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WARNING

DANGEROUS VOLTAGES EXIST IN THIS EQUIPMENT
be careful when working on the plate,

power supply, or ac input circuits.

DON'T TAKE CHANCES
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DEPARTMENT OF THE ARMY TECHNICAL MANUAL AND DEPARTMENT OF
THE AIR FORCE TECHNICAL ORDER

RADIO RECEIVER R-390/URR

TM 11-856
TO 31R1-2URR-154
Cuanges No. 1

TM 11-856/TO 31R1-2URR-154, 11 January
1955, is changed as follows:
On figure 8, at the small hole on the left-hand
side of the frame, add the following call-out:
FOR C525 ADJUSTMENT TOOL,

13.1 Differences in Models
(Added)

During production many changes were made
to the receivers. When these modifications were
made to the equipments, the subchassis affected
were stamped with a modification (MOD) number.,
This manual covers the latest equipment and lists
the changes inserted in this manual which permit
coverage of the earlier equipment.

a. Changes in Equipment According to Serial
Numbers. _

(1) Below serial number 301, the access hole
to capacitor C525 is not available on the
left side of the main frame.

(2) Below serial number 450, resistor R504
is connected to ground instead of to
resistor R562.

b. Changes in Equipment According to Rf Sub-
chassis MOD Numbers.
(1) Below MOD 1, resistor R221 is 27 ohms.
(2) Below MOD 2, capacitors C307 and C310
are each 1 wppf; C207 is 22 pupf; (248,
C271, and C302 are each 24 uuf; €249,
(272, and C303 are each 56 uuf: C274 is
510 puf; C307 and C310 are each 1upuf;
and C289 is 68 puf. Resistor R203 is
100 ohms. The cores of antenna coils
T201 through T206 are of different
material, and the cores of tuning circuits
7206, Z212, and Z218 are larger in size.
Capacitor C342 does not appear. Ca-
pacitor C221B (3 to 12 puf) is connected
between terminals 3 and 6 of T2086.
(3) Below MOD 3, capacitor C343 does not
appear,
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c. Changes in Equipment According to Af
Subchassis MOD Numbers.

(1) Below MOD 1, resistor R635 is not
included.

(2) Below MOD 2, capacitor C612 is not
included; resistor R609 (18 ohms) is
connected between the junction of resis-
tors R608 and R604 and ground.

d. Change in Egquipment According to Gear
Train Subchassis MOD Numbers. Below MOD 1,
the green-coded offset gear is mounted in reverse
position with the green face toward the back,
and the gears are not meshed with the clutch gear.

e. Change to Equipment According to If. Sub-
chassis MOD Numbers. Below MOD 1, resistor
R558 is 1 megohm,

f. Change in Equipment According to Crystal-
oscillator Subchassis MOD Numbers. Below MOD
1, capacitor C426 is 130 puf.

g. Change in Equipment According to Vfo Sub-
chassis MOD Numbers. The vfo eircuit is shown
in figure 35 for equipment with numbers below
MOD 1.

51. First RF Amplifier V201
(fig. 28)

The first rf * * * to 1-me band.

a. Grid bias for * * * off the receiver. Capac-
itor C343 is connected between the age line and
ground to reduce radiation from the receiver,
When the FUNCTION #* * * BY and OFF.

* * * * *
On figure 29, “R221 27” is changed to read:
R221 68.
On figure 30, “C307 1” is changed to read:
C307 .75.
“C310 1”7 is changed to read:
€310 .75.

Figure35. Variable Srequency oscillator for earlier mod-
els, schematic diagram.
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Figure 85.1 (Added): Variable frequency oscillator, MOD 1 and higher, schematic diagram.

On figure 75, Resistor R609 is deleted. Capaci-
tor C612 is added to terminal board TB601 and is
connected across resistor R608 on the opposite

On figure 38:

NOTE 2 (Superseded). RESISTOR R519
IS 910 OHMS, R520 IS 5,100 OHMS, AND
R521 IS 8,900 OHMS.

On figure 42, “C343 2,000” is added to the
AGC LINE between terminal E of jack J214 and
ground. “R558 1 MEG” is changed to read:
R558 1.2 MEG.

On figure 46, R609 is deleted. The junction of
R604 and R608 is connected to ground, C612
(8 uf) is connected across R608.

71. Local Audio Channel
(fig. 46)
The local audio * * * and frequency response.
*® * * * *

¢. (Superseded) Harmonic distortion is reduced
by a negative feed-back loop which uses resistors
R606 and R604. Negative feed-back voltage is
coupled from the plate of V603 back through
R606 to the cathode of V602. This voltage is in
proper phase to increase the signal voltage on the
cathode. The cathode voltage opposes the input
voltage on the grid and in effect reduces the gain
of the two audio-frequency stages. This negative
feedback not only reduces distortion, but reduces
the output impedance of the amplifier which pro-
vides more stable operation.

side of the board.

On figure 82, the following note is added:
8. VARIATION IN VALUES MAY BE
CAUSED BY CHANGE IN CIRCUITS.

REFER TO PARAGRAPH 13.1.

On figure 83, the following note and table are

added:

8. VARIATION

IN VALUES MAY BE

CAUSED BY CHANGE IN CIRCUITS.

REFER TO PARAGRAPH 13.1.

RESISTANCE AND VOLTAGE TABLE FOR VFO
TUBE V701

(VFO SUBCHASSIS MOD 1 AND HIGHER)

Pin No. Voltage Resistance

: Lt Lok o o e i e —1TO0 —2.3___._.. 150K,

v PSRN DI LY TULE - MR B < [ e S EI B AL e T 0.
SurpisEagenia zing Qocesegninitonnand 0.

- S PR T ) ST A i s 3.

D SgE s s e R 1 e R e 8,500.
R e S SO 85 K.

B o 2 o o e o m e e 4 P 0.
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Figure 84. The following note is added: “R203 100" is changed to read: R203 220.

9. VARIATION IN VALUES MAY BE Resistor R609 is deleted and the junction of
CAUSED BY CHANGE IN CIRCUITS. R604 and R608 is connected to ground.
REFER TO PARAGRAPH 13.1. “C612 8” is connected across R60S.

“C207 22” is changed to read: €207 150,

105. Removals and Re_plclcemen#s “C248 24" is changed to read: €248 27.

Directions for removing * * * in the head. - “C271 24” is changed to read: C217 27.
* * * * * “C302 24" is changed to read: €302 27.

7. Replacement of Rf Tuming Coils and Trans- “C249 56” is changed to read: C249 51.
formers. To replace the * * * in ¢ above. Be- “C272 56 is changed to read: €272 51.
ginning with rf subchassis MOD 2, the cores “C303 56” is changed to read: C363 51.
of antenna coils T201 through T206 are made of “C274 510” is changed to read: C274 330.
different material to improve tracking. The cores “C307 1” is changed to read: C307 .75.
of tuning circuits Z206, Z212, and Z218 are smaller “C310 1” is changed to read: €310 .75.
in size to increase the tuning range of the high- “C289 68” is changed to read: C289 39.
frequency band. Coils or transformers that have Capacitor C221B is disconnected from termi-
identical functions are interchangeable for all nal 5 and is connected to terminal 6 of
models, providing the change is complete with T206, directly across the secondary winding.
tuning cores. However, when a tuning core is “C221B 3-12” is changed to read: C221R
replaced the correct one of the two types available 1.5-7.
must be selected for proper operation of the coil. “C342 24” is added and is connected from

g 5 o " " terminal 3 to terminal 5 of T206.
On figures 107 and 108, the following changes “C426 1207 is changed to read: €426 150.
are made: Note 3. (Superseded) R519 VALUE, 910
“R221 277 is changed to read: R221 68. OHMS.
“R558 1 MEG” is changed to read: R558 1.2 R520 VALUE, 5,100 OHMS.
MEG. R521 VALUE, 3,900 OHMS.
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Figure 107.1 (Added). Vfo subchassis, MOD 1 and higher, schematic diagram.
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R561 SELECTED AT TEST-RANGE
VALUES 560 to 5,600 OHMS.
On figure 107, the frequency of Y417 is changed
from 11.666 to 10.666.
- The following note is added:
9. VFO SUBCHASSIS SHOWN IN FOR
EQUIPMENT BELOW MOD 1. RE-
FER TO FIGURE 107.1 FOR LATEST
CIRCUIT.
On figure 108, the following note is added:
VFO SUBCHASSIS SHOWN IS FOR
EQUIPMENT BELOW MOD 1. RE-

By ORDER OF THE SECRETARY OF THE ARMY:

OFFICIAL:
JOHN A. KLEIN,
Major General, United States Army,
The Adjutant General.

DISTRIBUTION:
Active Army:

CNGB (1)
Tec Bve, DA (1)
Tec Sve Bd (1)
CONARC (5)
CONARC Bd (Incl ea Test Sec) (1)
Army AA Comd (2)
OS Maj Comd (5)
OS Base Comd (5)
Log Comd (5)

POE (2)

SigC Sch (25)

Gen Depots (2)

S8igC Sec, Gen Depots (10)
SigC Depots (20)

FER TO FIGURE 107.1 FOR LATEST

CIRCUIT.
118. Adjustment of GAIN ADJ Potentiometer
R562
* * * * *

b. Connect RF Signal Generator Set AN/
URM-25 or equivalent between J525 and the
receiver ground (chassis). Turn on the * * *
150 microvolts (uv).

* * #* * *

[AG 413.44 (24 May 55))

M. B. RIDGWAY,
General, United States Army,
Chief of Staff.

Units organized under following
TOE’s—Continued
11-127, Sig Rep Co (2)
11-128A, Sig Depot Co (2)
11-500A (AA-AE), Sig Sve Org

OS Sup Agencies (2) (2)
SigC Fld Maint Shops (3)
SigC Lab (5)
Mil Dist (1)

11-557A, Abn Sig Co (2)
11-587A, Sig Base Maint Co (2)
11-592A, Hq & Hq Co, Sig Base

MDW (1) Units organized under following Depot (2)

Armies (5) TOE's: 11-597A, Sig Base Depot Co (2)
Corps (2) 11-7, Sig Co Inf Div (2) 32-55 (2)

Tng Div (2) 11-16A, Hq & Hq Co, Sig Bn, 32-56 (2)

¥t & Cp (2) Corps or Abn Corps (2) 32-57 (2)

Gen & Br Sve Sch (5)

11-57, Armd Sig Co (2)

NG: State AG (6); units—same as Active Army except allowance is one copy to each unit.

USAR: None.

For explanation of abbreviations used, see SR 320-50-1.

TAGO 61563A
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T™M 11-856
TO 31R1-2URR-154
C 2

DEPARTMENT OF THE ARMY TECHNICAL MANUAL
" DEPARTMENT OF THE AIR FQRCE TECHNICAL ORDER

RADIO RECEIVER R-390/URR

TM 11-856
TO 31R1-2URR-154
Cuanees No. 2

T™™ 11-856/TO 31R1-2URR-154, 11 January
1955, is changed as follows:

8. Description of Radio Receiver R-390/URR

* * * * #*

d. Radio Receiver R-390/URR * * * seven
removable subchassis. During production of the
receivers, many changes were made to the indi-
vidual subchassis and the receivers. Each sub-
chassis affected is stamped with a modification
(MOD) number. Refer to paragraph 13.1 for the
differences in models. The rf subchassis * * *
hand tools only.

10. Description of Power Supply PP-621/URR

P (AC Power Supply)

(fig. 16)

Power Supply PP-621/URR * * * or 230-volt
operation. Power Supplies PP-621/URR marked
with MOD numbers are not interchangeable with
the power supplies that are not so marked be-
cause a change has been made in the circuit that
contains fuse F102.

13.1 Differences in Models

During production many * * * the earlier
equipment.
#* * * * *

b. Changes in Equipment According to RF Sub-
Chassis MOD Numbers. b ”

* * * * *
(4) (Added) Below MOD 4, capacitor C344
does not appear.
* * * * *
f. Change in Equipment According to Crystal-

Oscillator Subchassis MOD Nwmbers.
(1) Below MOD 1, capacitor C426 is 130 ppf.

TAGO 17T40A—0Oct. 360468°—565
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(2) (Added) Below MOD 2, capacitors C439
and C440 do not appear.

* * * * Ve

" h. (Added) Changes in Equipment According
to Power Supply PP-621/URR MOD Numbers.

(1) Below MOD 1, fuse F102 (B - % amperes)
is connected in the line between contact
P120-5 and the positive terminal of

. capacitor C101.

(2) Below MOD 1, the center- -tap terminal
(6) of blansformer T801 is connected
directly to ground.

(3) Below MOD 1, contacts 10 and 12 of jack
J818 are connected by a jumper.

(4) Below MOD 1, the line labeled 3 MF
(93), connecting terminal 12 of plug P118
to fuse F102, does not appear; and the
other side of the fuse does not connect
to the junction of capacitor C101 and the
line labeled P118-13 PS (9) 6.

54. First Crystal Oscillator V401
(fig. 31).
The first crystal * * * the resonant circuit.
. a. Bias is developed * * * R403 and C4083.
Additional filtering is provided by L406, C436,
and C440. '
Tk * * L &
Figures 31 and 33. Capacitor C440 is added
between contact A of jack J413 and chassis
ground. '

56. Second Crysta] Osc1[|ator V402
(fig: 33)-
The second crystal * * * the grld cireuit.
a. Bias is developed * * * R407 and C407.
Additional filtering is provided by 1406, €440,
and C436.

* *® * * *



77. Power Circuits

The power circuits * * * positions except OFF.
a. Power Supply PP-621/URR (fig. 52).

* * * * *

(2) The ends of * * * V801 and V802.
The center tap of transformer T801
(terminal 6) is grounded through fuse
F102. The tubes, V801 * * * voltage
regulator circuits.

b. Voltage Regulator (fig. 53). The voltage
regulator * * * the input voltage. The output
from the power supply is fed to the voltage regu-
lator. The voltage-regulator circuit * * * in the
output.

¢. Filament and Oven Heater Circuits (fig. 54).
Filament voltages of * * * in series circuits.
To prevent interstage coupling of high-frequency
signals through the filament circuits, the following
capacitor and choke coil combinations are used:
1242, C344, and C326; L243 and C327; 1244,
(328, and C329; 1245, C330, and C331; 1247,
(332, and C340; 1403, C437, and C410; 1.404 and
C412; 1405, C413, and C439; and L706, C712,
and C713. Limiting resistor R411 * * * the
audio subchassis.

Figures 52 and 53. Fuse F102 (B4 % amperes)
is deleted from its present position. The
contact of P118-5 is connected to the junction
of C101 and P120-5. The ground connection
of terminal 6 on transformer T801 is deleted.

" Terminal 6 is connected through contacts
J818-12 and P118-12 and fuse F102 (B-}%
amperes) to ground.

Figure 54. Capacitor C344 is added between
contact I of jack J214 and chassis ground.
Capacitor C436 (2,000 upf) is deleted and
replaced by C439 (5,000 puf).

Capacitor C439 is connected between con-
tact B of jack J413 and chassis ground.

Figure 98. Fuse F102 (B-}+% amperes) is
‘deleted.

Figure 107, The following changes are made in
figure 107, :

Capacitor C344 (5,000 upf) is added and
[AG 413.44 (15 Aug 55)]

connected between contact F of jack J214
and chassis ground.

Capacitor C440 (5,000 ppf) is added and
connected between contact A of jack J413
and chassis ground.

Capacitor C436 (2,000 puf) is deleted and re-
placed by capacitor C439 (5,000 ppf). C439
is connected between contact B of jack J413
and chassis ground.

The jumper is removed that connects contacts
10 and 12 of jack J818.

Terminal 6 of transformer T801 is discon-
nected from chassis ground and connected to
terminal 12 of jack J818.

The wires labeled P118-5 PS (92) 4 and
P120-5 AF (923) 5, (connected to fuse F'102)
are removed from fuse F'102 and connected to
the terminal of capacitor C101 that was
formerly connected to the fuse.

Terminal 12 of plug P118 is connected to the
wiring channel with an additional line labeled
3 MF (93). The other end of this wire is
labeled P118-12 PS (93) 3, and connected to
one terminal of fuse F102.

The other terminal of fuse F102 is connected
to the junction of capacitor C101 and the line
labeled P118-13 PS (9) 6.

Figure 108. The following changes are made in

figure 108.

Capacitor C344 (5,000 puf) is added between
contact F of jack J214 and chassis ground.
Capacitor C440 (5,000 upf) is added between
contact A of jack J413 and chassis ground.
The reference symbol for capacitor C436 and
its value (2,000 uuf) are changed to read:
C439 (5,000 puf). C439 is connected between
contact B of jack J413 and chassis ground.
Fuse F102 is deleted from its present position,
and wire P118-5 is connected directly to C101
and P120-5.

The ground connection at terminal 6 of trans-
former T801 is deleted. Terminal 6 of
transformer T801 is connected to fuse F102
(B+3/g amperes) through contacts J818-12
and P118-12, The other side of the fuse is
grounded,

TAGO 1T40A



BY ORDER OF THE SECRETARIES OF THE

OFFICIAL®
JOHN A. KLEIN,
Major General, United States Army,
The Adjutant General.

OFFICIAL:
E. E. TORO,
Colonel, United States Air Ioree,
Air Adjutant General.

DISTRIBUTION:
Active Army:

CNGB (1)

Tec Sve, DA (1) except CSIGO (30)

Tee Sve Bd (1)

Hq CONARC (5)

CONARC Bd (incl ea Test Sec) (1)

Army AA Comd (2)

08 Maj Comd (5)

0OS Base Comd (5)

Log Comd (5)

MDW (1)

Armies (5)

Corps (2)

Tng Div (2)

Ft & Cp (2)

Gen & Br Sve Sch (5) except Sig
Sch (25)

ArMy AND THE AIr FORCE:

MAXWELL D. TAYLOR,

General, United States Army,

Chief of Staff.

N. F. TWINING,

Chief of Stajf, United States Air Force.

Gen Depots (2) except Atlanta Gen
Depot (None)
Sig See, Gen Depots (10)
Sig Depots (20)
POL (2)
08 Sup Agencies (2)
Sig F1d Maint Shops (3)
Sig Lab (5)
Mil Dist (1)
Units organized under following
TOE’s:
11-7R, Sig Co, Inf Div (2)
11-16R, Hq & Hq Co, Sig Bn,
Corps or Abn Corps (2)
11-57R, Armd Sig Co (2)
11-127R, Sig Rep Co (2)

11-128R, Sig Depot Co (2)

11-500R (AA-ARE), Sig Sve Org
(2)

11-557R, Abn Sig Co (2)

11-587R, Sig Base Maint Co (2)

11-592R, Hq & Hq Co, Sig Base
Depot (2)

11-597R, Sig Base Depot Co (2)

32-51R, Hq & Hg Co, Comm
Recon Gp (2)

32-55R, Comm Recon Bn (2)

32-56R, Hqg & Hq Co, Comm
Recon Bn (2)

32-57R, Comm Recon Opr Co
(2)

NG: State AG (6); units—same as Active Army except allowance is one copy to each unit.

USAR: None.

For explanation of abbreviations used, see SR 320-50-1.

TAGO 17404
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DEPARTMENT OF THE ARMY TECHNICAL MANUAL
DEPARTMENT OF THE AIR FORCE TECHNICAL ORDER

™ 11-856
TO 31R1-2URR-154
C4

RADIO RECEIVER R-390/URR

To 31R1-2URR-154

TM 11-856
CHANGES No. 4 }

TM 11-856/T0O 31R1-2URR-194, 11 January
1955, is changed as follows:
Note. A parenthetical reference to previous Changes

(example: “page 1 of C 2”) indicates that pertinent
material was published in that Changes.

Add the following note in the places indicated
below :
NOTE:
IN RECEIVERS MODIFIED BY MWO 11-5820-294—
35/1, THE WIRES CONNECTED TO B + %A FUSE
F102 ARE REMOVED AND TIED TOGETHER, AND
THE GROUND CONNECTION ON TRANSFORMER
T801 IS REMOVED. THERE IS NO CONNECTION
BETWEEN THE DC 20A FUSE F103 AND P118-15
(NOT APPLICABLE TO FIGURE 53), AND TER-
MINAL 6 OF T801 IS CONNECTED THROUGH THE
CONTACTS OF J818-15 AND P118-15 AND B + %A
FUSE F102 TO GROUND. THE B + 3 A FUSE IS
CALLED THE HV3 A FUSE.

Fage page 74, figure 53.

Page 75, figure 52,
Figure 107 (part 1).
Figure 108 (part 2).

Page 11, paragraph 10 (page 1 of C 2). Add
the following after the last sentence: Power
Supplies PP-621/URR modified in accordance
with MWO 11-5820-294-35/1 are not inter-
changeable with power supplies that are not so
marked because of wiring changes in the B -
3A fuse F102 circuit.

Page 15, paragraph 13.1 (page 1 of C 2).
Add the following after subparagraph h:

1. Changes tn Equipment According to MWO.
Radio Receivers R-390/URR modified by MWO
11-5820-294-35/1 have the former B-}- 35A
fuse F102 in the ground lead of power trans-
former T801 and the name of the fuse is
changed to HV 34A. The MWO supersedes
MWO SIG 191 dated 20 July 1955 and con-
tractor changes on Power Supplies PP-621/
URR identified as MOD 1 and above. These
changes restore interchangeability between

TAGO 3260A—Dec

DEPARTMENTS OF THE ARMY
AND THE AIR FORCE
WASHINGTON 25, D. C., 22 December 1958

Power Supplies PP-621/URR and permit their
being used in all Radio Receivers R—-389/URR,
R-390/URR, and R-391/URR so modified.

Page 18, paragraph 16. Add subparagraph ¢
after subparagraph b.

¢. Reducing Surrounding Temperature of
Receivers and Tubes.

(1) When receivers are protected from
dust by a cabinet, the dust covers
should be removed to increase ventila-
tion. Replace the screws and lock-
washers that hold the dust covers in
their positions so that they are avail-
able when the dust covers are re-
installed.

(2) When receivers are used in fixed sta-
tions, remove all tube shields from
the 6BJ6 type tubes located in the
RF and IF amplifier subchassis and
from the rectifier type 25Z5W tubes
in the power supply subchassis.

(3) Securely wrap the tube shields and
dust covers. Mark the nomenclature
and serial number of the receiver
from which they were removed on the
cover of the package. Store them for
future use. Reinstall the tube shields
and dust covers when the receivers are
stored or shipped.

Page 26.

25.1. Reception of Single-Sideband Signals
(Added)

Tuning the receiver for reception of single-
sideband signals must be done accurately. The
procedure for tuning the receiver to single-
sideband voice signals is given below.

Note. This procedure may be used for single-sideband
reception of am double-sideband signals when inter-

ference and distortion are caused by selective fading.
Tune to either the upper or lower sideband.



a. Calibrate the receiver at the 100-ke calibra-
tion 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 switeh to 2 KC.
/. Turn the BFO switch to ON.

¢g. Set the BFO PITCH control to —1 for
upper sideband reception or -1 for lower side-
band reception.

h. Tune to the frequency of the desired sig-
nal; -1 ke if the upper sideband is used and
——1 ke if the lower sideband is used.

7. If a BANDWIDTH switch setting of 4 ke
is to be used, double the —1 or -1 setting
(g and h above).

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

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

Page 3.

42.1. Checking Receiver Performance With
Moise
(Added)

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 @ through e below with the antenna
disconnected from the receiver. Adjust the con-
trols 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.

a. AF Noise Test. While listening to the noise,
ground the DIODE LOAD terminal on the rear
panel (terminal 14). Terminal 16 is a con-
venient ground connection. The noise should
he greatly reduced. Make the same check while
listening to the remote audio output or watch-
ing 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
properly. If only the local output is reduced,

2

check tubes V602 and V604 and the seating of
connector P119 (fie. 88). If neither output is
affected, check tubes V507 and V601. If tube
replacement is not effective, trouble shoot the
af subchassis at a fleld 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
sueccessively at each lower position while listen-
ing 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
subchassis at a field maintenance level will be
necessary.

¢. 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 E210, E209, E208, E207, and E206, in
that order (fig. 62). 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, while 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
position. Across the tuning range, some adjust-
ment of the ANT TRIM control will be neces-
sary to produce maximum noise. Between de-
tent settings, the noise should show a pro-
nounced drop in level. From one detent 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 TF aline-
ment should be checked (pars. 114, 115, and
116). If the noise does not drop between detent
settings, check for excessive IF gain (par. 118).
If noise is less at one detent setting, check the
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over-all gain {par. 117.1) and the adjustment
of the crystal-oscillator trimmer -ecapacitors
(pars. 112 and 113).

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 WHIP
connector J107. A click should be heard and the
noise should drop sharply. Ground both con-
tacts of the BALANCED 125 OHM connector
J108. A click should be heard and the noise 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 connect to transform-
ers T201 through T206.

Page 35, paragraph 43b(2). Add the follow-
ing after the last sentence:

If the output of the calibration oscillator
is unstable or there is frequent tube
failure, change the 12AUT tubes to
type 5814 A tubes.

Page 40, paragraph 47. Normal indications
column, line 34. Change “of” to: af.

Page 46, figure 30. Add a ground symbol to
cathode resistor R404. Delete the connection
drawn between the ground end of R404 and
jack J421.

Page 47, paragraph 55, line 5. Change “36-
me”’ to: 32-me.

Page 48, figure 32. Add a ground symbol to
cathode resistor R408.

Face page 84, figure 61. Add reference sym-
bols to the AMPHENOL connectors as shown
in the following chart:

Cable No. AMPHENOL Ref symbol
8 26-806 J517
8 26-807 P117
3 26-150 P119
3 26-1561 J619
4 26-804 J620
4 26-805 P120
5 26-150 P118
5 26-151 J818
6 26-192 P113
6 26-1059 J413
L 26-1059 PT715
1 26-192 J115
2 26-192 P114
2 26-1059 J214
AGO 3250A

Page 88, paragraph Y2, Correction column,
line 10. Add the following after line 10: Substi-
tute tube type 5814A for defective tube type
12AUT in V901 and V902.

Page 90, figure 63. Delete reference symbol
“J323” and substitute: J223.

Page 90, figure 64. Delete reference symbol
“S208” (next to S210) and substitute: S209.

Page 107, paragraph 105¢(1). Add the fol-
lowing to subparagraph (1) :

In early production models of the receiver

the green-coded offset gear is merely

reversed to mesh with the gear train.

Page 108, paragraph 105d.

(10.1) (Added) Tighten the rear right
green mounting screw.

Subparagraph (13), line 1. Add the follow-
ing after “offset” : gear.

Subparagraph (13). Add the following:
In early production models of the re-
ceiver, the green-coded offset gear is
reversed to disengage from the RF
gear train.

Page 112.

105.1. Disassembly of RF Gear Train
Assembly
(Added)

a. General. Under certain circumstances, such
as extensive damage or mechanical failure of a
component, it may be necessary to disassemble
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 of
parts is not obvious. The index numbers used
in the instructions refer to those that identify
the parts in figure 88.1. When disassembling
the RF gear train assembly, mark the individual
gears with the index number. This will aid
identification and reassembly. Place the parts
in trays or containers in the order of disassem-
bly. This will simplify reassembly.

b. Disassembly.
(1) Remove the front panel (par. 105a).

(2) Remove the RF subchassis (par.
105¢).

(3) Remove the 8 slug racks and the 16
tension springs. Tag the slug racks for
identification according to frequency.
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(4)

(a) Remove the

Loosen the 3 g-inch hexagonal nut (1)
and % ¢-inch lock washer (2) and re-
move the 6-32 by 3 g-inch Phillips
head screw (3) and the No. 6 lock-
washer (4). Remove the clutch gear
assembly. Remove the 344-inch hexag-
onal nut (1) and 54g-inch lockwasher
(2). To disassemble the clutch gear
assembly, follow the procedures in (a)
and (b) below. If it is not necessary
to disassemble the clutch gear, pro-
ceed with (5) below.

.395-inch retaining
ring (5), split gear assembly (6),
74 ¢-inch flat washer (7), four 17,-
inch spring friction washers (8),
two 7 ¢-inch flat washers (9), steel
plate (10), four clutch plates (11),
and brass gear (12).

(b) Remove the zero adjust shaft (13),

(5)

(6)

(7)

(3)

(9)

(10)

(11)

the .225-inch retaining ring (14),
stop washer (15), spring holder
(16), stop spring (17), flat pin
(18), l4-inch washer (19), .225-
inch retaining ring (20), steel bush-
ing (21), from the clutch assembly
shaft (22).

Remove the four 4-40 by 34s-inch
Phillips head screws (23) and four
No. 4 split lockwashers (24) to re
move the mechanical counter (25).

Remove the beveled gear (26) and
gear clamp (27) by loosening the 3-56
by 14-inch Bristo head screw (28).

Remove the beveled gear (29) and
gear clamp (30) by loosening the 3-5€
by 1/4-inch Bristo hea_td screw (31).

Remove the two beveled gear assem-
blies (32) and (33).

Remove the 6-32 by 3{-inch Phillips
head screw (84) and No. 6 lockwasher
(35) and green-faced gear (36).

Remove the .207-inch retaining ring
(87) and the brass gear (38).

Remove the .207-inch retaining ring
(39) and remove the hollow pin (40)
from brass gear (41). Pull out the
gear and shaft assembly (42) while
sliding off gear (41) and 3{g-inch
washer (43).

(12)

(13)

(14)

(15)

(16)

17

(18)

(19)

Remove the 6-40 by 3 ¢-inch machine
screw (44).

Remove the front plate assembly (45)
by removing the three 8-32 by %/¢-
inch Phillips head screws (46) and the
three No. 8 lockwashers (47).

Remove the .225-inch retaining ring
(48) and pull out the welded gear and
shaft assembly (49) from the rear of
the front plate assembly (45).

Remove the .122-inch retaining ring
(50) to remove the large brass gear
(51).

Remove the three 6-32 by !4-inch
Phillips head screws (52) and the
three No. 6 lockwashers (53) that hold
the triangular steel plate (54) to the
front plate assembly (45).

Remove the .122-inch retaining ring
(55) and remove the pinned gear
assembly (56) and 9 4-inch washer
(67).

Remove the two 6-32 by 1/-inch Phil-
lips head serews (58) and the two No.
6 lockwashers (59) holding the detent
spring (60).

Remove the differential gear assem-
bly (61) through (72). To disassem-
ble the differential gear assembly, fol-
low the procedures given in (a)
through (e) below. If it is not neces-
sary to disassemble the differential
gear, proceed with (20) below.

(¢) Remove the three 4-40 by 14-inch

Phillips head screws (61) and the
three No. 4 lockwashers (62).

(b) Gently lift off the pinned gear as-

sembly (63).

(¢) Remove the three .122-inch retain-

ing rings (64) and remove the three
identical brass split gear assemblies
(65).

Note. The third brass gear assembly is

shown exploded with index numbers (66)
through (69) in figure 88.1.

(d) Remove the .395-inch retaining ring

(86) and separate the flat brass
gear (67), the steel loading spring
(68), and the pinned brass and steel
gear assembly (69).
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(e) Remove the .395-inch retaining ring

(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)

(28)

(29)

AGO 3250A

(70) to facilitate the removal of
loading springs (71) on pinned gear
and detent assembly (72).

Remove the pinned split gear assem-
bly (73) and % ¢-inch washer (74).

Remove the steel split gear assembly
(76) through (79), 3{g-inch steel
washer (75) and dismantle by remov-
ing the 3{g-inch retaining ring (76)
that separates steel gear (77), sepa-
rator (78), and steel gear (79).

Remove the .281-inch retaining ring
(80) to remove the large brass gear
assembly (81).

Remove the large brass gear (82) by
loosening the 4-40 by 9 g-inch Bristo
head screw (83) and the 4-40 square
nut (84) on gear clamp (85).

Remove the small steel gear (86) by
loosening the 4-40 by 9 ¢-inch Bristo
head screw (87) and the 4-40 square
nut (88) on gear clamp (89).

Remove the .122-inch retaining ring
(90) to remove the brass gear (91).

Loosen the 4-40 by 9{g-inch Bristo
head screw (92) and the 4-40 square
nut (93) on the gear clamp (94) to
remove the steel gear (95) and the
steel split gears (96). To disassemble
the split gears, remove the three 4-40
by 14-inch Phillips head screws (97).

Loosen the 4-40 by 9 s-inch Bristo
head screw (98) and the 4-40 square
nut (99) on the gear clamp (100) to
remove the steel gear (101) and the
steel split gear (102).

Loosen the 4-40 by 9%g-inch Bristo
head screw (103) and the 4-40 square
nut (104) on the gear clamp (105) to
remove the steel split gear (106).

Loosen the 4-40 by %¢-inch Bristo
head screw (107) and the 4-40 square
nut (108) on the gear clamp (109) to
remove the split gear (110) and the
the small steel gear (111).

Remove the three 4-40 by 1/4-inch
Phillips head screws (112) to remove
the split gear assembly (113).

(31)

(32)

(33)

(34)

(35)

(36)

(37)

(38)

Remove the No. 6/0 taper pin (114)
to remove the cam (115). Pull the
shaft (116) out through the front of
the RF subchassis and remove the
cam and gear assembly (117) by re-
moving the No. 6 taper pin (118).
Loosen the 4-40 by 9%g-inch Bristo
head serew (119) and the 4—40 square
nut (120) on the gear clamp (121) to
remove the split gear (122).

Loosen the 4-40 by %g4-inch Bristo
head screw (123) and the 4-40 square
nut (124) on the gear clamp (125) to
remove the split gear (126).

Remove the 8-32 by % ¢-inch Phillips
head screw (127) and the No. 8 lock-
washer (128) to remove the Geneva
system and overtravel coupler. Sepa-
rate the gear assembly by removing
the steel plate (129), steel ball (130),
and 10-tooth lost motion gear (131).
Remove the .122-inch retaining ring
(132) and washer (133) to separate
the brass gear (134) and shaft (135).

Remove the 6-32 hexagonal nut (136)
and No. 6 lockwasher (137). Remove
the 34,-inch retaining ring (138) and
separate the steel eight-tooth and four-
tooth gear (139) and the shaft (140)
from the rear plate (146).

Remove the 6-32 by 9{¢-inch hexag-
onal head screw (141) and the No. 6
lockwasher (142). Remove the .122-
inch retaining ring (143) and sepa-
rate the brass gear (144) and steel
shaft (145) from the rear plate (146).

Remove the .225-inch retaining ring
(147). Loosen the 4-40 by 5 4-inch
Bristo head screw (148) and 4-40
square nut (149) to loosen the gear
clamp (150). Separate the shaft (151)
from the gear (152).

Remove the two 6-32 by 3{¢-inch
Phillips head screws (153) and No. 6
lockwashers (154) to loosen the flange
(155). Remove the shaft and gear
assembly (156). Remove the hollow
pin (157) to separate the Oldham cou-
pler (158), flange (155), and 3{4-inch
washer (159) from the shaft and gear
assembly (156).



(39)

(40)

(41)

(44)

(45)

(46)

(47)

(48)

(49)

Remove the No. 6/0 taper pin (160)
and the cam (161). Bemove the Ne. €
taper pins (162} ancd (164) to looser
the cams (163) and (165). Remecve
the cam shaft (166). Remove the No.
6/C taper pin (167) ana the cam
168).

