm reading within the 
2-kc band pass. Record this reading. It should 
be not less than 3 db (-3.5 volts). This is the 
peak-to-valley ratio. 

Note . Be sure not to tune to either skirt of the band
pass curve. 

n. Repeat the steps in k, l, and m above for 
BANDWIDTH switch settings of 4 KC, 8 KC, 
and 16 KC. 

TBl03 ,__._,... 

~ 
14 -- ELECTRONIC AD 

MULTIMETER 
TS-505/U, OR 16 

!GND I EQUIVALENT - -
i.-...-, 

TM856A-95 

Figure 98. Over-all selectivity test setup. 
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162. Age Characteristics 
(fig. 99) 

To check the operation of the age circuit and 
the accuracy of the CARRIER LEVEL meter, 
proceed as instructed below. Select at least 
three frequencies over the range of the receiver 
for making these tests. 

a. Set the receiver controls as instructed in 
paragraph 85. 

b. Connect the signal generator to the BAL
ANCED ANTENNA jack on the rear panel of 
the receiver (par. 154c) . 

c. Connect a 600-ohm, 1-watt or larger, non
inductive resistor in parallel with the ac vtvm 
across LOCAL AUDIO terminals 6 and 7 on 
the rear panel of the receiver. 

d. Connect the vtvm across DIODE LOAD 
terminal 14 and GND terminal 16 on the rear 
panel of the receiver. 

e. Adjust the attenuator on the rf signal 
generator for an output of 5 microvolts; and 
modulate the signal generator with a 400-cps 
audio signal, modulated 30 per cent. 

f . Adjust the LOCAL GAIN control for a 
5-milliwatt (1.73 volts rms across 600 ohms) 
output on the ac vtvm. 

g. Increase the setting on the rf signal gen
erator and note the rise in the audio output. 
Compare the results with the chart below. 

ln1ml level (mi cro110/ls) Audio increase not to e1:cecd 

5 O db (1 . 7 volts) 
1,000 4 db (2 .4 vol ts) 

100,000 8 db (4 .3 volts) 

h. Reduce the signal generator attenuator set
ting to obtain a CARRIER LEVEL meter read
ing of 20 db. Record the output of the signal 
generator. 

i. Increase the signal generator output in 
20-db steps, and each time record the CAR
RIER LEVEL meter reading. 

Note. A 20-db increase in signal generator output 
is the equivalent of multiplying the previous setting by 
a factor of 10. Use a chart similar to the one below for 
recording the results. For every change in input level 
by a factor of 10, the CARRIER LEVEL meter indi
cation should increase from 10 db to 30 db. 

CARRIER LEVEL 
Step Input from signal generator meter reading 

1 First setting (see h above) 20 (reference) 
2 10 t imes step 1 40 (typical) 
3 100 times step 1 58 (typical) 
4 1,000 times step 1 78 (typical) 
5 10,000 times step 1 Approximately 100 

(typical) 
6 1/ 10 times step 1 0 (typical) 

j . Decrease the signal input from the signal 
generator by 20 db (1 / 10 of the level estab
lished in the procedure in h above) and record 
the results under step 6 in the chart above. The 
reading on the CARRIER LEVEL meter should 
be from O to 6 db. 

k. Transfer the connection of the vtvm from 
the DIODE LOAD terminals to AGC terminal 
4 and chassis ground. 

l . Set the AGC switch on the receiver to 
SLOW, and adjust the attenuator on the signal 
generator until the de vtvm indicates -10 volts 
age bias. Abruptly remove the signal input to 
the receiver, and record the time for the indica
tion on the CARRIER LEVEL meter to drop 
from -10 V to ~3.5 V. This decrease in meter 
reading should occur in 4 to 6 seconds. 

m. Repeat the procedure in k above for set
tings of FAST and MED on the AGC switch. 
Since the discharge time constants for these 
two settings is too fast (.005 to .025 second and 
.2 to .4 second) for measuring with simple test 
equipment, check for a rapid decrease in the 
age voltage reading when the rf signal is re
moved. 

n. Adjust the attenuator on the signal genera
tor until a reading of .8 volt is obtained on the 
de vtvm. Transfer the vtvm connection to 
DIODE LOAD terminal 14 and measure the 
voltage at DIODE LOAD terminal 14 and GND 
terminal 16. It should be between negative 5 
and 10 volts. 