Remove the No. 6/C taper pin (169}
and the cam (170) tc remeve the cam
shaft (171). Remove the No. 6/0 iaper
pin (172) and the cam (172).
Remove the No. 6/C taper pin (174)
and the cam and gear assembly (178)
te remeve the cam shaft (3i76). Re-
move the No. €/C taper pin (177) and
the cam (3178).

Remove the No. 6/0 taper pin (176)
and the cam (180) te remeve the cam
shaft (181}. Remove the Ne. 6/0 taper
pin (182) and the cam (183).
Remove the Ne. €/6 taner pin (184)
and the eam (185} tc remove the cam
shaft (186). Remove the No. 6/0 taper
pin (187) and the cam (188&).

Remove the No. 6/0 taper pin (188)
and the cam (190) to remove the cam
shaft (191). Remove the No. 6/0 taper
pin (192) and the cam (193).
Remove the No. 6/0 taper pin (194)
and the cam (195) to remove the cam
shaft (196). Remove the No. 6/0 taper
pin (197) and the cam (198).

Loosen the four 8-32 by 3%4s-inch
Bristo head screws (199) and remove
the 1/4-inch coupler (200) and the i4-
inch fiber shaft (201). Remove the
34-32 hexagonal head nut (202), 24-
inch lockwasher (203), 34-inch flat
washer (204), and the 34-inch fiber
washer (205).

Remove the six 6-32 by 34-inch
Phillips head screws (206) and the six
No. 6 lockwashers (207) that hold the
three brackets (208) and the three
rods (209) to the rear plate (146).
Remove the three 8-32 by 34-inch
hexagonal head screws (210) and the
three No. & lockwashers (211).
Remove the three 8-32 by 1/4.-inch flat-
head Phillips head screws (212) that
hold the three separator rods (213).

(50}

Remove the twc 8-32 by 34-inch
hexagonal head screws (214) and the
twe No. & lockwashers (215). Kemove
the &-32 by Y4-inch flathead Phillips
head screw (216} and the Nc. € lock-
washer (217) tc remcve the RF sub-
chassie rear plate (218).

105.2. Reassembly of RF Gear Train Assembly
(Added)

a. General. Use the index numbers in figure
87.1 as a guide ip reassembly. If there is any
doubt as tc the identification of a pari, refer te
the paris legend (par. 105.2).

I. Reassembly.

(1)

4]
S

(5)

(8)

Repiace the RF subchassis rear plate
(218} ana secure it with the 8-32 by
Vi-inch fiatheaa Phillips head screw
(216}, the No. 8 lockwasher (217),
the twc &-32 by 34-inch hexagona!
head screws (214} and two No. € lock-
washers (218).

Replace the three separator rods
(213) by inserting the three 8-32 by
1i-inch flathead Phillips head serew
(212).

Repiace the three 8-32 by 3¥4-inch
hexagonal head screws (210) and No.
& lockwashers (211).

, Attach the three brackets (208} fc

the rear plate (14€) and three rods
(208) ; vse the six 6-32 by ¥4-inch
Phillips head screws (206) and the six
No. 6 lockwashers (207).

Replace the 34-inch fiber washer
(205), 2%4-inch flat washer (204), 24-
ineh lockwasher (203}, 3,-32 hexag-
onal head nut (202}, 4-inch coupler
(200), ard the 14-inch shaft (201),
and tighten the four &-32 by %.-inch
Briste head setscrews (i99}.
Replace the cam (198) and insert the
No. 6/0 taper pin (187). Replace the
shaft (196), the cam (198), and insert
the No. 6/0 taper pin (194).

Replace the cam (153) and insert the
No. 6/0 taper pin (192). Replace the
shaft (191}, the cam (190), and insert
the No. 6/0 taper pin (129).

Replace the cam (188) and insert the
No. 6 taper pin (187). Replace the
shaft (186), the cam (185), and insert
the No. 6/0 taper pin (184).
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(9)

(10)

(11)

(12)

(13)

(14)

(15)

(16)
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Replace the cam (183) and insert the
No. 6/0 taper pin (182). Replace the
shaft (181), the cam (180), and insert
the No. 6 taper pin (179).

Replace the cam (178) and insert the
No. 6/0 taper pin (177). Replace the
shaft (176), the cam and gear assem-
bly (175), and insert the No. 6/0 taper
pin (174).

Replace the cam (173) and insert the
No. 6/0 taper pin (172). Replace the
shaft (171}, and eam (170), and in-
sert the No. 6 taper pin (169).
Replace the cam (168) and insert the
No. 6/0 taper pin (167). Replace the
shaft (166) through the back panel
(218). Replace the cam (165) when
the shaft barely protrudes through the
back panel (218), and replace the
other cam (163) when the shaft is
close to the other panel (146). Insert
the No. 6/0 taper pins (164) and
(162). Replace the cam (161) and
insert the No. 6/0 taper pin (160).
Replace the 3{;-inch washer (159),
the flange (155), and the Oldham eou-
pler (158) on the shaft and gear as-
sembly (156,. Insert the hollow pin
(157). Replace the shaft and gear
assembly (156) in the RF subchassis.
Replace the two 6-32 by 34{4-inch
Phillips head screws (153), and the
No. 6 lockwashers (154), through the
flange (155), and tighten to sub-
chassis.

Replace the gear (152) on the shaft
(151). Tighten the 4-40 by 35 s-inch
Bristo head screw (148) and 4-40
square nut (149) on gear clamp (150).
Replace the .225-inch retaining ring
(147).

Replace the gear (144) on the shaft
(145) and fasten with the .122-inch
retaining ring (143). Position this
assembly on rear plate (146) as shown
in figure 87.1. Fasten it to the plate
(146) with the 6-32 by 54 s-inch hex-
agonal head secrew (141) and the N¢
6 lockwasher (142).

Replace the gear (139) on the shaft
(140) and fasten it with the 34,-inch
retaining ring (138). Position this

(18)

(19)

(20)

(21)

(22)

(23)

(24)

assembly as shown in figure 87.1 and
fasten it with the 6-32 hexagonal nut
(136) and the No. 6 lockwasher (137).

Place the brass gear (134) on the
shaft (135). Replace the washer (133)
and the .122-inch retaining ring (132).
Replace the 10-tooth lost motion gear
(131) on the shaft (135). Replace
the steel ball (130} and plate (129).
Replace the assembly on the rear plate
(146) (fig. 88.1) and fasten it with
the 8-32 by % g-inch Phillips head
screw (127) and the No. 8 lockwasher
(128).

Note. Be sure that the alinement is precise
so that this assembly will function correctly.
Assemble the gear clamp (125) and
split gear (126). Load two teeth on
the split gear (128) while placing it
on the shaft (171) to mesh with the
gear (175). Tighten the 4-40 by % -
inch Bristo head screw (123) and 4-40
square nut (124).

Assemble the gear clamp (121) and
split gear (122). Place the assembly
on the shaft (166) and tighten the
4—-40 by 9% g-inch Bristo head screw
(119) and 4-40 square nut (120).
Place the gear and cam assembly
(117) on the shaft (116), insert the
No. 6/0-taper pin (118). Replace the
shaft (116), the cam (115), and the
No. 6/0 taper pin (114).

Place the split gear assembly (113)
on the gear and cam assembly (175)
and fasten it with the three 4-40 by
14 -inch Phillips head screws (112).
Place the gear clamp (109) on the
gear (111) and place the gear (111)
on the split gear (110). Place this
assembly on the shaft (186) and
tighten the 4-40 by %s-inch Bristo
head serew (107) and 4-40 square
nut (108).

Place the gear clamp (105) on the
split gear (106) and place the assem-
bly on the shaft (196). Tighten the
4-40 by 9 s-inch Bristo head screw
(103) and 4-40 square nut (104).
Place the gear clamp (100) on the
gear (101) and place this assembly on
the split gear (102). Place this assem-
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(25)

(26)

(27)

(28)

(29)

(30)

(31)

(32)

ply on tne shait (191) while loading
the split gear (106) by two teeth.
Tighten the 4-40 by 9% g-inch Bristo
head screw (98) and 4—40 square nut
(99) on the gear clamp (100).

Fasten the split gear (96) to the steel
gear (95) with the three 4-40 by /-
inch Phillips head screws (97). Place
the gear clamp (94) on the gear (95)
and place the whole assembly on the
shaft (181) while loading two teeth on
the split gears (96) and (113).
Tighten the 4-40 by 9% s-inch Bristo
head secrew (92) and 4-40 square nut
(93).

Replace the brass gear (91) and the
.122-inch retaining ring (90).

Place the gear clamp (89) on the small
steel gear (86) and place them on the
shaft (156). Mesh the gear (86) with
the gears (91) and (117). Tighten
the 4-40 by 9 ¢-inch Bristo head screw
(87) and 4-40 square nut (88).

Place the gear clamp (85) on the brass
gear (82). Place this assembly on the
shaft (156). Tighten the 4-40 by %,-
inch Bristo head screw (83) and 4--40
square nut (84).

Place the large brass gear assembly
(81) on the shaft (176) and fasten it
with the 14-inch retaining ring (80).

Note. At this point loosen the gear clamp
(85) to make the brass gear (82) mesh per-
fectly with the rear gear on the gear as-
sembly (81). Tighten the gear clamp when
the adjustment is completed.

Assemble the steel gear and shaft
(79) by adding the separator (78),
the steel gear (77), the 3/{g-inch re-
taining ring (76), and the 3{g-inch
steel washer (75). Install this assem-
bly on the rear plate (146) as shown
in figure 88.1.

Replace the pinned split gear assembly
(73) and the 3 g-inch washer (74) as
shown in figure 87.1 while loading the
split gear (122) two teeth.

Note. Loosen the gear clamp (121) on the
split gear (122) to insure perfect mesh with
the small gear on the gear assembly (73).
Reassemble the differential gear as-
sembly (61) through (72) as follows:

(a¢) Be sure that the loading springs

(71) are in place.

(b) Replace the .395-inch retaining ring

(70).

(¢) Assemble the three small gear as-

semblies by installing the loading
springs (68) on the pinned gear
assembly (69); add the flat brass
gears (67) and the .395-inch retain-
ing rings (66).

(d) The three similar gear assemblies

(65) must be placed on the pinned
gear and detent assembly (72) while
loading the split gear on this assem-
bly by two teeth.

(e) Replace the three .122-inch retain-

ing rings (64).

(f) Place the gear (63) so that the

inner small gear meshes with the
outer gear on split gear assemblies
(65). Load the bottom half of the
split gear assemblies (65) three
teeth and gently rock the gear as-
sembly (63) back and forth until all
gears mesh.

Note. Be extremely careful when load-

ing this assembly to insure proper opera-
tion.

(9) Replace the three 4-40 by 1/4-inch

Phillips head screws (61) and the
three No. 4 lockwashers (62). Par-
tially tighten each screw and check
the assembly to insure proper fit
before final tightening.

(h) Before replacing the differential

(33)

(34)

(35)

gear assembly, load the split gear
(118) two teeth and hold it with a
serew driver blade; drop the differ-
ential gear in place and remove the
serew driver.

Replace the detent spring (60) and
secure it with the two 6-32 by 1/-inch
Phillips head screws (58) and the two
No. 6 lockwashers (59).

Replace the % ¢-inch washer (57) on
the front plate (45). Place the pinned
split gear assembly (56) over the
washer and fasten it with the 14-inch
retaining ring (55).

Replace the triangular steel plate (54)
on the front plate (45) with the three
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(36)

(37)

(38)

(39)

(40)

(41)

(42)

(43)

(44)

(45)
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6-32 by Y4-inch Phillips head screws
(52) and the three No. 6 lockwashers
(53).

Replace the large brass gear (51) and
secure it with the 14-inch retaining
ring (50).

Replace the pinned gear and shaft
(49) on the front panel (45) and se-
cure it with the .225-inch retaining
ring (48).

Replace the front plate (45) while
loading two teeth on the split gears
(56) and (102). Replace the three 8—
32 by 54g-inch Phillips head screws
(46) and three No. 8 lockwashers
(47). Loosen the gear clamp (100) on
the split gear (102) and adjust the
gear (102) for perfect mesh on the
rear gear of the gear assembly (56).
Tighten the gear clamp (100).

Replace the 6—40 by 34 4-inch machine
screw (44).

Replace the gear and shaft assembly
(42). When the gear and shaft assem-
bly (42) is part way through the front
plate (45) replace the 3/ ¢-inch washer
(43) and the gear (41). Replace the
hollow pin (40) to secure the gear
(41). Push the assembly firmly in
place and secure it with the .207-inch
retaining ring (39).

Replace the gear (38) and secure it
with the 34,-inch retaining ring (37).
Be sure that the proper side is up for
perfect mesh with the gear (42).

Replace the synchronization gear (36)
with its green face up. Fasten it with
the 6-32 by 3{e¢-inch Phillips head
screw (34) and No. 6 lockwasher
(35).

Replace the two combination bevel
and spur gears (32) and (33).

Replace the bevel gear (29) and the
gear clamp (30) on the mechanical
counter (25).

Replace the bevel gear (26) and the
gear clamp (27) on the mechanical
counter (25). Leave the gear clamps
(27) and (80) loose until the me-
chanical counter is mounted.

(46) Mount the mechanical counter (25)
with the four 4-40 by % ¢-inch Phillips
head screws (23) and four No. 4 split
lockwashers (24); tighten the 3-56
by 14-inch Bristo head screws (28)
and (31) on the gear clamps (27) and
(30). Be sure that the bevel gears (26)
and (29) mesh perfectly with the bevel
gears (32) and (33) respectively.

(47) Reassemble the clutch gear assembly
as follows:

(a) Place the bushing (21) in the brass
gear (12).

(b) Place the four clutch plates (11) in
the gear (12) as shown in figure
87.1.

Note. Follow the illustration precisely.

(¢) Replace the steel plate (10).

(d) Replace the two 744-inch washers
(9).

(e¢) Replace the four 174,-inch spring
friction washers (8).

(f) Replace the 74 4-inch washer (7).

(g) Replace the pressed split gear as-
sembly (6).

(h) Press this whole assembly together
and replace the .895-inch retaining
ring (5).

() Slip the assembly over the shaft
(22) and secure it with the .225-
inch retaining ring (20).

(7) Replace the 1/4-inch washer (19)
and the flat pin (18).

(k) Replace the spring (17), spring
holder (16), and the stop washer
(15). Secure in place with the .225-
inch retaining ring (14).

(1) Replace the zero adjust shaft (13).

(m) Place the lockwasher (2) and the
%46—24 hexagonal nut (1) on the
shaft (22).

(n) Mount the clutch gear assembly on
the RF gear train assembly while
loading two teeth on the split gear
(6) to mesh with the spur gear part
of the bevel gear assembly (33).
Tighten the 34{;—24 hexagonal nut
(1) and replace the 6-32 by 94,-
inch Phillips head screw (3) and
No. 6 lockwasher (4).
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(48) Replace the 8 slug racks and the 16

tension springs.

(49) Synchronize the Geneva system and

overtravel coupler as follows:

(@) Rotate the rear portion of the gear

(63) to the extreme clockwise posi-
tion.

(b) Loosen the gear clamp (85).
(¢) Keep rotating the rear portion of

the gear (63) past the extreme
clockwise position to a point mid-
way between detent positions.

Note. The position should be checked
visually on the detent assembly (72).

(d) Tighten the rear clamp (85).
(e) Rotate the rear portion of the gear

(63) counterclockwise to the first
detent position.

(f) Loosen the gear clamps (27) and

(30) and adjust the mechanical
counter to read 00 000 and tighten
the gear clamps.

(50) With the mechanical counter reading

00 000, set the RF bandswitch (S201
through S210) to the position shown
in figure 108 (part 1). Use 3206 (fig.
64) as viewed from the rear for RF
bandswitech setting. This is accom-
plished by loosening the gear clamp
(150) and turning the shaft (151)
with a pair of long-nose pliers. Tighten
the gear clamp when the adjustment
is completed.

() The RF bandswitch section S206

should be on contact 7 as shown in
figure 108 (part 1). Rotate the rear
portion of the gear (63) in a coun-
terclockwise direction fo read 01
000 on the frequency indicator. RF
bandswitch section S206 should be
on contact 6. Move the rear portion
of the gear (83) counterclockwise
to read 02 000 on the frequency
indicator. RF bandswitch section
5206 should be on contact 5. Follow-
ing this same procedure for the re-
mainder of the positions on the fre-
quency indicator, S206 should be on
contact 5 for 08 000, the other arm
of the switch will be on contact 3
for 04 000, 05 000, 06 000, 07 000;

(

(51)

(52)

contact 2 for 08 000, 09 000, 10 000,
11 000, 12 000, 13 000, 14 000, and
15 000; and finally come to rest on
contact 1 for 16 000 through 31 000.
b) If the RF bandswitch does not track
as shown in (a) above, repeat the
procedure in (49) above and try a
new setting before or beyond the
midway point between the two de-
tent positions.
Rotate the rear gear of the gear as-
sembly (63) in a counterclockwise di-
rection till the mechanical counter
reads 02 000.

Synchronize the RF gear train accord-
ing to the instructions in paragraphs
110e¢ and b. Since the RF subchassis
is removed from the receiver, move
the rear gear of gear assembly (63)
in a counterclockwise direction when
it ig desired to go to a higher channel.

Replace the RF subchassis (par.
105d).

(54) Replace the front panel (par. 105D).
(55) Synchronize crystal oscillator band-
switch and VFO tuning shaft (par.
110¢ and d).
(56) Aline and adjust the receiver if nec-
essary (pars. 111-120).
105.3. RF Gear Train Assembly Parts Legend
(Added)
InNt‘:.ﬁx R:i,i:g’;fe Deseription
1 | %6—24 hex nut.
2 | %y-inch lockwasher,
3 6-32 by #g-inch Phillips head
SCTEew.
4 No. 6 lockwasher.
5 H252 |.395-inch inside diameter x .025
thick retaining ring.
[ 0339 | Steel split gear assembly, 234 -inch
I diameter, 108 teeth.
7 ET-Qp,-inch flat washer.
R 174s-inch spring frietion washer.
9 Tu-inch flat washer.
10 | Steel plate, part of clutch assembly.
11 | Clutch plates.
12 0338 | Brass gear, 2%-inch diameter, 72
i teeth.
13 | Zero adjust shaft.
14 H516 |Retaining ring, .225-inch diameter.
15 | Stop washer.

' Spring holder.
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Index Reference s Index Reference Sl
No. symbol Description No. symbol Description
1% Stop spring for zero adjust knob. 58 | No. 6 lockwasher.
i8 Flat pin. 60 | Detent spring.
is 1 -inch washer. 61 | 4-40 hy Y4-inch Phillips head
2C HE1€ |.225-inch retaining ring. SCIeW.
21 Steel bushing. 62 No. 4 lockwasher.
2z Clutch assembly shaft. 65 Three gears, consisting of front
25 4-40 by %4g-inch Phillips head steel gear, 314 -inch diameter, 102
SCrew. teeth; rear brass gear, 3%-inch
24 No. 4 split lockwashers. diameter, 100 teeth; small steel
25 Mechanieal counter. gear, S%-inch diameter, 28 teeth.
26 0334 | Beveled gear, 3 -inch diameter, 48 64 H7i6 |.122-inch retaining ring.
teeth. 65 Brass split gear assembly with
27 Gear clamp. small steel gear, 1% -inch diame-
2 3-56 by 4-inch Bristo head serew. ter. the split gears have 56 teeth
29 0835 | Brass bevel gear, %g-inch diameter, cach and the small gear has 21
24 teeth. teeth.
30 Gear clamp. 66 H232 |.395-inch retaining ring.
B 3-56 by ¥-inch Briste heaé screw. 67 0279 |Brass gear, 1%g-inch diameter, 56
32 0241 | Gear assembly, front gear beveled, teeth.
24 teeth, rear 50 teeth. 68 Steel loading spring.
33 0332 | Gear assembly, front gear beveled, 69 0279 | Pinned brass and steel gear as-
48 teeth, rear 27 teeth. sembly, brass gear 134g-inch di-
34 6-32 by 34g-inch Phillips head ameter, 56 teeth, steel gear, -
SCTEeW, inch diameter, 21 teeth.
35 No. 6 lockwasher. 70 H252 |[.395-inch retaining ring.
36 G33C |Green-faced gear, 1%-inch diam- 71 Loading spring.
eter, 70 teeth. 72 0282 Split gear and detent assembly,
a7 H22% |.207-inch retaining ring. small brass split gear 13&-inch
38 0322 |Brass gear, l-inch diameter, 64 diameter, 63 teeth, brass or steel
teeth. detent 23%-inch diameter with
38 H222 |.207-inch retaining ring. large steel rear gear, 2%-inch
4¢ Hollow pin. diameter, 65 teeth.
4 Brass gear, 1%¢-inch diameter, 32 73 0296 |Large brass split gear assembly,
! teeth. 2% -inch diameter, 85 teeth with
42 ! Brass gear and shaft assembly small steel gear, 25 teeth.
| (gear l4-inch diameter, 32 74 #4-inch washer.
i teeth). 75 #¢-inch steel washer.
43 3¢-inch washer. 76 #g-inch retaining ring.
4 6-40 by %¢-inch machine serew. 77 Steel gear, 2%g-inch diameter, 80
45 RF gear train front plate assembly. teeth.
46 32 by e-inch Phillips  head 78 Aluminum separator, 2-inch diam-
. sCrew. eter, #4o-inch thick.
47 No. 6 lockwasher. 79 Steel gear, 2%¢-inch diameter, 80
48 H516 |.225-inch retaining ring. teeth, 134-inch long shaft.
45 0301 | Steel gear, %g-inch diameter on 30 H234 |.281-inch retaining ring.
134-inch long shaft, 17 {eeth. : .
5¢ | HT716 |.122-inch retaining ring. 81 0268 | Brass gear assembly, 3%-inch di-
51 | 0823 |Brass gear, 8%-inch diameter, 100 ARIESE 00 Seeth, Snolle gear
$acth, 2%-inch diameter, 75 teeth.
52 6-32 by 14-inch Phillips head 82 0300 | Large brass gear, 2%g¢-inch diame-
serew. ter, 80 teeth.
53 No. 6 lockwasher. 23 4-40 by %¢-inch Bristo head screw.
54 Triangular steel plate with bush- 84 4-40 square nut.
ing. 85 Gear clamp.
5151 HT16 |.122-inch retaining ring. 86 0229 | Small steel gear, 1%g-inch diameter,
56 0324 | Steel split gear assembly 68 teeth, 32 teeth,
0325 with pinned brass gear, 40 teeth. 87 4-40 by %g-inch Bristo head screw.
57 #e-inch steel washer. 88 4-40 square nut.
58 6-32 by Y-inch Phillips head 89 | Gear clamp.
screw, 90 H716 |.122-inch retaining ring.
AGO 3250A 1



Igcielx R:;emrggi:e Description InNtie‘x R:f,:igfe Deseription
91 0266 |Brass gear, 1l-inch diameter, 53 185 Steel shaft.
teeth. 136 6-32 hexagonal nut.
92 4-40 by %e-inch Bristo head screw. 137 No. 6 lockwasher.
- 03 4-40 square nut. 138 44s-inch retaining ring.
94 Gear clamp. 139 0309 Small steel gear combination 8
95 0273 | Steel gear, 13{g-inch diameter, 54 teeth and 4 teeth, 74g-inch diame-
teeth. ter.
96 Steel split gears, 23g-inch diame- 140 Steel shaft, 6-32 thread on one
ter, 108 teeth. end.
97 4-40 by Y%-inch Phillips head screw. 141 6-32 by %g-inch hexagonal head
98 4-40 by %g-inch Bristo head serew. SCrew.
99 4-40 square nut. 142 No. 6 lockwasher.
100 Gear clamp. 143 716 |.122-inch retaining ring.
101 0261 | Small steel gear, 134g-inch diameter, 144 0307 | Brass gear, 194g-inch diameter, 21
54 teeth. teeth.
102 0277 |Large steel split gear, 2%g-inch 145 Steel shaft.
0278 diameter, 72 teeth. 146 Gear train assembly rear plate.
103 4-40 by He-inch Bristo head screw. 147 H731 |.225-inch retaining ring.
104 4-40 square nut. 148 4-40 by %e-inch Bristo head serew.
105 Gear clamp. 149 4-40 square nut.
106 0262 | Steel split gear, 2%g9-inch diameter, 150 Gear clamp.
0263 108 teeth. ) 151 RF band switch shaft.
107 4-40 by %g-inch Bristo head screw. 152 0303 |1Ye-inch diameter steel gear, 24
108 4-40 sqlua.re nut. teeth.
109 Gear clamp. g as s -
110 Steel split gear, 1144-inch diame- e 6 :?sire\l:r}.; Wpieh, Ruigh. Thead
ter, 54 teeth. . 2 154 No. 6 lockwasher.
111 0261 |Small steel gear, 134g-inch diame- 155 Flange for crystal switch shaft.
ter, 54 teeth.
112 440 by %-inch Phillips head screw. o0 St‘;?‘_iniiardi;m“gte:hﬁfg el
113 0289 | Steel split gear assembly, 29%s-inch 157 Hoﬁuw o g
diameter, 108 teeth. i
p 158 Oldham coupler.
114 No.:6/ aper pin. 159 He-inch steel washer.
115 1st variable IF cam, rear. 160 No. 6/0 taper pin.
116 Oono: shalt, _ 161 2d variable IF cam, front.
117 0267 | Brass gear, fixed to first variable 162 No. 6/0 taper pin
I ieom, fronts 2)is-inch Glameter, 459 5d variable IF cam, inside.
9 tootly 164 No. 6/0 taper pin.
118 =0-16/0 tap_er DU 165 2d variable IF cam, inside.
119 4-40 by %g-inch Bristo head screw. 166 Ogiti shath
120 4-40 square nut. 167 No. 6/0 taper pin.
121 Gear clar.np. ; . 168 2d wvariable IF cam, rear.
122 0275 | Steel split gear, 2%g-inch diame- 169 No. 6/0 taper pin.
0276 | ter, 72 teeth. 170 16 to 32 me RF cam, front.
123 4-40 by %s-inch Bristo head screw. 171 A
124 4-40 square nut. 172 Nl;. 6/0 taper pin.
125 Gear da.mp‘ S : 173 16 to 32 me RF cam, rear.
126 0264 | Steel split gear, 2% g-inch diameter, 174 No. 6/0 taper pin.
127 0265 8_§20 % };:;:et}-;:iﬂ-in ch Phillips head 175 0359 Steel gear and brass cam ass'embly,
8 to 16 me, front; gear is 1%4-
serew. : z
128 M. B lockwadlion: inch diameter, 54 teeth.
129 Steel plate. 176 Cam shaft. )
m No oD pin
131 0312 | Lost motion gear, 10 teeth. 179 No. 6/0 taper pin. ’ ’
132 H716 |.122-inch retaining ring. 180 4 to 8 me RF cam, front.
133 #e-inch washer. 181 Cam shaft.
134 0313 | Brass gear, 11%g diameter, 90 182 No. 6/0 taper pin.
teeth. 183 4 to 8 me RF cam, rear.
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e | e Description

184 No. 6/0 taper pin.

185 2 to 4 me RF cam, front.

186 Cam shaft.

187 No. 6/0 taper pin.

188 2 to 4 me RF cam, rear.

189 No. 6/0 taper pin.

190 5 to 1 me RF cam, front.

101 Cam shaft.

192 No. 6/0 taper pin.

193 .5 to 1 me RF cam, rear.

194 No. 6/0 taper pin.

195 1 to 2 me RF cam, front.

196 Cam shaft.

197 No. 6/0 taper pin.

198 1 to 2 me RF cam, rear.

199 8-32 by 34e-inch Bristo head set-
SCTeW.

200 14 -inch coupler.

201 1 -inch fiber shaft.

202 3-32 hexagonal head nut.

203 3 -inch lockwasher.

204 3%-inch flat washer.

205 3-inch insulated washer.

206 6-32 by 3-inch Phillips head
SCTew.

207 No. 6 lockwasher.

208 L brackets.

209 Bracing rods.

210 3-32 by 3-inch hexagonal head
SCrew.

211 No. 8 lockwasher.

212 8-32 by -inch flathead Phillips
head screw.

213 Separator rod, 1334e-inch long by
94g-inch wide.

214 8-32 by 3%-inch hexagonal head
sCrew.

215 No. 8 lockwasher.

216 8-32 by l4-inch flathead Phillips
head screw.

217 No. 8 lockwasher.

218 RF subchassis rear plate.

Page 113.

Page 115, paragraph 108¢g. Add subpara-
graph h after g.

h. Adapter. A 50-ohm Test Adapter MX-
1487/URM-25D as supplied with RF
Signal Generator Set AN/URM-25D.

Paragraph 110a, note, line 5. Delete “to
avoid losing nut.”
Page 116, paragraph 110a(1) :
Line 12. Change “high” to: low
Line 14. Change ““999” to: 000

AGO 3250A

Puage 117, paragraph 110. Make the following
changes:

Subparagraph b(4), line 3. Change “more
than 50 ohms” to: 1 megohm.

Subparagraph b(5). At the end of the sec-
ond sentence, add: of less than 50
ohms.

Subparagraph b(5), line 7. Change “crys-
tal-oscillator” to: RF.

Subparagraph b (6). Delete (6) and substi-
tute:

(6) Rotate the MEGACYCLE CHANGE
control fully counterclockwise beyond
the first detent position; then rotate
it clockwise to the first detent position.

Subparagraph b(8), line 5. Change “3”
to: 7.

Page 119, paragraph 111:

Subparagraph #, line 4. Change “.1” to: 1.
Subparagraph =, line 7. Change “.1” to: 1.

Page 123.

117.1. Measuring Overall Gain
(Added)

a. Receiver Adjustment.

(1) Connect the receiver under test to an
ac power line and permit the receiver
to warm up to operating temperature.

(2) Set the receiver front panel controls
as follows:

(¢) BANDWIDTH to 8 KC.
(b) FUNCTION to MGC.
(¢) RF GAIN to 10 (max).
(d) BFO to OFF.

b. Connection of Vacuum Tube Voltmeter.

(1) Connect a vtvm such as Electronie
Multimeter TS-505/U, or equivalent,
between DIODE LOAD terminal 14,
on the rear terminal strip of the re-
ceiver and ground (fig. 22). Do not
disturb the jumper between terminals
14 and 15.

(2) Set the FUNCTION switch of the
meter for measuring —dc volts.

(3) Set the RANGE switch to 10 volts.

e. Connection of Signal Generator. Connect a
signal generator such as Signal Generator Set
AN/URM-25 through a suitable dummy an-
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tenna (par. 116¢), and an Adapter Connector
UG-971/U and Adapter Connector UG-636/T,
to the BALANCED 125 OHM ANTENNA jack
J108 located on the back panel of the receiver
(fig. 22).

(1) Connect the signal generator power
cord to an ac power source.

(2) Turn the power switch to ON and per-
mit the signal generator to reach
operating temperature.

(3) Turn the internal modulation control
to OFF.

(4) Tune the signal generator and the
radio receiver both to 6 megacycles.

(5) Adjust the signal generator output
attenuator until the vtvm reads —7.0
volts. The receiver gain is normal
when the signal generator output
meter indicates between 1 and 4 micro-
volts. If more than 4 microvolts is
required, follow the procedure in d
below.

d. If the overall gain is below normal, test
the tubes in the RF amplifier. Replace the
burned out, shorted, or weak tubes, until the
receiver overall gain reaches a normal value. If
after testing and replacing all weak tubes in
the RF amplifier, the overall gain is still below
normal, check the adjustment of the GAIN
ADJ potentiometer R562 (par. 118).

Page 123.

118. Adjustment of GAIN ADJ Potentiometer
R562
(Superseded)

a. If a generator output of more than 4 micro-
volts is required to produce a reading of —7.0
volts when measuring the overall gain (par.
117.1), the receiver gain is below normal. The
following procedure should be followed to re-
store the receiver overall gain to normal.

(1) Disconnect connectors P225 and P226
from jacks J525 and J526, located on
the IF subchassis (fig. 68).

(2) Connect a suitable terminated signal
generator lead between IF jack J525
and receiver ground (chassis). When
using RF Signal Generator Set AN/
URM-25, it must be terminated in
Test Adapter MX-1487/URM-25D, or
equivalent.
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(3) Connect a vtvm, such as Electronic
Multimeter TS-505/U, between DI-
ODE LOAD terminal 14, on the rear
terminal strip of the receiver and
ground (fig. 22). Do not disturb the
jumper between terminals 14 and 15.
Set the FUNCTION switch of the
meter for measuring —dc volts.

(4) Connect the receiver under test to an
ac source and allow it to warm up to
operating temperature. Set the re-
ceiver controls as follows:

(¢) BANDWIDTH to 8 KC.
(b) FUNCTION to MGC.
(¢) RF GAIN to 10 (maximum).
(d) BFO to OFF.

(56) Turn the modulation control to OFF.

(6) Tune the signal generator to 455 KC.
A hum in the audio output, when the
unmodulated 455 KC signal is injected
into the IF amplifier, may indicate a
faulty type 6BJ6 tube in third, fourth,
or fifth IF amplifier stages (V503,
V504, or V505). This can be checked
by substituting another tube of the
same type, because these defects often
are not detected in a standard tube
tester.

(7) Adjust the signal generator for an
output of 150 microvolts.

Note. In rare instances, it may not be
possible to produce —7.0-volts at the diode
load terminal with an input to IF sub-
thassis jack J525 of 150 microvolts. In this
case, the IF gain should be set so that the
input to the IF is not less than 100 micro-
volts or greater than 200 microvolts to pro-
duce the —7.0-volts at diode load terminal 14.

(8) Adjust the GAIN ADJ potentiometer
R562 (fig. 68) for a reading of —7.0-
volts on the vivm.

b. If the —17.0-volt reading cannot be obtained
after the maximum adjustment of GAIN ADJ
potentiometer R562, remove and test the IF
amplifier tubes in a mutual conductance tube
tester such as Electron Tube Test Set TV-T7, or
equivalent. Replace burned out and shorted
tubes. Record the mutual conductance of all the
tubes tested. Replace them in their original
sockets, and readjust the GAIN ADJ potentiom-
eter R562 until the vtvm indicates —7.0 volts.
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If the —7.0-volt reading cannot be obtained
after replacing burned out and/or shorted tubes
with good tubes, replace the weakest tubes in
the IF amplifier, one at a time, and again read-
just GAIN ADJ potentiometer R562, after each
tube replacement, until a reading of —7.0 volts
is obtained.

c. Remove the signal generator from jack
J525, and reconnect plugs P225 and P226 to
jacks J525 and J526. Disconnect the vtvm.

d. Check the overall gain of the receiver in
accordance with paragraph 117.1.

e. If the overall gain is still below normal,
check the receiver alinement in accordance with
the instructions in paragraphs 111 through 116.

Figure 98. Add the following to the notes:

3. IN RECEIVERS MODIFIED BY MWO 11-
5820-294-35/1 THE B+ 3/8A FUSE F102
IS NOT CONNECTED BETWEEN P120-5
AND 4300V UNREGULATED.

Figure 105. Add the following to the notes:

5. IN POWER SUPPLIES MODIFIED BY MWO
11-5820-294-35/1 THERE IS NO CONNEC-
TION BETWEEN TERMINALS 10 AND &

[AG 413.44 (3 Dec. 58)]

OF T801; THERE IS A WIRE CONNECTED
BETWEEN TERMINAL 6 OF T801 AND

TERMINAL 15 OF J818.

Figure 106. Make the following changes
Station 32. Delete wire 2-35.

Station 35. Label the upper and lower
terminals of fuse F102

1 and 2 respectively.

Station 41. Change wire 42-1 to 42-2.
Change wire 35-1 to 42-1.

Add the following to the notes:

5. ON RECEIVER MAIN FRAMES MODIFIED
BY MWO 11-5820-294-35/1, STATION 35
WIRE 1-33 IS 7-40, WIRE 5-41 IS 15-41
AND B+ IS HV. AT STATION 37 THERE
IS NO WIRE 15-41. AT STATION 41 THERE
IS A WIRE ADDED BETWEEN THE CABLE
AND TERMINAL 1 OF Cl101 LABELED
5-41, CHANGE WIRE 35-1 TO 42-2, AND
WIRE 37-2 TO 35-1. AT STATION 40, ADD
A WIRE BETWEEN TERMINAL 7 AND

THE CABLE LABELED 35-2.

Figure 107 (Part 2) : Complete the broken
line from the grid (pin 1) of V501 to

S501.

BY ORDER OF THE SECRETARIES OF THE ARMY AND THE AIR FORCE:

OFFICIAL :
R. V. LEE,
Major General, United States Army,
The Adjutant General.

OFFICIAL :
J. L. TARR,
Colonel, United States Air Force,
Director of Administrative Services.
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MAXWELL D. TAYLOR,

General, United States Army,

Chief of Staff.

THOMAS D. WHITE,

Chief of Staff, United States Air Force.

15



DISTRIBUTION :
Active Army:

ASA (2) USA Comm Agey (2)
CNGB (1) USA Sig Eqp Spt Agey (2)
Technical Stf, DA (1) except USA Sig Msl Spt Agey (13)
CSig0 (30) WRAMC (1)
Technical Stf Bd (1) _ AFIP (1)
USCONARC (5) AMS (1)
USA Arty Bd (1) ; Ports of Emb (08) (2)
USA Armor Bd (1) iy Trans Terminal Comd (2)
USA Inf Bd (1) _ Army Terminals (2)
USA Air Def Bd (1) 0S Sup Agey (2)
USA Abn & Elet Bd (1) Yuma Test Sta (2)
USA Avn Bd (1) USA Elet PG (1)
USA Armor Bd Test Sec (1) Sig Lab (5)
USA Air Def Bd Test Sec (1) Sig Fld Maint Shops (3)
USA Arctic Test Bd (1) . Fld Comd, AFSWP (5)
US ARADCOM (2) Mil Dist (1) '
US ARADCOM Regn (2) Sector Comd, USA Corps (Res) (1)
08 Maj Comd (5) USA Corps (Res) (1)
Log Comd (5) Mil Mis (Niecaragua) (5)
MDW (1) JBUSMC (2)
Armies (5) Mil Mis (Boliva) (5)
Corps (2) Units org under fol TOE:
Div (2) 11-7 (2)
USATC (2) 11-16 (2)
Sve Colleges (5) 11-32 (2)
Br Sve Sch (5) except 11-57 (2)
USASCS (25) 11-85 (2)
Gen Depots (2) except 11-86 (2)
Atlanta Gen Depot (None) 11-500 (AA-AE) (2)
Sig Sec, Gen Depots (10) 11-557 (2)
Sig Depots (17) 11-587 (2)
Army Pictorial Cen (2) 11-592 (2)
Engr Maint Cen (1) 11-597 (2)
USA Ord Msl Comd (3) 32-51 (2)
TASSA (15) 32-55 (2)
Mid-Western Rgn Ofc (TASSA) (1) 32-56 (2)
USA Sig Pub Agey (8) 32-57 (2)

USA Sig Engr Agey (1)
NG: State AG (3); units—same as Active Army except allowance is one copy to each unit.
USAR : None.
For explanation of abbreviations used, see AR 320-50.

# 1.5, GOVERNMENT PRINTING OFFICE: 1960 O - 570465 (298)

AGO 3250A



TecENICAL MANUAL

TM 11-856/TO 31R1-2URR-154

No. 11-856 THE AIR FORCE
TecuENICAL ORDER

No. 31R1-2URR-154

CHAPTER 1.
Section I.
II.
CHAPTER 2.
Section I.
1I.

LT

IV.
CHAPTER 3.
Section I.
156

III.

IV.
CHAPTER 4.
Section I.
10

III.
CHAPTER 5.
Section I.
II.

LI

IV.
CHAPTER 6.

Section I.
I1.

RADIO RECEIVER R-390/URR

INTRODUCTION Paragraphs
(@510 5 ) e el e S S S S s Nl e NI 0 E T 0 1,2
Peseriptionand datas o oot debasa it cait s Sl nee o 3-13
OPERATION

Service upon receipt of Radio Receiver R—-390/URR _________ 14-19
Clontrols and instruments: .- ¢ .o 0 tUoniT L el osan 20, 21
Operation under usual condtions_ __ _______________________ 22-28
Operation under unusual conditions________________________ 29-32
ORGANIZATIONAL MAINTENANCE

Organizational tools and equipment________________________ 33, 34
Preventive maintenance services_ _ _ _______________________ 35—-38
Lubrication and weatherproofing_ _________________________ 39, 40
Troubleshooting at organizational maintenance level_________ 41-47
THEORY ;

Theory of Radio Receiver R-390/URR_____ . _______________ 48, 49
Circuit-analysis.co st e i e cln e e o 50-79
Analysis of mechanical tuning system______________________ 80-82
FIELD MAINTENENCE

Troubleshooting at field maintenance level ________________ 83-104
Repairs. sl iear s ol S se i s 105-107
Alinement and adjustment procedures___ ________________ 108-120
Finalitesting=-- = 0n o s Ree B il o s e 121-127

SHIPMENT AND LIMITED STORAGE AND DEMOLI-

TION TO PREVENT ENEMY USE
Shipment and limited storage___________________________ 128, 129
Demolition of materiel to prevent enemy use_ _ - _________ 130, 131

DEPARTMENTS OF THE ARMY AND

WasHINGTON 25, D. C., 11 January 1966

Page

16
22

28

29
29
33
33

41
43
78

82
106
114
125

129
129
132



T™ 856-1

iver R-390/URR.

igure 1. Radio Rece

F



CHAPTER 1
INTRODUCTION

Section I. GENERAL

1. Scope

This technical manual contains information for
the guidance and instruction of all concerned. It
contains instructions for the installation, opera-
tion, maintenance, and repair of Radio Receiver
R-390/URR.

2. Forms and Records

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

a. DD Form 6, Report of Damaged or Improper
Shipment, will be filled out and forwarded as pre-
scribed in SR 745-45-5 (Army), Navy Shipping
Guide, Article 1850-4 (Navy), and AFR 714
(Air Force).

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

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

¢. DD Form 535, Unsatisfactory Report, will be
filled out and forwarded to Commanding General,
Air Materiel Command, Wright-Patterson Air
Force Base, Dayton, Ohio, as prescribed in SR
700-45-5 and AFR 65-26.

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

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

. Use other forms and records as authorized.

Section Il. DESCRIPTION AND DATA

3. Purpose

Radio Receiver R-390/URR (fig. 1) is a high-
performance, exceptionally stable, general-purpose
receiver for use in both fixed and mobile service.
The receiver provides reception of continuous
wave (cw), modulated continuous wave (mcw),
voice, and frequency-shift keyed signals within a
frequency range of .5 to 32 megacycles (mc).

4. System Application
a. Space-Diversity Receiving System (fig. 2).

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

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

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

(4) In the presence of 2 strong signal on the
antenna of receiver A, automatic gain
control (agc) voltage produced in this
set increases and, by means of the com-
mon connection between terminals 4 of
both receivers, is applied to the controlled

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

stages of both receivers. Thus, the weak
signal on the antenna of receiver B is fur-
ther decreased by reducing the gain of the
controlled stages of this receiver. The
opposite would be true when the signal on
the antenna of receiver B is stronger than
that on the antenna of receiver A. A
jumper for normal reception is removed
from terminals 8 and 4 of both receivers
and is placed between terminals 4 and 5.
This connects a crystal diode into the cir-
cuits to prevent loading of the agc circuit
of the controlling receiver by the agec
circuit of the passive receiver.

b. Space-Diversity Radioteletype Receiving
System, Type 1 (fig. 3). Figure 3 shows two
Radio Receivers R-390/URR connected in a space-
diversity radioteletype receiving system. The
doublet or rhombic antennas feed the incoming
frequency-shift signals to the receivers, where they
are converted to a frequency of 2,125 cycles for the
MARK conditions 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 Terminal Equipment
AN/FGC-1( ), which provides diversity com-
bining and produces direct current (dc) pulses for
operation of teletypewriter equipment. The re-

a

ceivers are connected for rormal operation as
described in paragraph 17.

c. Space-Diversity Radioteletype Receiving
System, Type 2 (fig. 4). Two Radio Receivers
R-390/URR also can be used in the type of space-
diversity radioteletype receiving system shown in
figure 4. The doublet or rhombic antennas feed
the incoming frequency-shift signals to the receiv-
ers, where the carrier frequency is converted to a
455-kilocycle (ke) intermediate frequency (if.).
This if. signal, taken from the 50 OHM IF OUT-
PUT circuit of the receivers, then is fed to Fre-
quency Shift Converter CV-116/URR, which pro-
vides diversity combining and produces dc pulses
for operation of teletypewriter equipment. The
receivers are connected for normal operation as
described in paragraph 17.

d. Single-Sideband Radioteletype Receiving
System.

(1) A Radio Receiver R-390/URR and a
Single Sideband  Converter ~CV-
157/URR may be connected as shown in
figure 5 for the reception of single-side-
band signals occupying 12 ke of radio
frequency (rf) spectrum space divided
into two 6-ke sidebands on both sides of
a reduced carrier, or to receive a double-
sideband signal, either amplitude modu-
lated or phase modulated, occupying up
to a total of 12 ke of spectrum space. If
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Single-sideband radioleletype receiving system,
block diagram.

phase modulation is received, the devi-
ation cannot exceed an average of one
radian. This system is used primarily
for the reception of multichannel] radio-
teletype transmissions. For additional
information, see the manual on Radio
Receiving Sets AN/FRR40 and
AN/FRR-41.

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

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

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

5. Technical Characteristics

Type of circuit_ -~ Triple-conversion superheter-
odyne on eight lowest fre-
quency bands; double-con-
version superheterodyne on
all other bands.

Frequency range ___———— 5 to 32 me (in 32 steps).

Types of signals received- Al—cw, A2—mcw, A3—rvoice,
A9—composite  transmis-
sions, Fl—frequency-shift

keying.

Type of tuning_________ Continuous; frequency read
directly on countertype in-
dicator.

Method of calibration___ Built-in crystal-controlled
calibration oscillator.
Calibration points______ Every 100 kec.
Audio power output:
600-ohm unbalanced 500 mw.

line.
600-ohm balanced 10 mw.
line.
Headphones - 5 mw.
If. selectivity - 100-cps to 16-ke¢ bandwidth,
in 6 steps.
If onutput-—2 - _faseo. 20 mv with a receiver signal

input of 3 uv.
Intermediate frequen-
cies:
First variable if. 9 to 18 me.
(used only on eight
lowest - frequency

bands).
Second variable if. 2 to 2.5 mec on lowest step;
(a1l bands). 2 to 3 mc on all other steps.
Third (fixed) if. (all 455 kc.
bands).
Sensitivity :
Am signals________ 3 uv or better.
Cw signals_________ 1 uv or better.
Power source___________ 115/230 volts ac +10%, 4862
cps through Power Supply
PP-621/URR.



Power input:
115/230 volts ac____ 270 watts total; 170 watts
with oven heaters off.
Number of tubes________ 33 (including ballast tube
RT512).
Antennas:
Unbalanced ________ Random length straight-wire
or vehicular-mounted whip.
Balanced s oot acie 125-ohm nominal terminating

impedance ; matches 50- to
200-ohm balanced transmis-
sion lines or unbalanced

transmission lines using
adapters.

Temperature range______ —40° C. (—40° F.) to 55° C.
(131° F.).

Altitude _______________ Up to 10,000 ft.

Weight oo - .. o0 80 1b (including Power Sup-

ply PP-621/URR).

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

7. Table of Components

ton. Cleated wooden spacers are used to hold
the receiver securely within the carton and to
prevent damage to the controls and connections
on the front and back panels. In the space be-
tween the back panel of the receiver and the rear
wooden spacer are stored two technical manuals,
eight 8-unit bags of silica gel, and a package con-
taining Power Cable Assembly CX-1858/U. The
inner corrugated fiberboard carton is inclosed in
a sealed, moisture-vaporproof barrier, and is
placed in an outer, tight-fitting corrugated card-
board carton. This outer carton is wrapped in
moisture-resistant paper, sealed with tape, placed
in a wooden crate containing excelsior, and se-
cured with metal straps. The complete package
is 21 inches high by 82 inches wide by 32 inches
long, giving it a volume of approximately 12.4
cubic feet. The running spares for the receiver
are shipped in a separate, paper-wrapped, cor-
rugated fiberboard carton.

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

Component Regrlti.red Hgg%mt D(ienp.t)h L?illnf)th Ygllluftm)e Ur(xlig)wt

Radio Receiver R-390/URR_ __________________________.__ 1 1034 17%4 19 *2 65
Power Supply PP-621/URR_ _ ____________________________ 1 57% 4% (7% - 15
Power Cable Assembly CX-1358/U (fig. 1) _______________ ] g S [ 96 |- _____ . 677
Technical MaANUAIS- - oo C oo s oo il S 8| RS || N \Cal . IR 2
Setofsparestibess oo oo~ o Toni s a2 i 60 ) Ve T | SO S| yRESTENSIE=S, N SURMI:] (S
Setrofgparefuses. oo o o o iEeT TR Il 2): o s e it e e R
Setofispareilamps: - oo T L S L e T R I s i oo | RN AR B e S

1) g i e T S A o T e - AT (W - S T O 2 82. 677

*Includes Power Supply PP-621/URR.

Note. This list is for general information only. See appropriate supply publications for information pertaining to

requisition of spare parts.

8. Description of Radio Receiver R—390/URR

a. Radio Receiver R-390/URR (fig. 1) is a
33-tube superheterodyne receiver designed for re-
ception of cw, mcw, voice, and radioteletype sig-
nals within a frequency range of .5 to 32 muc.
The receiver is designed for mounting in a stand-
ard 19-inch rack, such as Electrical Equipment
Cabinet CY-1119/U. The structural parts of
the receiver are of aluminum.

b. All operating controls are located on the
front panel (fig. 21), which has a gray semigloss
finish. Two handles are provided at the outer

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

7
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Figure 6. Radio Receiver R-390/URR, packing and packaging.
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R—F SUBCHASSIS
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TM 856-6

Figure 7. Radio Receiver R-390/URR, top dust cover removed, location of subchassis.

the various functions of the receiver. These con-
trols include the LINE METER switch, LINE
GAIN control, AGC time-constant switch,
LIMITER off-on switch and threshold control,
AUDIO RESPONSE selector switch, BREAK-
IN circuit switch, BANDWIDTH selector switch,
BFO PITCH control, FUNCTION switch, an-
tenna trimmer (ANT. TRIM) control, BFO
OFF-ON switch, DIAL LOCK for KILO-
CYCLE CHANGE control, frequency-indicator
zero-adjustment (ZERO ADJ.) control, LOCAL
GAIN control, and RF GAIN control. The
PHONES jack in the lower left-hand corner of
the panel is provided for connecting a pair of
headphones to the receiver local audio output.
e. On the back panel of the receiver (fig. 22)
are mounted special tools, ANTENNA input,
POWER, REMOTE CONTROL, IF OUTPUT
connectors, operating and SPARE FUSES,

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

d. Radio Receiver R-390/URR is comprised of
a number of interchangeable assemblies (figs. 7
through 16), including the main frame and seven
removable subchassis. The rf subchassis, if. sub-
chassis, and crystal oscillator subchassis are
mounted on the upper deck of the main frame.
Mounted in three compartments on the lower deck
are the variable frequency oscillator (vfo) sub-
chassis, audio frequency (af) subchassis, calibra-
tion-oscillator subchassis, and Power Supply PP-
621/URR (alternating current (ac) power sup-
ply). The subchassis are connected to the main
frame or to each other by cables terminating in
locking-type connectors. These subchassis can be
removed readily for trouble shooting and repair

9
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Figure 8. Radio Receiver R-390/URR, bottom dust cover removed, location of subchassis.

in a minimum of time by the use of ordinary hand
tools only.

9. Description of Cases and Cabinets Used
With Radio Receiver R—~390/URR

Two cases and two rack-type cabinets (not sup-
plied) are available for use with the receiver.
However, the receiver may be mounted in any
standard 19-inch rack, provided that adequate
ventilation is furnished and the entire weight of
the receiver is not supported by the front panel
alone when the receiver is used in mobile service.

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

b. Case CY-979/URR. This case is con-
structed more rigidly than the CY-917/URR,

10

and embodies shock-absorbing mountings for mo-
bile, table-top installations.

. Electrical Equipment Cabinet CY-1119/U.
The electrical equipment cabinet is a floor-
mounted, rack-type installation designed for fixed-
station use. Seventy inches of panel space are
provided for accommodating several components.
One-man installation is possible through the use
of shelf-type angle brackets.

d. Electrical Equipment Cabinet OY-1216/U.
This cabinet is of rugged construction and includes
shock-absorbing mountings for mobile installa-
tions. A panel space of 48 inches is provided for
accommodating several components. When either
electrical equipment cabinet is used with more
than one receiver, always use a 134-inch blank
strip between the receivers to provide adequate
ventilation.



™ 856-8

Figure 9. Front panel and main frame.

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

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

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

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

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

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

12. Running Spares

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

11
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Figure 10.

Figure 11.

Rf subchassis.

If. subchassis.

TM 856-10

TM 856-9
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Crystal-oscillator subchassis

Figure 12.

TM™ 856-12

Vfo subchassis.

Figure 13.
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Figure 14. Af subchassis.

Figure 15. Calibration-oscillator subchassis.

TMB856-13
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Figure 16. Power Supply PP-621/URR.

2 tubes, type 3TFT.
6 tubes, type 6AJ5.
2 tubes, type 6AKS6.
1 tube, type 6BH6.
3 tubes, type 6BJ6.
2 tubes, type 6C4.

1 tube, type 12AT7.

3 tubes, type 12AUT.

1 tube, type 26Z5W.
1 tube, type 5651.

and fuses. The following is a list of running
spares:

4 tubes, type 5749/6BA6W.

1 tube, type 6082.

4 dial lamps, type GE 327.

6 fuses, 34-ampere, 125-volt, slow blow, MS
type FO2D3ROOB.

6 fuses, 3-ampere, 125-volt, slow blow, MS
type FO2D3ROOB.

13. Additional Equipment Required

The following material is not supplied as a part
of Radio Receiver R-390/URR but is required
for its operation.

Antenna :

Balanced____.__. Doublet or rhombiec.
Unbalanced_____ Straight-wire or random length
whip.

Low-impedance trans-

mission line:
Balanced--_____. 125 or 200 ohms.
Unbalanced-____ 70-ohm coaxial cable.

Headsel oo e o Headset Navy Type CW-49507,
or equivalent 600-ohm head-
set.

Cordarto: Suvy o3 Headset Cord CX-1334/U, or
equivalent.

Speaker.__-_.-__._:-. 600 ohms.

Adapter Connector Adapts Plug PL-259 on unbal-

UG-970/0. anced antenna lead-in to

BALANCED ANTENNA 125
OHM connector J108.
Adapter Connector Adapts Plug Connector UG-
UG-971/0. 573/U on unbalanced an-
tenna lead in to J108.

15



CHAPTER 2
OPERATION

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

14. Siting
(fig. 17)

a. External Requirements. The location of
radio equipment depends on the situation and local
requirements, such as the necessity of operating
the equipment from an installation where it can-
not be seen, from an installation in a vehicle or a
shelter, and from an installation which has ready
access to messengers. In addition to these factors,
the terrain demands consideration before an op-
erating location is decided upon. The prime con-
sideration for establishing the most efficient com-
munication is the location of the antenna. It
should be in a location which is high and clear of
hills, buildings, cliffs, densely wooded areas, and
other obstructions. Depressions, valleys, and
other low places are poor sites for radio recep-
tion, because the high surrounding terrain absorbs
rf energy. Clear, strong signals cannot be ex-
pected if the antenna is located under or close to
a steel bridge, an underpass, a hospital, a power
line, or a power unit. Flat ground having good
conductivity is desirable.

b. Interior Requirements. If the receiver is to
be installed for fixed service, the shelter must meet
the following requirements :

(1) The receiver is to be mounted in Electri-
cal Equipment Cabinet CY-1119/U or in
a standard rack.

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

(3) The receiver must be located in a posi-
tion convenient to the 115- or 230-volt ac
power outlet, if it is to be installed for ac
operation.

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

.16

the light falls directly upon the panel. A
portable drop lamp and extension cord
are convenient assets for maintenance
personnel.

(5) Adequate ventilation always must be
provided.

15. Uncrating, Unpacking, and Checking
New Equipment

Note. For used or reconditioned equipment, refer to
paragraph 19.

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

Caution: Be careful uncrating, unpacking, and
handling the equipment. If it becomes damaged,
a complete overhaul might be required, or the
equipment might be rendered useless.

b. Uncrating and Unpacking for Ewxport and
Domestic Shipments.

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

(2) Cut and fold back the metal straps.

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

(4) Remove the excelsior covering the paper-
wrapped sealed carton inside the crate,
and take out the carton.

(5) Remove the paper covering from the car-
ton, open the outer corrugated fiber-
board carton, and withdraw the inner
carton inclosed in the moisture-vapor-
proof barrier.

(6) Slit open the seams of the moisture-
vaporproof barrier and remove the inner
corrugated fiberboard carton.



(7)

(8)

(9)

GOOD

HILLTOP, FLAT TERRAIN OR
NEAR LARGE WATER SURFACE

BAD

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

Figure 17. Siting Radio Receiver R-390/URR.

Open the inner carton and remove the
four wooden spacers from the inner
carton.

Remove the bags of silica gel, the techni-
cal manuals, and the package containing
the power cord from the space at the rear
of the receiver.

Withdraw the paper-wrapped receiver
from the inner carton, place it on a work
bench or near its final location, and re-
move the paper wrapping.

323471 O—55——2

¢. Checking.

(1)
(2)

(3)

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

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

Operate the control knobs; examine them
for looseness. Operate the MEGA-
CYCLE CHANGE and KILOCYCLE
CHANGE knobs throughout their

17



ranges. Rough operation or binding in-
dicates a damaged tuning system.

(4) Remove the top and bottom dust covers
by removing the 16 screws and lock-
washers that secure the covers to the main
frame.

(5) 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 con-
nectors are a common cause of improper
operation in radio equipment. Replace
the dust covers.

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

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

(7) Inspect for bent or broken connectors
and terminals on the rear panel. See
that all special tools are in place in their
holders (fig. 22). Remove the small
cover at the lower right-hand corner.
See that spare fuses of proper ratings are
in place.

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

16. Installation

a. Antenna. Radio Receiver R-890/URR is
normally used with rhombic, doublet, or double-
doublet antennas. For information on the rhom-
bic and doublet antennas, refer to TM 11-666,
Antennas and Radio Propagation. For informa-
tion on the double-doublet antenna, refer to TM
112629, Antenna Kit for Double-Doublet Receiv-
ing Antenna.

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

(1) Fimed, table-top installation. When
housed in Cabinet CY-917/URR or a
similar well-ventilated case for fixed
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operation, the receiver can be placed on
any sturdy table or bench.

(2) Fized, cabinet installation. To install
the receiver in a standard cabinet, such
as Electrical Equipment Cabinet CY-
1119/U, remove the top and bottom dust
covers of the receiver. Remove one of
the blank panels from the cabinet and
install the receiver. Secure the front
panel to the cabinet with the bolts re-
moved from the blank panel. Insert
them in the elongated holes located along
the vertical edges of the receiver front
panel.

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

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

17. Connections

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

Warning: The voltages used are sufficiently
high to endanger human life. To prevent shock
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Figure 18. Assembly of Plug Connector UG-573/U to a coawial cable.

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

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

Caution: Check to see that 115 VAC/230 VAC
switch S801 (fig. 88), on Power Supply PP-621/

URR, is in the proper position for operation of
the receiver from the available power source. The
switch is reached easily when the dust cover is
removed from the bottom of the receiver. When

the receiver is operated from a 230-volt power
source, change the fuse marked AC 3A (fig.
20) from a 3-ampere, 125-volt type (MS type
FO2D3ROOB) to a 3-ampere, 250-volt type (MS
type FO2G3ROOA).

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

(1) UNBALANCED WHIP connector.
When a whip antenna is to be used for
vehicular installations, or a random
length wire is to be used in fixed installa-
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Iigure 19. Adapter Connectors UG-970/U and UG-971/T.
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tions, the lead-in must be connected to
UNBALANCED WHIP connector J107
(Receptacle Connector UG-568/U).

(@) Assemble Plug Connector UG-573/U
to the coaxial transmission line as in-
dicated in figure 18. (The whip
antenna lead-in should be as short a
length as possible of Radio Frequency
Cable RG-8/U or RG-11/U.)

() Connect the terminated transmission
line to UNBALANCED WHIP con-
nector J107.

(2) BALANCED ANTENNA 125 OHM

connector. BALANCED ANTENNA
125 OHM connector J108 (Receptacle
Connector UG—422/U) furnishes input to
the receiver through a tuned antenna
transformer. This connector is used for
all balanced antennas, such as a balanced
doublet, and should be used for unbal-
anced low-impedance transmission lines.

(@) Connect the balanced coaxial Cable
RG-22/U from 50 to 200-ohm balanced
antennas to J108 with Plug Connector
UG—421/U, or when Cable RG-86/U
transmission line is used, connect with
Plug Connector UG-969,/U.

(&) Two right-angle adapters are available
for connecting unbalanced coaxial cable
to the BALANCED ANTENNA 125
OHM connector. Adapter Connector
UG-970/U adapts unbalanced coaxial
lead-in terminated in Plug P1-259 to
the connector, while Adapter Connec-
tor UG-971/U is used to connect un-
balanced coaxial lead-in terminated in
Plug Connector UG-573/U. Adapter
Connector UG-971/U and Plug Con-
nector UG-573/U are preferred and
should be used when available.

¢. Audio Output (figs. 20 and 21).
(1) A 600-ohm headset or speaker may be

connected as indicated below :

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

() Connect the speaker between LOCAL
AUDIO terminals 6 and 7 on the back
panel.

(¢) LOCAL AUDIO output is available at
pin H of REMOTE CONTROL re-
ceptacle J105 for use with a remote
speaker.

(2) A 600-ohm balanced line for telephone

and similar applications may be connected
as follows:

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

(b) If a balancing bridge is to be used for
long-distance line applications, remove
the jumper from terminals 11 and 12
on the rear panel and connect the bridge
between these terminals. Connect the
balanced line between terminals 10 and
13.

(¢) Line audio output is available at con-
tacts A and J of REMOTE CON-
TROL receptacle J105 when BREAK
IN switch S106 is set at the OFF
position.

d. Auwiliary Connections (fig. 22).
(1) Break-inrelay. Connection tothe break-

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

(2) Carrier control. Connection for carrier

control of an external circuit is completed
through contact K of REMOTE CON-
TROL receptacle J105. When the
BREAK IN switch is set at OFF and
the FUNCTION switch is set at
SQUELCH, the carrier control circuit
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Figure 20. Radio Receiver R-390/URR, cording diagram.

is grounded whenever a carrier signal is
being received.

Sidetone. Sidetone is applied to the
output of the receiver by connecting the
sidetone circuit to contacts H and E
(ground) of the REMOTE CONTROL
receptacle.

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

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

(@) For external age of the receiver, re-
move the jumper between AGC NOR
terminals 8 and 4 on rear panel, con-
nect the negative terminal of the source
to terminal 4, and connect the other
terminal of the source to terminal 7
(ground).
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(6) When the agc circuits of the two re-
ceivers are to be tied together, use the
following procedure:

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

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

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

18. System Connections

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

a. Space-Diversity Reception of Voice Signals.
To connect two Radio Receivers R-390/URR for
space-diversity reception of voice signals, proceed
as follows:

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

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

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

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

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

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

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

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

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

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

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

(2) Connect AGC NOR terminals 3 and 4
and IF. OUTPUT 50 OHM connector
J106 to the age line terminals and the if.
input connector on Single Sideband Con-
verter CV-157/URR as shown in figure
5. (A cable terminated in Radio Fre-
quency Plug UG-88/U is required for
connection to receptacle J106.)

19. Service Upon Receipt of Used or Recon-
ditioned Equipment

a. Follow the instructions in paragraph 15 for
uncrating, unpacking, and inspecting the equip-
ment.

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

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

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

Section Il. CONTROLS AND INSTRUMENTS

20. General

Haphazard operation or improper setting of the
controls can cause damage to the receiver. For

22

this reason, it is important to know the function
of every control. The actual operation of the
equipment is discussed in paragraphs 22 through
28.
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Figure 22. Radio Receiver R-390/URR, back panel.

21. Radio Receiver R—390/URR Controls

(fig. 21)

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

Control

Function

LINE LEVEL meter__.______________
LINE METER off-on and range switch_

LINE GAIN control__________________

AGC SLOW-MED.-FAST time con-
stant switch.

LIMITER off-on switch and threshold
control.

CARRIER LEVEL meter_ ___________

BANDWIDTH switch_ ______________
BFO PITCH control _________________

24

Indicates level of balanced-line output.

In OFF position, switch disconnects LINE LEVEL meter from balanced-line
output. In + 10 position, 10 db is to be added to LINE LEVEL vu reading;
in 0 position, LINE LEVEL meter is read directly in vu; in —10 position,
10 db is to be subtracted from LINE LEVEL vu reading.

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

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

In any position other than OFF, adjusts limiting of peak signal impulses to
reduce static interference. Increased reduction of signal peaks is obtained at
clockwise positions of control.

Indicates level of incoming rf signal. (Indication of 0 db when RF GAIN
control is fully on corresponds to an input signal of 2 to 5 microvolts.)

Selects width of the pass band in KC for 455-ke if. amplifier stages.

Varies frequency of bfo.

Varies response of audio amplifier. In SHARP position, an 800-cps band-pass
filter is inserted into audio circuit; in MED. position, & 3,500-cps low-pass
filter is inserted ; in WIDE position, no filter is used.

In ON position, break-in relay control circuit is connected to REMOTE
CONTROL receptacle J105 and balanced-line output is disconnected from
J105.



Control

Function

FUNCTION switch__________________

ANT. TRIM control . _ __ _ . ___________
BFO OFF-ONswitech_________________
DIAL LOCK control ... _____________
ZERO ADJ.control __________________

LOCAL GAIN control - _ _ ____________
RF GAIN control ____________________
MEGACYCLE CHANGE control_____

KILOCYCLE CHANGE control_ _____

PHONBSSaek: - oo’ aee v Jhsos
OVENS OFF-ON switch (fig. 22) . _____

Fuse AC 3A (fig. 22) .- ____________
Fuse B+3/84 (fig.22)_________________

When rotated to any position other than OFF, connects receiver to power
source and selects desired receiver function. The positions and functions
are as follows:

Position Function

STAND BY________ Receiver disabled but filaments remain lighted and
oscillators remain on; receiver ready for instant use.

AGCOtnsioian . Gain is controlled automatically for normal reception.

MGE: sl e o Agc disabled; gain is controlled manually by RF GAIN
control or an external gain control.

CAL: el Calibration oscillator functions to supply signals at
100-kc points.

SQUELCH._________ Squelch circuit is connected for silencing receiver when

input signal falls below threshold level determined by
setting of RF GAIN control.

Provides means of tuning antenna circuit for maximum signal input.

In ON position, places bfo in operation.

Locks KILOCYCLE CHANGE control to prevent accidental change of setting.

When turned clockwise, disengages frequency indicator from KILOCYCLE
CHANGE control for calibration purposes.

Controls level of af signal applied to local output terminals.

Controls gain of rf and if. amplifiers. When squelch circuit is operative,
controls squelch threshold and permits maximum age when in the maximum
clockwise position.

Selects any one of 32 tuning steps; changes reading of first two digits of fre-
quency indicator.

Tunes receiver to any frequency within a band, and changes reading of last
three digits on frequency indicator. Frequency range of control is slightly
greater than 1 me. When tuned to a frequency higher or lower then that
indicated by first two digits, plus or minus sign is displayed in space between
ne and ke readings. A plus sign indicates addition, and a minus sign in-
dicates subtraction of 1 mec in reading of first two digits to obtain a true
reading.

Provides means of connecting a headset to the receiver.

Screw-driver adjustment. In ON position, 26 volts ac are applied to crystal
oven HR401 and vfo oven HR701.

Protects power input circuit components.

Protects high-voltage circuit components.

Section Ill. OPERATION UNDER USUAL CONDITIONS

Warning: The voltages employed are suffi-
ciently high to endanger human life.
caution should be taken by personnel to minimize
the danger of shock. See that GND terminal 16
on rear panel (fig.22) is grounded.

22. Starting Procedure

a. If the radio receiver is operated under low-
temperature conditions, or in a location where
there is considerable variation in temperature, set
the screwdriver-adjusted OVENS ON-OFF
switch on the back panel to ON. When the set is
operated in a temperature-regulated building or
when maximum frequency stability is not required,

set OVENS ON-OFF switch to OFF. When the

Every pre-

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

receiver is secured in the cabinet and is protected
by dust, remove the top and bottom dust covers of
the receiver to provide adequate ventilation.

b. Turn the FUNCTION switch to AGC. Be-
fore operating the receiver, allow it to warm up
for several minutes.
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23. Reception of Voice Signals

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

b. With the MEGACYCLE CHANGE AND
KILOCYCLE CHANGE controls, set frequency-
indicator reading to frequency of desired station.
If a plus or minus sign appears in the space be-
tween the megacycle and kilocycle readings on the
dial (because of over-travel of the KILOCYCLE
CHANGE control) when tuning in an unknown
station, the reading of the first two digits must be
increased or decreased, respectively, by 1 me to
arrive at the true frequency. To maintain tuning
accuracy of at least 3 ke, calibrate the dial as di-
rected in paragraph 26 each time the MEGA-
CYCLE CHANGE control is operated to select
another band.

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 frequency setting.

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

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

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

Note. Do not use SQUELCH if the desired signals are
weak or subject to fading.

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

24. Reception of CW and MCW Signals

Operate the receiver controls in the same man-
ner as for voide reception, with the following
exceptions :

a. Set the BFO switch to ON.

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

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

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

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

/. Toreduce the effects of fading, set the FUNC-
TION switch to AGC and turn the AGC switch
to SLOW. For full sensitivity, rotate the RF
GAIN control to position 10 (maximum clock-
wise).

g- Do not use SQUELCH when receiving mew
signals.

25. Reception of Frequency-Shift Signals

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

26. Frequency-Indicator Calibration

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



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

b. Set the AUDIO RESPONSE switch to
MED.

¢. Set the RF GAIN control to 10.

d. Set the LOCAL GAIN control to 5.

e. Set the BFO switch to ON.

f. Turn the BFO PITCH to 0.

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-kec point
nearest the frequency desired for reception.

i. Turn the ZERO ADJ. control fully clock-
wise.