163. Antenna Grounding Relay 

a. Set the receiver controls as instructed in 
paragraph 85. 

b. Connect the signal generator to the BAL
ANCED ANTENNA jack (par. 154c). 

c. Tune the signal generator and receiver to 
30.050 me. 

17 1 



d. Set the BFO PITCH control to 0, and turn 
the BFO switch to ON. 

e. Tune the signal generator to zero beat, 
turn the BFO switch to OFF, and adjust the 
ANT TRIM control or maximum reading at 
DIODE LOAD terminal 14. 

f. Adjust the attenuator on the signal gen
erator for a diode load voltage of -5 volts. 
Record the output of the signal generator. 

g. Turn the FUNCTION switch to CAL, and 
increase the output of the signal generator to 
obtain a diode load voltage of -5 volts. Record 
the output of the signal generator. 

h. The attenuation should be at least 40 db, 
as calculated from the formula: 

Db = 20 times log microvolts (g above) 
microvolts (f above) 

164. Antenna Balance Ratio · 

a. Set the receiver controls as instructed in 
paragraph 85, except set the MEGACYCLE 
CHANGE control to 00, the KILOCYCLE 
CHANGE control to +000, and the FUNC
TION switch to MGC. 

b. Connect the output of the signal generator 
between ground and the junction of two 68-ohm 
composition resistors. Connect the free ends of 
each 68-ohm resistor to the two contacts on the 
BALANCED ANTENNA connector on the rear 
panel of the receiver. 

c. Connect the vtvm to DIODE LOAD ter
minal 14 and chassis ground. 

d. Tune the signal generator to the receiver 
frequency, and set the attenuator to the level 
that gives -7 volts indication on the vtvm. Note 
the output of the signal generator. 

e. Disconnect the 68-ohm resistors and re
connect the signal generator to the BALANCED 
ANTENNA jack (par. 154c). Repeat the pro
cedure in d and note the output of the signal 
generator. 

f. Calculate the db ratio according to the fol
lowing formula: 

Db = 20 lo m~crovolts (d above) 
g microvolts ( e above) 

g. Compare the results with the data in the 
chart below. Perform the same test for all the 
other frequencies listed in the chart. 

172 

Trans- Ratio 
Dial reading former Trimmer (minimum db ) 

oo +ooo T201 C201A 45 

01 +ooo T202 C205A 40 

03 +ooo T 203 C209A 40 

01 +ooo T204 C213A 35 

15 +ooo T205 C217A 30 

31 +ooo T206 C221A 20 

h. If the balance ratio for any antenna trans
former is below that specified in the chart, ad
just the balance trimmer (fig. 91) for a mini
mum with the signal generator connected as 
instructed in b above. 

Note. Be sure a true balance is obtained, and not a 
maximum or minimum trimmer capacity condition. 

165. Calibration Signal 

a. Set the receiver controls as instructed in 
paragraph 85, except set the FUNCTION switch 
to CAL. 

b. Tune the KILOCYCLE CHANGE control 
to 500, set the MEGACYCLE CHANGE control 
successively to each band, and observe the 
strength of the 100-kc calibration markers on 
the CARRIER LEVEL meter. Be sure to peak 
the ANT TRIM control for each setting of the 
MEGACYCLE CHANGE control. 

c. Determine which band produces the weak
est 100-kc markers, adjust the KILOCYCLE 
CHANGE control to each 100-kc point within 
this band, and determine which 100-kc point 
produces the weakest marker signal. 

(1) Set the BFO control to 0. 

(2) Set the BFO switch to ON. 

(3) Adjust the KILOCYCLE CHANGE 
control for zero beat. 

(4) Adjust the BFO PITCH control for a 
maximum indication on the LINE 
LEVEL meter. 