7. Rotate the ANT. TRIM to obtain indication
on CARRIER LEVEL meter.

k. Adjust the KILOCYCLE CHANGE con-
trol for a zero beat indication in the headset or
speaker.

. Turn the ZERO ADJ. control counterclock-
wise tostop. The dial now is calibrated accurately.

27. Antijamming Instructions

When an operator recognizes that his receiver
is being jammed, he promptly will inform his im-
mediate superior officer. Under no conditions will
he cease operating. To provide maximum intel-
ligibility of jammed signals, he will 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 until signal is heard
with the least amount of interference.

(1) Rotate the KILOCYCLE CHANGE
control very slowly through several dial
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
4- or 2-KC position; whichever gives
the best results. Slowly tune as described
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
LIMITER control as required.

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

turn the RF GAIN control counterclock-
wise. The interfering signal might be
reduced enough to permit part of the
desired signal to come through.

(6) If these steps do not provide some degree
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 effec-
tiveness so that some degree of read-
through is obtained.

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

b. When receiving cw or mcw signals, and the
receiver is being jammed, follow the procedure in
the order indicated below until read-through is
established.

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

(2) Set the BANDWIDTH switch to the 1-
or .1-KC position and set the AUDIO
RESPONSE switch to SHARP. Slow-
ly 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 jamming signal
to provide readability.

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

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

28. Stopping Procedure

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 to
STAND BY.

Note. The FUNCTION switch should not be left too
long in the STAND BY position.

b. Turn the FUNCTION switch to OFF.
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Section IV. OPERATION UNDER UNUSUAL CONDITIONS

29. General

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

30. Operation in Arctic Climate

- Subzero temperatures and climatic conditions
associated with cold weather affect the efficient
operation of the equipment. Instructions and
precautions for operations under such adverse
conditions follow :

a. Handle the equipment carefully.

b. Keep the equipment warm and dry.

¢. Place a knitted woolen cap over the earphones
when operating in the open air with headsets that
do not have rubber earpieces. Frequently, when
headsets without rubber earpieces are worn, the
edges of the ears may freeze without the operator
being conscious of this condition. Never flex rub-
ber earpieces, since this action may render them
useless. If water gets into the receivers, or if
water condenses within them, it may freeze and
impede the action of the diaphragms. When this
happens, unscrew the bakelite cap, and remove the
ice and moisture.

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

31. Operation in Tropical Climate

When operated in a tropical climate, radio
equipment can be installed in tents, huts, or, when
necessary, in underground shelters. When equip-
ment is installed below ground level, and when
it is set up in swampy areas, moisture conditions
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are more acute than those normally met in the
tropics. Ventilation usually is poor, and the high
relative humidity causes condensation of moisture
on the equipment whenever the temperature of the
equipment becomes lower than the surrounding
air. The receiver never should be inclosed to
such an extent that adequate circulation of air is
prevented.

32. Operation in Desert Climate

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

6. The main problem which arises with equip-
ment operation in desert areas is the large amount
of sand, dust, or dirt which enters the moving
parts of the equipment. The ideal preventive pre-
caution is to house the equipment in a dustproof
shelter. Since, however, such a building seldom
is available and would require air conditioning,
the next best precaution is to make the building
in which the equipment is located as dustproof
as possible with available materials. Hang wet
sacking over the windows and doors, cover the °
inside walls with heavy paper, and secure the side
walls of tents with sand, to prevent them from
flapping in the wind.

¢c. Never tie power cords, signal cords, or other
wiring connections to either the inside or outside
of tents. Desert areas are subject to sudden wind
squalls which may jerk the connections loose or
break the lines.

d. Keep the equipment as free from dust as
possible. Make frequent preventive maintenance
checks (ch. 83). Pay particular attention to the
lubrication of the equipment. Excessive amounts
of dust, sand, or dirt that come into contact with
oil and grease result in grit, which will damage the
equipment,



CHAPTER 3
ORGANIZATIONAL MAINTENANCE

Section 1. ORGANIZATIONAL TOOLS AND EQUIPMENT

33. Tools, Materials, and Test Equipment Re-
quired
The following tools, materials, and test equip-
ment are required for organizational maintenance
procedures.
a. Tools.
Tool Equipment TE-41
b. Materials.
Cheesecloth, bleached, lint-free.
Paper, sand, flint No. 0000.
Solvent, Dry Cleaning (SD) (Fed. spec No.
P-S-661a). .
c. Test Equipment.
Electron Tube Test Set TV-7/U, TM 11-5088.
Multimeter TS-352/U, TM 11-5527.

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

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

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

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

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

d. Pin Straighteners. The T7-pin and 9-pin
straighteners are attached to the back panel.
‘When a miniature tube is inserted into the receiver,
either after maintenance or for replacement pur-
poses, it first should be inserted into the proper
pin straightener to align the pins properly.

Section Il. 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 mainte-
nance differs from trouble shooting and repair
since its object is the prevention of certain troubles
rather than their correction (refer to AR 750-5).

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

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

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

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

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

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

37. Use of Preventive Maintenance Forms

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

b. Circled items in figures 23 and 24 are par-
tially or wholly applicable to Radio Receiver
R-390/URR. Paragraph references in the ITEM
column indicate paragraphs in text which give ad-
ditional or detailed information.

38. Performing Preventive Maintenance

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

a. Performing Ewterior Preventive Mainte-
nance. Preventive maintenance is performed on
the exterior of the equipment as follows:

(1) Check the equipment against the table of
components (par. 7), list of running
spares (par. 12), and list of additional
equipment required (par. 13), to see that
components or parts are not missing.
Observe the general condition of the
equipment.

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

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

(4) Operate the controls to check for bind-
ing, scraping, excessive looseness, and
positive action. Rough action or bind-
ing of the MEGACYCLE CHANGE
and KILOCYCLE CHANGE controls
indicates a damaged tuning system or
the need for cleaning and lubrication.
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(5) Check for normal operation of the re-
ceiver (par. 46).

(6) Clean and tighten the exterior of the
case and POWER and REMOTE CON-
TROL connectors. Use a clean, lint-free
cloth. Remove grease, if necessary, with
a cloth dampened in solvent (SD) ; then
wipe the parts dry.

(7) Inspect the case and front and back
panels for moisture and corrosion. Re-
move rust spots with No. 0000 sandpaper.
Touch up the bare spots (par. 40).

(8) Inspect the antenna lead-in cable, power
cable, headset cord, and all other external
cables for cuts, breaks, fraying, deteriora-
tion, kinks, and strain. Repair the cuts
in the insulation by covering them with
rubber tape held in place by electrician’s
tape. Replace or repair torn cables.

(9) Inspect the antenna for bends, corrosion,
loose fit, and cracked or broken insulators.
If the antenna is bent, straighten it, if
possible; if the antenna cannot be
straightened, replace it. Tighten the
antenna. Replace cracked or broken
ceramic insulators.

(10) Check for looseness of the front-panel
control knobs. Tighten them with the
fluted socket wrench provided.

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

(12) Inspect the front-panel meters and the
frequency indicator for cracked or broken
glass windows.

(18) If deficiencies noted are not corrected
during inspection, indicate the action
taken for correction.

b. Performing Interior Preventive Mainte-
nance. To perform interior maintenance, pro-
ceed as follows:

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

(1) Remove the tubes from their sockets, one
at a time, and inspect for loose envelopes
and cracked sockets. Remove dust and
dirt from the tube envelopes. Check the
tubes for emission and short-circuited
electrodes; use Electron Tube Test Set



OPERATOR FIRST ECHELON MAINTENANCE CHECK LIST FOR SIGNAL CORPS EQUIPMENT
RADIO COMMUMICATION, DIRECTION FINDING, CARRIER, RADAR
INSTRUCTIONS: CSee other side
EQU I PMENT NOMENC LATURE EQUIPMENT SERIAL NO.
LEGEND FOR MARKING CONDITIONS: ¥ Satisfactory; X Adjustment, repair or replacement required; ® Defect corrected.
NOTE: Strike out items not applicable.
DAILY
C
NO ITEM ONDIT|OK
S M| T TIF|S
@ COMPLETENESS AND GENERAL CONDITION OF EQUIPMENT (receiver, transmitter, carrying cases, wire and cable,
microphones, tubes, spare parts, technical manuals and accessories). PAR. 37a (n
2 .
LOCATION AND INSTALLATION SUITABLE FOR NORMAL OPERAT|ON.
@ CLEAN DIRT AND MOISTURE FROM ANTENNA, MICROPHONE, HEADSETS, CHESTSETS, KEYS, JACKS, PLUGS, TELEPHONES,
CARRYING BAGS. COMPONENT PANELS. PAR.37a(2)
® INSPECT SEATING OF READILY ACCESSIBLE "PLUCK-OUT"™ ITEMS: TUBES, LAMPS, CRYSTALS, FUSES, CONNECTORS,
VIBRATORS, PLUG-IN COILS AND RES{STORS. PAR. 37a(3)
@ INSPECT CONTROLS FOR BINDING, SCRAPING, EXCESSIVE LOOSENESS, WORN OR CHIPPED GEARS, MISALIGNMENT, POSITIVE
ACT ION.
PAR. 37a(4)
@ CHECK FOR NORMAL OPERATION.
PAR. 37a(5)
WEEKLY
4 !
NO. iTEM 28N ITEM =3
SO =z
(= O H
@ 13
CLEAN AND TIGHTEN EXTERIOR OF COMPONENTS AND CASES, RACK
MOUNTS, SHOCK MOUNTS, ANTENNA MOUNTS, COAXIAL TRANSMISSION INSPECT STORAGE BATTERIES FOR DIRT, LOOSE TERMINALS, ELEC-
LINES, WAVE GUIDES, AND CABLE CONNECTIONS. TROLYTE LEVEL AND SPECIFIC GRAVITY, AND DAMAGED CASES.
PAR. 37a(6)
1)
INSPECT CASES, MOUNTINGS, ANTENNAS, TOWERS, AND EXPOSED CLEAN AIR FILTERS, BRASS NAME PLATES, DIAL AND METER
METAL SURFACES, FOR RUST, CORROSION, AND MOISTURE. WINDOWS, JEWEL ASSEMBLIES.
PAR. 37a(7) PAR. 37a(ll)
® )
INSPECT CORD, CABLE, WIRE, AND SHOCK MOUNTS FOR CUTS,
BREAKS, FRAYING, DETERIORATION, KINKS, AND STRAIN. INSPECT METERS FOR DAMAGED GLASS AND CASES.
PAR. 37 a(8) PAR, 37 a(12)
© 16
INSPECT ANTENNA FOR ECCENTRICITIES, CORROSION, LOOSE FIT, INSPECT SHELTERS AND COVERS FOR ADEQUACY OF WEATHER-
DAMAGED INSULATORS AND REFLECTORS. PROOF ING.
PAR. 37a(9)
11 17
INSPECT CANVAS {TEMS, LEATHER, AND CABLING FOR M| LDEW,
TEARS, AND FRAYING. CHECK ANTENNA GUY WIRES FOR LOOSENESS AND PROPER TENS |ON.
2 INSPECT FOR LOOSENESS OF ACCESSIBLE ITEMS: SWITCHES, 18
KNOBS, JACKS, CONNECTORS, ELECTRICAL TRANSFORMERS, POWER- CHE
STATS, RELAYS, SELSYNS, MOTORS, BLOWERS, CAPACITORS, GEN- HECK TERMINAL-BOXACOVERS [RORTCRACKS ;- LEAKS, DAMAGED
ERATORS, ANG PILOT LIGHT ASSEMBLIES GASKETST-DIRT-AND-GREASE.
5 5 PAR. 37a(10)
I|F DEFICIENCIES NOTED ARE NOT CORRECTED DURING INSPECTION, INDICATE ACTION TAKEN FOR CORRECTION. PAR. 37a (|3)
m -
DA 8 E?VR’;'I 11—238 REPLACES DA AGO FORM 419, 1 DEC 50, WHICH IS OBSOLETE.
™™ 856-21

Figure 23. DA Form 11-238.
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SECOND AND THIRD ECHELON MAINTERANCE CHECK LIST FOR SIGNAL CORPS EQUIPMENT
RADIO COMMUNICATION, DIRECTION FINDING, CARRIER, RADAR

See other side

EQUIPMENT NOMENC LATURE

RADIO RECEIVER R-390/URR

LusTRYCTIONS:

EQUIPMENT SERIAL RO.

LEGEND POR MARKING CONDITIONS:

v Satisfactory; X

Adjustment, repair or replacement required; @ Defect corrected.

NOTE: Strike out items not applicable.
T T
NO ITEM 23o. ITEM =3
23 2
o
19
L) COMPLETENESS AND GENERAL CONDITION OF EQUIPMENT (receiver, ELECTRON TUBES - INSPECT FOR LOOSE ENVELOPES, CAP CONNEC—
transmitter, carrying cases, wire and cable, microphones, TORS, CRACKED SOCKETS: INSUFFICIENT SOCKET SPRING TENSION;
tubes, spere perts, technicel manuals and accessories). CLEAN DUST AND DIRT CAREFULLY; CHECK ENISS IO OF REGE |VER
PAR. 37a(l) TYPE TUBES. AR 1)
2 20
INSPECT FILM CUT-OUTS FOR LOOSE PARTS, DIRT, MISALIGNMENT
LOCATION AND INSTALLATION SUITABLE POR NORMAL OPERATION. AND CORROS [ON. : E
9 CLEAN DIRT AND OISTURE FROM ANTENNA, WICROPHONE, HEADSETS, @ o
CHESTSETS, KEYS, JACKS, PLUGS, TELEPRONES, CARRYING BAGS, 1!_»:3:501 FIXED CAPACITORS FOR LEAKS, BULGES, AND DISCOLORA-
PANE LS. -
COMPONENT PANELS PAR. 37a(2) PAR. 37b(2)
@) 22) INSPECT RELAY AND CIRCUIT BREAKER ASSEMBLIES FOR LOOSE
INSPECT SEATING OF READILY ACCESSIBLE "PLUCK-GUT" ITEMS: MOUNT INGS; BURNED, PITTED, CORRODED CONTACTS; MISALIGNMENT
TUB S aLANES RISTALS ERUSES CONRECTORSy VIDRAT RSy OF CONTACTS AND SPRINGS; INSUFFICIENT SPRING TENSION; BIND-
PLUG=IN-COILS-AND-RESH s PAR. 37a(3) ING OF PLUNGERS AND HINGE PARTS. PAR.37b (3)
[© 23
INSPECT CONTROLS FOR BINDING, SCRAPING, EXCESSIVE LOOSENESS, INSPECT VARIABLE CAPACITORS FOR, DIRT, WOISTURE, MISALIGN=
WORK OR CHIPPED GEARS, MISALIGNMENT, POSITIVE ACTION. MENT OF PLATES, AND LOOSE MOUNT INGS.
PAR. 37a(4) -
[0 (29
INSPECT RESISTORS, BUSHINGS, AND INSULATORS, FOR CRACKS,
CHECK FOR NORMAL OPERATION. CHIPPING, BLISTERING, DiSCOLORAT ION AND MOISTURE.
PAR. 37a(5) PAR.37 b (4)
@ cuean o TiowTen extenion o couronents awo cases, rAck Z INSPECT TERMINALS OF LARGE FIXED CAPACITORS AND RES ISTORS
WOUNTS, SHOCK HOUNTS, ANTENNA MOUNTS, COAXIAL TRANSMISS 10N
/ FOR CORROSION, DIRT AND LOOSE CONTACTS.
LINES, WAVE GUIDES,. AND CABLE CONNECT IONS. PAR. 37 b (5)
PAR. 37a(6) ¢
9 INSPECT CASES, MOUNTINGS, ANTENNAS, TONERS, AND EXPOSED CLEAN AND TIGHTEN SWITCHES, TERMINAL BLOCKS, BLOWERS,
METAL SURFACES, FOR RUST, CORROSION, AND MOISTURE. s R N L TERI ORS0R({ A S S RANDHCAS TNETS NOT;
PAR. 37a(7) PAR. 37b (6)
[© (21
INSPECT CORD, CABLE, WIRE, AND SHOCK MOUNTS FOR CUTS, INSPECT TERMINAL BLOCKS FOR LODSE CONNECT IONS, CRACKS
BREAKS, FRAYING, DETERIORATION, KINKS, AND STRAIN. AND BREAKS.
PAR. 37a(8) PAR. 37 b (7)
@ =
INSPECT ANTENNA FOR ECCENTRICITIES, CORROSION, LOOSE FIT,
T g T CHECK SETTINGS OF ADUUSTABLE RE LAYS.
PAR. 37a(9)
1 29
INSPECT CANVAS ITEMS, LEATHER, AND CABLING FOR MILDEW, LUBRICATE EQUIPMENT IN ACCORDANCE WITH APPLICABLE
TEARS, AND FRAYING. DEPARTMENT OF THE ARMY LUBRICATION ORDER.,
(0D INSPECT FCR LOOSENESS OF ACCESSIBLE ITEMS: SYiTCHES, KNOBS, 30 :
JACKS, CONNECTORS, ELECTRICAL TRANSFORMERS, POWERSTATS, INSPECT GENERATORS, AMPLIDYNES, DYNAMOTORS, FOR BRUSH WEAR,
RELAYS, SELSYNS, MOTGRS, SLONERS, CAPACITORS, GENERATORS, SPRING TENSION, ARCING, AND FITTING OF CONMUTATOR.
AND PILOT LIGHT ASSEMBLIES. PAR. 37a(l0)
2 )
INSPECT STORAGE BATTERIES FOR DIRT, LOOSE TERMINALS, CLEAN AND TIGHTEN CONNECTIONS AND MOUNTINGS FOR TRANSFORMERS
ELECTROLYTE LEVEL AND SPECIFIC GRAVITY, AND DAMAGED CASES. CHOKES, POTENT [OMETERS, AND RHEOSTATS.
PAR. 37b (8)
g 2
CLEAN AIR FILTERS, BRASS NAME PLATES, DIAL AND METER INSPECT TRANSFORMERS, CHOKES, POTENTIOMETERS, AND
WINDOWS, JEWEL ASSEMBLIES. RHEOSTATS FOR OVERHEAT ING AND O L-LEAKAGE.
PAR. 37a(ll) PAR. 37 b (9)
g 3
INSPECT METERS FOR DAMAGED GLASS AND CASES. BEFORE SHIPPING OR STORING ~ REMOVE BATTERIES.
PAR. 37a(12)
16 34
INSPECT SHELTERS AND COVERS FOR ADEQUACY OF WEATHERPROOF ING. INSPECT CATHODE RAY TUBES FOR BURNT SCREEN SPOTS.
11 35
CHECK ANTENNA GUY WIRES FOR LOOSENESS AND PROPER TENSION. INSPECT BATTERIES FOR SHORTS AND DEAD CELLS.
18 36 | INSPECT FOR LEAKING WATERPROOF GASKETS, WORN OR LOOSE PARTS.
CHECK TERMINAL BOX COVERS FOR CRACKS, LEAKS, DAMAGED
GASKETS, DIRT AND GREASE.
MOISTURE AND FUNG ! PROOF. PAR,37 b (10)
138 IF DEFICIENCIES NOTED ARE NOT CORRECTED DURING INSPECTION, INDICATE ACTION TAKEN FOR CORRECTION. PAR, 37 q (13)
—
DA Biiss 5111-239 REPLACES DA AGO FORM 419, 1 DEC 50, WHICH IS OBSOLETE. 8—16—61382-1
TM856-22

Figure 24. DA Form 11-239.



TV-7/U. Straighten the tube pins with
the pin straighteners on the back panel.
Replace the tubes carefully; check for
adequate spring tension in the individual
pin sockets. See that the tubes are
seated firmly in the sockets in an upright
position and that the tube shields are re-
placed correctly. See that corrugated
metal inserts are replaced in the vfo tube
shield and that the shield is tightened
down so that movement is not possible.

(2) Inspect fixed capacitors C101 and C103
on the main frame (fig.81), and C546 and
C547 on 455-ke if. subchassis (fig. 68),
for leaks, bulges, and discoloration.

(8) Inspect antenna relay K101 (fig. 80) for
a loose mounting ; burned, pitted, or cor-
roded contacts; misalinement of contacts
and springs; and insufficient spring ten-
sions.

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

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

(6) Clean and tighten the connectors in the
receiver.

(7) Inspect terminal strips for loose connec-
tions, cracks, and breaks.

(8) Clean and tighten connections and
mountings for transformers, -chokes,
potentiometers, and rheostats.

(9) Inspect Transformer T801 (fig. 78) of
Power Supply PP-621/URR for over-
heating and leakage. Inspection should
be made soon after shutting down the
receiver.

(10) Check the condition of moistureproof
and fungiproof material in the receiver
(par. 39d).

Section Ill. LUBRICATION AND WEATHERPROOFING

39. Lubrication and Weatherproofing

a. General. Signal Corps equipment, when
operated under severe climatic conditions such as
prevail in tropical, arctic, and desert regions, re-
quires special treatment and maintenance. Fun-
gus growth, insects, dust, corrosion, salt spray, ex-
cessive moisture, and extreme temperatures are
harmful to most materials.

b. Tropical Maintenance. A special moisture-
proofing and fungiproofing treatment has been
devised which, if properly applied, provides a
reasonable degree of protection. This treatment
is explained in TB SIG 138 and TB SIG 72.

¢. Winter Maintenance. Special precautions
necessary to prevent poor performance or total
operational failure of equipment in extremely low
temperatures are explained in TB SIG 66 and TB
SIG 219.

d. Desert Maintenance. Special precautions
necessary to prevent equipment: failure in areas
subject to extremely high temperatures, low hu-

midity, and excessive sand and dust are explained
in TB SIG 75.

e. Lubrication. No lubrication is to be per-
formed on Radio Receiver R-390/URR at organ-
izational level. Lubriction instructions are con-
tained in paragraph 106.

40. Rustproofing and Painting

a. When the finish on the front panel or case
has been badly scarred or damaged, touch up bare
surfaces. Use solvent (SD) to remove dirt and
grease.

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

b. When a touchup job is necessary, remove
loose paint from the case and front panel, and
apply paint with a small brush. Paint (Specifi-
cation MIL-E—-11857) used will be No. 2610 semi-
gloss gray enamel (Federal Specification TT-C-
595). When a front-panel marking has been
erased, use a fine brush and white enamel to re-
place the marking.

Section IV. TROUBLESHOOTING AT ORGANIZATIONAL MAINTENANCE LEVEL

41. General

a. The troubleshooting and repairs that can be
performed at organizational maintenance level

323471 0—55——3

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

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

42. Visual Inspection

a. Failure of the equipment to.operate properly
may be caused by one or more of the following
faults:

(1) Improperly connected, worn, or broken
power cable (par. 44).

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

(3) Burned-out fuse (fig. 22).

(4) Grounded or broken antenna or antenna
Tead-in.

(5) Improperly connected antenna lead-in.

(6) Defective tube (par. 43 and figs. 25 and
26).

(7) Improperly connected or seated external
or internal interconnecting cables.

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

b. When the receiver fails to operate and the
cause is not immediately apparent, check as many
of the above items as is practicable before start-
ing a detailed examination. If possible, obtain
information from the operator of the receiver re-
garding performance at the time the trouble
occurred.

c. When visually inspecting the tubes for
burned-out filaments, it may be discovered that
more than one tube is not lighted. This condi-
tion can be caused by one filament burning out
in a circuit having several filaments in series.
All filaments, except the four connected directly
across the 25.2-volt filament supply, are connected
in series circuits which include two, three, or four
filaments. In a series circuit, an open filament
in one stage will cause another stage to appear
defective. Tubes V605, V606, V801, and V802,
oven heaters HR401, HR701, and HR901, and
indicating lamps I 101 and I 102 are connected
directly across the 25.2-volt filament supply.
Cold-cathode, gas-filled tubes V608 and V609, also
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known as glow-discharge voltage regulators, do
not require heated filaments. Figures 25 and 26
show the locations of all tubes in Radio Receiver
R-390/URR. As an aid in locating trouble
caused by an open filament circuit, the reference
designations of the tubes in each filament circuit
are listed below.

Series filament eircuits (fig. 54)

V202, V203, V204, and V205
V401, V402, and V201

V501, V502, V503, and V504
V505, V506, and V511

V507 and V510

RT512, V508, and V701
V601 and V602

V603, V604, V607, and V509
V901 and V902

43. Tube-Testing Techniques

a. General. When Electron Tube Test Set
TV-7/U, or equal, is available, test the tubes
(according to the instructions supplied with the
tester) for shorts, leakage, and either emission or
mutual conductance. If a tube tester is not avail-
able, a similar receiver in good operating condi-
tion can be used to test the tubes by the substitu-
tion method described in & below. If another
receiver is not available, the tubes can be checked
by substituting spares, as described in ¢ below.
Observe the following precautions when removing
and replacing tubes:

(1) Test each tube and replace it in its socket
before removing another tube. How-
ever, if it is necessary to remove more
than one tube for testing, mark each one
so that it can be replaced, if satisfactory,
in the proper socket.

(2) Remove the tube shields by pressing down
and turning one-fourth turn counter-
clockwise. The vfo tube shield is held
in place by a special clamp. See that the
corrugated metal insert is in place when
replacing the vfo tube shield.

(8) Use the proper tube puller (fig. 22), and
extract the tubes carefully. Avoid ex-
cessive movement of the tube from side
to side during extraction, as miniature
tube pins are bent easily.

(4) Straighten the pins with the pin straight-
eners on the rear panel of the receiver;
then replace the tubes in the receiver.



(5) Do not discard tubes that were replaced
with new tubes when using the tube sub-
stitution method. These tubes should be
checked on a tube checker; if good, they
may be used in less critical circuits.

b. Checking Tubes by Substitution in a Similar
Receiver. Tune a similar receiver, which is in
good operating condition, to a voice signal that
is not subject to fading; a signal on one of the
lower-frequency bands is preferred. Turn the
FUNCTION switch to AGC and the RF GAIN
control to the position marked 10. Make the sub-
stitutions from the faulty receiver to a correspond-
ing position in the good receiver, one tube at a
time; tap the tube under test, and, if noise or
abnormal change in volume is observed, replace
the tube. A considerable decrease in indication
on the CARRIER LEVEL meter, or a noticeable
decrease in volume or quality of the signal emit-
ted from the speaker or headset, indicates a weak
or otherwise defective tube. However, different
test results for the following tubes must be
observed.

(1) When tube V509 or V510 (age circuit)
is weak, a decreased indication on the
CARRIER LEVEL meter with an in-
crease in volume may be noted. A weak
V511 (age time constant circuit) will
cause an increase in indication on the
CARRIER LEVEL meter without any
change in volume. A weak section of
V511 (if. cathode follower) will produce
a weak signal at IF OUTPUT 50 OHM
connector J106. To test tubes V507 and
V510 (noise limiters), tune the receiver
away from the test signal and, if noise is
received, rotate the LIMITER control
clockwise; the tubes under test and tubes
that are known to be good should be
equally effective in reducing noise.
After testing these tubes, return the
LIMITER control to OFF, and retune
the receiver to the test signal. To test
V508, turn the BFO switch to ON and,
while turning the BFO PITCH control
through its entire range, listen for the
beat note.

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

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

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

¢. Checking Tubes by Substituting Spares.
Replace the tubes in the faulty receiver, one at
a time, with the respective spare tubes, following
the same general procedure outlined in 6(1), (2),
and (3) above.

44. Checking Power Cable Assembly CX-
1358/U

A defective power cord is often the cause of an
inoperative receiver. The repairman often can
save time by checking this cable first. Remove
the connector from the ac input and, with the
cable assembly still attached to POWER recep-
tacle J104, connect an ohmmeter, such as that in-
cluded in Multimeter TS-852/U, across the ter-
minals of the ac connector. Turn the FUNC-
TION switch to OFF; the ohmmeter should
indicate infinity. With the FUNCTION switch
set to STAND BY, the ohmmeter indication
should be about 1.5 ohms for 115-volt ac input
and 8.5 ohms for 230-volt ac input. If these con-
ditions are not obtained, remove the cable assem-
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Figure 25. Radio Receiver R-390/URR, top deck, tube location.

bly from the receiver receptacle. Check for a
short circuit in the cord by measuring between
the two terminals of the ac connector and for a
break or an open circuit by measuring between the
associated terminals of the two connectors. If
these tests show that the cable assembly is good,
the fault is in the receiver.

45. Subchassis Testing

Make the simple tests outlined in a, &, and ¢
below to determine in which subchassis the trouble
lies. When an abnormal indication in these tests
is obtained, further checking of the tubes, con-
nectors, and fuses of the suspected subchassis often
will disclose the source of the trouble.

36

Warning: To prevent electrical shock or harm-
ful short circuits, turn off the receiver before re-
moving the plugs or touching any circuits other
than those specified below. '

a. Power Supply and Af Subchassis. Set the
FUNCTION switch at MGC and the AUDIO
RESPONSE switch at MED. Rotate the RF
GAIN, LOCAL GAIN, and LINE GAIN con-
trols to their extreme clockwise positions. Re-
move tubes V507 and V510 and, with a pointed
metallic probe with an insulated handle, touch

- tube-socket pin 1 of V510. A loud click in the

speaker or headset indicates that the power sup-
ply and af subchassis are functioning. Replace
the tubes after the test. If the af subchassis and
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Figure 26. Radio Receiver R-390/URR, bottom deck, tube location.

power supply are functioning, proceed with the
test described in & below; if these units are not
functioning, check the following:
(1) Fuses F101 and F102 (AC 3A and B+
3/8A) (fig.22).
(2) Power cable connection (par. 44).
(3) Speaker or headset.
(4) Tubes V801 and V802 (fig. 26).
(5) Tubes V601 through V606 (fig. 26).
(6) Cable connectors on af subchassis (fig.
74).

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

the if. subchassis is functioning, proceed with the
testing of the rf subchassis (¢ below). If the
subchassis is not functioning, check the following:

(1) Tube V510 (fig. 25).

(2) Tubes V501 through V507 (fig. 25).

(3) Connector J517 cn the if. subchassis

(fig. 68).
¢. Rf Subchassis. The connection of the an-

tenna to the antenna receptacle while the receiver
is turned on should produce a loud clicking sound
in the speaker or headset. When a sound is not
produced, check tubes V201 through V205. An
additional test can be made by turning the
FUNCTION control to CAL and tuning to cali-
bration signals.
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46. Troubleshooting by Using Equipment Per-
formance Checklist

a. General. The equipment performance check-
list (par. 47) will help the repairman to locate
trouble in the equipment. The list gives the items
to be checked, the conditions under which the item
is checked, the normal indications and tolerances
of correct operation, and the corrective measures
to be taken. 7o use this list, follow the items in
numerical sequence.

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

listed include the visible and audible signs that
the repairman should perceive when he checks
the items. If the indications are not normal,
the operator or repairman should apply the
recommended corrective measures.

d. Corrective Measures. The corrective meas-
ures listed are those that the operator or repairman
can make without turning in the equipment for
repairs. A reference in the table to a paragraph
indicates that the trouble cannot be corrected
during operation, and that troubleshooting by an
experienced repairman is necessary. If the re-
ceiver is completely inoperative or if the recom-
mended corrective measures do not yield results,
troubleshooting is necessary. However, if the
tactical situation requires that communication be
maintained and if the receiver is not completely
inoperative, the operator must maintain the re-

¢. Normal Indications.

The normal indications

47. Equipment Performance Checklist

ceiver in operation as long as it is possible to do so.

PREPARATORY

Item
No.

Item

Action or condition

Normal indications

Corrective measures

=]

© 00>

Antenna: . -—_-_ oo
Loudspeaker or headset_ -

600-ohm line_ . _________

Power cable____________

AUDIO RESPONSE
switch.
BANDWIDTH switch__

LOCAL GAIN control. __
Terminal strips. ________

Lead-in wire connected.

Loudspeaker connected
to LOCAL AUDIO
terminals 6 and 7, or
headset connected to
PHONES jack.

Connectea to terminals
10and 13. If 600-ohm
line is not available,
connect headset to ter-
minals for test pur-
poses.

Connected between re-
ceiver and power
source.

Set at MED.

Set at 4 or 8 KC.

Set at 10.

Set at 5.

The following pairs of
terminals on the rear
terminal strips are con-
nected together: 1 and
2, 3 and 4, 11 and 12,
and 14 and 15. Ex-
ternal ground is con-
nected to verminal 16
as a safety precaution.
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START

Item
No.

Item

Action or condition

Normal indications

Corrective measures

10

FUNCTION switch_ .___

TurnztesAGE L Jow son s

Dial lamps light____ ... __

Rushing noise or signal
is heard in speaker or
headset.

Check fuse (AC 3A) (fig.
22).

Check power cable (par.
44). Check dial lamps.
Refer to paragraph 93.

Refer to paragraphs 45
and 92.

EQUIPMENT PERFORMANCE

11

12

13

14

15

16

17

MEGACYCLE
CHANGE control.

KILOCYCLE CHANGE

control.

ANT. TRIM_______.____

LOCAL GAIN control.__

LINE GAIN control.___

RF GAIN control_______

FUNCTION switch_____

Set to each band, in turn. .

Tune across a band______

Rotate control __ ________

Rotate control in either
direction.

Rotate control_ _________

Rotate control . _ ________

Turn to MGC__________

Turn to AGC, and tune
through several differ-

ent signals.
Turn to CAL, and then

operate the KXILO-
CYCLE CHANGE
control.

Turn FUNCTION to
SQUELCH, and then

operate the KILO-
CYCLE CHANGE
control.

Return FUNCTION
switch to AGC and RF
GAIN to 10, at comple-

tion of this check.

Normal signal output on
each band.

Signals received. CAR-
RIER LEVEL meter
indicates strength of
signal.

Obtain peak indication
on CARRIER LEVEL
meter for each band.

Volume at loudspeaker or
headset increases or de-
creases.

Output level to 600-ohm
line or headset and
LINE LEVEL meter
increases or decreases.

Audio output and CAR-
RIER LEVEL meter
indication increases or
decreases.

With no signal input,
noise level should in-
crease and CARRIER
LEVEL does not indi-
cate.

Output volume nearly
constant.

Deflection on CARRIER
LEVEL meter at each
100-ke reading.

No reception of noise
while tuning between
stations.

Rotate control several
times to clean switch
contacts.

Refer to paragraphs 92
and 93.

Refer to paragraphs 92
and 93.

Refer to
and 94.

paragraphs 83

Refer to
and 96.

paragraphs 95

If headset level varies and
pointer of meter is stick-
ing, tap meter lightly.

If local output is satisfac-
tory but line output is
weak, check tubes V602
and V604. Refer to
paragraphs 95 and 97.

Refer to paragraphs 92
and 93.

Refer to paragraphs 92
and 93.

Refer to
and 94.

paragraphs 83

Reset ANT. TRIM con-
trol. Check tubes V901
and V902.

Refer to paragraphs 92 and
93.

If noise is high, turn the
RF GAIN control
counterclockwise until
the squeleh circuit is
effective enough to re-
duce the noise. Check
tube V601.
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EQUIPMENT PERFORMANCE

Item
No.

Item

Action or condition

Normal indications

Corrective measures

18

19

20

21

22

23

LIMITER control_______

BREAK IN relay switch_

LINE METER switch___

BFO OFF-ON control
and BFO PITCH con-
trol.

BANDWIDTH switch___

AUDIO RESPONSE
switch.