(5) Adjust the LINE LEVEL control and 
the LINE METER switch for an in
dication of O vu on the meter. 

(6) Tune the KILOCYCLE CHANGE con
trol to 10 kc away from zero beat. 

(7) -The LINE LEVEL meter indication 



should decrease at least 10 vu when 
the KILOCYCLE CHANGE control is 
tuned 10 kc away from the zero beat 
position. 

166. Am Sensitivity 
(fig. 99) 

a. The am sensitivity of the receiver is meas
ured for a signal plus noise-to-noise ratio of 10 
to 1 at 10 millivolts power output. 

b. Connect the signal generator to the BAL
ANCED ANTENNA connector (par. 154c). 
Connect the ac vtvm to LOCAL AUDIO ter
minals 6 and 7 on the rear panel of the receiver. 

c. Tune the receiver and the signal generator 
to .75 me. 

d. Set the BFO PITCH control to O and turn 
the BFO switch to ON. 

e. With modulation off, tune the signal gene
rator for zero beat. Turn the BFO switch to 
OFF. 

f. Adjust the LOCAL GAIN control for a .8-
volt noise indication on the ac vtvm. 

g. Turn on the signal generator modulation 
and adjust it for 30 per cent modulation at 400 
cps. Peak the ANT TRIM control. 

h. Adjust the output of the signal generator 
for a 2.5-volt signal-plus-noise indication on the 
ac vtvm. 

i. Repeat g and h above as necessary until no 
further readjustment is necessary. The signal 
generator output in microvolts for this condi
tion is the sensitivity figure for the receiver. 
It should meet the test limits shown in m below. 

j. Repeat the procedures inc through i above 
for all the other frequencies listed in the chart 
in m below for BALANCED ANTENNA con
nection. 

k. Connect the output of the signal generator 
to the UNBALANCED ANTENNA connector 
through Electrical Dummy Load DA-124/U and 
adapter UG-636A/ U. 

l. Using the same procedures given in c 
through i above, determine the am sensitivity 
for all the frequencies specified for an unbal
anced antenna connection in the chart m below. 

Maximum input (microvolts) 

Frequency BALANCED UNBALANCED 
(me) ANTENNA ANTENNA 

.500 12 

.750 3.3 
1 .000 8 
1.510 3.3 
2.000 5.5 
3.000 3.3 
5.000 5.5 
6.000 3.3 

10.000 5 .5 
11.000 3.3 
14.000 3.3 
18.000 5 .5 
20 .000 4 .4 
21.000 4 .4 
22 000 4 .4 
23.000 4 .4 
26.000 4 .4 
27.000 4 .4 
28.000 4 .4 
29 000 4 .4 
30.000 4 .4 

167. Cw Sensitivity 

Cw sensitivity is measured in the same man
ner as am sensitivity, except that the unmodu
lated output of the signal. generator is used, and 
the BFO PITCH control is adjusted for an 
audio output of about 1,000 cps. To measure 
the noise output, the signal is removed. The sen
sitivity figure measured should be approxi
mately one third of that for am sensitivity. 

168. Over-all Gain 

a. Adjust the receiver controls as instructed 
in paragraph 85, except set the FUNCTION 
switch to MGC. 

b. Connect the signal generator to the BAL
ANCED ANTENNA jack (par. 154c). Connect 
the vtvm to DIODE LOAD terminal 14 and 
.GND terminal 16. 

c. Tune the signal generator and receiver to 
500 kc. 

d. Turn the BFO PITCH control to 0, and · 
turn the BFO switch to ON. 

e. Tune the signal generator to zero beat, and 
turn the BFO switch to OFF. 

f. Adjust the ANT TRIM control for maxi
mum indication at DIODE LOAD terminal 14. 
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Figure 99. Sensitivity and over-all gain, test setup. 

g. Adjust the attenuator on the signal gen
erator for a reading of -7 volts at DIODE 
LOAD terminal 14. Record the output of the 
signal generator. 

h. Compare this reading with the value in the 
chart (j below), and repeat the procedure in d 
through g above for all the other frequencies 
shown in the chart. 