Turn clockwise__________

Turn to ON. Short BRK
IN terminal 9 on rear
panel to ground mo-
mentarily.

Turn to +10____________

Turnto O_______________

Turnto™~=—10- ..o -ocouoe

Turn to OFF____________

Turn the BFO control to
ON. Tune in a cw sig-
nal, and vary the BFO
PITCH control.

Turn from 16 to 0.1 KC__

Operate through three
positions.

Noise peaks are reduced in
amplitude.

LINE LEVEL meter is
disabled and break-in
relay functions to
silence receiver.

Line audio output circuits
from receiver RE-
MOTE CONTROL re-
ceptacle are discon-
nected from receiver
output.

Line level is 10 vu above
LINE METER indica-
tion.

LINE METER indicates
the line level controlled
by the LINE GAIN
control.

Line level is 10 vu below
LINE METER indica-
tion.

LINE LEVEL meter is
disconnected. Line au-
dio output is still con-
nected.

Tone of signal varies______

Selectivity becomes sharp-
er. Only low-frequency
audio tones are heard
in the counterclockwise
positions.

Permits amplification of
nearly full of range in
WIDE position, middle
and low frequencies in
MED. position, and 800
cps in SHARP position.

Refer to
and 94.
Refer to
and 94.

paragraphs
paragraphs 83

Refer to
and 94.

paragraphs 83

Refer to 92

and 97.

paragraphs

Refer to paragraph 93.

Refer to paragraph 99.

Refer to paragraphs 83
and 94.

STOP

24

25

OVENS OFF-ON switch.

FUNCTION switch_____

Turn to OFF_ __________

Turn to STAND BY____

Turn to OFF__ _________

Oscillator ovens are turned
off.

Receiver is silent. Fila-
ment circuits and oscilla-
tor circuits are kept on
for immediate reception.

Turns off all receiver cir-
cuits.
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CHAPTER 4
THEORY

Section 1. THEORY OF RADIO RECEIVER R—390/URR

48. General

a. Radio Receiver R-390/URR provides for the
reception of voice, c-w, and frequency-shift signals
over a frequency range of .5 to 32 mc. The re-
ceiver is basically a superheterodyne of the mul-
tiple conversion type. Triple conversion is used
for the lower frequencies (.5 to 8 me¢) and double
conversion for the higher frequencies (8 to 32 me).

b. The receiver operates from a self-contained
power supply designed to operate at a nominal
input of 115 or 230 volts over a frequency range
of 48 to 62 cycles per second (cps).

c. The tuning system of Radio Receiver
R-390/URR provides linear tuning over the entire
frequency range of the receiver. Permeability
tuning (insertion of powdered-iron cores into
coils) and a system of gears and cams make pos-
sible linear tuning and the use of a counter-type
indicator on the front panel to show the frequency
selected.

d. Radio Receiver R-390/URR employs uni-
tized construction consisting of seven subchassis
which are mounted onto a main frame. Certain
components of unrelated electrical circuits some-
times are located on the same subchassis. The
circuit analysis given in the following paragraphs
is based upon the signal path established in the
block diagram (fig. 27) and the overall schematic
diagram (fig. 107). However, in performing
troubleshooting procedures and repairs, the tech-
nician must remember that the physical location of
a component often is quite removed from the cir-
cuit in which it is effective. For example, al-
though the voltage regulator is effectively a part
of the power supply, it is actually located on the
af subchassis, to utilize space efficiently. To de-
termine on which subchassis a particular compo-
nent is located, refer to figure 107.

49. Block Diagram
(fig. 27)

a. The block diagram shows the signal path
from the antenna to the output. A schematic dia-

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

b. Power Supply PP-621/URR provides direct
current (dc) for the antenna and break-in relays,
ac to the filament and oven circuits, and B+ volt-
age to the voltage-regulator circuit. All B+
voltages supplied to the receiver are regulated.
The voltage-regulator circuit consists of series
regulator V605 and V606, dc amplifier V607, and
voltage-reference tubes V608 and V609. The
power supply has a transformer, with two pri-
mary windings connected in series for 230-volt ac
operation (or connected in parallel) for 115-volt
ac operation and rectifiers V801 and V802. Dec
voltage for the break-in relay circuits is provided
by dry-disk rectifier CR8601.

¢. Rf signals are fed to the receiver from either
a balanced or unbalanced antenna. Antenna re-
lay K101 grounds the antenna input for break-in
operation and during calibration. This relay also
operates to protect the antenna circuits of the re-
ceiver during standby operation. If the balanced
antenna input is used, the rf signals pass through
one of several antenna transformers (selection of
which is determined by the operating frequency of
the receiver) and are fed to first rf amplifier V201.
If the unbalanced antenna input is used, the sig-
nals are capacitor-coupled to secondary of the
antenna transformers and are applied to first rf
amplifier V201.

d. The calibration oscillator (V901 and V902)
supplies a signal at every 100-ke point within the
frequency range of the receiver. A 1,000-ke
crystal-oscillator stage, one-half of V901, provides
a signal for synchronizing multivibrator stage
V902 at 100 ke. A buffer-amplifier stage, one-
half of V901, isolates the multivibrator from the
loading effects of the rf circuit and increases the
strength of the higher 100-k¢ harmonics. When
the FUNCTION switch is in the CAL position,
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B+ voltage is fed to the calibration oscillator
circuits.

e. The output of first rf amplifier V201 is
coupled to the grid of second rf amplifier V202.
The gain of the first and second rf amplifiers
is controlled manually by the RF GAIN control
and automatically by the agc voltage. These
stages amplify the rf signals before applying them
to the mixer circuits. The output of the second
rf amplifier (.5 to 32 mc) is fed to either the
first or second mixer, depending on the MEGA.-
CYCLE CHANGE control setting. For fre-
quencies from .5 to 8 me, the rf signal is mixed
with the output of first crystal oscillator V401 in
first mixer stage V203 to produce an if. signal
which is variable in frequency from 9 to 18 mec.
For frequencies from 8 to 32 mc, the rf signal is
fed directly from the output of the second rf stage
to second mixer V204. The heterodyning signal
for this mixer is supplied from second crystal
oscillator V402. The if. range of the second-
mixer-output signal is 3 to 2 me. It should be
noted that the intermediate frequency at the out-
put of the second mixer decreases as the input
signal frequency increases. The input to third
mixer V205 always has a frequency range of 3 to 2
me except in the .5- to 1-me band, in which case it
has a frequency range of 2.5 to 2 me. The output
of 455 ke. 'The frequency range of the vfo is from
in the third mixer to produce a fixed frequency
of 455 ke. The frequency range of the vfo is from
3.455 to 2.455 mc on all ranges of the receiver
except the .5- to 1-mc range, in which case the
upper frequency limit is 2.955 me.

f. The 455-ke output signal of the third mixer
is applied to the grid of first if. amplifier V501
either directly or through crystal filter Z501, de-
pending on the bandwidth desired. For the two
narrow pass bands, .1 and 1 ke, the crystal filter
is used. Four additional degrees of selectivity
which do not use the crystal filter are accomplished
in the if. stages by the BANDWIDTH switch
which varies the coupling between the primary and
secondary circuits of the if. transformers. The
if. amplifier consists of six stages, V501 through
V506, which, together with the associated trans-
formers, provide the required pass band. The
output of fifth if. amplifier V505 is divided to
supply a 455-ke signal to each of three stages:
sixth if. amplifier V506, age amplifier V509, and
the cathode follower, one-half of V511. The out-
put signal of the sixth if. amplifier is demodulated
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in the detector circuit, one-half of V507. An ex-
ternal diode load may be connected from DIODE
LOAD terminal 14 and ground with the jumper
between terminals 14 and 15 removed. The out-
put of the fifth if. amplifier is amplified in age
amplifier V509, and the resulting signal is rectified
by the age rectifier, one-half of V510. When the
FUNCTION switch is set for AGC operation, the
gain of rf amplifiers V201 and V202 and of if.
amplifiers V501 and V505 is controlled automati-
cally by a dc voltage developed by the age rectifier,
one-half of V510, to keep the output level of the
receiver relatively constant and independent of
signal-strength variation at the antenna. Thus
for strong signals, the grid bias is high and the
gain of the controlled stages is reduced and for
weak signals the grid bias is reduced and gain of
the controlled stages is increased. The response
rate of the age circuits can be controlled to satisfy
reception requirements through the use of the
AGC switch, the age time constant circuit, and
one-half of tube V511. For MGC operation, the
age bus is grounded by the FUNCTION switch.
The cathode follower, one-half of V511, provides
a low-impedance connection (50 ohms) from the
output of the fifth if. stage for use when the re-
ceiver is employed for frequency-shift teletype-
writer and single-sideband reception. To facili-
tate operation in the reception of radiotelegraph
signals, in certain system applications and in cali-
bration, bfo tube V508 provides a signal in the
frequency range of 452 to 458 ke. This signal is
mixed with the 455-ke if. output signal of the
sixth if. amplifier to produce a beat frequency in
the output of the detector which is in the af range.
The output of the detector (one-half of V507) is
coupled to the af amplifier (one-half of V601)
through a negative peak limiter (one-half of
V507) and a positive peak limiter (one-half of
V510) which prevents noise peaks from exceeding
average signal level. If operation without limit-
ing is desired, the limiters can be disabled by a
front-panel control.

g. In addition to supplying signals to the lim-
iter, the detector, one-half of V507, supplies a dc
signal to the squelch tube, one-half of V601, which
is a voltage amplifier. The average dc output volt-
age of the squelch tube varies in proportion to the
average signal level. When the signal level drops
below some predetermined noise level established
by the setting of the RF GAIN control and when
the FUNCTION switch is set for SQUELCH op-



eration, this voltage operates squelch relay K601,
which short-circuits the output of af amplifier
V601 to quiet the receiver output. The output of
the af amplifier also can be shorted to ground by
break-in relay K602, when the FUNCTION
switch is set to STANDBY, or to either MGC,
AGC, or SQUELCH when the BREAK IN
switch is set to ON and an external circuit pro-
vides a ground. The output from the af amplifier
(one-half of V601) is divided and applied through
separate gain controls to a local af amplifier (one-

half of V602) and a line af amplifier (one-half of
V602). The output of the local af amplifier sup-
plies signals to local af output tube V608, which
has connections for a speaker or a headsét and for
side tone signals from an associated transmitter
to permit monitoring. The line af amplifier sup-
plies signals to line af output tube V604, which
has connections for a balanced line.

Figure 27. Radio Receiver R-390/URR, block diagram.

(Contained in separate envelope)

Section Il. CIRCUIT ANALYSIS

50. Antenna Circuit
(fig. 28)

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

a. Antennas that have a nominal, balanced, ter-
minal impedance of 50 to 200 ohms and terminate
in two wires (such as twin lead or dual-conductor
coaxial cable) are connected through J108 to the
primary winding of one of six antenna trans-
formers. One lead connects through J110, P210,
and S202, and the other lead connects through
J111, P211, and S201. Six transformers (T201
through T206) are employed to cover the fre-
quency range of .5 to 32 megacycles. The trans-
former in use for a given band is selected by the
operation of S201, S202, S208, S204 and S205.
Since the theory of operation is identical for all
bands, only one band is shown in the stage sche-
matic diagram (fig. 28). The conditions shown
are for the .5- to 1-mc band. This means of simpli-
fication will be followed in the discussion of all suc-
ceeding stages unless otherwise indicated. Pri-
mary winding of T201 is balanced to ground by
fixed capacitor C202 and section A of variable
capacitor C201. The 125-ohm input impedance of
T201 is essentially resistive, but the reactive com-
ponent depends critically upon the adjustment
of the ANT. TRIM capacitor C225, in parallel
with C203. By suitable adjustment, the reactive
component may be made less than 20 ohms over
the entire frequency range of the transformer.
However, at higher frequencies it may be consid-
erably greater. The primary and secondary wind-
ings of T201 are magnetically coupled and electro-
statically shielded. Transformer T201 contains a
powdered-iron core which is movable for purposes
of achieving resonance for any desired signal

within the range of .5 to 1 me. Movement of this
tuning core in conjunction with other tuning cores
throughout the equipment (par. 80) is effected
by rotating the KILOCYCLE CHANGE control.
The voltage developed across the secondary of
T201 is applied, through switch S205 (rear) and
coupling capacitor C227, to the control grid (pin
1) of first rf amplifier V201. When an unbal-
anced antenna such as a whip is used, connection
is provided from J107 through J109 and P209, and
through switch S204, capacitor C204, switch S205
(rear), and coupling capacitor C227, to the control
grid of V201. When this type antenna is used, it
is connected to the secondary winding of T201.
The B section of capacitor C201 is provided for
alignment purposes. Switch S203 connects either
section A or B or both of C225 in parallel with
fixed capacitor C203.

b. In addition to its basic function as part of
the antenna transformer, the secondary winding
of T201 along with R201 provides a dc path for
biasing the grid of the first rf amplifier. To
prevent reactive effects between the transformer
in use and the transformer next lower in fre-
quency range, the latter is short-circuited by S205
(front). In the case shown, there is no lower
frequency range, therefore, the secondary wind-
ing of T203 is shorted instead. Antenna relay
K101 is operated through the break-in relay cir-
cuit, and it grounds both antenna-input circuits
when an associated transmitter is in operation,
during calibration, and during standby operation.
Resistor R126 prevents the gradual accumulation
of a static electrical charge on the antenna, and,
if an unusually strong charge is induced (such as
might be caused by transmission from an adjacent
transmitter) glow tube I 103 becomes momen-
tarily conductive and passes the charge to ground.
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¢. Switches S201 through S205 are sections of a
six-position band switch which is operated by the
MEGACYCLE CHANGE control. When the
band switch is rotated to a new position, the fol-
lowing events occur simultaneously.

(1) One of the six antenna transformers is
inserted into the input circuit (depend-
ing on the operating frequency selected).

(2) Both, or either, of the two sections ANT.
TRIM capacitor C225 are added to the
antenna circuit, as required.

(3) One of the unused transformer secondary
windings is short-circuited.

d. The antenna circuit is designed to cover a
range of .5 to 32 mc in six bands, as follows:
5 to 1 me, 1 to 2 me, 2 to 4 me, 4 to 8 me, 8 to
16 mc, and 16 to 32 me. The transformer used
for each band is T201 through T206, respectively.

Figure 28. Antenna circuit and first rf amplifier,
schematic diagram.

(Contained in separate envelope)

51. First Rf Amplifier V201
(fig. 28)

The first rf amplifier uses a miniature pentode
tube, type 6AJ5, to increase the amplitude of the
signals from the antenna before they are applied
to the second rf stage. The following discussion
will be concerned only with the .5- to 1-mc band.

a. Grid bias for the first rf amplifier is supplied
by cathode resistor R208 and RF GAIN control
R123, and from the agc circuit through FUNC-
TION switch S107 (when set to AGC), decou-
pling resistor R202 (which is bypassed by C226),
the secondary winding of T201, the contacts of
S205 (rear), and grid resistor R201 (which is by-
passed by C227). R201 drops most of the grid
bias developed by V201 when strong off-tune sig-
nals are present and prevents this bias voltage
from backing up into the agc line and blocking off
the receiver. When the FUNCTION switch is
rotated to the MGC position, the age line is
grounded and tube bias is controlled completely
by RF GAIN control R123 and cathode resistor
R208. To prevent degeneration in the first rf
stage, a low-impedance signal circuit from cathode
to ground is provided by capacitor C229. Since
RF GAIN potentiometer R123 also controls the
gain of second rf amplifier V202 (through R209)
and of first and fifth if. amplifiers V501 and V505
(through P117-16 and J517-16), decoupling is
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necessary. This is accomplished by C231, which
provides a low-reactance path to ground at radio
and intermediate frequencies and acts as a noise
filter when the RF GAIN control is operated. An
external gain control may be connected between
terminals 1 and 7 (GND) of TB102 (fig. 22), pro-
vided the jumper between terminals 1 and 2 is
removed. The screen grid (pin 6) potential is
obtained through voltage-dropping resistor R205
from the output of the 180-volt supply through
L246, J214-A, and P114-A, and FUNCTION
switch S107 (front). To prevent variations in
screen-grid voltage caused by screen-current
changes, rf signal voltages that appear on the
screen are bypassed to ground through capacitor
C230. Rf choke 1.246 and bypass capacitor C339
function as a low-pass inductance-capacitance fil-
ter to prevent rf signals from entering the common
B+ circuits. Plate voltage is applied to V201
through voltage dropping resistor R206, tank coil
of Z201, and band switch S206, and the power
supply is decoupled from the plate circuit of the
tube by capacitor C250. A very small value of
capacitance, C341, is added to the interelectrode
capacitance between the plate of V201 and ground
so that its value equals that of V202, This is done
to provide tracking in the 16 to 32 mc range.
Voltage for the plate and screen circuits is applied
through FUNCTION switch S107 (front) in all
positions except STAND BY and OFF.

b. Signals from the antenna circuit are applied,
through coupling capacitor 0227, to the control
grid (pin 1) of the first rf amplifier. The ampli-
fied signals appearing at the plate (pin 5) of the
first rf amplifier are applied to tuned circuit Z201.
The output of the first rf stage is not taken from
across the entire resonant circuit but is connected
to the junction point of 233 and C833, two series
capacitors which serve as a voltage divider across
the coil. This circuit arrangement provides a
high Q (since it reduces loading) and an increased
stability (since it limits gain) and minimizes any
detuning that the gain control might cause as a
result of tube capacitance variation in the follow-
ing stage. In addition, tracking at the higher
frequency ranges is facilitated by the fact that the
tube and circuit-wiring capacitance is across only
a portion of the resonant circuit. The output sig-
nals of the first rf amplifier are applied, through
band switch S207 and coupling capacitor C251, to
the grid circuit of the second rf amplifier. The
tank coil of Z 201 is permeability-tuned for reso-



nance by the operation of the KILOCYCLE
CHANGE controls and C232 is provided for
alinement.

¢. In addition to the normal rf signals, a cali-
bration signal (par. 76) can be applied to the grid
circuit of V201 through J924, P224, and coupling
capacitor (228. Pin E206 (fig. 62) provides an
easily accessible connection to the grid circuit for
test purposes.

d. Switches S206 and S207 are sections of the
six-position band switch mentioned previously
(par. 50), and are controlled by the MEGA-
CYCLE CHANGE control. Selection of one of
the six tuned circuits in the output circuit of the
first rf amplifier is made with this control. The
frequency range of each tuned circuit is as follows:
7201, .5 to 1 me; Z202, 1 to 2 me; Z203, 2 to 4 me;
7204, 4 to 8 mc ; Z205, 8 to 16 mc; Z206, 16 to 32 me.
The core in each tuned circuit is movable and is
controlled by the KILOCYCLE CHANGE and
the MEGACYCLE CHANGE controls through
the differential except for the .5- to 1-mc and the
1- to 2-mc bands when it is controlled by the
KILOCYCLE CHANGE control only.

52. Second Rf Amplifier V202
(fig. 29)

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

a. The grid return to the agc circuit is through
parasitic suppressor R221, grid bias resistor R207
and resistor R208. Resistor R208 and capacitor
(252 form a decoupling network. The cathode
(pin 2) and suppressor grid (pin 7) are connected
together and return to ground through cathode
resistor R209 and RF GAIN control R123. (253
is the cathode bypass capacitor. Provision for
external RF GAIN control is at terminals 1 and 2
of TB102 which normally are connected together
by a jumper. The RF GAIN control is common
to the first and second rf stages and the first and
fifth if. stages. Connection to the latter is made
through P117-16 and J517-16. R203 isolates the
first rf stage from the circuit. The screen grid
(pin 6) is bypassed for rf by C254 and is connected
to the junction of R210 and R211 which form a
voltage divider across the 180-volt supply. The
plate (pin 5) circuit is completed to B+ through
S208, tank coil of Z207, and decoupling resistor
R212 which is bypassed by C278. Additional fil-
tering of the supply voltage is accomplished by

1.246 and C339 which also prevent rf signal volt-
ages from entering the power supply circuits.

b. The signal is applied through band switch
S207, coupling capacitor C251, and parasitic sup-
pressor R221, to the control grid (pin 1) of sec-
ond rf amplifier V202. The amplified signal ap-
pearing at the plate is applied, through 5208, to
tuned circuit Z207. As described for the first rf
amplifier plate circuit, capacitors C256 and C335
are connected in series as a voltage-divider circuit.
To achieve greater selectivity than is obtainable
from one tuned circuit, the junction of these capac-
itors is coupled, through capacitor C274, to the
grid of the first mixer and to another tuned cir-
cuit, Z213, which is identical to Z207 and contains
a voltage divider, made up of capacitors C277 and
(C3837. The values of the capacitors have been
selected so that only one-tenth of the output volt-
age is applied to the control grid (pin 6) of the
first mixer, V203 ; since this is equivalent to con-
necting the grid of V203 to a tap nine-tenths of the
way down on coils of Z207 and Z213 grid loading
and detuning are reduced (because tube input
capacitance is made negligible by the use of a large
tuning capacitance in the grid circuit), and thus
high selectivity is obtained. Tuned circuits Z207
and Z213 are individually shielded, to prevent
coupling between tank coils; a separate slug for
each circuit is mounted on the .5- to 1-mc tuning
rack. Trimmer capacitors C255 and C276, and
test point E207 (fig. 62) connected to the grid of
V202, are provided for repair and alignment pur-
poses.

¢. In addition to tuned circuits Z207 and Z213,
which cover the .5- to 1-mc range, five pairs of
inductors cover the additional ranges: Z208 and
7214, 1 to 2 mc; Z209 and Z215, 2 to 4 mc; Z210
and Z216, 4 to 8 mc; Z211 and Z217, 8 to 16 mc;
and Z212 and Z218, 16 to 32 mc. Triple conver-
sion is used in the frequency range of .5 to 8 mc,
and double conversion is used in the frequency
range of 8 to 32 me. Therefore, in the frequency
range of .5 to 8 me, the output from the second
rf amplifier is fed through switch S209 to the grid
circuit of first mixer V203, and in the frequency
range of 8 to 32 mc, the output is fed through
switch S210 to the grid circuit of second mixer
V204. The resonant circuits are tuned by varying
the degree of insertion of powdered-iron cores.

Figure 29. Second rf amplifier, schematic diagram.

(Contained in separate envelope)
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53. First Mixer V203
(fig. 30)

The first mixer stage uses a miniature triode,
type 6C4. On frequency ranges from .5 to 8 mc,
the signals from the output of the second rf ampli-
fier are applied to the control grid (pin 6). The
output of the first crystal oscillator V401 is ap-
plied to the cathode (pin 7), and the two signals
are heterodyned in the mixer stage to produce a
signal of 9 to 18 mc in the plate circuit. The
frequency of this signal is variable and is the sum
of the frequencies of the two input signals (par.
103).

a. Grid bias for V203 is developed across R213,
and R214 is a parasitic suppressor. The cathode
circuit, composed of the secondary of transformer
T401 and resistor R404 in series to ground, pro-
vides cathode bias. Bypass capacitor C404 pre-
vents degeneration across R404. B+ to the plate
of the first mixer is fed through tank coil of Z219,
decoupling resistor R215 (which is bypassed for
rf by C304),1.246, J214-A, and P114-A. Capaci-
tor C305 provides fixed tuning. L1246 and C339
serve as an rf filter, as described in the analysis
of the second rf amplifier stage (par. 52a). C306
is for alinement purposes.

b. The first mixer functions only over the .5- to
8-me range; therefore, throughout this range of
frequencies, the signal voltage from the second
rf amplifier stage is applied through S209 to the
control grid of the first mixer. The injection
signal from the first crystal oscillator is a fixed
frequency for each frequency range and is applied
through T401, J421, and P221, to the cathode
(pin 7) of V203. T401 serves to isolate the mixer
from the oscillator, and to match the low-
impedance cathode circuit of the mixer to the com-
paratively high output impedance of the oscillator
plate circuit. The plate circuit is tuned over the
9- to 18-mc range by changing the positions of the
powdered-iron cores in Z219, Z220, and Z221.
Capacitors C306, C309, and C311 are provided for
purposes of alinement. The 9- to 18-mec signal
from the plate of the mixer is fed, through C307,
(310, and S210, to the grid circuit of second mixer
V204. Tuned circuits Z220 and Z221 are added
to provide additional selectivity. (308 is for fixed
tuning and provides equivalent capacitance to that
of the coaxial cable across Z219 and Z221. The
rear section of S210 connects the output of first
mixer V203 to second mixer V204 for the .5- to
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8-mec range (four bands), and connects the output
of second rf amplifier V202 to the second mixer
for the 8- to 32-mc range (two bands). In the
8- to 32-mc range, the front section of S210
grounds the output circuit of V203.

¢. The powdered-iron cores which tune the tank
coils of circuits Z219, Z220, and Z221, move simul-
taneously to a predetermined position when the
MEGACYCLE CHANGE knob is turned. In
addition, the three tuned circuits are mounted on
a movable platform, the position of which is con-
trolled by the KILOCYCLE CHANGE knob
(par. 80). E208 (fig. 62) is provided for test
and alinement purposes.

Figure 30. First miwer stage, schematic diagram.

(Contained in separate envelope)

54. First Crystal Oscillator V401
(fig. 31)

The first crystal oscillator provides the injection
signal to first mixer stage V208 on the eight lower
frequency bands. For simplicity, the circuitry
for operation on only the first band, .5 to 1 me, is
shown in figure 31. The oscillator uses a type
6AJ5 miniature pentode, connected in an electron-
coupled Colpitts-type circuit where a highly selec-
tive crystal is substituted for the resonant circuit.

a. Bias is developed by crystal current through
resistor R401. Since no crystals are in the circuit
after the first eight bands, protective bias must be
provided to prevent damage to V401 on the re-
maining higher frequency bands. Resistor R402
provides the required negative bias for the control
grid (pin 1) because of the positive potential on
the cathode (pin 2). The grid is returned to
ground through R401. Voltage for the screen
grid and the plate is applied through common
choke 1406 and resistor R403. Resistor R409 is a
voltage dropping resistor for the screen grid (pin
6) and C438 is the screen rf bypass capacitor.
The B+ voltage to the plate is fed through the
primary winding of T401. Both the plate and
screen circuits are decoupled from the power sup-
ply by R403 and C4083.

b. The oscillator is a triode consisting of the
cathode (pin 2), the control grid (pin 1), and the
screen grid (pin 6). The screen grid acts as the
oscillator anode. The control grid is connected to
crystal Y401 through the contact marked 0 of
switch S402. Capacitor C438 returns the signal
to the oscillator tank through ground. Crystal
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Figure 31. First crystal oscillator, schematic diagram.

Y401 and capacitors C401 and C402 form the
oscillator tank circuit ; the proportion of the feed-
back voltage supplied to the control grid is deter-
mined by the voltage divider action across the two
capacitors. The amount of feedback is sufficient
to maintain oscillation at the fundamental crystal
frequency of 9 me. Rf choke 1401, by offering a
high-impedance path to the rf signal, isolates the
bias resistor, R402, from the crystal circuit, and
thus prevents unnecessary loading, which might
stop oscillation. Since the output of the oscillator
is coupled into the plate circuit because of the elec-
tron flow within the tube, variations in plate load-
ing have little effect on oscillator stability. Ca-
pacitors C414 and C415, in parallel, are connected
by switch S404 to the primary winding of T401
for adjustment to obtain the maximum output at
the resonant crystal frequency of 9 me. The 9-mc
signal is magnetically coupled to the secondary
winding of T401 and is applied through jack J421
and plug P221 to the cathode of first mixer tube
V203. Bias resistor R404 and bypass capacitor
C404 are a part of the cathode circuit of V204.

¢. Only five crystals and five trimmer capacitors
are used to cover the frequency range of .5 to 8
megacycles in eight steps (fig. 103 part 1). The
chart below shows the crystal symbol, its funda-
mental frequency, the trimmer section in use, and

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

sc;g]%g’} ﬁggﬁgggﬁt& Trimmer section S402 step
Y401 9 C414 and C415_.______ 0 and 6.
Y402 8 C414 and C416________ 1 and 5.
Y403 10 Caldes sdiv st o i 2 and 7.
Y404 12. 6 | C414 and C417________ 3.
Y405 7 C414 and C418__.._____ 4.

Note. C414 is made up of five variable capacitors.

55. Second Mixer V204
(fig. 32)

The second mixer stage uses a miniature triode,
type 6C4. On the eight lower-frequency bands,
signals from first mixer tube V203 (or from the
output of the second rf amplifier on the 8- to
36-mc range) are applied to the control grid (pin
6) of the mixer. The output of second crystal
oscillator V402 is applied to the cathode (pin 7).
The two signals heterodyne in the stage to pro-
duce a signal of 2.5 to 2 mc in the plate circuit
when the receiver is set to the .5- to 1-mc band,
and 3 to 2 me on all other bands. The frequencies
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in the plate circuit are variable, and are the dif-
ference between the signal frequency applied to
the grid and the oscillator frequency injected at
the cathode (par. 103).

a. Grid bias is developed across R216, and cath-
ode bias is developed across resistor R408 which
is bypassed for rf by capacitor C408. B+ volt-
age is applied to the plate through P114-A,
J214-A, 1.246, R217, and tank coil of Z222. De-
coupling from the power supply is provided by
resistor R217 and capacitor C313. 1246 and
(C339 serve as an rf filter, as described in para-
graph 51.

b. Unlike the first mixer, the second mixer func-
tions for all bands. Signals are selected from the
first mixer or the second rf stage by switch S210
(rear) (fig. 30) and are applied through capaci-
tor C312 to the control grid (pin 6) of V204.
The injection signal from the second crystal oseil-
lator is applied to the mixer cathode (pin 7)
through T402, which serves to isolate the mixer
from the oscillator and to match the low-imped-
ance cathode circuit of the mixer to the compara-
tively high output impedance of the oscillator
plate circuit. The signal from the mixer plate
is applied through coupling capacitors (316,
C319, and C322 to the grid of third mixer V205.

¢. Since the output frequency of the plate cir-
cuit is variable over a range of 3 to 2 mc (par.
49¢), it is necessary to tune the circuit to reso-
nance. This is achieved by positioning powdered-
iron cores in coils Z222, Z223, and Z224. Test
pin E209 (fig. 62) in the grid circuit and capaci-
tor C814 in parallel with C315, C317 in parallel
with C318, and C320 in parallel with C321 in the
tuned circuits, are provided for repair and aline-
ment purposes.

56. Second Crystal Oscillator V402
(fig. 33)

The second crystal oscillator provides injection
signal to second mixer V204 on all 32 frequency
bands. For simplicity, the circuity of the first
band, .5 to 1 me, is shown in figure 33. This oscil-
lator uses a type 6AJ5 miniature pentode in a
Colpitts circuit employing crystals as the fre-
quency determining element of the grid circuit.

@. Bias is developed by crystal current flowing
through R405 in the grid (pin 1) circuit. Addi-
tional bias is developed by cathode resistor R406
in the cathode (pin 2) circuit. R410 is the screen

323471 0—55——+4

grid (pin 6) voltage dropping resistor and C409
is the screen grid rf bypass capacitor. B+ voltage
is fed to the plate through the primary of T402.
Both the screen and plate circuits are decoupled
from the power supply by R407 and C407. Addi-
tional filtering is provided by 1406 and C436.

-b. The oscillator is a triode consisting of the
cathode (pin 2), the control grid (pin 1) and the
screen grid (pin 6). The screen grid acts as the
plate for the oscillator and is at ground potential
for the signal voltage. The portion of the signal
voltage, which is fed from the screen grid (or
plate) to the control grid to maintain oscillation
at the fundamental crystal frequency (12 mc) is
determined by the voltage divider action of se-
ries-connected capacitors C405 and C406. To pro-
duce sustained oscillations, the values of these two
capacitors are selected so that the feedback is not
at the electrical center of the tuned circuit. 1.402,
an rf choke in the cathode circuit, offers a high
impedance path to the rf signal which isolates bias
resistor R406 and prevents unnecessary loading of
the crystal circuit. Electron coupling of the rf
signal into the plate circuit eliminates the effects
on the stability by variations in the plate load.
Capacitors C420 and C419 are placed in the pri-
mary circuit of T402 by switch S403 to permit ad-
justment for maximum output at the resonant
crystal frequency of 12 me. The signal is coupled
through T402 to the cathode circuit of second
mixer tube V204 through jack J422.

¢. In response to the operation of the MEGA-
CYCLE CHANGE control, switch section S401,
at the position marked O, connects crystal Y406,
cut to 12-me frequency, to the control grid (pin 1)
at the same time that switch section S403 connects
capacitors C419 and one section C420 into the plate
(pin 5) circuit for alignment purposes. To facili-
tate the use of a fewer number of crystals and to
avoid the use of fragile crystals required to cover
the higher frequency ranges, the fundamental fre-
quencies of 18 crystals, or their harmonics are
used. Crystals are selected by switch section S401.
S403 selects the trimmer section of C420 used with
each crystal.

(1) The chart below shows the crystal sym-
bol, its fundamental frequency, and the
step or position of S401. The step corre-
sponds to the reading of the two left-
hand digits of the frequency indicator on
the front panel.

49



Crystal symbol Fundaigl%'xgal freq 8401 step
Y406 12 0,1, 9, and 21.
Y407 15 2 and 12.
Y408 6.2 3.

Y409 14 4, 11, and 25.
Y410 8 5 and 13.
Y411 9 6, 15, and 24.
Y412 10 7,17, and 27.
Y413 11 8, 19, and 30.
Y414 13 10 and 23.
Y415 85 14.

Y416 115333 31.

Y417 10. 666 | 29.

Y418 10. 333 | 28.

Y419 9. 666 | 26.

Y420 12. 5 22.

Y421 11. 5 20.

Y422 10. 5 18.

Y423 9.5 16.

(2) The following chart shows the step or
position of S403 and the trimmer section
which is used to resonate the plate

inductance.

5403 step Trimmer section
oty Rnd dn Tnalino dapmox C420 and C419.
2tandiil2 e sepiees 2 8 _SHE i) 58 C420 and C421.
3 (thru C433), 6, and 15___________ C420 and C422.
Aand 1l i sl e A C420 and C423.
Bandiili8e st oot Tuh s e C420 and C424.
TEARAT I . 8 AR Rl Sav T C420 and C425.
SUEM cnrians gitewe lortnng My C420 and C426.
1(0)7 s 1 SRR RSN o O P R C420 and C427.
1 e e, O R AR W C420 and C428.
(ot B At el - Saoiengomits Micm il Js e C420 and C429.
QESEEAO- Gl i BERS0E SHTITNE S8 C420 and C430.
J0a85 s o bl GERIN ol e in C420 and C431.
R S e Ty C420 and C432.
Ot s S M S SR T o C420.

Ot BERISY IO i SRCHRTE ko i C420.
238l vt Fargtapy siatowne alrugs C420.
DELL N BT Sy A S s e e C420.
Od} S N e R A O C420.
D s a e e oo SR B, Sorvpenins: e C420.
o7 IPE: HONINGE NEiPES 96 BRI S C420.
T T L C420.
PO e e SR T R C420.
Sl e Rl il e B C420.
STHE FECEERT 203 AWOHe Fi80 13 C420.

d. The 24 trimmers contained within C420 are
adjustable for the required output frequencies.
The adjustments are described in the alinement
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procedure given in chapter 5. As indicated in
paragraph 103, 10 bands operate directly at the
fundamental frequency, 18 at the second harmonic,
and 9 at the third harmonic of the corresponding
crystals. To obtain frequency tripling on the
fourth band, series capacitor C433 is used to de-
crease the total capacitance introduced into the
tuned primary of T402. In addition to decreasing
the number of crystals required, frequency dou-
bling and tripling eliminate the need for the ex-
tremely delicate crystals for the higher frequencies.