i. Remove the signal generator connection 
from the receiver and connect it to the UNBAL
ANCED ANTENNA jack through Electrical 
Dummy Load DA-124/ U and Adapter UG-
636A/ U. 

j. Repeat the procedure in d through h above 
for all the test frequencies and sensitivity limits 
shown in the chart below. 
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Maximum input (microvolts) 

Frequency BALANCED UNBALANCED 
(me) ANTENNA ANTENNA 

.500 4 10 

.750 4 -

.990 4 -
1.000 4 8 
1.510 4 -
1 .990 4 -

2.000 4 6 
3.000 4 -
3.999 4 -
4.000 4 6 
6 .000 4 -
7 .999 4 -
8.000 4 -
9.000 - 6 

12.000 4 -

15.000 4 -
16 .000 4 -

17 .000 - 6 
24.000 4 -

31.990 4 -

Note. The gain variation of gain within any coil 
range should not exceed four to one. 



CHAPTER 7 
SHIPMENT AND LIMITED STORAGE AND 
DEMOLITION TO PREVENT ENEMY USE 

Section I. SHIPMENT AND LIMITED STORAGE 

169. Disassembly 

The following instructions are recommended 
as a guide for preparing the receiver for trans
portation and storage. 

a. Disconnect the antenna lead-in cable. 
b. Remove all connections to the terminal 

strips on the rear panel of the receiver. 
c. Unplug the headphone cord from the 

PHONES jack on the front panel. 
d. Disconnect the power cable from the ac 

outlet and wind the cable around the clips pro
vided for it on the rear panel of the receiver. 

170. Repacking for Shipment or 
Limited Storage 

The exact procedure for repacking depends 
on the material available and the conditions 
under which the receiver is to be shipped or 
stored. Use the procedures outlined in a through 
c below whenever possible. The information 
concerning the original packaging (par. 12 and 
fig. 6) will also be helpful. 

a. Material Requirements. 

:Waterial ()urmt it!/ 
-

Waterproof harrier mat erial 22 S<] ft 
Fiberboa rd, corrugated , single-faced 40 S<] ft, 
Tape, gummed, paper 10 ft 
Tape, water-resistant, pressure-

sensitive, :{-inch 1G ft 
Steel s trapping, %-inch h.v .020-inch 1:3 ft 
\\'oodcn shipping hox, 22 Yi' x 20 ~ 

x 14 %: 1 

b. Packaging. 

( 1) In close each manual in a close-fitting 
bag made of waterproof barrier ma
terial. Seal the seams with water
resistant, pressure-sensitive tape. 

(2) Cushion the receiver on all surfaces 
with pads made of single-faced cor
rugated fiberboard, in order to absorb 
shocks that might be caused by han
dling and shipping. Secure the cush
ioning with gummed paper tape. 

c. Packing. 

(1) Line the nailed wooden box with 
waterproof barrier material. Leave 
enough material so that it may be 
sealed over the receiver when it is 
placed in the box. 

(2) Place the packaged receiver and the 
packaged manuals in the box. 

(3) Seal the waterproof barrier material 
with the water-r esistant, pressure-sen
sitive tape. 

( 4) Nail the top on the wooden box. 

(5) On intertheatre shipments only, apply 
two bands of steel strapping. 

(6) Mark the shipping box according to 
the requirements of SR 55-720-1, Sec
tion II. 
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Section II. DEMOLITION OF MATERIEL TO PREVENT ENEMY USE 

171. Authority for Demolition 

The receiver and its accessories will be de
molished only upon the order of the commander. 
The demolition procedures outlined in para
,graph 172 will be used to prevent the enemy 
from using or salvaging the equipment. 

I 72. Methods of Destruction 

Use any or all of the methods J.isted in a 
through f below to make the equipment com
pletely useless. 

a. Smash. Smash the controls, tuning mech
anism, tubes, c<:>ils, switches, capacitors, trans
formers, filters, and meters ; use sledges, axes, 
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handaxes, pickaxes, hammers, crowbars, or 
other heavy tools. 

b. Cut. Cut the power cord, the antenna lead
in cable, and the headset cord; use an axe, a 
handaxe, or a machete. 

c. Burn. Burn cords, cables, and manuals; 
use gasoline; kerosene, oil, flamethrowers, or 
incendiary grenades. 

d. Bend. Bend the panel, the cabinet, and the 
main frame. 

e. Explosives. If explosives are necessary, 
use firearms, grenades, or TNT. 

f. Disposal. Bury or scatter the destroyed 
parts in slit trenches or fox holes, or throw them 
into streams. 



RESISTOR COLOR CODE MARKING 

(MIL-STD RESISTORS) 

AXIAL-LEAD RESISTORS 

C'INSULATEO) 

RADIAL-LEAD RESISTORS 

(UNINSULATED) 

A B C D 

TOLERANCE 

MULTIPLIER 

= 

SECOND SIGNIFICANT FIGURE 

.__---FIRST SIGNIFICANT FIGURE 

RC-COMPOSITION 

A B C D 

TOLERANCE 

MULTIPLIER 

= 

SECOND SIGNIFICANT 
FIGURE 

~--- FIRST SIGNIFICANT FIGURE 
(DOUBLE WIDTH SIGNIFIES 
FIXED WIRE-WOUND 
RESISTORS l 

RU-WIRE-WOUND 

(END) 

RESISTOR COLOR CODE 

(BODY) 

RZ-COMPOSITION 

(BC,DY) 

MULT IPL IER 
(DOT OR BAND) 

RZ-COMPO'SITION 

FIRST 
SIGNIF ICANT 
FIGURE 

SECOND 
SIGNIFICANT 
FIGURE 

FIRST 
SIGN IFICANT 
FIGURE 

BAND A OR BODY* BAND B OR END* BAND C OR DOT OR BAND* BAND DOR END* 

FI RST SECOND 
COLOR SIGNIFICANT COLOR SIGNIFICANT COLOR 

Fl GURE FIGURE 

BLACK 0 BLACK 0 BLACK 

BROWN I BROWN I BROWN 

RED 2 RED 2 RED 

ORANGE 3 ORANGE 3 ORANGE 

YELLOW 4 YELLOW 4 YELLOW 

GREEN 5 GREEN 5 GREEN 

BLUE 6 BLUE 6 BLUE 
-

PURPLE 
7 

PURPLE 
7 (VIOLET) (VIOLET) 

GRAY 8 GRAY 8 GOLD 

WHITE 9 WHITE 9 SILVER 

*FOR WIRE-WOUND-TYPE RES ISTORS, BAND A SHALL BE DOUBLE-WIDTH . 
WHEN BODY COLOR IS THE SAME AS THE DOT (OR BAND) OR END COLOR, 
THE COLORS ARE DIFFERENTIATED BY SHADE , GLOSS , OR OTHER MEANS . 

MULTIPLIER 

I 

10 

100 

1,000 

10,000 

100,000 

1,000,000 

0 . 1 

0.01 

EXAMPLES (BAND MARKING) : EXAMPLES (BOD'Y MARKING) : 

RESISTANCE 

COLOR TOLERANCE 
(PERCENT) 

BOD Y ± 20 

SILVER ± 10 

GOLD ±5 

-
-. 

10 OHMS ±20 PERCENT : BROWN BAND A; BLACK BAND B; 10 OHMS ±20 PERCENT : BROWN BODY ; BLACK END ; BLACK DOT 
BLACK BAND C; NO BAND D. OR BAND ; BODY COLOR ON TOLERAN CE END . 
4 .7 OHMS ±5 PERCENT : YELLOW BAND A ; PURPLE BAND B \ 3 ,000 OHMS ±10 PERCENT : ORANGE BOOY ; BLACK END ; RED DOT 
GOLD OAND C; GOLD BAND D. OR BAND ; SILVER END . STD-RI 

Figure 100. R esistor color code. 
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FIRST SIGNIFICANT 
TEMPERATURE~~~~--, 
COEFFICIENT 
INNER- c::::::::, 
ELECTRpOE TERMINAL 