57. Third Mixer V205
(fig. 34)

The third mixer stage uses a miniature triode,
type 6C4. Signals from second mixer V204 and
variable frequency oscillator V701 are heterodyned
in this stage to produce an intermediate or differ-
ence frequency of 455 ke for application to the
first if. amplifier grid circuit.

a. Bias voltage for the grid of this stage is
developed across grid resistor R218. Cathode
bias is developed across resistor R219 and the com-
bined resistances of the secondary components of
Z702. L704 is wound on R705. The combined
resistance of the parallel group is less than .1 ohm
and provides the dc return for the cathode. B+
voltage is applied to the plate (pin 1) through
P114-A, J214-A, 1.246, R220, and through pri-
mary winding L1240 of T207. Resistor R220 and
capacitor C325 form a plate circuit decoupling
network. L1246 and C339 serve as an rf filter, as
described in the analysis of the second rf amplifier
(par. 51).

b. The output signal (3 to 2 me) of the second
mixer stage V204 is applied to the grid of the third
mixer through coupling capacitor C322. The vfo
signal 3.455 to 2.455 mc is applied, from tuned cir-
cuit Z702 (composed of T701 and an impedance
matching network made up of R704, C708, 1703,
R705, L704, and C709), to the cathode of V205
through P723, J223, and coupling capacitor C323.
The rf plate circuit of the third mixer consists of
resonant circuit T207 (composed of fixed tuning
capacitor C324, primary winding 1.240, and sec-
ondary winding L241). Transformer T207 has
a broad pass band at 455 ke. A screwdriver-
adjusted powdered-iron core is provided for aline-
ment purposes. The secondary winding of 1241
is center-tapped. The center tap is connected to
the shields of a pair of coaxial cables, the center
conductors of which are connected to the ends of
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Figure 33. Second crystal oscillator, schematic diagram.

the winding. The shields become grounded when
this stage is connected to the next stage, through
P226 and P225 (par. 59). The 455-ke output sig-
nal of the third mixer is applied to the first if.
amplifier circuit.

58. Variable Frequency Oscillator V701
(fig. 35)

The variable-frequency oscillator uses a minia-
ture pentode tube, type 5749, connected as a Hart-
ley oscillator to produce the injection signals for
the third mixer stage. The oscillator grid (pin
1) is capacitively couplied by C704 to tank circuit
Z701. The cathode (pin 7) provides oscillator
plate current feedback to sustain oscillation
through a tap near the ground end of 1.702. The
screen grid (pin 6) acts as the anode of the oscil-
lator and is held at rf ground potential by C705.
Thus, the screen grid is effectively an electrostatic
shield between the grid and the plate (pin 5).
The suppressor grid (pin 2) has negligible effect
but is grounded to help reduce the interelectrode
capacitance of the vfo tube. The signal appear-
ing at the plate (by electron coupling) is applied
through Z702 to the cathode of the third mixer.
This oscillator arrangement is exceedingly stable
and insensitive to load variations.

a. Bias for the control grid is developed by the
flow of grid current through R701. Capacitor

C704 prevents the grid-bias circuit from shorting
to ground through low-resistance coils L701 and
L702. A positive potential is applied to screen
grid (pin 6) through voltage-dropping resistors
R703 and R702. Capacitor C705 acts as a low
impedance return for the signal to the grounded
side of Z701. The potential on the plate (pin 5)
is applied through R703 and the primary winding
of T701. R708, together with C706 and C707,
form a low-pass filter to isolate the oscillator stage
from the power supply.

b. The signal developed by the triode portion
of the vfo modulates the electron flow to the plate
and appears across the primary of T701. The
amplified signal is magnetically coupled to the
secondary which is a part of the cathode circuit of
the third mixer stage, where it heterodynes with
the vfo to produce a fixed frequency output of 455
ke. In addition to T701, Z702 contains R704,
C708, L1708, L704, R705, and C709 which form a
band-pass filter; Z702 matches the low impedance
cathode circuit of third mixer V205 to the rela-
tively high output impedance of vfo tube V701
and attenuates any harmonics of the oscillator
output frequencies. 1704 provides a low-resist-
ance path for the de cathode current of the mixer
stage, and it has negligible effect on the value of
the load resistor, R705, over the frequency range
of the vfo.

51



“UWDLODYD 0UDUWDYDS ‘DODIS UoX1UWe DUVY,L, & 2UnblT

2€-9G8 WL 1NOY¥A

NOILONNS

MYHL
AO8I+

<|v__n_H llclll..w ||||| HII.||.|_

v-bi2e | *
| $027 |
_ g |
008'l o 10LA
: | 7605 c0% sosd v0LY : | 04n Wous
m S 8 @ 2

anio
6€€0

‘4NN NI 34V SHOLIOVdYD

‘SWHO NI 34V SHOLSIS3Y SHROBEEHE - ilimer ot pu B S L B LT
‘NMOHS 3SIMY3HLO SS3INN 20.z
:310N
8I2y ol
A E S M D 0
|
C T 2%
10GA G2Sr G22d Gy 022 _
dNY 31 =) veEs | N $02ZA
a9 Agen [ | o ¥3XIN a2
i C N g o< (J* WOy

928 9224 o I N N SN . ¥ |

52



KILOCYCLE CHANGE

—_——— ———— —— — —_ _ADDITIONAL . CONTROLLED
CIRCUITS

70 703~ ] . P12 .4
1 —Lo-‘,—@cnnoos
z701 i N oF
SEALED TUNING UNIT i | S0 MIXER
EEmn . o [
il
I ] |
|
I ________..______J‘Js
' c703 | c702 | c7o1 €706
|:: 10 10 =<370 I -0l UF
c707
l I.OI UF
| l = NOTE:
' ° ) UNLESS OTHERWISE SHOWN,
RESISTORS ARE IN OHMS,
= CAPACITORS ARE IN UUF .
—_———— — +180V
TM856-35

Figure 35.

¢. Tuning unit Z701 is inclosed within a her-
metically sealed can; the temperature of the
tuning unit is maintained at a constant level by a
heating element which is wound around the can,
and which is designated HR701 on figure 107,
part 1. The can should not be opened under any
circumstances; the tuning unit is adjusted accu-
rately under laboratory conditions at the factory,
and any attempt to perform adjustments except
under these conditions would affect the accuracy
of the unit seriously. The tuned circuit includes
capacitors C701, C702, and C703 connected across
the series-connected coils. These capacitors are
selected carefully with regard to temperature co-
efficient so as to achieve a high degree of frequency
stability. When the temperature at the receiver
location varies over a rather wide range, the sta-
bility of the receiver may be increased by turning
on the oven heater switch at the rear of the re-
ceiver. The oven current is controlled by thermo-
stat switch S701 (fig. 54) to maintain a constant
oven temperature of 75° C.

d. As the receiver is tuned from the lowest to
the highest frequency within a particular band,
a powdered-iron slug within coil L/702 is moved
to change the frequency of the vfo over a range of
3.455 to 2.455 me. The slug is moved through
the range in exactly 10 turns of a precision lead
screw that is coupled mechanically to the KILO-
CYCLE CHANGE control knob on the front
panel. The frequency of the oscillator varies
linearly over its entire range because of a preci-
sion factory-adjusted mechanism. The inductance

Variable frequency oscillator, schematic diagram.

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

59. Crystal Filter
(fig. 36)

a. To distinguish between adjacent signals, and
to prevent interference from signals of a fre-
quency close to that of the desired carrier may
require a pass band as narrow as 100 cps in the
455-ke if. amplifier. Crystal filter Z501 provides
the filtering action necessary to establish the two
narrow pass bands of 0.1 and 1 ke. It is a part of
the bandwidth control system that provides the
required degree of selectivity for all modes of
opération within the capability of Radio Receiver
R-390/URR.

b. The crystal filter has a crystal that is cut for
a frequency of 455 ke. The circuit consists basi-
cally of one half of the secondary 1.241 (between
terminals 3 and 4), crystal Y501, resistors R502
and R561, and capacitor C502.

¢. The inductance L and capacitance C are used
primarily to tune out, or cancel, the effects of
capacitance found in the grid circuit of first if.
tube V501, the wiring, and the adjacent com-
ponents. This is done to reduce the crystal load
circuit to one which is essentially purely resistive,
and thus to prevent the crystal from tending to
resonate. A variable neutralizing capacitor is
connected between one end of the crystal holder
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for Y501 and the other half of secondary 1241
(terminals 2 and 8). This capacitor feeds a volt-
age whose amplitude is equal and whose phase is
opposite that of the voltage applied from jack
J525 across the crystal holder capacitance to the
control grid of V501, from jack J526. This out-
of-phase voltage serves to neutralize effectively the
capacitance of the crystal holder. The output of
the third mixer stage is coupled magnetically by
transformer T207, through connectors P225 and
P226 and jacks J525 and J526 (fig. 34), to crystal
filter Z501. When BANDWIDTH switch S501
is in the .1- and 1-KC positions the 455-ke signal
is applied to Z501; on the remaining four posi-
tions of the control marked 2, 4, 8, and 16 KC,
the signal is applied to the control grid (pin 1)
of V501 through coupling capacitor C503. Note
that with the switch in the last four positions,
C503 short-circuits crystal Y501, but in the first
two positions, C503 serves as a low-impedance
connection at the intermediate frequency to
resistor R561.

d. With the BANDWIDTH switch in the .1-
KC position, the crystal is loaded principally by
R502 and C502, but R561 is shunted across R502
through C503. This reduces the total resistance
in the circuit; the RC combination which repre-
sents the crystal series load becomes essentially
capacitive, and the crystal tunes more sharply to
resonance. With the BANDWIDTH switch in
the 1-KC position, the crystal is loaded prin-
cipally by R502 and C502, and R561 is removed
from the circuit. Since this RC combination is
essentially resistive, the circuit Q is lowered, and
the width of the pass band is increased. The ratio
between the crystal impedance and the resistive
load (1-KC position) and the ratio between the
crystal impedance and the capacitive load (.1-KC
position) are such as to maintain the same gain
in the circuit in both cases.

60. 455-kc If. Amplifiers

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

J512 (fig. 44). The gain of the if. amplifier is
controlled manually by the RF GAIN control
with the FUNCTION switch set to MGC, AGC,
CAL, and SQUELCH. The gain is controlled
automatically by the agc circuits, when the
FUNCTION switch is in the AGC, CAL, or
SQUELCH position. When six amplifier stages
using the same power supply are tuned to approxi-
mately the same frequency (as in the case in this
amplifier), oscillation may occur as a result of
coupling between stages, through the common
impedance of the power supply. To prevent this,
decoupling networks are used in the grid and plate
circuits of all if. stages. Additional filtering is
provided by choke 1.503 and capacitors C530 and
C531 in the power supply circuit. In addition
to the selectivity obtained by the use of crystal
filter Z501, four degrees of selectivity are obtain-
able by varying the coupling between the primary
and secondary windings of each of the if. trans-
formers by means of the BANDWIDTH switch.

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

The first if. stage uses a type 6BJ6 miniature
pentode tube as a voltage amplifier of 455-ke
signals.

a. The control-grid circuit of V501 consists of
the winding I. in the crystal filter (Z501) and
R501, which is bypassed by C501. Resistor R501
is connected to the age circuit. The control grid
(pin 1) is returned to the age circuit or ground
through the inductor in Z501, R501, terminals 4
and 3 of TB103, and the rear section of FUNC-
TION switch S107. Voltage from the age cir-
cuit is applied to terminal 8 of TB102 which, for
normal operation, is connected to terminal 4 by a
jumper. In the MGC position of the FUNC-
TION switch, the age voltage is grounded. In
the MGC position of the switch, the dc return
path for the grid is through the inductor in Z501
and resistor R501. Under this condition, the
stage gain is controlled by the value of the cathode
bias (at pin 2) which is established by the setting
of the RF GAIN control R123. Minimum-bias
is limited by R503. Capacitor C505 bypasses if.
on the cathode to ground. (€504 and L501 are a
low-pass filter used to prevent interference of
signals between this and other stages which use
the common RF GAIN control. External con-
trol of the rf gain can be used by removal of the
jumper between terminals RF GAIN 1 and 2 of
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TB102 and connecting a 5,000-ohm potentiometer
between terminal 1 and ground. In the AGC
position of the FUNCTION switch, the voltage
from the age circuit is applied to the control grid
and the stage gain is controlled automatically by
the average signal level as described in paragraph
68. However, the RF GAIN control is still effec-
tive under these conditions. The suppressor grid
(pin 7) is connected to the cathode. The screen
grid (pin 6) is bypassed for if. to ground by C506
and is connected to the junction of R504 and R505
which form with R562 a voltage divider across the
180-volt supply. The plate (pin 5) circuit is com-
pleted to B+ through the primary of T501 and
decoupling resistor R506, which is bypassed for
if. by C507. Additional filtering of the supply
voltage is accomplished by L5038 and capacitors
C530 and C531, a pi-type filter which prevents rf
signals from entering the power supply circuits.
The resistor connected across the primary winding
of T501 is used to achieve the required band-pass
characteristics for this stage.

b. The 455-ke if. signal from the third mixer,
V205, is fed to the control grid (pin 1) of V501
either through crystal filter Z501, or directly from
the third mixer stage through the contacts of
BANDWIDTH switch S501 and coupling capac-
itor C503. The amplified signals at the plate
(pin 5) is coupled by T501 to the control grid of
second if. amplifier V502.

¢. Three degrees of selectivity are obtainable by
connecting one of three windings in transformer
T501, through the contacts of BANDWIDTH
switch S502. Two of these windings have a series
resistor (R507 and R508). These windings and
resistors of T501 contribute to the final selectivity
of the if. amplifier system. They are discussed in
more detail in paragraph 64.

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

The second if. amplifier uses a miniature pent-
ode tube, 6BJ6 as a voltage amplifier.

a@. The grid (pin 1) returns to ground through
a portion of the secondary winding of T501.
Fixed bias is obtained in the cathode (pin 2) cir-
cuit by plate current flowing through resistor R510
and potentiometer R562 which are in series to
ground. (509 is the cathode if. bypass capacitor
which is used to prevent degeneration in the cath-
ode circuit. The stage gain is preset by a screw-
driver adjustment of R562 (GAIN ADJ) during
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an alinement procedure (par. 119). The suppres-
sor grid (pin 7) is connected to the cathode. The
screen grid (pin 6) is bypassed for rf to ground
by C510 and is connected to B+ through voltage
dropping resistor R512 to the pi-type filter de-
scribed in the preceding stage discussion (par. 61).
The plate (pin 5) circuit is completed to B+
through the primary winding of T502, decoupling
resistor R513 (which is bypassed for rf by C507)
and the filter.

b. The output of the first if. amplifier is applied
through T501 to the grid of the second if. ampli-
fier. The range in voltage controlled by GAIN
ADJ control R562 is increased by bleeder current
which flows through resistor R504. R504 isin the
screen grid voltage divider circuit of the first if.
amplifier stage. The signal is amplified and ap-
plied to the third if. stage through T502. To
achieve the required bandwidth of the if. ampli-
fiers (4 ke on either side of the intermediate fre-
quency of 455 ke) and at the same time maintain
the required receiver sensitivity (2 to 5 micro-
volts), a comparatively large number of voltage
amplifiers must be employed.

c. Four degrees of selectivity can be obtained
by connecting one of four windings in transformer
T502, through the contacts of BANDWIDTH
switch S508. Two of these windings have series
resistors (R514 and R515). These components
contribute to the final selectivity of the if. ampli-
fier system and are discussed in more detail in
paragraph 64.

63. Third and Fourth If. Amplifier V503 and
V504
(fig. 38)

Both the third and fourth if. stages use a minia-
ture pentode tube, type 6BJ6. Their operation
is the same as that of the second if. stage, except
for certain differences, which are discussed below.

a. Cathode bias for V503 and V504 is decreased
as the BANDWIDTH control is rotated front the
.1-KC position to the 16-KC position, to prevent
the gain of the if. stages from decreasing. (In the
ordinary if. stage, as bandwidth is increased the
overall stage gain is decreased.) Resistors R518
through R521 are connected, by means of the slider
of BANDWIDTH control S504, to fixed bias re-
sistors R517 and R526 of the cathodes (pin 2) of
V504 and V505, respectively. The resistors are in-
troduced in series with the fixed bias resistors to
decrease the control-grid bias and thereby increase



the gain proportionately as the band-pass is in-
creased. These resistors are selected to meet gain
requirements for individual if. amplifiers during
manufacture. If these resistors require replace-
ment, the original values should be duplicated.
The cathodes are bypassed for rf to ground by
capacitors C514 and C5138. The suppressor grids
(pin 7) are connected to the cathodes.

b. The signal from the second if. amplifier is fed
through coupling capacitor C512 to the control
grid (pin 1) of V508 which is returned to ground
by R516. This grid leak resistor is necessary be-
cause the common gain adjusting resistors are used
in the cathode circuits of V503 and V504. A sud-
den strong signal, or a noise impulse at the grid of
V503, causes it to draw grid current momentarily
before the age circuit can take control and reduce
the signal strength. This grid current, flowing
through the common cathode circuit of V503 and
V504, produces an additional bias voltage which
would block V504. Thus, no signal would reach
the agc circuit and the receiver would remain
blocked until the input signal to V508 was re-
duced. R516 limits the flow of grid current to a
very small amount which has negligible effect on
the cathode bias and prevents blocking. R522 and
R527 are voltage dropping resistors for screen
grids (pin 6) of V503 and V504, respectively.
The screen grids are bypassed for rf to ground by
capacitors C515 and C518. The plate (pin 5) of
V508 is connected to B+ through the primary
winding of T503, R523, and L503. The plate of
V504 is connected to B+ through the primary
winding of T504, R528, and L503. R523 with
C516 and R528 with C519 decouple the plate cir-
cuits from the common B+ circuits.

¢. The amplified signal at the plate of V503 is
coupled by T503 to the control grid (pin 1) of
V504. The amplified signal at the plate (pin 5)
of V504 is fed in a similar manner through T504
to the control grid of V505.

d. Four degrees of selectivity can be obtained
by connecting one of four windings in trans-
formers T503 and T504, through BANDWIDTH
switches S505 and S506. A small capacitor across
each primary and an RC network in series with
each secondary provide the required pass band.
Two of the windings in each transformer have
series resistors. Resistors R524 and R525 are
used for T503, and resistors R529 and R530 are
used for T504. These components contribute fo

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

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

The fifth if. amplifier uses a miniature pentode
tube, 6BJ6. This stage is similar in operation to
the previous if. stages except for certain dif-
ferences which are discussed below.

a. The grid (pin 1) of V505 returns to the agc
circuit through part of the secondary winding of
T504, resistor R509, and FUNCTION switch S107
rear. If. signals are isolated from the age cir-
cuits by decoupling resistor R509 which is rf by-
passed to ground by C508. The operation of the
FUNCTION switch and age circuit are the same
for this stage as described for the first if. amplifier
stage (par.61). The cathode (pin 2) is connected
to the suppressor grid (pin 7) and returns to
ground through bias limiting resistor R531, the
RF GAIN terminals 1 and 2 of TB102 and the
RF GAIN control R123. (520 is the cathode
bypass capacitor. The operation of the RFF GAIN
control is the same as that described for the first
if. stage except that the level of the signals at
this stage is much higher and therefore additional
isolation of the cathode circuit from the other
controlled stages is provided by L.501. The screen
grid (pin 6) is bypassed for rf to ground by C521
and is connected to the junction of R511 and R532
which form a voltage divider across the 180-volt
supply. The plate (pin 5) circuit is completed
to B+ through the primary winding of T505 and
decoupling resistor R533 which is bypassed for
rf by C522. Additional filtering of the supply
voltage is accomplished by L503 and capacitors
(530 and C531, a pi-type filter which prevents rf
signals from entering the power supply circuits.

b. The 455-ke signal from the previous ampli-
fier, V504, is coupled, through T504, to the control
grid of V505. The output of the plate of V505
is coupled by T505 to the control grid of V506.

e. The band pass of the if. amplifier system
can be varied in six steps by the BANDWIDTH
control over a range extending from .1 KC to 16
KC. This range is obtained by the effects of the
crystal filter (Z501) and by controlling the mutual
coupling between the windings of the interstage
transformers (T501 through T505). The opera-
tion of the crystal filter is discussed in paragraph
59. Mutual coupling in the transformers is con-
trolled by the use of coils wound on the same
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form as the primary or secondary winding. Three
of these coils are used in T501 (fig. 108, part 2)
while four are used in the remaining if. trans-
formers. The effect of these coils is to aid or
oppose (depending on how they are connected)
the mutual coupling which exists between the pri-
mary and secondary windings of the transformer.
When the mutual inductance is increased, the
bandwidth is broadened and when the mutual
inductance is decreased, the bandwidth is nar-
rowed. The coils shown schematically nearest to
the secondary windings are effective in obtaining
the widest bandwidth. Transformers T502, T503,
T504 and T505 include those coupling coils which
are phase opposing. These provide the sharpest
selectivity, because the smallest degree of coupling
exists between the primary and secondary wind-
ings. One coupling coil at a time is connected
in each transformer to produce a given degree
of inductive coupling.

d. A series coupling circuit, that includes con-
tacts of BANDWIDTH switch, a selected cou-
pling coil, and a capacitor connected in parallel
with a resistor, is connected across each secondary
winding to obtain a given bandwidth. Resistors
of different values in series with the coupling coils
also may be included, when needed, to increase the
bandwidth. Each of the primary and secondary
windings is covered by a magnetic cup, and is
alined by a powdered iron slug.

(1) When the BANDWIDTH switch is in
the position marked .1, 1, or 2 KC, trans-
former coupling circuits remain un-
changed ; narrow bandwidths for the .1-
KC and 1-KC positions depend on cir-
cuit changes in crystal filter Z501. In
these three positions of the BAND-
WIDTH switch, the coupling coil which
is phase aiding and mounted at the great-
est distance from the primary winding of
transformer T501 is in the circuit.

(2) When the BANDWIDTH switch is in
the 4-KC position, the coupling circuit
of transformer T501 remains the same as
noted in (1) above. Coupling coils that
are phase aiding and located at the great-
est distance from the primary windings
of T502, T508, T504, and T505 are used.

(3) When the BANDWIDTH switch is in
the 8-KC position, the middle coupling
coil of transformer T501 and series re-
sistor, R507 are connected into the cou-
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pling circuit. The coupling coils in the
second positions from the primary wind-
ings of transformers T502 through T505
and series resistors R514, R524, R529,
and R534 are included in the remaining
coupling circuits. In this switch posi-
tion, the windings of transformer T501
are not coupled as closely as the windings
of T502, T503, T504, and T505, therefore
the single-peak frequency response of
T501 fills in between the double-peak fre-
quency response of the succeeding cir-
cuits, which are overcoupled.

(4) When the BANDWIDTH switch is on
the 16-KC position the nearest coupling
coil of transformer T501 and coupling
coils that are nearest the primary wind-
ings of the four other transformers are
included in the coupling circuits. Re-
sistor R508 is in series with the coupling
coil of transformer T501, and resistors
Rb515, R525, R530, and R535 are in series
with the coupling coils of T502, T503,
T504, and T505. As in the 8-KC posi-
tion, the first circuit provides sharper se-
lectivity than the succeeding -circuits,
compensate for double-peak frequency
response caused by overcoupling.

Figure 39. Fifth and sizth if. amplifiers, schematic
diagram.

(Contained in separate envelope)

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

The sixth if. amplifier uses a miniature pentode
tube, 6AKS6. This stage is similar in operation
to the previous if. stages, except for certain differ-
ences, which are discussed below.

a. Cathode bias (adjustable by a screwdriver
control) is provided by resistor R536 and poten-
tiometer R537, in series. The cathode is rf by-
passed to ground by capacitor C523. The control
grid (pin 1) of this stage is returned to ground
through part of the secondary of T505. B+ volt-
age to the screen grid (pin 6) and the plate (pin 5)
is supplied from the same dc potential source
through decoupling resistor R538. The screen
and plate return circuits are rf bypassed to ground
by C524.

0. The 455-ke signal from fifth if. amplifier
V505 is applied through T505 to the control grid



of V506, through C539 to the grid of age amplifier
V509, and to the grid of the cathode follower, sec-
tion B of V511. The amplified signal appearing
at the plate of V506 is coupled inductively by T506
to the detector, section A of V507.

¢. Capacitor C525 neutralizes the interelectrode
capacitance between the plate and the control grid
of the sixth if. amplifier. This prevents the out-
put signal from beat-frequency oscillator V508
(which is applied to the secondary of T506) from
appearing in the output of the if. cathode follower.
In addition to providing fixed bias, variable re-
sistor R537; designated CARR-METER ADJ, is
used in the carrier level meter (M102) circuit dis-
cussed (par. 68).

d. Transformer T506 does not have provision
for varying the selectivity. The 22,000-ohm re-
sistor across the primary winding, together with
the coil and capacitor across the secondary wind-
ing, permits any degree of bandwidth selected in
the previous stages to pass through the trans-
former to the detector without attenuation.

66. Detector and Limiter Circuits
(fig. 40)

The detector demodulates the 455-ke if. signal,
to recover the intelligence from the signal for most
types of operation of Radio Receiver R-390 /URR.
The limiter minimizes interference by removing
noise peaks which exceed the amplitude of modu-
lation. The detector and limiter circuits are dis-
cussed together because the output of the detector
always is applied through the limiter circuit to af
amplifier, section A of V601.

a. Detector. The detector supplies an audio
signal for application to the limiter and af stages.

(1) The detector uses one-half of V507, a
type 12AU7 miniature twin-triode tube,
connected as a half-wave diode rectifier.
The plate and control grid (pins 1 and 2)
act as an anode, which is connected to the
secondary of T506. The ground-return
circuit from the secondary includes
choke L502 and the diode load, which
consists of resistors R539 and R540.
The cathode (pin 3) is grounded.

(2) The if. signal from the sixth if. amplifier
is applied through T506 to the detector
anode. During each positive half-cycle
of the if. signal, the anode is positive and
the tube conducts. Choke L502 and ca-
pacitor C526 block the if. signals from

the diode load, but permit the audio vari-
ations to pass, so that an af voltage ap-
pears across the load. Audio output is
taken from two points: The af voltage
developed across R540 is applied,
through coupling capacitor C527, to the
negative-peak limiter, one-half of V507.
The af voltage developed across both
R540 and R589 is applied, through a
jumper. connection on. TB101, to the con-
trol grid of the squelch tube, one-half of
V601. The dc voltage developed across
the diode load is of negative polarity.
LIMITER control R124, shunted across
the load, provides an adjustable, negative
voltage, for use in setting the operating
level (threshold) of the limiters.

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

b. Limiter. The limiter couples the audio sig-
nals from the detector to the audio stages. When
limiter switch. S105 is on, the peak amplitude of
the detector output is limited to eliminate noise
peaks above a certain threshold.

(1) The limiter circuit employs two triode
tube sections, connected as diode series
limiters, to provide limiting of both posi-
tive and negative noise peaks. The neg-
ative-peak limiter uses one-half of V507,
a type 12A U7 miniature twin-triode tube,
and the positive-peak limiter uses one-
half of V510, another 12AUT7 tube.
‘When LIMITER control R124 is turned
to OFF, switch S105, which is ganged to
the limiter potentiometer, grounds the
parallel-connected  cathodes through
R544, and removes the ground connec-
tion at the junction of resistors R541 and
R542; this permits the plate to become
positive because +180 volts now is ap-
plied through L503 and R543. With the
plates of both diodes at a positive poten-
tial and both cathodes grounded, a direct
current flows through both diodes. The
af signal voltage that is applied to the
anode of section B of V507 superimposes
itself on (modulates) the dc flowing
through this diode and, as a result, the
af signal appears across cathode resistor
R544. Since this resistor is common to
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(2)

both diode circuits, the af signal is also
superimposed on the dc flowing through
section B of V510 and appears across
R542 at the plate. From this point, the
signal is coupled through C529 to the
grid of the first af amplifier section A
of V601. L5083, together with C530 and
(531, is a decoupling network and, in the
OFF position of S105, R543 and (528,
perform the same function. The pur-
pose of C551 is to bypass to ground any
if. that might be present in the output
of the detector stage. R125 prevents ex-
cessive loading of the detector output as
a result of the grounding of cathode
resistor R544.

When the LIMITER control is turned
clockwise, switch S105 grounds the junc-
tion of plate resistors R541 and R542 and
removes the ground on the cathodes of
the diodes. As a result, the cathodes
assume a negative threshold potential
which is adjustable by means of LIM-
ITER potentiometer R124. The diodes
thus are converted into negative (one-
half of V507) and positive (one-half of
V510) peak limiters. Again, a direct
current flows through the diodes and as
long as it flows, the af signal is trans-
ferred through the diodes as before.
However, any negative-going impulse
that drives the plate of V507 more nega-
tive than the cathode will cut off the
diode, and that impulse will be limited to
an amplitude equal to the threshold volt-
age. Similarly, any positive impulse
that overcomes the threshold potential
on the cathode of V510 will cut off that
diode, and the positive impulse will be
limited. As the LIMITER control is
turned toward position 10, a less negative
threshold voltage is applied to the diodes,
and more severe limiting results. Since
the threshold voltage at any given setting
of the LIMITER control varies with the
average amplitude of the diode load sig-
nal, the limiting action automatically
adjusts itself—at low modulation levels,
greater limiting takes place, and at high
modulation levels less limiting takes
place. C102 and RI125 decouple the
limiter circuit from the detector circuit.

C550 stabilizes the threshold voltage at
the cathodes.

67. Bfo Tube V508
(fig. 41)

To facilitate accurate tuning of signals and to
permit the reading of radiotelegraph signals, the
bfo is used. When BFO switch S108 is set to ON,
the bfo generates a signal which is mixed with the
455-ke if. signal at the input to the detector one-
half of V507. The two signals heterodyne to pro-
duce an audible beat frequency in the output of
the receiver. The bfo employs a miniature pen-
tode tube, type 5749, connected as a Hartley oscil-
lator, and its operation is similar to that of vfo
(par. 58).

a. Bias for the control-grid (pin I) is developed
by the flow of grid current through R545. Ca-
pacitor C532 prevents short circuiting the grid-
bias voltage to ground through the low-resistance
tank coils of Z502. B+ voltage is applied to the
screen grid (pin 6) through contacts 4 and 2 of
BFO switch S103 and voltage-dropping resistors
R548 and R546. These resistors are bypassed by
capacitors C534 and C535 to insure oscillator fre-
quency stability. Capacitor C534 also provides a
low-impedance signal path to the ground side of
Z502. B+ voltage to the plate is taken from the
junction of R546 and R548 and fed through R547.
The bfo output signal is developed (by electron
coupling to the plate) across resistor R547. The
decoupling network formed by R548 and C535
isolates the oscillator from the power supply.
When the BFO control is turned to OFF, B+
voltage is removed from the plate and screen cir-
cuits of the oscillator.

b. The oscillator section is a triode in which
the screen grid (pin 6) acts as the anode. The
control grid (pin 1) is connected, by capacitor
(532, to tuned circuit Z502, which consists of a
tank coil (two inductors connected in series) and
a tank capacitor (three capacitors connected in
parallel). The cathode of V508 (pin 2) is con-
nected to a tap on the tank coil. The feedback
voltage required to produce and sustain oscillation
is induced in the coil by the flow of cathode cur-
rent through the portion of the coil that is con-
nected between the tap and ground. This voltage
is applied to the control grid through coupling ca-
pacitor C532. Since the oscillator output is cou-
pled into the plate circuit by the electron flow
within the tube, variations in plate load have little
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Figure 1. Beat-frequency oscillator, schematic diagram.

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

¢. Capacitors C532 and C533 form a voltage-
divider network which improves frequency sta-
bility by placing the grid input capacitance of
V508 across only part of the tank coil. The three
capacitors across the series-connected coils are
selected carefully for the correct temperature co-
efficient to insure frequency stability over a wide
range of temperature. The tuning unit, Z502, is
inclosed within a hermetically sealed can. The
can should not be opened under any circumstances.
The tuning unit has been adjusted accurately,
baked, and sealed under laboratory conditions at
the factory. Any attempt to perform adjustments
except under these conditions will affect the accu-
racy of the unit seriously.

d. The audio frequency produced by this mix-
ing action in the second detector may be varied by
varying the oscillator frequency over a range of
452 to 458 ke. This is accomplished by varying
the degree of insertion of the powdered-iron core
within the coil of Z502 (BFO PITCH control).
When the control knob on the front panel is set
to 0, the output of the bfo is exactly 455 ke and
therefore no heterodyne frequency is produced in
the detector. Thus, the zero position of the con-
trol knob represents a bfo frequency of 455 ke, and
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the calibration indicates the number of kilocycles
separation (*3) from the bfo frequency.

68. Agc Circuit
(fig. 42)

When FUNCTION switch S107 is turned to
AGC, CAL, or SQUELCH, the agc circuit is
operative. In the MGC (manual gain control)
position, the age control line is disabled (ground-
ed). The age circuit develops a negative dc po-
tential which is related in amplitude to the
strength of the incoming signal. To maintain the
receiver output at a constant level regardless of
signal-strength variations, this negative dc poten-
tial is used to bias the grids of the first and second
rf amplifiers, V201 and V202, and the first and
fifth if. amplifiers, V501 and V505. (In this dis-
cussion these tubes will be designated as the con-
trolled tubes.) The delayed-action system func-
tions to prevent the application of age bias to the
controlled tubes during the reception of weak sig-
nals, so that maximum receiver gain may be real-
ized. The time-constant system permits three de-
grees of response to be selected by the AGC con-
trol. Depending on the type of fading experi-
enced and the type of signals being received, the
control is set to FAST, MED., or SLOW, and
thus insures maximum effectiveness of the age cir-
cuit. (A fading signal is an incoming' rf signal
that is alternately strong and weak over a given



period of time.) The circuit makes use of a min-
iature pentode tube, type 6BJ6 (V509) and two
miniature twin-triode tubes type 12AUT (one-half
of V510 and one-half of V511). Age amplifier
V509 is a voltage amplifier operating at 455 kc;
one-half of V510, connected as a diode, is used as a
rectifier.

a. Age Amplifier. This stage (V509), except
for certain modifications, is similar in operation
to if. amplifiers V501 through V506 (pars. 61
through 65).

(1) The 455-ke signal frcm the secondary of
T505 in the fifth if. amplifier stage is
coupled to the control grid (pin 1) of
V509 through C539, producing grid bias
across R551 at high signal inputs. This
resistor also serves as a dec return path to
ground. Cathode bias is developed
across R552, which is bypassed for if. by
capacitor C540. The screen grid is sup-
plied with dc potential through voltage-
dropping resistor R553; Cb541 is the
screen grid bypass capacitor. The sup-
pressor grid (pin 7) is connected as a part
of the delayed age circuit. The plate
(pin 5) receives B+ voltage through de-
coupling resistor R554 and the coil of
7Z503. Capacitor C542 and R554 form a
plate circuit decoupling network.

(2) The amplified signal from the plate is
developed across the high impedance of
tuned circuit Z508. The signal is coupled,
through C543, to the plate of the age
rectifier, one-half of V510. The coil of
7503 has a powdered-iron core which is
adjusted for maximum output during
alinement.

b. Delay Age System. The purpose of delay-
ing age action is to prevent the application of
negative bias to the control tubes unless the if.
signal has sufficient strength to produce adequate
input to detector V507. Maximum gain is there-
fore available for the reception of weak signals.

(1) The age function is made dependent on
the strength of the received signal by the
action of the circuit consisting of voltage
dividers R558, R556, and R555, the sup-
pressor grid of V509, and the agec recti-
fier, one-half of V510. This circuit pro-
duces a positive potential on the agc bus
which is too small to overcome the nega-

(2)

(3)

(4)

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

During the positive peaks of if. signal,
the age rectifier V510 offers low imped-
ance to ground; therefore positive peaks
do not generate voltage in the diode cir-
cuit. During intervals when the applied
voltage is negative, the diode is not con-
ducting, and a pulsating negative voltage
is developed in the plate circuit across
resistor R555. This pulsating voltage is
filtered by resistor R556 and capacitor
C544. (Cb544 also presents a low-imped-
ance path to ground for the if. signal at
the suppressor grid of V509. Under this
condition, the junction of R556 and R558
is nearly at ground potential because of
the high voltage drop across R558. This
voltage drop is produced by the negative
voltage from the age rectifier and the flow
of current into the suppressor grid (pin
7) of V509.

However, if a strong signal is applied
through C543 to the agc rectifier, a
negative dc voltage will be developed
across R555, in opposition to the positive
voltage appearing at the junction of R556
and R557. For input voltages greater
than this positive value (threshold), the
negative voltage will exceed the positive
voltage, and the flow of suppressor-grid
current will cease. When this occurs,
the negative voltage that is in excess of
the positive voltage is applied through
R557 and the time-constant circuit to the
age line, and thus the gain of the con-
trolled tubes is decreased.

The age voltage is fed, through AGC
NOR terminals 8 and 4 (fig. 22), to the
grid circuits of the four controlled tubes
(V201, V202, V501, and V505). Re-
sistors R202, R208, R501, and R509 and
capacitors €226, (252, C501, and C508
form decoupling circuits which isolate
if. and rf circuits from each other and
the age line. The agc line is short-cir-
cuited to ground when FUNCTION
switch S$107 is turned to the MGC posi-
tion. In the MGC position of S107, the
gain of the receiver is controlled solely by
RF GAIN control R123. Terminals 3
and 4 of TB102 normally are connected
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together by a jumper. Crystal CR101
prevents loading of the age circuit of the
controlling receiver by age circuits of
other receivers in diversity systems. The
voltage supplied by the age circuit of the
controlling receiver further reduces the
gain in the passive receiver.

c. Time-Constant System. The time constant
of the age line (the time required for the agec
voltage to drop to 37 percent of its initial value
when the signal is removed) is adjustable in three
steps by AGC switch S104. In the FAST posi-
tion, the time constant is .01 second ; in the MED.
(medium) position, .5 second; and in the slow
position, 4 seconds.

(1) FAST. Inthe FAST position, the abil-
ity of the agc control voltage to follow
fading is maximum ; therefore this posi-
tion is excellent for communication work
where rapid nonselective fading prevails.
The negative agc voltage from the if.
signal filter (resistor R556 and capacitor
C544) is applied to the second filter
(resistor R557 and capacitor C545) for
af filtering. The time constant is deter-
mined solely by the capacitance and re-
sistance connected to the agc line.

(2) MED. In the MEDIUM position, ca-
pacitors C546 and (547 are connected
across C545 by switch S104, so that the
time constant of the agce line is increased.

(3) SLOW. In the SLOW position, the
ability of the receiver to follow fading
is minimum, but this position is very
useful for telegraphy work since the age
holds receiver gain constant between code
groups. When AGC switch S104 is in
this position, capacitors C546 and C547
are still used to determine the time con-
stant, but their capacitance appears to be
about 10 times as large as in the MED.
position. This apparent increase in
value is achieved by Miller effect in the
triode section, one-half of V511, a min-
iature duo-triode 12AU7. One-half of
V511 is a de amplifier with the control
grid connected to the age line; plate (pin
6) is connected through load resistor
R560 to B+. The amplified age voltage
across R560 is applied to capacitors C546
and C547. The capacitance between
control grid (pin 7) and plate (pin 6),
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in this case 2 microfarads (uf), is mul-
tiplied by the gain of the tube to give a
total apparent input capacitance between
control grid and cathode (pin 8) of 26
pf. This capacitance, together with the
remaining capacitance and resistance of
the agc line, further increases the time
constant. Cathode resistor R559 serves
as part of the bridge circuit for the
CARRIER LEVEL meter M102.

d. CARRIER LEVEL Meter Circuit (figs. 42
and 43). The CARRIER LEVEL meter indi-
cates the relative strength of incoming carrier
signal to assist in tuning, calibration, and aline-
ment. B+ voltage is applied to the plates of
V506 and section A of V511, through filter choke
L503. Capacitors C530 and C531 and L503 form
a decoupling network. R538 provides additional
decoupling for sixth if. amplifier V506, and R560
is the plate load resistor for age time constant tube
V511. The cathode (pin 7) of V506 returns to
ground through minimum bias resistor R536 and
CARR-METER ADJ control R537. The cathode
resistor for V511 is R559. The CARRIER
LEVEL meter, M102, is connected between the
cathode of V511 and the junction of R536 and
R537. For simplification, the remaining circuit
elements of the sixth if. amplifier and those of
the time constant tube are not shown on the sim-
plified schematic (fig. 43). The equivalent re-
sistances of V506 and V511 are shown as resistors
connected by dashed lines to the cathodes and
plates of the tubes. The input to the circuit is the
age voltage from the agc rectifier, one-half of
V510. The circuit arrangement is a bridge with
the plate circuits of V506 and V511 as the upper
arms and the cathode circuits as the lower arms.
V506 is a pentode and has a relatively high value of
resistance which is constant. The voltage drop
across this resistance is constant and provides,
with R536 and R537, a steady reference voltage
to CARRIER LEVEL meter M102. The equiva-
lent resistance of the agc time constant tube, which
is in series with R559, is changed readily. In the
absence of age voltage, as a result of no carrier
being received or the carrier level being below the
threshold of the agc circuit, no bias is applied to
the control grid (pin 7) of V511. Under these
conditions, the voltage drop across the triode and
the pentode is the same since they are effectively
in parallel across the same power supply. No dif-
ference of potential exists across meter MI102.
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Figure 43. Carrier level meter circuit, simplified schematic diagram.

When a signal is received, age voltage is developed.
The amplitude of the agc voltage is dependent on
the signal level. The higher the level of the signal,
the larger the age voltage developed. The age
voltage is applied to the grid of V511. Under
those conditions, the cathode-to-plate current is
decreased and the voltage drop across the tube is
increased. This results in a change of potential
at the cathode, and, since no change occurs in the
pentode, a voltage difference is produced across
the meter terminals which represents the relative
level of the signal being received.

69. If. Cathode Follower
(fig. 44)

The cathode follower, one-half of V511, uses a
section of miniature duo-triode 12ATU7 tube to
couple 455 ke from the high-impedance secondary
winding of T505 to a low-impedance cable. This
matching is necessary when operating Radio Re-
ceiver R-390/URR with external equipment such

323471 O—55——5

as a frequency-shift converter or single side-band
equipment.

a. The cathode (pin 3) is connected, through
bias resistor R549 and load resistor R550, to
ground. Since capacitor C537 offers a low-im-
pedance path to the if. signal, the signal is de-
veloped only across R550. The plate (pin 1) is
connected directly to 180 volts through coil L503,
which forms a pi-type filter with C530 and C531.

b. The control grid receives the 455 kc signal
from T505 secondary in the output circuit of fifth
if. amplifier V505. The plate serves as the ground
return for signal current, since all signal at the
plate is returned to the cathode through filters
L503, C530, and C531. The if. output signal is
developed across R550, the cathode load resistor,
and is applied through (538, jack J512, plug
P112, and the coaxial cable, to 50 OHM IF QUT-
PUT receptacle J106.

¢. The cathode follower is well-suited to this
application since external load variations have no
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Figure }4. Cathode follower, schematic diagram.

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

70. Af Amplifier and Filter Circuit
(fig. 45)

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

a. Bias voltage for the af amplifier, one-half
of V601, is developed across cathode resistor R602,
which is connected between cathode (pin 8) and
ground. The control grid (pin 7) returns to
ground through resistor R601. B+ is applied to
the plate (pin 6) through choke 1601, resistor
R603, and the primary of transformer T601. Re-
sistor R603 and capacitor C601 form a decoupling
circuit for the plate. Additional decoupling and
filtering for all the af stages is provided in the
B+ line by choke L601 and capacitor C103. The
decoupling circuits, by presenting a low-impedance
path to ground for the af signal, prevent audio
modulation of the B+ voltage which would cause
interference in other circuits.
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b. The audio signal output from the limiters is
developed across grid resistor R601 and applied to
the control grid.of section A of V601. After am-
plification, the signal appears across the primary
of transformer T601. Capacitor C602, which is
in parallel with the primary of transformer T601,
improves the frequency characteristics of the
stage by correcting the transformer impedance in
the middle and upper af ranges. From the sec-
ondary of transformer T601, which has a nominal
impedance of 600 ohms to match the input of the
filter circuits, the signal is applied through the
filter to LINE GAIN potentiometer R103,
LOCAL GAIN potentiometer R104, and resistor
R105, which are connected in parallel and also
have a nominal impedance of 600 ohms to match
the output of the filter circuit. The portion of the
signal voltage that is applied to the line audio
channel depends on the position of the arm of
LINE GAIN potentiometer R103, and the portion
of the signal voltage that is applied to the local
audio channel depends on the position of the arm
of LOCAL GAIN potentiometer R104.

c. Before the signal arrives at the LINE GAIN
and LOCAL GAIN potentiometers, it passes
through AUDIO RESPONSE switch S102. In
the WIDE position of this switch, no frequency-
selective circuits are inserted into the signal path;
in the MED. position, the low-pass filter is in-
serted ; and in the SHARY position, the band-pass



filter is inserted. These filters determine the
range of frequencies that will be applied to the
input of the succeeding stages. To maintain the
same signal level regardless of the setting of switch
S102, attenuator pads are connected into the cir-
cuit in the WIDE and MED. positions of the
switch. These pads, consisting of R106, R107,
and R108 in the MED. position, and R109, R110,
and R111 in the WIDE position, bring the total
insertion loss in these positions up to that in the
SHARP position. The MED. position of the
switch is for use when the greatest intelligibility
of voice reception is desired. Filter FL602 atten-
uates the higher audio frequencies as well as noise
or adjacent-channel interference that might
appear when the WIDE position is used. In
addition, filter FL602 is used with the line audio
channel to prevent cross talk (or splattering) in
telephone lines as a result of the presence of high-
frequency audio components which tend to couple
into adjacent lines through the capacitance be-
tween the lines. In the SHARP position, the in-
put to the local and line audio channels is fed
through an 800-cps bandpass filter (FL601).
This filter is designed to attenuate by at least 6 db
all signals below 600 cps and above 1,000 cps, and
by at least 30 db all signals below 400 cps and
above 1,200 cps. In this position, the reading of
radio telegraph signals is made easier by excluding
noise and-adjacent-channel interference.

Figure 45. Af amplifier, schematic diagram.

(Contained in separate envelope)

71. Local Audio Channel
(fig. 46)

The local audio channel consists of two stages
of Class A amplification. The first stage, local af
amplifier one-half of V602, amplifies the audio
signal from the af amplifier and applies this sig-
nal to the second stage. The second stage, local af
output tube V603, amplifies the power of the audio
signal from the local af amplifier to a suitable level
for operating a loudspeaker or a headset. Three
different types of feedback are incorporated in
this channel to obtain the required output imped-
ance and frequency response.

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

ground through LOCAL GAIN potentiometer
R104. B+ isapplied to the plate (pin 1) through
plate load resistor R605 and choke L601. Choke
L601 and capacitor C108 form a low-pass filter.
This circuit provides filtering and prevents audio
signals from entering the common power supply
circuits. Bias voltage for V603 is developed
across resistors R608 and R609, which are con-
nected in series between cathode (pin 7) and
ground. The control grid (pin 1) returns to
ground through resistor R607. B+ voltage from
the filter circuit is applied directly to the screen
grid (pin 6) and through the primary of trans-
former T602 to the plate (pin 5).

b. The signal voltage from the af amplifier is
developed across the total resistance of LOCAL
GAIN potentiometer R104. A portion of this sig-
nal voltage, depending on the position of the po-
tentiometer arm, is applied to the control grid
(pin 2) of V602. The signal is amplified in V602
and appears across plate load resistor R605. The
signal then is applied to the control grid (pin 1)
of V603, through coupling capacitor C603, where
it is power-amplified. The output from the stage
is impedance-matched to 600 ohms by transformer
T602. The primary of transformer T602 is
shunted by capacitor C604, which improves the
frequency characteristics of the stage by correct-
ing the transformer impedance in the middle and
upper audio-frequency ranges. The secondary
winding consists of two single windings connected
in series by a jumper between terminals 4 and 5.
One end (terminal 6) is connected to ground. The
signal across the secondary winding is applied
across resistors R127 and R128, which are con-
nected in series between terminal 3 of transformer
T602 and ground. The signal across resistors
R127 and R128 is applied to pin H on REMOTE
CONTROL jack J105 and terminal 6 of TB102.
The REMOTE CONTROL jack (pin H) is for
sidetone connection from an associated transmit-
ter. Thesignal from terminal 6 of TB102 normal-
ly is applied to a speaker, and the signal from
terminal 8, which is at a lower power level because
of the voltage divider action of resistors R127 and
R128, normally is applied to a headset. To facili-
tate connections, the signal from terminal 8 of
TB102 is also available at PHONES jack J103 on
the front panel of the radio receiver.

¢. Negative voltage feedback, negative current
feedback, and positive voltage feedback circuits
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Figure }6. Local audio channel, schematic diagram.

are incorporated in the local audio channel to ob-
tain the required output impedance. The nega-
tive voltage feedback loop consists of resistors
R606, R604, and R609. This circuit reduces the
internal impedance of the amplifier and the over-
all gain, and results in improved stability. Har-
monic distortion, noise, and bum also are reduced,
since they are fed back with the original signal and
reduced in amplitude in proportion to the reduced
gain. Negative current feedback is produced by
unbypassed resistors R608 and R609 in the cathode
circuit of V603 and by R604 in the cathode circuit
of the local af amplifier. This negative current
feedback increases the internal impedance of the
amplifier. The ratio between the amounts of the
two types of feedback is adjusted to set the in-
ternal impedance of the amplifier to 600 ohms. A
small amount of positive voltage feedback is ap-
plied to the cathode of the local af amplifier R604,
which is connected to the junction of R608 and
R609. This eliminates the negative feedback at
the cathode that is introduced through resistor
R604. The gain of the local af amplifier is there-
fore equivalent to that produced in a similar am-
plifier stage employing a cathode bypass capacitor
and no negative current feedback.
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72. Line Audio Channel
(fig. 47)

The line audio channel is similar to the local
audio channel, which is explained in paragraph
71; however, it is designed to feed a balanced line
having an impedance of 600 ohms, and it has pro-
visions for monitoring the output level of the
channel with LINE LEVEL meter M101.

a. Bias voltage for the line af amplifier is devel-
oped across resistors R628 and R633, which are
connected in series between the cathode (pin 8)
and ground. The control grid (pin 7) is con-
nected to ground through LINE GAIN potenti-
ometer R103. B+ voltage is applied to the plate
(pin 6) through plate load resistor R629 and de-
coupling resistor R634. R634 and C609 form a
decoupling circuit. The B+ voltage is obtained
from the power supply through choke 1.601. A
low-pass filter consisting of filter choke 1.601 and
capacitor C103 prevents audio signals from enter-
ing the common power supply circuits. Bias
voltage for V604 is developed across resistors
R632 and R633, which are connected in series be-
tween the cathode (pin 7) and ground. The con-
trol grid (pin 1) is connectecd to ground through
resistor R631. B+ voltage is applied directly to



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

b. The signal path through line af amplifier and
line af output tube is identical with the signal path
through local af amplifiers. The three types of
feed-back circuits explained in paragraph 71 are
also applicable to section B of V602 and V604.
The output circuit of the line audio channel differs
from that of the local audio channel because ter-
minals 4 and 5 of transformer T603 are connected
directly to terminals 11 and 12 of TB101. A
jumper is normally connected between these ter-
minals of TB101 except under conditions where
a balancing network is required to correct to 600
ohms the terminal impedance of a line connected
to terminals 10 and 13. The end terminals (3 and
6) of the transformer are connected to an H-type
attenuator, consisting of resistors R112 through
R116. The attenuator reduces the output from
approximately 250 milliwatts (mw) so that a
maximum of 10 mw (+10 dbm) of af power is
supplied to a 600-ohm balanced line connected to
terminals 10 and 13 of TB101, as well as to ter-
minals A and J of REMOTE CONTROL recep-
tacle J105. (The H-type attenuator is used to
reduce the power level by 14 db to permit the use
of a meter having a 4-db sensitivity and still
achieve a —10-dbm output level.) Output is ap-
plied to the remote-control receptacle only when
BREAK IN switch S106 is in the OFF position.
LINE LEVEL meter M101 is connected across the
output-transformer secondary to indicate the level
of the signal being applied to the balanced line.
This meter is calibrated in vu which are based
on a zero reference level pure sine wave of
1 mw into 600 ohms or 0 dbm. For example, a
reading of —20 vu or +3 vu would be equivalent
to —20 dbm or +3 dbm. The face of the meter has
two scales: the upper scale is calibrated to read
directly in vu when LINE METER switch S101
is set to 0 vu; the lower scale is calibrated from
0 to 100 ending at a point opposite 0 vu on the
upper scale. When the output of the receiver is
fed into a telephone line, the meter circuit is used
to show the line input level. Meter M101 has an
impedance of 3,900 ohms. Resistor R101 is con-
nected in series with M101 to match its impedance
to the amplifier and to enable the meter to follow
the audio amplitude changes. To change the
range of the meter, switch S101 selects either of
two pads or permits direct connection to the meter.

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

Figure }7. Line audio chamnel, schematic diagram.

(Contained in separate envelope)

73. Squelch Circuit
(fig. 48)

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

a. Fixed cathode bias is developed across re-
sistor R612, which is part of a voltage-divider
circuit consisting of resistors R612 and R613 con-
nected between B+ and ground. B+ voltage is
only supplied to the plate (pin 1) of V601 through
the coil of relay K601 and to the voltage divider
when the FUNCTION switch S107 is in the
SQUELCH position.

b. In the absence of a carrier-frequency signal,
or when a weak carrier-frequency signal is being
received, no negative bias is applied to the grid
(pin 2) of V601. The tube conducts and plate

- current flows through the coil of relay K601 en-

ergizing the relay and closing contacts 1 and 2.
Contact 2 is connected to terminal 3 of T601, and
contact 1 is connected to ground ; therefore, when
these contacts close, the secondary winding of
transformer T601 is shorted, and the audio ampli-
fiers are disabled. When a carrier-frequency sig-
nal of sufficient level is received, the voltage across
the diode load (resistors R539 and R540) becomes
more negative. This negative voltage, which is
applied to the control grid (pin 2) of V601
through resistor R610, causes the plate current to
decrease. When the plate current decreases, relay
K601 is deenergized and contacts 1 and 2 open;
the ground is thereby removed from terminal 3
of transformer T601 and the received signal ap-
pears in the output of the audio amplifiers. By-
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Figure }9. Calibration oscillator, schematic diagram.

pass capacitor C605, between the grid (pin 2) of
V601B and ground, prevents chattering of the
relay which might be caused by audio frequency
signals. The position of the RF GAIN control
determines the level to which the incoming signal
must rise before it can operate the relay circuit.

¢. A carrier-control circuit also is Incorporated
in relay K601. When an adequate signal is re-
ceived, relay K601 is deenergized and contact 1
makes with contact 8. With FUNCTION switch
S107 and BREAK IN switch S106 set to
SQUELCH and OFF positions, respectively, the
closing of these contacts will complete to ground
the carrier-control circuit of a transmitter through

pin K of REMOTE CONTROL receptacle J105.

74. Calibration Oscillator
(fig. 49)

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

standard frequency in 100-kc steps in the fre-
quency range .5 to 32 mc for use in calibrating

" Radio Receiver R-390/URR. The -calibration

oscillator, one-half of V901, supplies a crystal con-
trolled 1-mc signal to synchronize multivibrator
V902,

a. Resistor R901 provides dc bias to the control
grid (pin 2) and limits crystal current. B+ is
applied to the plate (pin 1) through series-
dropping resistor R902, and coil 1902, when the
FUNCTION switch (S107) is set to the CAL
position. L1902 and C907 form a low-pass filter
to isolate the rf circuits from the power supply.

b. The calibration oscillator uses one-half of a
miniature dual-triode tube (type 12AU7, V901)
in a Pierce oscillator -circuit. The crystal
(Y901), connected between the control grid and
the plate circuit, takes the place of a conventional
tuned circuit. Dc plate voltage is blocked from
the crystal by capacitor C904. Capacitor C905 is
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Figure 50.

used to provide the proper amount of feedback
from the plate to the cathode. The amount of
feedback is fixed by the voltage-divider action of
capacitor C905 and parallel capacitors C901 and
C903. Frequency adjustment capacitor C901 is
variable and it permits adjustment of the resonant
frequency over a small range. Its use is de-
scribed in paragraph 128.

75. Multivibrator V902
(fig. 50)

The 1-me signal from the calibration oscillator
is used to synchronize the multivibrator at 100 ke.
Since the multivibrator output (a square wave)
is composed of a large number of harmonics, it is
capable of supplying all the calibrating signals
required to cover the frequency range .5 to 32 mc.

¢. Initial positive bias for the control grids
(pins 2 and 7) is supplied from B+ through filter
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Multivibrator, schematic diagram.

choke 1.902, voltage-dropping resistor R904, and
grid resistors R906 and R908. Choke 1.902 and
resistor R904 are bypassed by C907 and (913,
respectively, to provide a low-impedance path to
ground for rf signals. A positive voltage, greater
than that applied to the grids, is applied to the
plates (pins 1 and 6) through resistors R903,
R905, and R907. All B+ voltages are applied
through FUNCTION switch S107, front, when
set to the CAL position.

b. The output of the calibration oscillator is
coupled by capacitor C906 to the multivibrator, a
free-running relaxation-type oscillator employing
a miniature dual-triode tube, type 12AU7. Oscil-
lation is sustained by the feedback from the plate
of one tube section to the grid of the other tube
section. The free-running frequency prior to
synchronization by the crystal oscillator is deter-
mined by the time constants of R906 and C908 for
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Figure 51. Buffer amplifier, schematic diagram.

tube section A, and of R908, C909, and C912 for
tube section B. Grid coupling capacitors C908,
(909, and C912 are not of the same value, since
compensation must be made for the grid input
impedance of buffer amplifier V901, which is effec-
tively across one tube section of the multivibrator.
(912, being adjustable, permits synchronization at
100 ke.  This adjustment is made and set perma-
nently by the manufacturer, and no readjustment
will be required.

76. Buffer Amplifier
(fig. 51)

The buffer amplifier is a triode section of a
dual-triode tube, type 12AU7. The buffer ampli-
fier amplifies and distorts the output of the multi-
vibrator and isolates the multivibrator from the
first rf amplifier.

a. Resistor R911 (connected to pin 7) serves as
the dec-grid return, and cathode resistor R909
(connected to pin 8) maintains a constant bias on
the control grid. Cathode bypass capacitor C911
offers a low-impedance path to ground for rf sig-
nals. B+ is applied to the plate (pin 6) through
choke 1.902, resistor R910, and choke L901. Choke

1,902 and capacitor C907 form a plate circuit de-
coupling network. To increase the higher har-
monics in the vicinity of 25 me and thus to flatten
the overall frequency response, L.901 and R910
form a low-Q resonant circuit with the output ca-
pacitance of V901.

b. The 100-ke signal from the multivibrator is
applied through capacitor C910 to the buffer-am-
plifier control grid. The output from the plate
(pin 6) is applied to the input circuit of the first
rf amplifier, V201.

77. Power Circuits

The power circuits provide regulated B+ volt-
age to all stages, heater voltages for the filaments
of all tubes, dc voltage to operate relay circuits,
and ac voltage for the crystal-oven heater circuits.
The power supply consists of two sections or com-
ponents, Power Supply PP-621/URR and the
voltage regulator. Operation of the FUNCTION

~ switch (S107) connects the ac power input to the

power supply in all positions except OFF.
a. Power Supply PP-621/URR (fig. 52).
(1) The power supply operates from either
115 or 230 volts, 48 to 62 cycles. It sup-
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(2)

plies a 300-volt, unregulated, rectified
voltage to the voltage-regulator circuits;
6 volts dc to the relay circuits; and 25.2
volts ac to the filament and oven-heater
circuits. Primary power is connected to
the power supply through power recep-
tacle J104. The primary of transformer
T801 is connected through the line filter
(FL101), 8-ampere ac fuse F101, switch
S801, and FUNCTION switch S107 to
terminals A and D of power receptacle
J104. Pi-type filter F1.101 provides ade-
quate filtering of each side of the line to
prevent the entrance of noise and inter-
ference from external sources. Trans-
former T801 contains two separate pri-
mary windings to permit selection by use
of switch S801 of either 115-volt or 230-
volt operation. For 115-volt operation,
S801 connects the two primary windings
in parallel and for 230-volt operation,
S801 connects the windings in series.
Terminals 6 and 8 of connectors P118
and J818 are not used.

The ends of the high voltage secondary
(terminals 5 and 7) of transformer T801
are connected to the plates (pins 1 and 6)
of rectifiers V801 and V802. The cen-
ter tap of transformer T801 (terminal 6)
is grounded. The tubes, V801 and V802,
are connected as diodes in a full-wave
rectifier circuit. Each cathode (pins 3
and 8) has a protective resistor between
it and the common connection at J818,
terminal 5. These resistors (R801, R802,
R803 and R804) limit the maximum cur-
rent of each diode. The low voltage sec-
ondary (terminals 8 and 10) of T801
supplies 25.2 volts to the rectifier tube
heaters, all remaining heaters, dial lamps,
and oven heater circuits. A tap (termi-
nal 9) on this winding provides 12 volts
to a dry disk rectifier (CR801), the dec
output of which supplies 6 volts for oper-
ation of the antenna relay K101 and the
break-in relay K602 through the FUNC-
TION and BREAK IN switches. The
high voltage dc output from the power
supply is filtered by input capacitor C101
before being applied to the voltage regu-
lator circuits.

b. Voltage Regulator (fig. 53). The voltage
regulator insures that the output voltage of Power
Supply PP-621/URR remain constant, regard-
less of changes of load current drawn from Power
Supply PP-621/URR or changes in the input
voltage. The output from the power supply is fed
to the voltage regulator through a 34-ampere fuse,
F102. The voltage-regulator circuit includes the
following : two dual-triode tubes, type 6082 (V605
and V606), which function as a variable series re-
sistance to regulate the de output voltage ; a minia-
ture pentode tube, type 6BH6 (V607), which is a
dc amplifier to control the series resistance of V605
and V606 in accordance with voltage variations
originating either in the power supply or in the
receiver B+ load; and two cold-cathode tubes,
type 5651 (V608 and V609), which provide a con-
stant reference voltage for dec amplifier V607.
The voltage regulator supplies a regulated 180
volts dec to the vfo and crystal oscillator subchassis,
to the bfo stage when BFO switch S103 is set to
ON, through FUNCTION switch S107 to the
squelch circuit, and to the if., af, rf, and calibra-
tion oscillator circuits. The four plates of V605
and V606 (pins 2 and 5) are all tied together and
connected directly to the unregulated de voltage;
the four cathodes (pins 8 and 6) are connected in
parallel by four resistors (R619 through R622) to
balance the distribution of load current. The volt-
age appearing at the cathodes is determined by
the voltage drop across the tube resistance, which
is controlled by the bias appearing on the four par-
allel-connected grids. If either the unregulated
voltage or the regulated voltage changes, V607
will convert the change into a comparative bias-
voltage change, and the resistance of the series
voltage regulators will change in a direction to
correct the initial change. A series circuit con-
sisting of voltage reference tubes V608 and V609
and resistors R625 and R626 is connected across
the voltage-regulated output circuit. Resistor
R627 across V608 insures that both reference tubes
receive proper starting voltage. A characteristic
of these tubes is that the voltage drop across their
terminals remains nearly constant in spite of
changes in current. Therefore, any voltage varia-
tion that takes place across the series circuit ap-
pears across R625 and R626. The drop across
R626 is applied through resistor R624 to the con-
trol grid (pin 1) of V607, and amplified variations
are produced across plate load potentiometer R614
and resistor R615. Resistor R618, which is by-



passed for af by C606, provides a fixed positive
bias to the cathode (pin 2). These amplified volt-
age variations then are applied to the parallel-con-
nected control grids of V605 and V606. Capacitor
C607 bypasses transient pulses appearing in the
grid circuit of voltage regulators V605 and V606.
The circuit operates in the following manner: If
the dc voltage at the control grid of V607 in-
creases, because of an increase of current in the
load, the voltage on the plate circuit will drop;
this produces a less positive voltage on the par-
allel-connected grids of V605 and V606, which
increases the resistance of the tubes and, conse-
quently, the voltage drop across the tubes. Thus
the output voltage from the cathode circuit of
V605 and V606 will decrease by an amount equal
to the positive bias fed to the dec amplifier control
grid. The reverse action will take place when the
current in the load decreases. The action is auto-
matic and produces a nearly constant output volt-
age. In addition to controlling voltage variations
caused by changes in load, the voltage regulator
serves to eliminate ripple and hum components
that are not removed completely by the RC filter,
and to eliminate variations caused by line-voltage
changes. Compensation for 120-cps ripple is pro-
vided through capacitor C608, which applies the
ripple voltage to the control grid (pin 1) of the
dc amplifier. The screen grid (pin 6) is connected
through a voltage divider (resistors R616 and
R617) to the unregulated voltage ahead of the
regulator tubes. Therefore the screen-grid volt-
age varies in phase with the control-grid voltage
of the dc amplifier. This increases the effective-
ness of the amplifier in maintaining constant out-
put voltage. R614, HUM BAL control, is an ad-
justment for presetting the amount of the ripple
voltage fed back to the control grids of V605 and
V606 to minimize the hum in the output. Capaci-
tor C606 adjusts the phase of the hum components
of the cathode voltage to produce more complete
hum cancellation in the output.

¢. Filament and Oven Heater Circuits (fig. 54).
Filament voltages of 6.3, 12.6, and 25.2 volts are
required for the tubes in the receiver. Dial lamps
I 101 and I 102 and filaments that require 25.2
volts are connected in parallel with the filament
winding. The filaments requiring 6.8 or 12.6 volts
are connected in series circuits. To prevent inter-
stage coupling of high-frequency signals through
the filament circuits, the following capacitor and
choke coil combinations are used : 1242 and C326;

1243 and C327; 1.244, (328, and C329; 1245,
(330, and C331; 1.247, C332, and C340; 1.408,
(437, and C410; 1404 and C412; 1405, C413, and
C436; and L706, C712, and C713. Limiting re-
sistor R411 limits the voltage across V401, V402,
and V201 to 18 volts. To maintain constant
heater voltage and thus stabilize the operation of
the vfo tube (V701) and the bfo tube (V508),
ballast tube (RT512) is connected in series with
the filaments of V701 and V508. When the
OVENS switch S108 is set to ON, 25.2 volts is
applied to the crystal oscillator oven and the vfo
oven; 25.2 volts is applied to the calibration oscilla-
tor oven at all times. The crystal oscillator oven
(HR401), the vfo oven (HR701), and the calibra-
tion oscillator oven (HR901) serve to further im-
prove the stability of the vfo, the calibration
oscillator, and the crystal oscillator circuits. The
ovens are thermostatically controlled by switches
S405 and S701, in the crystal oscillator and vfo
oven circuits, respectively, and by the unmarked
switch in the calibration oscillator oven circuit.
To prevent electrical interference caused by arcing
at the contacts of the thermostatic switches, capac-
itors C434, C435, C710, C711, C902 and coil 1705
are connected in the oven circuits. Resistor R635
has been added to the audio subchassis in series
with the filament circuit of tubes V601 and V602.
This resistor reduces the filament current for these
tubes, which in turn reduces the hum in the audio
subchassis.

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

(Contained in separate envelope)

Figure 54. Filament and oven heater circuits, schematic
diagram.

(Contained in separate envelope)

78. Function Switch S$S107

a. The FUNCTION switch performs simple
switching operations which affect the entire oper-
ation of Radio Receiver R-390/URR. Each
mode of operation and each stage is affected by
the position of the segments of the front and rear
sections of this switch. A thorough understand-
ing of the switch is essential for successful trouble-
shooting and maintenance.

b. Figure 55 shows the six positions of the
FUNCTION switch. For clarification of its
operation, only those circuits which are closed by
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the switch segments are identified. For example,
although a jumper connects terminals 8 and 10
together and to ground, a ground connection is
only shown to terminal 10 in the STAND BY
position, since the segment does not contact termi-
nal 8 in this position. The table below shows
the circuits affected in each of the positions of the

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

FUNCTION switch S107.

Switch contacts shorted

Position Cireuits
Front Rear
OER Iz el o None________ None: _—:=-. 00 Primary power is disconnected from the receiver (fig. 52).
STAND  BY rww: [ 2 NoneZ: . . sus 9to10_______ Primary power is applied to the receiver (fig. 52). Terminal 2

of CR801 is grounded, applying 6 volts d¢ to antenna relay
K101 which grounds the antenna input at J107 and J108.
-+ 180 volts de is removed from the if, if., and af stages.

AGCEEIsaT - 300S s 12 67323 L& e Zext 2T -+ 180 volts de is applied to the rf, if., and af stages.
at contact 7 of S107 is not grounded.
terminal 2 of CR801 removing energizing voltage to antenna
relay K101.

Agc voltage
Ground is removed from

Contacts 1 and 2 of S107 connect terminal 1 of

CR801 to terminal 4 (coil) of break-in relay K602. Break-in
operation is made available (par. 79).
MEGE - fve 125t0 82i838x Qtoegs UL _#53 The conditions for MGC are the same as for AGC except the age
Titos8aaniya s bus is grounded through contact 7.
CAGC e tagns = o 12to3_______ 8 60R0L Larive i -+ 180 volts dc is applied to the rf, if., af, and calibration oscillator
12 to 10 stages. Terminal 2 of CR801 is grounded, applying 6 volts
de to antenna relay K101 which grounds the antenna input at
J107 and J108.
SQUELCH_________ 12:60838 2526 1sto32i: 200 The conditions for SQUELCH are the same as for AGC except
12to 11______ 4to05 +180 volts dec is applied to squelch tube V601. Carrier

control circuit is made available (par. 79).