FIRST SIGNIFICANT FIGURE 

TEMPERATURE~~~~--, 
COEFFICIENT 

INNER-ELECTRODE 
TERMINAL 

NOTE: 
0 

CAPACITOR COLOR CODE MARKING 

(Mil-STD CAPACITORS) 

DECIMAL MULTIPLIER 

CAPACITANCE TOLERANCE 

== 

0 

... ...--+-MIL IDENTIFIER 
; BLACK DDT) 

a 
CHARACT~RISTIC FIRST SIGNIFICANT FIGURE 

SECOND SIGNIFICANT FIGURE 

,-, ,-DECIMAL MULTIPLIER 

CAPACITANCE TOLERANCE 
MIL IDENTIFIER 
(BLACK SPOT) 

NOTES: 
I. SPOTS MAY BE USED ON TUBULAR CAPACITORS; 

CHARACTERISTIC SPOT IS LARGER ANO MIL IDENTIFIER 
IS ON SIDE DIAMETRICALLY OPPOSITE. COLOR SPOTS . 

SPOTS MAY BE USED INSTEAD OF BANDS; TEMPERATURE 
COEFFICIENT MARKING IS L 'ARGER . 

2 . MIL IDENTIFIER OF DISK TYPE IS ON REVERSE SIDE ; 
CHARACTERISTIC SPOT IS LARGER OR SPACE BETWEEN 
CHARACTERISTIC AND TOLERANCE SPOTS IS THREE 
TIMES SPACE BETWEEN ADJACENT SPOTS. 

3 . TOLERANCE : YELLOW,+ IOO'Y., -20% . 

CERAMIC-TEMPERATURE COMPENSATING (CC) CERAMIC-GENERAL PURPOSE (CK) 

CAPACITOR COLOR CODE 

MULTIPLIER CHARACTERlSTIC
1 

TOLERANC~ 2 TEMPERATURE 

SIG COEFFICIENT 
COLOR 

FIG. 
NUMBER cc (UUFIUF/°C) 

DECIMAL OF CM CN CB CK CM CN CB 
OVER IOUUF 

ZEROS IOUUF OR LESS cc 

BLACK 0 I NONE A 20 . 20 20 20 2 ZERO 

BROWN I 10 I. B E B w I -30 

RED 2 100 2 c H x 2 2 2 -80 

ORANGE 3 1,000 3 D J D 30 -150 

YELLOW 4 10,000 4 E p -220 

GREEN 5 5 F R 5 0 .5 -330 

BLUE · & 6 s -470 

PURPLE 7 7 T w -750 (VIOLET) 

GRAY B 8 x .- 0 .25 +30 

WHITE 9 9 10 I -330(-:~00l 
3 

GOLD 0 .1 5 5 +100 

SILVER 0 .01 10 10 10 

I. LETTERS ARE IN TYPE DESIGNATIONS GIVEN IN MIL-C SPECIFICATIONS. 
2 . IN PERCENT, EXCEPT IN UUF FOR CC-TYPE CAPACITORS OF 10 UUF OR LESS. 
3. INTENDED FOR USE IN CIRCUITS NOT REQUIRING COMPENSATION . 

STD-Cl 

Figure 101. Capacitor color code. 
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Figure 102. Filament and oven circ·uits, sche111atic d-iagra111. 
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R520 C522 
27K 15,000 

IF SUBCHASSIS 

4 ..., 

R551 C523 
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I 

__J 

I. SWITCH 5206 SHOWN IN ,5 -I MC POSITIOt.l, 

2. 2201-1 THRU 2206·1 SHOWN IN PART ONLY, 

3, SWITCH 5208 (REAR) SHOWN IN .5-1 MC POSITION. 

4. VOLTAGES ON B+ LINES ARE APPROXIMATELY 
+225 VOLTS. 

5. SWITCH 5102 (REAR) SHOWN IN IOFF! POSITION. 

TMIHA·71 

Figure 109. B+ circttits, schematic diagram. 
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Figure 105. Main frame, . w11·ing diagrnm . 
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