79. Control Circuits
(fig. 56)

a. When using Radio Receiver R-390/URR in
connection with a transmitter, it is necessary to
disable certain receiver circuits during transmis-
sion to prevent damage and to silence the receiver.
When FUNCTION switch S107 is set to STAND
BY, segment 2 is across terminals 9 and 10 and
ground is applied to terminal 2 of rectifier CR801 ;
therefore antenna grounding relay K101 is ener-
gized. The movable contacts of this relay are
connected to ground, and the contacts short-
circuit the antenna input at receptacle J107 or
J108. No rf energy can enter the input circuits
of Radio Receiver R-390/URR. When FUNC-
TION switch S107 is at CAL position the rf input
is shorted to ground in the same manner as
described above, except that segment 1 is across
terminals 9 and 8. This prevents rf signals from
entering Radio Receiver R-390/URR to produce
false beat notes with the output of the calibration
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oscillator. 'When FUNCTION switch S107 is at
AGC, MGC, or SQUELCH, the coil of break-in
relay K602 is in parallel with the coil of antenna
grounding relay K101. By applying a ground
connection, by means of auxiliary equipment, to
terminals 9 of TB101 or B of REMOTE CON-
TROL receptacle J105 and by turning BREAK
IN switch S106 to ON, segment 3 of S106 is across
terminals 8 and 10, and the antenna relay K101
and break-in relay K602 are energized. The
antenna input and the af amplifier output are
short-circuited to ground. Thus Radio Receiver
R-390/URR is disabled during the operation of a
local transmitter if it is connected for remote
operation. With the BREAK IN switch in the
OFTF position, line audio output is applied to ter-
minals A and J of REMOTE CONTROL recep-
tacle J105 to permit remote net operation. To
permit carrier control operation, FUNCTION
switch S107 must be set to SQUELCH and
BREAK IN switch to OFF, The carrier control
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line is terminated at K of REMOTE CONTROL
jack J105 and completed to ground through ter-
minals 4 and 5 of switch S107 (segment 3), ter-
minals 5 and 6 of switch S106 (segment 2), and
contacts 1 and 3 of squelch relay K601. When
BREAK IN switch S106 is at the ON position,
the carrier control line is disabled by opening the
lead from contact 3 of relay K601. When squelch
relay K601 is energized, the carrier control line
is disabled by the opening of contacts 1 and 3.

b. Diode rectifier CR101 is used when Radio Re-

ceiver R-390/URR is connected in diversity sys-
tems (fig. 2). Its function prevents the age cir-
cuits of the passive receiver from loading down the
age circuits of the controlling receiver and to fur-
ther reduce the gain of the passive receiver by
placing the age voltage on its controlled stages.
The crystal diode permits age current flow in one
direction only, and the active set has age control
over the auxiliary equipment.

Figure 56. Break-in circuit, schematic diagram.

(Contained in separate envelope)

Section lll. ANALYSIS OF MECHANICAL TUNING SYSTEM

80. General Principles of Operation
(fig. 57)

a. The mechanical tuning system of Radio Re-
ceiver R-890/URR controls the permeability
tuning and switching elements to provide contin-
uous tuning of the receiver over a range of .5 to 82
mc, in 32 steps (bands). Each band is tuned over
a range of 1 mc except for the first band, which is
tuned from .5 to 1 me. The frequency is selected
on a countertype dial, which shows the frequency
in kilocycles. Figure 57 shows a simplified block
diagram of the tuning system.

b. Operation of the MEGACYCLE CHANGE
knob is limited to 10 turns by a progressive me-
chanical stop. As the control knob is turned, the
first variable if. is varied within a range of 9 to
18 mc for the frequency range of .5 to 8 me. (On
the other ranges, although the slug (tuning-core)
racks are moved, this circuit is disabled.) At the
same time, the switches in the first and second crys-
tal oscillators are rotated through 382 positions.
The rf band switch is operated by rotation of the
MEGACYCLE CHANGE knob through a Ge-
neva system and an overtravel coupler. In addi-
tion, the starting point from which a given slug
rack is moved by the KILOCYCLE CHANGE
knob is established, through a differential, by the
MEGACYCLE CHANGE knob. The slug racks
thus affected are those controlling the frequency
ranges of 16 to 32 mc, 8 to 16 mc, 4 to 8 me, and 2 to
4 me.

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

81. Functional Analysis

a. It is intended only to provide the necessary
information required by the repairman to adjust
and repair the mechanical tuning system. A care-
ful study of the material in the paragraph relat-
ing to mechanical alignment should be made in
connection with the following analysis. Figure
58 shows a more detailed block diagram of the
mechanical tuning system. As discussed in the
theory paragraphs covering the antenna, rf, and
variable if. circuits, the rate at which the fre-
quency-determining elements of each stage must
be changed varies. For example, to cover the .5-
to 1-mc band in the rf stages requires the move-
ment of slugs in coils of T201, Z201, Z207, and
7213 from one extreme to the other, or a distance
of approximately 1 inch. However, the slugs in
coils Z219, Z220, and Z221 move less than one-
eighth of an inch in covering this range. There-
fore it is necessary to achieve these various lengths
of travel by mechanical gearing under the control
of a single knob.

b. Reference to the block diagram (fig. 58) will
show which of the circuits are controlled by each
of the two front-panel controls. Starting at the
right-hand side of the drawing, it can be seen that
the KILOCYCLE CHANGE control, working
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Figure 57. Mechawical tuning system, block diagram.

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

c. The MEGACYCLE CHANGE control,
through a 10-turn stop and the Geneva system
and overtravel coupler, varies the positions of
switches S201 through S210. This control also
selects the proper crystal frequency for the first
and second crystal oscillator stages, by operating
the 32-position switch through a system of gears.
The MEGACYCLE CHANGE control rotates
switches S401 through S404 in the first and second
crystal oscillators through 32 steps of frequency
coverage. These 32 steps are covered by only 6
transformers or coils, for each stage. Since each
set of coils has a frequency ratio of 2 to 1, it is
necessary to have the positions of the switches
change only 6 times for 82 steps of frequency cov-

erage. This is accomplished by a lost-motion
coupler with a few teeth approximately geometri-
cally spaced around the perimeter of the gear. A
driven gear associated with this gear will rotate
only when it is engaged by one of the teeth
on the lost-motion gear. The MEGACYCLE
CHANGE control also sets (through the differen-
tial) the starting point of the slug racks of the
last four bands. From this starting point, the
KILOCYCLE CHANGE control moves (through
the same differential) these slug racks to cover
frequency range of the KILOCYCLE CHANGE
control. The first variable if. cans are mounted
on a rack which is driven by the KILOCYCLE
CHANGE control, as required, to keep these cir-
cuits in alignment during tuning.

d. The MEGACYCLE CHANGE control
drives switch S205. The front section of the
switch is used to short-circuit the secondary wind-
ing of the unused adjacent antenna transformer
(next lower in frequency) to prevent interaction
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with the one being used. The chart below indi-
cates the winding in use and the corresponding
winding which is short-circuited for each of the
six positions of S205.

Switch position Secondarirl S“e'inding in Seoondasryoxiélding
1 L1202 L1206
2 1.204 L1202
3 L.206 L204
4 L1208 L206
5 L210 L208
6 L212 L210

e. During discussion of the antenna circuit (par.
50), a reference was made to the relationship be-
tween the trimmer-capacitor sections (A and B)
of C225. A section of switch S203 selects the
proper capacitor section for tuning out the re-
actance reflected into the secondaries of the
antenna transformer. The chart below shows the
capacitor or capacitors connected for each posi-
tion of the switch.

Position C225 Section A | C225 Section B
1 In In
2 In In
3 In Out
4 In Out
5 Out In
6 Out In

f. When inspecting the various gears employed,
note that each gear in the Geneva system actually
is composed of two gears which are adjacent to
each other and are loaded by a spring in opposite
directions. This is done to achieve a constant
tension at the point where the gear is driven or at
which it drives an associated gear. In this man-
ner, lost motion, or backlash, as a result of play
between the gear teeth, is prevented. All gears
and cams employed are precision-cut, and are de-
signed to give many years of trouble-free service.

g. The calibration oscillator is not a part of the
tuning system. It provides calibration signals
which are used in correcting small errors in tuning
made by the mechanical tuning system. By the
use of the proper calibration signal and the ZERO
ADJ. control, the receiver counter reading can be
made to coincide with the frequency of the received
signal.
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k. The ZERO ADJ. knob (fig. 59), which is
used when correcting dial calibration, actually
controls a friction clutch which permits tuning
over a small range (about 6 kc) on either side of
the counter reading without moving the frequency
indicator.

Figure 58. Mechanical tuning system with associated
stages, block diagram.

(Contaimed in separate envelope)

82. Detailed Analysis
(fig. 59)

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

b. MEGACYCLE CHANGE Control.

(1) As the MEGACYCLE CHANGE con-
trol is turned, it is limited to 1014 turns
by a progressive ring stop. The mec
counter wheels show the frequency band
or step selected by the MEGACYCLE
CHANGE control. As the control is ro-
tated, the wheels are driven through gears
(4), (B), (C), (D), (E), (F), (RR),
(S8), (TT), (UU), (VV), (WW), and
(XX).

(2) The control operates the first variable if.
slug-rack cam through gears (A), (B),
(C); (D), (E), (F), and (G). At the
same time, the 32 position crystal oscil-
lator switches are operated by the control
through gears (A), (B), (C), (D), (E),
an Oldham coupler, and gears (H) and
(J). The Oldham coupler is used to cor-
rect slight misalinement between the ends
of the shafts which are mechanically
coupled at the crystal oscillator sub-
chassis.

(8) The 6-position rf band switches are
also operated by the MEGACYCLE
CHANGE control through gears (A),
(B), (C), (D), (E), (K), the Geneva
system (L), lost motion gear (GGG),
gears (M), (N), and (P). The Geneva



(4)

(5)

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

The 24 me, 4-8 me, 8-16 mc, and 16-32
me rf slug racks are moved by both the
MEGACYCLE CHANGE and the KIL-
OCYCLE CHANGE controls through a
differential gear system. The 24 mec rf
slug rack cam is operated by the MEGA -
CYCLE CHANGE control through
gears (A), (B), (Q), (R), (S),and (T).
The 4-8 me rf slug rack cam is operated
through gears (A), (B), (Q), (R), (S),
(T), (U), and (V). The 8-16 mc rf
slug rack cam is rotated through gears

(4), (B), (Q), (R), (5), (T), (U),

(2)

(3)

(4)

(5)

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

As the KILOCYCLE CHANGE con-
trol is rotated, the second variable if.
slug rack cam and the first variable if.
can rack cam are operated through gears
(BB), (CC), (DD), (EE), and (FF).
The 24 mc, 4-8 mc, 8-16 mc, and 16-32
mec rf slug racks are moved by the KILO-
CYCLE CHANGE control through a
differential gear system. The rf slug
rack cams mentioned above are operated
through the same gears mentioned in
b(4) above except for gears (A) and
(B). These two gears are replaced by
gears (BB), (CC), (GG), (HH), (PP),
and (QQ).

The .5-1 me rf slug rack cam is oper-
ated through gears (BB), (CC), (GG),
(HH), (JJ), (KK), and (LL). The
1-2 me rf slug rack cam is operated

(V), (W), and (X). The 16-32 mc rf through gears (BB), (CC), (GG),
slug rack cam is turned through gears (HH), (JJ), (KK), (LL), (MM),
(A), (B), (Q), (R), (8), (T), (U), amd (NN,

(V), (W), (X), (Y), and (Z).

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

(6)

The gear (EEE) is shown engaged with
gear (HH) through gear (FFF). Gear
(EEE) does not normally engage gear
(DDD), but during disassembly and
reassembly procedures it prevents loss of
synchronization between the KILO-
CYCLE CHANGE control and the
MEGACYCLE CHANGE control
through the differential to the 24 mc,
4-8 me, 8-16 mec and 16-32 mc slug
racks. One side of gear (EEE) is cov-
ered with green paint. When the green
is visible, the synchronization is locked.

effective stop at each notch.
c. KILOCYCLE CHANGE Control.

(1) The KILOCYCLLE CHANGE control
is limited to 1014 turns by a progressive
ring stop. The ke counter wheels show
the frequency selected by the KILO-
CYCLE CHANGE control. To permit
overlapping of each band selected, the
frequency range of this control is greater
than 1 me. As the KILOCYCLE
CHANGE control is rotated, the wheels
are driven through gears (AA), (YY),
(2z), (AAA), (BBB), and (CCQO).

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

Figure 59. Tuning system, exploded view.

(Contained in separate envelope)

323471 0—55——-6 81



CHAPTER 5
FIELD MAINTENANCE

Note. This chapter contains information for field maintenance.
units having field maintenance responsibility is limited only by the tools and test equipment available and by the skill

of the repairman.

The amount of repair that can be performed by

Section . TROUBLESHOOTING AT FIELD MAINTENANCE LEVEL

Warning: When servicing the receiver, avoid
contact with the power supply and plate circuits.
The high voltages present in these circuits can
cause serious injury.

83. Troubleshooting Procedure

a. General. The first step in servicing a defec-
tive Radio Receiver R-390/URR is to sectionalize
the fault. Sectionalization consists of tracing the
fault to the subchassis responsible for the ab-
normal operation of the receiver or to the front
panel and main frame. The second step is to
localize the fault. Localization means tracing the
fault to the defective circuit on the subchassis or
front panel and main frame. Finally, by voltage,
resistance, and continuity measurements, the de-
fective part is isolated. 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 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 should
be followed in the order given. Remember that
the servicing procedure should cause no further
damage to the receiver. The procedure is sum-
marized in (1) through (7) below, which contain
references to paragraphs having detailed infor-
mation for carrying out the tests.

(1) Initial inspection. Tt is often possible to
locate troubles within an equipment by
inspecting the condition of the wiring
and detail parts for visible evidence of
failure. Since this inspection (par. 89)
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(2)

(3)

(4) Troubleshooting chart.

(5)

(6)

can be quickly and simply carried out,
and is capable of yielding such rapid re-
sults, it is the first to be applied in the
troubleshooting procedure. This inspec-_
tion is of further value in that additional
damage to the receiver that might occur
through improper servicing methods can
possibly be avoided.

Checking B+ and filament circuits for
shorts. These measurements (par. 90)
prevent further damage to the receiver
from possible short circuits. Since this
test gives an indication of the condition
of the filter circuit, its function is more
than preventive.

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. 91) is carried out.
By using the information gained from
observing the symptoms of faulty opera-
tion, it is sometimes possible to determine
the exact nature of the fault.

The trouble-
shooting chart (par. 92) presents a syste-
matic method for checking out the re-
ceiver by eliminating possible sources of
trouble until the actual trouble is finally
resolved.

Signal substitution. Signal substitution
(pars. 94 through 99), when used in con-
junction with the troubleshooting chart,
provides an effective method for methodi-
cally tracking down trouble in a receiver.
Stage gain charts. These charts (par.



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

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

84. Troubleshooting Data

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

Fig. No. Par. No. Description

77 | List of series filament circuits.
20l e oD A Radio Receiver R-390/URR,
top deck, tube location.

26t as mealns g Radio Receiver R-390/URR,
bottom deck, tube location.
60 and-61—- - | .. Fabrication of bench-test ca-
bles.

101 | Stage-gain charts.

102 | Dec resistances of transformers
and coils.

103 | Rf and variable if. conversion
scheme.

62 through 79__|_ _______ Top and bottom views of re-
ceiver subchassis, showing
locations of parts.

80:and:81 ... (s . zisn Radio Receiver R-390/URR,
main frame.

82and.83_ .. |- ¢ Tube-socket voltage and re-
sistance and subchassis re-
ceptacle resistance diagrams.
W7 5s=insiss Rosay 5 Subchassis and interconnection
diagram.

1088 o ales S Radio Receiver R-390/URR,
schematic diagram.

85. Test Equipment and Tools Required for
Troubleshooting

a. The test equipment required for trouble-
shooting Radio Receiver R-390/URR is listed
below. The technical manuals associated with

the test equipment, where applicable, are also
listed.

Test equipment Technical manual
RF Signal Generator Set, AN/URM-25, | TM 11-5551.
or equal.
Audio Oscillator TS-382/U, or equal_____ TM 11-2684.
Electronic Multimeter TS-505/U, or | TM 11-5511.
equal.
Multimeter TS-352/U, or equal_________ TM 11-5527.
Figure 60. Assembly instruction for cable No. 1.

(Contained in separate envelope)

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

86. Bench Testing

a. When a cause of equipment failure has been
sectionalized to a subchassis, as determined by
visual inspection, operational test, or the use of the
troubleshooting chart, a bench test of the faulty
subchassis may be required to locate the trouble
through voltage readings. Since the undersides
of the subchassis are not accessible for trouble-
shooting when the subchassis are mounted in the
receiver, it may be necessary to remove the sub-
chassis under test and connect them to the receiver
circuits by the extension cables. Directions for
the fabrication of the extension cables are given in
figures 60 and 61. The amount and type of ex-
tension needed can be determined from the chart
in b below.

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

Caution: When the subchassis are operated out-
side the receiver, dangerous voltages are exposed
at the tubs-socket pins and other points on the
undersides of the chassis. Observe the rules for
servicing in the presence of high voltage to prevent
possible injury.
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Subchassis Cable No. | Connect between

P209-J109
P210-J110
P211-J111
J223-P723
P224-J924
P225-J525
P226-J526
P221-J421
P222-J422
J214-P114
J619-P119
J620-P120
J818-P118
J413-P113
J421-P221
J422-P222
P715-J115
P723-J223
P916-J116
J924-P224
J512-P112
J525-P225
J526-P226
J517-P117

ok ek ok et ok ek ek

Ac power supply. - ____________
Crystal oscillator . ______________

3
o
1
1
1
1
]
1
1
1
1
1
1
1
1
1
1
|
1
!
1
I
1
1
1
[
1
|
1
00 ht b ot ek wJ bt w b = D O QO N

87. General Precautions

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

@. When the receiver is removed from the case,
cabinet, or rack for servicing, connect an adequate
ground to the main frame and to any subchassis
operated outside the main frame before connect-
ing the power cord.

b. Make certain that the receiver is disconnected
from the power source or is turned off before con-
tacting high-voltage circuits or changing con-
nections.

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

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

e. Careless replacement of parts often makes
new faults inevitable. Note the following points:
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(1) Before unsoldering a part, note the posi-
tion of the leads. If the part has a num-
ber of connections, tag each of its leads.

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

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

(4) A carelessly soldered connection may
create a new fault. It is very important
to make well-soldered joints, since a
poorly soldered joint is one of the most
difficult faults to find. '

(5) When a part is replaced in the rf or if.
circuits, it must be placed in the exact
position. of the original part. A part
that has the same electrical value but dif-
ferent physical size may cause troudble in
high-frequency circuits. Give particular
attention to proper grounding when re-
placing o part. Use the same ground as
in the original wiring. Failure to ob-
serve these precautions may result in
decreased gain or, possibly, in oscillation
of the circuit.

f. Before taking voltage measurements or per-
forming signal tracing, always check the value of
the regulated dc voltage. Approximately 180
volts de should be obtained at B+ 180V DC jack,
J 601, located on the af subchassis (fig. 75). This
jack is accessible through the main frame of the
receiver, at the side.

88. Troubleshooting Notes

a. To avoid the necessity for removing a sub-
chassis when voltage is to be measured or signal
injected at a tube-socket pin that does not have
a test point, remove the tube, insert into the de-
sired contact a short length of thin insulated wire
having both ends bared, and replace the tube.
Connection to a voltmeter or signal generator then
can be made through the exposed end of the wire.
The rf tuning coils and transformers on the rf
subchassis can be readily removed, 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 105¢.

b. If trouble is suspected in the rf subchassis,
perform as much detailed troubleshooting as pos-



sible to make certain that the trouble is in the
subchassis before removing it as removal of the
rf subchassis is a difficult and time-consuming
procedure.

¢. When it is suspected that injection voltage
from vfo is not being supplied to the third mixer,
check the 3TFT7 voltage regulator tube. If the
tube does not glow, or if an excessive glow is noted,
replace the tube.

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

e¢. When trouble appears to be in regulator tube
V605, V606, or V607, first observe that tubes V608
and V609 are glowing normally, and then check
B+ voltage at the B+ 180V DC jack before
testing regulator tubes in the tube tester.

89. Initial Inspection

When a receiver is brought in from the field
for check or repair, remove the top and bottom
dust covers, and inspect it as follows, observing
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 abnormal
operation in equipment. Repair or replace 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 apparatus and
wires.

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

d. Make sure that all tubes are in their correct
positions as shown in figures 25 and 26. Replace
or interchange 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 fuses and replace, if necessary,
with fuses of correct rating and type. Check
carefully for short circuits (par. 90) wherever a
blown fuse is found.

f. See that the MEGACYCLE CHANGE and
KILOCYCLE CHANGE controls turn freely.
Rough operation or binding indicates a damaged

tuning system or need for cleaning and lubrica-
tion (par. 106).

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

90. Checking B+ and Filament Circuits for
Shorts

a. To prevent damage to a receiver sent in for
repair, always check the resistance of the high-
voltage circuits before applying power to the
equipment. Repeated burning out of B+ 3/8A
fuse, F102, is an indication of a short in one of
the high-voltage circuits. Disconnect Power
Cable Assembly CX-1358/U from the ac power
input, and test the cable assembly (par. 44).
After it has been determined that the cable assem-
bly is normal, set the FUNCTION switch at AGC
and check the high-voltage circuits as follows:

(1) The resistance measured. between the
chassis and tube-socket pin 2 or 5 of regu-
lator tube V605 and V606 should be ap-
proximately 140,000 ohms. This meas-
urement can be taken at the 3/8A fuse
holder by leaving the fuse in place. If
the resistance is low, check capacitor
C101 (fig. 81) for a short circuit or leak-
age. If the resistance is abnormally
high or infinite, check for an open circuit
caused by a break in wiring, poor con-
nector contact, or, possibly, an open
capacitor C101.

(2) The resistance measured between the
chassis and the B+ 180V DC jack J601
should be approximately 19,000 ohms
with the FUNCTION switch at OFF or
STAND BY, approximately 9,400 ohms
with the FUNCTION switch at AGC,
MGC, or CAL, and approximately 8,500
ohms with the FUNCTION switch at
SQUELCH. If the resistance is low,
check for a short-circuited or leaking
bypass capacitor, or for a short circuit
in the wiring of one of the plate or screen-
grid circuits of the individual subchassis.
If the resistance measured is greater than
normal, an open screen-grid bleeder
and/or dropping resistor is indicated.

(3) If the tests outlined in (1) and (2)
above indicate that a short circuit is
present in the receiver, determine in
which subchassis it is located, as follows:

(@) Turn the FUNCTION switch to OFF.
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(5) Disconnect all interconnecting cables
that carry power to the subchassis.

(¢) Replace any blown fuses.

(@) Check tosee that the 115V/230V switch
on Power Supply PP-621/URR is in
the proper position for the available ac
power source, and connect Power Cable
Assembly CX-1358/U between the re-
ceiver and power source. Turn the
FUNCTION switch to AGC.

(¢) Reconnect (one at a time) the cables
that carry power to the individual sub-
chassis in the following order: Power
Supply PP-621/URR, af subchassis,
if. subchassis with the BFO switch in
ON position, vfo subchassis, crystal-
oscillator subchassis, rf subchassis, and
crystal-calibrator subchassis with the
FUNCTION switch in CAL position.
If the B+ 3/8A fuse blows after the
power cable is connected to a subchassis
and, in the case of the if. and rf sub-
chassis, the BFO and FUNCTION
switches, respectively, are turned to the
positions indicated, there is probably a
short. circuit in that subchassis.

b. If the tests performed as instructed in a(1),
(2), and (3) above reveal no trouble, the filament
circuits should be checked as follows: ;

(1) See that all the necessary interconnecting
cables are in position and properly con-
nected. :

(2) Turn the FUNCTION switch to AGC,
and check the filament circuits as de-
scribed in paragraph 42. A short in the
low-voltage or filament ‘circuits will be
evidenced by the repeated burning out of
AC 8A fuse, F101.
fective filament circuit, a short circuit to
ground in oven heater HR401, HR701, or
HR901, or dial lamps I 101 or I 102 will
seriously affect the low-voltage circuit.
If an abnormal filament circuit is indi-
cated, test the tubes by using one of the
techniques described in paragraph 43.

91. Operational Test

a. Operate the equipment as described in the
equipment performance check list (par.47). This
check list is important because it frequently aids
in sectionalizing the trouble without the need for
further testing. Check for overheated parts,
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In addition to a de--

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

b. To check the local audio and if. stages
quickly, connect a headset to the PHONES jack
on the front panel. Turnthe 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 rushing
sound heard in the headset decreases noticeably
with each lower setting, the if. and local audio
stages are operating. This test does not neces-
sarily indicate normal operation.

¢. 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
switch (S201 through S210) (fig. 64)
and crystal-oscillator band switch (5401
through S404) (fig. 66), connect a head-
set to the PHONES jack on front panel.
Set the FUNCTION switch at CAL.
Set the KILOCYCLE CHANGE con-
trol to any 100-ke¢ position. Starting
with the lowest detent position of the
MEGACYCLE CHANGE control, turn
the control to each detent position in suc-
cession. Adjust the BFO PITCH con-
trol as necessary to obtain a signal in the
headset. If no audible signal is heard
in a detent position, trouble in contacts
of the rf band switch or crystal-oscillator
band switch is indicated.

(2) The LINE LEVEL meter, LINE
METER switch, and LINE GAIN con-
trol are checked as follows: connect a
headset to the PHONES jack on the front
panel and adjust the KILOCYCLE
CHANGE control for an even 100-ke
reading on the dial. Set the FUNC-
TION switch at CAL and turn the BFO



switch to ON; an audible tone should be
heard in the headset. Set the LINE
METER switch to —10 and adjust the
LINE GAIN control so that the LINE
LEVEL meter reads 0 vu (upper scale).
Turn LINE METER switch to 0. Read-
ing on LINE LEVEL meter should drop
to —10 vu. Readjust the LINE GAIN
control for a 0-vu reading on LINE
LEVEL meter. 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 10-db pads (fig. 85),
the LINE METER switch, and the
LINE GAIN control.

d. The synchronization of the tuning shafts can

be quickly checked as follows:

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

(2) Set the FUNCTION switch at CAL.

(3) Advance the RF GAIN control until the
reading is obtained on the CARRIER
LEVEL meter.

(4) Raise the .5- to 1-me slug rack (fig. 86)
slightly with the hand; the CARRIER
LEVEL meter reading should decrease.

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

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

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

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

92. Troubleshooting Chart

The following chart is supplied as an aid in
locating trouble in the radio 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-
lined in paragraphs 94 through 99 can then be
used to supplement this procedure to aid in locat-
ing the defective stage. Once the trouble has
been localized to 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.

Symptom

Probable trouble

Correction

1. When FUNCTION switch is in
AGC position, receiver fails to
operate and dial lamp does not
light.

2. Dial lamp lights, but CARRIER
LEVEL meter does not deflect.
No reception.

3. No receiver output. CARRIER
LEVEL meter raises and dips
as KILOCYCLE CHANGE
control is rotated.

No. B+ voltage.
of receiver.

5th if. stage.

4. Af. circuits function satisfacto-
rily, but no signal output is
obtained when 455-k¢ modu-
lated signal is applied to if. in-
put (J525 or J526, fig. 68)

Open AC 3A fuse (F101) on rear
panel of receiver.

Fault is in signal circuit after

Faulty if. stage______

Replace fuse. If it blows again, check power
supply, filament, and oven circuits for shorts.
Check primary power connections.

Open B+ Replace fuse. If it blows again, test capacitor
%A fuse (F102) on rear panel

C101 for short. Test plate and screen-grid
circuits for shorts (par. 90).

Connect headset in series with a .1-UF capaci-
tor across grid circuit and plate circuits of
successive audio stages to localize defective
stage. Stage may also be localized by signal
substitution (pars. 95 and 96). Test tube of
defective stage. (Note series filament cir-
cuits (par. 42).) If necessary, check voltages
and then resistances of circuits within a stage
(fig. 83) to locate a defective part.

__________ Test if. stages by signal substitution method

(par. 98). Test tubes. When necessary,
localize fault by voltage and resistance
measurements (fig. 82).
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Symptom

Probable trouble

Correction

5. If. circuits respond to 455-ke
signal but no station is re-
ceived.

Crystal oscillator band switch or
vfo tuning shaft out of syn-
chronization. Faulty mixer,
oscillator, or rf stage.

Check synchronization of band switch and
tuning shaft (par. 110). Test mixer stages,
rf stages, and crystal oscillators by signal
substitution method (pars. 99 and 100).

6. No beat frequency heard when
BFO switch is turned ON and
BFO PITCH control varied.

7. No calibration signal when
FUNCTION switchisat CAL.

8. Excessive hum from ac power | Defective filter

supply.

9 Wealdsignale oo m Luiioie oo s

10. Noisy receiver.________________

or within a part.

11. Receiver output noisy when con-
trols are operated.
trol.
Weak tube.
on tube.

12. Distorted signal_ __ ____________

Faulty bfo__________

Defective calibration oscillator._ .

capacitor or
electronic voltage regulator.

Low voltage. Weak tubes_______

Noisy antenna location.
connection or shorting ele-
ments within a tube.

Loose connection at a terminal

Dirty switch contacts.
contact at rotor of a gain con-

Incorrect voltage
Leaky capacitor,
such as C603 or C610.

Test tube V508. Check voltages at tube-
socket pins (fig. 82). Check BFO switch.

Test tubes V901 and V902. Substitute crystal
Y901 for one that is known to be good.
Check voltages and resistances of oscillator
circuits (fig. 83).

Adjust HUM BAL control, R614 (par. 109).
Check C101. Test tubes V605, V606, and
V607 (par. 88¢). Check voltage across
reference tubes V608 and V609. Check
C607 for capacitance and leakage. Check
voltage and resistance of voltage regulator
(fig. 83).

Check power-input voltage. Check B+ volt-
age at J601 (fig. 75). Test tubes. Check
gain of each stage to localize trouble (par.
101). Check for shorted capacitors. If no
fault is indicated by a thorough check of
tubes and voltages when the output is weak,
aline tuning circuits (pars. 108 through 120).

Short-circuit antenna to ground by setting
FUNCTION switech to CAL. (Receiver
must not be tuned to even 100-ke¢ frequency,
or calibration signal will interfere with test.)
A considerable decrease in noise indicates
noisy signal from antenna. TUse insulated
prod to tap each tube. If tapping a tube
causes increase in noise in the output, try
different tube.

Tap the parts. Move terminals slightly, and
listen for noisy output. Noise indicates that
a connection should be soldered or that a
part needs replacing.

Clean switeh contacts.
control, or replace.

Poor

Poor Clean and lubricate

Check tubes and replace if necessary. Check
voltages and resistance in af subchassis (fig.

. 83). Use headset connected in series with a
.1-uf capacitor to check signal across grid and
plate circuits of audio stages and, thus, to
localize trouble.

93. Voltage and Resistance Checks

Voltage and resistance diagrams for the various
subchassis of the receiver are shown in figures 82,
83, and 84. These drawings show the values that
should be obtained at the tube-socket pins, sub-
chassis receptacles, and terminal boards. If a
value, as read on the multimeter, varies (outside
of reasonable tolerance limits) from the value
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given in the diagrams, the amount of variance
should be noted and used to aid in determining
which part is at fault. For instance, 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 circuit diagram
of the subchassis should be examined for the pres-
ence of a resistor in the circuit under test that
could, if defective, account for the incorrect read-
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Figure 62. Rf subchassis, top view.

ing. Such a resistor would then be suspected and
should be checked Another possibility would be
that a capacitor has shorted out and is shunting
a resistor. There are many ways of using the
voltage and resistance diagrams, depending on the
resourcefulness of the repairman.

94. Signal Substitution Notes

a. Signal substitution for Radio Receiver R-
390/URR requires an audio oscillator, such as
Audio Oscillator TS-382/U, for checking the line
and local audio channels, and a signal generator,
such as RF Signal Generator Set AN/URM-25,
to provide a source of modulated rf and if. signals
for checking the rf, variable if., and fixed if.
stages. In addition to producing an if. signal of
455 ke, the signal generator should cover an rf
range of at least 400 ke to 832 me. The signal gen-

erator should be capable of furnishing an rf signal
output at any level between 1 microvolt and 1 volt.

b. A multimeter, such as Electronic Multimeter
T'S-505/U, and tube tester, such as Electron Tube
Test Set TV-2,/U, are needed to isolate the defec-
tive part after the faulty stage has been indicated
by signal substitution.

¢. For the tests described in paragraphs 95
through 99 inclusive, connect the ground lead of
the audio oscillator or signal generator to the sub-
chassis being tested, and connect the signal output
lead through a capacitor (aprx. .05 uf), to the point
specified. The bench-testing information in para-
graph 86 and the information in paragraph 88«
indicate the method of preparing the subchassis
for signal tracing.

d. Note the volume, and listen for distortion
from the speaker or headset at various points in
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the signal-substitution procedure. Make certain
that the LIMITER control is in the OFF posi-
tion: if it is in the ON position, it may be the
cause of the distortion. When working back from
the output to the input stages, decrease the output
of the signal generator as much as possible. If
possible, compare results with a receiver known to
be in good condition.

e. Check the wiring and soldering in each stage
during the procedure.

f- A tuning shaft that is out of synchronization
or a trimmer adjustment that is misalined may
cause reduced output or may prevent any output.
Synchronization of the shafts and cams (par.
110¢) should be checked, and the position of the
rf and crystal oscillator band switches should be
checked (par. 1106 and ¢) before the adjustment
of individual tuning circuits (pars. 111 through
116) is attempted.

g. When trouble is localized in a given stage,
first test the tube, if such a test is indicated. Then

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

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

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

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

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

95. Local-Audio-Channel Tests

a. Pin & of V603 (Plate of Local AF output
Tube). Apply an af signal to pin 5 of tube socket
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Figure 66. Crystal-oscillator subchassis, bottom view.

XV603 (fig. 75). Listen to the signal from a head-
set or speaker connected to the local audio output.
The volume should be very low. Ifnosignal isau-
dible, check the connections to output transformer
T602, and test capacitor C604 for a short circuit
(fig. 75).

b. Pin I of V603 (Grid of Local Af Output
T'wbe). Apply the signal to pin 1 of tube socket
XV603. Listen for an increased output over that
obtained in the preceding step (a above). If no
signal is audible, test the tube and the voltages
at the socket pins. When the signal is distorted
or when there is a positive dc voltage on the con-
trol grid with respect to the chassis, test capacitor
C603 for leakage (fig. 75).

. Pin1 of V602 (Plate of Local Af Amplifier).
Connect the output of the generator to pin 1 of
tube socket XV602 (fig. 75). If the signal output
decreases, test capacitor C603 (fig. 75).
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d. Pin 2 of V602 (Grid of Local Af Amplifier).
Turn the LOCAL GAIN control fully on. Apply
the signal to pin 2 of tube socket XV602. The out-
put signal should be much louder than that ob-
tained in the previous step (¢ above). If the
signal is weak, check the tube and the voltages
at the tube socket pins (fig. 83).

96. Line-Audio-Channel Tests

Connect the headset to the LINE AUDIO out-
put, terminals 10 and 13 of the rear terminal
strip (fig. 22). After the LINE LEVEL meter
has been checked, using Multimeter TS-852/U,
it may be used as an output indicator. Rely on
the headset, however, to detect noise and distor-
tion.

a. Pin 5 of V604 (Plate of Line Af Output
T'ube). Insert the audio-oscillator signal at pin
5 of tube socket XV604 (fig. 75). The volume
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